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Glossary 
The following key technical terms are based on Intergovernmental Panel on Climate Change 

(IPCC 2001, 2014) definitions and these definitions will be used throughout this thesis. 

 Adaptation refers to initiatives and measures to reduce the vulnerability of natural and 
human systems against actual or expected climate change effects. 

 Adaptation assessment is the practice of identifying local adaptation planning in terms 
of effectiveness, benefit-cost and practicability. 

 Adaptive capacity is defined as the ability of a system to adjust to climate change 
(including climate variability and extremes) to moderate potential damages, to take 
advantage of opportunities or to cope with the consequences. 

 Adaptation planning refers to practical steps or programs to protect properties, 
communities and natural resources from the likely disruption and damage that will result 
from effects of climate variability and related risks 

 Adverse effects refer to changes in the structure/composition of biophysical and socio-
economic systems or significant deleterious effects on natural systems and the operation 
of socio-economic systems such that human health and welfare are affected. 

 Autonomous adaptation is an ‘adaptation that doesn’t constitute a conscious response 
to climate change but is generated by ecological changes in natural and human systems’. 

 Climate in a narrow sense is defined as the average weather in terms of statistical 
description in relation to mean and variability of relevant quantities over a given period 
(months, decades or centuries). 

 Climate change impact is the consequences of climate variability and change on human 
and natural systems. 

 Climate change refers to a change in the state of the climate that can be identified (e.g., 
by using statistical tests) by changes in the mean and/or the variability of its properties, 
and that persists for an extended period, typically decades or longer. Climate change 
may be due to natural internal processes or external forcing, or to persistent 
anthropogenic changes in the composition of the atmosphere or in land use. 

 Climate change scenario refers to a description of the climate variability and change by 
a certain time in the future by using a specific modelling method in a holistic and 
internally consistent. 

 Climate disaster refers to a progressive or sudden, widespread or localised, natural or 
human made occurrence that causes threats, death or damage to infrastructure, 
community houses and the environment, as well as injury and disruption to human life. 

 Climate hazard is an extreme climatic/weather event(s) causing harm and damage to 
people, property and infrastructure, loss of livelihoods, services and land uses, social and 
economic disruption or environmental damage. It includes not only the direct (primary) 
impacts of the climate/weather event, but also the indirect (secondary) hazards 
‘triggered’ by that event; e.g., landslides ‘triggered’ by torrential rain. 

 Climate projection is the anticipated response of the climate system to emission 
scenarios based on climate models. 

 Climate risk combines the magnitude of climate impact with the probability of its 
occurrence, and captures uncertainty in the underlying processes of climate change, 
exposure, sensitivity and adaptation. 
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 Climate variability refers to variations of climate events both from natural process within 
a climate system and from various external forces (external variability). These refer to 
climate variations in terms of statistics such as standard deviation, the occurrence of the 
temporal climate and the spatial scale (months, decades or centuries). 

 El-Ninõ-Southern Oscillation (ENSO) is the ‘warm water current system which 
periodically flows along the coast of Ecuador and Peru that effect fishers. This event has a 
great impact on the wind, sea temperature and precipitation patterns in the tropical 
Pacific. The opposite of an El-Ninõ event is called La-Ninã’. 

 Exposure is defined as the nature and degree to which a system is exposed to significant 
climatic variations. It may be represented as either long-term change in climate 
conditions, or by changes in climate variability, including the magnitude and frequency of 
extreme events. 

 Extreme weather event is defined as an event that is rare at a particular place and time 
of year. Definitions of ‘rare’ vary, but an extreme weather event would normally be as rare 
as or rarer than the 10th or 90th percentile of the observed probability density function. 

 Integrated assessment is a method of analysis that combines results and models from 
the physical, biological, economic and social sciences, and the interactions between these 
components in a consistent framework to evaluate the status and consequences of 
environmental change and the policy responses to it. Models used to carry out such 
analysis are called Integrated Assessment Models. 

 Planned adaptation refers to an action that arises from policy decisions to achieve some 
desirable outcomes based on awareness. 

 Reactive adaptation is an adaptation that will be executed after climate variability and its 
impacts have been observed. 

 Sensitivity is the degree to which a system will be affected by, or responsive to, climate 
stimuli or variables. While sensitivity is principally the biophysical effect of climate 
change, it can be altered by socio-economic changes. For example, new crop varieties 
could be more or less sensitive to climate change. 

 Sustainable livelihoods comprise the capabilities and assets owned by, or required by, 
communities to cope and recover from climate risk and related hazards. Sustainable 
livelihoods rest on five pillars: human, social, physical, natural and financial. 

 Vulnerability (to climate change) refers to the degree to which a system (natural or 
human) is susceptible to, and unable to cope with, adverse effects of climate change, 
including climate variability and extremes. Vulnerability is a function of the character, 
magnitude and rate of climate change and variation to which a system is exposed 
(exposure), its sensitivity and its adaptive capacity. 

 Vulnerability assessment is an action to identify, assess and understand the 
vulnerability of systems (natural and/or human). Vulnerability assessment in this case is 
the process of identifying, quantifying and prioritising (or ranking) the biophysical and 
socio-economic vulnerabilities in a system and assessing their inter-connectivity. This 
assessment is based on describing the three essential components of vulnerability: 
exposure, sensitivity and adaptive capacity. 

 

http://en.wikipedia.org/wiki/Vulnerability


Page | xv 

 

Abstract 
Timor-Leste, as both a small island developing state and a fragile, post-conflict nation, faces 

major challenges in responding to climate change. Subsistence coastal communities are 

particularly prone to the impacts of global climate change, in particular increased flooding, 

droughts and coastal inundation. This research undertook an integrated vulnerability 

assessment of coastal communities in Timor-Leste. Assessments were conducted in four 

coastal hamlets (Beacou, Sau Loro, Vailana), which represented a range of climates and 

socio-economic profiles in Timor Leste. Two ‘bottom-up’ approaches were adopted: (a) rapid, 

participatory, community-based vulnerability assessment; and (b) a semi-quantitative 

assessment based on data collected from 80 household surveys, which yielded 35 indicators 

that were derived from the ‘risk-hazard’ and sustainable livelihoods approaches.  Identification 

of adaptation options, which consistutes a vital step in local adaptation planning, was 

undertaken in each hamlet and a review of relevant climate change policies and programs 

was also undertaken. 

All four hamlets were subject to major climate impacts primarily from flooding and droughts on 

coastal infrastructure, food security from both fishing and agriculture, and water security. 

Interstingly, exposure was not demonstrably affected by the geographical location of the case 

studies. Sensitivity differed only slightly depending on specific localities of infrastructure and 

other assets and was high for all case study sites. Adaptive capacity was found to be  

constrained by very low levels of of income, education and economic diversification, high 

levels of resource dependency, water and food insecurity, and limited access to government 

support and development programs—with the exception of one case study site which had 

community development programs in place. Ultimately, all four hamlets were assessed to be 

‘highly vulnerable’ to climate change. 

Adaptation options identified were mostly tangible actions and could be readily implemented at 

the community levecommonly, including installation of infrastructure for impact mitigation, in 

particular small canals to divert water during floods and inundation events away from built 

infrastructure, a community-based strategy for the re-location of children and elderly people to 

high terrain during inundation events, re-vegetation of coastal vegetation and mangroves to 

reduce erosion and improve fisheries, and improved agriculture to increase food production.  

This research demonstrates the efficacy of community vulnerability assessment methodology 

for generating community-level understanding of climate vulnerability, and identifying locally 

appropriate adaptation options in Timor Leste. Local initiatives need to be integrated with 

other community-based programs, particularly disaster reduction and food security programs. 



Page | 1 

 

1 Introduction 

1.1 Problem statement 

Climate change poses a great challenge worldwide, not least due to its fundamental negative 

impacts on coastal and marine environments and fisheries resources, and the associated 

ramifications for human wellbeing and social and economic development (Barnett 2007; 

Conner 2003; IPCC 2014; Mortreaux & Barnett 2009). To curb the magnitude of impacts, 

scientists, non-governmental organisations (NGOs) and policymakers around the world are 

giving unprecedented attention to the human, technological and financial resources necessary 

to address the various issues and risks associated with climate change (Hay 2007). 

The impacts of climate change are more pronounced in Small Island Developing States 

(SIDS) and Least Developed Countries (LDCs). Many of these nation states are more 

vulnerable to costal inundation (Pernetta 1992; Someshwar 2008) and are limited in their 

capacity to cope with and adapt to climate change because of a lack of financial and human 

resources, including technological capability (Hay 2007; Mortreaux & Barnett 2009; Page 

2007; Read 2010). For many SIDS and LDCs, climate change impacts and hazards are 

already evident through sea level rise/inundation, coastal erosion, more severe floods, coastal 

habitat and mangrove destruction and subsequent physical impacts on fisheries, aquaculture 

and coastal infrastructure (Mortreaux & Barnett 2009; Veitayaki 2010). 

Timor-Leste is a SIDS as well as a fragile, post-conflict nation that is undergoing both nation 

building and peacekeeping. Among the SIDS, it is also one of the LDCs, with some of the 

highest rates of poverty, food insecurity, malnutrition, population growth, natural resource 

dependency and import dependency, and some of the lowest levels of education, health 

services and economic diversification, in South East Asia and the world. As such, Timor-Leste 

is not only particularly prone to climate impacts, but faces major challenges in responding to 

the impacts of global climate change (Barnett 2007; Kirono 2010). 

SIDS and LDCs are vulnerable to coastal inundation and erratic rainfall. These climate events 

are further exacerbated by El Ninõ, tropical cyclones and hurricanes (IPCC 2007). For 

example, cyclones accounted for 76% of the damage to economic infrastructure in the Pacific 

Islands from 1950 to 2004. The average cost relating to damage caused per cyclone is around 

USD75.7 million in real 2004 value (UN-OHRLLS 2009). When Hurricane Ivan hit Grenada in 

2004, the country lost approximately 90% of community houses and other key infrastructure, 

experienced adverse effects to 80% of its agricultural assets, and was left with damages of 
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approximately USD800 million (UN-OHRLLS 2009). The coastal communities of Timor-Leste 

are particularly vulnerable to climate impacts from increased climate variability (particularly 

rainfall) and sea level rise, which are expected to result in increasing flooding, droughts and 

coastal inundation. 

The immediate impacts of climate change in SIDS and LDCs may be on the environment and 

natural resources; however, indirectly this affects all aspects of society, culture and the 

economy. For example, extreme weather events and extensive change in climate conditions 

adversely affect food supply and water security, health, cultural heritage and economic 

development (Davisson & Long 2003; Hay 2007; IPCC 2014). Many socio-economic factors 

contribute to climate change vulnerability. Country-internal factors include poverty, a 

subsistence economy, poor education, high illiteracy, limited skills, limited technology base, 

and ineffective policy and governance. External factors include limited financial support from 

donors and financial crises at the international level (Barnett 2007; Hay 2007). All of this 

fosters political instability, high unemployment and high levels of poverty (Barnett 2007). 

To respond and adjust to changing climate and deal with related risks, nation states require 

the capacity to adapt. This includes the capacity to access climate change information and 

technology, financial resources, human resources and political will (Read 2010). Social 

capacity is also important to enable societies to respond to and deal with climate change 

(Adger 2006). It includes the stability and effectiveness of governance systems through 

cultural and social institutions. Lack of social capacity constrains adaptation to deal with 

climate risks. As such, improving the adaptive capacity of nation states requires a broad and 

holistic approach, encompassing political will, adequate human and financial resources and 

the engagement of community members, local leaders and local experts in all steps of the 

process (Barnett 2007; Read 2010; UNFCCC 2005). Many SIDS and LDCs, particularly in the 

Pacific Islands, have a lack of sufficient ‘in-country’ adaptive capacity to deal effectively with 

climate change vulnerability (Australian Bureau of Meteorology & CSIRO 2011; United Nations 

Conference on Trade and Development 2012). The principal determinants of in-country 

adaptive capacity are skills, knowledge, budget and strong commitments (UNFCCC 2005; 

United Nations Conference on Trade and Development 2012). Table 1–1 outlines the key 

factors and vulnerability indicators that make LDCs particularly vulnerable to climate variability 

and its impacts. 

Coastal areas in SIDS and LDCs in the southeast Pacific, such as the Solomon Islands,  

Vanuatu, the Marshall Islands, Fiji, Wanuato and Timor-Leste, are regarded as among the 

most climate vulnerable areas on the planet. Increasingly, these countries are the focus for 

assessments of vulnerability and adaptation to climate change (Australian Bureau of 

Meteorology & CSIRO 2011; IPCC-The Fourth Assessment Report (AR4) 2007; United 
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Nations Conference on Trade and Development 2012), with Timor-Leste having been 

classified as ‘extremely vulnerable’ to climate change (Barnett & Jones 2003; Barnett, Dessai 

& Jones 2007; McLeod et al. 2010). Global climate models downscaled to Timor-Leste show 

that climate change impacts are likely to affect significantly both the natural resources and the 

communities and rural livelihoods of the coastal areas of Timor-Leste (Australian Bureau of 

Meteorology & CSIRO 2011; Barnett 2007; Kirono 2010). 

Table 1–1: Factors contributing to countries’ climate change vulnerability  

 
Source: United Nations Conference on Trade and Development (2012) 

Defining and evaluating current priorities, adaptation options and responses to climate change 

vulnerability requires understanding the connections between climate change vulnerability and 

biophysical, socio-economic impacts and human wellbeing (Agrawal 2008). Doing this 

requires holistic and integrated approaches and methods to inform a comprehensive 

understanding of climate change impacts, adaptation options and priorities (Dawson et al. 

2011). 

Developing effective and appropriate climate change adaptation strategies requires a clear 

understanding of how communities are already being impacted by climate change, and what 

Demographic factors
Small population
Rapid growth of human population
Human resources are limited
High rate of adult illiteracy
Single urban areas 
Most of population are living close to coastal areas
Dis-economies of scale leading to high per capita costs for infrastructure and services

Economic factors
Small economies
Dependence of external finance 
Per capita income is very low
Small internal market
Heavy dependence on fishery and natural resources
Living with subsistence agriculture, livestock and fishery

Environmental factors
Small exposed interiors 
Most of land and environments are degraded due to economic pressure
Natural resources are explored in unsustainable way
Large coastal zones

Small size
Limited natural resource base
High competition between land use
Immediacy of interdependence in human environment system

Disaster mitigation capabilities 
Limited climate hazards forecasting ability
Lack of adaptive capacity in dealing with climate change risks
Limited technology
Little insurance cover
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makes them vulnerable to various impacts. Among available vulnerability assessment 

methods, cCommunity-based vulnerability assessment (CVA) is best suited to exploring 

natural hazards such as climate change, facilitating a systematic investigation of all 

components of climate change vulnerability (Moret 2014). CVA can be employed to guide 

local communities in understanding climate change vulnerability by sharing experiences and 

to determining what actions need to be adopted to mitigate impacts (Yohe & Tool 2002; 

Bahauddin & Uddin 2012). 

Conceptually, vulnerability consists of three components: exposure, sensitivity and adaptive 

capacity (IPCC, 2001).  

 Exposure is defined as the degree of climate stress that is exerted on an area or 

community of interest. It refers to the magnitude of climate change experienced and 

how the change is manifest, and the things that can be affected by climate change, 

including people, infrastructure, resources. Exposure is extrinsic and primarily 

determined by geographic location. In essence, exposure captures the risk of climate-

related impacts to human wellbeing (Fussel & Klein 2006).  

 Sensitivity refers to the degree to which a system stands to be affected, adversely or 

beneficially, by climate-related stimuli or variables (Preston & Stafford-Smith 2009). 

Sensitivity describes the biophysical effect of climate change but also includes the 

intrinsic ability to tolerate or withstand changing climate. This means that sensitivity 

can be altered by socio-economic changes. For example, new crop varieties may be 

less sensitive to climate change. 

Adaptive capacity refers to the potential or capability of a group of people, individuals 

or a system to adjust to climate change, inclucing climate variability and extremes, so 

as to cope with consequences, moderate potential damages, and take advantage of 

any opportunities that climate change may present. This involves anticipating and 

responding to changing climate and development pressures, while maintaining or 

improving wellbeing (Adger et al. 2004; IPCC-The Fourth Assessment Report (AR4) 

2007; Smit & Wolf 2006). 

1.2 Research objective and questions 

The objective of this PhD research and thesis is to improve Timor-Leste’s response to climate 

change through CVAs and climate change adaptation planning. In particular, the overall 

objectives of this research were to: 
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1. assess the climate change vulnerability of coastal communities in Timor-Leste; and 

2. identify adaptation options and priorities of these communities.  

The research approaches the objectives, firstly, by providing systematically assembled, 

empirical insights into how climate change affects selected coastal communities and human 

wellbeing in Timor-Leste and, secondly, by using rapid, participatory, community-based 

approaches to climate change vulnerability assessments and local adaptation planning. 

Through this research, it is hoped that the benefits and utility of these community-based, 

participatory approaches will be recognised by Timor-Leste as well as other SIDS and LDCs 

(Ferrol-Schulte et al. 2013). 

Specifically, to understand better the full range of impacts of coastal climate change, this 

research undertook an integrated biophysical and socio-economic vulnerability assessment to 

assess and understand the local climate hazards, climate impacts and vulnerabilities of 

coastal communities. The research also explored potential local adaptation options and 

reviewed relevant climate change policies and programs in Timor-Leste. The study adopted a 

‘case study’ approach, undertaking integrated vulnerability assessments of four hamlets 

(covering a range of climate hazards and socio-economic profiles). This included two hamlets 

on the low-rainfall, drought-prone, northern coast (Beacou, Sau) and two hamlets on the high-

rainfall, flood-prone, southern coast (Loro, Vailana). 

From this research objective, four key research questions emerge, supported by a number of 

sub-questions: 

1. How exposed are the case study communities to climate change? In other words, to 

what extent are climate hazards including floods, droughts, sea level rise/inundation 

and erosion already affecting the case study sites  

 What are the current trends in climate (particularly rainfall) and extreme climate 

events? 

 What is the community experience of climate change and extreme climate 

events? 

2. How sensitive are the case study communities to climate change? In other words, 

what are the major biophysical and socio-economic impacts of climate change 

affecting the case study sites  

 To what extent are natural resources (mangroves, sand and coral reefs), including the 

water sources of coastal communities, being affected by climate hazards? 

 To what extent has coastal infrastructure been exposed to and impacted by climate 

hazards? 
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 To what extent are community resources, key livelihoods (for example, agriculture, 

livestock and fisheries), food and water supply and the ‘wellbeing’ of coastal 

communities being affected by climate hazards? 

 To what extent do climate change and related hazards impact on family and 

community cohesion and psychological wellbeing in each case study site? 

3. What is the existing adaptive capacity of the case study communities? 

• To what extent do coastal communities rely and depend on natural resources, 

particularly climate-sensitive livelihoods? 

• What is the level of financial and economic diversification of communities (for 

example, sources of income, livelihood diversity and crop diversity)? 

• What is the overall level of food and water insecurity in the communities? 

• What climate-related government, donor support and/or customary management 

programs are in place to support local communities? 

4. What are the key adaptation options and priorities for local coastal communities? 

 What are the adaptation options available? 

 How does the community rate them in order of priority? 

 What are the main barriers to coastal communities undertaking local adaptation 

and planning to mitigate and adapt to climate change? 

 To what extent do coastal communities acknowledge the need for local adaptation 

planning to mitigate against climate hazards? 

 What are the existing community development and human development programs 

and initiatives that can be integrated into local adaptation options and priorities? 

 To what extent can existing local customary law (‘Tara Bandu’) be utilised by 

communities as tools to manage and preserve coastal resources and habitats, 

and mitigate climate impacts? 

The integrated vulnerability assessments utilised two ‘bottom-up’ approaches: (a) a 

participatory CVA, in combination with  identification of adaptation options, and (b) a semi-

quantitative, ‘indicator approach’, using data collected from household- and village-level 

surveys and historical climate data. To capture the full range of local-scale, biophysical and 

socio-economic dimensions of vulnerability (and their inter-connectivity), the latter assessment 

utilised indicators based on both a ‘risk hazard’ (exposure, sensitivity and adaptive capacity) 

approach and a Sustainable Livelihoods Approach (SLA). 
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1.3 Significance of the research 

As a signatory country to the United Nations Framework Convention on Climate Change 

(UNFCCC), Timor-Leste has an obligation to meet the commitments under Article 4 paragraph 

1 (e) of that Convention, which calls on parties to cooperate in adapting to climate change and 

to develop appropriate and integrated plans for coastal zone management (Barbosa 2007). 

To formulate a climate change response and engage in effective mitigation and adaptation, it 

is paramount that the impact of climate change on communities at the local and national scale 

is understood. Since 2001, a range of climate variability and climate change impact 

assessments and studies has been undertaken in Timor-Leste. This includes Sandlund et al. 

(2001) Assessing environment needs and priorities in East Timor; Barnett and Jones (2003) 

‘Climate change in Timor-Leste, impacts policy and planning’; Barnett, Dessai and Jones 

(2007) ‘Vulnerability to climate variability and change in East Timor’; Wever (2008) Assessing 

management challenges and options in the coastal zone of Timor-Leste; Kirono (2010) 

Climate change in Timor-Leste—a brief overview on future climate projections; Acil (2010) 

Preparing the road network development project; Australian Bureau of Meteorology and 

CSIRO (2011) Climate change in the Pacific: scientific assessment and new research, 

Regional overview; Mills et al. (2013) Developing Timor-Leste’s coastal economy: assessing 

potential climate change impacts and adaptation options, US Coral Triangle Initiative Support 

Program (2013) Climate change adaptation for coral triangle communities and Asian 

Development Bank (2014) State of the coral triangle: Timor-Leste. 

Despite the above studies, little is known about climate change vulnerability and related risks 

and impacts, particularly at the local scale and in remote areas across the country. Further, no 

studies specific to coastal climate change vulnerability adaptation have been undertaken at 

the hamlet level due to a lack of capacity and technological capabilities. With increasing public 

awareness of the potential impacts of climate change, populations in coastal and remote 

areas are increasingly demanding climate change information to assist them with adaptation 

planning (Democratic Republic of Timor-Leste-National Adaptation Plan of Action 2010). 

However, in most cases, climate change and related information is currently not available, due 

to a lack of local-scale information on climate change and related risks. This is particularly 

important for coastal communities affected directly by climate hazards and related shocks. In 

light of these existing gaps, this research seeks to identify and assess the climate change 

vulnerability of coastal communities and to define some local adaptation planning options to 

reduce climate change vulnerability. 

This research aims to explore and articulate the ways climate change affects individuals, 

households and coastal communities, what determines the vulnerability and resilience of 
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households and communities and how they can effectively mitigate and adapt to climate 

change. To achieve this, an integrated vulnerability assessment is conducted. This mixed 

methods approach allows multiple avenues of investigation of this complex multidisciplinary 

problem. 

This research provides climate change vulnerability information and a range of climate change 

adaptation options for use by local authorities (community leaders and local government) and 

coastal communities in managing their natural coastal resources and other key coastal 

livelihoods to reduce or mitigate climate risks.  

 

1.4 Structure of the thesis 

This thesis comprises nine chapters. Figure 1–1 provides a visual overview of the chapters’ 

arrangement and linkages. 

Figure 1–1: Structure of the thesis and key linkages between chapters 

 

Chapter 1 introduces the problem statement on climate change impacts and offers a history of 

climate risks manifested in SIDS and LDCs, including Timor-Leste. It further describes 

potential climate change impacts in coming years, typically towards people who are living in 

low-lying areas that are prone to climate risks. This chapter describes the components of 
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vulnerability and its terminology, and explains the overall approach and method used in 

investigating vulnerability in the target communities. The research objectives and questions 

are outlined, as is the significance of the research and the research gaps on climate change 

vulnerability in Timor-Leste. 

Chapter 2 gives the background to the country study by detailing Timor-Leste’s biophysical 

setting and demographic and socio-economic profiles as well as the potential climate change 

impacts in Timor-Leste. This chapter also outlines Timor-Leste’s existing climate change 

policy and regulations, current and past programs on climate change and all relevant gaps 

and priorities. 

Chapter 3 presents the detailed conceptual framework, providing the theoretical foundations 

for the case study approach. The methods used in the case study to collect, present and 

analyse data are also presented in this chapter. Specifically described are the data collection 

tools, statistical qualitative data analysis methods and the approach for defining adaptation 

options. 

Chapters 4–7 contain the research results. Chapter 4 describes the geography, demographics 

and livelihoods of each case study site. It also provides a post-hoc comparison, particularly in 

relation to income source in different hamlets and by elevation of residence. Chapter 5, using 

household data, describes an assessment of the components of vulnerability: climate hazards 

(exposure), impacts (sensitivity) and adaptive capacity (based on assets under SLA). This 

chapter explains the concepts of climate exposure, sensitivity and adaptive capacity, and 

highlights the key findings on the factors contributing to vulnerability to climate change. A post-

hoc comparison of climate change vulnerability among hamlets and by elevation of residence 

is also executed. Chapter 6 describes the integrated vulnerability assessments for the four 

hamlets. These assessments utilised a combination of ‘bottom-up’ approaches: (a) a 

participatory CVA and (b) a semi-quantitative ‘indicator approach’, using data collected from 

household- and village-level surveys as well as historical climate data. To capture the 

biophysical and socio-economic dimensions of vulnerability (and their inter-connectivity), the 

assessment utilised indicators based on both the SLA and a ‘risk hazard’ (exposure, sensitivity 

and adaptive capacity) approach. At the end of this chapter, integrated vulnerability 

statements are presented for each hamlet. Chapter 7 outlines the results of participatory local 

adaptation planning for each hamlet, including options and priorities. A post-hoc comparison is 

performed to examine the adaptation measures adopted by each respondent household. 

Chapter 8 provides a discussion of the research methodology and findings. It reviews the 

strengths and weaknesses of the research approach and method, as well as the findings on 

climate change variability, climate vulnerability (exposure, sensitivity and adaptive capacity) 
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and climate impacts on human wellbeing. Based on the key findings, implications and 

suggestions regarding climate variability and change and related consequences for the region 

are drawn that are of relevance to local communities, local leaders and local government. The 

findings provide guidance to local communities, including tangible local adaptation options to 

mitigate climate hazards and related impacts. The chapter also outlines implications for policy. 

Chapter 9 draws conclusions from the research and responds to the research objectives and 

questions laid out in Chapter 1. It provides a reflective evaluation of the case studies, repeats 

key policy recommendations and offers suggestions for future research to help the people of 

Timor-Leste to adapt effectively to climate change and vulnerability. 
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2 Background: Coastal climate change in 
Timor-Leste 

2.1 Chapter scope 

This chapter, which comprises four sections, provides essential conceptual context as well as 

data and background information. The first section describes the biophysical setting of Timor-

Leste, its fisheries and other natural resources as well as the contrasting geomorphology of 

the north and south coasts. Climate variability and change in Timor-Leste is described and 

climate projections are provided. Evidence is provided of the impacts of climate change and 

climate variability with a focus on inundation, erosion, floods and droughts. 

Section 2 describes human development and wellbeing in the region in relation to climate 

variability and change. This section explains the demography and geography of the coastal 

populations of Timor-Leste in relation to natural resource use, employment, health, poverty 

and education. Further, these communities’ relative dependency on coastal resources for food 

is discussed. 

Section 3 describes the climate change projections and potential impacts relevant for Timor-

Leste. These include increased coastal inundation, increased shoreline erosion with impacts 

on mangrove and coastal wetlands, and more frequent and severe floods and/or droughts. A 

negative impact on coral reefs is also predicted because of climate variability and change 

such as El Ninõ events. 

In Section 4, Timor-Leste’s climate-related policies, programs and initiatives are outlined, as 

are the challenges and constraints faced by the Government of Timor-Leste (GoTL) for 

dealing with climate variability and change. 

2.2 Geographical setting 

Timor-Leste includes the eastern part of Timor Island and the Oecusse exclave (see Figure 2–

1). Timor-Leste also includes two small islands: Jaco Island, off the eastern point of the 

mainland, and Atauro Island, to the north of Dili city. Timor-Leste is characterised by narrow 

coastal plains along 706 km of coastline, high land–sea connectivity and globally significant 

marine ecosystems (Edyvane et al. 2009). Timor-Leste houses at least 300 species of coral 

(75% of the total number of species described worldwide) (Foale et al. 2012), and it has a high 
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diversity and richness of fish, invertebrates and seaweeds, which are regularly caught by local 

fishers with traditional equipment (Edyvane et al. 2009; Mills et al. 2013). 

Figure 2–1: Map of Timor-Leste 

 

Source: https://www.google.com.au/search?q=Maps+of+Timor-leste 

The coastal morphology differs between the north and the south coasts of TL. These coasts 

are not only different climatically, but also with respect to coastal and near shore environments 

(Boggs et al. 2009). Topographically, the north coast is rocky and steep along most of its 

shoreline. The continental shelf of the northern part is narrow, with coastal plains virtually non-

existent or with a high profile. However, the districts of Lautem, Manatuto, Dili, Liquisa and 

Bobonaro have extensive white sand beaches with interspersed rocks that are scattered along 

these coasts. According to Audley-Charles (2004), Hamson (2004) and Keep, Barber and 

Haig (2009), the topography of the north coast is also characterised by karst geology and 

ancient coral reefs. Most vegetation along the north coast is of arid woodland type (Boggs et 

al. 2009). 

The north coastline features narrow fringing reefs with live hard and soft corals and seagrass 

meadows (Edyvane et al. 2009). Adjacent to the Banda Sea, the north coast also has deeper 

https://www.google.com.au/search?q=Maps+of+Timor-leste
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water. The littoral zone is very narrow and steep, with the sea floor dropping off sharply into a 

3 km-deep marine trench, at approximately 20 km from shore. 

In contrast, the continental shelf along the south coast is wide and gently sloping, and the 

relatively wide coastal plains are characterised by river deltas, lagoons, floodplains and 

swamps (Boggs et al. 2009). The exposed waters of the south coast, adjacent to the Timor 

Sea, are rougher, shallower and more turbid than are those of the north coast, resulting in 

long stretches of sandy beach with heavy or strong waves and surf (Sandlund et al. 2001).  

2.3 Climate and climate change 

Timor-Leste has a tropical monsoonal climate, with distinct dry and wet seasons. On the north 

coast of Timor-Leste, there is relatively low annual rainfall (500–1000 mm), occurring for 

between 4 and 5 months per year, and one dry season (Keefer 2000; Kirono 2010). In 

contrast, on the south coast, the rainfall is relatively high (1500–2000 mm/year) and there are 

two short dry seasons (Barnett & Jones 2003; Kirono 2010). Figure 2–2 shows the annual 

rainfall in Timor-Leste; shown in red, the lowest rainfall occurs along the north coast. The 

maximum diurnal temperature variation is up to 13°C during the southeast monsoon period 

(May–July), while the minimum is 7–9°C in the northern-west monsoon period (December–

March) (Australian Bureau of Meteorology & CSIRO 2011; Keefer 2000; Kirono 2010). 

Figure 2–2: Annual rainfall in Timor-Leste, showing the differences in rainfall on the 

northern and southern coasts 

 

Source: http://seedsoflifetimor.org/climatechange/maps-of-timor-leste/ 

http://seedsoflifetimor.org/climatechange/maps-of-timor-leste/
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Timor-Leste is divided into six agro-climatic zones (see Figure 2–3), based on elevation above 

sea level and mean annual rainfall (ARPAPET 1996): 

 Zone A: This zone is located on the northern lowlands, with coastal land and valley 

floors below 100 m. Mean annual rainfall is less than 1000 mm. The wet season lasts 

for 4–5 months (November–March). 

 Zone B: This zone includes the northern slopes, with hills between 100 and 500 m. 

The mean annual rainfall is between 1000 and 1500 mm, with a 5–6-month wet 

season (October–March). 

 Zone C: This zone encompasses the northern highlands, with hills and mountains 

above 500 m. The mean annual rainfall is >1500 mm, with a 6–7-month wet season 

(October–April). 

 Zone D: This zone is situated on the southern highlands, with hills and mountains 

above 500 m. The mean annual rainfall is >2000 mm, with nine months of wet 

season, from November to April and from May to July. 

 Zone E: This zone is located at high elevation on the southern coast, with high slopes 

and hills between 100 and 500 m. The mean annual rainfall is 1500–2000 mm, with 

eight months of wet season, from November to April and from May to July. 

Figure 2–3: Map of the agro-climatic zones of Timor-Leste 

 

Source: http://seedsoflifetimor.org/climatechange/maps-of-timor-leste/ 

http://seedsoflifetimor.org/climatechange/maps-of-timor-leste/
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 Zone F: This zone contains the lowlands of the southern coast, with coastal lands and 

valley floors below 100 m. The mean annual rainfall is approximately 1500 mm, with 

7–8 months of wet season (November to March and from May to July). 

In the wet season, rains are often torrential, causing flash flooding and high rates of erosion, 

particularly in areas of deforestation (Acil 2010; Keefer 2000; Sandlund et al. 2001). During 

1998–1999, the El Niño and La Niña effects caused seasonal distribution in rainfall and 

unpredictability in trade winds (FAO 2000; Kirono 2010). 

To understand climate variability and climate change, a major Pacific–Australian climate 

change scientific program, the Pacific–Australia Climate Change Science and Adaptation 

Planning (PACCSAP) Program has been underway in 14 Pacific Island countries, including 

Timor-Leste. The main objective of the PACCSAP program is to identify climate variability and 

related risks in each country and to determine local adaptation pathways. Projections of 

climate variability and change in Timor-Leste are given by the PACCSAP program for three 

20-year periods: 2020–2039, 2046–2065 and 2080–2099.1 Projected changes in climate 

indicators ( see Table 2–1) illustrate that Timor-Leste is vulnerable to drought due to annual 

variability of rain events (Wallace et al. 2012) due to exposure to high El Niño-Southern 

Oscillation (ENSO) flow patterns, resulting in heavy rainfall over short periods during the wet 

season and little rainfall during the dry season (Kirono 2010). 

This variability has negative impacts on socio-economic activities, food security, water 

resources (quality and quantity) and other key livelihoods. To project with any certainly the 

effects of increased temperature and changes in evaporation and precipitation, climate 

variability assessment on food security and water resources needs to focus on specific 

locations (Wallace et al. 2012). 

Timor-Leste has low-lying areas on both its north and south coasts that are prone to climate 

variability and related risks such as sea level rise/inundation, shoreline erosion, floods and 

droughts that effect agricultural yield, soil erosion, landslides, water availability and damage to 

key infrastructure (Acil 2010; Asian Disaster Preparedness Center 2013; Kirono 2010; Myers 

et al. 2011). Timor-Leste has high population growth, with 75% of its total population (1.2 

million people) living in rural areas with livelihoods that rely on climate-sensitive sectors such 

as agriculture, water resources, livestock and fisheries (Molyneux et al. 2012; Timor-Leste 

Human Development Report 2011). These people have a broad experience with the climate 

                                                        
1 ‘Values represent the multi-model mean change ± twice the inter-model standard deviation (representing 
about 95% of the range of model projections), except for sea-level, where the estimated mean change and the 
5–95% range are given (as they are derived directly from IPCC-Fourth Assessment Report values)’ (Australian 
Bureau of Meteorology and CSIRO 2011, p. 5).  
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hazards and related risks that affect their socio-economy wellbeing, especially those who are 

living in coastal areas (UNDP-Democratic Republic of Timor-Leste 2007).  

Table 2–1: Projected changes in climate indicators for Timor-Leste from the 

PACCSAP program 

Emission scenarios used in this projection are B1 = low (1); A1B = Medium/moderate (2); A2 = High (3). 

 

Source: Australian Bureau of Meteorology & CSIRO (2011) 

ENSO-related weather anomalies are regionally associated with droughts, which occur in 

cycles every few years (Barnett & Jones 2003). Both El Niño and La Niña may affect 

agricultural production and water security, and increase flooding, landsides and erosion 

(Government of Timor-Leste 2008). During El Niño, the monsoon onset is delayed and the wet 

season ends earlier, leading to less rainfall overall. On the north coast, the dry season may 
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extend for a six-month period, causing crop failure and a lack of water resources (Barnett & 

Jones 2003; Kirono 2010; Wallace et al. 2012). 

Sea level rise and inundation occur on both the southern and northern coasts of Timor-Leste. 

Relative sea level rise in Timor-Leste is predicted to be 6–15 cm by 2030 under a low B1 

scenario: a prediction with moderate confidence (Australian Bureau of Meteorology & CSIRO 

2011). Sea level rise will have, and is already having, a wide range of effects on coastal 

processes, including erosion, salt water intrusion and inundation and flooding (Barnett, Dessai 

& Jones 2007; Harvey 2006; Klein & Hinkel 2006). In the long term, coastal morphology will 

change structurally, influencing beach erosion and salt marsh decline as the coast adjusts to 

the new environmental conditions (IPCC 2014; McLeod et al. 2010). 

2.4 Socio-economic setting 

2.4.1 Human development and wellbeing 

The population of Timor-Leste is distributed across 13 districts and 65 sub-districts. The 

country’s agricultural land totals approximately 15,410 km2 and the total population is 

1,172,390 (National Directorate for Statistics 2010). The annual population increased 2.4% 

during the 5 years prior to 2010 (UNDP Human Development Report 2013). This growing 

population is placing greater pressure on natural resources. 

About 54% of the population is aged 15–50 years and classified as economically productive 

(Democratic Republic of Timor-Leste-Strategic Development Plan 2010). However, many 

younger people (15–25 years old) migrate from rural areas to Dili to look for better jobs 

(Timor-Leste Human Development Report 2011). The government thus needs to allocate 

more funds to reduce the high birth rate in rural areas and provide more job opportunities to 

help to reduce the current high levels of rural–urban migration (Fonseca et al. 2012). 

Unemployment is the main concern of the GoTL, particularly as regards people living in rural 

areas (Democratic Republic of Timor-Leste-Strategic Development Plan 2010; Drysdale 

2007). As stated in the United Nations Development Programme (UNDP) Human 

Development Report (2013), unemployment is extensive, contributes to poverty and food 

insecurity and can be attributed to low skill levels and poor job availability. Unemployment also 

results in poor education and living standards (Timor-Leste Human Development Report 2006; 

United Nations World Food Programme 2005). Most people across the country rely on shifting 

agriculture and harvesting natural resources, linked with this climate-dependent system. 
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The GoTL has strong political commitment to managing natural resources sustainably, as 

most Timorese rely on the environment for their livelihoods. Proper management of natural 

resources is the foundation of successful sustainable development; however, this requires 

support from all people, both in rural and urban areas (Democratic Republic of Timor-Leste-

Strategic Development Plan 2010). 

Table 2–2 presents the multi-dimensional poverty index for Timor-Leste, showing overall 

human development and human wellbeing and related issues. 

Table 2–2: National indicators of poverty and vulnerability 

 

The GoTL acknowledges that natural resources across the country have been degraded and 

that they are facing increasing risk due to economic and population pressures. Tackling these 

issues will require human resources within rural and urban communities with adequate skills 

and knowledge (Democratic Republic of Timor-Leste-National Adaptation Plan of Action 

2010). Government staff are working closely with community leaders, district officers and other 

key entities to preserve the environment and support local livelihoods through teaching 

sustainable practices and strengthening the local customary law or ‘Tara Bandu’ (Democratic 

Republic of Timor-Leste-National Adaptation Plan of Action 2010; Miyazawa 2013). 

The populations of coastal areas are heavily reliant on environmental goods and services 

such as coastal waters, cutting mangrove trees for cash, low tide fishing and collecting other 

marine resources for household consumption (Boggs et al. 2009; Mills et al. 2013; Wever 

2008). The rural populations of coastal areas are less likely to be able to adapt to climate risks 

(inundation and flooding) than are people living at higher elevations (Acil 2010; Barnett, 

Dessai & Jones 2007). Moreover, poverty issues (for example, low income, malnutrition, 

Population
Vulnerable to poverty (%) 18.2
In severe poverty (%) 38.7
Below income poverty line (%) 37.4

Contribution of deprivation to overall poverty
Education (%) 21.3
Health (%) 31
Living standard (%) 47.7

Population below income poverty line (%)
Purchasing power parity $1.25/day 37.4
National poverty line 49.9

Labour force participation rate (% ages 15 and older)
Female 38.4
Male 74.1

Annual population growth (%) National level 2.4
Source: UNDP-Human development report, Timor-Leste, 2013
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health and low literacy) are more pronounced among rural populations in coastal areas than 

for people living in urban areas (UNDP Human Development Report 2013). Therefore, 

uncontrolled rural and urban development and the depletion of natural and coastal resources 

by human activities and climate-related risks will continue to place pressure on and 

marginalise rural populations in coastal areas. 

The rural population in coastal areas such as Lospalos, Baucau, Viqueque, Manatuto, Suai, 

Bobonaro, Oecusse, Manufahi and Liquisa districts face a different set of development 

challenges. Many young people have moved to Dili city for further education and due to the 

lack of employment opportunities in their districts (UNDP Human Development Report 2011). 

While migration is a sign of connectivity, it also puts particular burden on the GoTL to provide 

more services in Dili, but additional housing, safe water and sanitation, power and waste 

collection are required everywhere due to the generally high rate of population growth 

(Democratic Republic of Timor-Leste-Strategic Development Plan 2010). Dili has also been 

experiencing more social conflict due to crime and competition for living space. The result is 

that a greater proportion of GoTL resources are being directed to the city, with less going to 

rural areas. Moreover, migration to Dili also puts further pressure on natural and fisheries 

resources around Dili city.  

The GoTL plans to protect areas from overfishing and overexploitation of natural resources, as 

well as from threats such as river-borne pollutants and coastal building development 

(Democratic Republic of Timor-Leste-Strategic Development Plan 2010; Ministry of Agriculture 

and Fisheries 2012). Where areas of special significance have been protected by the 

establishment of Marine Protected Areas (Edyvane et al. 2009), the National Directorate of 

Fisheries and Aquaculture has cooperated with coastal communities and other interested 

parties or stakeholders when considering marine environment issues (Democratic Republic of 

Timor-Leste-Strategic Development Plan 2010; Democratic Republic of Timor-Leste 2011). 

The primary objective of reducing unsustainable fishing practices and impacts is to ensure that 

Timor-Leste’s marine resources remain in good condition (Democratic Republic of Timor-

Leste-Strategic Development Plan 2010; Ministry of Agriculture and Fisheries 2012). 

Sustainable fishing approaches aim to maintain sustainable annual yields of fish products, 

which in turn will contribute directly to national food security, poverty alleviation and wealth 

creation (Ministry of Agriculture and Fisheries 2012). However, many programs and initiatives 

have not been fully implemented due to a lack of human resources, capital and relevant 

information (Wever 2008). For that reason, the support of, and mutual cooperation or 

partnership with, international scientists, coastal communities and other stakeholders will be 

essential to undertake adequate research. This research should establish and support the 

development of sound management regimes and lay down Timor-Leste’s own legal and 
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administrative foundations (Democratic Republic of Timor-Leste-Strategic Development Plan 

2010). 

2.4.2 Economy and human wellbeing 

As a newly independent, post-conflict nation in the process of peace building and nation 

building, Timor-Leste faces major economic and human development challenges, exacerbated 

by a rapidly growing population and poor education levels (Lundahl & Sjoholm 2009; Moxham 

2008; Richmond & Franks 2011). The country is characterised by a lack of a diversified 

economy and high import dependency, with approximately 80% of the population dependent 

on the subsistence economy, and a major dependence on the export of natural resources 

(principally coffee). There is very little industry, with the state being the largest employer of 

labour (while some 40–56% of working-age Timorese remain unemployed) (Lundahl & 

Sjoholm 2009). Significantly, Timor-Leste has one of the most oil-dependent economies in the 

world (Richmond & Franks 2008), with supplies from the country’s only producing oil and gas 

field predicted to be exhausted by 2023. Currently, oil revenues comprise >80% of the gross 

domestic product (GDP) of Timor-Leste and are the largest source of state income (between 

1999–2009, the state brought in USD5611 million from the sale of oil and natural gas, and 

USD287 million from investment in the Petroleum Fund). However, this sector contributes little 

to national employment (<1%) (International Monetary Fund 2013). 

With its high dependence on imports, Timor‐Leste has a large trade deficit. During the 5.5 

years since the beginning of 2004, the country exported USD46 million in non‐oil products 

(more than 90% of which was coffee), whereas imports totalled USD926 million. During 2007 

and 2008, more than half of non‐oil GDP went to imports. It is thus critical to build the non-oil 

sector of the economy. While Timor-Leste has been a major recipient of international 

development assistance, receiving USD5.2 billion in aid through bilateral and multilateral 

agencies over the decade 1999–2009, only around one-tenth of this has entered the nation’s 

economy (La’o Hamutuk: Timor-Leste Institute for Development Monitoring and Analysis 

2009). 

Although oil and gas resources provide most of the income for the nation, the agriculture 

sector continues to dominate national employment (>50%). The primary livelihoods of 

Timorese people are subsistence agriculture, livestock, forest resources and small-scale 

fisheries. The main crops are maize (Zea mays, L), rice (Oryza sativa), cassava (Manihot 

esculata)  and beans (Phaseolus vulgaris); while coffee (Coffea Arabica, L), coconut (Cocos 

nucifera) and candlenut (Aleurites moluccanus) are grown commercially in small/limited areas 

across the country (Democratic Republic of Timor-Leste/Food and Agriculture Organization 
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2010; Molyneux et al. 2012). Maize is grown in most villages, and in almost all rural areas, it is 

a staple food along with rice (da Costa et al. 2013). Despite this, agricultural production is 

insufficient for the population, with approximately 40% of food imported annually (da Costa et 

al. 2013; Democratic Republic of Timor-Leste 2011). 

Industry in Timor-Leste is limited due to the country’s high business costs and limited business 

skills. Poor communication and electricity infrastructure further impedes business operations 

(Timor-Leste Human Development Report 2011). However, the national Strategic 

Development Plan (SDP) 2011–2030 gives high priority to the development of rural 

infrastructure to support rural livelihoods. Private sector engagement and investment in rural 

areas have also been highlighted in the SDP for facilitation by the government. 

Timor-Leste is faced with widespread poverty, with average per capita yearly incomes in the 

non-oil economy of only USD599. Approximately half (49%) of the population lives below the 

national poverty line, which is defined as having less than USD1.25 per day to spend (UNDP 

Human Development Report 2013). Timor-Leste’s economy also suffers from a lack of skilled 

workers due to the low levels of education (Lundahl & Sjoholm 2005). To support small 

business and rural development, the GoTL has developed state microfinance to complement 

that offered by local NGOs and some credit unions. The commercial banks are yet to attempt 

to expand their operations outside Dili. 

The health sector also remains poorly developed. Maternal and child health is of particular 

concern, especially in remote and rural areas (Ministry of Health 2008). Malaria and dengue 

fever are endemic diseases that occur throughout Timor-Leste (Ministry of Health 2009). 

Diarrheal disease is another concern, mainly attributable to poor sanitation and hygiene and 

unsafe drinking water. Dengue fever, respiratory and diarrheal disease become particularly 

problematic during the wet season, and are life threatening for children under five years of age 

(UNDP Human Development Report 2011). 

Malnutrition is also common in children under five. This is due to food insecurity and a lack of 

knowledge of nutrition and other related health issues (Democratic Republic of Timor-Leste-

Strategic Development Plan 2010; Ministry of Health 2008). This poor state of health can be 

attributed largely to deficiencies in the health system, the lack of basic infrastructure and poor 

food nutritional security. Almost all health facilities were destroyed by the Indonesian Army 

after the Referendum in 1999; only a third of the population currently has access to improved 

sanitation and only half to improved water sources (Ministry of Health 2009). While some 

health services are in operation, they often suffer from poor infrastructure and inadequate 

staffing of professional health workers (Democratic Republic of Timor-Leste-Strategic 

Development Plan 2010; Ministry of Health 2009) . 
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Many schools were destroyed during the Indonesian withdrawal in 1999, resulting in additional 

challenges in educating a low-skilled population. In addition, the shortage of trained teachers 

restricts access to education (UNDP Human Development Report 2011). However, the GoTL 

is strongly committed to improving the education system across the country, as stated in the 

Democratic Republic of Timor-Leste-Strategic Development Plan (2010) report. As a young 

country, the first generations of teachers in Timor-Leste are currently being trained at the 

university, a fact that is likely to improve the quality of education in years to come. Great effort 

has been made by the GoTL to improve the quality of the education curriculum for primary, 

secondary and tertiary or higher education students around the country. Improving education 

quality is crucial to the ability of present and future leaders and citizens to create solutions and 

find new paths to a better future (Democratic Republic of Timor-Leste-Strategic Development 

Plan 2010). 

The GoTL is also facing the challenge of the nation’s high rate of unemployment, which 

currently stands at approximately 49% (UNDP Human Development Report 2013). There is 

currently a lack of job opportunities across the country and a general lack of capacity when 

jobs are available (Timor-Leste Human Development Report 2011). The increasing numbers 

of unemployed youth could be a potential source of political instability and other social conflict 

(Fonseca et al. 2012). Hence, education and skills development as well as job creation are 

considered extremely important by the GoTL. 

Poverty reduction has come to dominate the attention of the government and its development 

partners. The GoTL has promised, and is on track, to reduce poverty in Timor-Leste to 

achieve Millennium Development Goal (MDG) number 1 by 2015 (Democratic Republic of 

Timor-Leste-Strategic Development Plan 2010). Access to basic services and the 

implementation of pro-poor programs is the most important factor for reducing poverty and 

enabling poor people to move towards reaching the MDGs. Reducing poverty will benefit 

Timor-Leste’s economy, employment rate, social security, food security and social wellbeing 

(USAID 2006). 

Besides the issue of high unemployment, the GoTL has identified a contributing factor to 

poverty in Timor-Leste as the lack of access to primary facilities such as water supply 

systems, healthcare facilities and schools; addressing this is considered high priority. In 

addition, endemic disease, social conflicts, natural disasters, economic shock and extensive 

degradation of natural and environmental resources are potential barriers to reducing and 

combating poverty in Timor-Leste (Timor-Leste Human Development Report 2011). 

A strategy based on a human development approach has been adopted, which encourages 

pro-poor growth through (i) preventative and mitigating measures against risks, (ii) protecting 
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human development and (iii) promoting measures to improve the human capabilities of the 

poor to fight chronic poverty over the short, medium and long term (Democratic Republic of 

Timor-Leste-Strategic Development Plan 2010; Timor-Leste Human Development Report 

2011). Enabling poor famers to practise multi-cropping is widely seen as one of the most 

effective ways to reduce food insecurity and famine. Providing high quality water of sufficient 

quantity will also improve daily living and overall health conditions in Timor-Leste (Democratic 

Republic of Timor-Leste/Food and Agriculture Organization 2010; Wallace et al. 2012). 

Agriculture and fisheries production at household levels are low. Food production is sufficient 

for domestic consumption for only 3–6 months every year. The remaining months are a time of 

food insecurity (da Costa et al. 2013; Oxfam Australia 2008; United Nations World Food 

Programme 2005; World Bank-Asian Development Bank 2007). Most farmers grow maize, 

rice, sweet potato (Ipomea batatas), beans, cassava (Manihot esculenta), peanuts (Arachis 

hypogaea), coffee (Coffea Arabica, L.), candlenutand livestock (World Bank-Asian 

Development Bank 2007). Many farmers and fishers are unable to sell their produce due to its 

low quality and quantity, their lack of access to markets and suitable transportation and the 

poor road conditions. 

Approximately 5,000 people are part-time fishers, using traditional equipment for fishing 

(Asian Development Bank 2014; Mills et al. 2013). Most fishing is for subsistence and only a 

fraction of the catch is sold at local markets. Due to a lack of skill or knowledge and a poor 

understanding of living marine resource sustainability, catching fish using poison and 

dynamite is still practiced in some parts of Timor-Leste (Asian Development Bank 2014; 

Wever 2008). People on the north coast are particularly dependent on marine and coastal 

resources for subsistence, resulting in intensive pressure in this part of the country on marine 

resources of ecological significance such as mangroves, coral reefs and seagrass beds as 

well as coastal fisheries (Boggs et al. 2009; Wever 2008). Illegal harvesting of mangrove trees 

for heating, cooking and house construction has led to extensive land degradation, sediment 

run-off and erosion (Wever 2008). 

Fish production is relatively low across the country (Alonso et al. 2013; Asian Development 

Bank 2014; Ministry of Agriculture and Fisheries 2012); consequently, household fish 

consumption is also low (6 kg/person/year) (Mills et al. 2013). However, fisheries have the 

potential to provide a useful diversification of livelihoods and a source of employment 

nationally. Only a few districts (Atauro, Baucau and Dili) are significant contributors to fish 

supply, and then only seasonally. Target fish species caught include demersal species [for 

example, snapper (Lutjanus compechanus), croaker (Micropogonias undulates) and bream 

(Abramis brama)], pelagic species [for example, tuna (Thunnini sp), mackerel 

(Scomberomorus commerson), scad (Trachurus trachurus) and sardines (Clupea harengus 
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spp)] and non-fish species [for example, prawns (Peneaus spp), crabs (Scylla spp), lobsters 

(Panulirus cygnus), cephalopods (Cephalopods spp) and bivalves such as oyster (Ostreidae 

spp] (McWilliam 2002; Ministry of Agriculture and Fisheries 2012). However, due to the limited 

skills and capacity of the fishers, most fish caught are for family consumption only (Mills et al. 

2013). The other districts have relatively low fishing activity, with agriculture dominating. 

Fishing’s low contribution to coastal livelihoods is a clear barrier to local adaptation planning to 

mitigate climate risks. 

Timor-Leste has a long 794 km coastline and an Exclusive Economic Zone (EEZ) of 200 

nautical miles. Within its territorial sea (12 nautical miles), there is a high level of marine 

biodiversity; however, near-shore marine and coastal resources have been significantly 

overexploited (Boggs et al. 2009). While there is no commercial fishing across the island, 

there remains considerable scope and potential for the development of fisheries and the 

exploitation of deeper water, offshore resources. Local fishers are poorly equipped; women 

and children work on fish post-harvest and collect small fish and other marine resources at low 

tide (Mills et al. 2013; Sandlund et al. 2001; Wever 2008). These practices occur on both the 

north and south coasts of Timor-Leste. Currently, coastal households are poor and derive little 

benefit from marine and coastal resource exploration (Boggs et al. 2009; Mills et al. 2013; 

Ministry of Agriculture and Fisheries 2012) owing to their lack of skills and knowledge on how 

to explore existing resources to improve their livelihoods while preserving the sustainability of 

those resources (Boggs et al. 2009; Wever 2008). 

Generally, people in coastal areas are food insecure and cannot meet their calorific 

requirements. Coastal resources have been identified as one means for addressing this 

deficiency (Calado 2007). Coastal people, who may lack access to non-marine alternatives, 

are often dependent on marine and coastal resources for food, cash income, fuel and building 

materials (Wever 2008); however, little is known about Timor-Leste’s coastal resources 

capacity to provide current services (livelihoods) or possibly to increase future human 

wellbeing. 

The nation’s marine and coastal diversity also serve as important tourist attractions. Sound 

management of marine and coastal resources offers the opportunity to support sustainable 

livelihoods such as ecotourism for coastal communities (Boggs et al. 2009; Edyvane et al. 

2009). However, a lack of fisheries policy implementation and limited capacity to manage and 

protect these resources from illegal, unregulated fishing activities by foreign fleets are 

threatening fish stocks and local livelihoods (Ministry of Agriculture, Forestry and Fisheries 

2007). In addition, inadequate infrastructure and transportation means that people living in 

inland areas are unable to access marine and coastal fish catches to contribute to fulfilling 
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their protein requirements. Where they do have access to fish products, prices are high and 

often beyond the means of subsistence farmers (Ministry of Agriculture and Fisheries 2012). 

Wise coastal management is necessary for sustainable livelihoods in coastal areas. Effective 

coastal management could increase the options for coastal communities to improve their food 

security and income generation through diversification of livelihoods in areas such as fishing, 

recreation, tourism and aquaculture farming (Edyvane et al. 2009). As the population 

increases (2.4% per year), there will be more demand on natural and environmental services 

and thus a greater pressure on marine and coastal resources to fulfil the population’s basic 

needs (Democratic Republic of Timor-Leste 2011). The main threat to marine and coastal 

resources in Timor-Leste is the rapid growth in population, which, combined with poor 

knowledge of sustainability and effective natural resource management, could result in the 

exploitation of existing resources in unsustainable ways. Fishing and collecting other marine 

resources without considering sustainability will increase pressure on marine diversity 

(Democratic Republic of Timor-Leste/Food and Agriculture Organization 2010). 

The tourism sector offers potential solutions and support for food security and livelihoods 

(Edyvane et al. 2009; Wright 2013). Community-based ecotourism aims to provide job 

opportunities to poor communities. However, this requires integrated planning from the 

government to sustain marine and coastal resources (Edyvane et al. 2009; UNDP-Bureau of 

Crisis Preventions and Recovery 2013). Currently, programs for coastal resources 

management and coastal agriculture are limited in their implementation due to a lack of 

human resources and inadequate budget allocation (Democratic Republic of Timor-Leste-

Strategic Development Plan 2010; Ministry of Agriculture and Fisheries 2012; UNDP-Bureau 

of Crisis Preventions and Recovery 2013). 

2.5 Climate change and its impacts 

2.5.1 Current situation 

Current impacts of climate change are evident in coastal inundation events, shoreline erosion, 

coral bleaching and destruction of coastal ecosystems (IPCC 2014). Coastal inundation 

negatively affects human wellbeing and key infrastructure in coastal areas (Harvey 2006). 

Coastal inundation occurs most frequently in Dili city, Manatuto and Liquisa, Suai, Bobonaro, 

Viqueque and Lore in Lospalos sub-district (Acil 2010; Barnett, Dessai & Jones 2007). 

Coastal inundation can have a wide variety of environmental effects on a range of spatial and 

temporal scales. Inundation can destroy coastal habitats such as wetlands and estuaries, 
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erode dune systems and cause biological diversity loss (Heberger et al. 2009). Moreover, 

these coastal features are natural buffering systems against storm waves. Frequent coastal 

inundation and continuing sea level rise can reduce this natural protection, allowing waves to 

penetrate further inland, exacerbating erosion and leading to even greater coastal inundation 

(Cullen 2007; Heberger et al. 2009). 

Prolonged sea level rise and inundation can also cause salinisation of agriculturally productive 

soils, resulting in a long-term loss of productivity (Harvey 2006). Salinisation also affects 

lagoons, lakes and coastal freshwater aquifers, in turn damaging freshwater ecosystems and 

sources of drinking water for coastal communities (Australian Bureau of Meteorology & CSIRO 

2011; Heberger et al. 2009; Wallace et al. 2011). 

Coastal inundation has implications for most communities in Timor-Leste, particularly for those 

living at low elevations, near the coast, which are at high risk of coastal inundation. For people 

in urban areas (Manatuto and Dili) with a high population density, coastal inundation 

frequently threatens lives, homes, businesses, key infrastructure (for example, roads, schools 

and churches) and limits access to markets and health facilities (Barnett, Dessai & Jones 

2007; Preparedness Timor-Leste 2012). In rural areas (for example, Suai, Bobonaro and 

Viqueque), coastal inundation brings socio-economic implications such as damage to 

agricultural yields, livestock, private houses and means of communication. It can also cause 

people fear. Further, coastal inundation can intensify beach erosion and destroy fishing 

equipment and boats (McLeod et al. 2010). Eroded beaches can also be harmful to tourism in 

some areas (Edyvane et al. 2009). Finally, inundation can affect the cultural heritage value of 

areas such as Suai Loro, where many cultural heritage sites are close to the shoreline; these 

must be protected from inundation and erosion. 

While coastal inundation is difficult to prevent (Cullen 2007), it is possible to build protections; 

for example, concrete walls can be built on the beach to minimise the impact of sea level rise 

and other risks of strong surf (McLeod et al. 2010). Coastal hazard zoning, urban development 

planning and raising public awareness are some other approaches to protecting against the 

harmful effects of coastal inundation (Harvey 2006; Wever 2008). In some parts of Timor-

Leste (for example, in Liquisa, Dili, Bobonaro and Suai), people are being encouraged to re-

vegetate coastal areas. Mangroves (with large amounts of biomass above and below the 

water) provide protection against large storm waves and shoreline erosion through their ability 

to reduce wave energy (Hobday et al. 2006). Thus, to protect the coastal zone from sea level 

rise and inundation, these natural defences should be protected and maintained. 

Shoreline erosion is associated with large-scale inundation on the north and south coasts of 

Timor-Leste and it has the potential to affect natural resources, cultural value and other 
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physical assets in both urban and rural areas (Acil 2010; Edyvane et al. 2009; Wever 2008). 

For example, shoreline erosion has altered the rocky shorelines and sand beaches in 

Manatuto district. Frequent inundation erodes shorelines, causing them to retreat as beach 

slope and dune profiles adjust to the new levels of dunes and banks (Cullen 2007). Storm 

surges are a main cause of shoreline erosion; these will be exacerbated by an increase in 

inundation and propagated by larger waves (Cullen 2007; McLeod et al. 2010). 

Coastal erosion can affect roads and other infrastructure in coastal areas. Indeed, road 

management and urban planning needs urgent consideration in Timor-Leste (Acil 2010; 

Wever 2008). The local government is responsible for ensuring that all developments are 

planned in an acceptable and sustainable manner. As coastal erosion is a threat for many 

coastal communities, local government needs to plan and respond in the most effective and 

cost-efficient way (Acil 2010). This requires technical skills that Timor-Leste is only now 

developing. 

Climate change is a major threat to coral reef ecosystems through increased sea 

temperatures (causing thermal stress and bleaching) and acidification. Coral reefs were 

affected by an unusually strong El Niño event in 1998, which caused coral bleaching in many 

parts of the central Indian Ocean as well as in some areas of Timor-Leste (Sandlund et al. 

2001; UNDP-Bureau of Crisis Preventions and Recovery 2013). Coral reefs could be 

threatened by rises in sea temperatures associated with global warming (Barnett, Dessai & 

Jones 2007; UNDP-Bureau of Crisis Preventions and Recovery 2013). Coral sensitivity to 

bleaching varies among species such that bleaching events could result in a shift in coral 

community composition (Green, White & Tanzer 2012; IPCC 2002). Moreover, alteration of 

other environmental variables such as increasing storm intensities, water salinity and water 

movement affects coral reef sensitivity to bleaching (IPCC 2002; Mills et al. 2013). Changes in 

coral reefs can also affect fish stocks. 

As the location of coastal wetlands is linked to sea level, they are sensitive to any rise in that 

level (Heltberg, Siegel & Jorgensen 2009). The available evidence shows that wetlands 

experiencing a small tidal range are more vulnerable to relative sea level rise than are those 

experiencing a large tidal range (McLeod et al. 2010). Direct losses of coastal wetland from 

sea level rise can be offset by inland wetland migration (dry land conversion to wetland) as 

stated by Hobday et al. (2006) and Heberger et al. (2009). As sea level rises, low-lying areas 

adjacent to wetlands may become suitable for wetland plants. In areas without low-lying 

coastal areas, or in areas that are protected to stop coastal flooding/inundation, wetland 

migration cannot occur, causing what is termed ‘coastal squeeze’ (Heberger et al. 2009). 
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The response of mangroves to sea level rise and inundation is complex and dynamic 

(Heberger et al. 2009). Mangroves play an important role as a buffer between land and sea by 

filtering terrestrial discharge, decreasing the sediment loading of coastal waters and 

maintaining the integrity of coastlines (Cullen 2007). Mangroves also act as a nursery and 

breeding habitat for marine and coastal biodiversity, such as fish, crabs and prawns, as well 

as many terrestrial animals, including birds and crocodiles (Boggs et al. 2009; Nicholls, 

Hoozemans & and Marchand 1999).  

Mangrove cover has decreased extensively over the last decades from approximately 9000 ha 

in 1940 to 3035 ha in 2000 (FAO 2003). This situation is concerning due to the important role 

of mangroves in protecting and stabilising the shoreline and as a ‘keystone species’ in tropical 

coastal ecosystems (Cullen 2007; Heltberg, Siegel & Jorgensen 2009). In Timor-Leste, the 

depletion of mangrove forests is of particular concern in some areas along the north coast, 

such as Metinaro, Maubara, Suai and areas of Baucau, where mangrove forests are being 

exploited for fuel and heating and for cash (Alongi & Carvalho 2008). 

Saltmarshes are another important coastal ecosystem, providing extensive ecosystem 

services such as bio-filtration, gas regulation, carbon and nutrient retention (Heberger et al. 

2009). Saltmarsh also physically protects coastlines during storms and provides habitat for 

fauna, algae and microbial communities (Hobday et al. 2006; IPCC 2002). The different zones 

of inundation, salinity and drainage have led to distinct changes in vegetation across 

saltmarsh communities. Materials are transferred between saltmarshes, mangroves and even 

coral reefs by mobile fauna during their lifespan; for example, through grazing, predation and 

excretion (IPCC 2002). Saltmarshes are also important for a range of migratory fish and bird 

species (Heberger et al. 2009). As an indirect support of coastal livelihoods, saltmarshes need 

to be sustainably managed by coastal communities. 

2.5.2 Projections of climate change and predictions of climate change impacts 

Understanding climate change projections and their potential impacts is essential for informing 

those people likely to be affected, so that they can adapt their behaviour, actions and 

adaptation strategies to mitigate the effects on them of climate change and climate variability 

(UNDP Human Development Report 2011). A range of valuable national studies in climate 

change and climate variability have been conducted in Timor-Leste and published. However, 

assessing the impacts of climate change and its projections is challenging, as national-level 

information remains scarce and there is a lack of in-country capacity to assess climate 

variability (Asian Disaster Preparedness Center 2013; Australian Bureau of Meteorology & 

CSIRO 2011; Barnett, Dessai & Jones 2007). 
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Some reports on climate observations, projections and impacts of climate change have been 

developed (for example, Barnett, Dessai & Jones 2007; Barnett & Jones 2003; Kirono 2010). 

These reports show that climate has already changed in magnitude and severity, resulting in 

longer dry seasons, sea level rise and floods. More recently, the PACCSAP program has 

produced a report on climate change for Timor-Leste (Australian Bureau of Meteorology and 

CSIRO 2011). This report contains climate change projections, observed climate trends and 

predictions for future impacts using different emissions scenarios. These scenarios are B1 

(emissions scenario with low confidence), A1B (emissions scenario with medium/moderate 

confidence) and A2 (emissions scenario with high confidence). The report predicts that current 

sea surface temperatures are closely related to air temperature and that temperatures will 

continue to increase under emissions scenario B1, with very high confidence. Rainfall is 

predicted to increase moderately, while dry season duration is predicted to decrease 

moderately under emissions scenarios B1, A1B and A2 (Australian Bureau of Meteorology & 

CSIRO 2011). 

A projected increase in air temperature in Timor-Leste is predicted to impact on agricultural 

yields, water and livestock breeding. The agriculture sector is the most important socio-

economic for most of the population in Timor-Leste. Agricultural resources are highly sensitive 

to climate and climate variability (Barnett, Dessai & Jones 2007). The main agricultural 

product is maize (Zea mays L.), which grows in shallow soils on steep slopes (Molyneux et al. 

2012). Declining maize yields are likely to occur due to soil erosion and nutrient depletion 

caused by slash and burn farming practices (Barnett, Dessai & Jones 2007; Molyneux et al. 

2012). 

Similarly, drought is predicted to increase in Timor-Leste (Australian Bureau of Meteorology & 

CSIRO 2011), affecting water availability across the country, and particularly on the north 

coast. Longer dry seasons will reduce agricultural production [maize, rice, sweet potato 

(Ipomea batatas), cassava (Manihot esculenta) and beans (Phascolus vulgaris] (da Costa et 

al. 2013; Oxfam Australia 2008; United Nations World Food Programme 2005). Drought 

already affects food security, particularly along the low-rainfall north coast (Barnett & Jones 

2003; Oxfam Australia 2008). Long dry seasons will also affect animal husbandry (pigs, cattle, 

buffalo, sheep and goats) due to reduced water availability and lower quality pastoral grazing 

(Asian Disaster Preparedness Center 2006). These conditions will negatively affect the 

livelihoods of people reliant on livestock for cash income. 

Figure 2–4 shows the risk of drought (high, medium and low) for the regions of Timor-Leste 

(Asian Development Bank 2014). While the north coast is at the greatest risk (high and 

medium) of drought, the south coast may also experience the effects of drought (low, medium 

and high risk). This map can also be interpreted as showing the likely areas for cultivation, the 
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location of droughts and the effect for agricultural yields, livestock and water sources. This 

map is also relevant to predict climate variability consequences, including rainfall (floods), on 

people’s wellbeing in Timor-Leste. More intense rainfall events are likely to cause increased 

flooding. Rainfall is expected to affect key infrastructure and community houses located in at-

risk areas.  

Figure 2–4: Drought risk map for Timor-Leste 

 
Source: http://timoragri.fhost.com.au/English/map.htm 

 

Timor-Leste is prone to flooding, typically on the south coast (see Figure 2–5), for example, in 

Lospalos, Viqueque, Same, Suai and Bobonaro districts (Acil 2010). These districts receive 

more rainfall than those on the north coast. 

Figure 2–6 shows that the annual rainfall and temperature for the four case study sites on the 

north and south coasts varied in magnitude and severity. Generally, rainfall is higher on the 

south coast (Vailana/Iliomar and Loro/Suai) than the north coast (Beacou/Atabae and 

Sau/Manatuto).  

 

http://timoragri.fhost.com.au/English/map.htm
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Figure 2–5: Areas prone to flooding in Timor-Leste 

 
(Blue colour indicates high flood risk) 

Source: Timor-Leste, National Disaster Management Office, UNMIT GIS section 2007 
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Figure 2–6: Annual monthly rainfall and temperature data for the sub-district 

 Atabae (375 m), Manatuto (4 m), Suai (73 m) and Iliomar (365 m) (2012) 

 
Source: http://seedsoflifetimor.org/climatechange/maps-of-timor-leste/] 

 

2.6 Climate change policies and programs 

2.6.1 International and regional-scale programs and initiatives 

The international/regional research community is becoming increasingly interested in climate 

change assessment to provide some adaptation options to tackle climate vulnerability and 

related risks, including in Timor-Leste (Australian Bureau of Meteorology & CSIRO 2011). To 

this end, various Australian government research groups are working in the Asia-Pacific 

region, including Timor-Leste. For example, the PACCSAP program is working in 14 

countries, including Timor-Leste, led by the Australian Government. The PACCSAP program’s 

principal aim is to assess climate change and climate vulnerability issues in relation to 

http://seedsoflifetimor.org/climatechange/maps-of-timor-leste/
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adaptation and mitigation, including by capacity building. A number of activities and research 

projects have already been conducted in Timor-Leste in cooperation with existing programs at 

country level; for example, the Coral Triangle Initiative (CTI), the regional program of the 

Partnerships in Environmental Management for the Seas of East Asia (PEMSEA) and 

UNFCCC’s Initial National Communication. 

Other regional networks and initiatives include the South Pacific Regional Environment 

Programme (SPREP), the Association of South East Asian Nations Working Group on Marine 

and Coastal Environment and the Pacific Island Regional Ocean Policy (Harvey 2006). The 

principal objective of these regional networks and initiatives is to support member countries to 

improve their environmental governance and monitoring as well as the evaluation of their 

environmental performance and the socio-economic pressures on their environment (SPREP 

2004). Country members are encouraged to improve their understanding and strengthen their 

capacity to respond to climate change, climate variability and related risks. Through this 

mechanism, SPREP will provide tools to improve the means to respond to climate pressures, 

emerging threats and opportunities through integrated assessment and planning (SPREP 

2004). 

Timor-Leste is a member of PEMSEA, which is a joint initiative between the Global 

Environment Facility (GEF), UNEP and the International Maritime Organization (IMO). The 

principal aim of the partnership is to build interagency, intersectoral and intergovernmental 

cooperation to achieve collective objectives on sustainable development, marine and coastal 

resources and the mitigation of climate vulnerability and climate hazards for the Seas of East 

Asia (PEMSEA 2008). 

Another partnership at the regional level is the CTI on coral reefs, fisheries, food security and 

climate change. This initiative brings together six governments including Timor-Leste, 

Indonesia, Malaysia, the Philippines, Papua New Guinea and the Solomon Islands. The 

principal aim of the partnership is to protect marine life, promote sustainable fishing and 

ensure food security in the region (Aglionby 2007). These countries have agreed to work 

closely for capacity building, joint research and data sharing on marine and coastal resource 

management and climate change adaptation and mitigation (Green, White & Tanzer 2012). 

International development partners have directed substantial funding towards improving 

environmental management in Timor-Leste. For example, UNDP has projects related to 

environmental governance and access to Multilateral Environmental Agreements, sustainable 

rural energy development, Clean Development Mechanisms (CDM), biodiversity conservation 

and land degradation management (UNDP-Democratic Republic of Timor-Leste 2006). The 

GoTL is also working together with Australian Aid to conduct projects on fisheries 
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management planning, fish stocks assessment in Dili harbour and agricultural and forestry 

land-use mapping. The GoTL Ministry of Agriculture and Fisheries is also a major partner in 

the Arafura and Timor Seas Expert Forum (ATSEF) and, since 2003, has funded and been 

involved in a range of coastal and marine research and training partnership activities with 

research agencies in the Northern Territory, particularly Charles Darwin University, the 

Northern Territory Government, Australian National University and the Australian Institute of 

Marine Science. In 2006, six projects were funded by GoTL and research partner agencies, 

comprising (1) surveys and habitat mapping of the coastal and marine habitats of the north 

coast of Timor-Leste (Dili to Lore) (Boggs et al. 2009); (2) surveys and planning of the Nino 

Konis Santana Marine Park (Edyvane et al. 2009); (3) marine megafauna surveys of Timor-

Leste (Dethmers et al. 2012); (4) coastal and marine ecotourism value and opportunities along 

the north coast of Timor-Leste (Edyvane et al. 2009); (5) fisheries development in the Com-

Tutuala region (Lloyd et al. 2012); and (6) catchment dynamics and marine productivity in the 

Caraulun and Laclo catchments (Alongi et al. 2009). Through these ATSEF partnership 

activities, Charles Darwin University, Australian National University and the Australian Institute 

of Marine Science significantly improved the capacity of Fisheries and Forestry staff in data 

collection, rapid biological and resource surveys, coastal-marine planning, Marine Protected 

Area planning, species identification and Global Positioning System (GPS) data collection 

techniques (Boggs et al. 2009). 

2.6.2 National policies and regulations 

Environmental and natural resource issues are becoming increasingly important for political 

decision makers, development partners, civil society and the research community in Timor-

Leste (Democratic Republic of Timor-Leste-Strategic Development Plan 2010). Activities 

addressing climate change, fisheries and related risks are being conducted in partnership with 

government, universities and NGOs at the regional level. These networks are essential for 

sharing knowledge and skills to address climate change and its related risks in useful ways. 

The National Adaptation Plan of Action (NAPA), the primary strategic plan formulated to 

address climate change impacts in Timor-Leste (Democratic Republic of Timor-Leste-National 

Adaptation Plan of Action 2010), is implemented under the UNFCCC mechanism and has 

identified nine climate change adaptation priorities. One of the main priorities is sustaining the 

resilience of marine, coastal and forestry resources for climate change adaptation. However, 

initiatives towards this goal are yet to be fully implemented owing to Timor-Leste’s lack of 

human resources, climate change regulations or a climate change framework. 

As a new country, Timor-Leste still lacks appropriate laws and regulations to manage natural 

and environmental resources. Alongside its existing laws, Timor-Leste continues to utilise laws 
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and regulations from the United Nations Transitional Administration in East Timor (UNTAET), 

Indonesian laws and regulations and International Legislation and Agreements. This current 

body of laws and regulations as they relate to the management of natural resources and to 

climate change response are set out in Table 2–3. 

2.6.3 Past and current programs 

Many past and current programs have been directed towards managing climate change. 

These programs and initiatives are presented in Table 2–4, Table 2–5 and Table 2–6. Most 

form part of an implementation of Convention obligations at national and regional levels. The 

main executor of these programs is the Timor-Leste State Secretary of the Environment, in 

collaboration with relevant ministers, NGOs and universities. 

The GoTL is committed to addressing climate change issues both in the short and long term. 

This commitment is clearly articulated in SDP Report 2011. However, this commitment is 

constrained by a lack of staff capacity at the middle operating levels across departments, both 

at the national and district level (Asian Disaster Preparedness Center 2013). Existing 

constraints and gaps can be categorised as systemic, institutional and individual, as described 

below. 

2.6.4 Constraints to policy formulation 

As indicated by Constitutional Government Program IV (2007) and continued by Constitutional 

Government Program V (2012–2017), the GoTL is committed to addressing the issue of 

climate change, and has identified the following priorities: 

 Identify climate risk zones 

 Establish intersectoral coordination or strengthen existing coordination bodies to 

address climate change and related risks 

 Develop human resources capacity in the area of disaster risk management 

 Create an early warning system particularly relating to rains, floods and drought. 

Risk reduction related to climate change is integrated through national policies and programs. 

However, currently, due to a lack of human capacity and budget availability, climate change-

related activities are generally externally driven short-term projects with poor engagement of 

government staff (Asian Disaster Preparedness Center 2013; Timor-Leste Country 

Assessment 2008). Existing policies and programs depend on high-level (government) 
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political endorsement and execution to provide political oversight and direction. This is a 

barrier to implementing these policies and programs, due to the lack of understanding by 

government members of climate change and the associated vulnerability, and the lack of 

technical support at the middle levels (for example, national directors). Indeed, existing 

policies and programs are suffering from a lack of departmental commitment, despite the 

professed strong political support (Asian Disaster Preparedness Center 2013; Timor-Leste 

Country Assessment 2008). 

Table 2–3: Legislative framework governing natural resources management and 

climate change response in Timor-Leste 
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Table 2–4: Overview of existing climate change programs in Timor-Leste 

 
Source: Directorate for International Environmental Affairs 2012 

 

Programmes Objective Expected Outputs Implementing Agencies Remarks
Formulate national 
climate change Policy 
and regulation

Policy and climate 
change regulaiton is 
established in order to 
manage GHG emission 
and related risks 

All substances that harm 
our earth need to be 
regulated. Then all 
climate issues should be 
integrated into national 
policies and legislations 

State Secretary for the 
Environment, MAF, MTC, 
Ministry of Natural 
Resource and State 
Secretary for Public 
Works and NGOs

Under way 
process

Establishment of 
national research 
office on climate 
change

To conduct research and 
monitoring on climate 
change issues and 
related risks

Climate hazards and 
related risks are identified 
and monitored 
continuously 

UNTL, State Secretary of 
Environment, NGOs, 
MAF, MTC, and Natural 
Resources

The program is 
still under 
negotiation

National Adaptation 
Plan of Action

To formulate National 
Adaptation Programme 
of Action for TL

Key climate vulnerability in 
TL is identified through 
NAPA development and 
the NAPA document is 
approved by the GoTL

State Secretary for the 
Environment, MAF, 
UNTL, NGOs, Ministry of 
Natural Resources and 
State Secretary for Public 
Works

The report was  
approved by the 
Council of 
Ministers 

Promote awareness 
through education 
training and 
information exchange

To promote and improve 
public awareness, 
training and capacity 
building for people who 
at risks of climate 
variability and related 
hazards

Skills and knowledge of 
the target people are 
enhanced in order to 
conduct some adaptation 
options to reduce climate 
risks

State Secretary of the 
Environment, MAF, 
NGOs, UNTL and 
Ministry of Natural 
Resources

Ongoing 
program

Develop project 
proposal and develop 
a transparant financial 
management

Access to financial 
mechanism (from GEF)  
to deal with climate 
change

Financial mechanism 
under the UNFCCC is 
obtained 

State Secretary for the 
Environment and Ministry 
of Finance (MoF)

Under 
negotiation with 
MoF

Develop projects on 
alternative energy that 
are environmentally 
friendly (hydropower, 
wind power, solar 
power and biogas 
development )

To adop technology 
transfer to mitigate 
climate change effects 
by using alternative 
energy

Technological transfer is 
conclude and 
implemented

State Secretary for 
Environment, MAF, 
UNTL, NGOs, MTC and 
Ministry of Nat 
Resources

These projects 
are under 
implemention

Pacific-Australian 
climate change 
science adaptation 
programme

Projection of climate 
variability and mitigation 
as well as capacity 
building 

Data of climate change is 
available and capacity of 
the government staff is 
enhanced

Environment, MAF, UNTL 
and communities

Underway

Climate change 
adaptation 

Enhance community 
resillince 

Climate risk is identified 
and local adaptation is 
defined

Oxfam, local government, 
community and CBOs

Completed
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Table 2–5: Overview of existing biological diversity programs in Timor-Leste 

 

Programmes Objective Expected Outcomes Implementing 
Agencies Remarks

National Biological 
Strategic and Action Plan 
(NBSAP)

Develop NBSAP or strategic 
to conserve and monitoring 
biological diversity in TL

Biological diversity 
action plan is 
developed 

State Secretary for 
the Environment, 
Forestry, Fishery, 
UNTL

Completed

National Capacity building 
on biological diversity 
(BD), for example, Data 
collection, data processing 
and publication

To identify source of 
biological diversity in different 
habitat, for example, marine 
and coastal BD, mountain 
BD, freshwater BD, forest BD 
and Island BD

Different components 
of BD are identified for 
management purposes

State Secretary for 
the Environment, 
Forestry, Fishery, 
UNTL and MAF

Underway

Develop project proposals 
related to BD

Develop a transparant on 
financial management and 
access to GEF money as 
well as increase national 
accountability

Financial mechanism 
under the UNCBD is 
obtained 

State Secretary for 
the Environment, 
Forestry, Fishery

Under 
negotiation

Establishment of 
researchers team to 
conduct training and 
workshop on BD aspects

To conduct research on BD 
area, training for research 
team, incluiding national 
focal point 

Rearchers team are 
created, capacity of 
national focal point is 
improved

State Secretary for 
the Environment, 
MAF, UNTL, MTC 
and NGOs

Underway

Provide technical modules 
to be transmitted across 
country site

To  improve communuty 
awareness on BD issues 

All modules are 
developed and 
dessiminated to all 
target people 

UNTL, MAF, State 
Sec of the 
Envionment, NGOs 
and CBOs

Underway 

Program of Work on 
Protected Areas

To protect all flora and fauna 
in all protect areas. So all BD 
are secured and be 
maintained 

All protected areas are 
protected 

MAF (Fishery and 
Forestry), State 
Secretary for the 
Environment, UNTL, 
NGOs and CBOs

Underway 

Fisheries management 
planning and fish stock 
assessment 

To assess fish diversity as a 
baseline for fisheries 
management 

Fish population and 
diversity is identified 

USD and MAF Completed 

Community and coastal 
baseline survey and 
development of a coastal 
mapping system

To establish a coastal map 
typically on the northern coast 
as a basis for coastal and 
marine management 

Coastal and marine 
resources are mapped 
and managed in 
integrated manner

CDU, NTG and MAF Completed  

Climate change impact on 
small scale fisheries 

To identify climate change 
impact on coastal and 
marine resources and 
identify some local 
adaptation planning 

Climate risk and 
impacts on fisheries 
are identified and local 
adaptation options are 
identified 

WorldFish, MAF, 
local leaders and 
fishermen

Coral Triangle Initiative 
(CTI)

To manage coastal and 
marine resources in 
integrated way

All marine resources 
are managed and food 
security is secured 

MAF, Environment, 
NGOs and 
University 

Underway 

ATSEF Integrated work with 
Indonesia and Australia to 
conserve and preserve 
marine diversity  

Marine resources are 
conserved for human 
wellbeing

MAF, Environment, 
NGOs and 
University 

Underway 

PEMSEA A partnership with countries 
in south east asia to 
conserve and protect coatsal 
and marine resources 

All marine and coastal 
resources are 
preserved for human 
wellbeing

MAF, Environment, 
NGOs and 
University and 
communities

Underway 

Fish and animal protein 
consumption and 
availability in TL 

Estimation of current levels of 
fish consumption 

Basis for policy 
development 
aquaculture in TL 

FAO, MAF, 
community leaders 
and fishermen

Completed

Marine and natural 
conservation

Working together with local 
government, MAF, 
environment to protect 
natural resources

The destruction of 
natural resources are 
lessed 

Conservation 
International, MAF, 
environment, NGOs 
and UNTL

Underway

Source: Directorate for International Environmental Affairs 2012
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Table 2–6: Overview of existing land degradation programs in Timor-Leste 

 

 

Data on climate change and natural disasters in Timor-Leste are very limited (Asian Disaster 

Preparedness Center 2013; Kirono 2010). Some historic climate data are available from the 

Portuguese and Indonesian occupations, but it needs to be digitised (Barnett & Jones 2003; 

Kirono 2010). Currently, Timor-Leste continues to depend on climate change and climate 

variability information from Indonesia, Australia and Japan (Australian Bureau of Meteorology 

& CSIRO 2011). A range of international organisations, NGOs and government bodies 

(Australia and Japan) have established a network to work with the GoTL to assess climate 

change variability; however, there appears to be little coordination among donors and a lack of 

leadership. The result is that activities often overlap (Timor-Leste Country Assessment 2008)  

and no integrated climate risk assessment has been conducted to show the degree of climate 

risk and related hazards. This implies that the government is assessing potential national 

impacts from climate hazards and related shocks (Asian Disaster Preparedness Center 2013). 

Programmes Objective Expected outcomes Implementing 
Agencies Remarks

Sustainable Land 
Management 
(SLM)

To enable the GoTL to 
mitigate  and reverse land 
problems typically land 
degradation contributing to 
maintaining restoring 
ecosystem health, promote 
sustainable livelihoods and 
poverty reduction

SLM is mainstreaming 
into national policies, 
plans and regulation. 
Human resources and 
institutional capacities 
are developed

Directorate of Natural 
disaster, MAF, State 
Secretary for the 
Environment, Forestry, 
UNDP, UNTL, and 
NGOS 

SLM report was 
submited and 
approved by Council 
of Ministers. The 
implementatio is 
underway. The key 
findings are under 
implementation.

Reforestation To accumulate techniques 
and initiate demonstration 
sites/pilot projects for 
controlling deforestation, 
reforesting cleared land, soil 
conservation and promote 
renewable energy use

Land and soils are 
conserved, 
communities can 
access to renewable 
energy and reduce 
cutting trees for 
cooking and heating

MAF, Forestry, NGOs, 
UNTL and State 
Secretary for the 
Environment

Underway activities

National Forest 
Policy

To protect forest and the 
environment 

All forest and other 
natural resources are 
protected 

Forestry, MAF, NGOs, 
UNTL and Environment, 
CBOs and communities

The policy being 
approved by Council 
of Ministers

Development of 
national 
information and 
training center on 
land degradation

Increasing coordination 
between government, NGOs 
and University to share 
information

National training and 
technology transfer 
center and research 
and development 
established 

UNTL, Forestry, MAF, 
Environment, UNDP 
and NGOs

Under negotiation 
with related 
government 
departments

Comducting study 
on soil erosion, 
land slide and 
development of 
soil map

Improve staff capacity in 
order to working with 
relevant institution, NGOs 
and University

Soil erosion data is 
available and soil map 
is produced 

MAF, Forestry, NGOs, 
UNTL and State 
Secretary for the 
Environment

Underway activities

Mapping on 
agriculture and 
forestry

To map of agriculture lands 
and forestry in relation to 
agricultural productivity 

Agricultural lands are 
mapped and identified

AuSAID, MAF,  
Environment and 
community

Completed

Source: Directorate for International Environmental Affairs 2012
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With a lack of policy and legislation on climate change and adaptation and weak government 

arrangements at the operating level, climate change and related risks will continue to put 

pressure on health, water, key infrastructure and food security in Timor-Leste (Asian Disaster 

Preparedness Center 2013; UNDP 2006). Climate change and adaptation legislation is 

required particularly to reinforce inter-ministerial coordination, so all sectors can work in a 

holistic way in dealing with climate change issues. To execute this legislation, the government 

will need to allocate adequate state budget, in combination with a strong political commitment. 

At present, there appears to be a lack of mid-level commitment due to poorly defined roles 

and institutional frameworks in planning and budgetary processes (Democratic Republic of 

Timor-Leste-National Adaptation Plan of Action 2010). 

To strengthen climate adaptation responses, an institutional framework for climate change 

disaster response is needed. This framework should be consistent and provide effective 

management for natural resources and climate change adaptation through: 

 establishment of climate change regulations 

 adequate arrangements at national and district level up to village level 

 capacity development at the district and sub-district level 

 continued data collection and analysis on climate events 

 monitoring and evaluation of short- and long-term climate hazards for coastal villages 

prone to climate variability (for example, sea level rise/inundation, erosion, floods and 

droughts).  

These arrangements will support the development of capacity at the organisation and 

community level (Democratic Republic of Timor-Leste-National Adaptation Plan of Action 

2010; Timor-Leste Country Assessment 2008). 

The NAPA is a starting point for addressing climate change. A number of plans and initiatives 

are described in the NAPA document; however, a range of gaps and constraints remain to be 

tackled, including: 

 Weak enforcement of the existing environmental laws and regulations; for example, 

laws and regulation from UNTAET and Indonesia 

 Lack of climate change regulations and policy 
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 Lack of local experts specialising in climate change to undertake climate change 

impact assessments 

 Lack of climate data and other meteorological data due to a lack of equipment and 

human resources for collecting meteorological data 

 Lack of country-specific climate change vulnerability and adaptation research. 

Currently, three ministries are responsible for climate change adaptation and natural disaster 

planning: the Ministry of Trade, Industry and Environment, the Ministry of Transportation and 

Communication and the Ministry of Social Solidarity. However, cooperation is at the working 

group stage and limited to formal discussions only; no integrated planning is being done at the 

community level for climate change assessment and adaptation (Democratic Republic of 

Timor-Leste-National Adaptation Plan of Action 2010; Democratic Republic of Timor-Leste-

Strategic Development Plan 2010). These ministries also have poor capacity for dealing with 

climate change issues and engaging with key stakeholders. Climate change adaptation and 

natural disaster risk plans need to be integrated to account for all causal relationships (Timor-

Leste Human Development Report 2006). 

The GoTL recognises that climatological information is needed for monitoring and 

understanding the drought, flood, inundation and water supply risks faced by communities in 

Timor-Leste. However, few hydrological monitoring stations are currently in operation due to a 

lack of human resources and equipment (Australian Bureau of Meteorology & CSIRO 2011; 

Timor-Leste Country Assessment 2008) and Dili Airport is the only operational meteorological 

station in Timor-Leste. Unfortunately, the rainfall intensity data coming from Dili Airport are not 

representative of the entire country, which has very diverse terrain. In addition, rainfall data 

collected from Dili Airport is processed and analysed for forecasting and for airport operational 

purposes only; it is not used to inform agriculture or for climate event monitoring (Australian 

Bureau of Meteorology & CSIRO 2011; Timor-Leste Country Assessment 2008). 

Climate change and natural disaster risks have been poorly documented in the past (during 

the Portuguese and Indonesian occupations) due to limited climatological, hydrological and 

geophysical information (Barnett & Jones 2003; Keefer 2000). Some past climate change 

records (during the Portuguese and Indonesian administrations) are available for a few district 

rainfall stations, but they need to be sourced, acquired, collated, digitised and analysed 

(Australian Bureau of Meteorology & CSIRO 2011; Keefer 2000). Some climate data have 

been produced but are very poorly used. However, such data are important for reporting for 

national- and district-level planning and development of policies for agriculture, water, fisheries 

and infrastructure (Acil 2010; Australian Bureau of Meteorology & CSIRO 2011; Democratic 
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Republic of Timor-Leste-National Adaptation Plan of Action 2010). International agencies 

(UNDP, UNOPS and SIDA), key government stakeholders and NGOs (both national and 

international) recognise the importance of, and are committed to, addressing the issue of 

climate change and its related risks. However, there is currently a lack of research to assess: 

 The degree of climate change vulnerability and related risks 

 The number of communities at risk in specific locations; for example, at the village or 

hamlet level across the country 

 Which key infrastructure is at risk and its specific location 

 The socio-economic implications of the risks of climate change and climate 

vulnerability 

 The socio-economic and biophysical factors in specific villages and or hamlets. 

To understand adaptation options fully, research is required for specific villages and hamlets. 

This would provide comprehensive data for dealing with climate change and climate disasters. 

It is fundamental to fill these gaps through coordinated activities to measure progress, to 

provide for future program adjustment based on outputs (Democratic Republic of Timor-Leste-

National Adaptation Plan of Action 2010). In addition, the environmental governance 

structures of the districts need to operate as a basis for coordination in implementing climate 

change programs, with a body established to coordinate with other stakeholders at district and 

sub-district level; for example, among agencies responsible for agriculture, forestry, fisheries 

and water supply. To achieve this, institutional frameworks with clear mandates or functions 

and adequate budgets need to be established (Timor-Leste Country Assessment 2008). 

2.6.5 Knowledge gaps 

Long-term occupation and civil conflicts are impediments to attaining formal education and 

training in various sectors, particularly as relate to climate change risks and adaptation (Timor-

Leste Human Development Report 2006). Currently, there is limited capacity to deliver 

services within the government at the middle and junior level (Asian Disaster Preparedness 

Center 2013; UNDP 2006). However, capacity building through formal education and other 

training courses, both at national and regional level, is promising. It is expected that over the 

next decade, human resources will be put in place to deal with climate change vulnerability 

and to deliver related services (Democratic Republic of Timor-Leste-National Adaptation Plan 

of Action 2010). 
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At the individual level, there remains a lack of understanding of the climate data and its 

interpretation, and external efforts are needed to provide extra and core analysis for climate 

vulnerability assessments (Democratic Republic of Timor-Leste-National Adaptation Plan of 

Action 2010; UNDP-Democratic Republic of Timor-Leste 2007). There is a lack of continued 

support at the national and district level for the assessment of vulnerability, impeding the 

appropriate delivery of services. Again, the absence of district structures for environmental 

services and the dependence of these services on other existing structures; for example, 

agriculture, fisheries, disaster risk management and forestry, are a challenge to be overcome 

by the State Secretary for the Environment in executing existing plans and initiatives in a 

sustainable manner (Timor-Leste Country Assessment 2008). 

While the understanding of climate change issues across government and civil society is 

growing, a lack of data, tools and capacity is limiting the integration of this understanding into 

policy and planning (Asian Disaster Preparedness Center 2013; Democratic Republic of 

Timor-Leste-National Adaptation Plan of Action 2010; UNDP-Democratic Republic of Timor-

Leste 2007). Thus, relationships with neighbouring countries (Australia and Indonesia) to 

assist with accessing climate information and data analysis on climate projections are required 

(Australian Bureau of Meteorology & CSIRO 2011). To improve Timor-Leste’s ability to make 

policy and planning decisions related to climate change, key areas in which capacity needs to 

be built have been identified (Australian Bureau of Meteorology & CSIRO 2011; Democratic 

Republic of Timor-Leste-National Adaptation Plan of Action 2010; UNDP 2006). These 

include: 

 Tidal data and systematic monitoring of sea level rise. Tidal data collection is 

important to standardise the collection and electronic storage of tidal records as part 

of the systematic measurement of sea water level oscillation, which is essential for 

monitoring the alteration in sea level that could be attributed to global warming. 

 Data collection on climate change vulnerability and other natural disasters as a 

baseline for adapting climate risks. 

 Benefit/cost analyses of climate risks and adaptation options. 

 Data collection and analysis on health risks caused by climate variability, particularly 

in remote areas. 

 Risk assessment and mapping for natural disasters, climate vulnerability and 

adaptation for low-lying areas that are prone to climate change and related risks; for 

example, sea level rise/inundation, erosion, floods, droughts and landslides. 
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 Climate modelling and tools for analysing and interpreting climate change 

vulnerability; for example, risk assessment. 

 Monitoring and evaluation of past and current activities on climate change and climate 

risks. 

 Building a database of historic climate-related data sets. 
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3 Methodology 

3.1 Chapter scope 

This chapter describes the conceptual foundations, case study approach and methodological 

details of the participatory action research used for assessing community vulnerability to 

climate change and facilitating local adaptation planning. 

The research adopts a ‘vulnerability and adaptability’ conceptual framework. In doing so, it 

implements a combination of approaches, including the risk hazard approach, SLA and 

community risk assessment. The conceptual framework and the components of each of the 

approaches are explained before the case for integration is presented. 

The selection of four ‘case study’ sites from six potential sites is described and justified. The 

selection was based on primary and some secondary data, and ensured that case studies 

have contrasting biophysical and socio-economic profiles and thus represent a variety of the 

situations facing the coastal communities of Timor-Leste. 

A description of the mixed methods used for empirical data collection is presented and  the 

data analytical methods are explained. The rationale for and process of participatory mapping 

with case study communities is described. This step builds on the primary data collected and 

constitutes a step towards communities developing locally appropriate climate change 

adaptation plans. 

3.2 Conceptual framework: vulnerability and adaptability 

3.2.1 Conceptual framework 

Climate change may be a physical phenomenon, but it plays out in peoples’ wellbeing and 

livelihoods. The factors that determine how people adapt to and mitigate climate change and 

variability include their access to wealth, education, technological capabilities, financial 

resources and climate change information (Badjeck et al. 2010; IPCC 2001). As per Deressa, 

Hassan and Ringler (2008), the conceptual framework adopted for this research consequently 

includes biophysical and socio-economic dimensions of climate vulnerability. 

To respond to climate change reactively and proactively, effective adaptation planning is 

necessary. This requires a sound knowledge foundation encompassing (a) biophysical 
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information, such as a description of impacts and risks, and (b) socio-economic information 

that paints a picture of the human condition. In terms of the planning process, it is important to 

generate community understanding and ownership of the problem and to encourage 

community input into the development and prioritisation of the adaptation plan. 

Global climate change and associated natural hazards adversely affect the biophysics of the 

natural environment by modifying ecological structures and processes, affecting their ability to 

sustain human populations and their livelihoods (Madu 2012; Sumaila et al. 2011). 

Deteriorating ecological and socio-economic conditions are particularly prevalent in coastal 

and rural areas (Sumaila et al. 2011). Understanding this link between ecological conditions 

and human development is critical for improving the quality of sustainable development 

strategies (Fussel 2007; Madu 2012). The vulnerability of natural resources varies with 

geographic, demographic (social), time, economic and environmental conditions (IPCC 2001). 

Accordingly, a conceptual framework is required that considers biophysical and socio-

economic impacts and highlights adaptation and resilience as components of vulnerability 

(Pearson & Langridge 2008). The framework needs to allow for the merging of contributions 

from many disciplines of science and technology with the aim to address climate change 

issues and secure natural resources and sustainable development (Madu 2012; Thomalla et 

al. 2006). It has been compellingly argued that without a comprehensive approach, it will be 

impossible to define adaptation options and build adaptive capacity to minimise climate 

change vulnerability (Hay 2007; Janssen et al. 2006; Madu 2012). This research thus adopts a 

‘vulnerability and adaptability’ conceptual framework. 

3.2.2 Climate change vulnerability 

The concept of vulnerability, in the climate change context, has been the subject of 

considerable theoretical discussion and discourse (Lemmen et al. 2008; Tapsell et al. 2010). 

For example, socio-economic perspectives of climate vulnerability focus on population and 

human development, information, economy, land cover and land use and energy consumption 

(Adger 1999a). However, socio-economic vulnerability is fundamentally embedded within 

natural and physical processes, thus requiring an understanding of the environmental 

resources context (Birkmann & Wisner 2006; Tapsell et al. 2010). This is because 

understanding and predicting climate hazards requires assessing various vulnerabilities of 

societies, human development, socio-economic factors, institutional arrangements, 

demography, human resources, technology and natural resource dependence and utilisation 

(Birkmann & Wisner 2006). Vulnerability can be applied at different scales, including to 

individuals, groups of people or communities; however, it can also be used to refer to physical 
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structures or environment/natural resource loss in general and to the capacity to adapt 

(Agrawal 2008; Wandiga, Opondo & Olago 2006). Pulhin et al. (2006) have identified three 

main factors that influence the vulnerability of a system: 

 the nature of the climate changes to which it is exposed 

 the climate sensitivity of the system 

 the capacity of the system to adapt to change climate conditions. 

Vulnerability is couched within changing biophysical and socio-economic dynamics, structural 

conditions and processes. Indeed, vulnerability is not just a biophysical characteristic, it is also 

an aspect of social systems, determined by complex factors and processes (Adger 2006; 

O’Brien et al. 2007). Both biophysical and socio-economic conditions can make a system 

vulnerable; for example, the human dependency on (exploring) natural resources, which 

ignores the need to sustainably manage natural resources. Hence, vulnerability is generally 

characterised as a function of both biophysical and socio-economic vulnerability. Climate 

change vulnerability is determined by physical, social, economic and environmental factors or 

processes exacerbated by climate variability and change, which increase the susceptibility of 

a community to the impact of climate hazards (Fussel & Klein 2006; IPCC 2012; Pearson & 

Langridge 2008; Preston & Stafford-Smith 2009; United Nations International Strategy for 

Disaster Reduction 2004). 

The interaction of environmental and social forces principally determines the extent of 

exposure and sensitivity, while various social, cultural, political and economic forces shape 

adaptive capacity (Adger et al. 2004; Levine, Lude & Jones 2011). 

This research adopts the IPCC (2001) conceptualisation of vulnerability, which includes 

biophysical and socio-economic-institutional dimensions. Vulnerability is conceived as being 

determined by three elements: exposure, sensitivity and adaptive capacity.  

 Exposure is defined as the degree of climate stress that is exerted on an area or 

community of interest. It refers to the magnitude of climate change experienced and 

how the change is manifest, and the things that can be affected by climate change, 

including people, infrastructure, resources. Exposure is extrinsic and primarily 

determined by geographic location. In essence, exposure captures the risk of climate-

related impacts to human wellbeing (Fussel & Klein 2006).  

 Sensitivity refers to the degree to which a system stands to be affected, adversely or 

beneficially, by climate-related stimuli or variables (Preston & Stafford-Smith 2009). 

Sensitivity describes the biophysical effect of climate change but also includes the 

intrinsic ability to tolerate or withstand changing climate. This means that sensitivity 
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can be altered by socio-economic changes. For example, new crop varieties may be 

less sensitive to climate change. 

Adaptive capacity refers to the potential or capability of a group of people, individuals 

or a system to adjust to climate change, inclucing climate variability and extremes, so 

as to cope with consequences, moderate potential damages, and take advantage of 

any opportunities that climate change may present. This involves anticipating and 

responding to changing climate and development pressures, while maintaining or 

improving wellbeing (Adger et al. 2004; IPCC-The Fourth Assessment Report (AR4) 

2007; Smit & Wolf 2006). 

Figure 3–1 presents the interrelationships and processes driving exposure, sensitivity and 

adaptive capacity, which are frequently interdependent (Uy, Takeuchi & Shaw 2011). The 

finer-scale interaction of these elements represents local vulnerability, while the adaptations 

are particular expressions of an inherent adaptive capacity (Glick, Stein & Edelson 2011). 

Figure 3–1: Conceptualisation of climate change and variability, and adaptation 

 

Figure 3–1 conceptualises a system view of climate change impact and adaptation, whereby 

exposure and sensitivity are interrelated (Glick, Stein & Edelson 2011; Magnan 2010). The 

exposure and sensitivity of a system, such as a group or community, to an environmental risk 

reflects the likelihood of the system experiencing the particular climate risk, which influences 
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its sensitivity to such exposure (Adger et al. 2004; Magnan 2010). These environmental risks 

are reflective of broader social, economic, cultural and political factors that affect exposure 

and sensitivity (Magnan 2010). 

Vulnerability, and in particular the aspect of adaptive capacity, is strongly related to social, 

economic and institutional dimensions, which are particularly highlighted in the concept of 

social vulnerability. (Adger, 1999a,b). Adaptive capacity has qualitative and quantitative 

aspects, which cannot be isolated and should thus be assessed or developed in an integrated 

manner (Adger 1999a, Adger et al. 2004). The principal indicators of social vulnerability are 

poverty and resources climate-dependent system at the household level and inequality 

and institutional adaptation at the collective level (Adger 1999b). Adaptive capacity of a 

household depends on the ‘enabling environment’ provided by the community and the internal 

capability of the household, which as defined in particular by the education and skills of 

household members and information available and financial resources). The adaptive capacity 

of the community is reflective of the resource availability, leadership, processes and political 

will at that location (Smit & Pilifosova 2001; Yohe & Tool 2002). Relative distribution of 

income, diversity of income sources and other social security arrangements, political will, 

institutional arrangements, ethnicity and treatment of gender influence social vulnerability 

(Adger 1999a,b).  

3.3 Integrated approach 

3.3.1 Justification for and key elements of the integrated approach 

To implement the conceptual framework, the research uses a combination of approaches, 

including the risk hazard approach, SLA and community risk assessment. Integrating 

biophysical and socio-economic assessment requires a multidisciplinary science approach, 

including disciplines such as biology, health, disaster management, hydrology, fisheries, 

agriculture, social science, climate science, economics and political science. Importantly, if the 

research wants to effect on-ground change, it also needs to involve the communities for and 

with whom the research is being undertaken. Figure 3–2 illustrates this integrated approach. 
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Figure 3–2: Integrated approach adopted to climate vulnerability and community-based 

vulnerability assessment 

 

Climate vulnerability is a combination of potential impacts and adaptive capacity, so 

vulnerability arises from interactions among natural resources, climate and society (Fussel & 

Klein 2006; UNDP 2003). Vulnerability assessments need to address human and 

environmental factor interactions in an integrated way (Turner et al. 2003). 

This research adopts and combines investigations of the biophysical and socio-economic 

aspects of vulnerability to climate chance and variability, and community adaptability. In doing 

so, it conceives climate change adaptation as a socio-ecological system. It is accepted that 

both the physical and human dimensions need to be considered when helping communities to 

adapt to climate change (Badjeck et al. 2010; IPCC 2001). The biophysical dimensions are 

investigated using the risk hazard approach, while the socio-economic dimensions are 

investigated using the SLA. 

3.3.2 Community-based vulnerability assessment 

This research uses the CVA approach as a means of integrating the community-level analysis 

of the biophysical and human dimensions of climate change in a consultative fashion.  

Community-based vulnerability assessment (CVA) is best suited to exploring natural hazards 

such as climate change, facilitating a systematic investigation of all components of climate 
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change vulnerability (Moret 2014). CVA can be employed to guide local communities in 

understanding climate change vulnerability by sharing experiences and to determining what 

actions need to be adopted to mitigate impacts (Yohe & Tool 2002; Bahauddin & Uddin 2012). 

The process of community-based vulnerability (or risk) assessment involves encouraging ‘at-

risk’ communities to participate actively in climate vulnerability assessments; for example, to 

identify climate variability in sea level rise/inundation, erosions, floods and droughts, to 

determine the sectors impacted by this variability and to design possible local adaptation plans 

and options to mitigate climate change vulnerability (Abarquez & Murshed 2004). By definition, 

community-based risk and vulnerability assessment requires a case study approach, as it 

explores the particular situations of selected communities. 

CVA has been applied repeatedly by international NGOs and has also been applied by the 

Ministry of Social Solidarity in Timor-Leste. CVA provides a framework for communities to 

engage actively in disaster risk management by reducing local vulnerability (Democratic 

Republic of Timor-Leste-National Adaptation Plan of Action 2010). As this research also seeks 

to achieve participation and engagement of communities in identifying core problems of 

climate variability, a CVA-like process was adopted. 

CVA is a participatory approach that promotes community participation to assess climate 

vulnerability and related risks and identification of adaptation options to mitigate climate 

variability and change at the community level (Bahauddin & Uddin 2012). The principal 

objective of CVA is to engage people in a learning cycle (Koelle, B 2009), to identify and 

define their own means to mitigate climate vulnerability (Ferrol-Schulte et al. 2013). The CVA 

approach has been used successfully with vulnerable and marginal people (Conner 2003; 

Ferrol-Schulte et al. 2013) to share ideas and experiences on climate change vulnerability and 

related hazards. CVA is particularly relevant in the context of this study because it necessities 

a more holistic view in identifying the community resources affected, by encouraging 

communities to participate actively in all assessment processes and to define their own 

pathways to mitigate climate variability and related risks. 

In this study, CVA culminated in local adaptation planning workshops with case study 

communities. This step took the findings from phase 1 of the study into workshops with the 

case study communities so that people could see and discuss and thus better understand the 

climate impacts, to then be able to conceive and discuss local adaptation strategies. It was 

expected that this part of the research would be the first step in a more comprehensive locally 

driven adaptation planning process. 
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An understanding of past and current responses to climate variability and related risks is 

pivotal in informing the design of an appropriate adaptation plan. In this context, adaptation is 

the adjustment of practices, processes and systems to mitigate negative effects from climate 

variability and related risks (IPCC 2007). Adaptation provides opportunities for communities to 

move towards sustainability goals. Hence, adaptation actions should be cross-disciplinary and 

coherent, to mitigate climate hazards in a consistent manner (Eriksen et al. 2011). 

Investigations of adaptation options require the integration of research across disciplines such 

as economics, anthropology, ecology and social sciences (Chishakwe, Murray & Chambwera 

2012). Further, adaptation involves integrating government policy and programs from various 

sectors with local knowledge. 

Adaptation is a function of adaptive capacity (Glick, Stein & Edelson 2011), which itself is 

intrinsically related to the concept of vulnerability and adaptation (Fussel 2007). This is 

because adaptations are inherent manifestations of adaptive capacity; they present ways of 

reducing vulnerability (Smit & Wolf 2006). Adaptations, or changes in the system to deal better 

with problematic exposures and sensitivities, reflect adaptive capacity (Fussel 2009). Types of 

adaptations include planned adaptation, reactive adaptation and autonomous adaptation 

(Levine, Lude & Jones 2011; Malik, Qin & Smith 2010; Uy, Takeuchi & Shaw 2011). 

3.3.3 Risk hazard approach 

The risk hazard approach entailed an assessment of the socio-economic and biophysical 

conditions in four case study sites. For each case study site or hamlet, the biophysical and 

socio-economic conditions affecting vulnerability and risk were identified and described. This 

allowed for the identification of sectors impacted by climate variability and ranking of impacts 

based on local priorities. This was achieved in a participatory fashion, with input from key 

informants, local experts and vulnerable groups, to describe and analyse the cultural, socio-

economic and natural resource factors involved. Sub-section 3.3.5 gives further detail on 

methods. 

Climate change vulnerability assessment commonly explores three components of 

vulnerability: exposure, sensitivity and adaptive capacity, with each component capturing 

different elements of vulnerability. The ‘exposure’ of a system can be conceptualised as the 

risk or exposure to climate variability and change, and the various changes in the climate 

system (for example, frequency of sea level rise/inundation, erosion, rainfall variability, floods 

and droughts) that threaten human wellbeing or human life (Fussel & Klein 2006). Thus, 

human wellbeing is often exposed to hazards through climate variability and change, with 
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‘exposure’ being a condition or system of being physically exposed to a climate hazard and 

related risks (Preston & Stafford-Smith 2009). 

‘Sensitivity’ refers to the degree to which a system is affected, either adversely or beneficially, 

by climate-related stimuli or variables (Preston & Stafford-Smith 2009). The effect can be 

direct, such as a reduction in agricultural yields due to high temperature, or indirect, such as 

damage to coastal infrastructure caused by an increased frequency of inundation due to sea 

level rise (Mias-Mamonong 2010; Preston & Stafford-Smith 2009). 

The risk hazard model describes the relationship between exposure, sensitivity and adaptive 

capacity as the components of climate vulnerability (Barrange et al. 2011; Butler, Bohensky & 

Skewes 2009; Glick, Stein & Edelson 2011; UNDP 2003). Figure 3–3 presents the potential 

impacts of the combination of exposure and sensitivity (Barrange et al. 2011; Glick, Stein & 

Edelson 2011). 

Figure 3–3: Climate vulnerability and adaptive capacity 

 
Source: Glick, Stein and Edelson (2011) 

3.3.4 Sustainable Livelihoods Approach 

Livelihoods, in the context of this study, can be described as the ability of communities to 

make a living in an economically, ecologically and socially sustainable way to cope with and 

recover from climate risks (Hahn, Riederer & Foster 2008). Communities with a strong asset 

base are better able to respond to and deal with climate risks (Badjeck et al. 2010). The SLA 

provides a systematic means of conceptualising and measuring the various assets that 

individuals and communities have at their disposal for generating livelihoods. Endowment with 

assets determines the likely impact of climate change on communities as well as their capacity 
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to cope with climate variability and related risks (Ferrol-Schulte et al. 2013). SLA provides a 

broad and comprehensive context for assessing the capabilities and potential that exists within 

communities, which can be an indicator of their adaptive capacity (Hahn, Riederer & Foster 

2008; Piya, Maharjan & Joshi 2012). In the context of this research, SLA helps to explore the 

livelihood assets of the case study communities to understand better their ability, and the 

constraints to their ability, to deal with climate change impacts, especially in relation to their 

adaptive capacity to mitigate climate risks and associated shocks (Shah et al. 2013). 

SLA conceives households in holistic terms, to evaluate their ability to cope with and resist 

climate variability and related risks. According to Shah et al. (2013), sustainable livelihoods 

comprise five types of capability assets:  

1. Human assets: related to the capabilities of the household and its members to access 

and share information on climate change and related risks, and their literacy rate.  

2. Natural assets: the quality and quantity of the natural resources (forestry, fisheries and 

agriculture) on which households depend.   

3. Financial assets: the income that the household derives from different sources and the 

ability to save money.  

4. Physical assets: the tools and equipment available to households to enhance their 

productivity, such as fishing equipment and agricultural tools. This also includes 

shared assets such as product markets, road infrastructure and harbours.   

5. Social assets: the social resources to protect natural resources (for example, ‘Tara 

Bandu’), governance structures, trust, institutional support, social networks for sharing 

information about climate events and related disasters. 

Assets are the principal determinant factors enabling communities to organise themselves 

prior to, during and after extreme climate events, and potentially to absorb the climate stress 

and associated risks (Hahn, Riederer & Foster 2008; Uy, Takeuchi & Shaw 2011). Community 

assets also underpin local adaptation planning (Uy, Takeuchi & Shaw 2011). 

The SLA is a conceptual tool used to explore and investigate the livelihood assets of the 

community (Shah et al. 2013). SLA can be thought of as a means of understanding livelihoods 

with a broad applicability. It can also be highly context specific. SLA has been extensively 

used in many SIDS to achieve a better understanding of natural resource management 

systems and the impact of climate change (Shah et al. 2013). 
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3.3.5 Integration of approaches and methods used 

Biophysical and social characteristics differ among communities and locations, and underpin 

complex interactions. Consequently, both biophysical and socio-economic factors should be 

understood before conducting a full-scale assessment of climate vulnerability and related risks 

(Fussel 2009). The biophysical approach corresponds most closely to sensitivity, while 

adaptive capacity in a wider social development context is more closely aligned to a socio-

economic approach (Fussel 2007); however, Fussel (2008) proposed that sensitivity and 

adaptive capacity have internal dimensions that are implicitly presumed for the integration of 

climate change and a climate vulnerability assessment framework. While some experts (for 

example, Deressa, Hassan & Ringler 2008) have expressed the limitations of the integrated 

approach (socio-economic and biophysical), it is accepted by many experts (for example, 

Fussel 2009) and is considered appropriate to determine climate vulnerability in a coherent 

and systematic manner (Fussel & Klein 2006). For this study, the integrated approach was 

also deemed useful to respond to and accommodate adaptive capacity, exposure and 

sensitivity to climate vulnerability across the four hamlets. 

Socio-economic vulnerability assessment was focussed on the socio-economic and social 

status (livelihood status) across four case study sites (hamlets). People in the four hamlets 

had different levels of income, literacy, health and access to and utilisation of information and 

natural resources. All of these social factors shape and affect people’s economic status and 

determine their level of vulnerability (Fussel 2007). As stated by Allen (2003), even before 

they face external issues of climate variability and related hazards, people must confront 

issues of social status, which are internal and complex within a social system. In view of this, 

the socio-economic assessment looked at the adaptive capacity of a household or a group of 

people based on their internal characteristics and defined the relationships with external 

factors such as climate vulnerability and risk. Details about the steps taken are presented in 

Figure 3–4, while Table 3–1 presents the summary of the CVA approach for data collection 

using semi-structured interviews with key household respondents, key informants, focus group 

discussion/workshops and direct observation. 
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Figure 3–4: Parallel investigation of biophysical and socio-economic vulnerability and 

adaptive capacity 

 
 
Source: Community-based Vulnerability Assessment (2009) 
 

Table 3–1: Summary description of methods used  

Method Objective Information gathered 
Household interview To collect quantitative and qualitative 

information from each respondent 
household 

Key livelihoods, source of income, 
family size, water accessibility, 
climate hazards and risks and coping 
strategies/adaptation 
 

Key informant interview To collect information on institutional 
arrangements, natural resources, 
general picture of socio-economic and 
key livelihoods, total population, 
geography and demographic information 
 

Source of livelihoods, existing natural 
resources (fishery, agriculture, forest 
and livestock) and existing socio-
economic systems 

Focus group discussion To collect background information on 
resources use, climate vulnerability and 
related risks, how they can cope with 
climate risks using their own method, 
what are the sectors affected and how 
 

Climate vulnerability and the issues 
of key livelihoods  

Field observation: 
transect walks with 
community leaders 

To observe directly and understand 
biophysical resources that adversely 
affected by climate variability and other 
existing problems affecting famers, 
fishers and other people’ livelihoods 
 

Climate hazards and impactss in 
relation to biophysical resources 

Workshop To (1) present key findings to local 
leaders, local experts, youth and fishers 
and farmers representatives; (2) 
commence local climate change 
adaptation planning process 

Generic or cross cutting issues were 
gathered to improve data collection  
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3.4 Descriptive and diagnostic indicators 

To make the biophysical and socio-economic data tangible and go beyond the purely 

descriptive, this research reviewed the literature for potential indicators and chose those 

suitable for the given context. The selected indicators had been proposed elsewhere. 

The climate risk variables applied in the analysis are listed under the climate vulnerability 

components (exposure, sensitivity and adaptation measures) (Hahn, Riederer & Foster 2008; 

IPCC 2001). Exposure and sensitivity are interconnected because the magnitude (exposure) 

and severity (sensitivity) of climate change determine potential impacts (vulnerability) (IPCC 

2001). Exposure and sensitivity are the main contributors to climate vulnerability, while 

adaptive capacity is the main contributor in mitigating climate change vulnerability (Tesso, 

Emana & Ketema 2012). However, these concepts do not articulate adequately the 

vulnerability indicators (Cutter et al. 2009). The selection of appropriate indicators for 

vulnerability and adaptation as regards climate variability is a complex task; for example, it 

may not be the case that all households able to adapt and deal with the long-term impacts of 

climate variability have strong adaptive capacity. This is because adaptive capacity can be 

influenced by institutional arrangement, political will and information (Ferrol-Schulte et al. 

2013; Hahn, Riederer & Foster 2008). 

Indicators were selected for each of the components of vulnerability to climate change: 

exposure, sensitivity and adaptive capacity (Schroter, Polsky & Patt 2005). The indicators for 

exposure and sensitivity focus on biophysical parameters, while those for adaptive capacity 

focus on socio-economic characteristics or livelihood assets (Adger et al. 2004; Schroter, 

Polsky & Patt 2005). Exposure and sensitivity combine to determine impacts and these can 

generally be described quantitatively by changes in biophysical indicators; for example, 

agricultural productivity with regard to crop production. 

As has been done previously in the literature, historical data (5–10 years) on climatic 

variability (sea level rise/inundation, erosion, flood and drought) events were taken as 

indicators of exposure. The number of occurrences of these climate variables or events for 

2011–2013 and for 5–10 years prior was gathered from key informants, household 

respondents and local experts. For example, historical data of average temperature (2011, 5–

10 years prior) was higher for the north coast than the south coast; while rainfall was observed 

to be higher (>1500 mm) per year on the south coast. 

Indicators for sensitivity used in the literature and adopted here include the impacts of extreme 

climatic events on household livelihoods (maize, rice, livestock husbandry, fishing), including 

key infrastructure, water and natural resources (Marshall et al. 2009). Diversity of livelihoods 
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determines the sensitivity of households (Piya, Maharjan & Joshi 2012). Measures for crop 

diversity and income diversity of households were developed based on the Simpson Index of 

Diversity (SiID) (Ijaiya et al. 2009). Other studies have adapted the SiID to measure income or 

livelihoods diversity (Hahn, Riederer & Foster 2008; Ijaiya et al. 2009). The index of crop 

diversity (ICD) takes into consideration the number of crops (i) and their relative contributions 

to total harvest (PCi). The index of income diversity (IID) takes into consideration the number 

of income sources (j) and relative contributions to total income (PIj). Values of 1 or 

approaching 1 indicate high diversity; values approaching 0 indicate low to no diversity. Lower 

indicator values indicate the higher sensitivity of households to climate change. 

Index of crop diversity ICD = 1-ΣPCi
2 

Index of income diversity IID = 1-ΣPIj
2 

Households with a high dependence on natural resources (for example, fishing, agriculture, 

forestry and livestock husbandry) will potentially have high sensitivity if these resources are at 

risk in the event of extreme climatic events. Households with a diverse source of livelihoods 

may have relatively low sensitivity to extreme climatic events. Another indicator of sensitivity 

was the damage to houses at the household level, and to public infrastructure at the 

community level (schools, churches, roads/bridges and hospitals), due to climate-related 

disasters over 5–10 years as well as in 2011. 

The indicators of adaptive capacity found in the literature were related to the capital of 

sustainable livelihoods (human, physical, financial, natural and social assets) as outlined in 

Section 3.4.4. Adaptation to climate hazards and related risks can be through planned, 

autonomous and reactive adaptation; with the latter more likely if the community has strong 

social capital. 

Detailed descriptions of the indicators chosen for exposure, sensitivity and adaptive capacity 

based on a review of the literature, including primary and secondary data sources, are 

contained in Table 3–2, Table 3–3, Table 3–4, Table 3–5 and Table 3–6. 
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Table 3–2: Potential vulnerability indicators of exposure, based on risk hazard 

approach 

 

Vulnerability 
components 
and sub-
components

Descriptor Indicator Rela-
tion-
ship 

(1)

Rationale References

Exposure

Air temperature High daily 
maximum air 
temperature

Number of days daily 
max air temp >35C per 
annum; Average number 
of consecutive days 
>35C per event

+ Heatw aves can cause human 
and livestock stress and death. 
More frequent heatw aves and 
longer heatw aves cause more 
cases of stress and death.

Deressa et al. 
2008

Air temperature Rate of 
increase in 
daily max air 
temp

Increase in mean annual 
temperature (degrees C 
p.a.)

+ More rapid w arming allow s less 
opportunity for adaptation 
(through natural selection or 
infrastructure development) and 
therefore impact w ill be more 
severe.

CSIRO 2011

Rainfall Change in 
average 
annual rainfall 
received

Change in annual 
rainfall; in dry season 
rainfall; in w et season 
rainfall (mm/yr)

+ / - Increase and decrease in annual 
precipitation, and changes to 
seasonal distribution of rainfall, 
can cause negative impacts on 
agricultural productivity and 
human health related to drinking 
w ater supply.  

Barnett et al. 
2003

Rainfall Extreme 
rainfall events

Number of annual 
rainfall events >200mm 
per 24 hours

+ More intense rainfall events are 
likely to cause greater surface 
runoff and more erosion, w hich 
are associated respectively w ith 
f looding and greater loss of 
topsoil.

Barnett et at. 
2003; Kirono 
2010

Wind Extreme w ind Number of storm events 
w ith w ind speed 
>100km/h per year

+ Extreme w ind events can damage 
property, including crops. 

Hahn et al. 
2009

Sea level Sea level rise Increase in sea level 
(mm/year)

+ Sea level rise w ill cause 
inundation of coastal land, and 
may cause loss of crops, kill 
livestock and coastal 
infrastructures.

CSIRO 2011

Extreme climate 
events

Frequency of 
extreme 
climate events

Frequency of coastal 
inundation/erosion, 
f loods and droughts in 
the past 1-5 years; in 
the past 6-10 years; and 
during 2011.

+ Greater frequency of extreme 
climate events w ill result in 
greater vulnerability. For example, 
inundation w ill affect coastal 
communities at low lying areas, 
w hilst, f loods impact on animals, 
agriculture, w ater contamination 
and human health such as malaria 
and dengue. Long dry season w ill 
impact on w ater resources, 
agricultural yields and livestock

Badject et al. 
2010, Acil 
2010; Kirono 
2010

Risk-hazard model based on IPCC 2001

(1) = Relationship refers to the direction of correlation w ith the components of vulnerability, for example, exposure, 
sensitivity, adaptive capacity. Note that exposure and sensitivity are positively related to vulnerability how ever 
adaptive capacity is inversely related to vulnerability.
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Table 3–3: Potential vulnerability indicators of sensitivity, based on risk hazard model 

 

Vulnerability 
components 
and sub-
components

Descriptor Indicator Rela-
tion-
ship (1)

Rationale References

Sensitivity 
Coastal 
infrastructure

Damage to 
houses and 
infrastructure

Percentage of households 
w ho reported their houses 
and other key infrastructures 
w ere affected by inundation, 
erosion and f loods over 2011

+ The proportion of houses and other 
infrastructure damaged by inundation, 
erosion or f loods in 2011 provides an 
indication of the sensitivity of this 
community to these events.

O'Brian et al. 
2004; Haan, 
Farmer and 
Wbeeler 
2001.

Agriculture Crop damage Percentage of households 
reporting crop damage due to 
extreme climate events in 
2011

+ Agricultural productivity is reduced by 
f loods and droughts. A relatively high 
proportion of households reporting 
climate-related crop damage in one year 
is an indication of relatively high 
susceptibility to loss of agricultural 
productivity. 

Bantilan and 
Anupama 
2002; 
Aandahi and 
O'Brian 2001

Fishing Impacts on 
f ishing 
equipment

Percentage of households 
reporting climate-related 
hazards and impacts on 
f ishing equipment and boats

+ In a hamlet that frequently experiences 
damage to f ishing equipment and boats 
due to extreme climate events, the 
livelihoods of f ishers are at risk w hen 
these events occur. 

Bantilan and 
Anupama 
2002; 
Aandahi and 
O'Brian 2001

Fishing Impacts on 
f ishing activity

Percentage of households 
reporting climate-related 
hazards and impacts on 
f ishing activities

+ In a hamlet that frequently experiences 
damage to f ishing equipment and boats 
due to extreme climate events, the 
livelihoods of f ishers are at risk w hen 
these events occur. 

Bantilan and 
Anupama 
2002; 
Aandahi and 
O'Brian 2001

Livestock Damage to 
livestock

Percentage of households 
reporting climate-related 
hazards and impacts on 
livestock

+ Inundation may cause reduced livestock 
productivity, possibly due to drow ning, 
disease and loss of pasture. Losses of 
livestock can indicate reduced income 
and reduced food security. 

IPCC 2007

Food security Food 
shortages

Percentage of households 
experiencing food shortages

+ Household food shortages are an 
indication of food insecurity. If  many 
households experience prolonged food 
shortages they are susceptible to 
changes in conditions that could increase 
these shortages, such as f loods and 
droughts.    

Nyong et al. 
2003

Food security Natural 
resource 
dependency

Percentage of households in 
hamlet w ith most of their 
income from natural 
resources (crops, f ishing, 
livestock)

+ The greater the reliance of households  
on subsistence f ishing, agriculture and 
livestock, the more sensitive are these 
livelihoods to extreme climatic events and 
a changing climate. 

Paavola 2004; 
Bantilan and 
Anupama 
2002

Water security Water 
availability - 
quantity and 
quality

Percentage of households 
reporting problems w ith 
w ater quantity and/or w ater 
quality

+ Increased incidence of drought can 
reduce w ater availability, especially in 
areas w ith fractured rock acquifers. 
Inundation by sea w ater and rising sea 
level can cause saline intrusions into 
groundw ater and w ells rendering w ater 
unsuitable for drinking. Hamlets w here 
many households experience problems 
w ith w ater resources are likely to be 
particularly susceptible to changes to 
w ater resources.  

Aandahi and 
O'Brien 2001; 
Paavola 2004

Social netw orks Family 
cohesion

Percentage of households 
reporting lack of 
communication and 
connection amongst relatives 
during extreme climatic 
events

+ Impacts of extreme climatic events such 
as f looding and seaw ater inundation 
create interruptions to communication for 
households especially in low -lying areas. 
These interruptions can have temporary 
deleterious effects on family cohesion.

Aandahi and 
O'Brien 2001; 
Paavola 2004

Risk-hazard model based on IPCC 2001
(1) = Relationship refers to the direction of correlation w ith the components of vulnerability, for example, exposure, sensitivity, 
adaptive capacity. Note that exposure and sensitivity are positively related to vulnerability how ever adaptive capacity is 
inversely related to vulnerability.
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Table 3–4:  Potential vulnerability indicators of adaptive capacity for physical and 

human assets, based on SLA 

 

Vulnerability 
components 
and sub-
components

Descriptor Indicator

Rela
tion
ship 
(1)

Rationale References

Adaptive 
Capacity 
Physical assets Coastal 

population
Percentage of 
population of hamlet 
living at elevation ≤5 
m above sea-level

+ Hamlets with a greater proportion of 
their population living at low elevations 
are likely to experience greater damage 
to lives and homes during inundation 
events compared with those hamlets 
with a greater proportion of homes at 
higher elevations. 

CIDA 2003, 
O'Brien et al. 
2004

Key coastal 
infrastructure

Km roads ≤5m 
above sea level; key 
infrastructure ≤5m 
above sea level

- If essential infrastructure, such as 
hospitals, and arterial roads are and 
houses in the inundation and flood 
zones, the community will have lower 
capacity to respond to impacts of 
extreme climatic events. 

Paavola 
2004; Kuhl 
2004

Coastal 
protection

Percentage of 
coastline with 
mangroves and/or 
coral reef present for 
each hamlet

- Mangroves and coral reefs can provide 
protection to coastal ecosystems during 
extreme climate events. Presence of 
mangroves or reefs can reduce the 
damage to the coastal environment for 
a given storm event or a given rise in 
sea level.

Badjeck et al. 
2010

Human assets Household 
size

Average size of 
household (persons) 
- respondent 
households and for 
hamlet and district

- Larger households tend to have more 
dependents (dependency ratio the 
indicator), which means greater 
demands on incomes sources because 
people of one household tend to share 
everything (food, accommodation and 
other basic necessities) and the head of 
household is fully responsible for 
providing these necessities then are 
vulnerable.

Cutter et al. 
2009

Household 
dependency

Household 
dependency ratio 
(<16 years and >65 
years: between 16 
and 64 years)

- Households with a high percentage of 
dependents have greater demands to 
support dependents relative to the 
number of those likely to be able to 
provide this support.

Kuhl 2004, 
Nyong et al 
2003 Paavola 
2004; Kelly 
2005

Education 
level 

Percentage of head 
of households who 
had not attended 
school

+ Households where the head received 
no or little schooling tend to be less 
adaptable because he/she has lack of 
skills and knowledge on climate change 
issues and to adjust livelihoods to 
changing conditions. 

Kuhl 2004, 
Nyong et al 
2003 Paavola 
2004; Kelly 
2005

Gender ratio Ratio of male to 
female headed-
households for each 
hamlet and district

+ Female-headed households tend to be 
less able to adapt because females are 
less flexible and have lower skills than 
males.

Cutter et al. 
2009; Henry 
2004

SLA model, Hahn et al. 2009
(1) = Relationship refers to the direction of correlation with the components of vulnerability, for example. exposure, 
sensitivity, adaptive capacity. Note that exposure and sensitivity are positively related to vulnerability however adaptive 
capacity is inversely related to vulnerability.
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Table 3–5: Potential vulnerability indicators of adaptive capacity for natural 

resources, financial and social assets, based on SLA 

 

Vulnerability 
components 
and sub-
components

Descriptor Indicator Rela-
tion-
ship (1)

Rationale References

Adaptive Capacity 
Natural Assets Cropping land 

ow ned
Average area of 
cropping land ow ned 
by household for 
each hamlet

+ The more cropping land ow ned by a 
household, the greater the total potential crop 
yield and the greater the potential to change 
practices in some fields in response to 
changing conditions. Large land ow nership is 
also an indicator of w ealth. 

Haan Farmer, 
and Wheeler 
2001

Fishing 
resources

% households 
engaged in f ishing 
activities

+ Higher income from fishing is an indicator of 
w ealth and has capacitty to adapt to climate 
risks. 

Livestock 
resources

Average number of 
types of livestock 
ow ned by household 
(poultry, cattle, 
buffalo, pig, goat, 
sheep and dog)

+ Diversity of livestock means more options to 
adapt to changing climatic conditions and the 
occurrence of extreme climatic events. 
Livestock are a major asset for cash income 
and food security.

Hahn et al. 
2009

Crop 
diversity

Crop diversity index 
CDI=1-SUM(Ci

2)
+ Diversity of crops and crop rotations increase 

resilience. Households w ith multiple crop types 
are more able to deal w ith climate risks and 
related stress.

Bantilan and 
Anupama 
2002; 
Aandahi and 
O'Brian 2001

Financial Assets Household 
income

Average annual 
(2011) household 
cash income 

+ Higher household cash income is an indicator 
of w ealth and capabiltiy to adjust to climate 
variability and change. 

Adger 1996; 
Haan, Farmer 
and Wheeler 
2001

Household 
savings

Average annual 
(2011) household 
saving

+ Savings are f inancial resources, that indicate 
ability to purchase food and other necessities, 
and to repair damage caused by extreme 
climatic events. 

Paavola 2004

Income 
diversity

Income diversity index 
IDI=1-SUM(Ii

2)
+ Multiple sources of income mean less reliance 

on any single source, and provides capacity to 
adapt if  some sources are reduced.

Hahn et al. 
2009

Income not 
dependent on 
natural 
resources

Average income in 
2011 not dependent 
on natural resources 
(w ages, pension and 
small business) 

+ The more income a household generates from 
sources w hich are not (directly) inf luenced by 
climate variability and change, the low er the 
proportion of income that w ill potentially be lost 
during extremeclimatic events.  

Eakin 2002; 
Ford, Barry 
and Wandel 
2006

Social Assets Customary 
know ledge

Percent of 
households w ith 
know ledge and 
practice of customary 
law  (tara bandu )

+ Customary law  is a tool that has been 
formalised culturally/elders to protect natural 
resources in each hamlet. Households w ho 
adhere to local customs and traditions relating 
to dealing w ith the environment are less likely 
to cause damage to their resources and food 
base. 

Daniella 2004

Institutional 
support

% household that can 
access local 
government and NGO 
support

+ Local government initiative and support is 
essentially important to alert and provide 
climate change information needed by 
communities in order to reduce and avoid 
climate risk. Active local government action in 
relation to adaptation and prevention can 
advance adaptability of all households or 
communities.

Ford, Barry, 
and Wandel 
2006; O'Brien 
et al. 2004

Psychological 
w ellbeing 

Percentage of 
households reporting 
fear in response to 
extreme climatic 
events 

- Extreme climate events, such as 
inundation/sea level rise and f loods, can have 
adverse psychological impacts, such as 
anxiety.  If  psychological w ellbeing is reduced, 
these people have reduced resilience to cope 
w ith the impacts of the extreme events. 

Piya et al. 
2012

SLA model, Hahn et al. 2009
(1) = Relationship refers to the direction of correlation w ith the components of vulnerability, for example. exposure, sensitivity, 
adaptive capacity. Note that exposure and sensitivity are positively related to vulnerability how ever adaptive capacity is 
inversely related to vulnerability.
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Table 3–6: Climate change vulnerability indicators used in this study and source of 

data 
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3.5 Selection and description of case study sites 

As climate change plays out in the real-life context of coastal communities in Timor-Leste, a 

case study was the obvious choice of research strategy. A multi-case design was adopted to 

illustrate and analyse the range and diversity of community experiences and situations, both 

quantitatively and qualitative (Yin 1994), as well as to detect and explore differences. An 

embedded design was adopted for considering hamlets as a whole as well as the households 

within them as the subjects of interrogation. In addition, the case study approach facilitated 

multiple observations of all of the variables and their interactions (Soy 1996). Case studies are 

particularly valuable to illustrate the expressions and impacts of climate variability and climate 

change (for example, inundation, erosion, floods and droughts). They allow detailed yet 

holistic analysis through illustration, exploration, description, interpretation and explanation 

(Rowley 2002) because of the researcher’s direct dealings with people in the case study 

context. Case studies lend themselves to engaging key informants and communities, thus 

helping to generate better understanding and build social capacity, which can help with local 

adaptation planning. 

3.5.1 Identification of potential case study sites 

Two steps were used to select the case study sites. Initially, six potential case study sites 

were identified in consultation with key informants, local experts, farmers and fishers. These 

sites represented a broad set of socio-economic and environmental conditions that typified the 

situations of coastal communities in Timor-Leste with respect to vulnerability to climate hazard 

and risks. Subsequently, four of these sites were chosen for the case study research using 

geographic information system (GIS) analysis and interview data (from the preliminary study) 

on the basis that they provided the best and most representative illustrations. These two steps 

are described in detail in Sections 3.5.2 and 3.5.3, respectively. 

A range of literature, statistical reports, maps and historical data (for example, historical data 

on climate change in English, Portuguese and Bahasa Indonesia) was reviewed with a focus 

on socio-economic issues in relation to climate change vulnerability for coastal communities. 

These data and information were obtained from government agencies in Timor-Leste, NGOs, 

universities and local and international experts. 

3.5.2 Description of six potential case study sites 

The case study sites needed to be coastal communities that reflected the different biophysical 

and geographical situations on Timor-Leste’s north and south coasts. The coasts differ with 
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respect to their rainy and dry seasons. Along the southern coast, rainfall is higher (lasting 7–8 

months per year), causing more flash flooding than is experienced along the northern coast 

(which has 5–6 months of rain per year) (Sandlund et al. 2001). The south coast is also 

characterised by shallower waters, wider coastal plains and long stretches of sandy beach 

with strong waves and surf, with mangroves trees that provide valuable ecological services 

and shelter for many commercial coastal species (Boggs et al. 2009). 

By contrast, the north coast is characterised by very steep offshore gradients, with few deltas. 

Mangrove trees are limited due to their exploitation for house construction, cooking and cash, 

being now restricted to small embayments (Alongi & Carvalho 2008). Economic and 

agricultural development on both coasts has lagged due to the shortage of human capital, 

weak infrastructure and local communities’ heavy reliance on natural resources. 

Consequently, natural resources and the environment have been greatly degraded. 

Six potential case study sites (see Figure 3–5) were initially identified as reflecting a wide 

range of variables, including socio-economic structure, demographics, biophysical 

characteristics, human development and governance conditions. These sites were Vailana, 

Mahaquidan and Loro on the north coast, and Beacou, Sau and Euquisi on the south coast.  

Figure 3–5: Location of potential case study sites in Timor-Leste 

 
Source: http://en.wikipedia.org/wiki/East_Timor 

Each case study site was a hamlet. Hamlets are small localities occupied by a group of 

houses or a small village in the country (Population and Housing Census 2010). They are 

http://en.wikipedia.org/wiki/East_Timor
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small rural settlements formed around a single, or very limited sources of, economic activity; 

for example, agriculture, livestock and fisheries. The selection of these hamlets was based on 

semi-structured interviews and recommendations from key informants as well as local 

knowledge and the direct observation of the researcher. All sites were potentially vulnerable to 

climate change. 

An initial investigation of the six potential case study sites was conducted in July 2011 to 

develop a broad understanding of the biophysical and socio-economic issues related to 

climate vulnerability in those locations. A detailed description of the six sites’ landscapes and 

socio-economic and demographic characteristics is provided in Table 3–7. This table explains 

the overall condition of the six hamlets in terms of human density, natural resource 

dependency and food supply. This initial phase of the study involved semi-structured 

interviews, census data and GIS analysis to model exposure to climate change. As per 

Conner (2003), local experts and community informants were approached to contribute to the 

investigation. The aim of this phase was to (1) develop insight into local people’s knowledge of 

climate change vulnerability, (2) communicate the overall research objectives and plans and 

(3) gauge interest for community involvement in a detailed study. 

Semi-structured interviews and small-group discussions with key informants and household 

representatives (farmers and fishers) both male and female, traditional leaders and local 

government staff (fisheries, environment and agriculture officers) were used to explore the 

sites’ experiences of natural resource utilisation and socio-economic status, and how these 

may be affected by climate change. The method for the preliminary study was based on 

Conner’s (2003) recommendations: 

 to present and discuss the overall climate vulnerability assessment plans, why the 

climate vulnerability assessment was thought important, how to conduct it and the 

contributions it might make to mitigate climate change vulnerability. 

 to explore and identify community (famers, fishers and key informants) inputs on plans 

for the climate change and vulnerability assessment with hamlets as the subject of the 

research. 

 to observe community insight regarding the real situation (for example, socio-

economic, infrastructure, cultural and belief) and conduct direct observations of 

landscape characteristics, economic and socio-cultural conditions, environment, 

fisheries and agriculture. 

 to identify key priorities and concerns at each hamlet regarding climate change 

vulnerability and to determine how to engage communities in the process and their 

concerns that may affect the research. 
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 to define research procedures and formalities that the researcher should observe 

while collecting field data, particularly as relate to approaching key informants and 

individual households. 

 to identify key informants for the field data collection; that is, people with extensive 

experience and insight on socio-economic, political, administrative and management 

issues. 

 to lay the foundations for the qualitative and quantitative data collection with key 

informants, farmers and fishers. 

Table 3–7: Biophysical and socio-economic description of the six potential case study 

sites 

Village/hamlet 
(district) 

Shoreline 
protection 
(mangrove and 
coral reefs) 

Coastal 
change risks 
and related 
hazards 

Key Coastal 
livelihoods 

Hamlet 
Pop. 
(2010)  

Village 
Pop. 
(2010) 

Vailana hamlet 
in Lore 1 
village (Lautem 
district) 

Intact fringing 
coral reefs; low, 
open coastal 
vegetation (few 
trees), 
mangroves are 
under threat 

Inundation/sea 
level rise; 
coastal erosion, 
flood events 
and drought; 
two ‘wet 
seasons’ per 
year. 

Fishery, 
agriculture, 
livestock and 
cutting trees for 
house 
construction 
and cash 

288 3,065 

Loro hamlet in 
Suai Loro 
village 
(Covalima 
district) 

Coral reefs and 
mangroves are 
under threat due 
to human 
pressure  

Inundation/sea 
level rise, 
erosion, flood 
and strong 
winds are 
occurred 2–3 
times a year. 

Fishing 
activities are 
limited with 
traditional 
equipment. 
Agriculture and 
livestock  

900 3755 

Beacou hamlet 
in Aidabaleten 
village 
(Bobonaro 
district) 

Coral reefs and 
mangroves are 
very poor and 
under human 
pressure in this 
site  

Inundation/sea 
level rise, 
erosion, flood 
and drought. 
Inundation is 
happened 2 
times a year. 

Small-scale 
fisheries; 
children and 
women are 
collecting small 
fish and oyster 
in low tide. 

500 5,165 

Sau hamlet in 
Sau village 
(Manatuto 
district) 

Rocky/coral, 
there is very little 
mangroves on 
the beach 

Inundation/sea 
level rise, 
erosion, floods 
and drought. 

Small-scale 
fishery, rice 
and maize 
production.  

2438 2,723 

Mahaquidan 
hamlet in 
Mahaquidan 
village 
(Manatuto 
district) 

Small portion of 
mangrove trees 
and coral reefs 

Inundation/sea 
level rise, flood 
and strong 
winds 1–2 time 
a year. 

Some fishing. 
Timber and 
firewood 
collecting 

400 1200 

Euquisi hamlet 
in Laivai village 
(Lautem 
district) 

Mangrove trees 
are absent due 
to human 
pressure. 

Inundation/sea 
level rise, 
floods, strong 
winds are 
happened two 
times a year. 

Some fishing. 
Timber and 
firewood 
collecting 

500 1150 

Source: Population and Housing Census 2010 
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Census data (2004) on population and socio-economic indicators relevant to climate 

vulnerability and climate hazards were collated for the six hamlets and considered in the 

selection of the four case study sites. These data illustrate the distribution of total population at 

different levels of elevation(see Figure 3–6). More generally, the hamlets differed in terms of 

population size, geography and level of development. 

Figure 3–6: Population distribution of potential case study sites, by estimated 

elevation of home site 

 

To explore the geographic characteristics of the potential case study sites, GIS technology 

was employed (Participatory Learning Action 2006). GIS was used to define elevation classes 

in each case study site in the context of where people lived. Modelled population distribution 

by elevation was used as a measure of exposure to climate change, as people at very low 

elevations are more likely to be directly impacted by coastal climate change events such as 

storm surges, salt water intrusion, erosion and inundation. 

Population distribution was modelled using GIS point data of dwelling locations attributed with 

number of people living at each dwelling, obtained from the 2004 census (National Directorate 

for Statistics 2004). Although similar dwelling point data were collected during the 2010 
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census, these data were not readily available for use in this study and the modelling had to be 

based on 2004 data. While total population had changed in the intervening years, local 

knowledge (local experts, community leaders and key informants) suggested that the general 

geographic distribution of people in each of the six sites had been maintained. 

Elevation in each of the potential case study sites was derived from Shuttle Radar 

Topographic Mission Digital Elevation Model (SRTM-DEM) data. There data were produced 

by an international research effort that resulted in a near global coverage high-resolution 

digital topographic database of the earth (Rodriguez et al. 2003). SRTM-DEM was freely 

available from NASA via the internet (http://srtm.csi.cgiar.org/). The SRTM-DEM data provided 

elevation information in a 90-metre grid cell resolution. While this resolution was inadequate 

for detailed exposure modelling (for example, of inundation risk), it could be used to provide a 

coarse characterisation of exposure. 

Digital elevation was classified into 4–5 elevation classes based on the population distribution 

and landscape characteristics of each potential case study site. The dwelling point data were 

then intersected with the elevation classes for each hamlet. This resulted in each dwelling 

point being attributed with an elevation class. These data were then exported to Excel and a 

pivot table was used to sum the number of people living in each elevation class. This process 

was not intended to model climate change risk accurately; rather, the aim was to produce a 

simple exposure model for comparing the six selected hamlets. Figure 3–7 presents the GIS 

process used as part of the case study site selection. 

3.5.3 Selection of the four case study sites 

Four hamlets (Vailana, Loro Beacou and Sau) were selected as the case study sites for this 

research. These selected hamlets feature different coastal landscape types (for example, 

coastal environments, geomorphology, biophysical conditions and climate vulnerability 

features) and differences in terms of coastal settlement type (for example, coastal land uses, 

socio-economic profiles and levels of human development). 

Two of the six originally selected hamlets (Euquisi and Mahaquidan) were excluded from the 

second phase of this research because their social and biophysical characteristics were 

covered by the other four hamlets. Moreover, based on a comprehensive consultation with key 

informants and local experts, these hamlets, in addition to being less populated, were deemed 

to have a less adverse physical exposure to climate variability and related risks. 
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Figure 3–7: GIS used in case study site selection process 
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3.6 Data collection methods 

3.6.1 Ethics clearance 

As this research involved people, permission to conduct the research was required from the 

Charles Darwin University Research Ethics Committee. One of the requirements for ethics 

clearance was that the researcher provided all interviewees with a plain language statement 

that explained the purpose of the research and the techniques that would be used in data 

collection. It was also necessary to ensure that respondents understood the researcher’s 

responsibility and their own rights. They were told that their responses would be kept 

confidential and reported anonymously and that they had the right to withdraw from the 

research at any time. Ethics approval was granted (HREC reference: H11050) in January 

2012. The research was not subject to approval by any authorities in TL.  

Potential respondents were invited to participate and asked to sign a consent form. Notes 

were taken during the interviews and, if permission was granted, the interviews were recorded 

with an MP4 digital recorder. The household interviews were conducted in the language of 

preference of the respondents: either Tetum and Mambae or Fataluku. Maps of the case study 

hamlets were used to stimulate discussion and to identify the location of livelihood activities 

and sites that were prone to impacts of extreme climatic events. At each household interview, 

the location of the house was recorded with a GPS device and, if permission was granted, 

aspects of household livelihoods were photographed. 

3.6.2 Overview of data collection methods 

This research employed a number of primary and secondary data collection methods, 

including household interviews, key informant interviews, participant observations and 

secondary data from reports and official records. Data collection at each hamlet included 

interviews with a selection of 20 households per hamlet, as well as with key informants, 

community leaders and local experts. The primary data collection was designed to engage 

people with the topic of climate change and climate change adaptation. It encouraged people 

to participate actively and share their views and experiences on the topic through conversation 

(Kajornboon 2005). It also provided the participatory platform for a later stage of this research; 

namely, local adaptation planning. 

A pre-test of the semi-structured expert interviews and household questionnaires was 

conducted prior to full data collection. Pre-test respondents provided a de-briefing of the 

appropriateness of the instruments (Conner 2003; Fussel 2009). The pre-test was conducted 
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in Sau from 27 to 30 April 2012, and observed by the principal supervisor. A total of six 

household surveys were conducted. The questionnaire was deemed to be performing well and 

only minor changes were made to some questions to improve clarity. Consequently, the pre-

test data were included in the final data set. 

The pre-test was based on recommendations from Conner (2003), Lasco et al. (2010) and 

Remler and Ryzin (2011). The specific aim was to ensure that: 

 all questions were easy to understand, were not confusing and were not too long or 

complex 

 all questions flowed naturally from one to another 

 all questions were culturally and politically acceptable 

 all questions encouraged participants to feel comfortable to participate in the research 

process and respond to the researcher 

 responses from participants could be recorded quickly and clearly 

 key informant and household interviews could be finalised in an acceptable length of 

time (a maximum of 70 minutes) to avoid distortion of information from participants. 

Primary data collection was conducted from September to November 2012. The main 

methods used were household surveys, semi-structured interviews with key informants and 

local experts, focus group meetings and direct observation. These methods are now described 

in detail. 

3.6.3 Household survey 

3.6.3.1 The questionnaire 

A survey instrument (see Appendix 1) was used as a tool for structured data collection from 

households in case study sites and ensured that all respondent experiences relating to all 

selected indicators were addressed and that all respondents were asked the same questions 

with the same wording and in the same sequence (Gillham 2000). The questionnaire included 

some open-ended questions to encourage household respondents to express their ideas 

without being influenced by the researcher (David & Sutton 2004). It also allowed clarifications 

to be provided to answers (Gillham 2000). 

Sampling 

To derive a sub-set of households in each hamlet that would give a comprehensive 

representation of the way in which people were affected by and dealing with climate change, a 
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combination of sampling techniques was applied. Systematic sampling determined the criteria 

for and number of observations to be drawn. This was complemented by non-proportional 

quota sampling for drawing the actual observations. Both methods, on their own, have a 

number of weaknesses (see Table 3–8). By combining the two methods, it was hoped to 

achieve a good representation of household situations across each hamlet with a relatively 

small sample of 20 household respondents per hamlet. 

Systematic sampling entailed the following steps, based on Vaus (2002), Yount (2006) and 

Ahmed (2009): 

 Define the population size within each hamlet (for example, 100 people) and establish 

the sampling frame based on elevation of residence for each hamlet. 

 Determine the sample size/unit required (20 respondents) and divide the population 

size by the sample size/units to get the sampling fraction (100/20=5). 

 Select a random number between 1 and the sampling fraction (e.g., 4) to be the first 

sampling unit. 

 Make a systematic selection by determining the remaining sample units by adding 

sampling fraction (4), or over 4th case (from population with serial indexes to obtain a 

sample for 20 cases/samples). 

Non-proportional quota sampling was used to select the sample randomly or based on 

convenience (Yount 2006). Although it may not deliver a representative sample, Bhattacherjee 

(2012, p. 69) states that ‘non-proportional quota sampling method is particularly effective in 

representing small sub-groups as long as the findings are weighted in accordance to a sub-

group’s proportion in the overall population’. The following steps, based on Vaus (2002), 

Yount (2006) and Bhattacherjee (2012), were used for the non-proportional quota sampling: 

 Divide the population segment/group into sub-groups based on research sampling. 

 Select the sample units (non-randomly) ignoring the proportions in the population. The 

sample unit is expected to match the characteristics of the population and problems 

being explored by the researcher. 

 Execute sample unit selection, applying convenience or judgment sampling to select 

respondents from each sub-group instead of selecting random samples. The 

convenience sampling is expected to have common characteristics and problems in 

the field of study (for example, climate risks and related hazards). 
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Table 3–8: Assessment of sampling techniques  

Technique Systematic sampling  Non-proportional quota sampling  
Description  This technique was used base on some 

criteria and elements that selected at 
regular intervals and constantly base on 
sample frame. The first unit was selected 
at random as starting point then the rest 
will be selected according to a pre-
determined pattern. 

A sampling technique, typically units were 
selected based on certain non-random 
criteria. 

Appropriate 
use 

Useful for large group of people  Useful for small group of people 

Strengthens  Effective representing a large group of 
people 
Useful to capture primary and secondary 
data from large groups of people 
The sample size was reached base on pre-
determine pattern. The first unit was 
selected at random. 
 

Effective representing small sub-groups 
Useful and capture first-hand data, 
opinions, and history from small groups on 
specific issues 
The sample units were reached once the 
quota was achieved.  

Weaknesses  There was periodicity in the occurrence of 
units of population. 
Every unit of the population did not have 
an equal chance of being selected 

Not involve random selection 
Sample units were not representative 

Key Outputs Provide a range of information through 
statistical method 

A range of depth and specific information 
from specific issues were described.  

 Source: Turner (2003); Yount (2006); Ahmed (2009); Bhattacherjee (2012) 

By combining the two techniques, it was possible to avoid the systemic sampling biases that 

usually occur when using non-proportional quota sampling alone. The sequence of steps 

taken was as follows: 

 The population (households) within each hamlet was divided into elevation classes in 

5-metre increments. 

 The potential sample within each elevation class was determined using GIS. In 

particular, maps of dwelling locations for each case study were overlain on the 

elevation classes. 

 Where there were households in an elevation range, convenience sampling was used. 

 A random number was selected for the first household as a starting point. 

 Within each elevation class, a non-proportional quota of households was selected and 

invited to participate in the survey interview. Lower elevation classes were over-

sampled to ensure the breadth and magnitude of climate change impacts could be 

proportionally captured. The percentage of respondents in each elevation strata was 

similar to the percentage of the total population living in each elevation stratum (see 

Table 3–9). 

 Households were systematically selected based on a pre-determined pattern, but non-

proportional quota sampling was also applied if necessary. 
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Table 3–9 presents the sampling frame showing total population and elevation classes for 

each hamlet. 

Table 3–9: Sampling frame for four case study sites  

Case 
study 
site 

Elevation 
class 

Elevation 
(m) 

Total 
population 

Percentage 
of 
population 
of hamlets 
(%) 

Sampling 
units: 
households 
interviewed  

Percentage of 
households 
interviewed 
(%) 

Vailana 1 0–≤10 152 36 8 40 

  2 10–≤15 140 33 6 30 

  3 15–≤20 96 23 3 15 

  4 20–≤25 20 5 2 10 

  5 30–≤100 15 3 1 5 

  Total   423   20   

Loro 1 0–≤5 1957 66 10 50 

  2 5–≤10 728 25 5 25 

  3 10–≤15 185 6 3 15 

  4 15–≤20 101 3 2 10 

  Total   2971   20   

Beacou 1 0–≤5 158 8 7 35 

  2 5–≤10 1088 52 5 25 

  3 10–≤15 700 33 5 25 

  4 15–≤20 143 7 3 15 

  Total   2089   20   

Sau 1 0–≤5 86 3 8 40 

  2 5–≤10 979 32 5 25 

  3 10–≤15 1054 35 4 20 

  4 15–≤25 772 26 2 10 

  5 25–≤30 116 4 1 5 

  Total   3007   20   

Source: National Directorate for Statistics (2004) 

 

3.6.3.2 Conducting the survey 

Considering the diverse experience of the respondents, the interview guide and questions 

were presented in simple conversational context. The researcher chose to tape record the 

interview because recording had the advantage compared to written notes of capturing data 

verbatim (Liamputtong 2009). It also made it easier for the researcher to focus on the 

interview and the aural reactions, body language and levels of participation of the 

respondents. 
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In-depth one-on-one interviews were conducted to provide opportunities for respondents to 

express their ideas and experiences on climate variability and change impacts. This technique 

had the greatest ability to provide valuable information (Alshenqeeti 2014) because it allowed 

the respondents to answer all questions and request clarification of questions as needed, and 

allowed the researcher to probe respondents’ on their answers to gain full and clear 

responses on all questions. The interviews sought to foster learning about individual 

respondents’ experiences and perspectives on climate variability risks (see Table 3–10). Table 

3–10 outlines the number of households interviewed in each hamlet, as well as the duration of 

the interviews and the language used to conduct them. 

Table 3–10: Descriptors of survey process for case studies 

Hamlet  Duration of 
interview 

Language 
used  

Place and time for 
interview  

Field assistant 

Vailana 70 minutes Fataluku Respondent’s home 
from 5 pm to 7 pm  

One Fishery staff  

Loro 70 minutes  Tetun  Respondent’s home 
from 5 pm to 7 pm  

Two staff, one from 
Environment and one 
from Agriculture  

Beacou 70 minutes  Tetun and 
Mambae 

Respondent’s home 
from 5 pm to 7 pm  

One Fishery staff  

Sau 70 minutes  Tetun Respondent’s home 
from 5 pm to 7 pm  

One Fishery staff and 
one Environment staff 

The household interviews were conducted with the heads of each household (male or female). 

If the head of the household was not available, the household was re-visited later. If the head 

of the household was still not available, another adult from the household was interviewed. On 

some occasions, more than one member of the household was interviewed to gather accurate 

information (Kajornboon 2005). For instance, if a female or older male was the head of the 

household, but their eldest son was more knowledgeable about the household’s fishing 

activities and practices, then the son was also interviewed. 

The primary data gathered using the structured questionnaire included the age of members of 

the household, their primary occupation, experience of climate change hazards and risks, 

source of income, education, main crops, alternative livelihoods and water resources (see the 

research questionnaire in Appendix 1). Respondents were encouraged in these surveys to 

reflect on their social condition in relation to climate hazards and impacts at the local level. 

The combination of local climate data collection (temperature and rainfall) allowed respondent 

households to relate what they observing locally to what was happening in rural areas. 

Through these explorations, respondent households could develop a basic understanding of 

how local weather can be described in measurable quantitative, such as inundation, erosion, 

floods and droughts. More importantly, it helped them to understand how they could effectively 

mitigate these climate hazards. 
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Alongside interviews, personal contact (to obtain further confirmation) and field observations 

were conducted to complete and add to the primary data collection methods. The main data 

collection procedures and the tools applied are summarised in Table 3–11. 

Table 3–11: Data collection on climate risks, by type of event (inundation, erosion, 

flooding and drought) and tools applied  

Parameters Sub-
parameters 

Methods Tools Visualisation 
techniques  

(1) Inundation (sea 
level rise and strong 
wind events) 

Type, 
frequency, 
duration and 
severity 

Household interview, 
Key informants 
interview 
Local expertise 
interview; focus group 
discussion and direct 
observation  

Household 
questionnaire, 
Key informants 
questionnaire  
MP-4 digital recorder 
Digital Camera 

Generic Maps, 
GPS  

(2) Coastal erosion 
events (beach and 
shoreline erosion, 
cliff falls and 
landslips) 

Event type, 
duration, 
frequency and 
severity. 

Household interview, 
Key informants 
interview 
Local expertise 
interview; focus group 
discussion and direct 
observation  

Household 
questionnaire, 
Key informants 
questionnaire  
MP-4 digital recorder 
Digital Camera 

Generic Maps, 
GPS  

(3) Flooding events 
(prolonged wet- 
season and rainfall, 
for example, 
submersion due to 
river water).  

Event type, 
duration, 
frequency and 
severity. 

Household interview, 
Key informants 
interview 
Local expertise 
interview; focus group 
discussion and direct 
observation  

Household 
questionnaire, 
Key informants 
questionnaire  
MP-4 digital recorder 
Digital Camera 

Generic Maps, 
GPS  

(4) Drought events 
(prolonged dry 
season, or late 
wet/early dry, very 
low wet-season-
season rainfall, very 
long dry season)  

Event type, 
duration, 
frequency and 
severity. 

Household interview, 
Key informants 
interview 
Local expertise 
interview; focus group 
discussion and direct 
observation  

Household 
questionnaire, 
Key informants 
questionnaire  
MP-4 digital recorder 
Digital Camera 

Generic Maps, 
GPS  

3.6.4 Key informant and local expert interviews 

Key informants and local experts were selected for interview from among local government 

staff (fisheries, environment, agriculture and forestry), community leaders and elderly 

residents deemed to have significant experience in natural resource management. In all, 

between three and five key informants were selected for interview in each hamlet. Key 

informants were drawn from local experts and elders. Among them were fishermen, farmers, 

heads of villagers and departmental officers with expertise in fisheries, agriculture, forestry 

and environment. The interviews took approximately one hour and were held at each hamlet’s 

local agriculture and village office between September and November 2012. 

The main purpose of the interviews was to gather information, ideas and insights on climate 

variability concerns, local adaptation planning, socio-economic development and rural 
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development plans in general as well as specifically related to policymaking (Kumar 1989) 

(see the research questionnaire in Appendix 2). The interviews solicited the informants and 

experts’ comments, feedback and recommendations to improve data collection. The 

interviews were semi-structured, making them flexible enough to gather high quality 

information on climate variability and related risks and powerful enough to provide insights not 

able to be attained by other methods (Kumar 1989). 

3.6.5 Focus group discussions 

Complementary data were collected through focus group discussions and workshops in each 

hamlet, based on guidelines from Ho (2006) and Bhattacherjee (2012). The focus group 

discussions had 7–10 participants, and each took about 3 hours in each hamlet, conducted 

between September and November 2012. Focus group discussions were conducted with key 

informants, household representatives and local experts to identify key issues and the 

constraints experienced in dealing with climate change vulnerability and local adaptation 

planning. These discussions were also useful for presenting key findings of the research to all 

household respondents, local leaders and local experts, to solicit their comments and 

feedback to improve data collection or address gaps in the information gathered. The main 

issues comprehensively discussed with focus groups related to climate variability 

(inundation/sea level rise, erosion, floods and droughts) as it affected their key livelihoods (for 

example, maize and rice crops, fish catch, livestock and small gardens), key infrastructure and 

community houses. 

The focus group discussions were interactive and involved different people sharing their 

knowledge, wisdom and experience on climate risks. This was pivotal for data gathering and 

analysis. In these focus group discussions, respondents were expected to feel free to clarify 

and express their thoughts and to relate their difficulties in dealing with climate risks that are 

affecting their daily life (Wong 2008). 

3.6.6 Hamlet transect walks 

Transect walks (direct observation) were undertaken by engaging famers, fishers and 

community leaders in recording the location of places affected by climate risks and describing 

the social and physical impacts. In each hamlet, 1–2 transect walks with 5–7 participants for a 

duration of approximately 1 hour were conducted (September to November 2012). This was 

useful to obtain the confidence of the communities and to encourage participants to contribute 

actively to discussions (O’Brien 2001). During the transect walks and observations, 

discussions were developed about potential ways to solve problems in relation to climate 
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change vulnerability and related consequences in different hamlets (Koelle, B. & Oettle 2003), 

through cooperation among farmers, fishers and community leaders. 

Direct observation is part of the community-based risk assessment approach. It is a learning 

process, as it provides an opportunity for all players to learn from the process of learning by 

doing (O’Brien 2001). The process also encouraged people to understand the long-term 

factors affecting the ability of farmers and fishers to respond to climate change, their coping 

mechanisms, their susceptibility to climate hazards and climate vulnerability as well as their 

requirements for survival or recovery from climate hazards (Koroma et al. 2011). 

Understanding local communities’ perceptions of climate change and variability and how these 

impact their lives could lead to the design of a better adaptation strategy that aims to protect 

the most vulnerable communities (Koroma et al. 2011; O’Brien 2001). For that reason, within 

the four different hamlets, communities and local leaders actively exchanged their knowledge 

about the climate change vulnerability and related risks that they face. They collaborated to 

pool their knowledge, wisdom, ideas, actions and interest in relation to climate change 

vulnerability issues and local adaptation options. This engagement also helps communities 

and community leaders to consider what capacity they have for reducing climate change 

vulnerability and empowers them to take actions to reduce climate change hazards and risks. 

3.7 Survey data analysis 

3.7.1 Coding, data cleansing and data preparation 

Qualitative and quantitative data were compiled into MS Word® and MS Excel® files. The 

following steps were undertaken in preparation for data analysis: 

 Data labelling and transformation: All data were labelled according to their source (for 

example, from household interviews, key informants interview, focus group meetings, 

experts and workshops) and converted to a standard format in preparation for 

systematic analysis using appropriate software. 

 Data entry: All data collected were stored in a MS Excel® database with a view to 

allow quick and easy access for analysis. 

 Data reduction or screening: reduction helped to sharpen, shorten, focus, remove and 

organise the data in a way that allowed for integrated analyses (for example, 

combining biophysical and economic data) using statistical tools. 
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3.7.2 Data analysis 

Statistical analysis was undertaken of the quantitative data to examine the characteristics of 

the data sampled, describe the case study sites, elicit differences between the independent 

sub-samples and explore the relationships between the different data. Qualitative data were 

also collected with a view to capturing powerful individual insights and experiences and to add 

relevant context to the quantitative data. 

Descriptive statistics are statistical procedures that organise, simplify and summarise the data 

in a coherent manner (Gravettor & Wallnau 2013). Tests used depended on the kind of data 

collected and the objective of the test (Motulsky 2010). Descriptive statistics undertaken 

included proportions, mean, median, minimum and maximum. 

The key purpose for conducting analytical statistics on the data was to test for differences 

between independent sub-samples by hamlet (for example case study site) and by elevation 

level (Motulsky 2010). All tests used p<0.05 as the cut-off for significance. One-way ANOVA 

and unequal N HSD tests were used to compare continuous data (for example, income). 

Kruskal-Wallis tests were used for post-hoc analysis of parametric data (for example, impact 

rating). For binary data (for example, did the household derive income for a source—‘yes’ or 

‘no’), Fisher’s test was used in preference to the Chi-square test due to the small sample size. 

The type of test applied in any given instance is explained with the results tables. 

Qualitative data included tape recordings and notes of interviews, field notes and direct 

observations. These data were transcribed into MS Word® files and, if gathered during the 

household surveys, into MS Excel ® data files. 

The primary path of analysis was reconstructions by coding, sorting and sifting. This aimed to 

compare and contrast all data collected and identify similarities and differences to find or build 

sequences, relationships and patterns (Patton 2002). Qualitative data analysis represented an 

interactive and reflexive process that helped to understand the meaning of the survey results 

and explore relevant real-life context, which had not been included in the structured survey. 

These interrelationships and context were pivotal for explaining the research findings and 

drawing conclusions (Miles & Huberman 1994). Developing a contextual understanding is 

critically important for topics such as climate variability and climate change, as they are 

complex phenomena and encompass multiple realities as experienced by respondent 

households and as interpreted by key informants and experts. As stated by Seidel (1998), 

qualitative data analysis comprises three principal aspects: noticing, collecting and thinking. In 

this way, qualitative data seeks to explore relationships between conceptual ideas generated 

from narrative data. 
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3.8 Local adaptation planning: identification of adaptiation options 

3.8.1 Context exploration: coastal climate change adaptation in Timor-Leste 

Timor-Leste has ongoing programs and plans on climate change adaptation, particularly 

through the NAPA, PACCSAP program and CTI. These initiatives and pipeline programs aim 

to implement adaptation measures in vulnerable areas across the country to help to increase 

resilience to the impacts of climate change at a national and local level (Democratic Republic 

of Timor-Leste-National Adaptation Plan of Action 2010). These initiatives include 

strengthening collaboration among key agencies and NGOs, capacity building to mitigate 

climate vulnerability and mainstreaming the concept of adaptation onto the local and national 

agenda. Climate vulnerability and adaptation to it need to be seen within a broader context of 

multiple stressors, and this multi-scale process needs to be addressed through various 

agencies and in partnership with various stakeholders to adopt flexible learning processes to 

avoid maladaptation (Australian Bureau of Meteorology & CSIRO 2011; IPCC 2007; Kirono 

2010). Climate change adaptation approaches in Timor-Leste are various and include 

autonomous adaptation, planned adaptation and reactionary adaptation; it depends on 

practicability and budget availability (Democratic Republic of Timor-Leste-National Adaptation 

Plan of Action 2010). 

Some of the existing adaptation programs include technological solutions (for example, using 

seeds that are resistant to droughts and floods), education and public awareness, physical 

adaptation of sea defences and constructing building that are resistant to storm surges, as 

well as strengthening laws and regulations (Democratic Republic of Timor-Leste 2010b). 

However, while the GoTL has a wide range of adaptation options for implementation on paper, 

in reality Timor-Leste faces constraints to implementation affecting and limiting the choice of 

adaptation options. These constraints relate to the country’s limited human and financial 

resources, poor access to data and inadequate institutional capacity to carry out climate 

adaptation in an integrated and sustainable manner (Acil 2010; Democratic Republic of Timor-

Leste 2010b; Kirono 2010). 

3.8.2 Climate change adaptation and communities engagement 

To accommodate all expectations and other needs in relation to climate change adaptations, 

an adaptation assessment is required. This should engage key stakeholders to support and 

enhance the effectiveness of the adaptation implementation (Jones 2001; Hedger et al. 2000). 

Jones (2001) has suggested that engagement of community leaders, local experts and 

communities in adaptation assessment and the adaptation process is essential for the 
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analysis itself and that such community participation should be incorporated into existing local 

adaptation planning and other practical management of natural resources. Moreover, 

engaging the community enables access to their knowledge and expertise for designing the 

assessment based on the community’s own experience of coping mechanisms (Ferrol-Schulte 

et al. 2013). 

The principal role of community leaders, local experts and communities in the adaptation 

assessment is to help the researcher to define the adaptation pathways by integrating existing 

natural resource management practices into adaptation options in an appropriate and 

sustainable manner (Faust & Smardon 2001; Jones 2001). Active participation of local 

leaders, local experts and communities in the local adaptation process and assessment will 

bring long-term benefits owing to the input of diverse and extensive knowledge both culturally 

and environmentally that is applicable to shape local adaptation options (Faust & Smardon 

2001). This is because the coping range (adaptation) is an important part of understanding 

people’s responses to climate hazards/risks and to historical climate conditions. By 

understanding their current coping range, communities can design better coping strategies or 

adaptations over the short and long term to mitigate climate vulnerability and the related risks 

already affecting people’s livelihoods in coastal areas (Barnett & Jones 2003; Kirono 2010). 

3.8.3 Local adaptation planning method 

Local adaptation planning was conducted in a participatory manner that engaged key 

informants, local experts (district officers from fisheries, environment, agriculture and forestry) 

and community representatives in each hamlet. Using this method, the climate vulnerability 

and resilience assessment could not only address the scientific knowledge of the impacts of 

climate risks but also assess and observe diverse factors such as key livelihood issues, food 

security and other socio-economic issues potentially affected by climate variability and change 

(Chishakwe, Murray & Chambwera 2012). 

The method of data collection on local adaptation planning was adopted from Fussel (2007); 

US Agency for International Development (2007) and US Coral Triangle Initiative Support 

Program (2013). These methods were strongly relevant for application in Timor-Leste; for 

example, the US Coral Triangle Support—Local Early Action Plan (LEAP) Program 2013, was 

specifically designed to guide vulnerability assessment in Timor-Leste. 

The principal concept of the participatory method in local adaptation planning was to integrate 

local knowledge and engage vulnerable communities in the formulation of adaptation plans 

that, consequently, will be more operable and relevant to local circumstances (US Coral 

Triangle Initiative Support Program 2013). Integral to this concept was the development of 
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practical tools; for example, key community resource mapping and the creation of historical 

timelines and seasonal calendars along with other climate-related risk information to equip 

communities to analyse climate risk and make decisions concerning the local adaptation plan 

(Chishakwe, Murray & Chambwera 2012; US Coral Triangle Initiative Support Program 2013). 

The participatory method was also expected to contribute to the growing local knowledge base 

on adaptation and to advance the interests of communities and key informants in developing 

and scaling up innovative local adaptation measures (Fussel 2007). The participatory method 

on local adaptation planning is described in Table 3–12. This method was mainly adopted 

from US Coral Triangle Initiative Support Program (2013). 

Table 3–12: Steps and key activities undertaken in local adaptation planning for  

  coastal communities 

 
Source: Adapted from US Coral Triangle Initiative Support Program (2013) 

Table 3–12 describes the six key activities (steps) involved in undertaking local adaptation 

planning for the four ‘case study’ sites in Timor-Leste. The results of the local adaptation 

planning and prioritisation are presented in Chapter 7.  

        Activities Description  Lead partners  

1. Community 
background 
information (CBI) 

The CBI includes a contextual and 
development overview of the community, 
including hamlet population, key livelihoods, 
community services, transportation, sources of 
income, market and natural resources 
management 

Community leader/s  

2. Community 
resource mapping 

Production of a map of key community assets 
and resources (natural, social, economic), 
such as houses, key infrastructure, fisheries, 
agriculture, pastoral lands, key habitats, water 
resources and forestry 

Community leader/s, local 
experts and household 
representatives 

3. Climate history & 
timeline  

Development of a local climate history.  This is 
done by creating a timeline by recording (and 
mapping) major climate hazards and impacts 
(for example, inundation, erosion, floods, and 
droughts). 

Community leader/s, local 
experts and household 
representatives 

4. Seasonal 
calendar 

In developing a climate story, this action refers 
to understanding the local seasonal weather.  
This includes understanding weather and 
natural resources, for example, planting of 
crops, harvesting, fishing activities -to better 
understand how current climate may affect 
livelihoods. 

Community leaders, local 
experts and household 
representatives 

5. Impacts and 
status of target 
resources  

This activity includes identifying the key 
resources (natural, social, economic) (Step 2) 
that has been affected by climate events and 
hazards (Step 3). This action provides the 
basis to guide participants to identify 
adaptation options (Step 6) 

Community leaders, local 
experts and household 
representatives 

6. Identify and 
prioritise  
adaptation 
options 

Adaptation options were identified and 
prioritised  based on criteria, of community 
needs, practicality/feasibility, costs, 
effectiveness, ready for implementation 

Community leaders, local 
experts and household 
representatives 
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4 Description of the Case Study Sites 

4.1 Chapter scope 

This chapter offers descriptions of the case study sites based on available secondary data, 

examination of geographical data and household surveys. The chapter begins with a 

geographical and climatic description of each of the hamlets, followed by a description of the 

socio-demographic, economic (source of income) and livelihood characteristics of the 

respondent households with specific reference to the context of climate change vulnerability 

and adaptation. Comparisons are made between hamlets and elevation levels in relation to 

diversity of income sources and livelihoods, natural resource dependency, food and water 

security and the capacity of respondent households to cope and deal with climate-related 

risks. 

4.2 Geography and climate of hamlets 

4.2.1 Context within Timor-Leste 

Four coastal hamlets in Timor-Leste (Vailana, Loro, Beacou and Sau) were selected as the 

case study sites for this research. These hamlets are located in predominantly low-lying areas, 

dominated by woodlands and pastures, and agricultural land in all four sites is used for 

subsistence farming and pastoral activities (raising/breeding livestock). The characteristics of 

these low-lying coastal areas inspired this investigation of climate variability and its impacts on 

coastal community resources. 

Mountains and hills run from the southern coast to the northern coast of Timor-Leste. On the 

northern coast, the mountains generally extend almost to the coastline, without extensive 

plains. Conversely, on the southern coast, the mountains taper off some distance from the 

sea, leaving a wide littoral plain, with swamps and river deltas (Audley-Charles 2004; Hamson 

2004; Keep, Barber & Haig 2009). Loro and Vailana are typical of hamlets on the exposed 

lowlands of the southern coast. Both coastal hamlets are located adjacent to river deltas and 

swamps and are subject to high rainfall (1300–1700 mm per year) and regular flooding. While 

the agricultural land is promising in these regions, regular flooding and drought results in low 

agricultural yields. Sau and Beacou are typical coastal settlements on the sheltered, low-

rainfall (<1000mm per year) northern coast. In both these coastal hamlets, steep terrain, rocky 

soil and low rainfall make farming difficult, resulting in regular food and water shortages in the 
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dry season. Moreover, shifting agriculture (slash and burn) has led to deforestation, soil 

erosion and regular landslides. 

Timor-Leste has a tropical monsoonal climate with a differentiated effect between the north 

and south of the country. The northern part of the country, influenced by the northern 

monomodal rainfall pattern, has a 4–6 month wet season from December to April or June. The 

southern parts of the country experience the southern bimodal rainfall pattern, leading to a 7–

9-month wet season with two peaks, one in December and the other in May (Barnett, Dessai 

& Jones 2007). 

4.2.2 Vailana 

4.2.2.1 Geography 

Vailana is located in Lautém district in the eastern part of Timor-Leste, the district that includes 

Jaco Island. Lautém covers an area of 1,702 km2 with a population of 60,218 inhabitants 

(Democratic Republic of Timor-Leste 2010a). The capital of Lautém is Lospalos, 248 km east 

of Dili city. Lautém is comprised of five sub-districts: Iliomar, Lautém Moro, Lospalos, Luro and 

Tutuala. On the southern and northern coast of Lautém district, most people live in coastal 

areas and are heavily dependent on marine and coastal resources for their livelihoods. Soils 

are of low fertility, limiting the agricultural potential of the area. Subsistence agriculture and 

small-scale fisheries are practiced in the coastal zones. The case study hamlet, Vailana, is 

within Lore 1 village, situated on the southern coast of Lospalos sub-district. 

Lore 1 village consists of six hamlets: Vailana, Horo-Lata, Maloro, Ocho-Chau, Chai and 

Titilari. Lore 1 village comprises 681 households and has a population of 3,065, with a 1:1 

ratio of males to females (Population and Housing Census 2010). 

The case study site of Vailana lies on the southern coast of Lore 1 village (see Figure 4–1). 

Based on the Population and Housing Census (2010), Vailana has a population of 288 

persons, living in 65 households, with a gender ratio of 1:1. Vailana covers an area of about 

15,000 ha. The elevation of Vailana is between 0 and 25 m above sea level (National 

Directorate for Statistics 2004). The major climate hazards and related risks in Vailana are 

floods, sea level rise/inundation, strong winds/surges, coastal erosion and droughts (Acil 

2010). 
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Figure 4–1: Household dwellings and elevation in Vailana (Lautem district) 

 

 

4.2.2.2 Climate profile 

The hamlet of Vailana is situated on the lowlands of the exposed southeast coast of Timor-

Leste (see Figure 4–1) and it has a typical tropical monsoonal climate, characterised by low 

variation in seasonal temperature (for example, an average monthly temperature of 26°C) and 

high seasonal variation in rainfall and humidity. Annual total rainfall in Vailana is very high 

(>1500 mm per year), with a long and pronounced ‘wet season’, typically extending for 6–8 

months from November to June (with rainfall >150mm per month). The ‘dry season’ is short 

(~3 months), extending from August to October (with rainfall <100mm per month) (see Figure 

4–2). Rainfall distribution across the southern coast is bimodal and influenced by ENSO 

events, with rain periods typically from November to April and from May to July. Along the 

southern coast, coastal climate can vary substantially due to differences in elevation and 

coastal exposure (ARPAPET 1996). However, in the lowlands of the Lospalos sub-district, 

there is little variation in climate (see Figure 4–2). 
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Figure 4–2: Rainfall and temperature for Vailana 
(a) annual rainfall in year 2000 (mm); (b) mean temperature for year 2000 (C); (c) average 
monthly rainfall and temperature (1990–2009) 

 
Source: 
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisC
Code=TLS 

4.2.3 Loro 

4.2.3.1 Geography 

Loro is located in Covalima district on the southwest coast of Timor-Leste; it borders Atambua 

(Indonesia) on the western coast. Covalima borders the Timor Sea to the south and the 

districts of Bobonaro and Ainaro to the east. Covalima covers an area of 1,226 km2 with a 

population of 55,941 (National Directorate for Statistics 2010). The capital of Covalima is Suai, 

which is 136 km south of Dili. Administratively, Covalima is divided into six sub-districts: 

Fatululik, Fohorem, Zumalai, Maucatar, Suai and Tilomar. Almost all people in Covalima are 

engaged in farming activities, with a small portion running small businesses (for example, 

kiosks). The main agricultural products are rice, maize, potato, beans, pumpkin and cassava. 

Livestock includes pigs, cattle, buffalo, poultry and sheep. 

http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
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Suai Loro village is divided into four hamlets: Loro, Akar Laran, Camnasa and Suai Villa. The 

total population of the four hamlets is 3,738, with a gender ratio of 1:1. The case study hamlet, 

Loro, lies on the southern coast of Suai Loro village, which is occupied by 308 households or 

2,990 people (1470 males and 1520 females) (Population and Housing Census 2010). Most 

populations (1957) are living at elevation 0–5 m above sea level (see Figure 4–3). 

Figure 4–3: Household dwellings and elevation in Loro (Covalima District) 

 

 

4.2.3.2 Climate profile 

The hamlet of Loro is situated on the lowlands of the exposed southwest coast of Timor-Leste. 

It has a typical tropical monsoonal climate, characterised by low variation in seasonal 

temperature (for example, an average monthly temperature of 25°C) and high seasonal 

variation in rainfall and humidity. Annual total rainfall in Loro is high (>1300 mm per year), but 

significantly less than in Vailana, with a long and pronounced ‘wet season’, typically extending 

for 6–8 months from November to May (with rainfall >150mm per month).  

The ‘dry season’ is short (~3 months), extending from August to October (with rainfall ≤50mm 

per month) (Figure 4–4: Rainfall and temperature for Loro). While the climate can vary 

substantially along the southern coast due to differences in elevation and coastal exposure 

(ARPAPET 1996), in the lowlands of the Suai sub-district, there is little variation in climate. 

Rainfall distribution is bimodal and influenced by ENSO events, with rain periods typically from 

November to April and from May to July across the southern coast. 
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Figure 4–4: Rainfall and temperature for Loro 

(a) annual rainfall in year 2000 (mm); (b) mean temperature for year 2000 (C); (c) average 
monthly rainfall and temperature (1990–2009). 

 
Source: 
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisC
Code=TLS 

4.2.4 Beacou 

4.2.4.1 Geography 

Beacou is located in Bobonaro district, adjacent to Indonesia on the northwest coast of Timor-

Leste. Bobonaro covers an area of 1,368 km² and has 89,787 inhabitants (Population and 

Housing Census 2010). The capital of Bobonaro is Maliana, 149 km southwest of Dili. 

Bobonaro includes the sub-districts of Atabae, Balibo, Bobonaro, Cailaco, Lolotoe and 

Maliana. People in the coastal areas are reliant on fisheries and other natural resources for 

their main livelihoods. The main agricultural crops are rice, maize (Zea mays, L.), sweet potato 

http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
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(Ipomea batatas), beans, (Phaseolus vulgaris) cassava (Manihot esculenta) and coffee. 

Unsustainable land uses, such as burning and shifting agriculture and poorly developed 

agriculture remain the major sustainability challenges in Bobonaro. 

The case study hamlet, Beacou, lies within Aidabaleten village, which comprises seven 

hamlets including Tasi Mean, Suli-Laran, Dama-Laran, Beacou, Migir, Kutubaba and Hara-

me. The total population of the seven hamlets is 5,809 (National Directorate for Statistics 

2010). Subsistence fishing and agriculture are the principal economic activities in this hamlet. 

Beacou covers an area of approximately 25,000 ha, occupied by 106 households or 507 

people (259 males and 248 females, a gender ratio of 1:1). People living close to the coast are 

heavily dependent on marine and coastal resources (for example, fishing, collecting small fish 

and other marine resources at low tide and salt distillation for cash). This hamlet is located in a 

climate-risk prone area, as shown in Figure 4–5. 

4.2.4.2 Climate profile 

The hamlet of Beacou is situated on the sheltered northwest coast and has a typical tropical 

monsoonal climate, characterised by low variation in seasonal temperature (for example, an 

average monthly temperature of 25°C) and high seasonal variation in rainfall and humidity. 

Annual total rainfall in Beacou is low (800–1000 mm annually) and significantly less than in the 

case study sites on the southern coast (for example, Vailana, Loro), with a short and indistinct 

‘wet season’ extending for 3–4 months from December to February or March (e.g., with rainfall 

>150mm per month). In contrast to the hamlets on the south coast the ‘dry season’ is long (~7 

months), extending from April to October (for example, average rainfall <100mm per month) 

(see Figure 4–6). As a result, drought-affected areas are larger in this hamlet. Like elsewhere 

in Timor-Leste, drought in this hamlet is strongly associated with El-Ninõ events. 
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Figure 4–5: Household dwellings and elevation in Beacou (Bobonaro District). 

 

 

 

 

 

 

 

 

 

Figure 4–6: Rainfall and temperature for Beacou 

(a) annual rainfall in year 2000 (mm); (b) mean temperature for year 2000 (C); (c) average 
monthly rainfall and temperature (1990–2009). 

 
Source: 
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisC
Code=TLS 

http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
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4.2.5 Sau 

4.2.5.1 Geography 

Sau is located in Manatuto district on the central island of Timor-Leste. Administratively, 

Manatuto reaches both the south and north coasts of Timor-Leste. Manatuto borders the Strait 

of Wetar to the north; the districts of Baucau and Viqueque to the east; the Timor Sea to the 

south; and the districts of Manufahi, Aileu and Dili to the west. Based on National Directorate 

for Statistics (2010) data, Manatuto covers an area of 1,706 km2 and is home to 43,246 

inhabitants. The capital of Manatuto is also named Manatuto. Manatuto is divided into six sub-

districts: Barique-Natarbora, Laclo, Laclubar, Laleia, Manatuto and Soibada. The case study 

site, Sau, is located in Manatuto sub-district, which lies on the northern coast in a low-lying 

area that is prone to climate risks, as shown in Figure 4–7. 

People in the coastal areas are commonly engaged in fishing activities and the collecting of 

marine resources, for which they use traditional equipment. Shifting agriculture and cutting 

trees for heating, cooking and cash are the main economic activities in this village/hamlet. 

Administratively, Sau village has two hamlets: Sau and Obrato, with a total population of 5,980 

people, comprising a greater number of males than females (3,145 and 2,835, respectively). 

The case study site of Sau is located on the Laclo riverbank, close to the sea (0–30 m above 

sea level) on the northern coast of Sau village and adjacent to the second longest river in 

Timor-Leste (Food and Agriculture Organization of the United Nations 2012). This river floods 

every year, affecting people’s livelihoods. Sau has a total population of 2,643 people, with a 

1:1 gender ratio (Population and Housing Census 2010). This population occupies an area of 

about 30,000 ha, and their main livelihood activities are subsistence agriculture such as rice, 

fishing and livestock for main source of income. 

4.2.5.2 Climate profile 

The hamlet of Sau is situated on the sheltered northeast coast and has a typical tropical 

monsoonal climate, characterised by low variation in seasonal temperature (for example, an 

average monthly temperature of 25°C) and high seasonal variation in rainfall and humidity. 

Annual total rainfall in Sau is very low (~570 mm annually) and significantly less than Beacou, 

and the case study sites on the southern coast (for example, Vailana, Loro).  As a result, Sau 

has a short and indistinct ‘wet season’ extending for 3–5 months from December to March 

(e.g., with rainfall~150mm per month). In contrast to the hamlets on the south coast, the ‘dry 

season’ is long (~7 months), extending from April to October (for example, rainfall ~150mm 

per month) (see Figure 4–8). As a result, drought-affected areas are larger in this hamlet. Like 

elsewhere in Timor-Leste, drought in this hamlet is strongly associated with El-Ninõ events. 
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Figure 4–7: Household dwellings and elevation in Sau (Manatuto District) 

 

 

Respondent households had experienced irregular seawater surface warming associated with 

El-Ninõ events. Predictions hold that Timor-Leste will become warmer by 2050 (by between 

1.25 and 1.75°C) (Australian Bureau of Meteorology & CSIRO 2011). Temperature variability 

will increase similarly across the country. The hosted locations are on the northern as well as 

low-lying southern coasts (Australian Bureau of Meteorology & CSIRO 2011). These climate 

events are already experienced by some communities in low-lying areas both on the northern 

and on the southern coasts. 

Figure 4–8 presents the average rainfall, humidity and temperature extremes already being 

experienced in some locations in Manatuto district, especially in Sau. An increase in mean 

temperature in Sau is expected to make wetter conditions more common and extreme drought 

events more likely. Addressing current climate variability and related risks is the best way to 

adapt to future climate change. 
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Figure 4–8: Rainfall and temperature for Sau 

 (a) annual rainfall in year 2000 (mm); (b) mean temperature for year 2000 (C); (c) 
average monthly rainfall and temperature (1990–2009) 

 

Source: 
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisC
Code=TLS 
 

4.3 Socio-demographic and economic description of hamlets 

This sub-section starts with a summary overview of socio-demographic and economic 

descriptors of the respondent households, by hamlet (Table 4—1). It reports primary 

production of respondent households (Table 4—2) and education levels of household 

members (Table 4—3).  Based on these data, the hamlets are subsequently described and 

compared, and interpretation is offered as to what this information means in a climate change 

vulnerability and adaptation context.  

http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCode=TLS
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Table 4–1: Socio-demographic and economic description of respondent households, by hamlet 

(Sub-sample size n=20 for each hamlet) 

 

Mean Median Min Max Mean Median Min Max Mean Median Min Max Mean Median Min Max
Age Age of head of household  (years) 47.6 45.0 27.0 70.0 43.4 38.0 20.0 80.0 35.5 35.0 22.0 63.0 49.9 48.0 32.0 79.0

Household 
size

Number of persons living in 
dwelling

5.6 5.0 1.0 11.0 5.9 5.5 3.0 9.0 6.3 6.0 4.0 13.0 7.3 7.0 3.0 12.0

Dependency: Dependent household members 
(<16 and >65 years old) 

2.4 2.0 0.0 7.0 1.6 2.0 0.0 5.0 1.8 2.0 0.0 4.0 3.3 4.0 0.0 7.0

Dependency ratio (children and 
elderly (%) (1)

45 1 0 70 30 0.4 0 70 20 0.45 0 60 40 1.5 0 70

Household 
income

Annual (2011), household cash 
income (USD)

1116 600 180 3120 1668 816 240 7800 5838 1800 360 41996 3391 2340 360 15600

Household 
expenditure

Annual (2011) household main 
expenditure (USD) (2)

647 550 180 2000 540 500 150 1200 753 500 200 3000 1265 700 300 6000

     For food (%) 30 0 0 100 10 0 0 100 20 0 0 100 30 0 0 100
     For school (%) 40 0 0 100 60 1 0 100 40 0 0 100 30 0 0 100
     For traditional ceremony (%) 30 0 0 100 10 0 0 100 10 0 0 100 10 0 0 100

Household 
value

Estimated value of dwelling (USD) 468 200 50 300 810 600 200 3500 1090 750 200 5000 2453 1250 0 7000

Household 
saving

Household savings made 2011 
(USD)

136 75 0 500 132 100 20 500 243 200 30 1500 305 150 0 2000

Notes: (1) Dependency ratio is a number of dependents as percentage of the number of productive household members (15-64 years)
           (2) Main expenditure consisted of food, school fees and tradtional ceremonies 

Sau
Descriptor Indicator

Vailana Loro Beacou
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Table 4–2: Primary production of respondent households, by hamlet 

(Sub-sample size n=20 for each hamlet) 

 

 Mean Median Min Max Mean Median Min Max Mean Median Min Max Mean Median Min Max
Crop resources and area of harvest (2011)
Maize area (ha/household) 0.6 0.5 0 2 0.4 0.5 0 1.5 0.3 0 0 1.0 0 0 0 0
Maize harvest (kg/year) 157 150 0 400 191 78 0 1000 286 0 0 1750 0 0 0 0
Rice area (ha/household) 0 0 0 0 0.5 0.5 0 1.5 0.1 0 0 0.5 0.4 0 0 1.5
Rice harvest (kg/year) 0 0 0 0 959 155 0 6200 253 0 0 1750 720 0 0 4000

Livestock (head per household)
Poultry (number of chicken and ducks) 6.9 5 0 40 7 4.5 0 42 2.6 2 0 10 7.5 4.5 0 30
Pigs (numbers of pigs) 4.4 4 0 15 4.9 4 0 20 3.5 3.5 1 20.0 3.9 3.0 0 10
Goats and sheep (number of goats and sheep) 0.3 0 0 2 0.5 0 0 5.0 3.5 3.5 1 9.0 4.5 0 0 41
Cattle and buffalos (number of cattle and buffalos) 2.6 1 0 15 2 0 0 10 1.2 0 0 4 3.5 0 0 44
Dogs (number of dogs) 2.8 2.5 0 7 2.2 2.0 0 8.0 1.3 1 0 3 1.2 1 0 4

Indicators of protein consumption of households (2011)
Fish consumption (requency of fish consumption) (1) 29 0 0 156 68 0 0 364 276 312 0 364 55 0 0 364
Animals slaughtered (number of animals slaughtered) (2)

Poultry 0.0 0 0 0 0.3 0 0 5 0.0 0 0 0 0.0 0 0 0
Pigs 0.4 0 0 2 1.1 1 0 4 0.4 0 0 3 1.1 1 0 6
Goats and sheep 0.0 0 0 0 0.0 0 0 0 0.0 0 0 0 0.2 0 0 4
Cattle and buffalo 0.3 0 0 2 0.4 0 0 3 0.2 0 0 2 0.3 0 0 3

Reason for slaughtering animals during 2011
For traditional ceremony (0=no, 1=yes) 0.3 0 0 1 0.6 1 0 1 0 0 0 0 0.2 0 0 1
For sale (0=no, 1=yes) 0.2 0 0 1 0.3 0 0 1 0.4 0 0 1 0.4 0 0 1

(1) = Frequency of household members consuming fish per week during a year (2011)
(2) = Frequency of slaughter livestock for traditional ceremony and for cash during a year (2011)

Vailana Loro Beacou Sau
Descriptor Indicator 
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Table 4–3: Education level achieved, by respondent households 

 

4.3.1 Vailana 

The average size of respondent households in Vailana was 5.6 people. This is slightly higher 

than average household size at district level (4.9) and national level (5.4) (Population and 

Housing Census 2010). Average dependency ratio was 45%. The age of household 

respondents varied between 27 and 70 years, with an average of 47.6 years. Seventy per cent 

of respondent households had male household heads. 

Of household respondents, 65% had attended school and 35% had not attended school. Of 

male respondents, 35% had attended senior high school, 10% had attended up to primary 

school and the remaining 10% had attended elementary school only. Of female respondents, 

5% had attended junior high school. No females reported primary, elementary or senior high 

school as their highest level of educational attainment. The low school attendance of females 

was influenced by traditional law in Vailana, which reinforces the role of females as being 

responsible for bearing and raising children, keeping house and cultivating the garden. 

Most respondent households (85%) were engaged in farming activities. Crop production was 

mostly used for household consumption, meaning that respondent households were typically 

semi-subsistence. Agriculture was further limited by a lack of agricultural tools, climate 

variability impacts (floods and droughts) and a lack of skills and knowledge to apply different 

agricultural systems. Indeed, respondent households in this hamlet experienced food 

shortages for 1–7 months every year, particularly between September and March. 

Half of the respondent households kept livestock, including pigs, chickens, cattle, buffalo and 

goats. Livestock provided food and were assets that could be sold for cash. Average 

household income from livestock was USD554 in 2011. Livestock also fulfilled important 

cultural functions, with 30% of respondents reporting slaughtering them for traditional and 

social events such as weddings. 

   Vailana    Loro   Beacou    Sau
Male Female Male Female Male Female Male Female

Not attended school 10 25 10 10 20 0 30 0
Primary school 10 0 0 0 0 0 0 0
Elementary school 10 0 25 0 40 0 20 0
Junior high school 5 5 15 5 20 0 15 0
Senior high school 35 0 30 5 20 0 25 10
Total for hamlet

Educational level (% of respondents per hamlet)

100 100 100 100
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Of respondent households, 15% were engaged in fishing activities in addition to agriculture. 

These fishing activities were mostly done using traditional equipment, with a correspondingly 

low fish catch (5–10 kg per trip). Fish caught were various and included domersal and pelagic 

fish such as Slander Sardine (Herklotsichthys quadrimaculatus), Garfishes (Hermiramphus 

spp), Bluefin Trevally (Cavans melompygus), Checkered Seaperch (Lutjanus decussantus), 

Saddletail Seaperch (Lutjanus malabaricus), Rodtail Parratfish (Scarus phyrrhurus), Yellow-

Spotted Emperor (Lethrinus erycathracanthus) and Rabbit Fish (Siganus pullus). 

For one-quarter of respondent households, pensions provided the only source of income. The 

average pension was USD282 in 2011. Some household respondents (15%) worked for the 

government and derived income from salaries. Only one respondent household was engaged 

in running a small business, a kiosk. In this hamlet, job opportunities were not available; 

people relied on natural and fisheries resources to survive. To support their livelihoods, 

households regularly cut trees for cash and hunted wild animals for household consumption. 

In 2011, income per respondent household ranged between USD10 and USD554. 

Respondent household expenditure was mainly for food (during the dry season months), 

school fees/uniforms and traditional ceremonies. Each respondent household owned their 

dwelling, with these being built with local materials of low quality. Houses usually lasted only 

around 5 years due to the low quality of materials. Money spent for house construction ranged 

from USD50 to USD300. 

4.3.2 Loro 

The average size of respondent households in Loro was 5.9 people (see Table 4–1), which 

was higher than the average at district level (5.2) and sub-district level (5.5) (Population and 

Housing Census 2010). Average dependency ratio was relatively low (30%). The ages of 

household respondents varied between 20 and 80 years, with an average of 43.4 years. Some 

respondent households (15%) had reached an age that they had too low a labour force to 

generate income. The majority of respondent households (80%) had male household heads. 

Of household respondents, 80% had attended school and 20% had not attended school (see 

Table 4–3). Of the 80% that had attended school, 35% had attended senior high school, 20% 

had attended junior high school and 25% had attended elementary school. Compared to 

males, very few females had attended school, with only 5% each reporting having attended up 

to junior and senior high school.  

Most respondent households were engaged in the agriculture sector (for example, maize, rice 

and small gardens as the main food sources for household consumption and for cash) (see 
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Table 4–2). For example, of respondent households, 20% sold agricultural products for cash, 

to an average of UDS197 in 2011. Climate variability and change such as floods and droughts 

were recorded as the principal cause of low agricultural yields and adverse effects on livestock 

and water availability. In Loro, respondent households experienced food shortages for 

between 1–7 months every year, particularly between planting and harvesting. 

Apart from agricultural activities, respondent households engaged in livestock farming (for 

example, chickens, pigs, goats and sheep, cattle and buffalo). Of respondent households, 

40% reported running livestock. During lean periods, these livestock were sold for cash to buy 

food and items for traditional ceremonies and to pay school fees. In 2011, income from 

livestock was estimated at an average of USD510. 

Another source of income for respondent households in Loro was fishing. Of respondent 

households, 30% engaged in fishing activities using traditional equipment, with the resulting 

fish catch being low (5–10 kg per trip). The average income from fish was estimated at 

USD426 in 2011. Some fish products were sold, but the return was low. For example, a big 

fish (10 kg) sells for only USD3. As recorded and observed during the research, most 

respondent households, and people more generally, in Loro also collected coral for traditional 

purposes. This unregulated harvesting of coral represents a potential threat to fish populations 

as well as to community incomes reliant on fisheries. 

Pension and wages were another source of income for respondent households in Loro. Of 

respondent households, 15% received income from pensions, and another 15% had paying 

work. These sources of income (pensions and wages) averaged USD229 and USD168, 

respectively, in 2011. Overall, respondent households’ income per year (2011) was estimated 

at USD1531. Respondent households used this money to buy food and supplies for traditional 

ceremonies and to pay school fees. Respondents’ houses were built with very simple local 

materials unable to withstand strong winds and inundation. Few respondents’ houses had a 

zinc roof. The estimated value of dwellings ranged between USD200 and USD3500. 

4.3.3 Beacou 

The average size of respondent households in Beacou was 6.3 people (see Table 4–1). Often, 

this large household size was owing to the inclusion of young or old people aged <15 or >65, 

who were dependent on the head of the household for shelter, food and other necessities. The 

average household size was higher (6.3) than the average for the national (5.4) and district 

level (5.3); it was closer to the sub-district level average (6.01) (Population and Housing 

Census 2010). Average dependency ratio was low (20%). The ages of household respondents 
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varied between 22 and 63 years, with an average of 35.5 years. All respondent households 

interviewed had male household heads. 

Of household respondents, 80% had attended school, with 40% attending up to elementary 

school and 20% each attending junior and senior high school (see Table 4–3). Despite this 

high attendance rate, overall literacy at the village and hamlet level was lower than the 

national average. This can be attributed to the lack of school facilities and teachers in this 

hamlet and other rural areas. 

Of respondent households, 95% were economically active or very productive in generating 

cash income. Most worked as fishers, earning cash every day. Although jobs were not 

available in this hamlet, respondent households reported fishing activities as their main source 

of income. Women and children also worked to distil salt and on fish post-harvesting. 

Of respondent households, 40% were engaged in subsistence agriculture (see Table 4–2). 

Beacou lies on poor quality land on which growing maize and rice is difficult. Apart from 

cropping activities, some respondent households (30%) engaged in animal husbandry. The 

type of animals owned by respondent households included poultry, pigs, sheep and cattle. 

Income from livestock was estimated at USD369 in 2011. 

Fishing was the main economic activity in this hamlet. Of respondent households, 

approximately 90% were engaged in fishing activities as their main source of income. Target 

species included demersal species such Slander Sardine (Herklotsichthys quadrimaculatus), 

Garfishes (Hermiramphus spp), Bluefin Trevally (Cavans melompygus), Checkered Seaperch 

(Lutjanus decussantus), Saddletail Seaperch (Lutjanus malabaricus), Rodtail Parratfish 

(Scarus phyrrhurus), Yellow-Spotted Emperor (Lethrinus erycathracanthus), Rabbit Fish 

(Siganus pullus), Spiny Squirrel Fish (Sarocenttron spineferum), Fly Fish (Sypselurus spp), 

Scombridae (Cybiosarda elegans), Scaridae (Scorus spp), Carangidae (Caranx 

sexfasciantus), Hemiramphidae (Hemiramphus spp), Carangidae (Atule mate), Acanthuridae 

(Naso lituratus), Belonidae (Tylosurus crocodilus), Labridae (Cheilinus fasciatus), 

Acanthunidae (Naso brevirosinis), Acanthuridae (Acanthunus lineatus) and Acanthunidae 

(Acanthunus sp). Economically, the fisheries sector contributes better incomes in Beacou than 

other sectors. Respondent households’ income from fishing activities was high relative to 

incomes in Timor-Leste, at an average of USD4411 in 2011. 

None of the Beacou respondent households reported receiving income from pensions or 

wages. Of respondent households, 5% ran small, low-income businesses, earning an average 

USD252 in 2011. Thus, respondent households’ income varied between sectors, from 

USD252 for running a small business to USD4411 for fishing. Respondent households’ main 
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expenditure was for food, school uniforms/fees and traditional ceremonies. Beacou 

respondents’ relatively high incomes encouraged them to build stronger houses able to 

withstand winds, inundation and floods. Consequently, spending for house construction 

averaged USD1090 in 2011. 

4.3.4 Sau 

The average size of respondent households (7.3) was higher than the averages for the 

national (5.7), district (5.9) and sub-district (6.3) levels (Population and Housing Census 

2010). Average dependency ratio was 40%. The average age of household respondents was 

49.9, with the maximum being 79 (see Table 4–1). Of respondent households, 10% of heads 

were female, while 90% of household heads were male. 

Of household respondents, 20% had reached an age that they were less active in the labour 

force, and thus in generating cash income. The remaining 80% were engaged in subsistence 

agriculture, fisheries, small business (kiosks) and livestock husbandry. The land size owning 

by respondent households for subsistence agriculture and livestock was relatively small (0.4 

ha). It was important to the households that they protect these agriculture and non-agricultural 

activities from climate variability and related shocks. 

Of household respondents, 70%, including 10% women, were literate (see Table 4–3). The 

remaining 30% (all males) were not. Of respondent households, 20% had attended up to 

elementary school, and 15% and 25% had attended up to junior and senior high school, 

respectively. 

Agricultural activities in Sau were dominated by rice cultivation; however, very few 

respondents (10%) sold their rice products for cash income. For those that did sell their rice, 

their average income from this was USD116 in 2011 (see Table 4–2). 

Flooding was reported to be the main barrier to optimising rice yields, because every year the 

Laclo River floods, inundating the rice fields. Respondent households experienced food 

shortages for 1–6 months every year. To generate additional income to support family 

members, respondent households practiced animal husbandry (chickens, ducks, pigs, goats, 

sheep, cattle and buffalo). Animal husbandry was according to the traditional system; 

however, some respondent households (40%) reported earning some income (an average of 

USD789 in 2011) from livestock. 

Of respondent households, 15% were engaged in fishing activities, generating a low income 

(an average of USD480 in 2011). The fishers lacked skills and used traditional equipment, 
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with the fish yield thus being low. The main fish species caught were pelagic and domersal, 

such as Rabbit Fish (Siganus pullus), Spiny Squirrel Fish (Sarocenttron spineferum), Fly Fish 

(Sypselurus spp), Scombridae (Cybiosarda elegans), Scaridae (Scorus spp), Carangidae 

(Caranx sexfasciantus), Hemiramphidae (Hemiramphus spp), Carangidae (Atule mate), 

Acanthuridae (Naso lituratus), Belonidae (Tylosurus crocodilus), Labridae (Cheilinus 

fasciatus), Acanthunidae (Naso brevirosinis), Acanthuridae (Acanthunus lineatus) and 

Acanthunidae (Acanthunus sp). 

Of respondent households, 20% received a pension and another 15% were in paid work. The 

annual incomes (2011) from pensions and wages were relatively low, at USD612 and 

USD452, respectively. Of respondent households, 25% were running small businesses 

(kiosks), for an average income of USD816 in 2011. These different sources of income (from 

agriculture, fisheries, livestock, pension/wages and small business) amounted to only 

USD3265. In other words, respondent households in Sau had less than USD1.25 per day to 

spend, indicating that people in urban and rural areas are largely living under the poverty line, 

as reported by UNDP Human Development Report (2013). 

4.3.5 Comparison of hamlets 

Household size ranged from 2–13 people across the four case study sites, and was highest in 

Sau (7.3 on average). The dependency ratio was highest (45%) in Vailana, 40% in Sau, 30% 

in Loro and lowest (20%) in Beacou. These dependent household members place an added 

burden on the heads of households, regardless of climate change risks.  

Age of respondents varied between 20 and 80 years, although most respondents were of 

working age. Owing to the lack of available jobs in rural areas, unemployment was high, which 

can lead to potential sources of social conflicts such as the theft of crops and animals in times 

of food shortage due to lack of income (Timor-Leste European Community 2007). However, in 

Beacou, despite the lack of job opportunities, 90% of respondents reported better incomes 

than the other three hamlets, mostly from the fisheries sector. 

Most households (85%) across the four hamlets had a male head. Only 15% of households 

surveyed had a female head. Timor-Leste is a male-controlled system, with males governing 

all areas of social life. This social structure and traditional ideology is a barrier for women to 

develop themselves in pursuing their activities and becoming part of the development process. 

This means that households headed by women tend to be more at risks from hunger and 

famine.  
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Across the four hamlets, 74% of household respondents were literate, while the remaining 

26% were illiterate or had not attended school. Of those who had attended school, the 

maximum level attained was senior high school. The literacy rate was highest in Beacou 

(80%), followed by Loro (78%), Sau (70%) and Vailana in last place (65%). 

4.4 Livelihoods 

Households need cash income for social and economic development as well as to cope with 

climate change. Most respondent households were semi-subsistence and derived various 

levels of income. Table 4–4 gives a comparison of the income situation of respondent 

households. Principal sources of cash income were agriculture, livestock, fishing, pensions, 

wages and self-employment (business). 

Agriculture, such as maize, rice, cassava, sweet beans (Psophocarpus tetragonolobus), 

pumpkin (Cucurbita pepo, L.) and sweet potatoes (Ipomea batatas), were locally produced 

widely in all hamlets. However, few products were sold at local markets for cash and barter, as 

reported by respondent households. To selling agricultural products out of the rural areas, 

high cost of transportation and distance were disincentives. As subsistence agriculture, the 

products were limited and in small scale. As reported by key informants (2012), local traders 

were also limited and were often unwilling to take the risk of buying limited products and 

discontinuous supplies. According to respondent households and key informants, this lack of a 

ready market for crops discouraged communities from working on large farms. 

In addition to the lack of traders at the local level, lack of facilities (for example, public market, 

transportation and roads to transport agricultural products to Dili or to final consumers) was 

identified during the research as a main concern of respondent households in each hamlet. 

Moreover, the research found that farmers themselves lacked the skills and capacity to 

generate and manage agricultural production on a larger or more diversified scale. 

Consequently, agricultural output was relatively low across all hamlets. For example, Beacou 

had no income from the agricultural sector, producing subsistence crops only. In Vailana, one 

respondent sold agricultural products, while 20% and 10% of respondent households in Loro 

and Sau, respectively, said that they generated income from agriculture, although the income 

was low (USD197 and USD116, respectively). 
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Table 4–4: Respondent households cash income source, by hamlet 

Superscripts denote statistically significant differences between groups (p<0.05: ANOVA 
and unequal N HSD test; Fisher Exact Test for binomial variables) 

 

Livestock owned by respondent households included small, medium and large animals 

[chickens (Gallus gallus domesticus), pigs (Sus scrofa domesticus), sheep (Ovis aries), goats 

(Capra algagrus hircus), cattle (Bos taurus) and buffalo (Bison bison)]. These livestock were 

considered by respondent households as assets both for cash income and for food supply. 

Every respondent household preferred to run livestock because livestock were more flexible in 

adapting to climate variability and related risks than agricultural crops (for example, maize, 

rice and small gardens). The diversity of livestock could also generate diverse income for a 

household, as stated by respondent households. Practicing livestock husbandry does not 

require high technology. Poor households can increase their survivability through livestock by 

transferring risk to their type of animal kept, especially poultry. However, while running 

Total 
Descriptor Indicator Vailana Loro Beacou Sau

(n=20) (n=20) (n=20) (n=20) (n=80)

Cropping Cropping as source of income (2011) 
(% households)

5 20 0 10 8.8

Livestock Livestock as source of income (2011) 
(% households)

50 40 30 40 40

Fishing Fishing as source of income (2011)    
(% households)

15a 30a 90b 15a 37.5

Pensions Pensions (% households) 25b 15a,b 12a,b 20a,b 15
Wages Wages (% households) 15 15 0 15 11.3
Business Business (% households) 5a,b 0a 5a,b 25b 8.8

Cropping Cropping as a proportion of household 
income (2011) (% household) 

1 12.9 0 3.6 4.4

Livestock Livestock as source of income (2011) 
(% households)

49.2b 33.3a,b 7.3a 24.2a,b 28.5

Fishing Fishing as source of income (2011)    
(% households)

10.7a 27.8a 87.7b 14.7a 35.2

Pensions Pensions (% households) 25 15 0 18.8 14.7
Wages Wages (% households) 13.4 11 0 13.9 9.6
Business Business (% households) 0.9a 0.0a 5.0a,b 25.0b 7.7

Cropping Annual (2011) average household 
income from cropping

11 197 0 116 119

Livestock Annual (2011) average household 
income from livestock

554 510 369 789 780

Fishing Annual (2011) average household 
income from fishing

120a 426a 4411b 480a 964

Pensions Annual (2011) average household 
income from pensions 

282 229 0 612 402

Wages Annual (2011) average household 
income from wages

151 168 0 452 262

Business Annual (2011) average household 
income from business

10a 0a 252a 816b 211

TOTAL Annual (2011) average household 
income

1127a 1531a 5031b 3265a,b 2739

Hamlet

Household income sources

Proportion of household income (%)

Average household income (USD/year)
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livestock was attractive for income generation in the four hamlets, a lack of knowledge 

constrained the use of some primary livestock products such as milk and wool, which could 

otherwise be managed for value adding, to increase and diversify household income. 

Of respondent households, 35% in Vailana reported that they had slaughtered animals (cattle 

and pigs) for cash and traditional ceremonies (at a rate of 0.3–2 animals in 2011). The 

research also observed that many animals were slaughtered (nine cattle and 22 pigs) for 

traditional ceremonies, cash and to feed family members in Loro in 2011, as reported by four 

respondent households (20%). In Beacou, five respondent households (25%) reported that 

they had slaughtered eight pigs and three cattle for cash and traditional ceremonies. Another 

four respondent households (20%) from Sau said that they had slaughtered pigs, sheep and 

buffalo for traditional ceremonies and cash in 2011. The number of animals slaughtered per 

household in 2011 was 0.2–1.1 across the four hamlets. Overall, livestock were considered a 

productive asset that respondents could rely on as part of food supply and physical saving. As 

the riskiness of agricultural crops increases due to climate variability, the insurance value of 

livestock increases. 

The highest proportion of livestock ownership among respondent households (40%) was for 

Sau, with an average income of USD789 in 2011. This income from livestock was higher than 

that in Vailana, Loro and Beacou. Beacou had a higher cash income from fishing (USD4411) 

compared to the other three hamlets (and thus a higher income overall). This is because, in 

this hamlet, fish traders were always available to buy products at the local level. Average 

incomes from Vailana, Loro and Sau were statistically similar: USD120, USD426 and 

USD480, respectively (see Table 4–4). 

Vailana and Loro were relatively far away from buyers or consumers of fish products, with the 

result that the products they did sell fetched a low price. 

Some respondent households were dependent on pensions, wages and small businesses 

(kiosk). The highest respondent households sampled (25%) from pensions were from Vailana. 

In Vailana, the average income from pensions was higher (USD282) than from wages 

(USD151). Average income from pensions across the four case study sites was similar; while 

small businesses (kiosks) in Sau (USD816) were statistically significantly different (Anova test 

p<0.05) from businesses/kiosk in the other three hamlets. There was no pension or paid work 

in Beacou. Income from wages was higher in Sau (USD452) than in the other three hamlets, 

but not statistically different. Overall, total average income in Beacou was statistically 

significantly different (USD3265) compared to total average income in Vailana (USD1127) and 

Loro (USD1531), but similar (not statistically different) to total average income in Sau 

(USD3265). 
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4.5 Food and water security 

In Timor-Leste, food supply is closely tied to having enough maize and rice to feed family 

members every day. Research found that length of period of food shortage varied (1–7 

months) between hamlets, as reported by respondent households and key informants. Figure 

4–9 shows the overall food supply issues in the four hamlets. The vast majority (approximately 

63%) of respondent households had experienced food shortage, typically between November 

and February each year. As reported, the main cause of food shortage was reduced 

agricultural yields due to the effects of inundation, flooding and drought during the year, which 

prevented households from storing enough food. Further, between planting in November and 

harvesting in January and March, there was always insufficient food supply. 

Figure 4–9: Seasonal pattern of household food shortages, by hamlet 

Note: Vertical axis represents the percentage of respondents, by hamlet, that 

reported a food shortage in a given month. For example, 75% of Vailana respondent 

households reported a food shortage during the previous January. 
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Low agricultural production was also due to the limited size of fields planted: respondent 

households sampled owned agricultural lands of only between 0.1 and 0.5 ha on average. 

They used these areas for planting crops [cassava (Manihot esculenta), sweet potatoes, 

beans, maize (and rice fields, with very limited production, at a maximum of 1000 kg per ha 

per harvest. Moreover, farmers lacked adequate mechanical tools and skills, impeding their 

agricultural yields. As reported and discussed during the focus group meeting (2012), farmers 

also used low quality seeds and local government often had a lack of seed supply. Indeed, 

farmers very often had no source of seeds.  

Maize was the main crop harvested in Vailana and Beacou, while Loro and Sau planted 

cassava, sweet potatoes, sweet beans, maize and rice for subsistence agriculture. As 

observed during the research, maize was the main crop and principal staple food across all 

case study hamlets except Sau. Almost all food supplies (maize and rice) were consumed by 

household members. However, some respondent households sold their limited crops for cash. 

For example, 20% of respondent households in Loro sold their crop products (approximately 

1300 kg) for cash, one respondent in Vailana sold approximately 180 kg of crops, and a total 

of 400 kg of rice was sold for cash in Sau by 10% of respondent households. In Beacou, 

agricultural products were used for household consumption only. 

To cope and maintain food supply, respondent households tended to diversify their food 

sources between agricultural and non-agricultural activities such as animal husbandry. 

Livestock were an asset that could be sold for cash to buy food during periods of famine, as 

reported by respondent households and key informants. The diversity and quantity of livestock 

owned by respondents was also an indicator for household wealth and was thus related to 

respondent households’ food supply. 

Respondent households were similarly likely to own livestock. This indicates the importance of  

livestock as a source of income and food supply. The variance in the livestock population in 

different hamlets was influenced by the availability of people to buy, the availability of pasture 

and water and the impact of climate change variability. For example, water buffalo are less 

well suited to Vailana and Beacou because the land there is very dry, limiting the availability of 

grasses to feed buffalo. However, pigs were present in all hamlets. Every respondent 

household had between 2 and 20 livestock. Respondent households that were poor and 

landless could keep medium livestock such as pigs, goats and sheep, which had a strong 

positive impact on their livelihoods (as livestock could be sold for cash to buy food during 

periods of hunger). This is because the poor respondent households were less likely to own 

cattle and buffalo because large animals are more expensive to maintain, according to 

respondents (2012). 
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Table 4–5 illustrates the duration of food shortage (in months/year) and water insecurity in 

each hamlet. The main source of water for washing and drinking varied between hamlets 

owing to differences in topography and climate variability and change (Timor-Leste Resilience 

2007). In Vailana, for example, all of the respondent households reported full access to 

potable water or tap water with good quality. The potable water was shared among five to 

seven households in this hamlet. Conversely, water sources in Loro and Beacou were mainly 

from groundwater that did not meet hygiene standards for household consumption (Ministry of 

Health 2009; Wallace et al. 2012). The quantity of groundwater was reported to be restricted 

in Loro and Beacou, particularly during the long dry seasons. These two hamlets are located 

on the coastal plains, on low yielding fractured rock and sand aquifers that make groundwater 

scarce at times during the year. As stated by Wallace et al. (2011), groundwater in Timor-

Leste shows large fluctuations with season between dry and wet season. This is because of 

inconsistency in rainfall during the year due to the impact of climate variability and change, 

and varies greatly by type of aquifer (Myers et al. 2011). 

Table 4–5: Respondent households’ food and water security, by hamlet 

 

Respondent households from Loro and Beacou were more concerned about water supply 

than food supply because during the long dry season women and children had to carry water 

from a long distance, whereas during the wet season, water sources were often contaminated 

by flooding and inundation. 

In Sau hamlet, most (80%) respondent households could access potable water, and only 

some (20% of respondent households) had access only to groundwater with very poor quality. 

These respondent households pumped water from shallow aquifers with dragon pumps. As 

Descriptor Indicator Vailana Loro Beacou Sau 
Food Security
Food shortage Number of monthsduring year 2011 when 

households experienced food shortage                     
(min - max)

1 - 7 1 - 7 1 - 4 1 - 6

Water accessibility Proportion of households with access to tap 
water (% households)

100 30 20 80

Proportion of households with access to 
ground water (% households)

 0 70 80 20

Water quality Proportion of households reporting no 
problems with water quality (tap water). 

100 30 20 80

Water quantity Proportion of households reporting no 
problems with water quantity (tap water). 

100 30 20 80

Proportion of households reporting problems 
with water quality and quantity (ground water)

 0 70 80 20

(1) Taps are communal taps

Proportion (%) of households reporting climate change impacts on the quality and  quantity of 
potable water (1) and groundwater, by hamlet
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reported, during periods of heavy rain, all groundwater sources were contaminated by flooding 

and inundation through infiltration/intrusion. Floods and inundation occurred 3–4 times a year, 

between January and March. The principal factors that contribute to water contamination 

(floods and inundation) were frequently underscored by respondents during focus group 

discussion (2012) and include damage to water infrastructure after the 1999 Referendum, lack 

of maintenance, lack of human capacity, population growth and lack of climate change 

adaptation. To build and deliver a strong water supply system in a sustainable way requires 

considerable attention, not only from the government and NGO donors, but also from the 

engagement of local people as part of the process and ownership (Myers et al. 2011). 

Through local engagement, local awareness is established and water maintenance can be 

secured. 

4.6 Comparison of households, by elevation of residence 

The geographical locality of a household—in terms of the elevation of the dwelling above sea 

level—is important to consider in the context of its vulnerability to climate change and 

adaptation options. Table 4–6  provides the comparative statistics. 

Elevation level of the dwelling appeared to have a systematic impact on cash income, in that 

households located below 10m had, on average, twice the annual cash income compared to 

households located higher. The primary reason for this income difference was fishing. Lower 

elevation meant greater proximity to the sea and consequently coastal and marine resources, 

and consequently a greater opportunity for fishing. Interestingly, the low-lying households also 

derived more income from cropping and from wages than did the other households. 

Respondent households had a diversity of livestock at higher elevation (≥15 m) and had 

relatively higher income (USD695) than other elevations of residence. Most respondent 

households were engaged in various activities for income generation such as small business, 

pension and paid work (wages) at the different elevations of dwelling. However, small 

business was not performed at 0–≤5 m and ≥15 m elevation. 

The elevation of the dwelling was related to the type of impact from climate variability. For 

example, households at low elevation were likely to be adversely impacted by inundation, sea 

level rise and erosion, whereas dwellings at high elevation were more vulnerable to flood 

events.  

Adequate knowledge of customary law (‘Tara Bandu’) had a great benefit. By acknowledging 

customary law, respondent households reduced the cutting of trees for heating and cooking 

and preserved the natural resources. 
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Flash flooding from higher elevation is exacerbated by subsistence agricultural practices such 

as slash and burn. Run-off from heavy rains flushes soil nutrients down to low elevations. 

Consequently, agricultural yields are reduced, increasing the risk of food shortages. It is 

extremely important that local knowledge on climate and related climate change issues is 

acknowledged and supported by local government. This is because the application of 

customary law can be of great benefit in managing natural resources and mitigating climate 

change risks. 

The agriculture, fisheries, livestock and natural resources that coastal communities rely on are 

under increasing pressure from climate variability and related risks. Consequently, key 

livelihoods are being affected. For example, drought-related risks impact on community 

resources, particularly low income. For example, at elevation 0–≤5 m, crop production was 

low, and coastal communities had a low income from crops across all elevations of residence. 

Fishing activities were performed at all elevations of residence, with similar incomes. Fish 

diversity was found to be low, due to reasons related to ecosystem functions and structure. 

The coastal ecosystem was being destroyed and converted by sea level rise, inundation and 

erosion, especially at low elevations. This was attributed to the destruction of mangrove trees 

by cutting by coastal households, either for cash or for house construction. Declining fish and 

other marine resources threatens an essential source of nutrition and cash income for coastal 

communities, who are entirely dependent on marine and coastal resources. Promoting closer 

collaboration between community leaders, coastal communities and local experts to mitigate 

and promote some tangible adaptations is necessary to maintain these fisheries resources 

and reduce the vulnerability of coastal households. 
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Table 4–6: Respondent households cash income sources, by elevation of residence 

Superscripts denote statistically significant differences between groups (p<0.05; ANOVA 
and unequal N HSD test; Fisher Exact Test for binomial variables) 

 

 

Total 
Descriptor Indicator 0 - ≤5 5 -≤10 10 -≤15 ≥15

(n=33) (n=15) (n=18) (n=14) (n=80)

Cropping Cropping as source of income 
(2011) (% households)

12.1 6.7 0 14.3 8.8

Livestock Livestock as source of income 
(2011) (% households)

27.3 40 50 57.1 40

Fishing Fishing as source of income (2011) 
(% households)

45.5 46.7 22.2 28.6 37.5

Pensions Pensions (% households) 24.2b 0.0a 11.1a,b 14.3a,b 15

Wages Wages (% households) 12.1 13.3 11.1 7.1 11.3

Business Business (% households) 0.0a 20.0a,b 22.2b 0.0a 8.8

Cropping Annual (2011) average household 
income from cropping

180 289 0 61 119

Livestock Annual (2011) average household 
income from livestock

641 648 678 695 780

Fishing Annual (2011) average household 
income from fishing

1286 1960 380 392 964

Pensions Annual (2011) average household 
income from pension 

729 0 192 209 402

Wages Annual (2011) average household 
income from wages

270 576 170 104 262

Business Annual (2011) average household 
income from business

0 868 304 0 211

TOTAL Annual (2011) average household 
income

3106 4342 1724 1461 2739

Cropping Cropping as a proportion of 
household income (2011) (%)

5.8 6.7 0 4.1 4.4

Livestock Livestock as source of income 
(2011) (% households)

20.6 14.9 39.3 47.6 28.5

Fishing Fishing as source of income (2011) 
(% households)

41.4 45.1 22.1 26.9 35.2

Pensions Pensions (% households) 23.5 0 11.1 14.3 14.7

Wages Wages (% households) 8.7 13.3 9.9 7.1 9.6

Business Business (% households) 0.0a 20.0b 17.6a,b 0.0a 7.7

Proportion of household income constributed by sector (%)

Elevation level (m)

Household income sources (proportion of households with this source of income)

Average household income  by sector (USD/year)
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5 Assessment of Climate Hazards, Impacts 
and Adaptive Capacity 

5.1 Chapter scope 

This chapter is an assessment of climate hazards (for example, extreme climate events), their 

impacts and the adaptive capacity of the four case study hamlets, based on the results of 

household surveys. 

The chapter is divided into two sections. The first section describes the individual components 

of climate vulnerability: exposure (climate hazards) and sensitivity (climate impacts), by 

hamlet. The main objective of this section is to present the proportion (%) of respondent 

households who had experienced exposure and been affected by climate hazards and 

climate-related impacts. This section also describes a post-hoc comparison of exposure and 

sensitivity by hamlet. It is important to note that the data is derived from respondents’ 

recollection and thus does not presens narrative evidence, not scientific fact. In the absence of 

scientific fact, narrative evidence, compiled systematically, is the best available source of 

information of this type. 

The second section presents the incidence of climate hazards and impacts by elevation of 

residence. The main objective of this section is to describe the proportion (%) of respondent 

households impacted by climate variability and related hazards at different elevations of 

residence. This section also includes a post-hoc comparison of climate hazards and events by 

elevation of residence. 

Finally, the climate vulnerability (exposure, sensitivity and adaptive capacity) of the four case 

study sites is identified and ranked based on magnitude and severity by hamlet. The aim is to 

categorise the hamlets according to the extent to which, and in relation to what threats, they 

are vulnerable, to draw conclusions to inform adaptation planning. 

5.2 Description of incidence of climate hazards and impacts by, 
hamlet 

The incidence of climate hazards and impacts by hamlet are described in Table 5–1. This 

table presents the different types of extreme climate events reported, their frequency and their 

impacts on coastal infrastructure, livelihoods and human wellbeing. 
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Table 5–1: Proportion of respondents (%) who reported extreme climate events, by 

type of event and by hamlet 

Significant differences shown as superscripts; Fisher exact p, one-tailed test performed on 
count data; p<0.05

 

Descriptor Indicators

Frequency of coastal indundation (exposure) 
Percentage of respondents reporting events over past year (2011) 35 b 0 a 35 b 40 b

Percentage of respondents reporting events over past, 1 - 5 years 55  70  30  30  

Percentage of respondents reporting events over past, 6 - 10 
years

5 10 25 10

Impacts of coastal indundation (sensitivity) 
Coastal 
infastructure

Percentage of houses and key infrastructure affected by 
inundation

0 a 25 b 0 a 5 ab

Water 
security

Percentage of respondents reporting impacts on the quantity and 
quality of groundwater and potable water 

0 15 15 0

Livestock Percentage of respondents reporting impacts on livestock 
(chicken, pig, goat, cattle and buffalo)

40 ab 55 b 10 a 25 ab

Agriculture Percentage of respondents reporting impacts on crop yield 
(maize, rice and small gardens)

60  70  40  35  

Fishing Percentage of respondents reporting impacts on fishing activities 5  10  15  15  

Family 
cohesion

Percentage of respondents reporting impacts on family cohesion 
(lack of communication and re-unity)

5 a 50 b 25 ab 25 ab

Psychologi-
cal  wellbeing

Percentage of respondents reporting fear in response to extreme 
climatic events 

50  35  40  40  

Frequency of coastal erosion (exposure)
Percentage of respondents reporting events over past year (2011) 30  40  10  40  

Percentage of respondents reporting events over past, 1 - 5 years 35  10  20  30  

Percentage of respondents reporting events over past, 6 - 10 
years

5 a 50 b 5 a 10 a

Impacts of coastal erosion (sensitivity) 
Coastal 
infastructure

Percentage of houses and key infrastructure affected by coastal 
erosion

25 b 15 ab 0 a 20 ab

Fishing 
equipment

Percentage of respondents reporting impacts on fishing 
equipment and boats

5  30  10  35  

Fishing Percentage of respondents reporting impacts on fishing activities 0 a 35 b 10 ab 35 b

Frequency of flooding (exposure)
Percentage of respondents reporting events over past year (2011) 45 ab 25 a 55 ab 95 b

Percentage of respondents reporting events over past, 1 - 5 years 40 15 55 45
Percentage of respondents reporting events over past, 6 - 10 
years

40 bc 10 ab 0 a 50 c

Impacts of flooding (sensitivity) 
Coastal 
infastructure

Percentage of houses and key infrastructure affected by flooding 25 b 5 ab 0 a 10 ab

Water 
security

Percentage of respondents reporting impacts on the quantity and 
quality of groundwater and potable water 

5 ab 25 b 10 ab 0 a

Livestock Percentage of respondents reporting impacts on livestock 
(chicken, pig, goat, cattle and buffalo)

25 b 0 a 30 b 40 b

Agriculture Percentage of respondents reporting impacts on crop yield 
(maize, rice and small gardens)

40 b 5 a 55 b 95 b

Fishing Percentage of respondents reporting impacts on fishing activities 0 10 5 15
Family 
cohesion

Percentage of respondents reporting impacts on family cohesion 
(lack of communication and re-unity)

20 ab 15 a 40 ab 60 b

Psychologi-
cal  wellbeing

Percentage of respondents reporting fear in response to extreme 
climatic events 

30 b 0 a 30 b 90 c

Coastal erosion

Extreme 
climate 
events

Flooding

Extreme 
climate 
events

(n=20) (n=20) (n=20) (n=20)

Coastal Inundation

Extreme 
climate 
events

Hamlets
Vailana Loro Beacou Sau
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Table 5–1 continued 

 

5.2.1 Climate hazards and impacts in Vailana 

5.2.1.1 Frequency of coastal inundation (exposure) 

Respondent households interviewed verified that the frequency of coastal inundation events 

had increased in Vailana. Of the 20 respondent households interviewed in this hamlet, 

approximately 35% reported sea level rise/inundation events in 2011, and more than half  

(55%) confirmed that inundation events had occurred regularly over the past 5 years. 

Significantly, reports of inundation events 6–10 years prior to 2011 were low (5%). These 

results indicate that coastal inundation events had increased (in frequency and magnitude) in 

Vailana, particularly in recent years. Respondent households in Vailana also recognised that 

continued sea level rise and coastal inundation posed an increasing threat, particularly to 

households located in low-lying areas. 

5.2.1.2 Impacts of coastal inundation (sensitivity) 

There was no report by household respondents in Vailana of inundation impacts on houses, 

coastal infrastructure or water quality/quantity. However, this was disputed during the local 

adaptation workshop, when key informants and local experts argued that inundation was 

resulting in shoreline erosion, affecting roads and private houses and reducing coastal water 

quality (through sediment run-off to coastal waters). The lack of households reporting issues 

with water resources may be due to the good availability of potable water in Vailana, with all 

households having regular access to tap water of good quality and quantity. A large number of 

household respondents (~40%) did report adverse impacts of inundation on livestock, and 

Descriptor Indicators

Frequency of droughts (exposure)
Percentage of respondents reporting events over past year (2011) 60 b 100 b 45 ab 15 a

Percentage of respondents reporting events over past, 1 - 5 years 5 0 0 5
Percentage of respondents reporting events over past, 6 - 10 
years

55 b 100 b 60 b 10 a

Impacts of droughts (sensitivity) 
Water 
security

Percentage of respondents reporting impacts on the quantity and 
quality of groundwater and potable water 

40 ab 100 b 60 b 15 a

Livestock Percentage of respondents reporting impacts on livestock 
(chicken, pig, goat, cattle and buffalo)

35 ab 70 b 45 ab 10 a

Food 
shortages

Average number of months households experienced food 
shortage

50 b 95 b 60 b 5 a

Agriculture Percentage of respondents reporting impacts on crop yield 
(maize, rice and small gardens)

55 b 100 b 60 b 0 a

Social 
conflict

Percentage of respondents reporting social conflict  (theft of 
animals and/or food, due to hunger)

35 b 20 ab 0 a 0 a

Sau
Drought

Extreme 
climate 
events

Hamlets
Vailana Loro Beacou
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more than half (60%) reported adverse impacts on agricultural crop yields (maize, potatoes, 

cassava and small gardens). Only 5% of household respondents reported impacts of 

inundation on fishing activities. Coastal inundation also played a role in psychological 

wellbeing in Vailana, with 50% of household respondents reporting feeling fearful and under 

threat. A smaller proportion of household respondents (5%) reported that inundation events 

impacted their family cohesion (for example, through a lack of communication and re-

unification). 

5.2.1.3 Frequency of coastal erosion (exposure) 

Coastal erosion is the removal of sediments and coastal vegetation through the actions of 

waves and storms (Cullen 2007). Of the 20 respondent households interviewed, 35% 

explained that the frequency of coastal erosion had increased over the 1–5 years prior, and 

30% reported frequent coastal erosion in 2011. The magnitude of coastal erosion reported 

differed between 2011 and 5 years prior. Very few respondent households (5%) reported the 

occurrence of coastal erosion in the last 10 years. This indicates that erosion in this hamlet is 

becoming more significant due to inundation/sea level rise, potentially threating coastal 

communities and property. 

5.2.1.4 Impacts of coastal erosion (sensitivity) 

Erosion had a great impact on public infrastructure and private houses, as reported by 25% of 

respondent households. Coastal erosion also affected fishing equipment and boats on the 

beach, as reported by 5% of respondent households. However, there was no report of coastal 

erosion impacting on fishing activities in this hamlet. Coastal erosion is strongly related to sea 

level rise, with stronger waves leading to increased erosion. Erosion can also affect mangrove 

composition and coastal infrastructure. 

5.2.1.5 Frequency of flooding (exposure) 

Approximately 45% of respondent households reported a flood event in 2011 in this hamlet. 

Similarly, 40% of respondent households affirmed that flooding events had occurred frequently 

over the past 5 years. These flood events of the past 5 years corresponded to the food events 

of the last decade (as reported by 40% of respondents) in this hamlet. These flooding events 

greatly affected agriculture, livestock husbandry and psychological wellbeing in Vailana. 

5.2.1.6 Impacts of flooding (sensitivity) 

Floods had a great impact on agriculture in this hamlet, as reported by 40% of respondent 

households. These flood events also affected psychological wellbeing and family cohesion, as 

reported by 30% and 20% of respondent households, respectively. Flooding impacted on key 
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infrastructure and private houses, as reported by 25% of respondent households. The same 

percentage of households reported that flood events frequently killed small to medium animals 

(chickens, ducks, pigs and sheep). However, there was no report of flooding affecting fishing 

activities. Only 5% of household respondents reported that flooding impacted on water 

security. People in this hamlet had a long experience of flood events that widely affected 

community resources and human wellbeing. 

5.2.1.7 Frequency of droughts (exposure) 

Respondent households interviewed confirmed that the frequency of drought had gradually 

increased and was becoming challenging in this hamlet. More than half of household 

respondents interviewed (60%) confirmed the occurrence of drought events in 2011. 

Conversely, reports of drought events in the 1–5 years prior to 2011 were very low (5%). 

Drought events had increased since 10 years prior to 2011, as confirmed by 55% of 

respondent households. These drought events had long-term impacts typically on livestock 

breeding, food supply and social conflicts (robber) due to a lack of food to feed their family 

members. 

5.2.1.8 Impacts of droughts (sensitivity) 

A large number of household respondents (55%) reported adverse drought impacts on 

agricultural yields. As a consequence of low agricultural yields, the majority of household 

respondents (50%) had experienced food shortages. Drought also affected water resources, 

as reported by 40% of respondent households. Owing to water shortage and an associated 

reduction in pastoral land, many animals were killed, as confirmed by 35% of respondents. 

Overall, drought greatly affected human wellbeing in Vailana. 

5.2.2 Climate hazards and impacts in Loro 

5.2.2.1 Frequency of coastal inundation (exposure) 

Loro is located in a low-lying area prone to climate risks such as coastal inundation. This 

climate event was frequently experienced by coastal communities in this hamlet. Of the 20 

respondent households interviewed in Loro, approximately 70% reported an inundation event 

over the 1–5 years prior to 2011. However, there was no report from respondent households 

of coastal inundation in this hamlet in 2011. Significantly, reports of inundation events for the 

10 years prior to 2011 were low (as reported by 10% of households), compared to the 

frequency reported for 1–5 years prior to 2011. 
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5.2.2.2 Impacts of coastal inundation (sensitivity) 

Inundation events had a great impact on agricultural yields (maize, rice and small gardens) 

with 70% of household respondents experiencing thus. More than half of household 

respondents interviewed (55%) reported that inundation events had affected livestock, 

especially small to medium animals. These climate events also threatened people in this 

hamlet. For example, coastal inundation had a large impact on family cohesion, 50% of 

household respondents reporting feeling fearful and threatened, and 35% of respondent 

households reporting that inundation impacted on their psychological wellbeing. 

Coastal infrastructure (public and private houses) was also under threat from coastal 

inundation in this hamlet. Sea level rise was resulting in inundation events and impacting on 

roads, bridges (public infrastructure) and private houses, as reported by 25% of respondent 

households, as well as affecting coastal groundwater through salt intrusion, as confirmed by 

15% of respondent households. Ten per cent of respondent households reported inundation 

impacts on fishing activities. Overall, inundation was found to affect various sectors in this 

hamlet and to be harmful to human wellbeing. 

5.2.2.3 Frequency of erosion (exposure) 

Erosion is largely connected to sea level rise and inundation. Half of the household 

respondents interviewed (50%) reported that coastal erosion had been frequent in the 6–10 

years prior to 2011. A similar proportion of household respondents interviewed (40%) reported 

coastal erosion in 2011. Conversely, very few respondent households (10%) reported the 

occurrence of coastal erosion in the last 1–5 years. However, while no pattern was evident in 

the incidence and frequency of erosion reported, coastal erosion was seen as a challenge for 

the coastal community in this hamlet. 

5.2.2.4 Impacts of coastal erosion (sensitivity) 

Of household respondents, 35% reported that coastal erosion had a great impact on fishing 

activities, such as through the destruction of sandbanks and fisheries habitat. Due to 

sandbank destruction, fishing equipment and boats were often destroyed, as reported by 30% 

of household respondents. Fifteen per cent of household respondents also confirmed that 

erosion affected coastal infrastructure, including roads, bridges, government houses and 

private houses. 

5.2.2.5 Frequency of flooding (exposure) 

Flooding had a great impact in this hamlet. This hamlet is located on the southern coast of 

Timor-Leste and so has a much longer wet season than the northern coast. Due to the 
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community having a broad experience of flood events over the last decades, flooding received 

much attention. Flooding occurred in 2011, as reported by 25% of respondent households. 

Between 1 and 10 years prior to 2011, the occurrence of flood was similar: reported by 15% 

and 10% of respondents, respectively. The frequency flooding was reported differently but 

floods were always considered a threat to human wellbeing in this hamlet. 

5.2.2.6 Impacts of flooding (sensitivity) 

Flooding had a great impact on water security through infiltration, as reported by 25% of 

respondent households. Of household respondents, 15% confirmed that flooding affected 

family cohesion (by lack of re-unity). However, there was no report from respondent 

households of flooding impacting on livestock or psychological wellbeing. Floods affected 

public infrastructure and private houses as well as agricultural yields, as reported by 5% (for 

each) of respondent households. A low proportion of household respondents interviewed 

(10%) reported that flooding impacted on fishing activities in this Loro. 

5.2.2.7 Frequency of droughts (exposure) 

Drought was common in Loro hamlet. All respondent households interviewed (100%) had 

experienced drought for most of the 10 years prior to 2011. This drought seriously impacted 

on community livelihoods by affecting water security, livestock husbandry, agricultural yields 

and social conflicts. However, there was no report from respondent households of drought 

between 1 and 5 years prior to 2011. 

5.2.2.8 Impacts of droughts (sensitivity) 

Droughts had a large impact on water security and agricultural yields in this hamlet, as 

reported by all respondent households interviewed (100%). As a result of low agricultural 

yields, food shortage was the main issue in Loro, as reported by 95% of respondent 

households interviewed. Food insecurity/shortage also caused social conflicts, with some 

people committing crimes such as stealing crops and livestock (e.g., chickens, pigs and 

sheep) to feed their families during periods of hunger, as reported by 20% of respondent 

households. Of household respondents, 70% reported that drought had a great impact on 

livestock populations by the effect on water resources and pastoral lands for grazing. 

Respondent households noted that livestock were principle assets for food supply and cash 

during lean periods. Therefore, extended droughts threated people through both food and 

water shortage and the increased likelihood of social conflicts. 
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5.2.3 Climate hazards and impacts in Beacou 

5.2.3.1 Frequency of coastal inundation (exposure) 

Coastal inundation had regularly increased in last decade as reported. For example, of 

household respondents 35% confirmed that inundation had regularly happened in recent 

years typically in 2011. Very similar inundation events had also happened between 1 and 5 

years as reported by of household respondents 30%. In addition, only 25% of respondent 

households reported inundation had happened in last decade. These data showed that most 

respondent households had experienced of incidence of inundation and assumed that 

inundation had increased gradually and threat human wellbeing. 

5.2.3.2 Impacts of coastal inundation (sensitivity) 

Inundation had a great impact on psychological wellbeing and agricultural yields, as reported 

by 40% (for each) of household respondents. Inundation was regular because this hamlet is 

located at 0–≥20 m elevation. Indeed, inundation easily overflowed to all community 

resources. Inundation events were also reported to affect family cohesion (25%), water 

security (15%) and fishing activities (15%). Another 10% reported that inundation impacted on 

livestock. There was no report by respondent households of inundation impacts on coastal 

infrastructure; however, this was debated during the local adaptation workshop, when key 

informants and respondent representatives argued that inundation affected public 

infrastructure, private houses and local biodiversity. 

5.2.3.3 Frequency of coastal erosion (exposure) 

Of household respondents, 20% reported frequent coastal erosion over the 1–5 years prior to 

2011. However, only 10% reported that coastal erosion had occurred in 2011, and a very low 

proportion of household respondents (5%) reported experiencing coastal erosion 10 years 

prior to 2011. The occurrence of coastal erosion varied from year to year, but it was found to 

affect human wellbeing in this hamlet. 

5.2.3.4 Impacts of coastal erosion (sensitivity) 

Erosion is affected by sea level rise, with stronger waves breaking coastal structures in this 

hamlet. Erosion in turn had a great impact not only on fishing activities but also on fishing 

equipment and boats, as confirmed by 10% (for each) of household respondents. There was 

no report from respondent households of coastal erosion impacting on coastal infrastructure, 

such as public and private houses. However, during the local adaptation planning workshop 

and data triangulation, erosion events were widely discussed among key informants and 
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respondent representatives as affecting mangroves and sediment structures as well as some 

key infrastructure (police station and fisheries office). 

5.2.3.5 Frequency of flooding (exposure) 

More than half of respondents interviewed (55%) reported flood events between 1 and 5 years 

prior to 2011. The same proportion of household respondents interviewed (55%) confirmed 

the same incidence in 2011. However, there was no report from respondent households of 

flood events 6–10 years prior to 2011. Flood events threatened poultry and private houses in 

this hamlet, because a lack of water canals meant that water could not be diverted, as 

reported by key informants and local experts. Floods events occurred after all incidents of 

heavy rain. 

5.2.3.6 Impacts of flooding (sensitivity) 

Flood events impacted on agricultural yields (maize, beans, pumpkin, cassava and small 

backyard gardens), as reported by 55% of respondent households. In addition, flooding 

affected family cohesion (reported by 40% of respondents) and psychological wellbeing 

(reported by 30% of respondents). Livestock populations were also threatened by flooding, as 

reported by 30% of household respondents. Significantly, reports of flooding impacting on 

water resources and fishing activities were low, at 10% and 5%, respectively. However, during 

the local adaptation workshop, it argued that floods affected community resources such as 

water security, public infrastructure, private houses and agricultural yields. 

5.2.3.7 Frequency of droughts (exposure) 

Of household respondents, 60% held that droughts had been common over the 6–10 years 

prior to 2011. However, there was no report from respondent households of drought events 

during the 1–5 years prior to 2011. Many respondent households (45%) reported that this 

hamlet experienced drought in 2011. As a consequence many animals died due to lack of 

water and pasture. Drought also impacted groundwater resources, with women and children 

having to carry water from long distances. 

5.2.3.8 Impacts of droughts (sensitivity) 

Drought had a great impact on agricultural yields in this hamlet, as reported by 60% of 

respondent households. Due to low agricultural yields, respondent households in this hamlet 

had experienced food shortages, as reported by respondent households of 60%. Drought had 

not only affected agricultural products, but also water security, as reported by 60% of 

respondents. Due to a lack of water quantity, many animals died (reported by 45% of 
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household respondents). Despite this, there was no report from respondent households of 

theft of crops and animals. 

5.2.4 Climate hazards and impacts in Sau 

5.2.4.1 Frequency of coastal inundation (exposure) 

The frequency of inundation threated some community resources in Sau hamlet. Of household 

respondents, 40% said that inundation events had occurred in 2011. A similar report (30%) 

confirmed that inundation had occurred over the 1–5 years prior to 2011. In addition, a low 

percentage of respondent households (10%) confirmed that inundation had occurred 6–10 

years prior to 2011. This indicated that climate risks such as inundation had been gradually 

increasing over the last 10 years in this hamlet. 

5.2.4.2 Impacts of coastal inundation (sensitivity) 

Of the 20 respondent households interviewed in this hamlet, 40% reported a sea level 

rise/inundation impact on their psychological wellbeing and 25% confirmed that inundation had 

impacted on family cohesion. Inundation was also considered to have affected agricultural 

yields and livestock populations, as reported by 35% and 25% of household respondents, 

respectively. 

Coastal inundation had affected fishing activities through the destruction of sandbank 

structures, as reported by 15% of household respondents. Due to the destruction of coastal 

structures, some beach infrastructure was affected, as reported by 5% of household 

respondents. There was no report from respondent households of coastal inundation impacts 

on groundwater; however, during the local adaptation workshop, it was argued that inundation 

had greatly impacted groundwater close to the beach through infiltration and run-off. 

5.2.4.3 Frequency of coastal erosion (exposure) 

Erosion is part of coastal inundation. Of household respondents, 40% reported an erosion 

event in 2011, and 30% reported an erosion events in the 5 years prior to 2011. Only 10% of 

respondent households reported coastal erosion in the 10 years prior to 2011. This increase in 

coastal erosion is in line with the reported increase in sea level/inundation, as they are closely 

interconnected and interdependent in a system. 

5.2.4.4 Impacts of coastal erosion (sensitivity) 

Of household respondents, 35% reported that erosion had affected fishing equipment, boats 

and fishing activities in Sau. Respondents argued that if coastal erosion continues, it will affect 
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their fishing activities and eventually their income (particulaly if fishing was their main 

livelihood). Coastal erosion also affected public infrastructure and private houses close to the 

beach, as reported by 20% of respondent households. 

5.2.4.5 Frequency of flooding (exposure) 

Of the 20 respondent households interviewed in this hamlet, approximately 95% reported 

flooding as being common since 2011. Half of the household respondents interviewed (50%) 

reported that flooding had occurred in the 10 years prior to 2011. A similar number of 

household respondents (45%) confirmed that flood events had occurred in the 5 years prior to 

2011. 

Flooding is seen as a major challenge in Sau, because floods wash away rice fields and 

agricultural soil, speed up the decline of arable land and kill small animals (poultry), as 

reported by respondent households and key informants. Most respondent households 

reported affects from flooding on subsistence agricultural products, livestock and property. 

5.2.4.6 Impacts of flooding (sensitivity) 

Of household respondents, 95% confirmed that floods had a great impact on agricultural 

yields. Floods also affected psychological wellbeing and family cohesion, as reported by 90% 

and 60% of household respondents, respectively. Inundation also affected livestock 

populations, as reported by 40% of respondent households. Infrastructure and private houses 

(10% of respondents) and fishing activities (15% of respondents) were also affected by floods. 

The frequent flooding in this hamlet can be attributed to its position on the Laclo River (the 

second longest river in Timor-Leste), which receives waters from 12 other small and medium 

rivers from the top of Aileu district. The Laclo River often overflows, affecting surrounding 

community resources. 

5.2.4.7 Frequency of droughts (exposure) 

Few respondent households (15%) in this hamlet had experienced drought in 2011. Reports of 

drought events for the 5–10 years prior to 2011 were also low, at 10% and 5%, respectively. 

Sau is located on the northern coast of the island, and so only has a short wet season. 

Nevertheless, drought events were not pronounced in this hamlet. 

5.2.4.8 Impacts of droughts (sensitivity) 

Drought affected water security, as reported by 15% of household respondents. Low numbers 

(15% and 5%, respectively) of respondent households reported an effect of drought on 



Page | 123 

 

livestock and food supply/shortages. There was no report from respondent households of 

drought impacting on agricultural yields or social conflicts. 

5.2.5 Post-hoc comparison by hamlet 

5.2.5.1 Frequency of coastal inundation (exposure) 

Inundation was common in three hamlets (Vailana 35%, Beacou 35% and Sau 40%) with 

different magnitudes in 2011; however, a post-hoc comparison (Fisher exact p<0.05) showed 

no statistically significant difference between them. Most respondent households had 

experienced inundation 1–5 years and 10 years prior to 2011 (70% in Loro, 55% in Vailana, 

30% in Beacou and 30% in Sau), with no statistically significant difference between hamlets. 

This climate history reveals that inundation events were strongest in the 6–10 years prior to 

2011, and that they threatened human wellbeing. Overall, inundation was most noticeable in 

Loro, followed by Vailana. These two hamlets are located on the southern coast of Timor-

Leste and have a low profile and similar ocean characteristics (for example, strong storms and 

winds). The flat terrain allows the sea level rise/inundation to flow over and alter sand 

structures and ecosystems on the beach. 

5.2.5.2 Impacts of coastal inundation (sensitivity) 

Inundation had a great impact on livestock in all hamlets. In Loro, 55% of household 

respondents reported these impacts: a statistically significant difference to the figure for 

Beacou, but similar to that for Vailana (40%) and Sau (25%). Inundation also impacted family 

cohesion in the four hamlets. This was reported by 50% of household respondents in Loro: a 

statistically similar figure to those for Beacou (25%) and Sau (25%). A post-hoc comparison 

(Fisher exact p<0.05) showed that the impact on family cohesion reported in Loro, Beacou 

and Sau was statistically significantly different from the impact reported in Vailana (5%). 

Psychological wellbeing was another issue affected by inundation across the four hamlets 

(50% in Vailana, 40% in Beacou, 40% in Sau and 35% in Loro). However, statistically these 

impacts were similar across the sites. Another impact from inundation was on infrastructure 

and private houses, as reported by 25% of household respondents in Loro. A post-hoc 

comparison (Fisher test p<0.05) showed that the figure for Loro was statistically significantly 

different to that reported for Vailana (0%) and Beacou (0%), but similar to that reported for 

Sau (5%). 

Inundation impacted on agricultural crops across all hamlets (70% in Loro, 60% in Vailana, 

40% in Beacou and 35% in Sau) to a statistically similar extent. Inundation also affected 

fishing activities in all hamlets, again with no statistically significant difference between them 
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(Fisher test p<0.05). In summary, inundation affected all respondent households and 

community livelihoods across all four hamlets. 

5.2.5.3 Frequency of coastal erosion (exposure) 

Erosion was reported to have occurred regularly in 2011, with no statistically significant 

difference between hamlets. However, erosion had a greater incidence between 6 and 10 

years prior to 2011 in Loro (50%). This erosion event was statistically significantly different 

(Fisher exact p<0.05) to those reported for the other three hamlets. 

5.2.5.4 Impacts of coastal erosion (sensitivity) 

Coastal erosion impacted on fishing equipment and boats, as reported by 35% of household 

respondents in Sau. This figure was not significantly different from those reported for the other 

three hamlets. Erosion also affected fishing activities (35% in Loro and 35% in Sau). A post-

hoc comparison (Fisher exact p<0.05) showed that the figures reported for these two hamlets 

were statistically significantly different to that for Vailana (0%), but similar to that for Beacou 

(10%). Coastal erosion affected coastal infrastructure (public infrastructure and private 

houses). For example, 25% of household respondents in Vailana reported coastal erosion 

impacting on key infrastructure and private houses. Similar figures were found for Loro (15%) 

and Sau (20%), but coastal erosion events were statistically significantly less common in 

Beacou (0%). 

5.2.5.5 Frequency of flooding (exposure) 

Floods were another climate phenomenon experienced by respondent households and 

communities in 2011 and the 10 years prior. The most frequent report of floods was for Sau 

(95%): a statistically significantly different figure (Fisher exact p<0.05) than for Loro (25%), but 

similar to those reported for the other two hamlets (Vailana 45% and Beacou 55%). As the 

survey results showed, in the 1–5 years prior to 2011, floods had become more frequent in 

Beacou (55%). This was not statistically different from the figures reported for the other three 

hamlets. In the 10 years prior to 2011, flood events had occurred widely in Sau (50%); and a 

post-hoc comparison (Fisher exact p<0.05) showed a statistically significant difference 

between this figure and those reported for Loro (10%) and Beacou (0%). This indicates that 

floods were impacting Sau more than other hamlets, which can be explained by the fact that 

Sau is located on the Laclo River, which receives water flushed down from different rivers 

from the top of the hill in Aileu district. 
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5.2.5.6 Impacts of flooding (sensitivity) 

Floods had a great impact on agricultural crops in Sau (95%), Vailana (40%) and Beacou 

(55%), all of which were affected statistically significantly more (Fisher exact p<0.05) than 

Loro (5%). Floods also impacted community resources and human psychological wellbeing. In 

Sau, 90% of household respondents reported that floods impacted their psychological 

wellbeing: a statistically significantly difference figure (Fisher exact p<0.05) to those reported 

for the other three hamlets. Family cohesion was also affected by floods, with the figure 

reported in Sau (60%) being similar to those reported for Beacou (40%) and Vailana (20%). A 

post-hoc comparison showed (Fisher exact p<0.05) that the impact of floods on family 

cohesion in Sau (60%) was statistically significantly different to the impact reported in Loro 

(15%). 

Flooding also impacted water security in Loro (25%) to a significantly greater extent (Fisher 

exact p<0.05) than in Sau (0%), but similar to in Vailana (5%) and Beacou (10%). Flooding 

also adversely affected livestock across all hamlets, with different magnitudes and severity 

(40% in Sau, 25% in Vailana and 30% in Beacou). A post-hoc comparison showed that these 

three hamlets reported a statistically significantly different flood impact on livestock to that for 

Loro (0%). Floods also destroyed public infrastructure and private houses. In Vailana, 25% of 

household respondents reported this: a statistically significantly different figure to that reported 

for Beacou (0%), but very similar to the other two hamlets (Loro 5% and Sau 10%). Flood 

events were thus most widely reported in Sau, followed by Loro, Vailana and Beacou. Floods 

had an enormous affect not only on people’s livelihoods but also on family cohesion and 

psychological wellbeing. 

5.2.5.7 Frequency of drought (exposure) 

Drought had occurred in three hamlets with different magnitudes and severity. Loro had the 

longest drought (100%) in 2011, and a post-hoc comparison showed (Fisher exact p<0.05) 

this to be statistically significantly different to the droughts reported for Sau (15%), but similar 

to the other two hamlets (Vailana 60% and Beacou 45%). Drought events had occurred 

between 1 and 5 years prior to 2011, but the incidence was similar across all hamlets. A long 

dry season had occurred 10 years prior to 2011 (reported by 100% of household respondents 

in Loro, 55% in Vailana and 60% in Beacou). No statistically significant difference was 

observed between these hamlets. It can be concluded that drought events were gradually 

increasing, threatening agricultural yields, livestock and water security across all hamlets. 
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5.2.5.8 Impacts of droughts (sensitivity) 

Drought had a great impact on agriculture in Loro (100%). However, a post-hoc comparison 

(Fisher exact p<0.05) showed that this impact was statistically similar to those reported in 

Vailana (55%) and Beacou (60%). Drought impact on water security in Sau (15%) was similar 

to that in Vailana (40%), but statistically significantly different (Fisher exact p<0.05) to those in 

Beacou (60%) and Loro (100%). Due to the impact of drought on water resources and 

pasture, some livestock were killed, as stated by 70% of household respondents in Loro. This 

incidence was similar (not statistically different) to those reported for Vailana (35%) and 

Beacou (45%). A post-hoc comparison showed that the drought impact on livestock in Loro 

(70%) was statistically significantly different to that in Sau (10%). 

Food shortages were also caused by drought, with 95% of household respondents from Loro 

reporting that drought had affected food supply. This figure was statistically significantly 

different to that reported for Sau (5%), but similar to those reported for Vailana (50%) and 

Beacou (60%). Drought also impacted agricultural yield, as reported by 100% of household 

respondents from Loro. This figure was statistically significantly different to that for Sau (0%). 

Drought also caused social conflicts (for example, the theft of crops to feed family members), 

as reported by 35% of household respondents in Vailana (a similar figure to that reported in 

Loro [20%]). A statistically significant difference (Fisher exact p<0.05) was observed between 

the figure reported for Vailana and those reported for Beacou (0%) and Sau (0%). Thus, 

regarding the number of respondent households that expressed concerns regarding the effect 

of drought on community resources, the greatest percentage was found for Loro, followed by 

Vailana and Beacou, and finally Sau. Drought affected community wellbeing across all 

hamlets, with this climate risks expected to increase in coming years due to inconsistency in 

the wet season across the country. 

5.3 Description of incidence of climate hazards and impacts, by 
elevation of residence 

Table 5–2 presents the climate hazards (inundation/sea level rise, erosion, floods and 

droughts) that manifested at the different elevations of residence in the case studies. This 

table also describes the impacts of climate hazards on coastal infrastructure, livelihoods and 

human wellbeing, according to household elevation. 
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Table 5–2: Proportion of respondents (%) who reported extreme climate events, by 

type of events and by elevation residence 

(Significant differences shown as superscripts; Fisher exact p, one-tailed test performed on 
count data; p<0.05)

 

Descriptor Indicators

Frequency of coastal indundation (exposure) 
Percentage of respondents reporting events over past year (2011) 67 b 0 a 0 a 0 a

Percentage of respondents reporting events over past, 1 - 5 years 88 b 27 a 17 a 7 a

Percentage of respondents reporting events over past, 6 - 10 
years

12 7 11 21

Impacts of coastal indundation (sensitivity) 
Coastal 
infastructure

Percentage of houses and key infrastructure affected by 
inundation

15 7 0 0

Water 
security

Percentage of respondents reporting impacts on the quantity and 
quality of groundwater and potable water 

15 7 0 0

Livestock Percentage of respondents reporting impacts on livestock 
(chicken, pig, goat, cattle and buffalo)

73 b 13 a 0 a 0 a

Agriculture Percentage of respondents reporting impacts on crop yield 
(maize, rice and small gardens)

97 b 33 a 17 a 7 a

Fishing 
activity

Percentage of respondents reporting impacts on fishing activities 27 b 0 a 0 a 0 ab

Family 
cohesion

Percentage of respondents reporting impacts on family cohesion 
(lack of communication and re-unity)

48 b 27 ab 0 a 7 a

Psychologi-
cal  wellbeing

Percentage of respondents reporting fear in response to extreme 
climatic events 

73 b 27 ab 6 a 29 ab

Frequency of coastal erosion (exposure)
Percentage of respondents reporting events over past year (2011) 73 b 0 a 0 a 0 a

Percentage of respondents reporting events over past, 1 - 5 years 52 b 13 ab 0 a 0 a

Percentage of respondents reporting events over past, 6 - 10 
years

42 b 0 a 0 a 0 a

Impacts of coastal erosion (sensitivity) 
Coastal 
infastructure

Percentage of houses and key infrastructure affected by coastal 
erosion 36 b 0 a 0 a 0 a

Fishing 
equipment

Percentage of respondents reporting impacts on fishing 
equipment and boats

48 b 0 a 0 a 0 a

Fishing 
activity

Percentage of respondents reporting impacts on fishing activities 48 b 0 a 0 a 0 a

Frequency of flooding (exposure)
Percentage of respondents reporting events over past year (2011) 30 a 60 ab 94 b 57 ab

Percentage of respondents reporting events over past, 1 - 5 years 27 40 72 21
Percentage of respondents reporting events over past, 6 - 10 
years

6 a 20 ab 56 b 36 b

Impacts of flooding (sensitivity) 
Coastal 
infastructure

Percentage of houses and key infrastructure affected by flooding 6 a 0 a 33 b 0 a

Water 
security

Percentage of respondents reporting impacts on the quantity and 
quality of groundwater and potable water 

3 a 0 ab 28 b 14 ab

Livestock Percentage of respondents reporting impacts on livestock 
(chicken, pig, goat, cattle and buffalo)

12 a 33 ab 44 b 14 ab

Agriculture Percentage of respondents reporting impacts on crop yield 
(maize, rice and small gardens)

27 a 60 ab 78 b 50 ab

Fishing 
activity

Percentage of respondents reporting impacts on fishing activities 6 0 11 14

Family 
cohesion

Percentage of respondents reporting impacts on family cohesion 
(lack of communication and re-unity)

12 a 40 ab 67 b 36 ab

Psychologi-
cal  wellbeing

Percentage of respondents reporting fear in response to extreme 
climatic events 

24 53 50 36

Coastal erosion

Extreme 
climate 
events

Flooding

Extreme 
climate 
events

(n=33) (n=15) (n=18) (n=14)

Coastal Inundation

Extreme 
climate 
events

Elevation levels (m) 
0 to ≤5 5 to ≤10 10 to ≤15 >15
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Table 5–2 continued 

 

5.3.1 Climate hazards and impacts at elevation 0–≤ 5 m 

5.3.1.1 Frequency of coastal inundation (exposure) 

Inundation occurred frequently (67%) at elevation 0–≤5 m in 2011. Of household respondents, 

88% affirmed that inundation had a higher evidence 1–5 years prior to 2011. A low proportion 

of household respondents (12%) confirmed that inundation had occurred in the 10 years prior 

to 2011. This inundation occurred widely every year, with different magnitudes. Inundation at 

low elevations is expected to increase with climate change, with implications for coastal 

resources such as fish habitat, mangroves and coastal infrastructure. 

5.3.1.2 Impacts of coastal inundation (sensitivity) 

Inundation had a great impact on agricultural crops, as reported by 97% of respondent 

households at elevation 0–≤5 m. A further 73% reported impacts on livestock and 

psychological wellbeing. In addition, inundation affected and restricted family cohesion (48%), 

fishing activities (27%) and water security (15%) and public infrastructure/private houses 

(15%). Inundation had a large impact on overall community resources, with different 

magnitudes and severity. These unpredictable and unavoidable climate risks will continue to 

increase and jeopardise community wellbeing. 

5.3.1.3 Frequency of coastal erosion (exposure) 

Coastal erosion is associated with inundation and sea level rise. As inundation has increased, 

so has erosion. Of household respondents at 0–≤5 m elevation, 73% reported coastal erosion 

Descriptor Indicators

Frequency of droughts (exposure)
Percentage of respondents reporting events over past year (2011) 64 33 50 43

Percentage of respondents reporting events over past, 1 - 5 years 0 0 6 0
Percentage of respondents reporting events over past, 6 - 10 
years

64 33 50 57

Impacts of droughts (sensitivity) 
Water 
security

Percentage of respondents reporting impacts on the quantity and 
quality of groundwater and potable water 

64 33 44 43

Livestock Percentage of respondents reporting impacts on livestock 
(chicken, pig, goat, cattle and buffalo)

42 20 39 43

Food 
shortages

Average number of months households experienced food 
shortage

61 27 50 57

Agriculture Percentage of respondents reporting impacts on crop yield 
(maize, rice and small gardens)

64 33 50 57

Social 
conflict

Percentage of respondents reporting social conflict  (theft of 
animals and/or food, due to hunger)

24 0 11 7

Drought

Extreme 
climate 
events

Elevation levels (m) 
0 to ≤5 5 to ≤10 10 to ≤15 >15
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since 2011, 52% for the 1–5 years prior to 2011, and 42% for the 6–10 years prior to 2011. 

Erosion events had gradually increased alongside the escalation in inundation and sea level 

rise at this elevation. 

5.3.1.4 Impacts of coastal erosion (sensitivity) 

Erosion greatly impacted fishing equipment and boats (reported by 48% of household 

respondents at 0–≤5 m elevation) and fishing activities (48%). In addition, erosion affected 

coastal infrastructure such as public infrastructure and private houses, as reported by 36%. 

These impacts at low elevations were because erosion is strongly related to sea level 

rise/inundation. The erosion characteristics of coastal zones are controlled by such 

interactions as those between waves, currents and the frequency of storms. 

5.3.1.5 Frequency of flooding (exposure) 

In 2011, floods occurred widely at 0–≤5 m elevation, as reported by 30% of household 

respondents. In the 5 years prior to 2011, flood events had a low frequency, as reported by 

27%. Only 6% of respondent households reported flood events for the 10 years prior to 2011. 

These data show that floods had increased in regularity over these 10 years, as experienced 

by respondent households at this elevation of residence. 

5.3.1.6 Impacts of flooding (sensitivity) 

Floods had a great impact on agricultural crops, as reported by 27% of respondent 

households. In addition, floods impacted psychological wellbeing (24%), livestock (12%) and 

family cohesion (12%). However, respondent households at this elevation less often reported 

floods as affecting coastal infrastructure (6%), fishing activities and water security (3%). 

Floods showed different magnitudes and severity, but they nonetheless seriously impacted on 

local communities. 

5.3.1.7 Frequency of droughts (exposure) 

Drought largely occurred at the same magnitude (reported by 64% of participant households) 

in 2011 and in the 10 years prior to 2011. There was no report from respondent households of 

drought occurring between 1 and 5 years prior to 2011. Drought occurred at different scales, 

but had sizeable observable implications for water resources, agricultural yields and livestock. 

5.3.1.8 Impacts of droughts (sensitivity) 

Of household respondents, 64% reported that drought had affected agricultural yields, in turn 

causing food shortages. More than half of respondent households interviewed (61%) 
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confirmed that drought had impacted on food supply. Social conflict was made more common 

during periods of low food supply, with increased theft of crops and small animals, as reported 

by 24% of household respondents. Drought also affected water security, as reported by 64% 

of household respondents. Water shortages also reduced pasture availability, causing many 

animals to die, as reported by 42% of household respondents. 

5.3.2 Climate hazards and impacts at elevation 5–≤10 m 

5.3.2.1 Frequency of coastal inundation (exposure) 

There were no reports of inundation events in 2011 at elevation 5–≤10 m from respondent 

households. Inundation events had largely occurred in the 1–5 years prior to 2011, as 

reported by 27% of respondent households. Further, low inundation events (7%) had occurred 

between 6 and 10 years previously, as reported by respondent households. Both respondent 

households and key informants reported that inundation events had shown different 

characteristics at this elevation. 

5.3.2.2 Impact of coastal inundation (sensitivity) 

Of all respondent households, 27% confirmed that inundation had greatly affected both family 

cohesion and psychological wellbeing. A significant proportion of households (33%) reported 

that inundation had affected agricultural yields, 13% reported effects on livestock and 7% 

reported effects on water security, public infrastructure and private houses. There were no 

reports of inundation impacting on fishing activities. Overall, inundation had a major impact on 

community resources at this elevation, with different magnitudes and severity. 

5.3.2.3 Frequency of coastal erosion (exposure) 

Erosion had a relatively high impact between 1 and 5 years prior to 2011, and was reported by 

13% of respondent households. However, there were no reports of coastal erosion events in 

the year 2011, or during the last 10 years. 

5.3.2.4 Impact of coastal erosion (sensitivity) 

There were no reports from respondent households of coastal erosion events impacting on 

fishing equipment, boats, fishing activity or public infrastructure, including private houses, at 

this elevation. Here, key infrastructure and houses are located at higher elevations and 

relatively far from coastal areas, and therefore coastal erosion did not affect them. 
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5.3.2.5 Frequency of flooding (exposure) 

Floods had regularly occurred between 1 and 10 years prior to 2011. For example, 60% of 

respondent households said that floods had occurred in 2011 and 40% reported flooding in 

the 1–5 years prior to 2011. Floods had low in last 10 years as reported by 20% of respondent 

households. As observed, floods had occurred at high elevations with different magnitudes 

and all respondent households had experienced flood events. 

5.3.2.6 Impact of flooding (sensitivity) 

Floods had adversely affected agricultural crops as reported by 60% of respondent 

households, with 53% reporting effects on psychological wellbeing and 40% on family 

cohesion. Apart from affecting family relations and communication, floods had also adversely 

affected livestock populations, particularly those of small animals such as chickens, ducks, 

sheep and pigs, as reported by 33% of respondent households. However, there were no 

reports of floods impacting on water security, public infrastructure, private houses or on fishing 

activity at this elevation. 

5.3.2.7 Frequency of droughts (exposure) 

Thirty-three per cent of respondent households said that drought had occurred both in 2011 

and the previous 6–10 years. In contrast, there were no reports of drought incidence at this 

elevation in the 1–5 years prior to 2011. 

5.3.2.8 Impact of droughts (sensitivity) 

Drought had significantly impacted water security, as reported by 33% of respondent 

households, with another 33% reporting impacts on agricultural yields. As a result of low 

agricultural yields, food shortages were the main issue, as reported by 27% of respondent 

households. Due to this lack of water, 20% of respondent households reported that livestock 

were affected. Even though drought had affected agricultural yields there was no impact on 

social conflict (theft of food). 

5.3.3 Climate hazards and impacts at elevation 10–≤15 m 

5.3.3.1 Frequency of coastal inundation and erosion (exposure) 

Respondent interviews confirmed that the frequency of coastal inundation and erosion events 

was low at high elevation (10–≤15 m). For example, 17% of respondent households had 

reported inundation events between 1 and 5 years prior to 2011. The inundation event had 

also observed low (11%) between 6 and 10 years prior to 2011. On the other hand, there were 
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no reports of coastal inundation and erosion events at this elevation in 2011. Inundation and 

erosion events were infrequent at this elevation, presumably due to its height. Indeed, there 

were no erosion events reported at this elevation. 

5.3.3.2 Impact of inundation and erosion (sensitivity) 

Of all respondent households, 17% reported that inundation had affected agricultural crops 

and 6% reported effects on psychological wellbeing. However, there were no reports of 

inundation impacting livestock, water security, family cohesion or psychological wellbeing, 

public infrastructure, housing or fishing activities at this elevation. Due to the higher elevation, 

no coastal erosion was observed. 

5.3.3.3 Frequency of flooding (exposure) 

Flooding was pronounced at this elevation, and was reported by 94% of respondent 

households in 2011. Seventy-two per cent of households reported that a low-level flood had 

occurred in the last 5 years, while 56% claimed that floods had occurred regularly over the last 

decade. Apparently flood events were more pronounced at high elevations than low 

elevations, and had different magnitudes, as experienced by respondent households. As flood 

events were observed to be gradually increasing over time, they can be expected to become 

more severe at this elevation in the future. 

5.3.3.4 Impact of flooding (sensitivity) 

Flood events had a large impact on agricultural and crop production, as reported by 78% of 

respondent households, with strong effects on family cohesion (67%) and psychological 

wellbeing (50%). Forty-four per cent of households reported that floods had impacted on 

livestock, 33% reported effects on public infrastructures and private houses, and 28% reported 

effects on water security. Floods were pronounced at high elevation, with a greater incidence 

and a significant impact on key livelihood factors, including communication, family unity, and 

trauma. 

5.3.3.5 Frequency of droughts (exposure) 

Drought had occurred both in 2011 and the 6–10 years prior to 2011, as reported by 50% of 

respondent households. A small number of households (6%) reported that drought had 

occurred at this elevation in the last decade. Drought was significantly affected by seasonal 

rainfall, with wide-ranging fluctuation. This fluctuation is believed to affect community 

resources such as water security, livestock and agricultural yields. 
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5.3.3.6 Impact of droughts (sensitivity) 

Drought had a major impact on agricultural yield (50%) and as a result, 50% of respondent 

households had experienced food shortages. Respondent households had also experienced 

effects on water security, reported by 44%, and on livestock populations, reported by 39%. In 

addition, drought had caused social conflict due to lack of food/crops. Some people had 

resorted to criminal activity (theft of crops and animals) to feed their families, as reported by 

11% of respondent households. 

5.3.4 Climate hazards and impacts at elevation ≥15 m 

5.3.4.1 Frequency of coastal inundation and erosion (exposure) 

There were no reports from respondent households of inundation events in 2011, but 

inundation events had occurred between 1 and 5 years and between 6 and 10 years prior to 

2011, as reported by 7 and 21% of households, respectively. No coastal erosion occurred at 

this elevation. 

5.3.4.2 Impact of coastal inundation and erosion (sensitivity) 

Of all respondent households, 29% reported that inundation had impacted on their 

psychological wellbeing, 7% reported effects on family cohesion and another 7% on 

agricultural/crops yields. There were no reports of inundation impacting on water security, 

livestock, public infrastructure, private houses or on fishing activities. It is understandable that 

inundation events are relatively low at high elevations. As this elevation, there was impact 

from erosion on fishing equipment, boats, or fishing activities and public infrastructures and 

private houses. 

5.3.4.3 Frequency of flooding (exposure) 

Flood events had a more marked effect at this elevation. For example, 57% of respondent 

households reported that floods had occurred in 2011. However, flood events were relatively 

low (36% of households) between 6 and 10 years prior to 2011, and were even lower in the 5 

years prior to 2011, being reported by 21% of households. Flood events had relatively 

excessively at high elevation based on the data. 

5.3.4.4 Impact of flooding (sensitivity) 

Floods had adversely impacted on agricultural/crop yields, as reported by 50% of respondent 

households. Floods were seen as challenging at high elevations because flooding not only 

affected agricultural production but also impacted family cohesion and psychological 
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wellbeing, as reported by 36% of respondent households. Fourteen per cent of respondent 

households reported that floods had affected their water security, 14% their livestock and 14% 

on fishing activities. However, there were no reports of floods impacting public infrastructure 

and private houses. 

5.3.4.5 Frequency of droughts (exposure) 

Drought was a regular event, with the greatest number of households (57%) reporting being 

affected by drought in the 6–10 years prior to 2011. Of the respondent households, 43% had 

experienced in drought in 2011, and there were no reports of drought in the 1–5 years prior to 

2011. 

5.3.4.6 Impact of droughts (sensitivity) 

Drought had adversely affected both agricultural yields and food supply, as reported by 57% 

of respondent households. Moreover, 43% of households reported that drought had greatly 

affected their water security and their livestock populations, due to lack of water and pastoral 

land for grazing. As a consequence of drought and food shortages social conflicts occurred, 

as reported by 7% of respondent households. 

5.3.5 Post-hoc comparison by elevation of residence 

5.3.5.1 Frequency of coastal inundation (exposure) 

Of the respondent households, 67% of those at elevation 0–≤5 m had experienced inundation 

events in 2011. The incidence of inundation at this elevation was statistically significant 

(Fisher exact p<0.05) compared to the other three elevations of residence (5–≤10 m, 10–≤15 

m and >15 m). The highest incidence of inundation (88% of respondent households) occurred 

between 1 and 5 years prior to 2011 at elevation 0–≤5 m. This was statistically significant 

(Fisher exact p<0.05) compared to the other three elevations (5–≤10 m, 10–≤15 m and >15 

m). 

The incidence of inundation was similar (27%, 17%, 7%) at these three elevations. It was 

greatest in the decade prior to 2011, being reported by 21% of respondent households at 

elevation >15 m, but this was not statistically different to the incidence of inundation at the 

other three elevations (12%, 7%, 11%). Overall, inundation events occurred primarily at lower 

elevations rather than higher elevations, even though some incidences of flooding still 

occurred at elevations 5–≤10 m and 10–≤15 m. 
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5.3.5.2 Impact of coastal inundation (sensitivity) 

Of all respondent households, 97% reported that inundation had largely impacted agricultural 

yields/crops at elevation 0–≤5 m. A post-hoc comparison (Fisher exact p<0.05) showed 

statistically significant differences from the other three elevations (33%, 17%, 7%). Moreover, 

73% of respondent households confirmed that inundation had impacted on their livestock, and 

there was a statistically significant difference (Fisher exact p<0.05) with the impact on 

livestock at an elevation of 5–≤10 m (13%), but not at 10–≤15 m (0%) or >15 (0%). Inundation 

also had a major impact on psychological wellbeing at elevation 0–≤5 m, as reported by 73% 

of respondent households. This impact showed a statistically significant difference that at 

elevation 10–≤15 m, but was similar to those at elevations of 5–≤10 m (27%) and >15 m 

(29%). Inundation had affected family cohesion, as reported by 48% of respondent 

households at elevation 0–≤5 m, similar to the effect at elevation 5–≤10 m (27%), but showed 

a statistically significant difference to the impact of inundation at the elevations of 10–≤15 m 

(0%) and >15 m (7%). 

Not surprisingly, inundation had impacted fishing activities at elevation 0–≤5 m, as reported by 

27% of respondent households. This inundation event was statistically different to other 

inundation events at the three different elevations. Inundation also impacted water security as 

well as coastal infrastructure and private houses at elevation 0–≤5 m. However, these 

inundation impacts were not significantly different. It is understandable that as flooding always 

occurs at lower elevations, community resources in low-lying areas have been adversely 

affected by inundation. 

5.3.5.3 Frequency of coastal erosion (exposure) 

Erosion was reported by 73% of respondent households at low elevations (0–≤5 m) and this 

was statistically significant different (Fisher exact p<0.05) to the incidence of erosion at the 

other three elevations. In addition, in the 1–5 years prior to 2011, erosion primarily occurred at 

elevation 0–≤5 m, as reported by 52% of respondent households. This was similar to the 

occurrence of erosion events at elevation 5–≤10 m (13%), but a post-hoc comparison (Fisher 

exact p<0.05) showed statistically significant differences with the two other elevations of 10–

≤15 m (0%) and ≥15 m (0%). Forty-two per cent of the respondent households at elevation 0–

≤5 m reported that erosion events had occurred between 6 and 10 years prior to 2011. This 

was statistically significantly different (Fisher exact p<0.05) from the incidences of erosion 

events at the other three elevations. Erosion had occurred primarily in the low-lying areas. 

This indicates that certain key infrastructure and mangrove sources that are located within 

erosion-prone climate risk areas are under threat of erosion events. 
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5.3.5.4 Impact of coastal erosion (sensitivity) 

Forty-eight per cent of households at elevation 0–≤5 m reported that erosion had affected 

(destroyed) fishing equipment and boats as well as fishing activities. These impacts were 

statistically significantly different to those that occurred at the other three elevations (higher 

elevations). Erosion had also impacted on public infrastructure and private houses, as 

reported by 36% of respondent households at low elevation (0–≤5 m). The impact of erosion 

was statistically significantly different (Fisher exact p<0.05) to that of erosion events at high 

elevations (5–≤10 m, 10–≤15 m and >15 m). 

5.3.5.5 Frequency of flooding (exposure) 

The incidence of flooding was highest at elevation 10–≤15 m in 2011, when it was reported by 

94% of respondent households. However, this flood incidence was similar to those at 

elevations of 5–≤10 m (60%) and >15 m (57%). The flood incidence at elevation 10–≤15 m 

was statistically significantly different (Fisher exact p<0.05) to that at low elevation (0–≤5 m). 

During the 1–5 years prior to 2011, 72% of respondent households at elevation 10–≤15 m had 

experienced their largest floods; however, this flood incidence was similar (not statistically 

different) to those floods that occurred at different elevations (27% at elevation 0–≤5m, 40% at 

elevation 5–≤10 m and 21% at elevation ≥15 m). 

Flooding had its greatest incidence (reported by 56% of households) at elevation 10–≤15 m 

but this was statistically similar to those floods that occurred at elevations 5–≤10 m (20%) and 

≥15 m (36%) over the last decade. The largest flood at elevation 10–≤15 m showed a 

statistically significant difference from flood events at elevation 0–≤5 m (6%). In general, the 

largest floods occurred at elevations of 10–≤15 m and this is likely to exacerbate and 

potentially further increase the incidences of flooding caused by shifting agriculture and 

slashing and burning land for agricultural use. 

5.3.5.6 Impact of flooding (sensitivity) 

Floods had primarily impacted agricultural yields/crops at high elevation (10–≤15 m), as 

reported by 78% of respondent households. However, this impact was not statistically different 

to that of floods at elevations of 5–≤10 m (60%) and >15 m (50%). The flood impact at 

elevation 10–≤15 m was statistically significantly different (Fisher exact p<0.05) from that at 

elevation 0–≤5 m (27%). Floods had impacted family cohesion, as reported by 67% of 

respondent households at elevation 10–≤15 m, and this was statistically significantly different 

to the flood impact on family cohesion at 0–≤5 m (12%). In addition, flooding had impacted on 

psychological wellbeing, as reported by 53% of respondent households at elevation 5–≤10 m. 
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However, these impacts were similar (statistically not different) to those at the other three 

elevations of residences (24%, 50% and 36%). 

Of the respondent households, 44% at elevation 10–≤15 m confirmed that floods had 

impacted on livestock populations. This impact was statistically significantly different to that at 

low elevation (0–≤5 m) (12%), but similar to the impacts at elevation 5–≤10 m (33%) and >15 

m (14%). Apart from the impact on livestock, flooding had affected water security at high 

elevation (10–≤15 m), as reported by 28% of respondent households. These impacts were 

similar at elevation 5–≤10 m (0%) and ≥15 m (14%), but statistically significantly different to 

those at low elevation (3%). Floods had also substantially affected public infrastructure and 

private houses at elevation 10–≤15 m, as reported by 33% of respondent households. These 

impacts were statistically significantly different (Fisher exact p<0.05) to those at elevation 0–

≤5 m (6%), 5–≤10 m (0%) and ≥15 m (0%). Floods had impacted fishing activities, but the 

impact was assumed to be statistically similar. Overall, floods had affected many key 

livelihood factors at all elevations, with different magnitudes and severity. Floods may have a 

long-term impact on peoples’ welfare; for example, on agriculture/food supply, health, physical 

infrastructure and economic activities. 

5.3.5.7 Frequency of droughts (exposure) 

The longest drought (reported by 64% of respondent households) had occurred in 2011 at 

elevation 0–≤5 m. However, this drought event was similar to others at different elevations 

(33% at elevation 5–≤10 m, 50% at elevation 10–≤15 m and 43% at elevation >15 m). Apart 

from at elevation 10–≤15 m, there were no reports of drought events between 1 and 5 years. 

Of the respondent households, 6% had experienced drought events at 10–≤15 m. This 

drought was statistically similar to those at other elevations of residence. Between 6 and 10 

years prior to 2011, the longest drought event (64%) had occurred at elevation 0–≤5 m. 

However, this drought event was similar (not statistically different) to those at elevation 5–≤10 

m (33%), 10–≤15 m (50%) and ≥15 m (57%). Overall, drought events were statistically similar 

at all elevations, and these drought events were projected to increase as the climate changes. 

The incidence of drought will greatly threaten human wellbeing because drought is 

unmanageable. 

5.3.5.8 Impact of drought (sensitivity) 

Of all respondent households, 64% reported that drought had affected agricultural yields and 

caused food shortages (61%). The effect on agricultural yields and food shortages was 

statistically similar at all elevations. In addition, drought had also greatly affected water 

security at all elevations (64%, 33%, 50% and 43%). As a result of water shortages, some 
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livestock had died due to lack of water, as reported by 43% of respondent households at 

elevation ≥15 m; however, this was statistically similar to other drought impacts at the other 

three elevations. Apart from the impact on livestock, drought had affected social conflict. 

Some people had committed crimes (theft of crops and animals) due to lack of food, as 

reported by 24% of respondent households 24 at elevation 0–≤5 m, 11% at elevation 10–≤15 

m and 7% at elevation ≥15 m. However, the rates of these social conflicts were similar at all 

elevations. Drought had contributed negatively to human wellbeing (losses of crops, livestock 

and groundwater, famine and social conflicts) at all elevations. 

5.4 Adaptive Capacity 

The following section describes the overall adaptive capacity of the four case study hamlets. 

5.4.1 Adaptive capacity of Vailana 

The dependency ratio in Vailana was the highest (45%) of the four case study hamlets. 

Education levels were lowest (about two-thirds of household heads had attended school) and 

the technical skills for agriculture and fishing were low. There was a relatively high proportion 

(30%) of female household heads in the respondents from Vailana, and many of these had not 

attended school. 

Maize yields were low (an average of 157 kg per household in 2011). The crop diversity index 

was zero because maize was the only crop. However, in most cases, maize was grown mixed 

with other crops such as cassava, sweet potato, beans and pumpkin, and this mixed cropping 

provided some reduction in risk compared to monoculture. 

The average household income was relatively low (estimated at USD 1,116). However, the 

income diversity index (0.19) was high compared with the other hamlets, because cash 

income came from a range of sources (livestock, pensions, wages and fishing). This diversity 

of income sources could increase the villagers’ capacity to survive under variable 

circumstances. 

Respondent households, and the community in general, were not persuaded to implement 

existing formal regulations, including Tara Bandu, as management tools to protect and 

preserve natural resources. Apart from this lack of institutional arrangements at the village 

level, economic pressures have led to the use of natural resources in an unsustainable way. 

For example, trees were frequently cut for the construction of houses and as fuel for cooking, 

and wild animals were hunted for household consumption. 
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5.4.2 Adaptive capacity of Loro 

Loro had an average dependency ratio of 30%, which was lower than that of Vailana and Sau, 

but higher than that in Beacou. Most respondent households (78%) had attended school, with 

some completing high school. Education is an asset for adaptive capacity; however, the 

villagers showed a lack of skills and knowledge to deal with climate hazards. In this hamlet, 

20% households were headed by females. 

Almost all respondent households were solely dependent on climate-sensitive resources, such 

as agriculture, livestock and fisheries. Loro had a crop production of 575 kg on average. The 

average area for crop production per household was relatively small (0.4–0.5 ha). The 

average crop diversity index was 0.07 because some respondent households grew both 

maize and rice. 

Household income was approximately USD 1,668 per year in 2011. This income came from a 

range of sources (crops, fisheries, livestock, pensions and kiosks); the income diversity index 

was 0.05. 

Institutional arrangements (for example, coordination and cooperation among communities, 

local leaders, local government) in this hamlet were not functioning well. Little climate change 

information had been shared by the elders and among communities; existing fisheries and 

natural resources regulations as well as Tara Bandu were not applied by communities, as 

these were not compatible with economic circumstances. ‘Not compatible with economic 

circumstance’ refers to economic pressure, where people must break existing laws and 

regulations that are used to protect natural resources, for example, by frequently cutting trees 

and hunting wild animals. These illegal activities (cutting trees for construction materials and 

hunting wild animals for food) have been exercised for many years, and are usually 

undertaken due to lack of money to buy timber for construction of houses, or food and fish or 

meat to feed their families. 

5.4.3 Adaptive capacity of Beacou 

The lowest dependency ratio (an average of 20%) was found in this hamlet. Approximately 

80% of respondents had attended school; however, their skills and knowledge of climate 

hazards and natural resource management were low. All respondents were male. 

The average household income in this hamlet was higher (USD 5,838) than that in the other 

hamlets and almost all (90%) households derived income from fisheries. This income was an 

asset that could be used to cope with climate risk, such as by building stronger houses that 
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could withstand with winds and floods. The income diversity index was low (0.02) and there 

was no income from the agricultural sector. Annual household crop production was 269.5 kg 

per year in 2011. Crop land areas ranged from 0.1 to 0.3 ha. The crop diversity index was 

0.13. People in this hamlet had applied Tara Bandu to preserve and protect natural resources. 

5.4.4 Adaptive capacity of Sau 

The dependency ratio in this hamlet was relatively high (slightly lower than in Vailana). Most 

respondents (70%) had attended school, with some completing senior high school. There 

were few female respondents (10%). Rice was the only crop grown and so the crop diversity 

index was zero. Rice production per household was on an average 720 kg in an area of 0.4 

ha, which was lower than in Loro, where maize was also grown. Some respondents had 

income from both farm and non-farm activities, such as livestock, fishing and small 

businesses, and the income diversity index was 0.07. There was evidence of investment by 

the local government, particularly in the construction of a sea wall and irrigation schemes. 

5.4.5 Comparison of adaptive capacity in the four hamlets 

A summary of the overall adaptive capacity is set out below. 

 Education levels were low in all hamlets, and lowest in Vailana. 

 The dependency ratio, ranked from lowest to highest, was: Beacou, Loro, Sau and 

Vailana. 

 Crop production, ranked from lowest to highest, was: Vailana, Beacou, Loro and Sau. 

 The crop diversity index was zero in Sau (because only rice was grown) and in 

Vailana (because only maize was grown). However, maize is grown with other species 

so there is diversity in maize cropping that is not reflected in the crop diversity index. 

 Income was highest in Beacou, due to income from fisheries. 

 The income diversity index, ranked from lowest to highest, was: Beacou, Loro, Sau 

and Vailana. 

 Beacou has active traditional management, and Sau had obvious government 

investment in infrastructure development. 

To summarise, Sau appears to have moderate adaptive capacity, with a low dependency 

ratio, high crop production, high income and a range of government programs. In contrast, 

Vailana Beacou and Loro have  a relatively low adaptive capacity, with low education, a high 
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dependency ratio, low crop production, low income,  and no evidence of relevant donor 

programs  or strong government support, particularly investment in infrastructure. 

The differences in adaptive capacity can be summarised as: 

 Vailana: low education, low income and low crop diversity 

 Loro: low income, low income diversity, moderately low crop production 

 Beacou: dependence on fisheries for income, moderately low crop production 

 Sau: major economic dependence on drought-sensitive rice production 
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6 Integrated Vulnerability Assessment 

6.1 Chapter scope 

This chapter presents an integrated vulnerability assessment for the four case study hamlets, 

based on the results of participatory CVAs (through community workshops) and the integrated 

assessment of other primary data (household surveys) and secondary data (historical climate 

data). This chapter comprises two sections. The first discusses the results of individual CVAs 

for the four hamlets. This includes the identification and mapping of key community resources 

and livelihoods; a description of the local climate history, including climate hazards, 

particularly extreme events (for example, floods, drought, coastal erosion); and the impacts of 

climate hazards on key community resources, such as livestock populations, water sources, 

agriculture, fisheries and key infrastructure. Significantly, this section also includes a 

comparison of the CVAs with the household survey results presented in the previous chapter. 

The second section presents and discusses an overall integrated vulnerability assessment for 

each of the four case study hamlets based on the results of the household surveys (indicator 

data), CVAs and historical climate data for each hamlet. To capture both the biophysical and 

socio-economic range and dimensions of vulnerability (and their inter-connectivity), the 

assessment utilised 32 indicators based on both the Sustainable Livelihoods Approach (SLA) 

and a ‘risk hazard’ (exposure, sensitivity and adaptive capacity) approach.  This included 4 

indicators of exposure, 12 indicators of sensitivity and 16 indicators of adaptive capacity 

(based principally on the 5 assets of the SLA approach). Finally, the integrated vulnerability of 

each of the hamlets is described as a climate vulnerability statement, presented at the end of 

the chapter. 

6.2 CVAs 

6.2.1 Community resources, climate hazards and impacts in Vailana 

An assessment of key community resources climate impact workshop organised with the 

participants including local leaders, local experts, high school students and respondent 

household representatives (Figure 6–1). 
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Figure 6–1: CVA workshop in Vailana 

 
Image by Abilio da Fonseca, 2014 

6.2.1.1 Identification and mapping of key community resources 

The major land uses in this hamlet were agriculture [maize, beans sweet potatoes cassava 

and pumpkin ] and pastoral [cattle (Bos taurus), buffalo (Bison bison) and sheep (Ovis aries)]. 

The community’s main resources were fisheries, forestry and tourism. This hamlet is located 

within Nino Konis Santana National Park. This indicates that all natural resources (flora and 

fauna) need to be preserved and protected for economic development and to maintain the 

peoples’ wellbeing. 

The natural resources and community assets that require conservation/protection were 

agriculture, the tourism sector, fisheries/mangroves and coral reefs, infrastructure/houses and 

livestock. These were seen as the top priority resources to be protected in this hamlet. Some 

key community resources were categorised as medium priorities; for example, shifting 

agriculture, improve harvesting, the establishment of facilities to support community-based 

tourism, reinforcement of Tara Bandu, reducing the cutting trees for heating, as a cash source 

and for construction, as well as water storage for livestock in long dry seasons. These medium 

priorities were linked with socio-economic circumstances and knowledge, such as the need for 

people to cut trees for timber for construction and as fuel for cooking due to lack of money. 

The physical location of these key community resources was delimited on the hamlet map, as 

shown in Figure 6–2 and Figure 6–3. 
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Figure 6–2: Map of key community resources in Vailana (based on community 
mapping) 

 
Note: CA=Crop areas; LA=Livestock areas; MR=Main road; FA=Fishing areas; TW=Tap water; PH=Private 
houses; SG=Small gardens; VO=Village office; CH=Church 

Figure 6–3: Key community resources in Vailana; output from participatory mapping 
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Vailana is situated on the southern coast of Timor-Leste, and has a rainy season much longer 

than that of northern coast. Flooding and inundation are frequent events here. However, 

respondent households identified drought impacts in this hamlet and rated it as having the 

highest impact based on frequency and severity, followed by flooding and inundation. 

Most of the population lives in a low-lying area adjacent to the low tidal zone (Figure 6–2 and 

Figure 6–3). These populations have long experience of different climate risks and are the 

most vulnerable to rising sea levels and inundation, as well as flooding. 

Some community resources were under pressure, for example private houses, which were 

regularly flooded and inundated. Houses were constructed with local materials (palms and 

wood) that cannot withstand strong winds and heavy rain/floods. Floods and inundation also 

impacted and killed many animals (chickens, ducks, pigs and dogs). 

The fishery resources in this hamlet are underdeveloped and fishers used traditional 

equipment and boats for fishing. Hence, fish products were limited. Respondents used these 

limited products as a source of cash and for domestic consumption. There was no local 

market to sell their products (from agriculture and fishing), and a lack of buyers at local level. 

This meant that their agricultural and fisheries products were not sold. 

Natural resource management using existing government regulations and traditional laws was 

seen challenging. This is because these laws and regulations are not compatible with the 

socio-economic conditions in this hamlet. For example, natural resources within the national 

park need to be preserved, but due to economic pressure, trees were cut and wild animals 

were hunted as a cash source and for domestic consumption. 

6.2.1.2 Local climate history, hazards and impacts 

The largest inundation event occurred in 2005 and the second largest in 2007, while the 

longest drought had occurred in 2008 and the most significant erosion events took place in 

2013. Figure 6–4 and Figure 6–5 illustrate the climate variability history in Vailana hamlet. 

These climate hazards were devastating to socio-economic conditions and livelihoods, 

affecting housing, agriculture, livestock and fisheries. 

Coastal inundation occurred frequently and were linked to strong winds and severe storms. 

The participants confirmed that inundation had largely destroyed coastal habitats, such as 

mangroves and dunes. As a result, some mangroves were moved into small groups. Coastal 

habitat management was seen challenging and needed further action, such as re-vegetation. 

If this is not undertaken, fish habitats and fishers’s incomes will be affected. 
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Coastal erosion had occurred largely in 2013, and had a major impact on sandbanks. The 

workshop participants estimated that coastal erosion had largely affected the dune system in 

the estuary. In recent years (2013) the beach was eroded by approximately 10 m, which had 

caused degradation of coastal resource productivity, mangrove ecosystems and fish habitats. 

Flood events had frequently occurred over the last decade, always between February and 

May. This flood event was seen as a major challenge in Vailana, because it had adversely 

impacted crops, typically maize and beans, as well as properties and poultry. Flooding had 

also greatly affected roads, because the roads were developed without canals. As a 

consequence, floods overflowed into the community’s houses and killed small animals 

(chickens, pigs and ducks). 

Figure 6–4: Map of key climate hazards (and impacts) identified in Vailana 

 
Note: DA=Drought areas; IA=Inundation areas; SE=Shoreline erosion; FA=Flood areas 
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Figure 6–5: Local climate history and participatory mapping of climate hazards in 

Vailana 

 

Drought events usually occurred between August and November each year. The longest 

drought had occurred in 2008, and had affected food production and livestock and resulted in 

food shortages. 

Figure 6–6 describes the food supply situation during 2011 in the form of a seasonal calendar. 

The majority of the households that had participated in the survey had experienced food 

shortages between December and February. These months were used for land preparation, 

planting, cultivating and harvesting crops. During this period, all communities had experienced 

food insecurity. Some communities could cope with this food shortage by selling their livestock 

products as well as improving their fishing activities. The rainy season began in February and 

continued to June, and was associated with strong winds and so during this period fishers 

were unable to go fishing. 

The month of March was harvest time, and began a busy period for villagers as the crops 

were harvested. Post-harvest work continued until July. The dry season arrived in August and 

continued to November. During the dry season, fishers were able to increase their fishing 

activities to provide fish as a source of protein as well as cash income. 
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Figure 6–6: Seasonal calendar indicating seasonal climate and food supply in Vailana 

 
Image by Abilio da Fonseca, 2014 

6.2.1.3 CVA versus household survey results 

The household survey results were presented and generally confirmed throughout the 

community workshop.  

However, during the community workshop, flooding and inundation emerged as the top priority 

climate hazard.  While the household surveys identified drought and inundation as having the 

greatest impacts (see Figure 6-2).  More than 50% of household respondents identified 

impacts by drought and inundation on crops yields in this hamlet. 

The occurrence of flash flooding and inundation on the southern coast is not surprising 

because this hamlet experiences a much longer wet season than those on the northern coast 

(Acil 2010; Barnett & Jones 2003). Therefore, flooding, landslides and erosion occurred 

largely in this hamlet. 

Some of the main issues were related to climate variability and climate change impacts on key 

community resources such as agriculture, tourism, fisheries, infrastructure, private houses and 

livestock. However, certain qualifications were necessary, in particular, 40% of the Vailana 
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household survey respondents thought that flooding was the main issue affecting crop yields. 

Although during the community workshop, it was highlighted that floods had been a major 

problem over the past 10 years and had adversely affected not only crop yields but also key 

infrastructure, private houses, livestock and peoples’ psychological wellbeing. 

Given the heavy reliance on agriculture (maize, cassava, beans and potatoes), the highest 

priority actions to mitigate food shortages in this climate-challenged environment was multi-

cropping to minimise climate risks and maintain the food supply. This option could be taken 

locally and could be undertaken by all communities. 

Apart from agriculture as a key livelihood in rural areas, livestock husbandry was seen an 

essential source of food to be maintained as another key means of earning a livelihood. 

Livestock, particularly buffaloes, cattle and pigs, have high social value as people slaughter 

these animals for traditional ceremonies and weddings. However, livestock husbandry was 

considered challenging due to a lack of management of feeding and breeding; for example, 

chicken and pigs were fed with kitchen waste only. 

Fishing activities were seen as a key priority in this hamlet. Fish diversity was believed to be 

high in this hamlet. Many fishers were reliant on these resources and had exploited them for 

many years. They used traditional techniques for fishing, and so their yields were very small. 

People had used fish products to broaden their sources of food in lean times and as a source 

of income. To increase fishing productivity, technical training and fishing equipment were 

expected from both the local government and development agencies. 

Public infrastructure was in very poor condition. A lack of physical development of roads, 

drainage, hospitals and public markets was observed. Roads were very narrow and without 

drainage canals. During floods or inundation, water covered the roads and entered almost all 

private homes. Currently, the central government and the international development agencies 

do not intend to develop these roads. There were no health facilities or services in this hamlet. 

To access health services people had to walk approximately 7 km. 

Natural resource management was seen as challenging, even though traditional laws and 

formal regulations were already in place. The main challenges were due to economic 

pressures and food supply needs. People did not have enough food for their families every 

year. Indeed, people in this hamlet must seek other alternatives that are feasible for them; for 

example, hunting wild animals such as cuscus (Phalanger orientalis), deer (Cervus timorensis) 

and wild pigs (Sus scrota) for domestic consumption and as a cash source. They also fell 

trees for timber for the construction of houses, fuel for cooking and cash. 
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In their role supporting the management of the Nino Konis Santana National Park and Marine 

Park, Conservation International (CI, formerly CTSP) are currently working with communities 

to re-vegetate coastal areas to secure coastal buffer zones with the aim of reducing erosion. 

This initiative was largely supported by coastal communities, local leaders and the village 

elders. CI is currently working closely with the elders and community leaders to reinforce Tara 

Bandu as a key tool for managing natural resources within the National Park. 

6.2.2 Community resources, climate hazards and impacts in Loro 

Representatives’ household respondents, women and church and community leaders 

attended the CVA workshop in Loro. They had studied the survey results prior to identifying 

community resources and climate variability impacts (Figure 6–7). 

Figure 6–7: CVA workshop in Loro 

 
Image by Abilio da Fonseca, 2014 
 

6.2.2.1 Identification and mapping of key community resources 

Key community resources and assets, including agriculture, fisheries/mangroves, livestock, 

key infrastructure and houses, tourism zones, Tara Bandu sites and water resources were 

defined as the priorities that need to be protected in this hamlet. 

The physical location of these community resources was demarcated on the hamlet map as 

shown in Figure 6–8 and Figure 6–9. 
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Figure 6–8: Map of key community resources in Loro (based on community mapping) 

 
Note: CA=Crop areas; TB-S=Tara Bandu sites; FA=Fishing areas; TZ=Tourism zones; MA=Mangroves; 
AQ=Aquaculture; GW=Groundwater; CH=Community houses; VO=Village office; SA=Soccer area; MR=Main 
roads; SG=Small gardens; SC=School; MH=Meditation houses; AP=Airport; FLC=Fish landing centre; 
CR=Coral reefs 

Figure 6–9: Key community resources in Loro; output from participatory mapping 
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Loro is located in a low-lying estuarine wetland, adjacent a river, surrounded by mangroves 

and other wetland habitats and strongly influenced by both, riverine and tidal conditions. Most 

of the population lives within this low-lying zone, which is very vulnerable to coastal 

inundation, coastal erosion and riverine flooding. 

Loro is located on the southern coast of the country, which means that its rainy season is 

longer than that of the northern coast, flooding and inundation were frequent events in recent 

times, and had occurred every year. However, household surveys identified drought as the 

priority climate risk in this hamlet, and was rated as having the highest impact based on 

frequency and severity, followed by inundation and floods.. In this hamlet drought did not 

occur every year, although in 2003 (September to April) the hamlet experienced a long and 

severe drought. 

Some essential community resources were heavily affected by climate. For example, because 

of salt intrusion and flooding, groundwater supplies were threatened. As a consequence of this 

contamination of groundwater, women and children faced the burdensome task of carrying 

water long distances when inundations or floods occurred. There was a lack of water resource 

development (potable water and canalisation) to households. People had suffered from this 

lack of water resources (both quality and quantity) for decades, and there was a lack of 

support from local government to address this water scarcity. 

Fisheries resources in this hamlet were also seen as being under threat. Fish habitats and 

breeding areas were largely devastated because of the cutting of mangrove trees. Many 

Indonesian fishers had captured fish in the Suai area using damaging equipment (gill nets with 

fine mesh and using bombs) that had destroyed fish habitats and coral reefs. If these illegal 

activities continue, they will threaten marine resources that people rely on as one of their key 

livelihoods. 

Tara Bandu is one of the existing tools used as a community resource to protect and preserve 

natural resources. However, this tool was not fully implemented because it was not well 

matched with socio-economic conditions in the hamlet. People had broken this traditional law; 

for example, by cutting trees as a source of timber for constructing houses, fuel of cooking and 

cash, due to their lack of money. 
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6.2.2.2 Local climate history, hazards and impacts 

Household respondents and key informants argued that drought, inundation, coastal erosion 

and flooding are the main challenges in this hamlet. Drought was rated as the most important 

issue based on its frequency and severity, followed by inundation/erosion and floods. 

During the community workshop, drought was the most frequent climate event in this hamlet 

and all communities had experienced drought events for many years. The longest drought (a 

long dry season) had occurred between September and April of 2003. This long dry season 

had greatly impacted water resources, food supply and pastoral lands and livestock. Drought 

events were strongly related to food supply and famine. Figure 6–12 explains food supply 

conditions in terms of a seasonal calendar during 2011 in Loro hamlet. 

Inundation events had frequently occurred between March and May each year over the last 

decade. Inundation events were related to strong tidal surges and high winds. These actions 

(strong surges) had largely destroyed coastal sandbanks and transformed the mangrove 

composition and structure on the beach. Many mangroves trees had been relocated due to re-

structuring of sandbanks. Inundation was a major constraint in this hamlet, because it caused 

seawater intrusion into the groundwater, and people were largely reliant on groundwater for 

drinking and washing. 

Coastal erosion caused by inundation was also mentioned during the workshop. The 

participants stated that the coast had been eroded by approximately 20 m over the last 

decade. The coastline is dynamic, and had received different influences from sediment run-off 

and also flash flooding due to shifting agriculture in the uplands. 

The largest flood had occurred in June 2013, and destroyed more than 20 houses and killed 

many animals (pigs, chickens, dogs and ducks). The water level had been estimated at 

approximately 60 cm; consequently, it had adversely affected a number of people who were 

evacuated to higher terrain. Floods had not only impacted on infrastructure but also on 

agricultural yields, psychological wellbeing and water resources. Figure 6–10 and Figure 6–11 

show maps that illustrate these climate risks and impacts. 
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Figure 6–10: Map of key climate hazards (and impacts) identified in Loro 

 
Note: DA=Drought areas; FA=Flood areas; IA=Inundation areas; CH=Community houses; MR=Main road 
SE=Shoreline erosion 
 

Figure 6–11:  Participatory mapping of climate hazards in Loro 
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Figure 6–12: Seasonal calendar indicating seasonal climate and food supply in Loro 

 
Image by Abilio da Fonseca, 2014 

The majority of households that participated in the survey had experienced food shortages 

between December and March. These months were used for planting, growing and harvesting 

crops. Between December and March, people suffered a lack of food. Some had to sell their 

livestock to cope with famine. Between January and March people were able to fish to mitigate 

this food insecurity and obtain cash income. From April to July fishing was not possible due to 

strong winds and rain. At this time some villagers worked on the maize/rice harvest and post-

harvest activities. The dry season began in August and continued to October; these months 

were used for fishing and salt production/distillation. 

6.2.2.3 CVA versus household survey results 

The household survey results were presented and generally confirmed.  

However, during the community workshop flooding and inundation emerged as the top priority 

climate issues, while drought and inundation were identified in the household survey results as 

the top priority issues that had a significant impact on key livelihoods (see Figure 6–12). 
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Some of the key climate issues were related to the magnitude and severity of climate events 

(drought, inundation and floods) and their impact on key community resources, such as 

agriculture, fisheries, livestock, infrastructure, houses and water resources. However, some 

qualifications were necessary. In particular, only a small proportion (25%) of the Loro 

household survey respondents thought that floods had an effect on clean water, while during 

the community workshop it was argued that floods had posed a major problem over the past 

10 years and had affected not only water resources but also public infrastructure, private 

houses, agriculture, livestock and fisheries in this hamlet. 

The survey results showed that inundation/rising sea levels were considered to have caused a 

significant impact (70%) on agricultural production. In addition, all respondents stated that 

drought had caused the greatest impact on the agricultural production. Apart from floods, 

these two climate events had substantially affected community resources in this hamlet. Most 

of the population worked as famers, fishers and traders (middle-men). As an isolated hamlet, 

no respondents worked as public servants. 

Given the heavy reliance on agriculture, the highest priority action to mitigate food shortages 

in this climate-challenged environment was the collective storage of food to minimise famine in 

lean times. This action could be taken locally and was highly feasible. This initiative was 

widely accepted by all communities and local leaders. 

The improvement of seed quality and multi-cropping systems were also discussed as 

important approaches to reduce food shortage and starvation. One of the main assets for the 

food supply was livestock. Considering the rapid growth of the demand for livestock in rural 

areas, particularly pigs for traditional ceremonies and poultry for daily consumption, livestock 

were seen as a main asset, not only for the food supply but also for generating cash income. 

However, livestock management (breeding and feeding) was implemented in a very traditional 

manner and as a consequence, both the quality and quantity of livestock was not able to meet 

market demands. 

Public infrastructure was seen as challenging; for example, roads and bridges were developed 

during the Indonesian period and were poor quality. Roads were narrow, with small canals 

that could not accommodate water movement during periods of flooding and inundation. The 

government has shown no intention to repair the roads and bridges around the village. Private 

houses were built with local materials (palms and ordinary woods) that were not able to 

withstand strong winds. However, the villagers had raised their houses by 70–80 cm in order 

to minimise flood and inundation risks. 
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Natural resource management received little attention. People had collected coral at least 

once a year for traditional ceremonies. Due to economic pressures, people had felled 

mangrove trees as a source of fuel for cooking and for cash. Another issue related to natural 

resource management was shifting agriculture. Currently, shifting agriculture is still practiced, 

including slashing and burning on farm land to allow crops to be planted. These poor practices 

were still in place because the villagers lacked the skills and knowledge needed to modernise 

their farming system. As a consequence, landslides, run-off and flash flooding had occurred 

frequently in this hamlet. 

The local government and international development agencies paid little attention to 

supporting and conserving natural resources, particularly fisheries, coral reefs and 

mangroves. Tara Bandu and government regulations are in place, but these regulations are 

not fully applied due to economic pressures. Re-vegetation along coastal areas to maintain 

buffer zones was believed to be important. This aims to reduce the destruction of fish habitats 

for breeding and spawning, erosion and seawater intrusion. 

Adapting to a changing climate variability was seen as a key issue, as key informants and 

respondents though that this situation may worsen if poor practices continue to increase. 

Adaptation to, and mitigation of, climate change needs to be seen within a broad context. As 

argued by key informants, adaptation of the agriculture sector should be linked to irrigation 

schemes, the harvest system and the quality of seeds used. 

6.2.3 Community resources, climate hazards and impacts in Beacou 

Key community resources, climate risks and their impacts were identified via CVA workshop, 

and particularly through the use of participatory mapping (see Figure 6–13). 
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Figure 6–13:  CVA workshop in Beacou 

 
Image by Karen Edyvane, 2013 

6.2.3.1 Identification and mapping of key community resources 

Workshop participants were encouraged to identify the key community resources which were 

important for their wellbeing. The key community resources that were identified as needing 

protection included houses, farms, fisheries, coral reefs, mangroves, livestock, drinking water, 

salt and key infrastructure. The physical location of these community resources was marked 

on the hamlet map by the participants during the workshop (Figure 6–14 and Figure 6–15). 
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Figure 6–14: Map of key community resources in Beacou (based on community 
mapping) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: CR=Coral reefs; FA=Fishing areas; PS=Police station; FO=Fisheries office; SH=School; TBS=Tara 
Bandu site; Salt=Salt distillation place; PH=Private houses; IA=Inundation areas; DA=Drought areas; 
CH=Church; GW=Groundwater; LSA=Livestock areas; SG=Small gardens; CA=Crop areas; MR=Main road; 
WR=Water resources 
 

Figure 6–15: Key community resources in Beacou; output from participatory mapping 

 

 

 

 

 

 

 
 

Images by Karen Edyvane, 2013 
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As stated by the household representatives, a high priority was placed on private and 

community assets, including houses, small gardens, crop lands, salt production, drinking 

water wells, roads, the cemetery and mangroves. Medium priority was given to infrastructure 

and assets including kiosks (small businesses), a fish-calling site (a site traditionally 

designated for catching fish in certain seasons), livestock and the Tara Bandu site. 

Some community resources (agriculture, crops and small gardens) were under pressure due 

to the high levels of erosion and salt intrusion, and as a result of this, agricultural land had 

become degraded and less fertile. Almost all land (catchment and estuarine areas) was 

affected by salt intrusion. Salt intrusion was also common in coastal deforestation areas. Salt 

production was seen as a minor economic activity, but it occupied a large area of the low-lying 

land close to the coast. People who relied on salt production had cut mangrove trees, and this 

was the main cause of deforestation near the coast. As a consequence of this deforestation, 

salt intrusion and penetration into productive agricultural land was widespread. 

Salt intrusion and inundation had also affected the main roads in low-lying areas. These roads 

had been developed during Indonesian times and were very poor quality and lacked adequate 

drainage canals. Narrow canals and bridges had been built, but these canals could not 

accommodate water movement during heavy rain because they were too small. As a result, 

houses and agricultural lands were frequently flooded during the wet season. To date, 

programmes to maintain or upgrade these roads from either the central government or other 

development agencies have been lacking. 

A lack of health facilities and public markets were the main constraints in this hamlet. The 

private houses in this community were built with local materials that were unable to withstand 

with strong winds, inundation and floods. However, the school and church were constructed in 

a more standard way (with zinc and proper materials) was and were able to withstand climate 

risks such as strong winds and inundation. 

6.2.3.2 Local climate history, hazards and impacts 

Figure 6–16 and Figure 6–17 present the climate hazards and their impacts in Beacou. 

Inundation and flooding was a frequent event. Drought was rated as the type of climate event 

with the highest impact based on its frequency and severity, followed by flooding, inundation 

and erosion. The severity of drought risk can be expressed as the proportion of people who 

had experienced a prolonged dry season. Drought was not a frequent event every year, but 

1988 had seen a greater drought than the previous years. 

Inundation events had occurred during February and March every year over the past 10 years. 

These events were linked to regular annual high winds and storms. The most significant 
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inundation event was during 1997 when almost all houses, public infrastructure and 

agricultural land were affected, as well as the groundwater (through salt water intrusion). The 

second largest inundation had occurred in 2006. Inundation events had shaped salt intrusion 

and its impact on coastal agricultural lands. These incidents were seen as a major challenge 

in relation to the rice fields and other agricultural yields on coastal areas. Sea level rises and 

strong waves were likely to be the primary cause of coastal erosion and wetland destruction. 

According to key informants, as a consequence of the rising sea level some mangroves had 

been moved or had migrated to the inland, which reduced mangrove areas and other tidal 

wetlands (2013). This happened because the sea level and extent of inundation controls the 

position of mangroves and their composition by weakening root structures and felling trees, or 

pushing the trees landward. 

Floods had adversely impacted on roads, houses and small gardens. Flood events had 

frequently occurred during February and March in recent years, but 1997 saw the largest 

incidents (covering large areas), where almost all houses, public infrastructure, small gardens 

and pastoral lands were flooded. The water level was estimated to be 50 cm and 

consequently it had greatly affected water resources and particularly groundwater through 

infiltration, as well as livestock (poultry) and agricultural yields. 

Figure 6–16: Map of key climate hazards (and impacts) identified in Beacou 

 

 

 

 

 

 

 

 

Note: SE=Shoreline erosion; IA=Inundation areas; FA=Flood areas; DA=Drought areas 



Page | 162 

 

Figure 6–17: Local climate history and participatory mapping of climate hazards in 

Beacou 

 
Images by Karen Edyvane, 2013 

Coastal erosion (shoreline erosion) in Beacou had affected mangrove forests and the 

estuarine wetlands as well as the beach and dune system in the estuary. Workshop 

respondents estimated that the beach had been eroded by approximately 25 m over the past 

20 years. In recent years, the rate of beach erosion has increased (approximately 10 m) with 

the loss of mangroves and it had substantially affected fish and other biological habitats. 

Erosion had largely decreased the productivity of coastal resources, moving coastlines further 

inland, degrading and fragmenting the mangrove ecosystem and reducing it into small 

segments in this hamlet. Erosion and its impacts on mangrove habitats are illustrated by the 

long orange line on the map (Figure 6–16). 

Drought impacts had also affected food security in Beacou. Drought occurs from July to 

October every year. These drought events had not only impacted on the food supply but also 

on water resources, pastoral lands and livestock. Figure 6–18 illustrates the food supply (food 

shortage) situation during 2011 in the form of a seasonal calendar. About half of all 

respondents who participated in the survey had experienced seasonal food shortages or 

famine during January to March. During these months people had to wait for harvest crops 
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(maize, beans, potatoes and cassava) and some respondents had to sell their livestock to 

cope with food shortages. There was a surplus of food between March and October after 

harvesting. Between July and December (during the dry season) most people had undertaken 

fishing activity for food and to sell surplus fish for cash income. 

Figure 6–18: Seasonal calendar indicating the seasonal climate and food supply in 
Beacou 

 
Image by Karen Edyvane, 2013 

6.2.3.3 CVA versus household survey results 

The household survey results were generally confirmed in the community workshop, 

particularly in relation to the frequency of climate events and their impact on infrastructure, 

resources and livelihoods.  

However, the community workshop identified flooding and coastal inundation as priority 

climate issues in this hamlet. Compared to the household results, which identified drought as 

the priority climate issue (see Figure 6–17). 



Page | 164 

 

In particular, only a small proportion (10%) of Beacou households surveyed  thought that 

coastal erosion was an important issue for fishing equipment and boats. However, during the 

community workshop these coastal erosion issues were defined as the major problem in the 

past 10 years and had affected most people in this hamlet; for example, by the destruction of 

mangroves, shoreline destruction and intrusion of sea water into agricultural lands as a result 

of sandbank destruction.  This difference in priorities may be explained by dominance of 

fishers (rather than farmers) at the community workshop. 

The major occupations (income generating and subsistence activities) were fishing, 

agriculture, livestock, salt production and small business (kiosks). Very few respondents were 

employed as civil servants, such as teachers or fisheries officers. 

Traditional natural resource management through a combination of Tara Bandu (traditional 

law) and government regulations was seen to be generally working well. However, there were 

still incidences of people cutting trees for salt production (for example, to heat sea water and 

distil the salt). 

Workshop participants affirmed that climate variability and change had adversely affected their 

livelihoods (fisheries, agriculture, livestock and salt production). Adapting to a changing 

climate was seen as a key challenge as participants believed that this would worsen in the 

future if no mitigation and adaptation activities were undertaken. The people in this hamlet are 

currently working together with the Food and Agricultural Organization (FAO) and local 

government to re-establish vegetation along coastal areas in order to maintain buffer zones, 

which aims to reduce inundation and strong winds. A local NGO (Haburas) had also worked 

with the community to plant new trees as well as to reinforce Tara Bandu application. These 

programmes were endorsed and recognised by the local government. The local government 

intends to provide technical support (technicians) to plant new trees. 

6.2.4 Community resources, climate hazards and impacts in Sau 

Community resources, climate hazards and impacts were assessed in Sau, through a CVA 

workshop, with representatives of respondent households, the village head and local experts 

(see Figure 6–19).  
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Figure 6–19: CVA workshop in Sau 

 
Image by Abilio da Fonseca, 2014 

6.2.4.1 Identification and mapping of key community resources 

The sectors that were identified as key community resources were agriculture, fisheries, coral 

reefs, livestock, public infrastructure, private houses and water resources. These key 

resources were identified as the key priorities that need to be protected from climate impacts. 

The physical location of these community resources was mapped on the hamlet map, as 

shown in Error! Not a valid bookmark self-reference. and Figure 6–21. 

Some community resources had been affected by floods, such as the groundwater. Workshop 

participants argued that the groundwater was contaminated two to three times each year 

through infiltration by floods and inundation. Respondents who lived close to the beach were 

dependent on groundwater that did not meet hygiene standards because it was heavily 

contaminated by seawater intrusion and floods. 

The rice fields occupying the flattest terrain adjacent to the river were without adequate 

drainage canals. In the rainy season, the existing canals could not accommodate the river 

overflow, and so almost all houses and infrastructure on the riverbanks were flooded. As a 

result, most of the water sources were contaminated and some livestock were affected. As an 

urban area, the local government had committed to building canals and sea walls with outside 

support, such as that offered by development agencies. This initiative was widely accepted, 
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particularly by the community leaders, who expected that through this initiative the climate 

risks that most affected this community (floods and inundation) could be mitigated. 

Figure 6–20: Map of key community resources in Sau (based on community mapping) 

 
Note: MWG=Main water gate; SG=Small gate; RF=Rice field; LR=Laclo River; LL=Livestock lands; WR=Water 
resources VO=Village office; PH=Private houses; GO=Government office; LM=Local market; 
GW=Groundwater; CH=Church; FA=Fishing areas; CR=Coral reefs; SC=School; HOSP=Hospital; PS=Police 
station; C=Cemetery; TB=Tara Bandu site 
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Figure 6–21: Key community resources in Sau; output from participatory mapping 

 

6.2.4.2 Local climate history, hazards and impacts 

Climate hazards such as flooding, inundation, erosion and drought were frequent events in 

recent times in the hamlet of Sau. Flooding was rated the priority climate event with the 

highest impact on community resources, based on their frequency and severity, followed by 

inundation, erosion and drought. Figure 6–22 and   
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Figure 6–23 show these climate events (floods, inundation, shoreline erosion and drought 

areas). 

Adjacent to the Laclo River, riverine flooding in Sau had major impacts on rice fields, livestock, 

water resources, private houses and the peoples’ psychological wellbeing. Floods occurred 

frequently between January and March every year (the wet season) for durations of 

approximately 7 days. These floods happened regularly, two to three times every wet season. 

Riverine flooding has been a long-term climate hazardin Sau, with the largest flood event 

occurring in 1973. The community argued that floods had a major impact on the small gardens 

and private houses along the riverbanks due to a lack of appropriate canals. The existing 

storm water canals in the hamlet were developed during Indonesian times, and were currently 

too narrow to accommodate the volume of flood water. Indeed, during heavy rainfall events, 

water overflowed into all private houses and adjacent low-lying lands. 

Inundation events have occurred frequently every year, over the last decade in Sau. This 

inundation, a result of sea level rise and tidal storm surge, was greatest in magnitude with the 

strong winds and storms that occurred between August and September 2012. Coastal 

inundations had always been accompanied by strong winds and storm surges. The impacts 

were enormous, not only on roads, schools and sea walls, but also on private houses, water, 

livestock and the villagers’ psychological wellbeing (see Figure 6–22, long blue line). 

Coastal erosion (shoreline erosion) had substantially destroyed the sea wall, which had been 

built more than a decade previously during Indonesian times. The impact of this was 

manifested in the destruction of the roads, bridges and schools that were located close to the 

beach (Figure 6–22, long orange line). This erosion had also largely affected the coastal 

structure and habitat by altering its composition. 
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Figure 6–22: Map of key climate hazards and impacts identified in Sau 

 
Notes: LR=Laclo River; WC=Water canal; FA=Flood areas; DA=Drought areas; IA=Inundation areas; 
SE=Shoreline erosion 
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Figure 6–23: Local climate history and participatory mapping of climate hazards in Sau 

 
Image by Karen Edyvane, 2013 

Drought is another climate phenomenon in this hamlet that starts in July and continues to 

November every year. Drought had a great impact on water resources, particularly the 

groundwater located in the coastal areas. Drought had also largely affected small gardens and 

livestock in long dry seasons. 

Respondents in this hamlet had experienced in hot winds (between August and September) 

which meant that this period was not favourable for fishers. During this time, most farmers 

worked on the rice harvest and the post-harvest activities. Some respondents were able to fish 

for domestic consumption and as a cash source before the wet season began (between 

October and November). From December to March, some people had experienced food 

shortages. To cope with this, they had increased their fishing activity in order to feed their 

families and to earn cash. Figure 6–24 illustrates the food supply situation during 2011, in the 

form of a seasonal calendar. 
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Figure 6–24: Seasonal calendar indicating seasonal climate and food supply in Sau 

 
Image by Karen Edyvane, 2013 

Approximately 40% of households that had participated in the survey experienced food 

shortages between December and March during the rainy season. This time of the year was a 

transition period, used for the preparation of land for planting crops and rice and as 

preparation for the harvest. This food shortage was mitigated by increasing fishing activity and 

the sale of livestock products. 

The rains gradually eased during April to May, which provided an opportunity for people to 

harvest their crops. The harvest was made between June and August before the dry season 

began in November. 

6.2.4.3 CVA versus household survey results 

The survey results confirmed as they related to the frequency of climate events and impact on 

key infrastructure, houses, livelihoods and other community resources.  

However, some qualifications were necessary. In particular, most respondents (95%) from the 

Sau survey thought that floods were a major issue, particularly for their rice yields. During the 

workshop the participants also argued that floods had a significant impact on key 

infrastructure, houses, livestock and peoples’ psychological wellbeing in this hamlet. 
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As confirmed by most respondents and key informants, floods were seen as the top priority 

issue in this hamlet, as a result, of local government commitment, the construction of a sea 

wall had been prioritised (see Figure 6–25). 

Figure 6–25: Construction of sea walls underway in Sau, Manatuto (November 2013) 

 
Image by Abilio da Fonseca, 2013 

Subsistence agriculture, particularly rice, was the key method of earning a livelihood in this 

hamlet. Other sources of cash income or a livelihood were livestock husbandry, fishing and 

small businesses such as kiosks. Few respondents were employed as public servants, such 

as teachers or agricultural staff. 

The community workshop revealed that the majority of the people are reliant on the 

agricultural sector as their main livelihood. However, the household survey results showed 

that a very small proportion of the community considered the agricultural sector as their key 

livelihood. 

Given the heavy reliance on agriculture, particularly rice, the highest priority actions to support 

this in a climate-challenged environment were the construction of main irrigation canals and 

the improvement of small canals to improve rice production. This could be done locally and 

with relatively little outside support. It was argued that improving and constructing irrigation 

canals would help to divert all water movement into the sea and that this would reduce the 

impact of flooding on houses, livestock, rice fields and other key infrastructure. 
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Training in the agricultural sector, particularly in planting, harvesting and post-harvesting 

systems were considered essential components to safeguard agricultural production and the 

food supply. These initiatives were seen as pivotal because with adequate skills and 

knowledge, people could increase agricultural productivity and maintain their food supply, 

which would minimise poverty. 

Fisheries and livestock were perceived as high priority actions as they were important for 

maintaining the food supply. Inundation and floods events had adversely affected these 

resources. To lessen these impacts, people had worked together to build small canals to 

divert water movement during floods. However, these initiatives were not working well and 

were not sustainable due to a lack of experience in designing canals. In addition, people had 

asked for fisheries training, including additional fishing materials to enable them to increase 

their fish catch and productivity. 

As an urban area, public infrastructure, such as the hospital, public markets, schools and 

churches was generally functioning well (available and in relatively good condition). However, 

roads and bridges in the coastal areas had been largely destroyed by inundation, erosion and 

strong storms. The local government had made a strong commitment to rehabilitate these 

roads and bridges, and road rehabilitation and sea wall construction were underway. Private 

houses were constructed with materials able to withstand strong winds and heavy rain. 

However, some private houses built close to the coastal area were frequently under threat by 

strong winds and inundation. 

Natural resource management was challenging, because existing regulations and traditional 

law (Tara Bandu) were not fully implemented. Many people had felled trees for timber to 

construct houses, as fuel for cooking and as a cash source. The workshop participants had 

recognised the impact of cutting trees and the consequences of this. However, they felt that 

they had no choice as they needed these natural resources for their survival. Indeed, adapting 

to a changing climate was believed to be challenging, as they had assumed that if no action 

was taken to reduce climate risks, these risks would worsen in the future and as a 

consequence, certain key resources (agriculture, livestock, houses and fisheries) would 

collapse. 

Currently some international organisations are working with the communities in this hamlet. 

The Japan International Cooperation (JICA) and the Chinese Government are working with 

communities to improve and introduce new rice seeds that are climate resilient and to 

rehabilitate some of the canals. These activities had received considerable attention because 

they are able improve food supply and minimise climate risks (floods and inundation). 
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6.3 Integrated vulnerability assessment 

The following section outlines the results of an integrated vulnerability assessment based on 

exposure, sensitivity and adaptive capacity indicator data from the household surveys 

(Chapters 4 and 5; see Table 6–1) and the individual CVAs for each hamlet (this chapter). 

Data on exposure was sourced from both, household survey data (Chapter 5) and existing 

relevant climate data. 

6.3.1 Climate vulnerability statements 

6.3.1.1 Climate change vulnerability of Vailana 

Vulnerability Status: Vailana has ‘high vulnerability’. 

Vulnerability Components: Vailana has high exposure, high sensitivity and low adaptive 

capacity (Table 6–1, Table 6–2, Table 6–3, and Table 6–4). 

Vulnerability Description: 

Exposure: Vailana is located on the southern coast of the country, on flat low-lying coastal 

terrain. This hamlet (population of 288) has extensive experience and exposure to climate 

hazards, particularly flooding, droughts, coastal inundation and coastal erosion. Vailana is 

located on the exposed, high-rainfall, southern coast with rainfall significantly higher than on 

sheltered, northern coast and highest of all 4 hamlets. Total average rainfall is high (for 

example, 1668 mm/year), rainfall intensity is high (for example, monthly rainfall maximums of 

326 mm/month), and the length of the wet season is long (for example, 7 months > 100mm 

per month). Together, these variable, high intensity rainfall patterns, are largely responsible for 

the regular flooding that occurs during the rainy season. Flooding and droughts was ranked as  

priority climate hazards and events in this hamlet. 

Sensitivity: Climate variability and related risks have had a strong impact on peoples’ 

livelihoods in this hamlet. These impacts have largely been on climate-dependent community 

resources; for example, agriculture, small gardens, livestock and fisheries. Most respondents 

(52%) had reported climate variability and associated risk impacts on agriculture and small 

gardens as well as on livestock populations (reported by 33% of respondents) respondents. 

Due to climate risk, particularly drought, respondents in this hamlet experienced food 

shortages lasting between 1 and 7 months each year. These food shortages had led to 

criminal actions, such as the theft of food, as reported by 30% of respondents. These food 

shortages were further intensified by the high proportion of respondents (50%) who were  
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Table 6–1: Summary of indicators of exposure, sensitivity and adaptive capacity (household data), by hamlet 

 

Descriptor Indicators Vailana Loro Beacou Sau
Exposure
Extreme climate events Major climate extreme and events (coastal inundation/erosion, floods and droughts) that identified by 

respondent households over the last 1-5, 6-10 years; and over 2011.
Drought Drought Drought Flood

Sensitivity
Coastal houses Percentage of houses and key infrastructure effected by climate hazards (inundation, erosion and 

floods) (%)
17 15 0 12

Agriculture Percentage of households reporting climate hazards (inundation, floods and droughts) impacts on 
crops (maize, rice and small gardens) (%)

52 58 52 43

Fishing activity Percentage of households reporting climate hazards (inundation, erosion and floods) impacts on 
fishing activities (%)

1.6 18 10 22

Fishing equipment Percentage of households reporting climate hazards (erosion) impacts on fishing equipment and 
boats (%)

5 30 10 35

Livestock Percentage of households reporting climate hazards (inundation, floods and droughts) mpacts on 
livestock (chicken, pig, goat, cattle and buffalo) (%)

33 42 32 25

Food shortages Number of months households experienced food shortage (range) 1-7 1-7 1-4 1-6
Percentage of households experiencing food shortages (%) 50 95 60 5

Natural resource 
dependency

Percentage of households dependent solely on fishing, agriculture and livestock for food (ie. 
subsistence only) (%)

50 47 57 30

Water security Proportion of households with access to tap water (% households) 100 30 20 80
Percentage of households reporting climate hazards (inundation, floods and droughts) impacts on the 
quantity and quality of groundwater and potable water (%)

15 47 28 5

Family cohesion Percentage of households reporting climate hazards (inundation and floods) impacts on family 
cohesion (lack of communication and re-unity) (%)

12.5 32.5 32.5 47.5

Psychological well-being Percentage of households reporting climate hazards (inundation and floods) fear in response to 
extreme climatic events (%)

40 17.5 35 65

Social conflict Percentage of households reporting social conflict (theft of animals and/or food, due to hunger) (%) 35 20 0 0



Page | 176 

 

Table 6.1 continued 
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heavily dependent on natural resources for food. However, all respondents had access to 

potable water that was not impacted by climate risks. 

Adaptive Capacity: Due to the high dependency on natural resources, lack of access to 

markets and limited physical infrastructure, Vailana had a low adaptive capacity to mitigate 

climate variability and the related risks. This included limited human capacity, natural resource 

degradation and the fact that the social assets in Vailana further exacerbated its low adaptive 

capacity. Most respondent households (36%) lived at an elevation 0–≤5 m above sea level, 

and thus were very prone to inundation and coastal erosion. The houses at this elevation were 

constructed with local materials that are unable withstand with strong winds, inundation and 

floods. The cost of the construction of housing was very low, with an average cost of USD 

468. Vailana had the highest dependency ratio (45%) of all four hamlets. However, Vailana 

had a lower household size (5.6) than the other three hamlets. The respondent households 

had the lowest educational attainment (65%) of all four hamlets investigated. 

The low agricultural production caused by climate variability was further exacerbated by 

limited or small crops areas, on average 0.6 ha. These small crop areas can produce an 

average yield of 157 kg of maize. This indicates a low crop diversity index (CDI=0). The 

average number of livestock owned by respondent households in this hamlet ranged from 0.3 

to 6.9 per household, and these were primarily poultry. Low income is the evidence of 

respondent households with low adaptive capacity. Respondent households had a very low 

annual income in 2011 (USD 1,116); the lowest of all four hamlets. Their savings were 

correspondingly low, with an average of USD 136. However, their income diversity index is 

high (IDI=0.19). The average salary from non-natural resources (pensions and paid work) is 

quite high (USD 216.5), and higher than salaries in Loro and Beacou. Climate variability risks 

also had a major impact on family cohesion and psychological wellbeing (at 12.5% and 40% 

respectively). In addition, existing customary law was not fully implemented to support and 

manage climate change impacts, due to economic pressures. 
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Table 6–2: Summary of exposure (for example. climate hazards and extreme events), 

by hamlet and district 

 
Data Source: Long-term rainfall data (1916-1974) was obtained from the Ministry of Agriculture and 
Fisheries (‘Santiga’ dataset),  for the coastal weather stations of Lore (elevation 5m), Suai (73m), 
Maubara, (15m) and Manatuto (4m). 

Table 6–3: Summary of climate impact sensitivity (based on household data), by 

hamlet 

 

Descriptor Indicators   Vailana Loro Beacou Sau

Climate Data
Rainfall 
Intensity

Minimum & maximum, average rainfall (mm per month) (1916-
1974) (Lore, Suai, Maubara, Manatuto)
Total annual, average rainfall (mm) (1916-1974) (Lore, Suai, 
M b  M t t ) Rainfall 

Frequency
Length of 'wet season' (ie. monthly rainfall >100mm; number of 
months) (1916-74) (Lore, Suai, Maubara, Manatuto)   

Community Data
Extreme 
climate events

Priority climate hazard as identified by individual households 
(survey)
Priority climate hazard as identified by community (CVA)

Percentage of households reporting events over past year (2011) 45 ab 25 a 55 ab 95 b

Percentage of households reporting events over past, 1 - 5 years 40 15 55 45

Percentage of households reporting events over past, 6 - 10 years 40 bc 10 ab 0 a 50 c

Percentage of households reporting events over past year (2011) 60 b 100 b 45 ab 15 a

Percentage of households reporting events over past, 1 - 5 years 5 0 0 5

Percentage of households reporting events over past, 6 - 10 years 55 b 100 b 60 b 10 a

Percentage of households reporting events over past year (2011) 35 b 0 a 35 b 40 b

Percentage of households reporting events over past, 1 - 5 years 55  70  30  30  

Percentage of households reporting events over past, 6 - 10 years 5 10 25 10
Percentage of households reporting events over past year (2011) 30  40  10  40  

Percentage of households reporting events over past, 1 - 5 years 35  10  20  30  

Percentage of households reporting events over past, 6 - 10 years 5 a 50 b 5 a 10 a

4 29

Drought Drought Flooding

Flooding Flooding Drought

16 - 161 1 - 106

1668 1384 938 570

20 - 216

Coastal 
inundation 
events

Coastal 
erosion

Flooding 
events

Drought events

24 - 326

7

Flooding

Drought
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Table 6–4: Summary of adaptive capacity (based on household data), by hamlet 
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6.3.1.2 Climate change vulnerability of Loro 

Vulnerability Status: Loro has ‘high vulnerability’ (and is also the most vulnerable of all four 

hamlets). 

Vulnerability Components: Loro has high exposure, high sensitivity (the highest of all four 

hamlets) and low adaptive capacity (Table 6–1, Table 6–2, Table 6–3 and Table 6–4). 

Vulnerability Description: 

Exposure: Adjacent to the large mangrove populations, the hamlet of Suai Loro (population of 

900), is largely located on low-lying, tidal lands surrounded by wetlands – and highly 

influenced by riverine, estuarine and tidal conditions.  People in this hamlet have extensive 

experience and high exposure to climate hazards, particularly riverine flooding, coastal 

inundation (from storm surges and sea level rise), droughts and coastal erosion. As Suai Loro 

is located on the exposed, high-rainfall, southern coast. Total average rainfall is high (for 

example, 1384 mm/year), rainfall intensity is high (for example, monthly maximum of 216 

mm/month), and the length of the wet season is long (for example, 9 months > 100mm per 

month) – the longest wet season of all 4 hamlets.  Together, these variable, high intensity 

rainfall events, are largely responsible for the riverine flooding that occurs during the rainy 

season. Flooding and droughts was ranked as the priority climate hazards and events in this 

hamlet. 

Sensitivity: These climate risks had a major impact on the socio-economic status and 

wellbeing of the local community. These include impacts on climate-sensitive livelihoods 

(especially crops and livestock) and also major impacts on food and water security (the 

highest of all four hamlets). Approximately half of the respondents had reported climate-

related impacts on key livelihoods (crops, 58%; livestock, 42%; fishing,18%). The majority of 

households (95%) had experienced food shortages, with food shortages ranging from 1 to 7 

months every year, with 20% of households reporting theft of food. These food security issues 

were further exacerbated by the high level of natural resource dependency in the hamlet, with 

47% of respondents dependent on natural resources (agriculture, fishing and livestock) for 

food. Similarly, only 30% of respondents had access to potable water and 47% of households 

had reported climate-related impacts on water quality/quantity. 

Adaptive Capacity: The effects of these climate hazards and impacts on Suai Loro are further 

intensified by its low level of adaptive capacity, due to the very limited physical assets (the 

lowest of all four hamlets), and also the limited human, natural, financial and social assets 

within the hamlet. Physically, a large proportion of the respondents (66%) are located in 
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vulnerable, low-lying coastal areas (0–≤5m) (the highest proportion of all four hamlets), with 

houses primarily constructed from traditional natural materials (average cost USD 810), at 

high risk and vulnerable to strong winds, and to a lesser extent, inundation and riverine 

flooding (as many dwellings are elevated). The social and economic impacts of climate 

hazards were intensified by the high levels of human dependency (ratio 30%); but mitigated by 

small household sizes (an average of 5.9 persons) and relatively high levels of education 

(78% of household heads had attended school). 

Climate impacts on livelihoods were intensified by the limited natural assets, including small 

areas of cropping land (largest) (average 0.9 ha); moderate crop production (average 575 kg); 

low crop diversity (CDI=0.07) and a modest level of livestock resources (average of 0.5–7 

animals/household), mostly poultry (for cash and food). Similarly, climate impacts were 

aggravated by the limited financial resources (and lack of cash income) within the hamlet, as 

evidenced by the low household income (average USD 1,668), low household savings 

(average USD 132), and the low household income diversity (IDI=0.05) and low level of 

household income from non-natural resources (example, wages, pensions) (average USD 

199). The impacts of climate-related hazards are further heightened by social and cultural 

responses to climate impacts, with 32.5% of respondents reporting climate risk impacts on 

family cohesion and 17.5% of respondents reporting climate-related fear. Further, there are 

also no regular customary practices (Tara Bandu) to assist the local community in dealing with 

these cultural and social impacts. 

6.3.1.3 Climate change vulnerability of Beacou 

Vulnerability Status: Beacou has ‘high vulnerability’. 

Vulnerability components: Beacou has high exposure, high sensitivity and moderate 

adaptive capacity (Table 6–1, Table 6–2, Table 6–3 and Table 6–4). 

Vulnerability Description: 

Exposure: The hamlet of Beacou (population of 500), is located on low-lying lands, adjacent to 

tidal wetlands – and highly influenced by storm surges, tidal conditions.  People in this hamlet 

have extensive experience and high exposure to climate hazards, particularly riverine flooding, 

coastal inundation (from storm surges and sea level rise), droughts and coastal erosion.  

Beacou is located on the sheltered, low-rainfall, northern coast.  Total average rainfall is low 

(for example, 938 mm/year), rainfall intensity is moderate (for example, monthly maximum of 

161 mm/month), and the length of the wet season is short (for example, 4 months > 100mm 

per month).   Together, these variable, short, low intensity rainfall events, are largely 

responsible for the severe and regular droughts that occur during the long  dry season. And 
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also, the flash flooding  during the short wet season.  To this end, flooding, droughts and 

coastal inundation was ranked as the priority climate hazards and events in this hamlet. 

Sensitivity: These climate risks had a strong impact on peoples’ livelihoods and the wellbeing 

of the local community. They particularly impacted agriculture, livestock populations, fisheries, 

water sources and coastal infrastructure. The highest impact was on agriculture, as reported 

by 52% of respondents, then on livestock, as reported by 32% of respondents. The majority of 

respondents (60%) had experienced food shortages. However, the duration of food shortages 

was relatively short, between 1 and 4 months, which was less than that in the other three 

hamlets. These food shortages were exacerbated by the peoples’ high dependency on natural 

resources for food and cash income. Indeed, natural resource dependency was reported as 

the highest (57%) of all four hamlets studied. Water sources in this hamlet were seen 

challenging because very few respondents (20%) had access to potable water. Most families 

used groundwater, which was of lower quality than potable water. 

Adaptive Capacity: The adaptive capacity of the respondents in this hamlet was moderate. 

This was due to their educational attainment, and their income sources typically coming from 

fisheries and application of customary law (Tara Bandu). Even though they were highly 

dependent on natural resources this was compensated by their relatively high income and the 

application of customary law. Few respondents (8%) had built their houses at and elevation 0–

≤5 m above sea level. These houses were constantly affected by climate risks such as 

inundation and flooding. Their houses had strong foundations and were constructed of zinc 

and thus were able to shelter them from strong winds, inundation and floods. The cost of 

constructing a house was approximately USD 1,090, higher than that in Vailana and Loro. The 

household dependency ratio was lower (20%) than in the other three hamlets. However, the 

household size was larger (6.3) than in Vailana and Loro. The educational attainment was the 

highest (80%) of all hamlets. 

The area of land farmed was limited (0.4 ha), which led to low agricultural production, quite 

apart from climate risks. The average agricultural production was 269.5 kg, which was higher 

than that in Vailana but lower than the other two hamlets. The crop diversity index was high 

(0.13). Apart from agricultural products, respondents had also livestock, ranging from 1.2–2.6 

animals on average per household. These animals were primarily pigs and goats, which were 

used as a source of food and cash income in this hamlet. This is evidence that respondents 

here had a diversity of income that allowed a moderate adaptive capacity. For example, 

respondents had an average income of US$ 5,838, the highest average income in all four 

hamlets in this study. However, household savings were relatively low (USD 243) compared to 

those in Sau (USD 305). No villagers earned salaries from non-natural resource income 

sources, such as paid work and pensions. Climate variability and related hazards had 
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impacted on family cohesion (32.5%) and psychological wellbeing (35%) but this was 

lessened by the application of customary law. 

6.3.1.4 Climate change vulnerability of Sau 

Vulnerability Status: Sau has ‘high vulnerability’ (but is the least vulnerable of the four 

hamlets). 

Vulnerability Components: Sau is high exposure, low sensitivity and has the highest 

adaptive capacity (Table 6–1, Table 6–2, Table 6–3 and Table 6–4). 

Vulnerability Description: 

Exposure: This hamlet is situated on the northern coast and is adjacent to the Laclo River, the 

second longest river in Timor-Leste. The hamlet (population of 2,438) experiences intensive 

flooding two to three times a year, even though the rainfall is low (500–1,000 mm/year). The 

main water resources come from the Aileu district, where approximately 12 small to medium 

rivers combine and flow down to the Laclo River. However, this hamlet is located on a high 

profile coastline, and had experienced a high degree of exposure to climate risks, typically sea 

level rises and inundation, coastal erosion and strong surf. The community and respondent 

households in this hamlet had ranked the climate risks in the following order of severity: 

flooding, inundation, coastal erosion and droughts. 

Sensitivity: Climate risks had a major impact on community resources as well as peoples’ 

psychological wellbeing in this hamlet. These include impacts on rice fields, small gardens, 

livestock and water security. About 43% of the respondents had reported climate risks 

impacting on agriculture, 25% on livestock and 22% on fishing. Very few respondents (5%) 

had experienced food shortages of between 1 and 6 months every year, even though 30% of 

respondents were dependent on natural resources (agriculture, fishing and livestock) for food 

and cash. Floods and inundation also had a major impact on water security, particularly 

groundwater, as reported by 20% of respondents, while 80% of respondents had access to 

potable water. 

Adaptive Capacity: As an urban area, respondents had adequate adaptive capacity to adjust 

and mitigate climate risks. The indicators suggest that physical development, and human and 

financial assets are relatively available to deal with climate risks. Few respondents (3%) were 

located in low-lying areas between 0–≤5 m above sea level. Houses were constructed from 

materials that could withstand strong winds, floods and sea level rises. Indeed, the average 

cost of constructing a house was the highest (USD 2,453) of all four hamlets. Human 

dependency was higher (40%) than Loro and Beacou, and Sau had highest average 
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household size (7.3) of all four hamlets. Respondents had relatively high educational 

attainment (70%). 

Food shortages and key livelihood sources were affected by the limited natural assets, such 

as limited rice farming (0.4 ha on average), even though this hamlet had the highest 

production (720 kg) of all four hamlets. However, the crop diversity index was low (CDI=0). 

The number of livestock owned by respondents ranged from 3.5 to 7.5 on average. Poultry 

were more common than other animals, and families used their livestock for domestic 

consumption. Climate impacts were lessened by the relatively high level of the household 

income; the respondents had an average income of USD 3,391 which was higher than that in 

Vailana and Loro. Indeed, the household income diversity index was higher (IDI=0.07) than 

that in Loro and Beacou. Further, Sau had the highest average household savings (USD 

3,035) of all four hamlets. Compare to the other hamlets, average non-natural resource 

derived income (pensions, kiosks and paid work) was also high (USD 532). However, the 

impacts of climate-related risks were further exacerbated by the relatively high levels of fear 

and poor psychological wellbeing, with 47.5% of respondents reporting climate risk impacts on 

family cohesion and 65% of respondents reporting climate-related effects on their 

psychological wellbeing. A further constraint in this hamlet is that no regular customary law 

practices have been instituted to assist the local communities in dealing with climate hazards 

and the related risks. 

6.3.2 Hamlet comparisons in climate vulnerability 

These four hamlets are all highly vulnerable to climate variability and the related risks. This is 

because the majority of the respondent households are located in low-lying areas close to the 

sea. Two of the hamlets, Loro and Sau were particularly prone to river flooding, due to their 

close proximity to large rivers.  Some respondent households at higher elevations were also 

vulnerable to climate variability and related shock effects; typically in their coastal zones 

where the main key infrastructure and other vital community resources were concentrated. In 

addition, the respondent households’ capacity is relatively low across all four hamlets. Indeed, 

significant impacts of climate variability still should be anticipated by all communities in these 

hamlets. The frequency of climate variability events such as inundation, erosion, floods and 

droughts has increased and greatly affected community resources. The major climate effects 

were felt primary in agricultural yields, fisheries, livestock, water sources and other key 

livelihood sources. 

The overall vulnerability of the communities in these four hamlets can not be evaluated in 

isolation from other threats. Traditional knowledge, local experience and local government 
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policy and regulations must be considered when investigating climate variability and its 

impacts. Table 6–5 outlines the climate vulnerability status in the different hamlets. 

Table 6–5: Summary of climate change vulnerability, by hamlet 

 

 

Descriptor Vailana Loro Beacou Sau
High exposure (to 
climate hazards), 
particularly from 
drought, flooding and 
coastal inundation.  

High exposure (to 
climate hazards), 
particularly from 
drought, inundation, 
coastal erosion and 
flooding.  

High exposure (to 
climate hazards), 
particularly from drought, 
flooding, inundation and 
coastal erosion. 

Very high exposure (to 
climate hazards), 
particularly from flooding, 
inundation, erosion and 
drought. 

Moderate sensitivity 
(climate impacts), 
particularly on climate-
sensitive livelihoods 
(especially on crops 
and livestock) and 
high impact on food 
security.  

Highest sensitivity 
(climate impacts), 
particularly on climate-
sensitive livelihoods 
(especially on crops 
and livestock) and also, 
high impact on food 
and water security 
(highest of all hamlets) 

High sensitivity 
(climate impacts), 
particularly on climate-
sensitive livelihoods 
(especially crops and 
livestock) and high 
impact on food security 
and moderate impact on 
water security 

Lowest sensitivity  (climate 
risks), particularly on 
climate-sensitive livelihoods 
(especially on crops and 
livestock) and low impacts 
on food and water security 
(lowest of all hamlets) 

Low adaptive 
capacity (lowest), 
due to limited 
physical, human, 
natural (lowest), 
financial (lowest) and 
social assets.

Low adaptive 
capacity, due to 
limited physical 
(lowest), human, 
natural, financial and 
social assets.

Moderate adaptive 
capacity, due to major 
physical assets, 
moderate financial 
assets and limited 
human, natural and 
social assets. 

Moderate adaptive 
capacity (highest), due to 
major physical assets 
(highest), moderate financial 
assets (highest) and 
moderate natural 
assets(highest) and limited 
human and social assets 
(lowest). 
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7 Local adaptation options and priorities 

7.1 Chapter scope 

This chapter presents the outcomes of the climate change local adaptation planning 

workshops that were conducted in each of the four hamlets. The people invited to participate 

were key informants/local leaders and local experts, including some respondents of the 

household survey, except in Vailana. The workshop in Vailana included somerespondents of 

the household survey and also young men, students and girls. Workshops were conducted 

during late November 2013 and early to mid-January 2014. Table 7–1 provides an overview of 

workshop participation. The first adaptation workshop, in Beacou, served as a pre-test for the 

workshop methodology and agenda. It became obvious that the agenda required 

simplification. The final workshop agenda is detailed in Table 7–2. 

The objective of the workshops was to test the wider applicability and validity of the survey 

and workshop results. The workshops covered the following topics: key community resources, 

climate history, risks and impacts, adaptation options and triangulation of the survey results. 

Key resources included infrastructure/houses, agriculture, fisheries, livestock and water 

resources. Climate change impact and related risks included inundation/sea level rises, 

erosion, flooding, strong winds/storms and drought. The results of the household survey were 

presented and discussed. 

Local adaptation priorities based on major climate change impacts established from the 

survey results were presented and discussed to obtain participants’ feedback (Table 7–2). In 

addition, local adaptation planning was discussed and defined by key informants, household 

representatives and local experts. The main issues discussed were the adaptation options, 

prioritisation of these options, expected challenges, and the possible ways to tackle these 

challenges. At the end of the workshop, participants were asked to rank the feasibility of the 

adaptation options based on three main criteria: benefit/cost, viability and effectiveness. 

The following sections give an account of the key points made by the workshop participants at 

each case study site. 
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Table 7–1: CVA and local adaptation planning workshops—participant details 

Location and date(s) Participation and notes 

Beacou 
23 and 24 November 2013 

4 January 2014 

23 Nov: 10 participants; one female, nine males, including six fishers, 
one local leader, two farmers and one from the livestock industry. 
After lunch three participants were absent due to preparations for a 
funeral. 
24 Nov: 11 participants; all participants from the previous day plus 
one additional person, a farmer. After lunch four participants were 
absent for the final preparations for the funeral. The afternoon session 
of the second day was interrupted by the funeral procession hence an 
additional visit on a later date was necessary. 
4 Jan: one participant only (head of the hamlet); who had attended 
both days of the first workshop (23 and 24 Nov 2013). This lack of 
attendance was due to peoples’ family commitments during New Year 
celebrations. 
 

Sau 
2 and 3 January 2014 

2 Jan: nine participants; all males, including the head of the village, 
three farmers, one fisher, one carpenter, one fisheries officer and two 
environmental officers. All participants actively contributed to the 
workshop up to the end of day 1. 
3 Jan: eight participants; all from the previous day, except one 
environmental officer, who was absent due to another commitment. 
The second day of the workshop was conducted in a very conducive 
manner because the head of the village encouraged all participants to 
discuss and prioritise adaptation options in an integrated way. 
 

Loro 

6 and 7 January 2014 

6 January: 13 participants; two females, 11 males, including four 
fishers, three famers, three livestock workers, one catechist and two 
community leaders (head of the village and head of the hamlet). All 
were present for the full day. 
7 January: ten participants; all participants from Day 1, except three 
people who were absent due to other commitments. On Day 2 the 
workshop was focused on the identification of local adaptation options 
and defining them based on priority actions. Day 2 also was combined 
with a transect walk (direct observation) of community resources that 
had been exposed to climate variability and change. 
 

Vailana 

13 and 14 January 2014 

13 January: 20 participants; six females, 14 males, including four 
farmers, five senior high school students, two businesswomen (kiosk 
operators), six fishers, one fisheries officer from the district, two local 
leaders (head of the village and head of the hamlet). After lunch 11 
participants were absent due to other commitments. 
14 January: nine participants; two females and seven males, including 
two fishers, two farmers, two senior high school students, one 
fisheries officer and two local leaders (head of the village and head of 
the hamlet). 
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Table 7–2: Agenda for CVA and local adaptation planning workshops 

Session and approximate 
duration 

Purpose and details 

Day 1  
Session 1: 2 hours The village/hamlet level GIS and community survey results on climate 

change impacts and vulnerability were presented. A common 
understanding of the research objective and climate vulnerability 
assessment results was developed. Key informants and other 
participants were encouraged to offer their comments and opinions of 
the veracity of the survey results during the workshop. 

Session 2: 2 hours Participants marked local community resources and assets on 
laminated images. Maps of natural assets (habitats), socio-economic 
activities (fishing, livestock and agriculture), water resources, cultural 
asset (Tara Bandu sites), key infrastructure and social services (e.g., 
schools, roads, churches, hospitals and markets) were produced. 
Biophysical, socio-economic and cultural resources of importance to 
the community were identified by this process of community mapping. 

Session 3: 3 hours Participatory mapping of local climate history and impacts, past and 
present climate risks and impacts was carried out. This included types 
of events and their severity and magnitude. A seasonal calendar was 
developed to describe present climate variability conditions; for 
example, a normal year with respect to wet conditions versus drought 
in relation to crop planting activities, harvesting and fishing activity. This 
aimed to help participants to better understand how climate change 
and its variability may currently be affecting their livelihoods. 

Day 2 
Session 4: 2 hours 
 

 
The village/hamlet level adaptation results were presented to help 
develop a shared understanding of local climate change vulnerability, 
and potential adaptation options were devised. 
Climate change adaptation options based on exposure and sensitivity 
maps were identified. List of possible local adaptation options were 
identified, including the type and location of the adaptation based on 
the community resources map. 

Session 5: 2 hours Identify adaptation options. Key factors that were considered in 
prioritising adaptation options were (i) effectiveness (reduce exposure, 
sensitivity and increase adaptive capacity, (ii) benefit/cost, e.g., social, 
ecological and economic benefits, (iii) feasibility, or the practicality of 
implementing adaptation options. 

Session 6: 2 hours Priority adaptation actions were made for the key target resources; for 
example, key community resources that are essential to sustain human 
life, and a ranking was made based on their importance, effectiveness, 
benefit/cost and practicability. 

Session 7: 2 hours Adaptation options and actions were agreed and prioritised/ranked. 
Adaptation options and actions were ready for future action or 
implementation. 

7.2 Local adaptation options and priorities for Beacou 

Table 7–3 summarises the discussion of adaptation options. Among the adaptation options for 

houses, a high priority was the evacuation of the elderly and children to safe homes outside 

the inundation zone during inundations and floods. Some houses in low-lying areas were built 

with poor quality materials that did not provide security from strong winds. The construction of 

an evacuation centre to accommodate the elderly and children during floods was considered 

an effective way to protect lives. Life and asset protection was deemed critical, but the 
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construction of new infrastructure was constrained by the available funding and depended on 

political decisions. 

Table 7–3: Adaptation options and prioritisation (Beacou) 

Adaptation options Priority 

Housing infrastructure  
Evacuate people (children and the elderly) from homes during events 
Improve house construction (stilts, durable materials) 
Plant trees around houses to reduce strong winds 
Radio alerts 
Relocation of houses 
Construction of flood canals 
Construction of an evacuation centre 

High 
High 
Medium 
Medium 
Medium 
Medium 
Medium 

Water resources  
Regulate or control wells through the construction of water taps 
Import water 
Establishment of household water catchment and re-use 
Improve storage and delivery to support irrigation and livestock 
Installation of a desalination plant 

High 
Medium 
Medium 
Medium 
Low 

Fisheries  
Exploit deep water fisheries through FADs and training 
Diversity catches to sustain fisheries sustainability 
Protection and restoration of fish habitats (mangrove and corals) 
Alternative livelihoods (livestock, tourism and small businesses/kiosks) 
Land-based fishing activities (net/boat repairs, drying and fish processing) 
Aquaculture development (seaweed and sea cucumber) 
Combat illegal fishing 

High 
High 
High 
High 
Medium 
Medium 
Low  

Mangroves and coral reefs  

Protect and restore vegetation with buffer zones (erosion and sediments) 
Improve regulation and management of mangroves through Tara Bandu 
Marine Protected Areas: fish spawning, feeding and nursery areas 
Prohibition of coral harvesting and destruction using Tara Bandu 

High 
High 
High 
High 

Public/key infrastructure 
Roads: construction of flood-proof main roads 
Schools, churches, houses and cemetery: construction of flood protection 
and water canals to divert water movements 
Protection against tidal inundation (needs coastal engineering) to reduce 
stagnant water, which is a major health risk (malaria and dengue fever) 

 
High 

High 
 
High 

Agriculture  
Multi-cropping (maize, beans, sweet potatoes, cassava and pumpkin) 
Re-vegetation of sloping land (reduce erosion and surface run-off) 
Training to improve crop production (planting, harvesting and post-harvest) 
Construction of shelter belts to reduce strong winds 

High 
High 
High 
Medium 

Salt production  
Utilisation of solar panels as fuel sources (to reduce firewood use) 
Training and education on solar panels 
Evaporation pans (requires cooperative and extra effort) 

High 
High 
Medium 

Livestock  
Establishment of a designated flood shelter (poultry, pigs and goats) 
Disease prevention typically for small animals (pigs, chickens and goats) 
Alternative grazing lands, particularly for cattle (too dry to produce hay) 
Intensive livestock farming is not viable in this hamlet due to very dry land 

High 
High 
High 
Low 
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Improved housing construction was also considered a high priority. Options including the 

relocation of particularly vulnerable houses to higher ground and construction of flood canals 

were thought to be expensive and of medium priority. Education and public awareness of 

climate risk knowledge; for example, climate risk evaluation, risk management and risk 

communications, was considered necessary to shape the social climate and risk culture. 

Climate risk evaluation and management could then be applied to determine the levels of 

preparedness for the change that risks may trigger and the potential acceptability of a risk 

management decision. However, the most exposed houses were often the poorest 

households, which lack this capability. The central government planned to build climate-proof 

houses (five houses per village per year). These houses were designed and designated for 

the elderly and people who were unable to construct their own homes. This initiative was 

planned for implementation in 2014. 

Workshop participants agreed that the key action in relation to water resources was the 

provision of tap water to every household (with regulations and restrictions on use). This could 

be done immediately. Water desalination was not considered a viable option. Water resources 

were pointed out as being vital not only for humans, but also for livestock. Almost everyone 

had suffered from water shortages for decades as groundwater was the current only water 

source, and this was not of a potable standard. The major wells were located in inundation 

zones; only two community wells were located outside of inundation and flooding areas. Many 

participants raised their concerns regarding the higher rates of evaporation caused by higher 

temperatures. They had assumed that higher temperatures would continue to affect water 

resources, which would contribute to biomass degradation and would affect human health, 

livestock breeding and populations. 

Workshop participants argued that water demands were the main issue due to an increase in 

population and the need for small gardens in backyards. As the population increased, with this 

lack of water and sanitation the incidence of endemic diseases, such as malaria and dengue 

fever, had increased substantially, particularly during flooding and inundations. Climate 

variability impacts (inundation, floods and drought) on human health were exacerbated by the 

existing poor conditions arising from insufficient potable water. At the workshop, a lack of 

understanding of the interactions between heath and climate variability conditions was 

observed. At the time of the workshop, no sanitation programmes had been established by 

either the local government or development agencies. However, the local government and 

community leaders had invited World Vision to establish community drinking water wells 

across this hamlet. This was expected to be implemented in 2014. 

In relation to fisheries conservation and protection, the priority adaptation options were to 

protect fish habitats, in particular mangroves, and to diversify fish catches (targeting different 
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species of fish) by using fish aggregate devices (FAD). Participants argued that climate 

change would affect fisheries resources by destroying nursery and breeding habitats such as 

mangrove areas, thereby affecting the availability of nutrients. 

Fisheries resources management was challenging due to a lack of the skills and knowledge 

required to manage fisheries resources in a sustainable way. A lack of fishing equipment and 

cold storage facilities (ice, storerooms and freezers) was confirmed as another critical obstacle 

to managing fisheries resources. The establishment of a cooperative was regarded as a 

priority strategy to overcome this lack of facilities and provide fishing equipment, ice, a 

storehouse and freezers. However, the establishment of such a cooperative was constrained 

by political decisions and the need to source external funds. 

With regard to corals and mangroves, restoration of mangrove vegetation to secure buffer 

zones was considered a priority. Enforcement of traditional laws and existing government 

regulations was seen as being pivotal to this goal. Restoration of mangrove vegetation had 

received considerable attention, not only at the community level but also from international 

organisations such as the FAO, which is currently working with communities and local 

governments to restore new mangroves to protect the area from erosion and inundation. The 

FAO is also working with communities to strengthen Tara Bandu. Tara Bandu was deemed to 

be the main tool to conserve and protect natural resources in this hamlet. 

Haburas (a local NGO) is also currently working with local communities to provide more 

seedlings to restore coastal vegetation and promote coastal conservation. To secure the 

sustainability of coastal resources, Haburas is working closely with village elders and 

community leaders to fortify Tara Bandu. To support and sustain coastal vegetation, the 

Timor-Leste Government has initiated a programme to facilitate salt production by providing 

solar panels. This initiative was seen as an important step to reduce the felling of trees for salt 

distillation. 

Flood proofing and flood protection, for example by the construction of a sea wall, were 

regarded as key measures for protecting public infrastructure, but would require substantial 

funding. Soft ecosystem-based approaches were also given high priority, including re-

vegetation of mangroves on the beach to act as buffers. This could be done by the 

community; it was low-cost and offered future adaptation potential. Buffers would not only 

mitigate tidal inundation, they would also prevent water stagnating and reduce the associated 

health risks such as malaria and dengue fever. Malaria and dengue fever were the main 

challenges in this hamlet, as confirmed by key informants. Health impacts were seen as 

critical due to a lack of facilities and the long road trip (around 10 km) required to access 

health services and facilities. 



Page | 192 

 

Livestock was a primary source of livelihood in this hamlet and included cattle, pigs, dogs, 

chickens and goats. Flood shelters for livestock (poultry, pigs and goats), disease prevention 

and alternative grazing areas for cattle were seen as priority actions. Intensive livestock 

husbandry was deemed unfeasible due to the arid land. Due to the high demand for livestock, 

particularly for traditional ceremonies, possible options were considered to relocate livestock 

to new pastoral land; however, this would require extra commitment and effort. Relocating 

livestock to new pastoral land was seen not as viable by the community because they had 

multiple ways (livestock, agriculture, fisheries and salt production) to ensure their livelihoods. 

Due to climate risks and pastoral land matters, the communities preferred to keep small 

animals (chickens, pigs and sheep) rather than cattle and buffaloes. These small animals 

were expected to contribute to risk management in several ways and be easy to control. Small 

animals are more adaptable to climate risks and shocks than crops: they are moveable, which 

can increase their survival by moving them across diverse natural landscapes. Indeed, the 

communities in this hamlet were likely to keep these animals for cash and for domestic 

consumption. They also affirmed that small animals (chickens, dogs and pigs) can be fed 

kitchen scraps with minimal effort. 

The installation of solar panels was regarded as the highest priority adaptation strategy for salt 

production in order to reduce the use of firewood. However, the feasibility of this was regarded 

as low due to financial, skill and technological constraints, even though the central 

government had shown its commitment to carry out training and provide some facilities (house 

and solar panels). This programme was expected to be implemented in 2014. 

The highest priority adaptation option for agriculture was multi-cropping to minimise the 

reliance on individual crops. Under multi-cropping systems, the options include the 

development and introduction of crops resistant to droughts and floods and better 

cropping/farming systems. This requires overcoming human capacity constraints. To 

overcome these constraints, the MAF has allocated agricultural extension services to each 

hamlet to work closely with farmers and fishers to improve their farming systems and increase 

their productivity. 

Adaptation options for land management, included the planting of shelter belts and re-

vegetation of slopes, were seen as important for reducing water run-off, soil erosion and the 

protection of arable land. These projects were expected to be implemented and guided by 

forest technicians and environment staff in each hamlet/village. This action (re-vegetation) has 

been implemented by local communities, NGOs and government, but it is not sustainable 

because people are still cutting trees for cash, fuel for cooking, production of salt and the 

construction of houses. 
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7.2.1 Household responses to climate hazards and events based on the survey 

results 

According to the results of the household survey, residents of Beacou were already exercising 

some adaptation measures for dealing with local climate hazards. Adaptation measures for 

coastal inundation in this hamlet were thought to be challenging. This is because the existing 

practice to avoid inundation risks was to evacuate people (children and the elderly) to higher 

ground or their relatives’ homes. Inundation occurs frequently and affects community 

resources in this hamlet. Very few respondents (10%) expected to build small canals during 

inundations to reduce the risks. Another 5% of respondents had preferred to report the 

inundation impacts to local authorities, expecting them to invite other people to build canals. 

In terms of coastal erosion, only 5% of household respondents identified that re-vegetation 

with mangrove trees was important to reduce coastal erosion. This approach aims to reduce 

coastal erosion and sandbank destruction. In addition, respondents also expected to apply 

existing laws and regulations to protect and preserve coastal habitats against erosion in order 

to maintain coastal habitats that support human welfare. However, there were no reports from 

respondents regarding the application of Tara Bandu as a tool to protect natural resources, 

but during the data triangulation workshop Tara Bandu was widely discussed and accepted as 

an appropriate tool for managing and conserving fisheries and natural resources. 

7.2.2 Key messages 

In Beacou, from a climate change perspective, inundation and flooding emerged as the top 

priority issues. The consensus was that there were mitigation options available, as opposed to 

drought, which was deemed mostly unmanageable. 

Given the heavy reliance of livelihoods on fisheries, the highest priority actions to support 

livelihoods in this climate-challenged environment were the establishment of a fisheries 

cooperative and improved fisheries management. These actions could be taken locally and 

with relatively little outside support. 

Improved land management, including re-vegetation of slopes, restoration of mangroves and 

improved cropping systems were essential elements in a strategy to improve food security. In 

addition, water security was the other critical point that needed an appropriate adaptation in 

this hamlet. 
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7.3 Local adaptation options and priorities for Sau 

Table 7–4 summarises the discussion of local adaptation options for Sau. Among the 

adaptation options for agriculture, high priority was given to the construction of irrigation 

schemes, flood levees and green belts. In addition, introducing new crop varieties (hybrids) 

that improve resilience to flood and drought to replace local seeds was also deemed as a 

priority to reduce food shortage and secure key livelihoods. Food supply received 

considerable attention during the workshop. Food insecurity can create social conflicts, such 

as the theft of animals and crops to feed family members. Indeed, food supply was carefully 

addressed, in terms of proposing an irrigation scheme, the quality of seeds, the construction of 

canals and training in skills for harvesting and post-harvest processing. Capacity building or 

training in harvesting and post-harvest processing was accepted by both community leaders 

and local government to be conducted by JICA, while the provision of good quality rice seeds 

(hybrids) by the Chinese Government was approved. 

In terms of adaptation options for fisheries, the priority was to improve fisher’s skills and 

knowledge, as well as their fishing equipment, in order to increase their productivity. The need 

to secure fish products in a sustainable way by protecting and conserving fisheries resources 

was also reinforced by participants as a high priority. Exploring deep-water fisheries, 

aquaculture development and building a fish-landing centre were seen as challenges due to 

viability concerns and the requirement for external funds. These were considered as medium 

priorities. A fisheries development was not seen as a high priority, even if resources were 

available. These low expectations were largely the result of a lack of skills and knowledge and 

the fishing materials for exploring deeper waters. The participants traditionally used small 

canoes with gill nets, which limited their fishing productivity. 

Community workshop participants agreed that the key action in relation to coral reefs, fish 

habitats and fish breeding is that it is essential that these be conserved. Coral reefs 

conservation was not considered a viable option, due to a lack of knowledge and technical 

skills. People were greatly concerned regarding the sustainability of fish products and the 

protection of fish habitats, including coral reefs, and considered this extremely important. 

Indeed, the existing regulations, including traditional laws, were deemed reinforced by all 

components at the community level to protect natural resources. 
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Table 7–4: Adaptation options and prioritisation (Sau) 

Adaptation options Priority 

Agriculture  
Construction and improvement of irrigation system and water storage 
Introduce new varieties and consider crop resilience (hybrids) 
Construction of flood levees (small walls and green belts) 

High 
High 
High 

Fisheries  
Improve fishers’ skills and knowledge 
Additional/support vessels and fishing equipment 
Protection and conservation of fishery resources 
Explore deep fishery resources 
Aquaculture development (seaweed and sea cucumber) 
Fish landing centre and market 

High 
High 
High 
Medium 
Medium 
Medium 

Livestock  
Establishment of semi-intensive cattle/buffalo production (breeding, feeding and 
management) 
Establishment of water storage for livestock in drought season 
Establishment of a vaccination centre for disease prevention 
Emergency flood response (for cattle, buffaloes and feeding) 

 
High 
High 
High 
Medium 

Key infrastructure/houses  
Houses: construction of an evacuation centre and build small canals and 
drainage systems 
Evacuate people (children and the elderly) to secure places 
Construction of a strong sea wall to reduce inundation 
Protection of roads, schools and churches from inundation and floods 

 
High 
High 
High 
High 

Water resources 
Implement a water distribution system from a major well (ADB project 2014) 
Build additional drinking water wells to avoid water contamination during floods 

 
High 
Medium 

Coral reefs  
Protection of fish breeding areas using government and traditional laws 
Conservation of coral reefs through establishment of Marine Protected Areas 

High 
Medium 

People had assumed that livestock were another principal livelihood source, as animals are 

used for traditional ceremonies, weddings and funerals, as well as source of income in this 

hamlet. To increase the livestock population, semi-intensive husbandry was strongly 

emphasised as a priority action, typically by improving animal breeding, feeding and 

management as well as disease prevention. One of the main challenging issues for livestock 

husbandry was water resources. Water resources for livestock during the long dry season 

were believed to be problematic. Therefore, establishment of water storage systems to supply 

livestock was seen as a priority action in this hamlet. Emergency flood responses for livestock 

were discussed extensively by the participants; however, this would require extra commitment 

and was regarded as a medium priority due to financial and technological constraints. 

Development of an evacuation centre for children and the elderly was thought to be a high 

priority even though this was believed to be impossible because it would require further 

commitment from the government as well as additional financial resources. The construction 

of a strong sea wall to minimise the destruction of roads, schools and churches was pointed 
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out as a main priority adaptation; even though this would require coastal engineering and 

other associated costs from outside the hamlet. Sea wall development is underway with 

construction being undertaken by a local NGO. Another priority adaptation was the 

construction of stronger houses that are able to resist floods and inundation. The construction 

of canals and appropriate drainage were also pointed out by workshop participants as a 

priority. 

One of the key community resources was water. The key priorities for water resources were 

water distribution and canalisation from major wells to all communities. This did not appear to 

be feasible due to the lack of skills and the costs involved, but this initiative was accepted 

under an Asian Development Bank project in 2014, and will be implemented soon. The need 

for canalisation and distribution of water was widely accepted during the workshop, since this 

was expected to reduce water contamination and water shortages, particularly during the long 

dry season. 

7.3.1 Household responses to climate risk and events based on survey results 

Inundation had largely impacted on community resources, as reported by 20% of respondents. 

Adapting to inundation events in this hamlet was seen challenging because the community 

had a low capacity and not enough experience to minimise the risks of inundation. The 

principal action taken by respondents and communities during inundation events was to build 

small canals to divert water movement and reduce inundation risks. However, some 

communities/respondents (15%) preferred to report the inundation event to local authorities. 

On the other hand, 5% of respondents had decided to evacuate their children and elderly 

family members to secure higher ground or even move them to relatives’ homes to avoid 

inundation risks. 

Coastal erosion is another climate risk in this hamlet. Coastal erosion had largely affected 

coastal communities, including their houses, public infrastructure and by re-structuring of 

sandbanks. As a matter of urgency, 35% of respondents had agreed to re-vegetate coastal 

areas. This approach was believed to be more sustainable to secure coastal habitats and 

sandbank structure. However, there were no reports from respondents of application Tara 

Bandu to protect the coastline from erosion. 

The greatest concern in Sau was flooding. Floods had a huge impact and were seen as a 

major problem that had caused substantial economic loss by affecting livestock, rice fields, 

small gardens and fisheries. Water canalisation was the main measure taken during floods to 

divert water movement to reduce flood risks, as affirmed by 55% of respondents. These 

substantial floods had happened because there is very high rainfall in the higher parts of the 
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Aileu district and the surrounding area is very steep, and therefore this water accelerates 

when flowing into larger rivers and can cause flash flooding and overflows from the riverbed. 

Some respondents (10%) had been unable to build canals; they had reported this to local 

authorities. 

There were no reports of adaptation measures that had been taken with respect to drought 

during the survey. However, during the local adaptation workshop, it was mentioned that 

drought resistant seeds were required in order to secure the food supply. 

7.3.2 Key messages 

Community resources including agriculture, fisheries, coral reefs, livestock, infrastructure, 

houses and water resources were identified as the key priorities that required protection. In 

addition, as rice fields were seen as the main livelihood source that required particular 

attention by the improvement of canals and the quality of seeds. 

As an urban area, some actions were considered a priority by the local government; for 

example, the construction of coastal walls was being carried out by a local NGO, a water 

distribution system was to be established under an Asian Development Bank project and the 

improvement of the resilience of rice seeds (hybrids) was a JICA project. 

From all climate variability and climate change events, floods were perceived as the top 

priority requiring adaptation. This was expected to mitigate the impact of flooding on rice 

fields, water contamination, livestock and people’s psychological wellbeing. Inundation and 

seawater intrusion into groundwater and their impact on key infrastructure and houses were 

seen as the second priority in this hamlet. 

Natural resource management was seen as a challenging issue. Many incidents of cutting 

trees for cash and fuel for cooking were still occurring. Traditional laws and government 

regulations were not seen as being compatible with the economic conditions in this hamlet. 

7.4 Local adaptation options and priorities for Loro 

Table 7–5 summarises the discussion of the adaptation options for Loro. Among the 

adaptation options for agriculture, high priority was given to collective food storage as well as 

multi-cropping using good quality seeds. These activities were well considered at the 

community level because they were seen viable options to reduce food shortage and famine. 

Maize was seen as a staple food for the communities in this hamlet. Indeed, the majority of 

the population worked on farms as their key source of a livelihood. Agriculture had been 
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frequently and severely affected by climate events (droughts and floods), and as a result 

yields were low and food shortages common. To mitigate this issue, it was strongly 

recommended by the village council members to apply multi-cropping and use appropriate 

seeds in order to minimise food insecurity. 

Table 7–5: Adaptation options and prioritisation (Loro) 

Adaptation options Priority 
Agriculture  
Collective/communal food storage at hamlet/village level to minimise famine in 
lean times 
Multi-cropping (maize, sweet potatoes, beans and cassava) to substitute each 
other and to reduce the impact of climate risks 
Use appropriate seeds and good quality resilient seeds 
Collection of wild food (beans and animals) 

High 
 
High 
 
High 
Medium 

Fisheries  
Construction of a warehouse to store fishing materials 
Plant trees to protect and restore fish habitats 
Improve education and public awareness of fisheries resources 
Aquaculture development (tiger prawns, seaweed and sea cucumber) 

High 
High 
High 
Medium 

Public/key infrastructure 
Construction of small canals to divert water movement in flood times 
Evacuate people (children and old people) during floods and inundations 
Elevate houses to avoid/minimise flood and inundation risk 
Relocate schools and private houses from flood-prone areas 
Improve bridge and road conditions 

 
High 
High  
High 
Medium 
Medium 

Mangroves and coral reefs 
Reinforcement of Tara Bandu to protect mangroves and coral reefs 
Plant new trees to restore fish habitats and reduce erosion 
Alert people to the need to stop cutting trees through public awareness campaigns 

 
High 
High 
Medium 

Livestock  
Develop an evacuation centre for livestock 
Establishment of vaccination centre for diseases prevention 
Water storage to feed livestock in long dry seasons 
Provide a good quality of hay to feed livestock in long dry seasons 

 
High 
High 
Medium 
Medium 

Water resources   
Construction of an appropriate groundwater well to reduce water contamination 
during floods and inundations 
Distribution and canalisation of tap water to all communities 
Water regulation using existing regulation and Tara Bandu 
Water storage to be available in long dry seasons for washing and drinking 

High 
 
High 
High 
Medium 

The establishment of a new place for fishing boats and fishing materials was seen as feasible, 

thus it was ranked as priority adaptation option in the fisheries sector. Education and public 

awareness, particularly regarding the protection of fisheries resources and reducing tidal 

erosion through restoring vegetation, was pointed out by workshop participants as the most 

viable option to conserve fisheries and marine resources. Further, aquaculture development 

was promising for both the short and long term, but this activity was assumed not to be 

feasible due to a lack skills and funds. To date, no NGO or local government has considered 

the development of aquaculture. 
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Reinforcement of Tara Bandu to protect and secure the mangrove trees growing along the 

beach to maintain fish habitats and other biodiversity was argued to be workable. On the other 

hand, people had been cutting trees for timber for constructing houses, as a source of cash 

and for salt production; thus, education and public awareness of the need to stop cutting trees 

was seen as a medium priority adaptation option. 

The construction of small canals to divert water movement and the evacuation of children and 

the elderly had received much attention during the workshop. These activities were believed to 

be able to be executed without outside support. In addition, private houses were strongly 

recommended to be elevated between 70 and 80 cm to avoid/minimise flooding and 

inundation events. This action was seen as a viable option for every household. 

Adaptation options including the relocation of particularly vulnerable houses and other key 

infrastructure, for example, schools and Tara Bandu sites, to higher ground and the 

construction of main roads and bridges were argued to be expensive (requiring external 

support in terms of funds and experts) and therefore a medium priority. The central 

government has planned to relocate the population of Sau due to the gas and oil exploration 

project at this site. However, during the workshop the villagers reaffirmed that they would not 

relocate from their village because this hamlet is owned by their ancestors and needs to be 

maintained and protected. 

Disease prevention and the establishment of an evacuation centre for livestock was pointed 

out as a practical adaptation option, while growing hay (grasses) and creating water for 

livestock were not considered to be feasible. This is because people played different roles in 

different fields; for example, in fisheries, livestock husbandry, farming and small businesses in 

order to diversify their sources of a livelihood. In this hamlet pastoral lands for livestock (cattle, 

buffalo, sheep, goats and pigs) were available. However, due to community commitments in 

other sectors, livestock husbandry, particularly in relation to the need for water and storage of 

hay was considered a medium priority adaptation option. 

Water resources were a fundamental issue in Loro hamlet. The villagers had used 

groundwater as source of drinking water for decades. The most feasible option that was 

proposed was the establishment of a concrete deep groundwater well. The second most 

feasible option was water distribution, canalisation with tap water and the application of strict 

regulations. This was because the water resources that people were relying on were believed 

to be sub-standard in both quality and quantity, and they required the distribution of tap water 

to all households. 
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Water storage was argued to be a challenging option. Apart from extra commitments, people 

had stated that the construction of water storage facilities required further technical and 

financial support from external sources. Indeed, they had decided that this was a medium or 

low priority option. 

7.4.1 Household responses to climate risk and events based on survey results 

The most common adaptation measure that people had exercised so far during inundations 

was to build small canals, as reported by 30% of respondents. However, some of them (15%) 

were likely to evacuate people (children and the elderly) to higher ground or to other relatives’ 

homes. The respondents felt it was easier to evacuate people than to build small canals. 

There were no reports from the respondents of reporting inundation events to local authorities. 

To deal with erosion issues, respondents in this hamlet had given little attention to applying 

Tara Bandu to protect the beach from coastal erosion. Very few respondents (5%) had 

thought to re-vegetate the coastal area to minimise coastal erosion. This information shows 

that little attention had given to coastal erosion due to a lack of understanding of the 

importance of coastal habitat and mangroves. 

Floods were widely discussed during the local adaptation planning workshop as one of the 

biggest issues in this hamlet. However, very few respondents had reported this during the 

survey. For example, 5% of respondents had reported evacuating children and the elderly 

during flooding and other 5% reported building small canals to divert water movement. This 

data shows that dealing with floods was seen as challenging in this hamlet, even though 

floods had occurred frequently and often threatened human life. It was assumed that the 

villagers lacked the knowledge and experience to address flood risks. 

Drought had received much attention in this hamlet; however, this climate event is 

unmanageable. Only 15% of respondents had assumed that in dealing with drought, 

particularly in relation to the food supply, the most appropriate method was to use a multi-

cropping system. This would allow them to reduce the climate risk to crops and agricultural 

production. 

7.4.2 Key messages 

Suai Loro is extremely vulnerable to climate variability risks, such as drought, inundation and 

flooding. As the village/hamlet is located within a mangrove ecosystem, many private houses 

had been elevated to avoid the impacts of inundation and flooding; however, roads, bridges 

and the government buildings were still vulnerable to flash flooding, inundation and erosion. 
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The agricultural sector plays an important role in Loro hamlet. Most people had experienced 

food insecurity each year due to a lack the technical skills necessary to manage their farms in 

an acceptable and a sustainable manner. The majority of people still used traditional farming 

systems (slash and burn agriculture) that resulted in run-off erosion and flash flooding. 

Consequently, the land became infertile and agricultural yields were low. 

Public infrastructure was seen as a main concern in Loro; for example, a public market to sell 

their agricultural products. The roads were in very poor condition and there was a lack of 

water canals. So far there is a lack of programmes by the central government to support and 

maintain roads and water canalisation. 

7.5 Local adaptation options and priorities for Vailana 

Table 7–6 summarises the discussion of adaptation options in Vailana. Among the adaptation 

options for agriculture, multi-cropping using resilient seeds was seen as a possible adaptation. 

As the villagers had experienced, multi-cropping can minimise climate risks to food supply, 

and thus the community leaders strongly recommended applying multi-cropping systems. This 

method was seen as feasible and could be implemented without outside intervention. 

Collection of wild food, such as bitter beans and animals including cuscus (Phalanger 

orientalis), wild pigs (Sus serota) and deer (Cervus timorensis), was considered a possible 

adaptation option to cope with famine. Wild food was seen as a viable option to be used 

during famines to feed their families, while shifting agriculture and improving harvesting 

systems were considered challenging, indeed, they were considered as a medium priority. 

Community-based tourism with a strong emphasis on the engagement of local people in 

central roles was presented by local leaders, communities and local experts. This engagement 

was expected to be viable and no funds were needed. Building community-based tourism 

requires the development of skills and facilities, and the protection of mangroves and coral 

reefs. However, reinforcement of existing regulations to protect fisheries resources and 

mangrove harvests were considered as low priority options. The main challenges identified 

were that these regulations were not well-matched with the local economic situation. 

Therefore, people had broken these regulations to exploit natural resources in an 

unsustainable way, such as cutting trees. 
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Table 7–6: Adaptation options and prioritisation (Vailana) 

Adaptation options Priority 

Agriculture  
Multi-cropping (maize, potatoes, beans and cassava) to substitute each other and 
to minimise climate risk impact 
Use seeds that are resilient to climate risk (floods and droughts) 
Collection of wild food (for example, beans and wild animals) 
Reduce shifting agriculture 
Improve harvest systems 
Improve post-harvest systems 

High 
 
High 
High 
Medium 
Medium 
Low 

Tourism sector 
Community-based tourism that emphasises the central role of local communities 
Promote and skills development in the tourism sector 
Protection and conservation of mangroves and coral reefs 
Establishment of facilities (hotels, water and sanitation) 
Reinforcement of Tara Bandu together with government regulations to protect 
mangroves, coral reefs and other fisheries resources 

 
High 
High 
High 
Medium 
Medium 

Fisheries/mangrove and coral reefs 
Establishment of a new warehouse to store boats and fishing materials 
Restore fish habitat and apply Tara Bandu to protect it 
Improve education and public awareness of fisheries resources 
Halt cutting of trees through education and public awareness campaigns 

 
High 
High 
High 
Medium 

Public/key infrastructure 
Construction of small canals to divert water movement during floods 
Evacuate people (children and the elderly) during floods and inundations 
Relocate houses from climate risk-prone areas 
Improve bridge and road conditions 

 
High 
High  
Medium 
Low 

Livestock 
Evacuate all livestock to secure areas (new pastoral lands) 
Establishment of a vaccination centre for disease prevention 
Storage water to feed livestock in long dry season 

 
High 
High 
Medium 

The fisheries sector was undeveloped and lacked facilities such as a warehouse to store 

fishing materials and boats. The villagers thought that this option would be feasible for them to 

implement with little need for intervention from local government. One of the top priorities was 

education and public awareness of fisheries resources as well as the reinforcement of existing 

regulations to protect natural resources. However, cutting trees was considered as a medium 

priority because there was no other source of timber for construction, heating and cooking. 

The development of small canals to divert water in floods and inundations, and the evacuation 

of children and the elderly were emphasised by key informants and communities during the 

workshop. These activities were thought to be feasible without outside support. In addition, 

community leaders strongly recommended that houses be moved back around 300–500 m 

away from their current sites to avoid or minimise climate risk impacts. This action was seen 

as a viable option for everyone to implement. However, these actions required extra work and 

commitment, thus, they were considered as medium priority. 
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Disease prevention and relocation of all livestock to new pastoral land was pointed out as a 

practical option, considering that livestock were a major part of peoples’ livelihoods in this 

hamlet. However, the community still faced constraints regarding the appropriate skills and 

knowledge to improve livestock production. Their livestock husbandry was conducted with 

very traditional methods in terms of feeding, breeding and management, thus the products 

were also poor in terms of both quality and quantity. People needed to increase their livestock 

population and products, but they were unable to do this as a result of their lack of skills and 

funds. 

7.5.1 Household responses to climate risk and events based on survey results 

Table 7–7 shows many the ways that communities/respondents had used to address climate 

risks. For example, 15% of respondents had reported inundation events to local authorities in 

order to organise all communities to build small canals to divert water movements. Some of 

them (15%) had evacuated their children and elderly to secure places to avoid inundation risks 

rather than build canals. Evacuation was believed to be the simplest method for them to use 

and did not require outside support. A very small proportion of respondents (5%) reported 

having built small canals to divert water movement during inundations. 

Respondents had emphasised that coastal erosion is one of the most important climate events 

in this hamlet. For example, 5% of respondents said that to protect and conserve coastal 

erosion traditional law (Tara Bandu) needed to be implemented and applied. Traditional law 

was believed to be the main tool to conserve and protect natural resources. However, there 

were no reports that re-vegetation was needed to protect the coast from erosion. 

The frequency of floods caused by unseasonal heavy rain had badly affected community 

properties and people’s wellbeing. To deal with the flood issues, people had their own 

adaptation measures that were used to reduce or avoid these risks. For example, 20% of 

respondents said that to minimise flood risks they needed to build small canals to divert water 

movement. Some of them (10%) had reported evacuating children and the elderly to avoid 

floods risks. These people had relatives living on higher ground so they were able to send 

their children and elderly family members to their family homes. Very few respondents (5%) 

had reported the flood issues to local authorities, expecting the local authorities to organise 

other communities to work together to build canals to divert water movement. 

There were no reports of adaptation measures being taken for drought in this hamlet. As 

mentioned, drought was seen as challenging and unmanageable. During the local adaptation 

planning workshop, drought was identified as the main concern for the communities in this 
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hamlet, because drought had not only impacted on the agricultural sector but had also widely 

affected livestock and water quantity in the long dry season. 

7.5.2 Key messages 

From a climate variability and change perspective, drought and inundation emerged as the top 

priority issues in this hamlet. These climate risks were seen as challenging because they had 

affected peoples’ wellbeing for decades. These climate issues were mostly unmanageable 

and unavoidable. 

Given the heavy reliance on agriculture, the most important priority action to maintain key 

livelihoods in a climate-challenged environment was the institution of a multi-cropping system 

(maize, beans, potatoes, cassava and pumpkin). This multi-cropping system had received 

much attention in the community because it could reduce crop failure due to climate extremes 

and thus reduce food insecurity. 

Fisheries and livestock also play an important role in this hamlet. These two sectors are 

continuing to support small farmers in terms of providing cash income and a food supply. The 

diversity of their livestock had contributed to balancing risks between crops; for example, if 

crops failed due to climate risks (floods and droughts) livestock could compensate for this. 

This hamlet is situated within the Nino Konis Santana National Park. Therefore, all natural 

resources are under the control of the local government. These natural resources are very 

valuable for economic development involving tourism, fisheries and forestry, and thus should 

be managed in an acceptable and consistent way in order to support community wellbeing 

and development. 

7.6 Post-hoc comparison 

Inundation had greatly affected community resources across all four hamlets. Despite this, 

very few adaptation measures had been taken. In general, the respondents and their 

communities had actively evacuated children and the elderly during inundations. For example, 

15% of respondents from both Vailana and Loro had reported evacuating people during 

floods; however, this was not statistically different (Table 7–7) to the adaptation measures in 

the other two hamlets (Beacou and Sau). Other adaptation measures taken were to build 

small canals to divert water movements, and this measure was not significantly different 

between the four hamlets either. Reporting flooding to local authorities was another adaptation 

measure performed in the different hamlets. These three adaptation measures were 

undertaken regularly by all respondents and communities in each hamlet, and were 
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considered unsustainable in dealing with climate events since these types of adaptation are 

reactive rather than pro-active. 

Table 7–7: Household responses to climate events, by type of event and by hamlet 

(Proportion of respondents (%); significant differences are showed as superscripts; Fisher 
exact p, one-tailed test performed on count data; p<0.05). 

 

Adaptation measures for coastal erosion (planting trees) were reported by 35% of 

respondents from Sau and this was significantly different (Fisher exact p<0.05) to the other 

three hamlets (Vailana, 0%; Loro, 5% and Beacou, 5%). In addition, the application and 

reinforcement of Tara Bandu to protect or reduce coastal erosion was mentioned by 5% of 

respondents from Vailana, although there was no further information from the other three 

hamlets. However, during the local adaptation workshops Tara Bandu was discussed 

extensively and was recommended to be applied across all hamlets to protect their natural 

resources. 

The most commonly mentioned adaptation measure that was applied for floods was to 

evacuate people, as reported by 10% of respondents in Vailana, 5% in both Loro and Beacou 

and there was no data from Sau. However, these adaptation measures were tested and were 

statistically very similar among the four hamlets. In terms of the development of small canals, 

the highest reports were from Beacou and Sau (55%), which was a statistically significant 

difference (Fisher exact p<0.05) from that in Loro (5%) and Vailana (20%). Another adaptation 

measure was reporting floods to local authorities. These actions were executed across all 

hamlets except Loro, with the highest frequency in Sau (10%) followed by Vailana (5%) and 

Beacou (5%). There was no statistically significant difference between these cases. 
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Floods are another climate risk faced by communities in this hamlet. Most respondents (55%) 

had reported building small canals during floods. As they stated, water movement can be 

diverted by small canals and the flood risk to private houses, water resources, livestock and 

crops can be minimised. Five per cent of respondents had reported evacuating children and 

the elderly to higher terrain or to relatives’ homes during floods. On the other hand, 5% of 

respondents had preferred to report the flood events to local authorities, expecting local 

leaders could invite all communities to build small canals to divert water movement. 

Droughts had also greatly affected community resources in this hamlet, as observed during 

the survey. However, the respondents had a lack of experience in dealing with droughts. This 

research found that drought had a major impact on water sources, livestock and food 

production. This decline in agricultural productivity due to drought requires the adoption of new 

crops that are more tolerant to heat as well as flood risks. Agricultural rotation and crop 

diversification activities will further assist adaptation to drought. 
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8 Discussion 

8.1 Chapter scope 

This research pursued two principal objectives: to assess climate change vulnerability of 

coastal communities in Timor-Leste and to identify, explore and prioritise potential climate 

change adaptation options for these communities. The former assessment utilised two 

approaches: (a) a participatory CVA (and local adaptation planning), based on the LEAP 

(2013) methodology; and (b) a semi-quantitative, ‘indicator approach’, using data collected 

from 80 household- and village-level surveys in combination with historical climate data. To 

capture the full range of local-scale, biophysical and socio-economic dimensions (and inter-

connectivity) of vulnerability, the latter assessment utilised indicators based on both the SLA 

and a ‘risk hazard’ (exposure, sensitivity, adaptive capacity) approach. 

Using community-based and participatory approaches, it was hoped that these research 

findings might assist the GoTL (at the national and district level), relevant organisations and 

communities to understand climate variability and its biophysical and socio-economic impacts 

at the local scale. Moreover, it was hoped that this greater understand would help to inform 

local adaptation planning. This chapter provides an assessment of the research results, 

evaluates how well the research achieved its objectives and draws lessons from the research 

findings in an international context. 

8.2 Strengths and limitations of the research 

8.2.1 Strengths of the research 

The strength of this research lies in its participatory trans-disciplinary and empirical approach; 

that is, by covering biophysical and socio-economic aspects of climate change vulnerability 

and involving the community not only in the  pragmatically research but also in subsequent 

identifying adaptation planning options. CVA was used as the overarching methodology, with 

key informants and households in four hamlets in strategically chosen coastal communities on 

Timor-Leste’s southern and northern coasts. It systematically and comprehensively captured 

aspects of exposure, sensitivity and adaptive capacity. The research thus contributes to the 

suite of CVA applications in SIDS and LDCs. Using qualitative and quantitative methods, the 

research recorded a diversity of experiences, issues and challenges in relation to climate 

variability and its impact on people. Understanding coastal communities’ perceptions and 

wisdom is a necessary condition for adaptation options to be tangible for communities and 
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therefore have a realistic chance of being implemented. Enabling communities to see and 

understand the various impacts of climate change, and involving them in discussions of 

adaptation options and the development of an adaptation strategy, strengthens community 

resilience and adaptive capacity. 

The physical impacts of climate change manifest themselves directly, such as in the form of 

more frequent or more severe inundations or flooding events, resulting in damage to 

infrastructure and in social costs. Indirect impacts from, for example, prolonged drought 

include food shortage and hunger. These impacts are magnified because people are poor, 

semi-subsistence, lowly educated, and have few income diversification options. In the context 

of Timor-Leste, this research contributes to the body of scientific evidence of climate change, 

and illustrates and quantifies the impacts. It also exemplifies how communities can and should 

be involved in adaptation planning. By adopting comparable methods to the US Coral Triangle 

Initiative Support Program (2013), this research helps to establish the foundations for a 

partnership approach between the GoTL, local communities, NGOs and researchers. 

The GIS method was useful for spatial overview and visualisation of community resources. 

GIS was particularly useful to describe the different socio-economic, demographic and 

landscape characteristics of hamlets. In addition, GIS was used as a participatory mapping 

tool for facilitating the climate risk assessment and adaptation workshops. The maps made a 

significant contribution to the local climate risk assessment and adaptation planning 

workshops by allowing participants to mark climate exposure and impacts, and by facilitating 

the identification of adaptation planning options and priorities. The maps also helped the 

community to understanding climate variability and related risks, and to find solutions. Further, 

they provided a basis for lobbying local government, local experts and development agencies 

for cooperation and integrated actions to deal with climate risks. 

The participatory mapping allowed the visualisation of biophysical and socio-economic 

dimensions in a spatial context. To capture all views, participatory mapping was conducted 

with a variety of participants including youth, women, the elderly, local experts, local 

authorities and local leaders. This allowed the identification of multiple drivers of change, 

which, even if not climate related, may nevertheless influence how climate change is 

experienced and how adaptations are facilitated. The capacity to cope with and adapt to 

changing conditions, however, is not uniform among community members, with some 

individuals better equipped to adapt than others. 
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8.2.2 Limitations of the research 

This research used a case study approach in an effort to provide a comprehensive picture of 

the climate change impacts on Timor-Leste coastal communities. Four case study sites were 

chosen, two each on the north and south coasts. It can be argued that the choice of other 

case study sites might have led to slightly different results. In addition, the sample of 20 

households per case study was low and, due to the selection frame, was not representative. 

However, it was the intention of the research to reflect the breadth of experiences rather than 

to provide a statistically accurate picture. This was achieved through the combination of 

quantitative and quality inquiry, which provided a systematic first-hand account of people’s 

experiences, behaviours and expectations (Bhattacherjee 2012). It may also be argued that 

respondents might not have been able to recall all the detail to answer the survey questions 

correctly. Memory lapses and personal characteristics including class, ethnicity and gender 

have been found to influence survey responses (Alshenqeeti 2014). 

While the small size total sample and sub-samples means that the data lacks statistical power, 

it was sufficiently large to allow post-hoc comparisons between hamlets, and between different 

elevation classes of household dwellings. The sample was also adequate for capturing the 

nature of life in coastal localities in Timor-Leste as well as the types and magnitudes of climate 

change impacts. Survey results were triangulated in meetings with community 

representatives, most of which had not participated in the survey, and in three cases were 

found to reflect the situation. In one case (Sau), the story was amended by the integrated 

assessment of results. 

8.3 Integrated assessment results 

8.3.1 Vulnerability of coastal communities in Timor-Leste to climate change 

According to an Asian Disaster Preparedness Center (2012) report, Timor-Leste is vulnerable 

to many serious natural disasters including sea level rise/inundation, tropical cyclones, 

droughts, landslides and floods. These climate hazards and events are more pronounced in 

low-lying coastal areas. At low elevation, inundation is expected to be experienced more 

frequently every year with an increased frequency of sea level rise events. These climate-

related events are a threat to human wellbeing (key infrastructure, water resources, livestock, 

agriculture and small gardens) for those living close to the coastal areas (Asian Disaster 

Preparedness Center 2013). Sea level rise and its impacts are projected to increase 

(Australian Bureau of Meteorology & CSIRO 2011). 
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This research confirms these assessments, finding that floods are a significant issue across all 

coastal areas. Floods affected agricultural yields (maize, rice, cassava, potatoes, sweet beans 

and small gardens) and killed livestock both on the northern and southern coasts. The hamlet 

with the most prominent flood-related problems was Sau, which is located on the Laclo River, 

which floods 3–4 times a year, jeopardising community resources around the riverbank. 

Heavy rainfall also causes run-off of top soils from upland in all coastal communities due to 

deforestation and traditional slash and burn practices on steep hillsides (up to 40%) (Molyneux 

et al. 2012; Sandlund et al. 2001). This results in a decline in soil fertility, changes soil 

moisture and increases the incidence of landslides and flooding downstream (World Bank-

Asian Development Bank 2007). Low agricultural yields are strongly related to soil erosion 

caused by rainfall and run-off, in turn resulting in hunger and food shortages (Molyneux et al. 

2012). Agricultural production is already very low in these communities (for example, maize 

production is only 1–2 ton per ha), with rural people commonly dependent on food imports to 

fulfil household consumption needs (da Costa et al. 2013; Democratic Republic of Timor-Leste 

2011). Maize production is further affected by Timor-Leste’s low land productivity compared to 

neighbouring countries with similar agro-climatic conditions, such as the eastern part of 

Indonesia (Sulawesi and Irian Jaya), PNG and Thailand. Those countries’ maize production is 

more than 5 tons per ha (Australian Centre for International Agricultural Research 2012; da 

Costa et al. 2013). 

This research found that drought is an increasing challenge for three of the coastal 

communities investigated (Vailana, Loro and Beacou) due to their location in drought-prone 

areas. For semi-subsistence households, like those involved in this research, droughts are the 

key cause of hunger. For Sau, which is predominantly dependent on irrigated rice fields, 

indeed drought is not really manifested it is caused on rice field in this hamlet. The research 

found that generally, droughts have threatened human welfare across almost all coastal 

communities, such as through famine, social conflicts, water shortages, death of livestock and 

low agricultural yields. This data corresponds to previous reports (for example, Food and 

Agriculture Organization Global Information and Early Warning System on Food and 

Agriculture/World Food Programme 2007).  

Previous researchers (Acil 2010; Barnett & Jones 2003; Kirono 2010) have identified that 

localities along the north coast are more vulnerable to droughts than are localities along the 

south coast. However, this research found that all coastal communities investigated, 

regardless of being on the northern or southern coast, were experiencing extensive adverse 

impacts from drought on their key resources.  
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Rapid population growth is likely to significantly exacerbate vulnerability to climate change, in 

particular by increasing sensitivity and limiting adaptive capacity. By 2050, the population of 

TL is expected to triple from approximately one million to 2.5-3 million (Molyneux et al., 2012) . 

Molyneux et al (2012) argue that while climate change will impact on the cropping systems of 

Timor-Leste in the long term, the rapid increase in the population is likely to have a bigger 

impact than climate change in the short-to-medium term on food security. Food security is 

seen as a necessary condition for peace and stability in TL (SDP 2011-2030).  

The three components of vulnerability (exposure, sensitivity and adaptive capacity) and their 

determinants are dynamic and varied over time in terms of magnitude, place and system 

influence (Smit & Wolf 2006). These components of vulnerability have functional relationships, 

and are the starting point for analysis of climate variability and related risks (Glick, Stein & 

Edelson 2011). 

8.3.1.1 Climate hazards (exposure) 

Recent climate conditions, changes and the occurrence of extreme climate events in two 

periods, 1–5 and 6–10 years prior to 2011, were gathered from coastal households, key 

informants and local experts. Sea level rise/inundation, erosion, floods and droughts were 

reported as the most commonly occurring climate risks in coastal communities. These 

conditions are similar to those reported in other SIDS and LDCs countries in the Pacific 

Islands (Australian Bureau of Meteorology & CSIRO 2011). Rainfall patterns are the key 

determinant of climate impacts in Timor-Leste (particularly floods and drought). Timor-Leste is 

strongly influenced by El-Ninõ events that affect rainfall patterns across the Pacific Islands, 

Australia and Indonesia (Barnett, Dessai & Jones 2007). The research confirms that coastal 

communities in Timor-Leste experienced regular flooding and drought events, correlated with 

ENSO events, which result in extensive warming of the central and eastern tropical Pacific, 

and lead to a major shift in weather patterns across the Pacific Islands, including Timor-Leste 

(IPCC 2014). 

Timor-Leste faces a wide range of natural hazards, which are further exacerbated by climate 

variability, population growth and settlement, and infrastructure development in vulnerable 

coastal areas (Molyneux et al. 2012; Timor-Leste Country Assessment 2008). The research 

found that climate hazards impact not only on biophysical conditions but also threaten people 

psychologically through constant fear of threats, trauma, reduced communications, lack of 

family cohesion, and lack of family re-unity. As reported by Doherty and Clayton (2011), 

climate change impacts greatly influence human psychological wellbeing, particularly among 

disabled people, children, women and the elderly. Then it is regularly happened in SIDS and 

LCDs countries the reported added. 
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Shoreline erosion is projected to increase (under a low scenario: B1) with sea level rise in 

Timor-Leste (Australian Bureau of Meteorology & CSIRO 2011). This was strongly supported 

by survey results from all coastal communities, which reported that rising sea levels has been 

greatly accelerating shoreline erosion, the loss of mangroves and wetlands, and sea level 

intrusion into fresh water sources. The most severe erosion impacts were reported by coastal 

communities in Loro, Beacou and Sau. The severity and magnitude of shoreline erosion varies 

locally due to uplift and subsidence caused by other factors, but evidence suggested erosion 

was nevertheless is increasing. 

Shoreline erosion also places pressure on physical assets and cultural values, affecting 

tourism. Shoreline erosion was reported to impact fishing equipment, boats, houses and other 

infrastructure. Shoreline erosion can be classified as either long term or short term. Long-term 

erosion refers to a trend of erosion extending over several years (10 years) that can be 

caused by a reduction in the annual offshore deposition of sand or in the rate of long shore 

deposition of sand (Nukurangi 2011), which over time threatens wetlands and dune structure. 

Like other LDCs, Timor-Leste is mostly low lying, and the stability of mangroves, coastal 

biodiversity and coral reefs are increasingly threatened by coastal shoreline erosion. 

8.3.1.2 Climate impacts (sensitivity) 

Climate change is having major impacts on the coastal infrastructure, livelihoods and food and 

water security of coastal communities in Timor-Leste. Climate vulnerability is influenced by 

exposure to climate hazards and the impacts of climate hazards (sensitivity), which together 

provide input to determining responses and adaptation (Barrange et al. 2011; Glick, Stein & 

Edelson 2011). Coastal communities with limited economic diversification and with a high 

percentage of their total income derived from climate-sensitive sectors (for example, 

agriculture, fishing and livestock husbandry) are more vulnerable (IPCC 2007, 2014). All 

coastal communities are currently experiencing climate sensitivity threats, which are further 

exacerbated by poor access to public health services, quality water and sanitation, adequate 

shelter and adaptive capacity. As a result, these communities are highly vulnerable. 

Flooding and droughts have a major impact on the loss of land, livelihoods and livestock and 

are considered the most serious threat to human wellbeing in coastal communities in Timor-

Leste. Livestock losses have a serious impact, as many people depend on them for an income 

to supplement crops and fishing. The impact on livestock is counted both as asset loss and as 

a reduced potential for income generation. 

There is evidence that flooding can have a long-term impact on people’s wellbeing. It was 

reported by key informants and coastal households that flooding results in drowning and 
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diarrheal and respiratory diseases. These infectious diseases were reported in Beacou and 

Loro, and were found to affect the elderly and children under 5 years of age in particular. 

Floods, and the associated puddles of stagnant water, also result in an increased occurrence 

of mosquito-borne diseases such as malaria and dengue fever. Floods also impact agricultural 

yields, placing food-insecure populations at risk of malnutrition, which in turn leads to impaired 

child development and reduced adult activities due to lack of energy (da Costa et al. 2013). 

People with lower incomes and higher rates of malnutrition are vulnerable to climate risks 

(Hahn, Riederer & Foster 2008). Floods caused by heavy precipitation are expected to 

increase in frequency, as has already been observed across the Pacific countries (Australian 

Bureau of Meteorology & CSIRO 2011). These climate events will significantly affect socio-

economic and related factors, including water resources, human health and coastal agriculture 

(IPCC 2007, 2014). 

As reported by Barnett and Jones (2003) and Kirono (2010), climate change is not the only 

factor affecting future flood risk, but it may influence frequency and severity. Land-use 

planning and design for all new developments are important to minimise flood risks. Land-use 

planning can reduce exposure to current and future flood risk by avoiding inappropriate 

developments on flood plains and in other areas at risk from flood (Mclntyre 2011). For 

example, in Sau, infrastructure development (public infrastructure and private houses) is 

located in areas prone to floods and inundation due to a lack of land-use planning 

management. Where development in flood-prone areas is considered necessary, appropriate 

design to reduce flood risk impact is required. This is essential and should become part of the 

government’s plan. 

The variability of drought in Timor-Leste, particularly in northern coastal communities, is 

enforced by ENSO events. According to Barnett and Jones (2003), during El-Ninõ, onset of 

the monsoon is delayed and the end is earlier, meaning a reduction in total rainfall. In this 

case, the dry season around the country may extend up to 6 months, causing losses to crops, 

livestock and groundwater, and resulting in famine and potential social conflict (Barnett 2007). 

To mitigate potential food crises, local governments must provide food to people effected 

(UNDP Human Development Report 2011). 

Drought is associated with food shortages and results in famine and poverty. Food shortages 

are the principal cause of malnutrition and associated diseases among children and the 

elderly in particular. For example, droughts in India and Ethiopia have led to malnutrition and 

poverty in rural areas (International Bank for Reconstruction and Development/The Work Bank 

2013). Droughts also marginalise effected communities, preventing them from improving their 

income and wellbeing. Again, it is important to highlight that rapid population growth 

exacerbates this problem.  
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Climate-related impacts on human wellbeing are not new in Timor-Leste; however, people are 

unable to address these climate hazards due to a lack of skills, knowledge and climate change 

information. In addition, addressing climate risks and adaptation are not a central government 

priority. As a new nation, the government is focussed on infrastructure, health, education, 

agriculture and human capital (Democratic Republic of Timor-Leste-Strategic Development 

Plan 2010). The lack of government attention is also due to a lack of understanding of the 

complexity of climate change and related issues (Asian Disaster Preparedness Center 2013; 

Timor-Leste Country Assessment 2008). Communities often reduce the impacts of climate 

hazards such as inundation and floods in temporary ways by building small canals to divert 

water or evacuating children and the elderly to safe places. There are no holistic actions being 

taken to reduce climate hazards and risks in an acceptable and sustainable manner. 

8.3.1.3 Adaptive capacity 

Trends in adaptive capacity 

Despite major climate hazards and impacts in Timor-Leste, responses to climate change are 

heavily constrained by the low adaptive capacity of local communities. It is widely accepted 

that people or communities with a good economic situation are better prepared to adapt to 

climate change than are poor people (Brouwer et al. 2007; Burton 1997). Among the hamlets, 

Vailana and Loro had the highest levels of vulnerability to climate change impacts, 

characterised by a low level of average income in conjunction with poor housing, limited 

resources, famine and lack of knowledge on climate change risks. By contrast, while Sau also 

had a low household income, it was situated closer to an urban area, so the local government 

had more developed physical infrastructure compared to the other three coastal communities. 

The coastal hamlet of Beacou had the highest levels of annual income and so it is likely to be 

the least vulnerable to climate change. 

There is a considerable variation among coastal communities across study sites with regard to 

capacity to adapt to climate change vulnerability. However, coping strategies in relation to 

food supply (through multi-cropping) are available to deal with climate vulnerability and 

change. Saving or access to credit to purchase flood- and drought-tolerant seeds, equipment, 

livestock and food does not exist across all hamlets. Agricultural lands are commonly of poor 

fertility, highly erodible and degraded from heavy use (Molyneux et al. 2012).  

Almost all coastal households had knowledge on traditional practices such as ‘Tara Bandu’ to 

protect and manage natural resources, but they often had little knowledge of new or 

alternative methods, due to poor access to education. In addition, the local government’s 
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ability to provide community information and services related to climate change was generally 

weak because of limited human resources both at national and district level. 

To address the adaptive capacity of the poor in rural areas, focus group meetings and 

individual interviews discussed putting systems in place such as combination cropping and 

animal husbandry. Diverse farming practices increase the resilience of communities when 

faced with crop failure (United Nations World Food Programme 2006). Coastal households 

could pursue this strategy in different sectors to cope with changing climate conditions. 

During long dry seasons, to secure food supply, many coastal households from Vailana and 

Loro collect wild food such as yams (Dioscorea spp), cycads (Cycas spp) and bitter beans in 

the forests. This activity is time consuming and mostly done by women and children. In 

Vailana, for example, preparing the bitter bean and bitter cycads for consumption requires 

cooking them and changing the water up to three times, before immersing them in running 

water (for example, the river) for 2 days to reduce the toxins. In addition, males hunt wild 

animals such as deer (Cervus timorensis), pigs (Sus secrota), monkeys (Macaca fascicularis), 

cuscus (Phalanger orientalis) and birds (Avifauna) as a source of protein. In Loro, during 

longer famine times, people collect sago palms (Metroxylon sagu) and pound them 

extensively to release their starch. During these periods, coastal households described how 

they cook and eat seeds saved for the following year’s crop because they are unable to 

purchase enough food for family members. 

Coastal households’ incomes affect their adaptive capacity. The research found that 

households’ incomes varied but were mainly from climate-dependent sectors such as 

agriculture, fisheries and livestock. As indicated by UNDP Human Development Report 

(2013), Timor-Leste is categorised as poor because the average household income is less 

than USD1.25 per day. 

As this research found, coastal household size also contributes to low adaptive capacity. For 

example, Vailana and Loro had relatively high household sizes (between 5.6 and 5.9 on 

average) and the lowest household income due to the larger number of children and elderly 

members not producing any income. This high dependency ratio is correlated with rural 

poverty, making these households more vulnerable to climate hazards and related risks. 

Adaptive capacity is context-specific and varies between region, place of residence and social 

group (International Bank for Reconstruction and Development/The Work Bank 2013; Smit & 

Pilifosova 2001; Yohe & Tool 2002). Therefore, adaptive capacity cannot be separated from 

socio-economic, environmental, regulatory and technological factors. By understanding the 

multi-dimensional nature of adaptive capacity, interventions can be targeted and achieved 
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(International Bank for Reconstruction and Development/The Work Bank 2013; Smit & Wolf 

2006). A common constraints faced by coastal communities in Timor-Leste is a lack of 

technological capabilities, low skill levels and knowledge. Building adaptive capacity is also 

constrained by climate variability and change not being a priority agenda in Timor-Leste. Many 

NGOs are currently working with community leaders and coastal communities on 

environmental education. These programs emphasise determinants of adaptive capacity at 

the community level and recognise that short-term exposure to climate variability is an 

important source of vulnerability. Community experiences of climate hazards can be used to 

identify inherent characteristics that enable or constrain adaptation to climate change. 

The ability of coastal communities to recover from climate exposure and sensitivity has been 

discussed in terms of economic wealth (agriculture, livestock husbandry and fishing), 

infrastructure, social capital, experience with climate hazards, technology for adaptation, 

human capacity and the community interaction in managing natural resources (Conner 2003; 

Mihran 2011; Schipper 2004). The research found that coastal communities could be 

encouraged through participatory CVA to identify climate hazards and assess climate impacts 

on their community resources and livelihoods, and importantly, that they could use this 

information to identify (and prioritise) potential local adaptation planning options. Through 

participatory, local-scale adaptation planning, coastal households, key informants and local 

experts were actively engaged in local adaptation planning process to share their ideas and 

experiences in dealing with climate impacts. 

Information and skills are required to facilitate adaptation and its implementation. Building 

adaptive capacity requires a strong vision and scientific understanding of the problem 

(Fellmann 2012). The research found that a lack of human resources and a poor 

understanding of climate change and related risks reduced communities and individuals’ 

ability to implement local adaptation planning. Some coastal communities in Beacou and Sau 

had sufficient knowledge of climate vulnerability and thus had greater adaptive capacity. 

Limited knowledge and skills along with poverty were as a key determinant and a key indicator 

of low adaptive capacity (Malone 2009). This research found that adaptive capacity is closely 

intertwined with poverty and vulnerability. Thus, poverty and vulnerability lowers coastal 

communities’ capacity to recover from a climate disaster. Low adaptive capacity and poverty 

drivers of vulnerability and exposure remains a complex but unavoidable challenge. These 

complexities need to be addressed in an integrated way, which is yet lacking in Timor-Leste. 

This condition is a mirror and being the characteristics of the LDCs to deal with climate risks 

(IPCC 2014; United Nations Conference on Trade and Development 2012). 

Adaptive capacity requiring economic responses (availability of food, money and property) 

could be supported by developing income-generating opportunities for communities. For 
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example, efforts have been made and are currently underway in Loro to provide community 

members who are seeking employment with additional skills. This training is focussed on the 

oil and gas industry and small business operations, and is expected to increase these 

individuals’ eligibility for employment, for example with oil and gas companies. 

Role of local customary management 

Some coastal households (in Vailana, Loro and Sau) called for strengthening the traditional 

knowledge, land and cultural values that are important to the community. They argued that the 

preservation of cultural values and knowledge is essential as a tool to protect natural 

resources, and in turn, the community, from adverse effects of climate change, and that they 

provide the foundation for food production. In addition to increasing individual incomes, 

employment and income diversification, and the implications of this for reducing vulnerability 

to climate change and related risks, are potential factors to consider (UNDP Human 

Development Report 2011). 

Existing adaptive capacity to deal with natural resource management that is being applied by 

some coastal communities across the four hamlets is traditional law or ‘Tara Bandu’. ‘Tara 

Bandu’ is customary law that has been used for centuries to preserve, manage and regulate 

both daily social matters and the relationship between humans and the environment (Andrea 

2003). A ‘Tara Bandu’ (literally ‘hanging law’) is generally used to prohibit certain 

unsustainable practices, such as hunting, fishing, cutting trees and harvesting crops during 

certain periods of the year to allow the land to naturally renew itself. The customary law also 

allows a community to deal with conflicts within the community such as land disputes, as well 

as social problems at the household level (Andrea 2003; Miyazawa 2013). The customary 

physical representation of a ‘Tara Bandu’ is a wooden pole, strategically placed in a village or 

hamlet, with parts of plants or animal remains attached to it (see Figure 8–1). The plants are 

economically valuable species, common grasses and other plants; while the animal remains 

may be cattle or pig skulls (Miyazawa 2013). Except for the grasses, the features of a ‘Tara 

Bandu’ pole are symbols of the practice being banned. Thus, what is symbolised on the pole 

is protected within a certain area for a certain period of time (Miyazawa 2013). 

In Figure 8–1, the ‘Tara Bandu’ sanction is banning cutting trees; hunting wild animals; 

harvesting coconuts, mango and orange fruits; or collecting fish from a certain area. If anyone 

enters the prohibited area and violates the ‘Tara Bandu’ rules, then they should be punished 

according to the fines determined by the elders and community leaders (Miyazawa 2013). 

The principal objective of ‘Tara Bandu’ is to maintain peace and build trust among 

communities and local leaders to foster social and environmental sustainability. Therefore, 
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‘Tara Bandu’ is not only a tool for building trust within a community and keeping peace at the 

local level; it is a means to create respect for the environment, to manage natural resources 

sustainably, and for passing this knowledge to younger generations (Fonseca et al. 2012; The 

Asia Foundation and Belun 2013). This practice can empower local authorities to find 

solutions to their problems to achieve unity, stability and sustainability (The Asia Foundation 

and Belun 2013). 

Figure 8–1: ‘Tara Bandu’ symbol delimiting sacred areas 

 
Image by Mauleven Melio da Costa 2013 

‘Tara Bandu’ recognises traditional ecological wisdom across the country. While usually an 

oral set of rules, in Beacou, coastal communities and local authorities have written these rules 

down, to define all rules and punishments clearly, so that everybody can read and understand 

them. The written version of ‘Tara Bandu’ was formalised by the State Secretary for Fisheries 

in August 2012 and ‘Tara Bandu’ is now operational in Beacou to protect marine and natural 

resources. As indicated by Miyazawa (2013), ‘Tara Bandu’ has been recognised by the Timor-

Leste government, to ensure that traditional and formal laws/regulations do not conflict, so 

they can be implemented in parallel.  
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8.4 Social and economic dimensions of climate change vulnerability 

As stated in Democratic Republic of Timor-Leste-Strategic Development Plan (2010) and 

UNDP Human Development Report (2013) report, Timor-Leste is one of the poorest countries 

in the world. Approximately 89% of Timorese are poor and 47% are very poor (Riky & 

Bathiche 2006; UNDP Human Development Report 2013). These people are largely 

subsistence farmers on marginal lands. 

8.4.1 Agriculture 

8.4.1.1 Crops 

According to reports from United Nations World Food Programme (2006), Food and 

Agriculture Organization Global Information and Early Warning System on Food and 

Agriculture/World Food Programme (2007), Oxfam Australia (2008) and Australian Centre for 

International Agricultural Research (2012), around 70% of the total population (1.2 million 

people) of Timor-Leste are food insecure. These people face annual food shortages of up to 

3–6 months (Molyneux et al. 2012). This lack of food supply is more pronounced in low-lying 

areas, both on the southern and on the northern coasts. Malnutrition is widespread, affecting 

47% of the entire population, particularly women and children (Food and Agriculture 

Organization Global Information and Early Warning System on Food and Agriculture/World 

Food Programme 2007; Ministry of Health 2009; Molyneux et al. 2012). The main cause of 

this lack of food supply is low crop yields, low quality seeds, lack of infrastructure, rapid 

population growth, lack of adoption of agricultural technology and climate change variability 

(inundation, floods and drought) (Barnett, Dessai & Jones 2007; Jensen et al. 2014; Molyneux 

et al. 2012; Oxfam Australia 2008). 

Contributing to agriculture not being able to support households’ subsistence needs is the 

limited availability of agricultural land. Between 0.1 and 0.5 ha per family is not enough to 

generate sufficient food for a family of 5–9 people, particularly in a drought year. Land 

shortage is compounded by lack of land planning, ignorance of the ecosystems that support 

farming, high rates of poverty and illiteracy and a lack of programs from local government to 

rehabilitate farmland and natural resources. Shortage of natural resource experts to undertake 

research on climate variability is other obstacle to adequate food supply (Asian Disaster 

Preparedness Center 2013; Democratic Republic of Timor-Leste-Strategic Development Plan 

2010). 

Appropriate intervention from the central government is urgently needed. One way in which 

government can move towards eradicating hunger and poverty is through assisting farmers to 
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improve yields by using quality seeds, introducing multi-cropping systems that support soil 

quality and minimise fallow (for example, the time when the soil is unprotected from the 

erosive impact of heavy rain); access to better agricultural tools; irrigation and infrastructure 

development; and the implementation of appropriate post-harvest systems (da Costa et al. 

2013). Until now, the government has provided rice and maize seeds to some communities in 

rural areas (Lopes & Nesbitt 2012). Irrigation and infrastructure remain major constraints in 

improving agricultural production around the country (Democratic Republic of Timor-Leste-

Strategic Development Plan 2010), and facilities and pest control for during the growing and 

post-harvest processing of crops have also become a key concern of the government. The 

government has built three senior agricultural high schools since 2004 to support agricultural 

activities, and has appointed more than 60 agricultural service agencies distributed throughout 

all sub-districts to support agricultural and aquaculture activities (da Costa et al. 2013; Ministry 

of Agriculture Forestry and Fisheries 2007). 

The research found that the staple food in rural communities is maize, combined with beans, 

potatoes and cassava. This staple food is quite different from the staple food in other regional 

countries such as Vietnam and Thailand, where the staple food is rice (da Costa et al. 2013). 

This staple food is climate-dependent, and is impacted by soil erosion and land infertility due 

to traditional agricultural practices (for example, slash and burn). Farms are largely (90%) 

managed by poor households in rural areas, engaged in low-productivity subsistence farming 

(Molyneux et al. 2012). 

8.4.1.2 Livestock 

Livestock is one of the main assets for people in rural areas in general, because livestock not 

only produce future income but also increase through reproduction. Coastal households can 

sell livestock for cash if needed, particularly during period of food shortage (caused by drought 

and floods), to pay school fees/uniforms, to purchase clothing and necessary food ingredients 

and to pay for traditional and wedding ceremonies. Livestock also have an important cultural 

role in rural communities. For example, livestock serve social and cultural functions in 

traditional and wedding ceremonies. Traditional ceremonies are often marked by the 

consumption of livestock products such as buffalo and pigs; while at wedding ceremonies, 

cattle and buffalo are slaughtered to feed attendees, as stated by elders at the focus group 

discussion (2012). Participation in traditional and wedding ceremonies is essential for 

everyone for establishing and maintaining social networks and keeping in touch with relatives, 

to share ideas and experiences. Livestock provided a tangible measure of personal and 

household social status. Higher number and diversity of livestock meant higher social status in 

a community, according to key informants from Vailana and Loro (2012). 
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As reported by United Nations World Food Programme (2006), the population of livestock 

around Timor-Leste declined substantially in the years following the 1999 referendum, due to 

widespread slaughter by pro-Indonesian militia members. Nowadays, livestock husbandry is 

one of the main activities in rural areas; however, the cost and efforts of establishing the 

foundation stock for a new livestock enterprise (both quality and quantity livestock) is beyond 

the means of poor people in rural areas. 

Currently, the GoTL is giving substantial attention to improving the livestock population across 

the country to secure food supply and cash income. Moreover, livestock contributes around 

4.5% of GDP (Democratic Republic of Timor-Leste-Strategic Development Plan 2010; Ministry 

of Agriculture and Fisheries 2011). However, local farmers only have limited capacity to 

optimise livestock husbandry and utilise existing pasture: they continue to be restrained by a 

lack of feed and drinking water for animals during the long dry season (for example, Beacou 

and Loro) as well as by a lack of labour and markets. These impediments prevent livestock 

husbandry on a large scale. 

8.4.2 Fisheries 

This research finds that fishing is an important source of food and income for many 

households in coastal communities. Between 15% and 30% of coastal households engage in 

some form of fishing, though these activities are small scale. Fishing activities are mostly 

undertaken using very traditional equipment that requires little skill. The catch is small and 

supports subsistence only. In Beacou, fishing was undertaken to a more professional level, 

with the result that some households earned a very high income from fishing. 

In Timor-Leste, fisheries resources are regarded as underdeveloped and promising across the 

country, particularly on the southern coast (Ministry of Agriculture and Fisheries 2012). This 

coastal area has potential for both commercial and small-scale fisheries (Asian Development 

Bank 2014). In addition to more fully developing natural fisheries, the Timor-Leste government 

also considers the development of aquaculture (for example, brackish aquaculture) essential 

for food supply, job creation and income generation (Ministry of Agriculture and Fisheries 

2012). However, until now, no aquaculture has been developed in coastal areas. Loro is a 

potential place for brackish aquaculture development, particularly for Milk Fish (Chanos-

chanos Forsk) and Mud Crabs (Scylla serrata). Constraints to aquaculture development are 

many and include a lack of technology, human resources and funding. 

It has been projected that sea level rise, coastal land loss and salinisation will adversely affect 

costal fishers. Moreover, projected ocean warming will affect marine ecosystems, particularly 

in relation to coral bleaching (Australian Bureau of Meteorology & CSIRO 2011). These 
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climate change impacts pose a direct threat to the productivity and survival of coral reefs and 

fish species across Timor-Leste, and this can thus be expected to affect fishers’ income 

adversely. A further issue is that, in Loro for example, local people collect coral regularly for 

traditional ceremonies. This unsustainable practice could affect fish populations and thus 

fishers’ income. 

The fisheries sector in Timor-Leste receives low investment due to a lack of infrastructure 

such as roads, market facilities and electricity. This lack of infrastructure means that many fish 

products can not be brought to market and go unsold (Alonso et al. 2013). Currently, the local 

government is working cooperatively with local fishers to preserve all fish products; however, 

measures are constrained by the low fish catch and discontinuous nature of the fish supply. 

Fishing is one of the key livelihoods for coastal communities in Timor-Leste, and it is under 

threat from environmental degradation and climate change risks. As in other SIDS and LDCs 

in the region, most coastal communities in Timor-Leste are engaged in small-scale fishing. 

Approximately 90–95% of the small fish catch is destined for household consumption (Asian 

Development Bank 2014; Food and Agriculture Organization of the United Nations and World 

Fish Center 2008). This indicates that small-scale fisheries in Timor-Leste contribute greatly to 

coastal communities’ food supplies and food security. 

8.4.3 Business development 

Business development, both small and large scale, is constrained by a lack of business skills 

and adequate technology, as reported by communities at focus group meetings (2012). Long-

term occupation by foreigners negatively impacted on local people running their own 

businesses. Inadequate infrastructure, energy supply, water resources and communication 

networks are the principal obstacles to business people accessing markets and scaling up 

their production. This negatively affects rural economic development and also makes 

agricultural and fisheries activities uneconomical. Consequently, people in rural areas are 

often very poor, which in turn reduces their access to information and healthcare (UNDP 

Human Development Report 2011). 

Lack of access to reliable businesses is one indicator of low resilience to climate variability, as 

explained in a report presented by Timor-Leste Country Assessment (2008). This report 

explained that people with low income and a lack of knowledge on climate change are more 

defeatist in relation to climate change vulnerability and related risks. This is because the 

determining factors in dealing with climate change hazards and risks are knowledge, skills and 

technology as well as economic factors. As stated by Hay (2007), poor people (who lack 

money, capacity and access to climate information) and other disadvantaged groups are 
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especially vulnerable to climate hazards and risks (UN-OHRLLS 2009). Economic 

development and poverty alleviation thus constitute the single most critical concern of all 

coastal communities. With their limited resources and low adaptive capacity, these coastal 

communities face a considerable challenge in meeting their social and economic needs in a 

manner that is sustainable. 

8.4.4 Cost of living 

Data on household expenditure for food and non-food items (traditional ceremonies, school 

fees and uniforms) were collected to understand household resource allocation. Annual 

expenditure (2011) was one indicator of the economic wellbeing of a household. 

The research found that households typically had a low cost of living, of approximately 

USD1.25 per day. Expenditure is limited by lack of cash income in semi-subsistence 

households. Livelihoods and cash income are delivered from agriculture, fisheries and 

livestock, with agricultural activity being limited by shortage of land. These sectors are climate-

dependent, and cannot protect human wellbeing in rural areas in the face of climate change. 

Approximately 85% of Timorese are living in rural areas, heavy dependent on natural 

resources for their livelihoods (Molyneux et al. 2012). These people are categorised as poor 

because their income and expenditure is around USD1–2 per day (National Statistics 

Directorate 2011). Their living conditions are similar to people in other SIDS and LDCs, both in 

the Pacific and the Caribbean. People in SIDS and LDCs are heavy dependent on natural 

resources, lack the skills to diversify their income streams, lack the knowledge to manage 

natural resources and have a low expenditure (United Nations Conference on Trade and 

Development 2012). 

Assets like houses, coconut plantations, livestock, mobile phones, motorbikes, agricultural 

lands and farming tools are essential inputs into household livelihoods and physical saving. 

These assets represent the ability or inability of a household to engage in specific activities 

that can secure other basic needs. These diverse assets owned by coastal households are 

used as an indicator for household wealth and ability to cope with climate change hazards and 

risks. However, as this research found, very few households in the sample owned coconut 

plantations or farming tools and their lands were very limited (0.1–0.5 ha). This indicates that 

these people are vulnerable to climate change. In some cases, coastal households had to sell 

their livestock to recover from food shortages caused by climate risks. However, not all assets 

can be used to secure against climate and non-climate stressors; for example, households 

cannot sell their coconut plantation or teak trees for cash. This research found that even when 
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coastal households had coconut or teak trees, they could not use these to alleviate the 

impacts of climate change hazards and risks. 

8.4.5 Education and training 

Literacy can be defined as people’s ability to read and write, or experience of having received 

some level of education (Democratic Republic of Timor-Leste-Strategic Development Plan 

2010). Educational attainment is important for increasing income generation and addressing 

climate change vulnerability and related issues. Coastal communities with good education are 

more likely to be economically mobile, have a good knowledge of nutrition and health and be 

better able to cope with climate hazards and risks (Fussel 2008). This research found that lack 

of education and poverty are the main characteristics affecting coastal communities’ 

vulnerability to climate risks. It is essential to understand, address and mitigate climate change 

risk impacts in a coherent manner to facilitate people towards a more sustainable kind of 

development (UNESCO 2010).  

The GoTL is currently addressing climate change risk through education and public 

awareness as part of the implementation of its Convention obligations. This action is also part 

of the implementation of UNFCCC Article 6, which recommends the SIDS and LDCs carry out 

training and public awareness to improve people’s capabilities and foster economic 

development in SIDS (UNESCO 2010). The main objective of this training and education on 

climate change hazards is to emphasise the causes and consequences of, and solutions to, 

climate variability and related risks in an integrated manner. However, due to the low skills and 

level of education of coastal communities, these initiatives have not been effectively 

articulated yet.  

This lack of education and skills in coastal communities can be attributed to the long period of 

foreign occupation of Timor-Leste. During the Portuguese rule and Indonesian occupation, the 

top administrative and managerial positions were held by non-Timorese. Timorese people 

generally had a lack of opportunities, resulting in a serious skill and experience vacuum 

around the country at independence (UNDP Human Development Report 2011). 

During the Indonesian occupation, education was open to all entities with affordable school 

fees, but women still lacked the opportunity to attend school because traditionally in Timor-

Leste, women are considered second-class citizens, whose role is to look after the children 

and cook for their husbands and families. Their voices are neglected and they have no right to 

make decisions (as reported in a focus group discussion 2012). This traditional practice 

remains common in rural areas. Consequently, women’s education level is low across the 

country.  
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After independence, the GoTL developed its own education system and many tertiary 

institutions have been established. Boys and girls now attend school in all levels and women 

increasingly have the same opportunities and rights as men. Currently, women occupy 35% of 

higher government positions, either as civil servants or as members of the national parliament 

(Democratic Republic of Timor-Leste-Strategic Development Plan 2010). However, as a post-

conflict and fragile nation, rates of poverty and illiteracy remain high across the country, and 

natural resources are often used unsustainably due to high population growth and economic 

pressure. 

8.4.6 Climate change adaptation planning 

This research conducted only one component of climate change adaptation planning, namely 

the identification and prioritisation of adapation options. Even this single step proved 

intrinsically challenging across all case study communities. In addition to a lack of skill for 

adaptation, information exchange on climate change and climate vulnerability between local 

governments and coastal communities is currently weak. This is due to a lack of 

understanding regarding the complexity of climate change information and a lack of capacity 

to translate and transmit information in an understandable manner (Asian Disaster 

Preparedness Center 2013; UNDP 2006). 

Coastal communities have developed a number of autonomous and reactive adaptations 

along traditional lines to minimise climate risks; for example, crop diversification and 

diversification into animal husbandry alongside agriculture. Most coastal households employ 

these combinations of responses to minimise the impacts of climate risk on their livelihoods. 

When crops are damaged due to floods and droughts, coastal households can survive with 

their livestock, which are moveable and more adjustable to climate risks. Other reactive 

adaptations implemented by coastal communities include the building of small canals to divert 

water movement during times of flood and inundation. 

Climate change adaptation actions and planning are cross cutting issues, affecting many 

sectors; thus, adaptation planning and implementation should be integrated with other 

components. As this research found, adaptation planning in coastal areas is performed in 

individual sectors. For example, in Loro, adaptation planning related to protecting agriculture 

against flood issues failed to integrate any infrastructure development considerations 

(Marshall et al. 2009). This could be because adaptation options relating to, for example, 

irrigation systems, require large-scale efforts from external stakeholders in terms of budget 

allocation and skills. Therefore, this may constrain communities from including such 

considerations in their planning. 
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A broad range of adaptation actions in Timor-Leste has been developed at different 

government levels and for individual sectors such as agriculture, environment and forestry 

(Democratic Republic of Timor-Leste-National Adaptation Plan of Action 2010). These 

adaptation actions were developed based on theoretical and practical knowledge and deliver a 

wide range of possible options to adapt to climate variability and change both in the short and 

long term. Many ministries and international agencies (for example, Ministry for Agriculture 

and Fisheries, Ministry for Social Solidarity, Ministry of the Environment, UNDP, CTI, Care 

International and Caritas-Australia) have carried out climate variability and change 

assessments. However, little progress has been made in implementing adaptation planning, 

particularly in remote areas. This is typically due to low government priority, because of 

different perceptions by policymakers, the complexity of climate change information, and the 

low capacity at the middle level (for example, national directors) of government to implement 

adaptation planning on the ground (Asian Disaster Preparedness Center 2013; Timor-Leste 

Country Assessment 2008; UNDP-Democratic Republic of Timor-Leste 2007). The focus of 

much of the effort made on adaptation planning/actions to date has been on raising education 

and public awareness across the country. These actions are often facilitated by national and 

international NGOs. The national adaptation plan designed through NAPA has not yet been 

clearly articulated and implemented. 

In planning adaptation options, many factors need to be considered. For example, introducing 

a new maize variety may only be an option for a community or farmer that already has an 

understanding of alternative agricultural practices and how such products can be sold via the 

new market outlets for the products (Lopes & Nesbitt 2012). Therefore, adaptation planning 

and measures must consider future socio-economic scenarios as well as climate variability 

and change scenarios (Chishakwe, Murray & Chambwera 2012). Sustainable adaptation 

measure requires socio-economic scenarios in an acceptable way. 

As an anticipatory adaptation measure, increasing access to climate information and 

forecasting with early warning systems would reduce communities’ vulnerability. Recognising 

and utilising traditional knowledge for developing adaptation strategies is also a key 

determinant for communities’ ability to respond to climate variability and change impacts; for 

example, by forecasting local climate variability and conducting observations on local 

environmental changes. This information can be shared among communities so they can 

avoid or minimise climate risks. Strong social cohesion of communities and disaster 

awareness can lead to reduced loss and damage of material assets such as houses, key 

infrastructure and livestock. 

Investing in social relationships and communities for support during difficult times (climate 

events) and building social relations and networks to increase cooperation, as well as the 
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sharing of ideas and innovations can increase the adaptive capacity of communities and 

coastal households. Adaptation and adaptive capacity is embedded in social and cultural 

contexts (Fussel 2008; Agraval, 2008).. Village councils and the presence/absence of 

‘Tara Bandu’ were shown to be important social assets social networks (The Asian 

Foundation and Belun, 2013). These traditional institutions are important for social 

development at village and hamlet levels. This highlights that apart from access to material 

assets, understanding how social capital shapes the adaptive capacity of the community is 

necessary to design appropriate adaptation strategies and options. Other studies found that 

the establishment of farmer groups presented a strategy for improving rural incomes (e.g. 

Wesner and Rogers 2014; FMNR 2015). Farmer groups did not emerge as important social 

capital strategies in this research, possibly because the case study communities were coastal 

and thus less reliant on agriculture than inland communities.  

Assessing site-specific adaptation options is essential, and it helps in understanding type of 

climate change variability and the root cause of climate vulnerability (Turner et al. 2003). 

Some root causes of climate vulnerability identified during this research include a lack of 

skills/knowledge, poverty, natural resource dependency and a lack of income sources. In 

addition, root causes of climate vulnerability come from institutional arrangements such as a 

lack of coordination among key agencies at the district level as an indicator of weaknesses in 

local governance. Therefore, information transfer to communities is seen as challenging at the 

local level. Lack of information makes it difficult for coastal communities to apply new 

agricultural systems. This research found that almost all coastal households are relying on the 

same activities for their key livelihoods (for example, agriculture, livestock husbandry and 

fishing). The health and resilience of the ecosystems on which these livelihoods depend has 

been compromised by shifting agriculture and deforestation, which causes soil erosion during 

periods of heavy rain. Over time, agricultural lands being less productive, reducing agricultural 

productivity and affects communities’ overall incomes and food supply. 

Proportion of coastal households’ limited incomes is higher on the southern coast (Vailana 

and Loro) than on the northern coast. Coastal hamlets on the southern coast are projected to 

face greater climate risks yet have the lowest opportunities to adapt and mitigate these risks. 

Coastal households on the northern coast (Beacou and Sau) have greater opportunities to 

mitigate climate risk, due to having relatively good access to markets, information and income 

generation. A reasonable income also brings the potential to invest and carry out adaptation 

actions. 

The research found that communities already have considerable knowledge and experience of 

the likely impacts of climate change risks on many sectors (agriculture, infrastructure and 

livestock). From this knowledge, potential risks and measures to enable adaptation can be 
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identified. However, currently, effective methods to plan for adaptation in a coherent manner, 

including benefit/cost analysis, are lacking. Knowledge transfer between scientists, political 

decision makers and the local people directly affected by climate change is currently weak 

(Democratic Republic of Timor-Leste-National Adaptation Plan of Action 2010). 

The sectoral approach to impacts and adaptation has provided a pragmatic solution to wide-

ranging problems, as observed during the research. However, adaptation often involves 

combined efforts across many sectors. Agriculture is sensitive to the responses in other 

sectors, particularly irrigation, land use/management and biodiversity conservation; therefore, 

adaptation measures for agriculture should consider how to integrate other sectors. Among 

the case study sites, these concepts were lacking in all except Sau, where agricultural 

adaptation in response to floods (for example, for rice fields) integrate an irrigation scheme 

and a new rice variety. 

Responding to drought stress and the threat of declining crop and pasture yields requires 

farm-level actions such as changing land use in areas that are more vulnerable to drought, 

changing cropping by switching to less water-intensive crops, and investing in rainwater 

harvesting equipment. These are the ideal methods to adopt and apply in Loro and Beacou. 

These types of adaptations may be carried out relatively quickly by individual farmers in 

response to climate events; for example, by bringing forward dates of planting, or sowing new 

varieties of current crops (if such varieties already exist). In these cases, the timescale for 

action is likely to be governed mainly by the cost and technical feasibility of making such a 

change (United Nations World Food Programme 2005). However, some adaptations will 

require sector-wide cooperation and large-scale infrastructure investment, for example in Sau. 

In such cases, adaptation will require a long lead-time of perhaps many years. 

Adaptations that can be addressed in a short timescale are those that can be rapidly 

implemented at a low cost or no cost, and those that need to be considered soon, as their 

implementation is feasible and not time consuming. Livelihood diversification will strengthen 

local capacity to adapt to climate change. Current yields of maize, rice, pumpkin, cassava, 

sweet potatoes and beans, which are rainfall dependent, will decline in areas where there is 

reduced water availability due to high evaporation, such as in Vailana, Loro and Beacou. 

Rising sea levels/inundation threaten some of the most productive agricultural areas along the 

coast, for example, Loro. Based on agro-climatic zones, mangroves are essential in the 

defence against sea level rise/inundation, and thus the protection of population centres and 

farms at low elevation. However, given Timor-Leste’s relatively low capacity and economic 

pressures, the construction of mangrove defences to protect large and productive agricultural 

areas is infeasible. 
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Instead, the focus is on general adaptation measures relevant to the whole of hamlets such as 

the building of small canals to divert water movement, multi-cropping and evacuation of 

people to higher ground in times of inundation and flood. These general adaptation measures 

are often spontaneous or autonomous. It is important, prior to developing an adaptation 

strategy for a particular hamlet or community, to consider sectoral benefit, benefit/cost, 

feasibility and sustainability. This is because the socio-economic situation, as well as 

environmental aspects, can vary substantially across different coastal communities. In 

particular, income, educational level and cultural norms may have an impact. 

Sea level rise and flooding are recognised as the main threats to coastal areas for all coastal 

communities (IPCC 2014). In Sau, for example, a program will soon be implemented involving 

the creation of an extra gateway for the river to adapt to higher levels of river discharge, thus 

reducing the risk of flooding. In addition, land around the Laclo River will be zoned more 

appropriately to reduce groundwater and surface water contamination. 

The risk of sea level rise is also recognised in Loro, as is the increased risk of inundation. 

Here, the focus is on the risk to dwellings and agricultural lands close to the coastal areas. 

The risks identified from increased rainfall and extreme events are being addressed as a high 

priority in this area. Although potentially expensive, the implications of sea level rise are 

serious and an integrated strategy needs to be developed at community level. However, 

adapting to the increased risk of inundation and floods and an integrated strategy is seen as 

challenging in this coastal community. 

Adaptation to flooding and droughts by the agricultural sector is a top priority in Vailana. Farm-

level adaptive measures to apply new varieties of crops will reduce vulnerability to flood risks 

and allow farmers to respond to drought. Increased climate variability, including magnitude of 

droughts and floods, was observed by all coastal households during the research. All coastal 

households also reported changes in their traditional practices to account for this. High 

agreement was seen between the survey results and workshop (triangulation) regarding the 

impacts of climate change: both gave drought and flooding high priority. 

Villagers and local government need to work together in implementing adaptation measures 

that can result in concrete benefits that increase communities’ adaptive capacity and minimise 

the sensitivity of human wellbeing to climate change. This may include seeking assistance 

from district agricultural extension officers on drought resistance crops/seeds, and developing 

a local program to raise awareness on the importance of reducing cutting trees, shifting 

agriculture and coral collection. Some of these opportunities can be done with existing local 

resources and skills or through cooperation with outside partners. For long-term sustainability, 

adaptation measures require major outside investment both from government and potential 
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donors; for example, to establish education facilities, road construction/improvement, water 

management systems, irrigation schemes, agricultural tools and new farming systems. 

Through these above-mentioned mechanisms, hamlets can address current climate 

vulnerability and focus on increasing the ability of ecosystems and communities to address 

current environmental pressures and climate variability. These actions can provide a benefit 

now, a benefit in the future, and potentially provide a benefit regardless of whether projected 

climate change becomes a reality. 

8.5 Policy implications of the research 

As a non-Annex ɪ country (in terms of greenhouse gas emissions produced), it is not 

compulsory that Timor-Leste engages in climate change adaptation and mitigation (IPCC 

2001). However, as a signature country of the UNFCCC, the GoTL has a full responsibility to 

implement Convention obligations at the national and regional level. UNFCCC is a legal 

framework to which nation states are signatories, and therefore its implementation is through 

national governments in cooperation with relevant stakeholders, universities, civil society and 

NGOs. 

Despite the major challenges of climate change, until recently, the lack of a national 

institutional framework in Timor-Leste resulted in a fragmented (and uncoordinated) approach 

to climate change and adaptation policies and programs. Since the V Constitutional 

Government 2012–2017, responsibilities for climate disasters, climate change mitigation and 

adaptation in Timor-Leste have been spread across three Ministries: with prime responsibility 

resting with the State Secretary for the Environment, in cooperation with the Ministry of Social 

Solidarity and the Ministry of Transportation and Communication. This recent policy approach 

is expected to enhance the growing discussion among relevant ministers on climate change 

adaptation that is taking place at national level. The approach is expected to emphasise the 

importance of looking at adaptation and climate risks beyond a UNFCCC scope. This 

approach would then be a starting point for further work on integrating climate change issues 

into other existing programs and initiatives. 

This study confirms the utility and effectiveness of using CVAs and local-scale adaptation 

planning. Climate change adaptation should focus on a national level and on awareness 

rising. As argued by Adger et al. (2004), climate change adaptation and mitigation does not 

need to be addressed at a global level. Adaptation planning and policies will be more effective 

when they are bottom-up and designed by the local communities that are affected by climate 

risks directly. Indeed, climate change adaptation and mitigation should be designed and 

integrated into other sectors and negotiation agendas. It is necessary to encourage the 
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academic community, NGOs, key stakeholders and local experts to work cohesively and in an 

integrated way, to look beyond the UNFCCC context when considering adaptation to climate 

change and related risks. 

This research also highlights the importance of integrating community-based climate change 

vulnerability and local adaptation planning with other local-scale, community development and 

human development programs. A cohesive and integrated approach to climate change 

adaptation is essential, as climate hazards and risks are not isolated issues face by local 

communities in Timor-Leste; rather they are compounded by inadequate infrastructure (road 

and bridges), high population growth, low education and a lack of skills, reducing communities’ 

capacity to address climate change and related impacts. Moreover, the education level and 

practical experience for climate change adaptation is low across Timor-Leste. However, the 

Timorese’ knowledge of their land systems and traditional knowledge useful for natural 

resource management is relatively high (Mclntyre 2011). 

In addition to the lack of an effective institutional framework, lack of capacity, funding and 

resources remain major impediments to climate change mitigation and adaptation efforts in 

Timor-Leste. Many efforts have been undertaken over recent years by the GoTL to improve 

infrastructure, education and agriculture as part of government commitments; however, the 

lack of an institutional framework on climate change and adaptation as well as the lack of the 

necessary national budget for climate change adaptation reduces the capacity to mitigate 

climate variability and change. Consequently, food insecurity, a lack of infrastructure, high 

rates of poverty and a lack of access to water due to climate change impacts such as drought, 

sea level rise/inundation and floods persist (UNDP 2006). Therefore, cooperation for 

development is an important means of financing adaptation planning that emphasises poverty 

reduction, public awareness, health (malaria and dengue fever), economic growth and 

meeting the MDGs. 

As a SID and LDC as well as a post-conflict, fragile nation, Timor-Leste faces major 

challenges in responding to global climate change. As described in reports by IPCC (2007) 

and United Nations Conference on Trade and Development (2012), SIDS and LDCs are 

among those countries regarded as having the lowest adaptive capacity, as they lack the 

technological capabilities, human resources and state budget necessary to address the issues 

of climate change and related hazards. As a post-conflict and new nation, Timor-Leste must 

also address the challenges of nation building and peacekeeping, as well as addressing the 

significant human, social and economic challenges of being a LDC and SIDS. These existing 

challenges faced by the GoTL should be taken into account by international partners. Further, 

available resources (human and budgetary) should be mainstreamed and technical support 
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and intervention should be provided through local government, local experts and universities 

to work with local communities to address the issues of climate variability and its impacts. 

Technology is a determining factor for mitigating climate risks. Lack of technology has the 

potential to impede seriously a community’s ability to design and implement adaptation 

planning to minimise climate risks (Fellmann 2012). Adaptation requires technology, for 

example, irrigation development for flood control and the breeding of flood- and drought-

tolerant crops. Communities without or with limited technology will suffer more from climate 

variability. In addition to technology, information and skills are needed. The government has to 

take the lead in providing appropriate technology, training and education to ensure that 

climate vulnerability is addressed in a coherent and consistent manner. All community needs 

should be addressed as part of this process, including climate change issues as well as 

poverty, education, health and family planning. 

Climate exposure, sensitivities and adaptive capacity are dynamic and will change as the 

community and climate changes over time (Glick, Stein & Edelson 2011). It is not possible to 

predict the future with certainty, but we can gain insight into the nature of future vulnerabilities 

by using current exposure sensitivities and adaptive strategies as starting points from which to 

consider the implications of projected changes in climate and society (Fussel 2008; IPCC 

2014). Climate models generally estimate future changes in climate over specified periods (for 

example, 10, 30, 50, 100 years). These estimations are useful for understanding potential 

future changes in temperature and precipitation and their associated effects (Australian 

Bureau of Meteorology & CSIRO 2011). These data are focussed on specific future time 

periods that deal with the progression of current exposure sensitivities and adaptive capacity 

relative to anticipated changes in climate and society (IPCC 2014). 

Future adaptive capacity is consistent with current adaptive capacity. The future capacity of 

community members to deal with climate change will probably depend on factors including 

access to capital or community resources, community wellness and the transmission of 

traditional knowledge (Uy, Takeuchi & Shaw 2011). Supporting current adaptation needs will 

enhance adaptive capacity to deal with projected future changes. From this perspective, the 

government plays an important role in designing appropriate adaptation strategies that can 

facilitate all stakeholders (universities, development agencies, private sector, community 

leaders, NGOs and youth organisation) to implement adaptation plans in a cohesive and 

sustainable manner. 
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9 Conclusions and Recommendations 

9.1 Conclusions 

Assessment of climate change vulnerability aims to provide comprehensive information that 

can help communities in urban and rural areas to understand the existing and likely future 

biophysical, social, economic and other dimensions of climate change, as a foundation for 

developing a considered response, to enable future life in a changing climate. The research 

assesses the biophysical and socio-economic vulnerability to climate variability and related 

risks of coastal communities. Vulnerability is conceptualised as a function of the 

characteristics of climate variability and changes that the community is exposed and sensitive 

to, and the capability of people to adjust to these climate risks (Deressa, Hassan & Ringler 

2008; IPCC 2007). 

Regarding exposure of the case study communities, the research established that the 

level of exposure was high at all four sites. Respondents’ recollection of extreme climate-

related events was consistent with the national-level hazard assessments for the sites. 

Drought and flooding were perceived to be major recent events experienced in recent 

years, followed by coastal erosion and coastal inundation. Flooding presented the major 

challenge in the lowest rainfall location (Sau, on the north coast of TL) while drought was 

the most pressing matter in Loro, a site on the south coast of TL with relatively high mean 

annual rainfall. 

Regarding sensitivity, the research found that geographical characteristics of a site and 

its infrastructure, economic and settlement patterns significantly determined the impact of 

the climate events. Worst affected by drought was agricultural and livestock production, 

which in turn affected income from the sale of agricultural produce and self-sufficiency of 

households. Reduced self-sufficiency caused problems with food security as there were 

prolonged periods of food shortages and hunger. Drought also affected water security 

and water quality. Sites and households with more fishing and business activity were less 

impacted by drought. In comparison, climate events such as coastal inundation and 

severe flooding caused damage to private and public infrastructure, threatened peoples’ 

lives in impact zones and scarring their psychological wellbeing. Flooding, too, could 

destroy crops. Ongoing rapid population growth across TL, in the absence of economic 

development which is not based on primary industries, results in increasing sensitivity to 

climate change. 
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Regarding adaptive capacity, the research found that low physical, human, social and 

financial capital were limiting factors in all four hamlets and for a majority of houeholds. 

Average daily income per person for the majority of respondent households was less than 

USD1.25. Notable exeptions were households which caught fish specifically for sale on 

the market. Public infrastructure remains poorly developed and much is suffering from the 

after-effects of the destruction occurring during the independence war. There is some 

evidence of income diversification, into business and social security payments provided 

by government. Coastal communities with stronger local leadership and where traditional 

knowledge such as ‘Tara Bandu’ still guides the relationship between people and the 

natural environment, such as in Beacou and Sau, are demonstrating comparatively better 

adaptive capacity in dealing with climate change than were such social capital is absent. 

An important impediment identified by the research is a lack of support from local 

government in terms of sharing information, technology and budget allocation for climate 

change adaptation.  

Despite recurring climate impacts, adaptation action to date has been scarce and not 

systematic. Communities acknowledge the urgent need for climate change adaptation 

planning and action. There was evidence of some small diversion canals to divert excess 

water during inundation and flooding events, and coastal walls to protest land and 

infrastructure. Using the vulnerability assessment results as a basis, the research 

conducted identification of adaptation options in consultation with the case study 

communities. The most readily suggested adaptation options involve improvements in 

agricultural production systems and productivity, which is a requirement anyway to feed a 

growing population but climate change imposes additional challenges. Elsewhere in TL, 

the foundation of farmer groups has shown encouraging results in achieving progress on 

this front. The case study communities looked towards small-scale technical and 

infrastructure solutions, such as small canals to divert water movement and see walls to 

prevent water intrusion in the knowledge that bigger projects were not financially feasible. 

They regarded it as very important to develop strategies to evacuate elderly and children 

to high elevation as a priority action during floods and inundation events. In addition to 

financial impediments, key barriers identified were a lack of knowledge and skills, and 

lack of information sharing by government. Climate change risks and related shocks were 

not being integrated into existing government programs and initiatives. The continuation 

and/or revival of traditional knowledge and lore (‘Tara Bandu’) were seen as important to 

protect marine and coastal resources but the feasibility was rated as low given the short-

term financial drivers for cutting trees for cash and for cooking/heating.  
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Climate variability and change has altered most key livelihoods (agriculture, livestock 

husbandry and fishing) to different scales and extents in all coastal communities in this study. 

In many ways, coastal community members such as those in Vailana, Loro and Beacou are 

more sensitive to existing climate risks (especially drought) associated with agricultural 

production, livestock and the availability of drinking water. Some coastal community members 

in different hamlets were demonstrating their capacity to adapt to these climate conditions. 

This adaptability is facilitated by income diversification (livestock and fisheries), traditional 

knowledge and social networks through elders. These conditions were more greatly 

manifested in Beacou and Sau than in the other two hamlets. 

The adaptability of communities to climate risks is also influenced by their income level. A 

household size of 7–8 members may be prone to poverty because they have to share food, 

accommodation and household income. An average of 8 members and above in a household 

implies a higher incidence, depth and severity of poverty and a reduced ability to adapt to 

climate change. The survey results show that poverty in coastal households is the result of a 

high rate of dependency or large household size. High dependency is correlated with a higher 

incidence of poverty and a low adaptive capacity to climate change and its associated risks 

(IPCC 2007). This is because children and the elderly are more likely to lack the necessary 

physical and economic resources to adapt (Cutter et al. 2009). The optimal household size 

appears to be around 3–4 members, whereby such a household has a lower depth and 

intensity of poverty. 

A strong relationship between educational attainment (knowledge related to natural resource 

management) and adaptive capacity is acknowledged. Coastal households with low 

educational attainment have the highest incidence of vulnerability to climate risks and depth 

and severity of poverty. There is evidence that a rising level of educational attainment will 

alleviate poverty and improve adaptive capacity to climate risk (UNFCCC 2005). 

Educational attainment, household size, income diversification, dependency ratio and age of 

coastal households were found to influence the dependent variable of household income per 

capita in a substantial manner. In other words, educational attainment, rate of fishing activities 

and landholdings (in ha of rice or maize fields) by coastal households was found to be 

positively related to their income level and inversely related to the incidence of poverty. 

Moreover, poverty is strongly related to environment degradation because communities were 

often solely dependent on natural resources for survival. Poverty is the main driver of 

environmental and natural resource degradation in Timor-Leste and a major contributing factor 

to vulnerability to climate change. Diversifying crop types and income sources is recognised 

as a means of ensuring future security in a changing climate; however, such diversification 

has relatively no impact on coastal households’ wellbeing across all coastal communities. 
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The incidence of poverty is caused by multiple stressors reinforced by a lack of basic climate 

change information, such as on the main causes of long dry seasons, sea level rise, flood 

events and coral bleaching. The need to address these knowledge gaps can help to focus 

district and agency donors and researchers and academics in their future work. Climate 

change information is very useful to determine and observe climate change over a certain 

period. 

Climate change information is also important in assessing vulnerability and local adaptation 

planning. This information is required to help to visualise climate change scenarios and 

biophysical impacts such as on small gardens, fishing, livestock husbandry and agriculture. 

Therefore, climate change information should be institutionalised through existing local 

organisations, such as village councils, as well as in customary law (‘Tara Bandu’). 

Institutional arrangements are important to address climate change vulnerability in rural areas. 

This specifically relates to how community leaders hold society together administratively, to 

carry out local adaptation to mitigate climate risks. Hamlets and villages with strong 

institutional arrangements are considered to have greater adaptive capacity. For example, 

Beacou has strong institutional arrangements through traditional institutions and it has been 

effective in natural and fisheries resource management through ‘Tara Bandu’. Conversely, the 

other three hamlets have weak institutional arrangements, and so they have demonstrated 

relative low adaptive capacity. This condition is relevant to Adger’s (1999b) statement that 

weak institutional arrangements can limit entitlements and access to resources for 

communities and thereby increase vulnerability. Institutional arrangements are often affected 

by demographic and geographical conditions; for example, where households are dispersed 

across a large geographic area, it can be difficult to bring them together administratively 

(Malone 2009). Moreover, age, gender, ethnicity and political vision have been cited in the 

literature as affecting the strength of institutional arrangements (Burton 1997; Malone 2009). 

Institutional arrangements to deal with climate risks were not only lacking at the hamlet and 

village level, but also at the national level. Indeed, all coastal households were suffering from 

a lack of in-country adaptive capacity to deal with climate variability and change. The principal 

determinants of in-country adaptive capacity are skill, knowledge, information, economic 

wealth, technology and adequate infrastructure (IPCC 2014; UNFCCC 2005). One of the 

greatest barriers identified was the lack of capacity (skill and knowledge) both at the 

institutional and systemic (ministers) level (UNDP 2006), which affected the country’s ability to 

design and implement appropriate climate change adaptation measures within a development 

framework. Consequently, the government has given low priority to climate change issues and 

strategies to reduce climate hazards and associated risks are limited. Lack of expertise at the 

national level is another impediment to conducting benefit-cost analysis on climate change 
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adaptation measures (Asian Disaster Preparedness Center 2013). Work on climate change 

adaptation is mostly undertaken by NGOs and often fails to reach people in isolated areas 

because the NGOs’ work is project-oriented only. A lack of coordination is the main concern in 

dealing with climate change risks and adaptation. 

The government (both at the national and district level) is restricted by a lack of awareness, 

knowledge and staff with relevant skills; ineffective roles and responsibilities; poor 

coordination across line ministers and departments; inadequate political will on climate change 

issues; and insufficient budget allocation (Asian Disaster Preparedness Center 2013; 

Democratic Republic of Timor-Leste-National Adaptation Plan of Action 2010). Consequently, 

people in rural areas who are most vulnerable to climate hazards and risks are often 

marginalised socially and politically. Therefore, they are unable to influence government at 

either the national or local level to act in their interests, including in relation to climate change 

adaptation. 

At village and hamlet level, in addition to the lack of financial resources, limited human 

resources is another important barrier to implementing local adaptation measures in dealing 

with climate hazards and risks. Coastal households often have limited financial savings, a lack 

of access to markets and credit and inadequate food stored. Together, these issues become a 

significant impediment to ensuring against and recovering from losses in agricultural 

production or livestock caused by inundation, floods, droughts or other related shocks. All 

coastal households suffered from a lack of agricultural equipment or other physical assets, 

further constraining their adoption of adaptation practices. Further, the necessary physical 

infrastructure and social networks for adopting climate change adaptation measures simply 

did not exist. 

All respondents were located in low-lying areas prone to sea level rise/inundation, floods and 

droughts. These climate events negatively affected respondents’ key livelihoods. Moreover, 

the lands from which respondents derived their key livelihoods (maize, rice and small gardens) 

had poor fertility, were heavy degraded and suffered from extensive erosion as a 

consequence of shifting agriculture (slash and burn). Physical infrastructure for transportation, 

communication, water supply and other services (for example, health services and market 

facilities) were also limited, further reducing coastal households’ capacity to implement climate 

change adaptation measures. Conversely, local knowledge of traditional practices such as 

‘Tara Bandu’ for coping with natural resource management, climate hazards and risks were 

still in place. This in some way compensated for a lack of knowledge of alternative natural 

resource management methods, owing to poor access to training and education, especially on 

climate hazard and risks. 
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Poor access to training and low educational attainment were nonetheless a barrier in 

transmitting and sharing climate change risks among communities. Change from inherited 

traditional practices was unlikely because of a lack of knowledge and capacity for monitoring 

and evaluating climate variability and related risks. Local agricultural extension services are 

currently available in all villages and hamlets, but they also have limited skills and knowledge 

on climate change and related shocks, reducing the value of using these services for coastal 

communities. 

9.2 Recommendations 

Local government interventions to design and address climate change variability and local 

adaptation planning are required to lessen climate variability impacts on community 

livelihoods. Local action on adaptation is the most effective way to address the development 

needs related to climate change. The bottom-up approach is designed by local communities 

based on their own experience and expectations; thus, it is likely to be more effectual, 

workable and sustainable. Supporting efforts that increase education and public awareness on 

climate change concerns and cultural capacity in the community will enhance the adaptive 

capacity of the community to deal with current and future climate variability and risks. 

Measurement to adapt agriculture (multi-cropping) and livestock production in particular to 

take advantage of the potential gains in all coastal communities need to be given great 

attention. This measurement can help coastal communities to cope with the loss of agricultural 

and livestock production. Many of the possible adaptation measures to tackle the risks 

identified and proposed by the different coastal communities can be applied at the community 

level, with a significant proportion being management-related. However, before many of these 

adaptation measures can be implemented, short-term measures are needed such as involving 

local government in education and public awareness campaigns, knowledge transfer and the 

development of a strong partnership among community-based organisations, local elders, 

local experts and communities. Existing institutional mechanisms such as the village council 

and traditional customary law (‘Tara Bandu’) can be used to stimulate partnerships, networks 

and information sharing to facilitate adaptation measures in coastal communities. 

To effectively and sustainable carry out adaptation measures to develop adaptive capacity in 

these coastal communities, a strong base needs to be established in terms of human 

resources development (individual and groups), education and public awareness campaigns, 

institutional strengthening and technology transfer. As proposed by Barnett and Jones (2003), 

an appropriate approach to adaptive capacity in rural and urban areas is required to address 
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climate variability issues and to promote sustainable development, food supply, human health 

and poverty reduction. 

Capacity building plays a significant role in these coastal communities, because technology 

transfer can be effective only if human resources are in place at the national and community 

levels to deal with and manage the necessary technology (UNFCCC 2005). Technology can 

be available, but if the human resources are not available to operate and implement it, it can 

not be used effectively. Technology transfer must be subjected to a thorough and 

comprehensive study. This means that technology assessment is a set of country-driven 

activities that identify and determine mitigation and adaptation technology priorities (IPCC 

2007). This requires the engagement of all key stakeholders in a consultative process to 

identify opportunities and priorities through both sectoral and integrated analysis (Hay 2003). 

Adaptation requires an integrated approach within the larger context, and must include an 

appropriate degree of political will, budget allocation and community engagement (IPCC 2014; 

Read 2010). A holistic approach is required, as all factors involved (for example, crops, 

irrigation, marine and coastal planning/management, conservation and land-use planning) are 

strongly interrelated. 

The concept of capacity building not only emphasises groups, individuals, nations or 

communities as a whole, but more importantly how those activities and concepts can 

ultimately benefit the wellbeing of people suffering from climate risks and related shocks in a 

sustainable way (Capoco 2010; UNESCO 2010). Special attention from local government is 

required as regards education, public awareness campaigns on population growth issues, 

social services, health, poor nutrition and housing conditions (Ministry of Health 2008; 

UNFCCC 2005). Education and training is also important for effective human resource 

development; for example, women should be encouraged to participate in the development 

process, especially as regards family planning and the climate adaptation process. The 

current education system is relatively weak and does not support all people, particularly 

women, in engaging in development processes in rural areas. 

The development process requires the maintenance of appropriate partnerships between local 

governments, NGOs, scientific communities and local communities. This is because some of 

the key challenges faced by people in rural areas and in implementing adaptation measures 

more generally are partnerships and technology. Science and technology is important for 

economic growth as well as human development. Since technology and social networking can 

be considered as tools to deliver goods and services in rural areas, networking, science and 

technology should be seen as an integral part of the construction of a sustainable society 

(UNESCO 2009). Based on science and technology, communities can create their own local 
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adaptation planning options. This is important, as each hamlet has its own unique 

circumstances and preferred methods of dealing with climate variability and change. 

To ensure long-term partnership and maintain sustainable development, it is important to 

maintain engagement and collaboration with universities, local and international NGOs, local 

and international scientific experts, donors countries, community-based organisations, 

community leaders, local government as well as marginal groups such as young people and 

women (Read 2010; UNESCO 2010). 

These coastal communities also need to be trained to improve their capacity in the operation 

and management of new technology. This new technology must be applicable and feasible for 

implementation on the ground (Read 2010). These coastal communities need a new method 

on climate change adaptation to help to integrate climate change issues and adaptation 

measures with local development frameworks to secure future development (UNFCCC 2005).  

Other than science and technology, traditional knowledge respected in coastal communities 

needs to be acknowledged. It must be recognised that biological diversity, traditional 

awareness and culture are the intellectual property of coastal communities (UNESCO 2010). 

These are major available resources and should be developed to support people’s livelihoods 

and their sustainability. This is because in many hamlets across Timor-Leste, people are 

dependent on these cultural resources (heritage) for survival (Miyazawa 2013). These assets 

need to be maintained because they are social and cultural tools that can be used to sustain 

natural resources and secure national development (The Asia Foundation and Belun 2013). 

Cultural instruments, rituals and other social practices related to the environment and natural 

resources need to be protected and promoted through legal regulation, financial support and 

other appropriate policy as a matter of urgent (Andrea 2003; The Asia Foundation and Belun 

2013). This could be done through the promotion of cultural heritage and other social practices 

through the active engagement of local communities, to encourage them to act as focal points 

for the management of natural resources. 

Education awareness campaigns on the environment and natural resource management are 

needed at all levels of government and in all communities. Attention should be focussed on 

multidisciplinary areas including environment, economy, natural resources, social dimensions 

and cultural aspects (UNESCO 2010). Areas in particular need of an increased education 

effort in relation to environmental issues are climate vulnerability impact, socio-economic 

issues, fisheries and marine conservation, forestry and land conservation, food supply, 

disaster management, the tourism sector, public health and human population/growth. All 

training should be done through community-based and community-led interventions in 
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partnership with local government, local experts, local leaders and development partners. To 

achieve this, climate variability risk must be mainstreamed into development planning. 

Communities and households in fragile nation (like TL) are particularly vulnerable to food 

security and food prices. These communities are also suffering from a lack of 

infrastructure (roads, markets and power) including a lack of local entrepreneurs due to 

higher transportation costs.  It is therefore, improving food security can be a pre-condition 

to mitigate tension and contribute to more stable environments. This can be done by 

building of social trust and promotes human and economic development. Without any 

trust food security can be a major contributor for instability and will greatly affected 

democratisation, conflicts and communal violence (SDP 2011-2030). Food security has a 

great implication to malnutrition and hunger. 

Finally, and importantly, any advances in reducing the vulnerability of coastal communities to 

climate change is confounded by rapid population growth in the absence of corresponding 

economic development. Population growth increases sensitivity to climate change impacts 

and limits adaptive capacity. It has the potential to diminish food security more signficiantly 

than climate change in the short term (Molyneux et al 2012). Therefore, ultimately, climate 

change policy is also social policy and a discussion how to manage national fertility rates 

is urgently needed.  

9.3 Further research 

This research explored climate change vulnerability impacts and worked with coastal 

communities to prioritise coastal adaptation options. In the process, a number of critical data 

gaps became evident. The following provides a list of suggestions as to how these data gaps 

can be closed. Data support understanding and are a key requirement for the formulation of a 

systematic and comprehensive climate change response. Timor-Leste needs a systematic 

and comprehensive climate change response because its people are poor and very vulnerable 

to climate change. For policies to be effective and achieve social advancement, they need to 

consider the additional challenges that climate change presents. The following list thus also 

includes suggestions for research aimed at unlocking innovations to allow things to be done 

differently in the future. The following gaps relate to institutional, biophysical and socio-

economic dimensions. 

 Weather stations, meteorological instruments and equipment are required in all sub-

districts to record weather features. This will strengthen understanding of projected 

changes in climatic conditions (especially rainfall patterns, temperature, winds and 

drought) over the long term. Achieving this goal will require fulfilling commitments on 
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capacity building from the government and development agencies in Timor-Leste, the 

provision of training to help people to understanding projected changes in climatic 

conditions, and access to real-time data collection. 

 Skills and knowledge of staff need to be improved at the national and district level and 

a permanent coordination body needs to be equipped with the technical, financial and 

political support to allow it to monitor climate risk prevention, response and recovery. 

 Institutional and human capacity is already being strengthened by development 

agencies and the government at the country level; however, limited capacity building 

has taken place at the district and sub-district levels, thus limiting the implementation 

of climate variability risk management actions. 

 Networks and communications are extremely important for universities, NGOs, 

development agencies, communities and policymakers to contribute to ensuring that 

decisions consider climate risks and strengthening adaptive planning efforts. 

Therefore, interactive planning methods and institutional frameworks guiding the 

response to climate change are required. 

 Gender integration needs to give full attention to understanding how climate risks 

differ between men and women and incorporate this knowledge into planning and 

programming. To date, little progress has been made on mainstreaming gender 

considerations and climate risks into government policies, plans and budgets. The 

Secretary of State for the Promotion of Equality is in the right position and appears to 

have the potential to play a stronger role in raising awareness of the links between 

gender and climate variability risks. 

 Data collection and data sharing is pivotal. Key agencies and ministries (for example, 

Ministry of Agriculture and Fisheries, State Secretary for the Environment, Ministry of 

Transportation and Communications, Ministry of Finance and the Ministry of Social 

Solidarity) are encouraged to work in a more integrated way to centralise the relevant 

socio-economic, environmental risk and topographic data that is currently scattered 

among different ministers. This will strengthen management capacity on climate 

variability and related risks. These efforts should aim at harmonising the collection and 

storage of, and access to, data related to the environment and natural resources. 

 Existing initiatives and efforts need to be strengthened to enable the integration of 

climate risks into relevant policies and programs. This can be achieved through 

awareness raising among policymakers regarding climate risks and response options. 
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 The three pillars of green economic development (economic, environmental and 

social) must be implemented within a sustainable development framework. This 

program is part of Timor-Leste’s SDP 2011–2030. 

 Increasing technical and human capacity to manage climate risks is part of the 

government’s commitment, as stated in its national SDP 2011–2030; however, action 

across institutions and sectors is needed. For example, training is needed to improve 

capacity to assess climate risks, increase the capacity of local communities to reduce 

climate risks and enable scientists to undertake required research and development in 

the field of climate risk management. 

 The NAPA represents a significant step towards incorporating climate risk and 

adaptation options and it could be implemented in an integrated fashion within the 

national framework of the SDP 2011–2030. 

 GIS and spatial analysis must be further developed. These are useful tools when 

conducting climate vulnerability assessments and disseminating findings to decision 

makers, local leaders and communities. Social census data can be layered with the 

exposure data using GIS to provide information on sensitivity and adaptive capacity, 

at both the individual and community levels. Risk maps can incorporate social and 

ecological risk factors in an attempt to characterise the existing spatial heterogeneity. 

This is a very effective tool when predicting prevalence, targeting resource distribution 

and designing adaptation options and priorities to deal with climate risks. 

 It is essential that agricultural production be analysed separately by hamlet regarding 

the potential impact of climate variability and related risks. This sector represents a 

significant source of income and food supply for rural communities. 

 Livestock is another source of income and food security for urban and rural 

communities across the country. Indeed, further research is needed on the diversity of 

livestock and their capacity to adjust and recover from climate risks and related stress, 

for example, droughts and floods. 

 Climate variability and related risks will have a great impact on fisheries and other 

coastal resources. Therefore, a full assessment of how fisheries are affected by 

climate risks (in the current hamlets) is important, especially given their important role 

in food security and as a source of income for coastal communities. 

 Mangroves also need to be protected and conserved. Therefore, research is needed 

to improve understanding of the status of existing mangroves within or outside the 

hamlets, particularly as regards their location, composition, contribution to the 

provision of ecosystem services, rehabilitation requirements and trends in growth and 
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the impact of climate risk such as inundation and coastal erosion. To fully 

understanding these issues, integrated research is needed to examine the potential 

changes in mangroves characteristics and their exposure to coastal erosion and 

human pressure (for example, cutting for cooking and for cash). 

 A further comprehensive research study is needed on the impact of floods and 

droughts at the hamlet level. This research would best be conducted on hamlets 

already experiencing water shortages, such as Beacou and Loro. The water resources 

in these hamlets are not only affected by climate conditions but also by increases in 

demand due to population growth and economic development. Appropriate 

government policy and regulation at the local level is also needed to achieve the 

sustainable and efficient use of these resources. 

 Tourism is another sector that can create jobs and generate income for local people. 

Vailana, Loro and Beacou are potential areas for tourism development. However, to 

understand the potential impact of promoting tourism in these vulnerable communities, 

a comprehensive study is needed to assess the risks on habitat distribution, 

composition and function of coral reefs and wildlife abundance of increasing tourism 

demand. By understanding these factors, adaptation measures and strategies can be 

devised that achieve the objective of increasing tourism, while also protecting these 

vulnerable coastal communities. 

 Coastal areas stand to be affected by sea level rise and erosion, including salt water 

intrusion into groundwater. Thus, further research is needed to examine the potential 

impacts of this on coastal resources (for example, groundwater, coral reefs and 

coastal fisheries) in the current hamlets. 

 Coastal infrastructure needs to be improved to withstand sea level rise, erosion and 

flooding. A comprehensive study is required into how to ‘climate-proof’ coastal 

infrastructure. 

 Greater knowledge of the relationship between climate variability and health-related 

risks is required. Research is needed on the implications of climate change for 

malaria, dengue fever, cholera and malnutrition. 

 More research is needed on how the differential effects of climate variability and 

change will affect specific groups (women, children, the disabled) in vulnerable 

communities by hamlet.  

 Current climate variability hotspots (Vailana, Loro, Beacou and Sau) need to be 

further examined using larger respondent samples, and benchmarked with actual 

figures from the field in the form of case studies. 
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 Timor-Leste needs improved human and technical capacity to undertake monitoring 

and evaluation of climate risks. This can be achieved through public education on 

climate change and associated risks to enhance awareness and to influence lifestyle, 

behaviour and individual choices to deal and recover from climate risks. The 

improvement of technical capacity needs to take a holistic approach, such as by the 

development of hamlet-specific climate action plans and the establishment of early 

warning systems for flooding, drought and sea level rise. 

 There is a need to establish environmental surveillance systems in all villages, 

especially those located in low-lying areas. New research initiatives should focus on 

collecting high quality, long-tern data on climate-related risks, to help people to 

understand the current climate and predict future climate scenarios. This monitoring 

should include climate risk data (for example, relating to droughts, floods and sea 

level rise) as well as non-climatic data (for example, population growth, income 

diversification and health). 
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11 Appendices 
Appended to the thesis are: 

 Questionnaire developed for the household survey 

 Questionnaire developed for key informant interviews 

11.1 Questionnaire developed for the household survey 
 

Questionnaire number  :………………….. 

 

Geographic location  : Timor-Leste 

District    : ………………………………….............................. 

Sub-district   : …………………………………............................. 

Village/Hamlet   : ………………………………………………………. 

Name of head of household : ………………………………………………………. 

Age of head of household  :………………………………………..……………… 

Education of head of household :.………………………………………………………. 

Address of head of household : ………………………………………………………. 

GPS location/coordinates  : ………………………………………………………. 

 

THE HOUSEHOLD-GENERIC INFORMATION 

[A.1] How many household members live at this address? .............................persons 

[A.2] How many are aged <16 years? …………………….persons 

[A.3] How many are aged >60 years? ................................persons 

[A.4] How many people living here are generating cash income? .....…………persons 

 

[A.5] Why do you live here? Please explain!............................................................   

 

[A.6] How long have you been living here?...................years 

 

B. HOUSEHOLD SECTORS 

[B.1] Crops 

(1.1) What crops did you harvest in 2011 [include multiple harvests]? 

    (a) Crop 1……………………..area…………………(ha)    harvest ………… (kg)      

    (b) Crop 1……………………..area…………………(ha)    harvest ………….(kg)      
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    (c) Crop 1……………………..area…………………(ha)    harvest ………….(kg)     

    (d)…………………..market garden   area………………….(ha)     harvest…………(kg)     

    (e)…………………..house garden    area………………….(ha)     harvest…………(kg)      

(1.2) How did this compare to previous years? Please explain……………………………….... 
…………………………………………………………………………………………………………. 

(1.3) How much of this harvest did you keep for your household? Please describe [what, how 
stored] ………………………………………………………………………………………………… 

(1.4) How much of this harvest did you sell or barter? Please describe [what, when, where, price, 
issues, etc]…………………………………………………........................................................... 

(1.5) How much cash income (on average) did you earn from selling crops last year (2011)? 
………………………………………………….....................................................................USD. 

(1.6) What are the reasons for your current cropping system?  

Please explain……………........................................................................................................ 

 

(B.2) Livestock 

[2] How many of the following livestock do you keep, on average? [type, number] 

(2.1) Chickens ………..……………head 

(2.2) Ducks and geese ……………head 

(2.3) Sheep …………………………head  

(2.4) Pigs …………………………...head 

(2.5) Goats …………………………head 

(2.6) Cattle …………………...........head 

(2.7) Buffalo ……………….............head 

(2.8) Other…………………………. head 

 

[3] How many animals did you slaughter last year (2011)?  

(3.1) Buffalo………………..............head  

(3.2) Cattle………………………….head  

(3.3) Pigs……………………………head  

(3.4) Goats………………………….head  

(3.5) Sheep…………………………head  

(3.6) To what purpose did you slaughter these animals (traditional ceremonies, sold for cash money 
or celebration) please explain…………………………………………………………… 

 

 [4] How much income, on average, per month, do you derive from selling animal products? 
……………USD 

 [5] How often does your household eat home-produced meat, on average, per week/month? 
…………………...meals 

[6] How often does your household eat home-produced eggs, on average, per week? 
…………………..meals 

[7] Fishing 
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(7.1) How many fishing trips do you or a member of your household make per week, on average? 
……………….fishing trips/week   

(7.2) What type of boat do you use? Please describe…………………………………………… 

(7.3) What methods do you use for fishing? Please describe…………………………………… 

(7.4) What does an average catch look like [species, number, size]? Please 
describe………………………………………………………………………………………………… 

(7.5) How much of your catch (kg) do you sell? Please describe details of markets, buyers, prices, 
and other relevant details…………………………………………………………………………….. 

(7.6) How much income, on average, per week, do you derive from selling fish? ……………USD 

(7.7) And how does this income from selling fish vary with season? Please explain 
…………………………………………………………………………………………………………… 

(7.8) How often does your household eat self-caught fish, on average, per week? ………meals (kg) 

 

[8] Hunting 

(8.1) How often do you or a member of your household go hunting per week, on average? 
…………….times? 

(8.2) What animals do you typically hunt? Please explain…........................................................ 

(8.3) How much income, on average, per week, do you derive from selling hunted animals? 
……………USD 

(8.4) How often does your household eat meat from hunted animals, on average, per week/month? 
……………meals 

 

[9] COLLECTING  

(9.1) During 2011, have you or a member of your household collected coral?  

□ yes             □ no              

(9.2) If yes, please explain the reason……………………………………………………………… 

(9.3) During 2011, have you or any members of your household collected things from nature e.g., 
bamboo and forest/timber?  

□ yes             □ no              

(9.4) If yes, please give some details:…………………………………………………………….. 

(9.5) If you have answered yes to any of the above questions, how much cash income did your 
household earn from selling bamboo and other objects that you collected during 2011? 
……………USD 

 

10. OTHER SOURCES OF INCOME 

 (10.1) Does the household receive money from members residing elsewhere (e.g., in Dili)?  

□ yes             □ no              

(10.2) Please explain the type of paid work these household members do, hours worked, part time 
or full time and other details: 

Person 1: ……………………………………… 

Person 2: ……………………………………… 

Person 3: ……………………………………… 
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(10.3) What is the average MONTHLY household income derived from paid work? ……….USD 

Or ANNUAL………………USD 

(10.4) What is the average MONTHLY household income? ……………..USD 

Or ANNUAL………………USD 

[10.5] Of household cash income, what contributions do you estimate come from the following 
sources? 

(10.6) Farming…………………………...% of household cash income 

(10.7) Fishing……………………………..% of household cash income 

(10.8) Livestock…………………………..% of household cash income 

(10.9) Business (Kiosk) other than (6–8) …………………………..% of household cash income 

(10.10) Paid work………………………...% of household cash income 

(10.11) Sale of arts and crafts …………………………..% of household cash income 

(10.12) Other specify………………………..…………………………..% of household cash income 

 

[11] How much (USD) your approximate household expenditure during 2011? Please 
explain……………………………………………………………………………………………… 

(12) What was your main expenditure item during 2011?  

Please give detail…………………………………………………………………………………. 

 

[13] Savings and assets: 

(13.1) How much money were you able to save during 2011? 

Please give detail…………………………………………………………………………………. 

(13.2) Do you own the house you are living in? 

      yes       no   

(13.3)   If yes, how is the value of your house in USD: …………………..(US Dollar) 

(13.4) Do you own other houses or real estate? 

      yes       no   

 

[14] Do you have other assets [details]? 

(14.1) Coconut trees,…………….ha 

(14.2) Coffee plantation………….ha 

(14.3) Motor cycle…………………… 

(14.4)Mobile phone…………………. 

(14.5) Other specify…………………. 

 

C. FOOD SECURITY AND FOOD STORAGE 

[C.1] How many meals during the day does your family normally eat and does this vary with 
season?  

Please explain……………………………………………………………………………………….. 
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[C.2] How long did your household store food (type of food, how much, how and issues 
encountered) in a year (2011)?  

Please explain………………………………………………………………………………………. 

[C.3] Were there times (months) during 2011 when your household experienced food shortage? 

Please give details………………………………………………………………………………….. 

 [C.4] What were the main causes for this food shortage? 

Please explain……………………………………………………………………………………….. 

 [C.5] Previous to 2011, was there a time of food shortage you remember? 

Please give details (when, how long, main causes of shortage) 
…………………………………………………………………………………………………………. 

   

D. WATER RESOURCES 

[D.1] What are your main sources of water for drinking, cooking, bathing and cleaning? 

Please explain location and type of source ………………………………………………………. 

 [D.2] Was there any time during the year 2011 when you household did not have enough water of 
drinking (quantity)? 

Please explain (when, how long, main causes, how did you cope?), 
…………………………………………………………………………............................................. 

[D.3]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain………………………………………………………………………………………… 

[D.4] Was there any time during the year (2011) when there were problems with water quality? 

Please explain (when, how long, main causes, how did you cope?)…………………………… 

 [D.5]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain…………………………………………………………………………………………. 

 

E. NATURAL HAZARDS & COASTAL CLIMATE IMPACTS 

[COASTAL INUNDATION EVENTS (sea level rise, storm surge, e.g., submersion of the coast due 
to seawater) 

[E.1] Did you experience COASTAL INUNDATION, SEA LEVEL RISE or STRONG WIND events 
during 2011?  

      yes      no      

[E.2] If yes, describe the characteristics of these events (i.e., event type, duration, frequency, 
severity)?..................................................................................................................................... 

[E. 3] If yes, describe if, and how, your physical (house, roads, etc) and biological (garden, fields, 
reefs, and mangrove) environment was affected by this event/s? Please explain 
…………………………………………………………………………………………………………….. 

[E.4] If yes, describe if, and how, your social and economic (people livelihoods and wellbeing e.g., 
access to water, education, health, feeling of security and access to food) activities were affected 
by these events/s? Please explain……………………………………………………………………… 

[E.5]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain…………………………………………………………………………………………….. 

[E.6] Have you experienced COASTAL INUNDATION, SEA LEVEL RISE and STRONG WIND 
events previously, in the medium term (1–5 years) or long term (5–10 years)?  



Page | 274 

 

       yes       no      

[E.7] If yes, describe the characteristics (event type, duration, frequency, severity) and impacts 
(biophysical, socio-economic) of these events? Please explain……………………………………. 

(Biophysical: mangrove, agriculture, aquaculture, coral reefs, garden and fisheries);  

(Socio-economic: access to food and water, health, education, market, electricity, feel of security 
and key livelihoods e.g., food insecurity, price of goods and ability to work).  

[E.9]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain…………………………………………………………………………………………….. 

 

COASTAL EROSION EVENTS [beach and shoreline erosion, cliff falls, landslips]. 

[E.10] Have you experienced COASTAL EROSION during 2011?   

       yes                    no     

[E.11] If yes, describe the characteristics of these events (i.e., event type, duration, frequency, 
severity)? …………………………………………………………………………………………………. 

[E.12] If yes, describe if, and how, your physical and biological environment was affected?  
……………………………………………………………………………………………………………… 

(Physical: houses, fuel station, market, schools, roads, churches and electricity station) 

(Biological environment: aquaculture, coral reefs, agriculture, mangrove and fisheries) 

[E.13] If yes, describe if, and how, your social and economic activities were affected?  
……………………………………………………………………………………………………………… 

(Social and Economic: fishing activities, fish production, feel of security, price of goods, ability to 
work, communication and limited access to other key livelihoods e.g., fish for self-consumption and 
food insecurity). 

[E.14]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it? 

Please explain……………………………………………………………………………………………..  

[E.15] Have there been COASTAL EROSION events previously in the medium term (1–5 years) or 
long term (5–10 years)? Have you noticed changes in local shorelines and coastlines?   

Please give details………………………………………………………………………………………… 

[E.16] If yes, what were the characteristics (event type, duration, frequency, severity) and impacts 
(biophysical, socio-economic of these events? Please 
explain………………………………………………………………………………………………………. 

[E.17]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain……………………………………………………………………………………………… 

[E.18] Have you being cutting trees around your village?   

     yes  no 

[E.19] If yes, what is extent and the main cause of cutting trees? Please 
explain……………………………………………………………………………………………………… 

 

DROUGHT [prolonged dry season (late wet; early dry), very low wet-season rainfall, very long dry 
season] & FLOODING [prolonged wet-season and rainfall e.g., submersion due to river water] 
EVENTS 

[E.20]  Have you experienced DROUGHT and/or FLOODING during the 2011?   

    yes                  no       
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[E.21] If yes, describe the characteristics of these events (i.e., event type, duration, frequency, 
severity)? Please explain ……………………………………………………………………………….. 

[E.22] If yes, describe if, and how, your physical and biological environment was affected by this 
event/s? …………………………………………………………………………………………………… 

(Physical: houses, fuel station, market, schools, roads, churches and electricity station) 

(Biological environment: aquaculture, coral reefs, agriculture, mangrove and fisheries) 

[E.23] If yes, describe if, and how, your social and economic activities were affected by this 
event/s? …………………………………………………………………………………………………… 

(Social and Economic: fishing activities, fish production, feel of security, ability to work, 
communication, price of goods and limited access to other key livelihoods e.g., fish for self-
consumption and food insecurity).  

[E.24]. If yes, describe, if and how, you responded to these events, i.e., what did you do about it?  
Please explain……………………………………………………………………………………………... 

[E.25] Have there been DROUGHT and/or FLOODING events previously, in the medium term (1–5 
years) or long term (5–10 years)?  

       yes        no      

[E.26] If yes, what were the characteristics (event type, duration, frequency, severity) and impacts 
(biophysical, socio-economic) of these events? Please explain ……………………………………. 

(Biophysical: mangrove, agriculture, aquaculture, coral reefs, garden and fisheries);  

(Socio-economic: access to food and water, health, education, market, electricity, feel of security, 
communication, price of goods, ability to work and key livelihoods e.g., fish for self-consumption 
and food insecurity).  

[E.27]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain……………………………………………………………………………………………… 

 

 F. WILDFIRES 

[F.1] Have you experienced WILDFIRES during 2011?  

      yes       no     

[F.2] If yes, please give details about severity, cause, damage, etc 
………………………………………………………………………………………………………………. 

[F.3] If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain……………………………………………………………………………………………… 

 

G. PESTS  

[G.1] Have you experienced PESTS during 2011?  

       yes       no     

[G.2] If yes, how the pests infection were occurred (type of crops, how many ha, duration etc) and 
its severity? Please explain……………………………………………………………………………….. 

[G.3]. If yes, describe if, and how, you responded to these events, i.e., what did you do about it?  
Please explain……………………………………………………………………………………………… 

 

 H. PLANT DISEASES 

[H.1] Has you experienced PLANT DISEASES during 2011?  



Page | 276 

 

       yes       no     

[H.2] If yes, how the diseases infection were occurred (type of crops, how many ha, duration etc) 
and its severity? Please explain…………………………………………………………………………. 

[H.3] If yes, describe if, and how, you responded to these diseases, i.e., what did you do about it?  
Please explain…………………………………………………………………………………………….. 

 

I. CAUSES OF CLIMATE CHANGE VULNERABILITY 

[I.1] How does the location of your house contribute to it being affected by 
INUNDATION/EROSION? Please explain……………………………………………………………… 

[I.2] What was the main causes of inundation or erosion in the location of your house?  

Please explain……………………………………………………………………………………………… 

 

J. CURRENT & FUTURE CLIMATE CHANGE ADAPTATION 

[J.1] What was your response to the SPECIFIC CLIMATE EVENTS {e.g., coastal inundation, 
flooding, sea level rise, coastal erosion and drought) in 2011 effective or successful }? 

Please explain…………………………………………………………………………………………….. 

[J.2] How would you liked to have responded to these SPECIFIC CLIMATE EVENTS? Why?  
Please give details……………………………………………………………………………………….. 

[J.3] Are there other existing response or adaptation mechanisms or options available? Did you 
consider them? If not, why not? Please explain…………………………………………………….. 

[J.4] How do you think you could be better prepared for future climate-related EVENTS? 

Please explain……………………………………………………………………………………………. 

[J.5] What are possible options for future responses to future climate events? 

Please explain……………………………………………………………………………………………. 

[J.6] What are the possible/existing barriers to their adoption for future climate events? 

Please give details………………………………………………………………………………………. 

[J.7] Have you thought about options above-mentioned (more practical to be applied)? 

Please explain……………………………………………………………………………………………. 

[J.8] To what extent are you engaged in planning and its implementation on climate 
hazards(unusual climate events) and preparing to manage/reduce climate issues e.g., inundation 
and floods? Please explain……………………………………………………………………………… 

[J.9] There is any existing adaptation strategy being developed to minimise unusual climate events 
(e.g., inundation, floods and erosion)? 

        yes      no     

[J.10] If yes, how does it work? Please explain……………………………………………………….. 

[J.11] What are the risks towards your life/livelihoods if you do not minimise unusual climates 
events/hazards? Please explain………………………………………………………………………… 

[J.12] How is customary knowledge (Tara Bandu) being applied to manage natural resources?  
Could this assist with? 

Please explain…………………………………………………………………………………………….  

[J.13] What is the role of government agencies in managing local natural resources?  

Please explain…………………………………………………………………………………………….. 
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[J.14] What is the role of non-governmental organisations both local and International in 
managing/conserving local natural resources? Please give details………………………………… 

 

K. What are your main three concerns in the future? 

Please explain:……………………………………………………………………………………………. 

 

Thank you very much indeed for your time and co-operation! 

Would you like to receive a summary of the results of this research? 
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11.2 Questionnaire developed for key informant interviews 
 

Questionnaire number:………………….. 

 

A Section about key informant 

Name of the key informant………………………………………………. 

Level of Education………………………………………………………… 

What is your position in the village governance?................................ 

How long have you been in this position?........................................... 

How long have you lived in the village?............................................... 

 

B. Geographic and Climate Variables: 

Name of Village/Hamlet:………………/……………………….. 

District/Sub-district:……………………/…………………………  

What is the latitude of the village/hamlet:……………………..(degrees) 

What is the longitude of the village/hamlet:…………………...(degrees) 

What is the altitude of the village/hamlet:……………………..(degrees) 

What has been the average annual rainfall (mm/year) in the district during past 10 
years:……………….(mm/year) 

 

C Demographics 

What is the current population of the village/hamlet?.................persons 

How many households live currently in the village/hamlet……..households 

What was the total population of the village/hamlet five years ago?.................................persons 

How many households lived in the village/hamlet five years ago?................households 

How many persons (approx) living here now have moved to the village/hamlet in the past five years 
(in-migration)?...................persons 

What is the average number of children per couple?.................children 

How many persons (approx) have left the village/hamlet over the past five years (out-
migration?.................................................persons. 

What ethic groups (e.g., Chinese, Indonesian, half Portuguese, Timorese) are living in the 
village/hamlet?....................................groups. 

 

Natural Disasters & Impacts 

 

D. INUNDATION: 

[D.1] Has the village experienced coastal INUNDATION (sea level rise, storm surge, e.g., 
submersion of the coast due to seawater) in the medium term (1–5 years) or long term (5–10 
years)?  

     yes       no 
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[D.2] If yes, how much land was under water and for how long? 

Please explain………………………………………………………………………… 

[D.3] Please describe what happened and what the impacts were (prompts about biophysical and 
socio-economic impacts)? 

Please explain:………………………………………………………………………...  

(Biophysical: mangrove, agriculture, aquaculture, coral reefs, gardens and fisheries); 

(Socio-economic: access to food and water, health, education, market, electricity, feel of security 
and key livelihoods e.g., food insecurity, price of goods and ability to work). 

[D.4] INUNDATION EVENT X: year, month, all detail as per above e.g biophysical and socio-
economic); frequency; etc]?  

Please explain………………………………………………………………………….. 

[D.5] What did the village leaders do after the unusual events described above? {e.g., Inundation 
(sea-level rise, storm surge, e.g., submersion of the coast due to seawater)}? 

Please explain…………………………………………………………………………… 

[D.6] How the community responded to these events, i.e., what did community do about it as well 
as prevent impact in the future?  

Please explain…………………………………………………………………………… 

[D.7] Were other options considered? Please give details…………………………. 

 

E. EROSION EVENTS [beach erosion]  

[E.1] Has there been severe erosion on the coast in the past 5 years (medium term = 1–5 years) or 
the past 10 years (long term =5–10 years)?   

      yes                    no      

[E.2] If yes, please describe this erosion and the impacts it had (duration, frequency, severity) and 
impacts on biophysical, socio-economic of these events?   

Please explain…………………………………………………………………………… 

(Biophysical: mangrove, agriculture, aquaculture, coral reefs and garden);  

(Socio-economic: access to food and water, boats, feel of security and key livelihoods e.g., food 
insecurity, price of goods and ability to work).  

[E.3] What did the village leaders do after the unusual events described above? {e.g., beach 
erosion}? 

Please explain……………………………………………………………………………. 

[E.4] If yes, describe if, and how, the community responded to these events, i.e., what did the 
community do about it as well as prevent impact in the future?   

Please explain………………………………………………………………………….…  

[E.5] Were other options considered? Please give details………………………….. 

 

F. DROUGHT [prolonged dry season (late wet; early dry), very low wet-season  rainfall and very 
long dry season] 

[F.1]  Has the village experienced DROUGHT in the past 5 years (medium term = 1–5 years) and/or 
the long term = (5–10 years)?   

      yes                            no      
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[F.2] If yes, what happened?  

Please give details………………………………………………………………………. 

[F.3] What was the impact/severity on biophysical and socio-economic? Please 
explain……………………………………………………………………………………. 

(Biophysical: mangrove, agriculture, aquaculture, coral bleaching and gardens);  

(Socio-economic: access to food and water resources, feel of security and key livelihoods e.g., food 
insecurity, price of goods and ability to work).  

[F.4] [EVENT X: year, all detail as per above; frequency; etc] Please give 
details……………………………………………………………………………………. 

[F.5] What did the village leaders do after the unusual events described above? {e.g., drought}? 

Please explain…………………………………………………………………………… 

(F.6) How the community responded to these events, i.e., what did the community do about it as 
well as prevent impact in the future?   

Please explain…………………………………………………………………………… 

[F.7] Were other options considered? Please give details…………………………. 

 

G. FLOODING [prolonged wet-season and rainfall] 

[G.1]  Has the village experienced FLOODING in the medium term = (1–5 years) and/or long term = 
5–10 years)?   

      yes                            no       

[G.2] If yes, what were the characteristics? Please give details……………………. 

[G.3] What was the impact/severity on biophysical and socio-economic? Please 
explain…………………………………………………………………………………….. 

(Biophysical: mangrove, agriculture (field rice), aquaculture, plantation and gardens)  

(Socio-economic: access to food and water resources, market, houses, churches, roads, schools, 
feel of security and key livelihoods e.g., food insecurity, price of goods and ability to work).  

[G.4] [EVENT X: year, all detail as per above; frequency; etc] Please give 
details……………………………………………………………………………………… 

[G.5] What did the village leaders do after the unusual events described above? {e.g., floods,}? 

Please explain…………………………………………………………………………….. 

[G.6] How the community responded to these events, i.e., what did the community do about it as 
well as prevent impact in the future ?   

Please explain…………………………………………………………………………….. 

[G.7] Were other options considered? Please give details…………………………… 

 

H. WILDFIRES 

[H.1] Has the village experienced WILDFIRES in the medium term = (1–5 years) and/or long term  
= 5–10 years)?   

       yes                no     

[H.2] If yes, what were the characteristics? Please give details……………………… 
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[H.3] What was the impact/severity on biophysical and socio-economic? Please 
explain………………………………………………………………………………………. 

(Biophysical: mangrove, agriculture, forest, plantation and garden),  

(Socio-economic: access to food and water resources, houses, electricity, feel of security and key 
livelihoods e.g., food insecurity and ability to work).  

[H.4] [EVENT X: year, all detail as per above; frequency; etc] Please give 
details………………………………………………………………………………………. 

[H.5] What did the village leaders do after the unusual events described above? {e.g., wildfires}? 

Please explain……………………………………………………………………………… 

[H.6] How the community responded to these events, i.e., what did the community do about it as 
well as prevent impact in the future?   

Please explain……………………………………………………………………………… 

[H.7] Were other options considered? Please give details……………………………. 

 

I. PESTS  

[I.1] Has the village experienced PESTS during 2011?  

     yes      no     

[I.2] If yes, please give details……………………………………………………............ 

[I.3] what are the usual experience of pest damage in the village? When have there been unusually 
severe damage by pests? Has severe pest damage happened in years with unusual weather? 
Which pests and what do they damage? Please 
explain………………………………………………………………………………………. 

[I.4] What did the village leaders do after the unusual events described above? {e.g., Pests}? 

Please explain………………………………………………………………………………. 

[I.5] How, the community responded to these events, i.e., what did the community do about it as 
well as prevent impact in the future?   

Please explain………………………………………………………………………………. 

[I.6] Were other options considered? Please give details……………………………… 

 

J. PLANT DISEASE 

[J.1] Has the village experienced PLANT DISEASES during 2011 or any previous year that you 
remember?  

       yes           no     

[J.2] If yes, please give details of the impact/severity?…………………………………. 

[J.3] Has the village experienced fish or aquaculture diseases during 2011 or any previous 
experienced? 

        yes        no     

[J.4] If yes, please give detail………………………………………………………………. 

[J.5] What did the village leaders do after the unusual events described above? {e.g., Plant 
disease}? 

Please explain………………………………………………………………………………… 
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[J.6] If yes, describe if, and how, the community responded to these events, i.e., what did the 
community do about it as well as prevent impact in the future?   

Please explain………………………………………………………………………………… 

[J.7] Were other options considered? Please give details……………………………….. 

 

K. CAUSES OF VULNERABILITY 

[K.1] Why do you think this village experiences INDUNDATION or EROSION? Is this part of the 
coast more or less susceptible than other parts of the coast? Why? 

Please explain……………………………………………………………............................ 

[K.2] What was the main causes of the inundation or erosion in this village?  

Please explain…………………………………………………........................................... 

[K.3] What type of information are lacking or needed in order to anticipate causes of 
inundation/vulnerability and how that information could be considered? 

Please explain………………………………………………………………………………… 

 

L. CLIMATE PHENOMENA IN HEALTH SECTOR AND ASSOCIATED  IMPACTS 

[L.1] Do you associate outbreaks of health problems in the people of this village with unusual 
weather?  

                yes                         no      

[L.2] If yes, what weather did you associate with health problems (e.g., wet years and more 
malaria)? 

Please explain……………………………………………………………………………….. 

 

M. FUTURE ADAPTATION 

[M.1] How could the village be better prepared for future EVENTS? 

Please explain………………………………………………………………………………... 

[M.2] What are the options?  

Please explain………………………………………………………………………………… 

[M.3] What were they? What are the barriers to their adoption? 

Please give details…………………………………………………………………………… 

[M.4] Which options are more practical to be implemented? 

Please explain………………………………………………………………………………… 

[M.5] Are any customary law has been applied to protect marine and coastal resources? 

        yes     no 

[M.6] If yes, how is the customary lore being applied for managing and conserving fisheries and 
natural resources? Please give 
details………………………………………………………………………………………….. 

[M.7] How is the existing government laws and regulations being considered to preserve and 
protect fisheries and natural resources?  

Please explain…………………………………………………………………….................. 
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[M.8] What are the roles of civil society, NGOs, and private sectors on coastal and natural 
resources management in the village?  

Please explain…………………………………………………………………………………. 

 

Are there any comments in relation to this survey or particular comments on climate events/hazards 
that you would like to made?..………………………………………………………………..   

 

Thank you! 
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