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Abstract 

Indonesia maintains the largest most productive mangrove estate globally yet has 

experienced the world’s greatest extent of mangrove loss. New policy mandates to restore 

600,000 ha of mangroves between 2020-2024 and 1.82 million ha by 2045 are at high risk 

of failure given mangrove restoration’s poor national and global track records. Inadequate 

assessment focused largely on biophysical parameters without consideration of social, 

economic and political factors underpins this lack of success. 

The over-arching aim of this PhD study is to map and analyse mangrove forest 

landscape restoration (MFLR) opportunity in two critically degraded Indonesian 

landscapes; Demak, Central Java and Tanjung Panjang, Gorontalo, using a modified 

version of the Restoration Opportunity Assessment Method (ROAM). 

Consideration of biophysical factors and practitioner capacity to overcome 

biophysical barriers yielded 5,403 ha of restoration opportunity in Tanjung Panjang or 

100% of the site, and 9,720 ha in Demak equal to 81% of the landscapes deforested 

mangroves. However, stakeholder mapping of restoration opportunity based upon social, 

economic and policy factors significantly reduced restoration opportunity. Three 

scenarios were developed in Tanjung Panjang totalling 113, 842 and 2492 ha of 

restoration opportunity (equivalent to 2.5%, 15.9% and 47.0% of the deforested 

landscape) with only 50.6 ha of opportunity in Demak corresponding to 0.4% of the 

deforested landscape. 

Thirty-one social, economic and policy barriers across the two landscapes were 

identified which serve to impede MFLR opportunity. Cost-benefit analysis of four 

restoration scenarios across the two sites resulted in the calculation of 64 financial and 

economic net present values (NPV) representing the current monetary value of future 
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restoration benefits. When using financial (direct use) values the costs of restoration 

outweighed restoration benefits in 25 of 32 scenarios. However, use of economic values 

(direct use and ecosystem services) showed that benefits from restoration outweighed 

their costs in 23 of 32 cases. 

Findings of this research show that a suite of social, economic and political factors 

outweighs the importance of biophysical factors when determining a ‘true’ restoration 

opportunity in mangrove systems. Restoration options revealed through application of a 

system-state and threshold model developed during this research revealed restoration and 

rehabilitation as the two main options in Tanjung Panjang and rehabilitation or intentional 

transformation in Demak. Application of the system-state, threshold and restoration 

option model to degraded and deforested mangrove landscapes in Indonesia and abroad 

can help decision-makers and practitioners determine appropriate, cost-effective MFLR 

options and prioritise sites. 
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1 

Chapter 1. Introduction 

1.1. Key issues in mangrove forest landscape restoration  

Mangrove ecosystems are widely dispersed throughout archipelagic Indonesia, 

with all three hydrological types (fringing, riverine, and estuarine) represented (Mazda et 

al., 2007). Riverine and estuarine forms are typically located along the shallow muddy 

coasts of larger islands, including Sumatra, Kalimantan, and Papua, while fringing 

mangroves are common along protected shores of Indonesia’s smaller islands (Thom, 

1984; Tomascik et al., 1997). The Indonesian Ministry of Environment and Forestry 

reports 3.49 million hectares of mangrove area in Indonesia, of which 1.82 million 

hectares have been deforested or degraded (PPID, 2017).  

In addition to the world’s largest mangrove area, Indonesia maintains the world’s 

highest floristic diversity of mangroves, exhibiting 40 out of 54 global species of true 

mangroves (Tomascik et al., 1997; Tomlinson, 1986). Figure 1.1 shows the distribution of 

mangroves across Indonesia, and Figure 1.2 depicts the percentage of mangrove loss 

across 32 provinces, stratified into six groupings based upon severity based on coverage 

data from Saputro et al., (2009). This shows the major loss in heavily populated areas of 

Java, as well as significant loss on the major islands of Sumatra, Kalimantan, and 

Sulawesi. Indonesian Papua maintains 1.35 million hectares of mangroves, accounting for 

half of Indonesia’s in-tact mangroves (Aslan et al., 2016). 
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Figure 1.1. Historical coverage of Indonesian mangroves totalling approximately 4.2 
million hectares (Spalding et al., 2010). 

Due to their extent, distribution and diversity, mangrove ecosystems play a vital 

role in Indonesia's citizens' lives and livelihoods, over 65% of whom live within 50 

kilometres of the coast (BPS, 2018; Dahuri, 2001). Mangrove ecosystems are renowned 

for their role in providing high-value ecosystems goods and services; including fisheries 

habitat, timber, and non-timber forest products, coastal protection, and carbon 

sequestration (Barbier et al., 2011; Brugere & Bosma, 2014; Costanza et al., 1997; 

Ronnback, 1999; Smith et al., 2020), with a high-proportion of these values benefitting 

the poorest and most vulnerable members of society (Emerton, 2014; Ranasinghe & 

Kallesoe, 2006). 

 

Figure 1.2. Percent mangrove loss per province from the original coverage area in 
Indonesia determined based on coverage data from Saputro et al. (2009) and Nurwadjedi 
et al. (2018). 
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Over the last century, mangrove areas in Indonesia have been increasingly 

converted for alternate uses, reducing coastal communities’ access to sustainable coastal 

resources (Smith et al., 2020; Spalding et al., 2010; Tomascik et al., 1997). This 

landscape conversion has been driven by factors including central government mandates 

for short-term foreign currency earnings (Bosma et al., 2012), lack of enforcement of 

communally-owned mangroves easing their privatisation (Dietz et al., 2003; Lynch & 

Harwell, 2002), and investor preference to replace complex and diverse landscapes with 

monotypic systems in order to develop simple business models (Melvani, 2014; Tantra, 

2014). 

Mangrove forest landscapes have predominantly been degraded and deforested in 

Indonesia for the development of brackish-water aquaculture, which peaked during the 

1980s during a period of rapid aquaculture expansion known as the ‘Blue Revolution’ 

(Stonich & Bailey, 2000). Although the rates of mangrove deforestation both in Indonesia 

and globally have been diminishing over the past two decades (Giri et al., 2011; 

Murdiyarso et al., 2015; Richards & Friess, 2016), there is evidence of continued 

conversion for aquaculture (Cameron et al., 2019) in addition to new drivers such as oil 

palm plantation development over the last decade (Karokaro, 2013; Richards & Friess, 

2016; USAID LESTARI, 2020). 

The deforestation and degradation of mangrove landscapes directly impact 

community livelihoods, with increased negative impacts on the poorest, more 

marginalised communities (Brugère et al., 2008; Ranasinghe & Kallesoe, 2006). At the 

individual and household level, the loss of goods and services from mangrove conversion 

includes restricted livelihood activities and reduced access to nutritious food, energy 

(fuel-wood) and healthy water resources (Stringer et al., 2018). 
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At larger scales, the loss of ecosystem services due to mangrove conversion in 

landscapes such as the Mahakam Delta in East Kalimantan, where 55% loss of mangrove 

forest cover from 1988 to the present day, has contributed to the salinisation of the 

Mahakam River. This major river serves as the water supply for the city of Samarinda and 

the surrounding regency of Kutai Kartunegara. Loss of access to freshwater during the 

Dry Season has been calculated to cost local households and businesses an additional 

USD 60 million per year due to the need to purchase bottled water (Antara, 2014; Rosadi, 

2019).  

Mangrove conservation and restoration have been recommended to help reverse 

the trend of mangrove loss both globally and in Indonesia (Friess et al., 2016). From a 

conservation perspective, mechanisms to protect existing mangrove forests in Indonesia 

are gaining traction, evidenced by the development of village forests under new social 

forestry laws (Resosudarmo et al., 2019), increased inclusion of Indigenous forest owners 

in collaborative management (Sonjaya et al., 2020; USAID LESTARI, 2020) and the 

recent release of REDD+ payments from Norway to Indonesia (Jong, 2020).  

Increased efforts to support mangrove restoration at the global level are evidenced 

by the Global Mangrove Alliance initiative to increase mangrove coverage by 20% 

worldwide by 2030 (GMA, 2019). At the national level, Indonesian policy (Coordinating 

Ministry of Economic Affairs Regulation No. 4, 2017) has mandated the full restoration 

of 1.82 million hectares of mangrove forests by 2045 (Herawati, 2018). In 2020, the 

Coordinating Government Ministry of Maritime Affairs developed a strategy to accelerate 

action on mangrove restoration, supported by Presidential Instruction No. 120, 2020, that 

extended the mandate of the Bureau of Peatland Restoration to include mangroves, setting 

a target of 600,000 ha of mangrove restoration between 2021–2025 (BPK RI, 2020). 
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Despite these initiatives, there is a gap in Indonesia (and globally) between the 

determination of ambitious political targets to restore mangroves and the ability of coastal 

resource managers and practitioners to identify appropriate sites and undertake successful 

restoration (Daschner, 2020; IUCN, 2017; Thompson, 2018). Although comprehensive 

studies of global mangrove restoration performance have yet to be undertaken (Daschner, 

2020; IUCN, 2017; Wetlands International, 2020; Worthington et al., 2020), global rates 

of failure have been estimated at between 90–99% (Lewis III & Gilmore, 2007). This 

estimate is supported by country-level investigations in Sri Lanka and the Philippines 

(Kodikara et al., 2017; Primavera & Esteban, 2008; Wodehouse and Rayner, 2019).  

Two common failures have been reported limiting the success of mangrove 

restoration efforts, including a low degree of stakeholder willingness (Barr & Sayer, 

2012; Boedhihartono & Sayer, 2012; Kusumanto, 2005) and the lack of comprehensive 

assessment of restoration opportunity (Lewis III & Brown, 2014; Mansourian et al., 

2019). In order to overcome these gaps, genuine participation by a variety of relevant 

stakeholders (Campese et al., 2020; IUCN & WRI, 2014; Kusumanto, 2005; Mansourian 

et al., 2019) in the comprehensive assessment of social, economic, political, and 

biophysical factors that influence restoration opportunity has been recommended (Dale et 

al., 2014; IUCN & WRI, 2014; Kjerfve, 1990; Lewis III & Brown, 2014; Lewis III & 

Gilmore, 2007; Lovelock & Brown, 2019; Thompson, 2018; Worthington & Spalding, 

2018). 

This PhD thesis addresses these knowledge and management gaps by applying a 

holistic mangrove restoration assessment methodology incorporating biophysical, social, 

economic, and policy domains to identify mangrove restoration opportunity in two 

degraded mangrove forest landscapes in Indonesia. The study applies resilience theory 

(introduced below) as part of a conceptual model within the context of landscapes as 
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socioecological systems to further assess the degree to which mangrove systems can be 

restored. This study provides results to inform mangrove researchers, decision-makers, 

and practitioners of improved methods to evaluate mangrove restoration opportunity 

allowing for the prioritisation of restoration sites and increasing the likelihood of positive 

restoration outcomes given the past global and national track-record. The thesis also 

demonstrates the need to move beyond normative mass mangrove planting approaches by 

considering a broader range of restoration options. 

In this chapter, the concept of forest landscape restoration (FLR) is introduced in 

the next section, followed by a discussion of mangrove landscapes as social-ecological 

systems and mangrove restoration processes and approaches. Section 1.3 reviews the 

literature to identify biophysical, social, economic, and political factors which influence 

Mangrove Forest Landscape Restoration (MFLR) opportunity. Section 1.4 introduces 

resilience theory which considers mangrove landscapes as dynamic social-ecological 

systems juxtaposed with thresholds that indicate the amount of change the landscape can 

undergo while retaining functionality and value, and the degree to which the system is 

capable of either self-repair or restoration (Walker & Salt, 2012). Section 1.5 presents the 

overarching aim, objectives, and questions guiding the research. Section 1.6 provides a 

justification for the research, and Section 1.7 outlines the structure of this thesis. 

1.2. Forest landscape restoration 

Forest Landscape Restoration is defined as a process to regain ecological integrity 

and enhance human well-being in deforested or degraded landscapes within biomes with 

the natural potential to support trees (GPFLR, 2016). Importantly the goal of FLR is to 

enhance native ecosystem functions. It should bring ecological and economic productivity 

back without causing any loss or conversion of natural forests or other ecosystems.  
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Given growing stressors on global ecosystems, FLR has received significant 

political attention for its role in tackling multiple societal challenges, including climate 

change mitigation and adaptation, food security and biodiversity loss (Reinecke & Blum, 

2018). FLR has been elevated onto the international agenda (GPFLR, 2018; Reinecke & 

Blum, 2018), particularly through initiatives such as the Bonn Challenge, New York 

Declaration on Forests, and the UN Decade on Ecosystem Restoration, Together, the 

Bonn Challenge and New York Declaration on Forests aim to restore 350 million hectares 

of the world’s degraded forest lands including mangroves by 2030, projected to require 

USD 800 billion largely financed by the private sector (Lipton & Dwyer, 2019). Critics of 

the target question, whether it is science-based or primarily politically motivated, targeted 

at enabling new funding agreements under the guise of environmental and societal 

concern (Cannon, 2014). The Government of Indonesia, in addition to being signatory to 

the Bonn Challenge, has expressed their intent to meet 60% of their Nationally 

Determined Contribution (NDC) to reduce greenhouse gas emissions and adapt to climate 

change through the forestry sector (Tacconi & Muttaqin, 2019).  

Given their outsized ability to sequester and store carbon in comparison to other 

forest types, Indonesia’s mangroves figure prominently in both national and global FLR 

agendas (Murdiyarso et al., 2018) in addition to their contribution to international 

conventions and agreements such as Aichi biodiversity targets and sustainable 

development goals (Murdiyarso et al., 2018). 

1.2.1. Landscapes as social-ecological systems 

Landscapes have been defined in various ways. Sayer et al. (2013: p. 8350) define 

a landscape as; 
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“an area delineated by an actor for a specific set of objectives. It 

constitutes an arena in which entities, including humans, interact 

according to rules (physical, biological, and social) that determine 

their relationships. In many cases, the objectives, arena, entities, and 

rules will change: our point is that the landscape is defined in broad 

conceptual terms rather than simply as a physical space.” 

Indeed, natural resource management problems are not just ecological, social, or 

economic issues but have multiple integrated elements. These systems—in which 

cultural, political, social, economic, ecological, and technological, components interact—

are referred to as social-ecological systems (Berkes et al., 2003; Olsson et al., 2004; 

Walker et al., 2004).  

For the purposes of this thesis, the term “mangrove forest landscape” will be used 

to represent mangroves as a social-ecological system, including both in-tact mangrove 

forest ecosystems, as well as more human-influenced systems such as mangrove-

aquaculture agroecosystems. 

Managing mangrove forest landscapes, including assessing restoration 

opportunity, requires understanding how historical system dynamics have shaped the 

current system (Walker & Salt, 2012). Social-ecological systems are dynamic, and the 

changes they undergo are sometimes slow and predictable and other times fast and 

unforeseen. Having a broad overview of system change through time can reveal system 

drivers, the effects of interventions, past disturbances, and responses. 

Managing mangrove forest landscapes also requires an understanding of the 

process of change. Complex drivers of change, such as regional development or climate 
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change are especially challenging because future change in dynamic social-ecological 

systems can be largely unpredictable.  

Several approaches have been developed to tackle these problems, but for 

complex social-ecological systems, three are particularly appropriate. Quinn et al. (2017) 

analysed the drivers, pressures, state, impact, and response of mangroves as social-

ecological systems across three countries. They found three common drivers of 

degradation and deforestation; population growth and changing political and economic 

processes, which negatively impacted both mangrove state and coastal community 

welfare (Quinn et al., 2017). The second approach is the development of system models 

(Walker & Salt, 2012), which can be used to help understand non-linear dynamics, such 

as the system-state and threshold model depicted in Figure 1.4. The third approach is the 

development of scenarios. Scenarios are carefully constructed stories about the future, 

which include descriptions, events, actors (people), and mechanisms (ESPA, 2012; 

Walker & Salt, 2007). They are descriptive models or representations about possible 

alternative paths that a social-ecological system might take. 

This thesis will use two of the above approaches; the development of a system 

model in order to visualise the position of mangroves in various system-states and depict 

options for the recovery of degraded systems and the development of restoration 

scenarios for stakeholders to visualise and choose between various plausible futures. 

1.2.2. Mangrove restoration approaches 

Mangroves can regenerate naturally over a period of decades if; a) their 

hydrological regime remains undisturbed and b) propagules of colonising species are 

available (Lewis III & Streever, 2000). Where one or both conditions are not met, human 
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intervention may be required in the form of hydrological repair and/or ecological 

enhancement (Lewis III & Brown, 2014).  

As mangrove forests can recover without plantings, mangrove restoration should 

first consider addressing disturbances to the natural flooding and drainage of tidal waters 

prior to considerations of human-assisted propagule distribution (Lewis III, 2014a). 

Unfortunately, most mangrove “restoration” projects world-wide tend to prescribe 

seedlings propagation and subsequent planting before disturbance factors are adequately 

assessed (Brown, 2017; Kodikara et al., 2017; López-Portillo et al., 2017; Primavera et 

al., 2015). This has resulted in significant failure world-wide, highlighted in 

national/country studies. 

Kodikara et al. (2017) surveyed 23 sites in Sri Lanka and found that 54% of the 

planting attempts resulted in complete failure as approximately 40% of the sites chosen 

for planting had no saplings after five years. Of the 14 sites that had some recruitment, 

50% (i.e., seven sites) had survival rates of less than 10%. Similarly, Primavera and 

Esteban (2008) reported a project success rate of only 10-20% in the Philippines between 

1988–2007, with failure ascribed to poor site and species selection. Nurdin et al. (2014) 

reported 64 government-sponsored planting projects from 2011–2014 across four 

regencies in Indonesia intended to revegetate 6400 ha of mangrove area. Remote sensing 

and field verification of planting sites revealed only 8 ha of successful planting. The 

majority of these planting efforts took place seaward of pre-existing mangrove greenbelts, 

beyond mangroves threshold for tidal inundation. A single site monitored during this 

report had been planted and replated in each year of the observation period. 

In order to improve mangrove restoration practices, Lewis III and Marshall (1997) 

detailed the following five-step process to achieve successful mangrove restoration; 
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1. Understand the autecology (individual species ecology) of the mangrove 

species at the site, in particular the patterns of reproduction, propagule 

distribution, and successful seedling establishment.  

2. Understand the normal hydrologic patterns that control the distribution and 

successful establishment and growth of targeted mangrove species. 

3. Assess modifications of the original mangrove environment that currently 

prevent natural secondary succession. 

4. Design the restoration program to restore appropriate hydrology and, if 

possible, utilise natural volunteer mangrove propagule recruitment for plant 

establishment. 

5. Consider direct planting of propagules, cultivated seedlings or wildlings after 

determining (through steps a-d) that natural or human-assisted recruitment 

will not meet pre-determined restoration objectives in terms of mangrove 

cover, growth, or diversity. 

These five steps constitute the process of ecological mangrove restoration (EMR) 

from biophysical assessment through planning, design, and implementation of restoration 

(Lewis III & Brown, 2014). For the purposes of this thesis, it is important to define key 

terms as they relate to ecological mangrove restoration, to avoid ambiguity. The five key 

terms, restoration, rehabilitation, creation, enhancement, and success are defined below. 

Restoration: Returned from a disturbed or totally altered condition to a previously 

existing natural or altered condition by some action of humans (Lewis III, 1990). 

Restoration refers to the return to a pre-existing condition. However, in the context of 

FLR, the Global Partnership for Forest Landscape Restoration (GPFLR) uses the term 

restoration to refer to any activity returning forest cover to a formerly forested landscape 
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(Besseau et al., 2018). In this case, restoration takes on a broader definition for political 

purposes and to present stakeholders in a landscape with more management options than 

are provided by using the stricter definition of restoration as used by practitioners. 

Rehabilitation: Any activity undertaken which aims to convert a degraded system 

to a stable alternative use that is designed to meet a particular management objective 

(Stevenson et al., 1999). Lewis and Streever (2000) go on to state that “…rehabilitation is 

intended as an umbrella term that includes both restoration and creation”. 

Creation: The conversion of a non-mangrove habitat type into mangroves where 

they had not existed before (Lewis III, 1990). In this sense, the term afforestation serves 

as a form of habitat creation.  

Enhancement: The increase in one or more values of all or a portion of an existing 

mangrove by human intervention (Lewis III, 1990). The addition of pioneering mangrove 

species from the genus Avicennia or Sonneratia to anticipate increases in lower-intertidal 

habitat due to sea-level rise is an example of enhancement of adaptive capacity. 

Enhancement may also take place with an associated decline in other mangrove values. 

An example is the maintenance of permanently inundated (ponded) areas during 

mangrove restoration to increase habitat for ducks and other migratory water-birds while 

reducing the area available for mangrove growth.  

Success: Success in mangrove restoration, rehabilitation, creation, and 

enhancement requires that success criteria and indicators be established prior to 

intervention and that robust monitoring and evaluation take place to determine if pre-

determined objectives are being reached (Lewis III, 1990). In addition to biophysical 

success; social, economic and governance indicators need to be developed to increase the 
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likelihood that restoration activities are fulfilling the needs and interests of intended 

beneficiaries (Stewart-Sinclair et al., 2020). 

Throughout this thesis, restoration will be used as the default term for 

management actions aiming to increase forest coverage in degraded and deforested 

landscapes, to align with its use by the GPFLR (Besseau et al., 2018). The terms 

rehabilitation and enhancement are intermittently used in this thesis to specifically define 

an intervention method. A new term, mangrove forest landscape restoration, is 

introduced, which serves to refine the term FLR specifically for use in degraded and 

deforested mangrove landscapes. 

Apart from terminology, a variety of mangrove restoration techniques exists, 

which are relevant to this study as they are used to inform restoration opportunity 

mapping, one of the steps in the methodology. These management options range in terms 

of the degree of human intervention required, from a hands-off approach as part of natural 

revegetation to intensive interventions required during hydrological repair and erosion 

control.  

A review of mangrove restoration techniques is summarised in Table 1.1, which 

lists six specific mangrove restoration types, along with a brief description of each type, 

the relative degree of human intervention required, and key references or case studies. 
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Table 1.1. Description of mangrove restoration techniques, degree of human intervention 
required, key references and case studies. 

Mangrove restoration 
type 

Description Degree of 
Human 
Intervention 

Sources 

1. Natural revegetation Allowing existing propagules 
to re-populate appropriate 
intertidal surfaces 

Not 
applicable 

(Bosire et al., 2008; Brown 
et al., 2014b; Lewis III & 
Brown, 2014; Stevenson et 
al., 1999) 

2. Pre-emptive stress 
removal 

Identifying and addressing 
eco-hydrological stressors to 
living mangroves 

Low (Lewis III et al., 2015) 

3. Direct planting 
without hydrological 
repair 

Planting of propagules, 
seedlings, or wildlings 
without hydrological repair 

Low (Kodikara et al., 2017; 
Saenger & Siddiqi, 1993) 

4. Hydrological 
restoration with 
natural or human-
assisted revegetation 

Removal of barriers to 
normal hydrological flows, 
such as dike walls or 
undersized culverts, with 
revegetation efforts 

Moderate (Brown, 2017; Brown et al., 
2014a; Lewis III, 2009) 

5. Major excavation or 
fill projects 

Use of heavy machinery to 
add or subtract sediment 
and regrade; restoring a 
natural substrate 
topography 

High (Brown, 2017; Lewis III, 
2009; Rey et al., 2012; 
Rivera-Monroy et al., 2006) 

6. Experimental erosion 
control/coastal 
protection measures 
with natural or 
human-assisted 
revegetation 

Soft or hard engineering 
intervention to remediate 
energy of waves/currents, 
encourage sedimentation 
and reduce direct abrasion. 

High (Albers & Schmitt, 2015; 
Brown, 2017; Lewis III & 
Paul, 1984; Schmitt and 
Albers, 2014; Winterwerp 
et al., 2014) 

While there are numerous approaches to mangrove restoration, their application is 

enabled and/or constrained by a range of other biophysical, social, economic, and 

political factors discussed in Section 1.3. 

1.3. Factors determining MFLR opportunity  

As mentioned in Section 1.1, forest landscapes can be considered social-

ecological systems, and it is useful when identifying factors that influence restoration 

opportunity to consider both biophysical factors which determine the ecosystem state 

(Dale et al., 2014; Kjerfve, 1990; Lewis III & Gilmore, 2007; Worthington & Spalding, 

2018), as well as the numerous human factors which determine its social-state (Campese 
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et al., 2020; Kusumanto, 2005; Mansourian, 2017; McLain et al., 2018). In practice, many 

biophysical and human factors are inter-related, such as land-cover and land-use, but the 

disaggregation of factors assists in their measurement, which will be important in 

determining MFLR opportunity. Factors which may enable or inhibit restoration 

opportunity in mangrove forest landscapes are discussed below based on a review of the 

literature. 

1.3.1. Biophysical factors which determine MFLR opportunity 

Mangroves typically exist along coastal plains, proliferating in depositional areas 

associated with estuaries and rivers (Tomascik et al., 1997; Tomlinson, 1986). Mangroves 

are generally limited to the intertidal zone, with a range of species occurring between 

mean sea level and highest astronomical tide (HAT; Friess et al., 2011; Tomlinson, 1986). 

The extent of this zone, labelled ‘accommodation space’ by Woodroffe et al. (2016), is 

dependent upon geomorphological dynamics and coastal bathymetry. The ability of 

mangroves to recruit to and grow in this environment differs over various phases of 

geomorphological change related to subsidence, erosion, accretion, vegetative 

stabilisation, intra- and interspecific facilitation, biogenic factors, and hydrological factors 

such as hydroperiod and the functioning of tidal channels (Davie & Sumardja, 1998; 

Huxham et al., 2010; Kjerfve, 1990; Lewis III & Gilmore, 2007; McKee & Faulkner, 

2000; Woodroffe et al., 2016). 

The range of biophysical factors controlling the distribution, formation, and 

functioning of mangrove ecosystems derived from a literature review are presented in 

Table 1.2, along with brief descriptions of their relevance and key references.  
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Table 1.2. Biophysical factors influencing mangrove recruitment and growth and their 
relevance to mangrove restoration opportunity and key references. 

Biophysical Factor Relevance to mangrove restoration 
opportunity 

Key References 

Air and water 
temperature 

Lower temperature threshold for 
mangrove growth; mangroves are frost-
averse 

(Chapman, 1977) 

Geomorphically 
stable coastlines 

Mangroves require relatively calm, stable 
coastal settings 

(Balke & Friess, 2016; Chapman, 
1977; Kjerfve, 1990; Woodroffe, 
1992; Woodroffe et al., 2016) 

Coastal protection 
structures 

Provides calm, stable coastal conditions 
conducive for recruitment and growth 

(Lewis III & Paul, 1984; van 
Bijsterveldt et al., 2016; 
Winterwerp et al., 2013) 

Oceanic currents Responsible for propagule dispersal and 
limiting recruitment 

(Chapman, 1977) 

Substrate type Influences recruitment per species (Chapman, 1977; Kjerfve, 1990; 
Woodroffe, 1992) 

Edaphic (substrate) 
conditions 

Determines ions and metabolites which 
may limit mangrove recruitment/growth, 
also temperature and nutrients 

(Krauss et al., 2008; McKee & 
Faulkner, 2000) 

Salinity Influences species selection; excludes 
non-halophytic plants 

(Chapman, 1977; Krauss et al., 
2008; McKee & Faulkner, 2000) 

Tidal period and 
range 

Determines duration and frequency of 
tidal inundation, determines redox 
potential of metabolites 

(Chapman, 1977; Friess et al., 2011; 
Kjerfve, 1990; Oh et al., 2016; 
Turner & Lewis III, 1997; Van Loon 
et al., 2016; Worthington & 
Spalding, 2018) 

Surface elevation Closely related to tidal inundation, 
limiting factor of mangrove survivorship 
and speciation 

(Mazda et al., 2007; Turner & Lewis 
III, 1997; van Bijsterveldt et al., 
2016) 

Proximity to tidal 
creek network 

Controls flooding and drainage (Lewis III et al., 2015; Lewis III & 
Brown, 2014) 

Antecedent sea 
level rise 

Determinant of past mangrove 
distribution (related to accommodation 
space) 

(Lovelock et al., 2015; Woodroffe et 
al., 2016; Worthington & Spalding, 
2018) 

Future sea level rise Determinant of future mangrove 
distribution (related to accommodation 
space) and inland migration opportunity 

(Lovelock et al., 2015; Woodroffe et 
al., 2016; Worthington & Spalding, 
2018) 

Inorganic 
suspended 
particulate matter 
trend and river run-
off 

Source of minerogenic sediment, 
determining and maintaining 
accommodation space 

(Balke and Friess, 2016; Crooks et 
al., 2011; Kjerfve, 1990; Woodroffe 
et al., 2016; Worthington & 
Spalding, 2018) 

Timing of mangrove 
loss 

Integrates several biophysical factors, 
including surface elevation 

(Worthington & Spalding, 2018) 

Median loss patch 
area 

Large patches are harder to restore than 
small patches 

(Giri et al., 2013; Worthington & 
Spalding, 2018) 
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Biophysical Factor Relevance to mangrove restoration 
opportunity 

Key References 

Percentage of loss 
patches contiguous 
with extant 
mangroves 

Contiguousness or connectivity with 
existing mangroves increases the 
opportunity for renewal or restoration 

(Giri et al., 2013; Worthington & 
Spalding, 2018) 

Propagule 
availability 

Presence of mother trees and the ability 
to distribute propagules to 
accommodation space greatly influence 
renewal and restoration opportunity 

(Bosire et al., 2008; Di Nitto et al., 
2013; Djamaluddin et al., 2018; 
Lewis III, 2014a; McKee, 1995) 

Of the above list of potential factors, five categories can be identified which 

operate at the landscape level and determine mangrove establishment and distribution 

(Kjerfve, 1990; Lewis III & Brown, 2014), namely; 1) geomorphic factors, 2) ecological 

factors, 3) hydrological factors, 4) coastal protection, and 5) landscape modifications 

preventing natural secondary succession, which are described below. 

1. Geomorphic factors. Kjerfve (1990) posits that while mangroves exist under a 

wide range of climatological settings, their geomorphological settings are significantly 

more restrictive. Geomorphological processes in mangrove systems occur at a variety of 

temporal and spatial scales and are controlled by factors including tidal inundation, 

degree of coastal protection, soil and substrate type, and river-runoff (Kjerfve, 1990). 

Where one or more of these factors are degraded, they may serve as significant barriers to 

mangrove recovery after stress or disturbance events.  

Numerous authors have classified mangrove systems based on geomorphological 

traits, recognising six basic community types based predominantly on physiographic 

settings, which is a function of biological interactions and environmental conditions 

(Hutchings & Saenger, 1987; Lugo & Snedaker, 1974; Thom, 1982). Woodroffe (1992) 

revisited geomorphic stratification, positing that basin mangroves fundamentally differ as 

overall material sinks versus riverine and fringing mangrove systems with a greater 

degree of flux due to in-welling and out-welling of sediment and organic matter. 
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Woodroffe’s (1992) stratification served as a basis for Balke and Friess (2016) use of 

global data sets for soil organic matter, total suspended material, and tidal range to 

develop three system types; 1) organogenic low tidal range, 2) minerogenic low tidal 

range, 3) minerogenic high tidal range) based on drivers of sediment supply and surface 

elevation maintenance as a basis to inform restoration intervention type.  

2. Ecological factors. An understanding of both autecology (ecology of individual 

mangrove species) and community ecology (associations of mangrove species and/or 

ecotones) are important determinants of restoration opportunity (Lewis III, 2005; Lewis 

III & Gilmore, 2007). The presence or absence of species and their relative abundance 

combine to inform the availability of propagules or propagule limitation (Bosire et al., 

2008; Di Nitto et al., 2013; Friess et al., 2011; Krauss et al., 2008; Lewis III, 2005; Oh et 

al., 2016). Degraded and converted mangroves may lack functional diversity, impeding 

the recovery of a mangrove forest after disturbance (Folke et al., 2002; Friess et al., 2011; 

Lewis III, 2014b) 

The diversity of species and functional groups of mangroves can be considered a 

form of biophysical restoration capital. Adequate restoration capital will enable self-

repair or restoration opportunity after disturbance and indicates system adaptability or 

adaptive capacity (Folke et al., 2002; Walker et al., 2004). A deficit of restoration capital 

can be considered a vulnerability of the system, impeding recovery, and reducing 

restoration opportunity.  

3. Hydrological factors. Surface elevation integrates two key factors of 

hydroperiod, duration and frequency of tidal inundation, which dictate mangrove 

recruitment and forest development (Krauss et al., 2008; Mazda et al., 2007; Turner & 

Lewis III, 1997). Hydroperiod can be determined by the placement of water loggers (Van 

Loon et al., 2016), however, hydroperiod alone may not provide practitioners with 
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enough information to develop a mangrove restoration design (Lewis III & Brown, 2014). 

More appropriate to the needs of restoration practitioners may be the concepts of 

accommodation space, which depicts the relationship between the sediment surface and 

the upper limit of tidal inundation (Woodroffe et al., 2016) and elevation capital (another 

form of restoration capital) which is the potential of mangrove to remain within a suitable 

inundation regime despite subsidence or sea level rise (Lovelock et al., 2015). Both 

concepts capture the relationship between surface elevation and tidal inundation regime 

with regards to lower and upper thresholds for mangrove recruitment and growth. 

4. Coastal protection. Mangroves proliferate in areas protected from high-energy 

inputs such as wind, waves, and currents (Chapman, 1977; Kjerfve, 1990; Tomascik et 

al., 1997). The position of a potential mangrove restoration area with relation to natural 

protective structures and, conversely, high-energy environments should be mapped during 

restoration opportunity assessment. Natural coastal protection structures may include 

chéniers, remnant mangrove greenbelts, reefs (coral or oyster), seagrass beds, etc. 

Human-made structures may include dike walls, engineered groins, or permeable dams. 

The absence of adequate coastal protection structures may require restoration 

practitioners to develop temporary or permanent coastal protection structures to maintain 

“as-built1” surface elevation levels post-restoration (van Bijsterveldt et al., 2016; 

Winterwerp et al., 2014). 

5. Landscape modifications preventing natural secondary succession. 

Modifications to mangrove landscapes impeding secondary succession are largely 

hydrological in nature, impeding the ability of tidal water to flood and drain a mangrove 

area or limiting connectivity to fresh surface or groundwater sources (Friess et al., 2011; 

                                                 
1 As-built is a term used by restoration practitioners to describe the state of mangrove typography 
immediately after restoration. 
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Lewis III, 2005; Mazda et al., 2007). Examples of landscape modifications inhibiting 

secondary succession in Indonesia include excessive sedimentation from upland erosion 

due to poor agricultural practices (Djohans, 2007), ring-ditch and dike wall construction 

during aquaculture development (Bosma et al., 2012), and in-filling of tidal creeks during 

oil palm plantation construction (Richards & Friess, 2016).  

Knowledge of environmental factors as controlling variables is important as it 

allows for the identification of both enabling factors and factors which may be considered 

vulnerabilities of a mangrove system (Folke et al., 2002), acting as barriers or 

impediments to natural recovery or restoration (Stewart-Sinclair et al., 2020). In this 

study, a selection of specific biophysical factors from the above five categories will be 

evaluated to determine biophysical restoration opportunity. The approach taken is 

presented in Chapter 2 on research methods.  

1.3.2. Social, economic, and political factors which determine MFLR 

opportunity 

Biophysical factors are the most commonly considered when assessing mangrove 

restoration opportunity, due in part to the availability of existing data at higher scales 

(regional, global) in comparison to social factors (Worthington & Spalding, 2018).  

Although Stewart-Sinclair et al. (2020) considered five major factors in evaluating 

common barriers to “blue restoration”, the authors emphasised environmental 

(biophysical) factors over social, political, and economic when determining restoration 

opportunity (Figure 1.3). This is likely biased by the higher degree of participation of 

biophysical scientists over economists, social and political scientists during mangrove 

restoration workshops, seminars, and research.  
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Figure 1.3. Common barriers to successful blue restoration at the scale required to meet 
future global targets (after Stewart-Sinclair, 2020). 

Although depicted as lesser barriers to blue restoration, social, economic, and 

political factors maybe as or more important than environmental and technical factors, 

given that the underlying causes of mangrove deforestation and degradation are more 

often anthropogenic than strictly environmental factors (Friess et al., 2016; Lovelock & 

Brown, 2019; UNU-IAS et al., 2014). There is emerging literature on these social, 

economic and policy factors which influence FLR opportunity. Orsi et al. (2011) ascribed 

a Delphi process to develop nine social criteria and indicators for the feasibility of 

ecological forest restoration; 1) land-use conflicts, 2) economic sustainability, 3) forest 

governance, 4) land ownership, 5) monitoring, 6) political will, 7) restoration costs, 8) 

technical knowledge, and 9) willingness of local stakeholders. Kusumanto (2005) 

describes a “4R” framework (rights, responsibilities, returns, and relationships) in Jambi, 

Sumatra, to determine the interests of various stakeholder groups in forest landscape 

restoration. Hartman and Cleveland (2014) determined perceived benefits from 

restoration as the major determinant of stakeholder interest in restoration. This is 

corroborated by several authors who found that the main pre-condition of stakeholder 

interest in FLR is increased access to forest resources (Galabuzi et al., 2014; Kusumanto, 
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2005; Orsi et al., 2011), which in turn is reliant upon the degree to which land tenure is 

secure (Hartman & Cleveland, 2014; Lynch & Harwell, 2002; Orsi et al., 2011).  

Adams et al. (2016) noted that increased future income ranked highest in terms of 

stakeholder interest in restoration, followed by alternative livelihood opportunities, 

equity, land productivity, land tenure, and markets for forest products and ecosystem 

services. Adams et al., (2016) study of the impact of large-scale forest restoration on 

socioeconomic status and local livelihoods also found limited evidence of large-scale 

FLR contributing to local livelihood outcomes such as income, livelihoods 

diversification, off-farm employment opportunities, poverty reduction, equity, and the 

provision of timber and energy as ecosystem services. 

Several authors have noted that conflicting objectives and motives around 

mangrove restoration likely exist both within and between stakeholders (Barr & Sayer, 

2012; Hartman & Cleveland, 2014; IUCN & WRI, 2014; Moriizumi et al., 2010; Orsi et 

al., 2011; Sayer et al., 2013) which requires specific tools and approaches for resolution 

(Hartman & Cleveland, 2014; Hjortsø et al., 2005). 

In order to facilitate the transition from current land use to a restored forest 

regime, land-users and other stakeholders may require financial incentives (Hartman & 

Cleveland, 2014; IUCN & WRI, 2014). Future benefits from restoration need to be 

balanced against future benefits from current land use, which can be considered an 

opportunity cost of restoration (IUCN & WRI, 2014; Orsi et al., 2011; Verdone, 2015). In 

addition to this, current land users will be interested in compensation for their prior 

investment, in this case, the cost of aquaculture development.  

It is necessary that alternative livelihood options are available to land-users unable 

to continue current livelihood activities under an FLR scenario. Where alternate 
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livelihoods are not available, current land users may contest FLR, engage in conflict or 

translocate to continue destructive livelihoods in an alternate landscape (Emborg et al., 

2012; Mansourian, 2017). This scenario constitutes ‘leakage’ in forest-based greenhouse 

gas mitigation projects, including restoration (Laestadius et al., 2015). Governments and 

financial institutions have developed safeguards against scenarios such as forced 

relocation (The World Bank, 2018), but there is little guidance in the literature regarding 

commensurate and appropriate livelihood alternatives for coastal land users under an FLR 

scenario. The availability and viability of commensurate alternative livelihoods strategies 

will differ between landscapes and are dependent upon local factors such as the resource 

base, access to natural resources, and markets (Mansourian, 2017; Orsi et al., 2011). The 

ability for impacted land-users to claim compensation or support for alternative livelihood 

development is linked to land tenure and the legality of current land use (Hartman & 

Cleveland, 2014; Orsi et al., 2011).  

Table 1.3 summarises the themes from the literature into factors that influence 

stakeholder willingness to undertake MFLR across three categories; 1) land tenure and 

use, 2) governance and political will, and 3) economic costs and benefits. It is important 

to note these categories and criteria are not exhaustive and are inter-related, with some 

factors falling into multiple categories. These factors span a wide range of social, 

economic, political, institutional, and legal domains. These factors were investigated in 

this thesis ultimately identify factors enabling or impeding mangrove restoration.  
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Table 1.3. Social, economic, and political factors which influence stakeholder willingness 
to undertake MFLR (Adams et al., 2016; Galabuzi et al., 2014; Hartman & Cleveland, 
2014; Kusumanto, 2005; Mansourian, 2017; Orsi et al., 2011). 

Land tenure and use Governance and political will Economic costs and benefits 

tenure rights forest governance restoration costs 

tenure security policy mandates societal benefits 

conflict political will economic sustainability 

responsibilities enforcement capacity ecosystem services 

returns/benefits community engagement markets 

relationships policy and legal framework consistency 
 

compensation multi-scalar, multi-sectoral linkages 
 

incentives   

alternative livelihoods   

In this thesis, a variety of factors across biophysical, social, economic, and 

political domains will be used to determine MFLR opportunity. Although a variety of 

individual factors may contribute to or impede restoration opportunity, it is their 

amalgamation which ultimately determines restoration opportunity. The following section 

introduces resilience theory and how it is relevant to this thesis on MFLR.  

1.4. Resilience theory underpinning mangrove loss and restoration options 

Section 1.4.1 below introduces resilience theory as a form of systems thinking, 

providing a theoretical basis to understand the state and dynamics of mangrove forest 

landscapes in both pre- and post-degraded conditions. This allows for the development of 

a conceptual model depicting in-tact and degraded mangrove forests on opposite sides of 

a threshold with a typology of potential restoration options in Section 1.4.2.  

1.4.1. Lost resilience  

Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance 

without collapsing into a qualitatively different state controlled by a different set of 

processes (Walker et al., 2002). From an ecological perspective, resilient ecosystems can 
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tolerate disturbances and extreme events due to inherent adaptive capacity, for example, 

the presence of a diverse array of colonising mangrove species, whose propagules will 

recruit to appropriate and available substrates post-disturbance (Brown, 2007). This self-

recovery function is important to restoration, as it illustrates important factors and 

processes of ecosystem recovery. 

As part of the natural world, humans depend on ecological systems for survival 

and continuously impact the ecosystems in which we live, from the local to global scale. 

The concept of resilience, though initially developed to describe ecological change, has 

been expanded to describe the dynamics of landscapes as social-ecological systems.  

“Resilience theory” as applied to integrated systems of people and the natural 

environment and has four basic tenets (Walker, 2013); 

i. social-ecological systems (SES) are self-organising, with centripetal 

dynamics, a tendency towards a stable state or ‘attractor’; 

ii. SES have multiple stability domains. They have limits to change before they 

self-organise towards a different attractor; 

iii. changes through time reflect a passage through phases of an adaptive cycle; 

iv. SES function at multiple scales and cross-scale effects are important. 

The first two tenets above place a strong emphasis on shifts in SES across a 

threshold when perturbed, resulting in alternate stable-states (Figure 1.4). These shifts 

occur due to prolonged natural or anthropogenic disturbance, including social, economic, 

and political pressures such as the transgression of indigenous forestry rights to enable 

sectoral economic development (Walker & Salt, 2012).  

From a human perspective, people are interested in the supply of ecosystem goods 

and services that mangrove landscapes provide, such as food, fisheries habitat, coastal 
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protection, or greenhouse gas mitigation. Ecosystem services such as these are depicted as 

a single response variable in Figure 1.4 which is dependent on one or more underlying 

controlling variables (e.g., forest land cover or land under formal forestry jurisdiction) 

depicted on the x-axis. Figure 1.4 also depicts theoretical thresholds (ϴ), which separate 

mangrove systems in stable states. The mangrove landscape on the left of a threshold is in 

an original or pre-degradation state, while the system on the right represents a post-

degradation state.  

The two scenarios depicted in Figure 1.4 represent mangrove landscapes that have 

crossed a single threshold due to changes in an environmental factor (Scenario A) and a 

social factor (Scenario B). In Scenario A, incremental aquaculture development led to an 

initial increase in ecosystem service values, as mangrove coverage remained high enough 

to ensure ecosystem services and the provision of aquaculture products increased the 

landscape value. However, a tipping-point was reached as the mangrove to aquaculture 

ratio in the landscape was reduced, resulting in a dramatic reduction of ecosystem service 

values across the threshold. Examples of Scenario A exist in the Mahakam Delta, East 

Kalimantan and Tanjung Panjang, Gorontalo, which experienced large-scale aquaculture 

development between 2000-2015 (Bahsoan et al., 2014; Bosma et al., 2012; Brown et al., 

2015). 

In Scenario B, government policy changes resulting in the re-gazetting of a 

mangrove area for agro-industrial development, which triggered rapid landscape 

conversion, drastically reducing the supply of ecosystem services across a threshold. 

Scenario B is exemplified on Bangka Island, North Sulawesi, where iron mining was 

temporarily approved by sub-national government leaders (Doaly, 2018). 
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Figure 1.4. Generic resilience curves depicting the loss of ecosystem services across 
hypothetical social and ecological thresholds. Adapted from Walker (2013). 

Undisturbed mangrove landscapes in Indonesia featured biodiverse forests whose 

floors were regularly inundated and drained by tidal waters (Tomascik et al., 1997). Both 

trees and plankton present in the water column served as primary producers, driving a 

rich food-chain supporting fisheries, wildlife, and human populations (Tomascik et al., 

1997). These pre-disturbance mangrove landscapes provided a valuable and resilient 

range of goods and services (Ruitenbeek, 1992; Tomascik et al., 1997), reliant upon 

connectivity to adjacent terrestrial and aquatic ecosystems. At this time, mangrove forests 

were traditionally managed as commons by small populations of coastal communities 

(Sonjaya, 2007).  

Over time and with the growth of coastal populations, pressure to optimise the 

production of one or select few optimised commodities led to the privatisation and 

conversion of the mangroves, involving loss of connectivity through habitat 

fragmentation, reduction in ecosystem service value and loss of resilience (Brown, 2007). 

In Indonesia, these land-use changes consisted of conversion to privately owned rice-

fields and aquaculture ponds (Rahadian, 2016) and, more recently, industrial zones, 
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expansion of human settlements in coastal areas and oil palm plantations (Richards & 

Friess, 2016).  

This process of privatisation of the communal lands represents an example of a 

change in the system-state, also known as a regime shift (Walker & Salt, 2012). The 

position of thresholds depicted in Figure 1.4 represent points of transition during these 

regime shifts (Berkes et al., 2003; Walker & Meyers, 2004).  

In addition to the type and position of thresholds separating mangrove regimes, it 

is important to identify and measure a range of factors that may drive the system towards 

or across a threshold. Where one or more thresholds have already been crossed, these 

biophysical, social, economic, and political factors (described in Sections 1.3.1 and 1.3.2) 

may also serve as important indicators of MFLR opportunity. From a resilience 

perspective, although it is important to select appropriate controlling factors or indicators 

for measurement, it is also important to remain cognizant of the impact of controlling 

factors on the dynamics and trajectory of the mangrove forest landscape (O’Connell et al., 

2015; UNU-IAS et al., 2014). Using a well-intended idiom, it is important to see the 

forest through the trees. 

Once one or more thresholds have been crossed, it may be difficult, expensive, or 

impossible to re-cross a threshold returning to the original system-state. This holds true 

because a degraded mangrove landscape may also be in a stable or resilient state, tracking 

towards a different attractor. As an example, a pre-degradation mangrove system growing 

at a suitable surface elevation (between highest gravitational tide and mean sea level) 

would track towards renewal or revegetation after a minor disturbance such as a storm. 

However, a degraded system, where more of the landscape falls below mean sea level 

(potentially eroded or collapsed surface), would track towards a different attractor after a 

storm, perpetuating itself as a lower-intertidal mudflat.  
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Although ecological thresholds or tipping-points have been well-studied in the 

literature (Scheffer et al., 2001), social thresholds (also known as tipping-points) are less 

well understood in part due to their subjective nature (Serrao-Neumann et al., 2016) as 

well as their continual evolution (Walker, 2013). Adding to their enigmatic perception, 

social thresholds can only be empirically identified once they have been crossed. As such, 

estimating the nature and position of a threshold in a pre-degradation regime requires the 

development of proxies or surrogates (Blythe, 2015).  

From a management perspective, it is far preferable to maintain a landscape on the 

pre-degradation side of a threshold, and so it is essential to identify the nature and 

position of thresholds and controlling variables that push a system towards or across a 

threshold in order to inform management strategies and actions (Eslami-Andergoli et al., 

2014; Walker, 2013). When one or more thresholds have been crossed, the challenge to 

managers is to determine what restorative interventions are possible and return the 

ecosystem to a more valuable system-state. Section 1.4.2 considers the various types of 

mangrove restoration, plotting them on a theoretical resilience curve which will be 

referred to throughout this thesis to inform recovery options and MFLR opportunity 

investigations. 

1.4.2. Options for recovery  

Understanding mangrove forest landscapes as dynamic social-ecological systems 

which may or may not have undergone one or more regime shifts (Folke, 2010) allows for 

the construction of a typology (Figure 1.5) depicting six mangrove management options 

that consider the mangrove forest landscape system-state, the position of thresholds, and 

stakeholder interests as they relate to mangrove ecosystem values. The six-management 

options roughly correlate to the six mangrove restoration techniques listed in Table 1.1 

and the key restoration terms discussed in Section 1.2.2 and can be grouped in three 
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categories; a) pre-degradation options, b) post-degradation reparative options, and c) post-

degradation transformative options. These management options are described below and 

depicted on a generic resilience adapted from Walker (2013). 

 

Figure 1.5. Typology of pre- and post-degradation mangrove forest landscape recovery 
options depicted as a system-state, threshold, and restoration option model. 

1.4.2.1. Pre-degradation management options 

1. Enhancement of adaptive capacity. Classic examples of enhancement as 

defined by Lewis III (1990) include diking of emergent wetlands to create 

persistent open-water bird habitat or placement of incubation boxes in tidal 

creeks to augment a species of commercially valuable fish. In the context of 

mitigation and adaptation to climate change, enhancement may occur as some 

form of future-proofing, such as mud nourishment to promote sedimentation 

to keep pace with isostatic sea-level rise (van Wesenbeeck et al., 2015), or 
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planting of species that have been reduced to increase functional redundancy 

(Walker & Salt, 2012).  

2. Early detection of stress and stress removal. Lewis III et al. (2015) note that 

mangrove forests are often stressed beyond their limits of survival for 

numerous reasons, including hydrological change, artificial in-filling of 

sediments, subsidence, and climatic variability. Lewis et al. (2015) conclude 

by recommending a three-step mangrove stress detection and removal model 

including; 1) monitoring and detection of acute mangrove degradation, 

2) identification of thresholds that may trigger larger-scale degradation and 

deforestation, and 3) amelioration of stress in advance of degradation and 

deforestation. Early stress detection and removal may also be considered a 

form of pre-emptive restoration. 

1.4.2.2. Post-degradation restorative options 

These management options are restorative in nature, with the intent of re-crossing 

a previously transversed threshold and re-establishing significant forest cover in a 

landscape, referring to terms discussed in Section 1.3.2 

1. Restoration. Restoration, in this sense, adheres closer to the definition 

provided by Lewis III (1990), return to a pre-existing condition across one or 

more previously transversed thresholds. Restoration, as used in the term 

‘Forest Landscape Restoration’ (Besseau et al., 2018) also includes 

rehabilitation which is discussed below. 

2. Rehabilitation. Under this model, rehabilitation includes activities that return 

a degraded or deforested mangrove system, across one or more previously 

transversed thresholds, to a stable system designed to meet one or more 
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management objectives (Stevenson et al., 1999). This differs from the strict 

definition of restoration discussed above but is a form of Forest Landscape 

Restoration (Besseau et al., 2018).  

1.4.2.3. Post-degradation transformative options 

In resilience literature, transformation is described as the process of changing 

from one type of system to another with different controlling variables, outputs, structure, 

functions, and feedbacks (O’Connell et al., 2015). Transformation can occur in the 

biophysical realm (e.g., a changed landscape mosaic), as well as in social systems (e.g., 

changes in land-use designation or political jurisdiction). Below, two forms of 

transformation are described, which complete the conceptual model in Figure 1.5. 

1. Intentional transformation. The deliberate transformation of a system to one 

with different defining variables and, therefore, a different identity (a new 

way of making a living), initiated and guided by the actors (O’Connell et al., 

2015). Examples of intentional conversion exist in the Philippines and 

Vietnam, where policy and programs allow for 20–40% conversion of 

mangroves to aquaculture (Narayan et al., 2016; Primavera & Esteban, 2008; 

Quoc Vo et al., 2015). 

2. Unintentional transformation. An imposed transformation of a social-

ecological system that is not initiated and guided deliberately by the actors. 

Also known as forced or autonomous transformation (O’Connell et al., 2015). 

Examples of unintentional transformation include landscapes 1 through 6 

from Chapter 2, Table 2.1 where unplanned conversion of mangroves to 

aquaculture has resulted in aquaculture as the dominant land use, often 
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associated with negative environmental and social consequences (Rimmer et 

al., 2013; Stonich & Bailey, 2000; van Wesenbeeck et al., 2015). 

In this thesis, I apply this restoration option model (Figure 1.5) based on resilience 

theory as a basis for understanding mangrove landscape change and the representation of 

restorative management options for the two research landscapes. This research will 

contribute to the operationalisation of resilience theory by empirically determining the 

nature and position of thresholds as well as empirical values for key social and 

biophysical factors which drive mangrove system dynamics.  

This systems approach to MFLR opportunity assessment addresses weaknesses in 

the normative government approach, which has remained unchanged since the 

establishment of Indonesia’s national restoration fund in 1989, through national 

restoration programs such as the National Forest Restoration Movement (GERHAN; 

2003-2010; Barr & Sayer, 2012) and Community Nursery Program (Kebun Bibit Rakyat; 

2010 – present day; Barr & Sayer, 2012; van Oosten et al., 2014). 

These weaknesses include a lack of prioritisation of appropriate mangrove 

restoration sites, measurement of select biophysical factors not considered integral to 

mangrove restoration success, and lack of attention to social, economic, and political 

factors determining stakeholder interest and willingness to undertake mangrove 

restoration (Brown et al., 2014a).  

In order to improve upon normative mangrove restoration opportunity assessment 

practices, this thesis will investigate two landscapes using key biophysical factors 

recommended by global practitioners and a range of social, economic, and political 

factors of concern to local stakeholders interested in and influential over mangrove 
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restoration. The specific over-arching aim, objectives, questions, and structure used to 

guide this research into MFLR opportunity are presented below in Section 1.5. 

1.5. Research aim, objectives, and key questions 

The over-arching aim of this research was to map and analyse mangrove forest 

landscape restoration opportunity in Indonesia by investigating key biophysical, social, 

economic, and political factors. The aim was achieved through the following four 

research objectives. 

 Research Objective 1: To determine the scope of biophysical MFLR 

opportunity in focal landscapes based on the state of key biophysical factors 

influencing restoration and the capacity of mangrove restoration practitioners 

to capitalise on enabling factors and overcome barriers to achieve MFLR. 

 Research Objective 2: To refine the scope of MFLR opportunity by 

considering the social, economic and policy factors controlling stakeholder 

attitudes towards mangrove restoration and to identify social barriers to be 

resolved to successfully implement MFLR in the research landscapes. 

 Research Objective 3: To calculate the economic costs and benefits of 

potential mangrove forest landscape restoration scenarios identified in 

opportunity maps. 

 Research Objective 4: To integrate findings from objectives 1-3 for each 

landscape to develop a system-state, threshold, and restoration option model 

to inform future research and decision making around mangrove restoration 

site selection and approaches. 

In addressing the above research objectives, two landscapes in Tanjung Panjang, 

Gorontalo and Demak, Central Java in Indonesia were selected for investigation, which 
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used a mixed-methods approach, combining multiple disciplines and a mix of “best-

science” and “best-knowledge”, to obtain accurate data as well as a local insight of the 

problem context. Table 1.4 delineates key questions which guided the research towards 

achieving each research objective.  

Table 1.4. Key questions guiding each research objective. 

Research Objectives Key Questions  

1. To determine the scope of 
biophysical MFLR opportunity in 
focal landscapes based on the state 
of key biophysical factors 
influencing restoration and the 
capacity of mangrove restoration 
practitioners to capitalise on 
enabling factors and overcome 
barriers to achieve MFLR. 

 What is the status of key biogeomorphological factors 
which serve to enable or impede MFLR in Tanjung 
Panjang and Demak?  

 What mangrove restoration techniques should be 
applied to capitalise on favourable biophysical factors 
and overcome biophysical barriers, and what is the 
scope of their application? 

 What capacity do local practitioners have to 
undertake MFLR based on their skills and knowledge 
of mangrove restoration and their leadership 
qualities? 

2. To refine the scope of MFLR 
opportunity by considering social, 
economic and policy factors 
controlling stakeholder attitudes 
towards mangrove restoration and 
to identify social barriers to be 
resolved to successfully implement 
MFLR in the research landscapes. 

 Which stakeholders should be involved in mangrove 
restoration opportunity mapping based on their 
degree of interest and influence with regards to 
MFLR? 

 What key management events have occurred in the 
past which contribute to stakeholder perceptions of 
MFLR opportunity?  

 What plausible future restoration scenarios do 
stakeholders prefer in each landscape, and what is the 
overall potential coverage area of each intervention 
type? 

 What hidden interests or concerns do key 
stakeholders hold, which may serve as barriers to 
MFLR opportunity? 

3. To calculate the economic costs and 
benefits of potential mangrove 
forest landscape restoration 
scenarios identified in opportunity 
maps. 

 How much do potential mangrove restoration 
interventions cost overall and by intervention type? 

 What are the values of financial and economic 
benefits that MFLR can deliver over time? Is there a 
difference in values that accrue to individuals versus 
those that accrue to society? 

 What is the net present value of each MFLR scenario, 
considering key variables such as restoration 
performance, incremental mangrove growth and 
variable interest rates? 

 What are the economic and financial bottlenecks that 
need to be addressed and overcome in order to 
enable MFLR? 
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Research Objectives Key Questions  
4. To integrate findings from objectives 

1-3 for each landscape to develop a 
system-state, threshold, and 
restoration option model to inform 
future research and decision making 
around mangrove restoration site 
selection and approaches. 

 What amount of change has the mangrove landscape 
undergone, i.e., has a regime shift taken place to the 
point where the mangrove landscape is in an alternate 
state with different controls on structure and function? 
Have social-ecological thresholds been traversed? If so, 
what controlling social, ecological, economic, and 
political factors or processes have pushed the 
mangrove landscape over one or more thresholds? 

 What is the desirability of each alternate state based 
on the norms and values of different stakeholders?  

 Is the mangrove ecosystem capable of self-recovery? Is 
the recovery of the system desirable or necessary?  

 What is the degree of reversibility of the alternate 
system-state? Are there opportunities for human-
assisted recovery? What forms of recovery are 
possible? What factors may enable or impede 
recovery?  

 Are institutional learning and adaptation taking place 
around mangrove restoration? 

Best-science includes field-based research into key biophysical factors, including; 

past mangrove restoration performance and hydrological and ecological factors limiting 

natural secondary succession of mangroves. Social factors investigated include land-use, 

the incidence of conflict and stakeholders’ attitudes towards mangroves and restoration. 

Policy factors consider forest governance, including which stakeholders have the rights 

and responsibilities to restore mangroves and benefit from mangrove restoration. 

Economic factors largely focus on the costs and future benefits of identified restoration 

options. The selection of key factors for measurement is described in greater detail in 

Chapter 2.  

Best-knowledge is obtained through interviews with key informants and a series 

of multi-stakeholder workshops in each landscape, allowing for discussion, debate, and 

negotiation amongst relevant actors. Multi-stakeholder dialogue is facilitated to identify 

and address any trade-offs between different and sometimes competing land uses. The 

major outputs of the research include a series of mangrove restoration opportunity maps 

from two representative mangrove forest landscapes, identifying priority areas for 
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restoration, quantified costs, and benefits for each restoration type, lists of biophysical 

and social factors serving as barriers impeding MFLR and recommendations for over-

coming these barriers.  

1.6. Justification of the research 

Recent developments have seen MFLR become widely recognised as an important 

means of not only restoring ecological integrity to former mangrove landscapes but also 

generating additional local-to-global benefits from more sustainable livelihoods, 

economies, food and fuel production, water security, and climate change adaptation and 

mitigation (Andradi-Brown et al., 2013; Cameron et al., 2019; Ellison et al., 2020; 

Worthington & Spalding, 2018).  

The research addresses current gaps related to the identification of viable 

mangrove restoration sites in Indonesia. These gaps include identification of best-

practice, assessment of biophysical feasibility, development of stakeholder consensus, 

accurate costing of restoration and valuation of expected benefits, and potential social, 

economic, and political bottlenecks. The research will help determine how Indonesia can 

begin to reverse the negative performance of mangrove restoration efforts and better 

contribute to national mangrove reforestation and associated targets, including 

greenhouse gas abetment. This will be achieved by assessing two representative case 

studies sites that can be applied to other degraded and deforested mangrove forest 

landscapes in Indonesia. The research will also provide a conceptual model to guide 

future research and decision making related to the selection of appropriate MFLR sites 

and approaches. 

Enabling improved identification of mangrove restoration opportunities is vital in 

light of recently published Indonesian targets to achieve full restoration of mangroves 
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Indonesia-wide by 2045 (Herawati, 2018). Mangrove restoration in Indonesia is also 

expected to significantly contribute to national and international commitments, including; 

Greenhouse Gas Emissions Reduction Targets (RAN-GRK), the Indonesian Blue Carbon 

Strategy, early action on Reducing Emissions from Deforestation and Forest Degradation 

(REDD+) under the UN Framework Convention on Climate Change (UNFCCC), 

achievement of Aichi Biodiversity Target 15 on restoration and contribution to relevant 

Sustainable Development Goals (Ayostina et al., 2019; Barr & Sayer, 2012; Enrici and 

Hubacek, 2018; Murdiyarso et al., 2015). 

The accurate identification of restoration opportunity is an essential first-step into 

successful mangrove forest landscape restoration. This has recently been attempted at the 

global scale with the development of an interactive mapping tool that uses seven 

biophysical metrics to highlight areas where conditions remain suitable for mangrove 

growth in former mangrove areas (Worthington & Spalding, 2018). While global scale 

assessments MFLR potential provides some indication of the extent and location of areas 

suitable for restoration within the country, constraints inherent in global-scale assessment 

(low-resolution imagery, lack of or inability to use country-specific data) make it of 

limited use for supporting restoration strategies within countries. In addition, biophysical 

assessment of mangrove restoration opportunity alone may be inadequate to address the 

range of social factors that contribute to MFLR opportunity, including stakeholder 

willingness, community access to the benefits of restoration, formal land-use governance, 

land tenure and potential for conflict (Barr & Sayer, 2012; Boedhihartono & Sayer, 2012; 

Kusumanto, 2005; van Oosten et al., 2014). The global assessment, therefore, needs to be 

tested, refined, and improved at the site to regional scales through sub-national or national 

assessments and with the inclusion of a range of social, economic, and policy factors. 
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1.7. Thesis outline and structure  

This thesis has been organised into six chapters, beginning with this introductory 

chapter in which a conceptual model of pre- and post-degradation and deforestation 

mangrove landscape management options are presented and aims and objectives defined. 

Chapter 2 begins with a presentation of the Restoration Opportunity Assessment 

Method, an adapted version of which serves as my research framework. This is followed 

by a brief stratification of potential research landscapes and the process for selecting my 

two focal landscapes, which are then described. Chapter 2 continues with a presentation 

of the adapted ROAM method, presentation of research objectives, and description of key 

outputs before concluding with a timeline of research events, research partnerships, 

support, and permissions. 

Chapter 3 focuses on the biophysical aspects of the two landscapes. This chapter 

begins by applying the global mangrove restoration potential index (Worthington & 

Spalding, 2018) to the two study landscapes before examining three landscape specific 

biophysical factors limiting natural secondary succession and mangrove restoration 

potential; existing vegetation, surface elevation and landscape modifications. This is 

followed by an investigation of the capacity of local practitioners to undertake mangrove 

restoration, including an investigation of the past performance of mangrove restoration 

efforts in proximate analogue forests. Chapter 3 concludes with estimates for the scope of 

biophysical restoration opportunity in each landscape, considering the state of biophysical 

factors and practitioner capacity. 

Chapter 4 focuses on the development of restoration opportunity maps based on 

stakeholder consensus and informed by the findings of biophysical restoration 

opportunity in two landscapes (Chapter 3). The resulting opportunity maps are then 
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contextualised based on latent stakeholder interests derived through content analysis of 

community interviews. Chapter 4 concludes with the identification of social, economic, 

and political barriers impeding MFLR in the two landscapes. 

Chapter 5 presents a cost-benefit analysis of mangrove restoration, integrating 

with the spatial component of opportunity maps presented in Chapter 4 for two sites. 

Costs are determined by calculating opportunity costs to current land users, together with 

transaction and implementation costs of restoration. Benefit is calculated by determining 

the value of mangrove forests in an analogous, post-restoration condition. Ultimately, net 

present value is modelled, revealing the cost-benefit proposition of MFLR. 

This thesis concludes in Chapter 6 by populating the system-state, threshold, and 

restoration option model presented in the introduction with empirical findings from the 

two research landscapes. The resultant depiction of each landscape reveals feasible 

management options which can be selected based on determined restoration goals and 

objectives. Chapter 6 also revisits enabling factors and barriers which emerged during the 

research considering these factors are forms of restoration capital in surplus or deficit. 

The implications of the study are discussed in terms of the contribution of the research to 

knowledge, policy, and practice as well as future research opportunities.  
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Chapter 2. Research Approach, Methods, and Study Sites 

2.1. Introduction 

This chapter provides an overview of the approach and methodology used in this 

thesis, as well as descriptions of the two study sites. This chapter begins in Section 2.2 with 

an overview of the Restoration Opportunity Assessment Methodology (ROAM), an adapted 

version of which is used as a guiding approach to identify mangrove forest landscape 

restoration opportunity in two deforested Indonesian mangrove landscapes. Section 2.3 

presents an overview of the research process, including the justification for site selection, 

permissions, partnerships, and support. Section 2.4 provides a timeline of major data 

collection activities before descriptions of research activities and methods used to address 

the four research objectives guiding this PhD study. These methods are covered in greater 

detail within the main data chapters of this thesis (Chapters 3, 4, and 5). Chapter 2 

concludes in Section 2.5, with detailed descriptions of the two study landscapes.  

2.2. The Restoration Opportunity Assessment Methodology 

Mangrove forests are “complex, integrated social-ecological systems” (Berkes & 

Folke, 1998). As noted in Chapter 1, focusing on biophysical factors alone to gauge the 

restoration potential of mangrove systems is inadequate, given that their prior deforestation 

and potential for repair are intrinsically social issues. 
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.  

Figure 2.1. Simplified conceptualisation of the Restoration Opportunity Assessment 
Methodology (ROAM) process (IUCN & WRI, 2014). FLR: Forest Landscape Restoration. 

The Restoration Opportunity Assessment Methodology developed by IUCN and the 

World Resource Institute (2014) is at once a method, an approach, a framework, and a 

decision support tool which been used in over 30 countries to guide forest landscape 

restoration planning (Campese et al., 2020; McLain et al., 2018). Developed to serve as a 

flexible and user-friendly framework for countries to rapidly identify and analyse areas for 

FLR, ROAM identifies specific priority areas at a national or sub-national level, and 

integrates the transdisciplinary factors affecting restoration (Buckingham & Kuzee, 2016). It 

emphasises a combined approach of best-available data and multi-stakeholder engagement 
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to assess FLR opportunity, which considers environmental, policy, social, economic, and 

finance factors which can influence the outcomes of FLR. The ROAM approach enables the 

development of a shared understanding of FLR opportunities and the value of multi-

functional landscapes (IUCN & WRI, 2014). 

In 2016, ROAM was adopted by the Indonesian Ministry of Environment and 

Forestry as a best-practice approach for assessing forest landscape restoration opportunity, 

based on successful trials in Ghana, Mexico, and Rwanda (Buckingham & Kuzee, 2016). 

Since that time, the ROAM approach has been applied in more than 30 countries worldwide, 

with research from this PhD featured as a case study alongside five country-level ROAM 

assessments in Asia (Jia et al., 2018). 

During discussions at the launching of ROAM2 in Indonesia, questions were raised 

by representatives from WRI and IUCN as to whether a broad nation-wide ROAM 

assessment or a catchment specific assessment was adequate to identify mangrove forest 

landscape restoration opportunity, or are there fundamental differences between mangrove 

landscapes and terrestrial landscapes which necessitate a mangrove-specific focus? Prior 

ROAM assessments from other countries had simply considered mangrove restoration as 

one of many restoration techniques, demarcated in polygons along the coast without specific 

assessment of social, economic, biophysical, or political factors governing restoration 

opportunity (Buckingham & Kuzee, 2016). It was posited that the determination of 

mangrove restoration opportunity may fundamentally differ from those governing terrestrial 

FLR opportunity due to the confined scope and scale (temporal and spatial) of the mangrove 

forest landscape along the coast and essential differences in the way mangrove landscapes 

                                                 
2 “Accelerating Action on Forests and Landscape Restoration in Indonesia: Challenges and 
Opportunities for Enhancing Ecological Resilience and Community Livelihoods”. April 19-20, 
Manggala Wanabakti (Ministry of Environment and Forestry), Jakarta, Indonesia. 
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as social-ecological systems function (Mansourian et al., 2019; Walker & Salt, 2012). As a 

result, ROAM was adopted and adapted as the guiding framework for the investigation of 

MFLR opportunity in this PhD study. Figure 2.2 depicts a simplified conceptualisation of 

the ROAM process adapted for use in MFLR opportunity assessment aligned to the four 

major research objectives guiding thesis presented in Chapter 1, Table 1.4.  

 

Figure 2.2. Adapted Restoration Opportunity Assessment Methodology (ROAM) process 
(IUCN & WRI, 2014) for investigation of MFLR opportunity in Indonesia. MFLR: 
Mangrove Forest Landscape Restoration. 
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2.3. Overview of research process: justification for site selection, research permissions, 

partnerships and support  

2.3.1. Justification for landscape selection 

Twelve mangrove landscapes across all seven eco-regions of Indonesia (KLHK, 

2019) were considered during the landscape selection process (Table 2.1). These 12 

landscapes were selected as they are representative of degraded and deforested mangrove 

landscapes in Indonesia, whose main driver of degradation is aquaculture development 

(Murdiyarso et al., 2015; Richards & Friess, 2016). These landscapes were also selected 

based on the availability of recent land-use landcover change data (Brown et al., 2015a, 

2015b, 2016; Nurwadjedi et al., 2018). Landscape selection criteria included land use and 

land cover change (Giri et al., 2013; IUCN & WRI, 2014), degree of coastal vulnerability 

(P3SDLP, 2016; Webb et al., 2013), forest governance regime (van Oosten et al., 2014) and 

availability of research support. 
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Table 2.1. Mangrove landscape cover loss, % aquaculture and coastal vulnerability in 
representative landscapes across Indonesia. Coastal vulnerability assessment is based on 
erosion, slope, geomorphology, relative sea-level rise, and tidal range (Brown, 2015; 
Brown et al., 2015a, 2016; Nurwadjedi et al., 2018; P3SDLP, 2016; Saputro et al., 2009). 

  Landscape (Province) 

Mangrove 
cover loss 
(%) 

Mangrove 
cover loss 
over 35 
years  
(1981-2016) 

Aquaculture 
in coastal 
landscape (%) 

Coastal 
Vulnerability 
(2009) 

1 Demak (Central Java) 92.4   92%   

2 North Luwu (South Sulawesi) 87.3   90%   

3 Majene and Mamuju (West Sulawesi) 66.4   84%   

4 Tanjung Panjang (Gorontalo) 60.0   80%   

5 Mahakam Delta (East Kalimantan) 50.4   49%   

6 Rawa Aopa (SE Sulawesi) 42.4   43%   

7 Batu Ampar (West Kalimantan) 20.8   0%   

8 Indragiri Hilir (Riau) 3.8   0%   

9 Aru (Maluku) 1.7   0%   

10 Sembilang (South Sumatra) 0.5   2%   

11 Teluk Saleh (West Nusa Tenggara) -0.7   57%3   

12 Bintuni Bay (West Papua) -1.3   0%   

Mangrove cover loss (%) 
index: 

81-100  61-80  41-60   21-40  0-20  

Coastal vulnerability index: very high  high  moderate  low  very low  

These 12 landscapes were stratified based on land use land cover change (LULCC) 

and coastal vulnerability to aid with selection. In terms of mangrove cover loss, Primavera 

and Esteban (2008) postulated that a 4:1 ratio of mangroves to aquaculture (as an example 

of converted land use) serves as a threshold between a productive mangrove landscape of 

high ecosystem service value and a degraded landscape of lower value. Based on this 

distinction, the first six landscapes in Table 2.1, all exhibiting at least 40% mangrove loss, 

have likely crossed one or more biophysical thresholds, and can be considered degraded and 

in need of some form of restoration. Of these six landscapes, Demak, Tanjung Panjang, the 

                                                 
3 Majority of aquaculture ponds in Teluk Saleh developed in salt-flats, behind mangrove greenbelt. 
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Mahakam Delta, and Rawa Aopa exhibit moderate to very high degrees of coastal 

vulnerability, underscoring their need for restoration. 

Ultimately, the Demak and Tanjung Panjang landscapes were selected for restoration 

opportunity assessment (Figure 2.3). Both landscapes have been historically converted for 

aquaculture development, with Demak experiencing severe deforestation and degradation 

(92% loss of mangrove cover) dating back to the late 1800s. In contrast, the Tanjung 

Panjang landscape has undergone a more moderate degree of deforestation and degradation 

(60% loss of mangrove cover, moderate coastal vulnerability) since the turn of the 21st 

century. The selection of these two landscapes allows for the comparison of MFLR options 

in social-ecological systems which have transversed one or more social-ecological 

thresholds (Chapter 1.3).  

 

Figure 2.3. Map depicting focal landscapes; Demak Regency, Central Java Province and 
the Tanjung Panjang landscape, Pohuwato Regency, Gorontalo Province (Spalding et al., 
2010; Wikimedia Commons, 2017, 2010). 
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The landscapes were also selected based on the availability of funding support for 

ROAM provided by the IUCN Regional Asia program in Tanjung Panjang and the Building 

with Nature Indonesia – Securing Eroding Deltaic Coastlines4 project in Demak. It should 

be noted that human populations in the two landscapes are significantly different (see 

Table 2.4) which influences factors such as the value of mangroves and alternate land uses 

in the landscape (Hagger et al., 2021). Other notable differences between landscapes include 

ethnic and cultural backgrounds, and the presence of a large transmigrant community in 

Tanjung Panjang. These differences are accounted for in the discussions of restoration 

opportunity in Chapter 4, and the general discussion in Chapter 6. 

2.3.2. Research permissions, partnerships, and support 

A human research ethics proposal was applied for and approved (Reference # 

H17008) by Charles Darwin University in-line with the Australian National Statement on 

Ethical Conduct in Human Research (2007). As part of human research ethics requirements, 

a plain language consent form was developed in both English and Indonesian language, 

distributed to all interview respondents and attendees of multi-stakeholder ROAM 

workshops, singed, and stored in CDU-RIEL. 

A permit (Surat Ijin Masuk Kawasan Konservasi; SIMAKSI) to enter the Tanjung 

Panjang Nature Reserve was provided by the Natural Resource Conservation Agency 

(BKSDA) in Manado, North Sulawesi. Non-Indonesian researchers, including the principal 

investigator, did not undertake research in the Tanjung Panjang Nature Reserve due to the 

prohibitive daily cost of SIMAKSI permits but did undertake research in the adjacent 

Pohuwato Forest Management Unit. Research in Gorontalo was run as an activity of the 

                                                 
4 Building with Nature is primarily funded by the Netherlands Enterprise Agency – Sustainable 
Water Fund (SWF) and the German Ministry for the Environment, Nature Conservation and Nuclear 
Safety – International Climate Initiative (BMU-IKI). 
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Provincial Mangrove Management Working Group (KKMD-Gorontalo) in coordination 

with the Gorontalo Provincial government (PEMDA–Gorontalo). Research in Central Java 

was run as an activity of the Building with Nature program in coordination with the 

Indonesian Ministry of Marine Affairs and Fisheries.  

The collection of primary and secondary data in each landscape was undertaken with 

biophysical and social research assistants; M.Sc. Laila Adila, M.Sc. Akhzan Nur Iman, 

Yusran Nurdin, M.Sc. Jajang Sonjaya, M.Sc. Nurain Lapolo, Ismail, and Abdul Hakim. 

These research assistants were recruited from the NGO’s Blue Forests and JAPESDA, as 

well as the University of Gorontalo and University of Diponegoro in Semarang (near 

Demak), and included two women and four men. Co-facilitation of multi-stakeholder 

meetings was performed by members of three NGO’s, Blue Forests, JAPESDA, and IUCN 

Asia Program. Mapping support was provided by Ahmad Mauliddin and Yusran Nurdin of 

Blue Forests. The PhD candidate and all research assistants discussed their roles in this 

research in the context of being “participant-observers” (Sutherland, 2000) during the 

method development workshop held in Makassar, South Sulawesi (March 1-2. 2017) prior 

to field research.  

Financial support for field research and multi-stakeholder meetings was provided by 

IUCN Asia Program in Tanjung Panjang, and the Building with Nature Program supported 

by the Netherlands Enterprise Agency – Sustainable Water Fund (FDW) and the German 

Ministry for the Environment, Nature Conservation and Nuclear Safety – International 

Climate Fund (BMU-IKI) in Demak. 

2.4. Research timeline, activities and methods 

The adapted ROAM process used to guide this PhD study makes use of existing data 

collated during literature and secondary data collection, as well as new information from 
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field data collection and multi-stakeholder workshops to ensure that findings were 

landscape-appropriate as recommended by several authors (Mansourian et al., 2019; Noss et 

al., 2012; Worthington & Spalding, 2018). New data collection included biophysical data 

collected in both restoration and reference sites, interviews with fish farmers and extension 

workers to provide economic data related to current benefits from fish farming and 

information related to stakeholder willingness to support MFLR. The results from the 

analysis of the new data collection were used to inform multi-stakeholder groups during 

restoration opportunity mapping.  

Table 2.2 presents a timeline of key data collection periods, including ROAM 

stakeholder workshops in Tanjung Panjang and Demak. Table 2.3 presents a summary of 

research activities and methods, key outputs and references aligned to the four major 

research objectives guiding the thesis presented in Chapter 1, Table 1.4. Research methods 

are presented in Sections 2.4.1 to 2.4.11 below and discussed in greater detail in methods 

sections of Chapters 3, 4 and 5, which serve as the main data chapters in this thesis. 

Table 2.2. Timeline of key data collection periods, including Restoration Opportunity 
Assessment Methodology (ROAM) stakeholder workshops. 

Data collection activity Timing 
Tanjung Panjang Demak 

ROAM stage-I Workshops (Introductory) Feb 20–21, 2017 Apr–13, 2017 
Stakeholder analyses Mar 1–6, 2017 Apr 14–20, 2017 
Social interviews and economic surveys with fish farmers 
and extensionists 

Apr 22-30, 2017 Apr 7–16, 2017 

Biophysical surveys Apr 22–30, Jul 26–
Aug 1, 2017 

Apr 7–16, Jul 14–22, 
2017 

ROAM Stage-II Workshops (Opportunity Mapping) Aug 2–3, 2017 Jul 24-28, 2017 

Field validation with fish farmers Not required Aug 8–13, 2017 

ROAM Stage-III Workshops (Validation) Nov 20–21, 2017 Oct 10–11, 2017 
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Table 2.3. Summary table of research activities, methods and key references guiding the research per objective along with key outputs, 
researchers involved in primary data collection and sources of key secondary data. MFLR: Mangrove Forest Landscape Restoration; ROAM: 
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Restoration Opportunity Assessment Methodology. 
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Several research steps deviated from the standard ROAM process (IUCN & WRI, 

2014). Instead of using marginal cost-benefit analysis to determine the economic viability of 

restoration in each landscape, cost-benefit analysis in this thesis was used to calculate the 

net present value of mangrove restoration, meeting demand-driven research needs on behalf 

of the Indonesian Ministry of Environment and Forestry (Yunia, 2012) and private-sector 

interests (Tantra, 2014). Carbon modelling was not conducted as a stand-alone activity as it 

is presented in ROAM, but carbon sequestration values using proxy studies were 

incorporated into the calculation of net present value. The final step of ROAM, finance 

analysis, was not conducted in this PhD due to time and resource limitations. 

2.4.1. Literature review and secondary data collection  

Literature review and secondary data collection were undertaken to inform all four 

research objectives. Secondary data collection involved visits to government offices at 

district and provincial levels, non-government organisations and local universities for 

reports, maps, and raw data. Maps depicting land use and land cover change were 

commissioned from the NGO Blue Forests for the purposes of land use and land cover trend 

analysis. Mangrove cover change and forest condition also referred to Government of 

Indonesia national mangrove maps from 2009 (Saputro et al., 2009) as well as the current 

Mangrove One Map (Nurwadjedi et al., 2018). 

2.4.2. ROAM stage-I workshops  

ROAM stage-I workshops were held in Tanjung Panjang and Demak and were 

attended by stakeholders from local fish farming communities, government, NGO’s, and 

academia to introduce ROAM, determine the need for MFLR and set objectives for 

subsequent ROAM workshops. Social, biophysical, and economic data requirements were 

identified, as well as known examples of prior restoration using the FLR options framework 
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provided in the ROAM manual (IUCN & WRI, 2014) for guidance. Requisite permissions 

to undertake ROAM were noted before the formalisation of an institutional “home” for the 

ROAM assessment and recommendations for additional stakeholder participants. More 

detailed methods are provided in Chapter 4. 

2.4.3. Stakeholder analysis and participant selection (RO1) 

Based on recommendations from participants in ROAM stage-I workshops, 

stakeholder analysis (Reed et al., 2009; Sutherland, 2000) was conducted by the lead 

researcher and research assistants to determine levels of interest and influence of new 

stakeholders with regards to MFLR and the potential impact of MFLR on their lives. 

Stakeholders determined as interested, influential, or both interested and influential were 

invited to participate in ROAM stage-II and stage III workshops. Equal participation of 

women and men was considered and included in the formal invitation to government and 

non-government participants. However, I did not have control over the resultant gender 

composition of the workshop. Further, it is acknowledged that a gendered-approach was not 

included in the research methodology. 

2.4.4. New data collection: key biophysical factors determining MFLR 

opportunity (RO1) 

Addressing research objective 1 required the identification of key biophysical factors 

determining MFLR opportunity. In order to achieve this objective, three landscape-scale 

biogeomorphological factors commonly assessed by mangrove restoration practitioners 

(Lewis III, 2009) were evaluated; 1) pre- and post-conversion mangrove vegetation, 2) 

surface elevation, and 3) landscape modifications preventing natural secondary succession.  

Assessment of pre- and post-conversion mangrove vegetation referred to historical 

and recent surveys. Historical surveys were selected in proximate reference forests, 
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geomorphically similar to candidate restoration landscapes. Surveys were conducted in 

Tanjung Panjang and Demak to characterise mangrove species, community associations and 

forest structure. Detailed methods for vegetative surveys are provided in Section 3.2.1.1. 

Surface elevation data was collected in aquaculture ponds considered for restoration 

using a laser-level transit corrected with reference to the Indonesian national tidal table 

(BAKOSURTANAL, 2016). Surface elevation measurements (Demak n=281, Tanjung 

Panjang n=100) were taken in pond bottoms, ring ditches, and on dike walls. Due to the 

absence of proximate base-stations and lack of differential GPS equipment, “functional” 

means sea levels were determined at each site by measuring the surface elevation of the 

substrate under the lowest naturally occurring mangrove sapling at each sampling site. More 

detailed methods for vegetative surveys are provided in Section 3.2.2. 

Modifications of the previous mangrove environment which currently prevent 

natural secondary succession, were informed by literature review, and verified during field 

investigations of plots at each landscape. The literature review considered recent vegetation, 

hydroperiod, and disturbance surveys from each landscape (Bahsoan et al., 2014; 

Djamaluddin, 2011; Pribadi et al., 2017; Zaky et al., 2012), and a review of maps and 

historic remote sensing images (Brown et al., 2015a; Helmi et al., 2015; Irsadi et al., 2019; 

Pratiwi et al., 2014; Rahadian, 2016). Landscape modification analysis was guided by 

disturbance assessment (Resilience Alliance, 2007) and mangrove restoration practitioner 

assessments methods (Lewis III & Brown, 2014; Soulsby, 2012). 

Verification of landscape modifications, including areas of erosion, subsidence, 

accretion, location of cheniérs, and barriers to hydraulic flows were recorded during the 

vegetative and surface elevation surveys, based on the methodologies of Soulsby (2012) and 

Lewis III & Brown (2014). Verification of landscape modifications took place in 
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aquaculture farms in six villages in Demak and five villages in Tanjung Panjang. GPS 

positions of landscape modifications were recorded and subsequently plotted on base maps. 

Finally, in order to benchmark the findings from landscape-scale research, a global 

biophysical restoration potential mapping tool (The Nature Conservancy, 2017; 

Worthington & Spalding, 2018) was applied to both candidate landscapes. This tool 

considers seven biophysical factors, including; tidal range, antecedent and future sea-level 

rise, time since mangrove loss, suspended sediment trends, median forest patch size, and 

percent contiguousness of forest cover. The parameters were selected and weighted using a 

Delphi method by international experts (including the candidate) to estimate the restorable 

area. Greater detail on the methodology underscoring the global biophysical restoration 

potential mapping tool is available in Worthington and Spalding (2018). 

2.4.5. New data collection: determining mangrove restoration practitioner 

capacity (RO1) 

The capacity of mangrove restoration practitioners was determined by three research 

activities; 1) interviews with practitioners and other stakeholders to determine known 

mangrove restoration techniques, 2) vegetative surveys of past mangrove restoration efforts 

to assess performance, and 3) multi-stakeholder assessment of practitioner skills and 

knowledge. 

Local practitioner knowledge of potentially appropriate mangrove restoration was 

determined during ROAM stage-I workshops as described in Section 2.4.2. Past 

performance of mangrove restoration projects proximate to Tanjung Panjang and Demak 

was determined through secondary data provided by lead practitioners and vegetative field 

surveys (Figure 2.4) using a method developed by the NGO Blue Forests (Brown et al., 

2014; Soulsby, 2012). Practitioner capacity to undertake restoration was assessed during 
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multi-stakeholder ROAM stage-III workshops in each landscape, using the Restoration 

Diagnostic methodology (Hanson et al., 2016). The restoration diagnostic defines four 

features of restoration practitioner capacity, including leadership, knowledge, technical 

design, and feedback. Detailed methods to determine practitioner capacity are provided in 

Chapter 3, Section 3.2. 

 

Figure 2.4. Image used to guide the research team in setting up transects and quadrats in 
Tabulo Selatan village, Gorontalo. 

2.4.6. New data collection: interviews with fish farmers and extension agents to 

determine opportunity cost and willingness to support MFLR (RO2) 

Interviews with fish farmers and fish farmer extensionists were conducted in each 

landscape. Two tools were used to guide interviews. The first is a cost-benefit analysis 

survey (FAO & IIRR, 1999) to determine the current economic value of fish farming, which 

later served to represent opportunity cost during the cost-benefit analysis of mangrove 

restoration and the calculation of net present value. 
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The second tool was developed in a workshop with research assistants from the 

NGO Blue Forests, used to guide interviews around stakeholder willingness to support 

MFLR. These interviews were later transcribed, and qualitative content analysis (Erlingsson 

& Brysiewicz, 2017) was conducted by the lead investigator and two research assistants to 

reveal enabling factors and barriers to MFLR opportunity from the fish-farmer community 

perspective. Detailed methods for conducting social research are provided in Chapter 4, 

Section 4.2. 

2.4.7. ROAM stage-II workshops 

Restoration Opportunity Assessment Methodology stage-II workshops were held 

with the main intent of producing restoration opportunity maps. The workshops began with 

the presentation of initial social, biophysical, and economic findings from data collection, 

followed by the construction of historical timelines (FAO & IIRR, 1999) to encourage 

discussion and develop shared perceptions of key mangrove management events. The 

second day of each ROAM stage-II workshop was dedicated to restoration opportunity 

mapping (IUCN & WRI, 2014), in which participants developed restoration scenarios based 

upon the best available data and understanding. These hand-drawn maps were digitised by 

research assistants prior to ROAM stage-III workshops which served as stakeholder 

validation of the restoration opportunity mapping process. More detailed methods are 

provided in Chapter 4. 

2.4.8. Economic cost-benefit analysis and calculation of NPV (RO3) 

The costs and benefits of all MFLR scenarios developed in Chapter 4 were used as 

inputs to calculate the net present value of mangrove restoration. Net present value (NPV) 

estimates the current value of cash required to undertake restoration in contrast to the future 
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value of the results of restoration considering interest rates and restoration performance (De 

Groot et al., 2013; Verdone, 2015).  

Economic cost-benefit analysis and the calculation of NPV was used, a method 

adapted from ROAM (IUCN & WRI, 2014) and Verdone (2015). Restoration costs per 

hectare were constructed from opportunity, transaction, and implementation costs, while 

benefits per hectare were estimated through the calculation of two mangrove ecosystem 

values; financial (direct benefits) and economic (direct and indirect benefits). Net present 

value was calculated using a range of social discount rates (-2.0%, 4.3%, 7.3%, and 12.75%) 

and estimates of restoration performance (50% and 75% functional equivalent values) over a 

25-year timeframe. A 25-year timeframe was selected based on research into the attenuation 

of carbon values in regenerating mangrove forests in Indonesia (Sasmito et al., 2019).  

To achieve the NPV calculations, a six-step process was adapted from ROAM 

(IUCN & WRI, 2014) and Verdone (2015). The six-step process and supporting references 

are summarised in Table 2.3, aligned with Research Objective 3. The full method for 

performance of cost-benefits analysis and calculation of NPV is provided in Chapter 5, 

Section 5.2. 

2.4.9. Field validation with farmers of ponds selected for restoration 

Ponds were visited in Demak with pond-owners after digitisation of restoration 

opportunity maps to validate the intent of pond-owners to allow mangrove restoration. 

Changes suggested were incorporated into restoration opportunity maps before final 

presentation to multi-stakeholder groups in ROAM stage-III workshops. 

2.4.10. ROAM stage-III workshops 

Two-day validation workshops were held in each landscape with participants from 

ROAM stage-II workshops to validate the restoration opportunity maps and development 
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agreements for the next steps in ROAM. Activities included the presentation of digitised 

opportunity maps for discussion and consensus and completion of a Restoration Diagnostic 

(Hanson et al., 2016) to determine enabling factors and barriers to MFLR. More detailed 

methods are provided in Chapter 4. 

2.4.11. Conceptualisation of restoration options based on system-state, 

threshold, and restoration option model  

The restoration option model presented in Chapter 1, Figure 1.5, depicting 

restoration options based on a generic system-state and threshold model (Walker, 2013), 

will be populated with empirical data from the research to depict restoration options based 

on the system-state of the Demak and Tanjung Panjang landscapes, the type and position of 

thresholds separating system-states, factors which pushed each system over one or more 

thresholds, and factors which enable or impede restoration. 

Determination of historical and current system-state and biophysical thresholds were 

guided by questions resilience assessment workbook for practitioners Sections 2.2 and 2.3 

(Walker & Salt, 2007) and informed by biophysical research of land-use land cover change, 

surface elevation, vegetation surveys and landscape modifications described in Section 

2.4.4. Determination of controlling factors that pushed the systems over landscapes was 

informed by biophysical factors from Section 2.4.4, as well as social, economic, and 

political factors from interviews with fish farmers and extensionists (Section 2.4.6) and 

ROAM stage-II workshops (Section 2.4.7), which also informed the determination of 

enabling factors and barriers to MFLR. Restoration options were informed by Section 2.4.5 

on the determination of mangrove restoration practitioner capacity. 

The resultant model will serve to summarise the research depicting a range of 

restoration management options for the two research landscapes while also providing a 
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conceptual basis for researchers, decision-makers, and mangrove restoration practitioners to 

determine appropriate restoration options for deforested and degraded mangrove forest 

landscapes across Indonesia and globally. 

2.5. Description of selected study landscapes 

The two deforested mangrove landscapes selected for restoration opportunity 

assessment for this PhD research (Section 2.3.1) are described as social-ecological systems 

below in Sections 2.5.1 (Tanjung Panjang, Gorontalo) and 2.5.2 (Demak, Central Java).  

2.5.1. Landscape description - Tanjung Panjang 

Tanjung Panjang (translation: ‘long-peninsula’) is located in Pohuwato District 

along the southern coastline of the province of Gorontalo. It is situated along the northern 

coast of Tomini Bay, connected to the Molucca Sea in the east. On a geological time-scale, 

the mangroves of Tomini Bay are a relatively recent arrival, being occuppied by semi-

evergreen rainforest during the last glacial maximum (18,000 years ago) when sea level was 

appoximately 120 m below present (Tomascik et al., 1997). In terms of its 

geomorphological history, Tanjung Panjang was formed when sediment emanating from the 

opening of Tomini Bay accumulated atop exposed reefs, forming a series of cheniérs which 

were colonised by foreshore mangrove and beach vegetation (Djamaluddin, 2011). These 

cheniérs protected an inner basin filled with mesozonal5 mangrove species. The interface 

between the hinterland and mangrove ecosystem developed into ecotones of upper 

mangrove species, salt-marsh, and salt-flats. Figure 2.5 depicts a conceptualisation of 

Tanjung Panjang’s formation over geological time, which is important in understanding the 

implications of excessive deforestation, which could potentially deconstruct the landscape. 

                                                 
5 Mesozonal mangroves come largely from the Rhizophoraceae family and are situated between 
lower mangrove species (growing down to mean sea level) and upper mangrove species located 
landward, up to the highest astronomical tide (Duke, 2006; Tomlinson, 1986).  
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Prior to deforestation for aquaculture production, the Tanjung Panjang landscape 

provided mangrove-based fisheries to hinterland communities and supported rich near-shore 

fisheries exploited by adjacent coastal communities (Bahsoan et al., 2014). Small-scale 

conversion of upper mangroves, salt-marsh, and salt-flats for sea-salt production was 

undertaken by local communities in the 1970s and 1980s. At this time, the Tanjung Panjang 

landscape was gazetted in two distinct land management units; the National Strict Nature 

Reserve to the west and the Pohuwato District Protected Forest to the east. Figure 2.12 

depicts governance transitions since the 1960s in Tanjung Panjang informed by a literature 

review (Bahsoan et al., 2014) and the historical timeline developed during the ROAM stage-

II workshop in Gorontalo presented in Chapter 4. 

The election of a District Head (Bupati) emanating from Bulukumba, South 

Sulawesi in the 1980’s led to large-scale land-use and land cover change in Tanjung Panjang 

(Bahsoan et al., 2014). The District Head offered legal protection against prosecution to 

transmigrant fish farmers from South Sulawesi, who collaborated with local villagers and 

government agents to lease or purchase mangrove areas, transforming the protected forest 

areas to extensive brackish water aquaculture (Bahsoan et al., 2014). At the time, landscape 

conversion was supported by various national policies aimed to increase foreign currency 

earnings from aquaculture exports (Rimmer et al., 2013). Figures 2.6 and 2.7 show land 

cover/land-use change in Pohuwato District6 from 2000-2015, depicting 4,803 ha of 

mangrove loss over a 15-year period.  

Today, over 8000 transmigrants from South Sulawesi live in this landscape who are 

engaged in milkfish (Chanos chanos) and shrimp (Litopenaeus vannamei and Penaeus 

monodon) farming (Bahsoan et al., 2014; Dako, 2014). The majority of these transmigrant 

                                                 
6 The Tanjung Panjang landscape lies within the District of Pohuwato. 
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fish farmers are members of the South Sulawesi Family Organization (KKSS), a 

community-based organisation with chapters across Indonesia (Dako, 2014). Continued 

“illegal” conversion of mangrove forests for aquaculture development takes place to this 

day, underscoring the need for assessment of restoration opportunity. 

2.5.2. Landscape description - Demak 

Demak is a low-lying alluvial plain along the northern coast of Central Java. The 

word Demak is thought to be derived from the Sanskrit word Delemek meaning “land 

inundated with water” or wetland (BKPP Demak, 2020). During this research, an 

anonymous elder related the story of Hanuman the monkey, who worked through the night 

creating the lofty volcanic mountains surrounding Demak. It was said that Hanuman grew 

lazy in Demak and was caught constructing a mountain during the day. Embarrassed, 

Hanuman destroyed the half-built volcano, and Demak became the only low-lying area in 

the region.  

As depicted in historical maps prepared during the period of Dutch occupation 

(Figure 2.8), the majority of the Demak coast was once protected by vast fringing mangrove 

forests and a series of well-developed sand-bars. Rivers and tidal channels meandered 

naturally through the mangrove forests, which was estimated at 13,000-14,000 ha 

(Rahadian, 2016). Javanese communities developed rich wetland rice paddies behind the 

mangroves as far back as 800 years ago (Geertz, 1966). Small-scale fishers plied the near-

shore waters for local and subsistence markets, with larger fishing fleets departing from 

harbours such as Purworejo for long-voyages to the Karimun Islands and southern 

Kalimantan. By 1892, widespread pond development is evident on maps (Figure 2.9) that 

suggest a loss of up to 30% of Demak’s mangroves (Rahadian, 2016). By the 1980s, during 

the time of the ‘Blue Revolution’ (Stonich and Bailey, 2000), aquaculture had effectively 

replaced Demak’s mangrove forests except for a thin coastal fringe. Trend analysis of 



66 

Demak depicts the repositioning of this mangrove greenbelt as well as loss of non-mangrove 

coastal vegetative cover (Figure 2.10). Figure 2.11 depicts current mangrove area and 

estimated potential mangrove area (IKAMAT, 2017). 
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Figure 2.5. Conceptualised geomorphological development of the Tanjung Panjang 
landscape (Illustration by Benjamin Brown).
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Figure 2.6. Land-cover map from Pohuwato, Gorontalo in 2000 depicting 8,346 ha of total mangrove cover (pink; Brown et al., 2015). 
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Figure 2.7. Land-cover map from Pohuwato, Gorontalo in 2015 depicting 4,803 ha of mangrove loss since 2000 (Brown et al., 2015). Mangroves 
depicted in pink with aquaculture ponds depicted in blue-rectangle pattern.
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Figure 2.1. Historical map depicting island of Java with significant mangrove green-belt 
shaded in green along entire northern coast (Lanangjalukan, 2014). 

 

Figure 2.9. Evidence of aquaculture development in Demak mangroves from 1892. Source: 
Kaart van de Hoofdplaats Semarang en Omstreken / Topographisch Bureau 1892 in: 
Rahadian (2016). 
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Figure 2.2. Trend analysis of the Demak landscape from 1972-2017 depicting a thin, 
shifting mangrove greenbelt and decreasing area of coastal non-mangrove vegetation (maps 
courtesy of Blue Forests). 
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The wholesale conversion of mangrove forests in Demak has not come without the 

environmental cost of severe coastal erosion and landscape subsidence (Rahadian, 2016). In 

the Sayung sub-district, along the western portion of coastal Demak, more than three 

kilometres of coastal erosion have occurred with subsidence rates up to 30 cm-1yr-1 (Helmi 

et al., 2015; Rahadian, 2016; van Wesenbeeck et al., 2015). The inundation of entire villages 

has resulted in income loss between 60–80% in Sayung and subsequent sale of land and out-

migration (Winterwerp et al., 2014). 

 

Figure 2.11. Existing and potential mangrove area in Demak (IKAMAT, 2017). 

From the end of Dutch colonial occupation (1945) to the present day, land-use 

governance in coastal Demak has transitioned from public commons to private agrarian-use 

and, most recently, the Sayung sub-district has been re-zoned for industrial use (Wibowo, 

2018). It is noteworthy that mangroves in Demak are not protected or managed as part of the 

Indonesian forestry estate. Figure 2.12 depicts governance transitions since the 1950s in 

Demak informed by a literature review (EcoShape, 2015; Rahadian, 2016) and the historical 

timeline developed during the ROAM stage-II workshop in Demak presented in Chapter 4. 
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In 2014, the Building with Nature (BwN) program was initiated to address the issue 

of drastic ecological change (Tonneijck, 2013; van Wesenbeeck, 2016). A business-as-usual 

scenario developed by BwN depicts the Demak coast as fully flooded by 2030, with 

evacuated villages and land loss up to six kilometres inland. The underlying causes of 

erosion in Demak include the removal of mangrove belts for aquaculture development, the 

construction of coastal infrastructure that disturbs sediment build-up from offshore sources, 

and groundwater extraction, which causes land subsidence and river canalisation (van 

Wesenbeeck et al., 2015; Winterwerp et al., 2014). At a more macro-level, coastal erosion, 

and subsidence across the entire northern coast of Java are expected to impact 3,000 

kilometres of coastline and 30 million people by 2100, making it a national priority issue 

(Winterwerp et al., 2014). Table 2.4 provides a comparative summary of the Tanjung 

Panjang and Demak landscapes as social-ecological systems. 
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Figure 2.12. Governance transitions in Tanjung Panjang and Demak. Solid-lined box with 
no fill = former status, solid-lined box with shaded fill = current status, dashed-line box 
with no fill = proposed transition (Bahsoan et al., 2014; EcoShape, 2015; Rahadian, 2016; 
Wibowo, 2018; 2016 plus Historical Timelines from Chapter 4, Tables 4.6 and 4.7). 
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Table 2.4. Comparative summary of Tanjung Panjang and Demak landscapes as social-
ecological systems. 

Landscape Tanjung Panjang Demak References 

District, Province Pohuwato, Gorontalo Demak, Central Java - 
Eco-region Sulawesi-Maluku Java (KLHK, 2019) 

Coordinates 25°’55’0”N 121°48’0”E 6°’50’41”N 
110°31’45”E 

- 

Historical 
mangrove area (ha) 

8,847 12,600 (Brown et al., 2015a; 
Helmi et al., 2015; Irsadi 
et al., 2019; Rahadian, 
2016) 

Current mangrove 
area (ha) 

3,543 980 

Mangrove loss 
(ha and %) 

5,304 (60%) 11,620 (92%) 

Aquaculture area 
(ha) 

7,129 7,947 

Mangrove: 
aquaculture ratio 

1:2 1:8 

Population in 
District (2015) 

140,858 1,117,901  (BPS Demak, 2017; BPS 
Pohuwato, 2017) 

Cultural/ethnic 
background 

Local population of capture 
fishers and dryland farmers 
from Gorontalo. Approx. 8,000 
transmigrant fish farmers and 
their families from South 
Sulawesi Province. 

Local Javanese rice 
and fish farmers. 

(Bahsoan et al., 2014; 
EcoShape, 2015; 
Rahadian, 2016) 

Major coastal 
commodities 

Copra, milkfish (Chanos 
chanos), cultured shrimp 
(Peneaus monodon and 
Littopeneaus vannamei), 
mackerel, tuna and other wild 
capture fish, sea-salt, fruit, 
annual dryland crops 

Rice, milkfish 
(Chanos chanos), 
cultured shrimp 
(Littopeneaus 
vannamei). 

(Bahsoan et al., 2014; 
EcoShape, 2015; 
Rahadian, 2016) 

Natural resource-
based livelihoods 

Coconut farmer, fish farmer, 
dryland crop farmer, salt 
farmer, pastoralist. 

Rice farmer, fish 
farmer, capture 
fisher, dryland 
farmer 

(Bahsoan et al., 2014; 
EcoShape, 2015; 
Rahadian, 2016) 

Mangrove 
landscape 
governance 
regimes (and 
transitions) 

Public commons (mangroves). 
Strict Nature Reserve (Cagar 
Alam) and District Protection 
Forest (Hutan Lindung). 
Strict Nature Reserve and 
Integrated Forest Management 
Unit (KPH) 
Proposal to change status to 
agrarian reform area (TORA) 

Public commons 
(mangroves) & 
private agrarian 
(rice). 
Private individual 
agrarian 
(aquaculture & rice). 
Private group 
(industrial) and 
private individual 
agrarian 
(aquaculture). 

(Bahsoan et al., 2014; 
EcoShape, 2015; 
Rahadian, 2016; 
Wibowo, 2018) plus 
Historical Timelines from 
Chapter 4, Tables 4.6 and 
4.7. 
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Chapter 3. Evaluating Biogeomorphological Factors and Practitioner 

Capacity to Determine the Scope of MFLR 

3.1. Introduction  

In the preceding chapter the ROAM methodology applied to this PhD study of 

MFLR was described. The first phase involves investigating biophysical factors which 

contribute to the determination of MFLR opportunity. The following section discusses the 

selection of key factors for measurement and analysis to determine the biophysical scope for 

restoration in the two research landscapes. 

3.1.1. Identifying biophysical factors to determine the scope for mangrove 

restoration 

Assessment of biophysical factors which determine restoration opportunity is not 

routinely undertaken in Indonesia (Brown et al., 2011). Mangrove forest restoration 

guidelines developed by the Indonesian Ministry of Forestry are limited to the biophysical 

assessment of substrate topography and sediment type in evaluating suitability for mangrove 

restoration and restoration (Indonesian Ministry of Forestry, 2010; Muhiddin, 2016).  

International guidance may not be significantly better. The global mangrove 

restoration potential mapping tool (Worthington and Spalding, 2018) considers seven 

biophysical factors7 selected and weighted using a Delphi process (structured 

communication method) to score restoration potential based on global data sets. The authors 

comment upon the limitations of the tool, stating that that the scores “do not account for 

local challenges, such as physical modifications of the site, or legal and land tenure 

challenges, as these are particular to each location and cannot be mapped at global scales 

                                                 
7 1) Tidal range, 2) antecedent sea level rise, 3) future sea level rise, 4) inorganic suspended 
particulate matter trend, 5) timing of loss, 6) median loss patch area, 7) percentage of loss patches 
contiguous with extant mangroves (Worthington and Spalding, 2018). 
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(Worthington and Spalding, 2018: page 5).” From a strictly biophysical perspective, the tool 

also fails to consider historical mangrove coverage prior to 1996, which serves as a crucial 

limitation in Indonesia where, as stated above, mangrove conversion reaches back to the 

1800’s (Rahadian, 2016). The need for a higher degree of resolution of landscape level 

factors is the main justification for research described in this chapter. 

Stewart-Sinclair et al., (2020) considered various environmental factors as potential 

barriers to “blue restoration” across select coastal habitats including mangrove forests. 

Environmental barriers considered include; the nature of the land conversion, altered 

hydrodynamics, water quality and pollution, occurrence and abundance of pest species and 

disease, localised over-fishing, physical disturbances, climate change and shifts in the 

frequency of extreme weather events such high intensity erosive rainfall and tidal surges 

associated with storm events (Stewart-Sinclair et al., 2020).  

Biophysical factors controlling mangrove recruitment and early growth were 

discussed in Chapter 1, Section 1.3.1, providing factors for determining biophysical 

restoration opportunity. Although numerous factors determine the proliferation of 

mangroves, mangrove restoration practitioners are concerned with only a subset of these 

factors which determine the distribution of mangrove propagules, their recruitment to a 

prospective site and early growth (Lewis III et al., 2019; Lewis III and Brown, 2014). 

These factors which determine the biophysical restorability of mangroves are 

biological, ecological, hydrological, and geomorphological and are inter-related in nature 

(Viles, 2019). For the purposes of this chapter, these are considered as biogeomorphological 

factors. Mangrove restoration practitioners are especially concerned with three of these 

factors not only because of their impact upon mangrove distribution and recovery, but 

because they can be manipulated through mangrove restoration management actions (Lewis 

III et al., 2019; Lewis III and Brown, 2014). Soil edaphic conditions which are integrated 



79 

with both tidal inundation and geological factors were not considered during research due to 

time and resource limitations, and no evidence was found in secondary data of issues such 

as acid-sulphate soils in the two focal landscapes.  

The three biogeomorphological factors that were investigated include; 1) remnant 

mangrove species and community associations, 2) surface elevation and 3) landscape 

modifications which prevent natural secondary succession (Brown, 2014; Lewis III et al., 

2019) and are discussed in greater detail below. 

The extent to which remnant mangrove species and community associations are 

present in the landscape controls mangrove recovery after disturbance through propagule 

availability (Friess et al., 2011; Lewis III, 2009) and redundancy of functional roles which is 

known to enhance adaptive capacity (Folke et al., 2002). Surface elevation integrates 

important factors controlling mangrove recruitment and natural secondary succession, 

primarily the duration and frequency of tidal inundation (Lewis III, 2009; Oh et al., 2016; 

Van Loon et al., 2016). Mangroves typically exist between mean sea level and highest 

astronomical tide, and are reliant upon adequate minerogenic sediment supplies, and 

functioning biogenic sediment cycling (Friess et al., 2011; Woodroffe et al., 2016). 

Landscape modifications, as they relate to mangrove restoration opportunity, include natural 

or human caused alterations to the environment within the landscape which inhibit natural 

secondary succession of mangroves (Lewis III et al., 2019). Modifications inhibiting natural 

secondary succession might include loss of natural protective structures such as cheniérs, 

reeds or seagrass beds and barriers to hydrological flows such as roads, dike walls or 

undersized culverts (Lewis III and Brown, 2014; van Bijsterveldt et al., 2016; Winterwerp et 

al., 2014). 

Where remnant vegetation and surface elevation are sufficient or in surplus, and 

landscape modifications are minimal, natural secondary succession of mangroves and 
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recovery from disturbance are enabled (Walker and Meyers, 2004). Where remnant 

vegetation and surface elevation are in deficit and numerous landscape modifications have 

taken place, the mangrove forest landscape will likely have crossed one or more thresholds, 

impeding both natural and human-assisted recovery. In such cases the factors serving as 

barriers to restoration can also be considered vulnerabilities of the mangrove system 

(Walker and Meyers, 2004). 

Apart from biogeomorphological factors, biophysical restoration opportunity is 

reliant upon the capacity of restoration practitioners to overcome what Stewart-Sinclair et 

al., (2020) term as “technical barriers to blue restoration.” For the purposes of this chapter 

the ability to overcome technical barriers will be considered as “practitioner capacity.” 

Practitioners will be defined as those people designing, planning, implementing and 

monitoring mangrove restoration, as well as decision-makers enabling mangrove 

restoration. Practitioner capacity therefore includes knowledge of appropriate mangrove 

restoration techniques, mangrove restoration design and implementation skills and 

leadership qualities (Hanson et al., 2016; Lewis III and Brown, 2014; Stewart-Sinclair et al., 

2020). 

Six groupings of mangrove restoration techniques and their relative degrees of 

human intervention required were summarized in Chapter 1 Table 1.1 and are referred to 

here to contextualize options for their implementation dependent upon practitioner capacity. 

Where assessment of biogeomorphological factors reveals sufficient remnant vegetation, 

surface elevation and minimal landscape modifications, restoration techniques with a lower 

degree of human intervention (e.g. techniques 1-3 from Table 1.1) may be applied. Where 

remnant vegetation and elevation are deficient and significant modifications to the original 

mangrove environment have taken place, a greater degree of intervention will be required 

(e.g. techniques 4-6 in Table 1.1). 
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Therefore, as the above discussion has highlighted there is a need for a higher and 

more detailed degree of resolution of landscape level factors (biogeomorphological and 

practitioner capacity) to be considered in order to calculate biophysical restoration 

opportunity. The approach taken and presented in this chapter considers the state of 

biogeomorphological and practitioner capacity in two landscapes; Tanjung Panjang, 

Gorontalo and Demak, Central Java. Assessment of these factors results in the biophysical 

scope for restoration represented in terms of coverage area and percent of the degraded or 

deforested landscape. 

The following three research questions will guide the assessment of biophysical 

restoration opportunity in this chapter; 

1) What is the status of key biogeomorphological factors which serve to enable or 

impede MFLR in Tanjung Panjang and Demak?  

2) What mangrove restoration techniques should be applied to capitalize on 

favourable biophysical factors and overcome biophysical barriers, and what is 

the scope of their application? 

3) What capacity do local practitioners have to undertake MFLR based on their 

skills and knowledge of mangrove restoration and their leadership qualities? 

A summary of the broad research approach for this PhD study and the research 

timeline, activities and methods is provided in chapter 2. Detailed methods to assess 

biogeomorphological factors and practitioner capacity, addressing the research objective are 

outlined below in Section 3.2. This is followed by results, which calculates the biophysical 

scope for mangrove restoration in both focal landscapes. While this chapter focuses on 

biophysical factors enabling or impeding MFLR, social, economic and policy factors which 

may be more significant (Lovelock and Brown, 2019) to mangrove restoration opportunity 

are considered in Chapters 4 and 5. 
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3.2. Methods  

A combination of data from field surveys and published data was used to determine 

the biophysical characteristics to estimate biophysical mangrove restoration opportunity in 

Tanjung Panjang and Demak landscapes. Evaluation of past mangrove restoration attempts 

in appropriate reference sites and review of global mangrove restoration techniques was 

used to refine biophysical restoration opportunity estimates.  

A summary of research methods applied to assess biogeomorphological landscape 

properties, past mangrove restoration performance and practitioner capacity in pre-disturbed 

(analogue) sites and candidate restoration landscapes are summarized in Table 3.1. 

Table 3-1. Summary of research activities, methods and outputs. 

Domain Research activity References for 
methods 

Key Outputs 

Biogeomorphology Mangrove vegetation 
survey – historical 
reference sites and 
present-day 

(Djamaluddin, 2011, 
2004; Tomascik et 
al., 1997; Zaky et al., 
2012) 

Total species and community 
associations at historical reference 
and candidate restoration 
landscapes (present). 

Surface elevation 
surveys  

(Lewis, 2004, 
Soulsby, 2012, Lewis 
and Brown, 2014) 

Mean and median surface 
elevations from pond bottoms with 
reference to fMSL.  

Landscape 
modification 
assessment 

(Lewis III and 
Brown, 2014; 
Soulsby, 2012; 
Walker and Salt, 
2007) 

Lists of landscape modifications 
preventing natural secondary 
succession. 

Global mangrove 
restoration potential 
map 

(The Nature 
Conservancy, 2017; 
Worthington and 
Spalding, 2018) 

Mangrove restoration opportunity 
in Tanjung Panjang and Demak 
based on seven 
biogeomorphological factors. 

Practitioner 
capacity 

Stakeholder 
assessment of 
potential restoration 
techniques 

FLR options 
framework (IUCN 
and WRI, 2014) 
 

Lists of specific mangrove 
restoration techniques for potential 
implementation of MFLR. 
 

Assessment of 
mangrove restoration 
capacity of local 
practitioners 

Restoration 
Diagnostic (Hanson 
et al., 2016) 

Stop-light rating of practitioner 
capacity including leadership, 
knowledge, design-skill and 
feedback. 

Vegetative survey of 
past mangrove 
restoration 
performance 

(Lewis, 2004, 
Soulsby, 2012, Lewis 
and Brown, 2014) 

Total species, growth, percent 
dominance (forest structure). 
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Detailed methods for the assessment of key biogeomorphological factors (existing 

mangrove vegetation, surface elevation and landscape modifications), past mangrove 

restoration performance and technical factors are described in Sections 3.2.1 to 3.2.2 below.  

3.2.1. Biogeomorphological factors 

Biogeomorphological factors consider the interaction between biological, ecological 

and geomorphological factors. These factors are investigated through three landscape-level 

research activities, and afterwards benchmarked through the application of a global 

mangrove restoration potential tool. 

3.2.1.1. Pre-post conversion mangrove vegetation surveys 

Previous floristic surveys were used to determine a pre-landscape modification state 

in Tanjung Panjang and Demak. As geomorphic settings influence the hydraulics of 

mangrove areas, thus driving the differentiation of mangrove floristics and community 

assemblages, it was deemed important that reference forests and candidate restoration 

landscapes were of similar geomorphic types (fringing, riverine and basin) as classified by 

Cintron and Novelli (1984) and Mazda et al. (2007). 

Djamaluddin (2004) performed two mangrove vegetation surveys Bunaken National 

Marine Park, North Sulawesi, which served as a historical reference for Tanjung Panjang. 

Both systems are situated on the northern extent of Sulawesi (350 km apart) and exhibit a 

mix of three main hydro-geomorphic types; fringing, riverine and basin mangroves 

(Djamaluddin, 2011, 2004; Mazda et al., 2007). Djamaluddin (2004) developed lists of total 

species encountered, community associations and analysed forest structure confirming 

findings with a range of systematic floral reviews. 

A comprehensive assessment of all mangrove species and three types of community 

associations (pure stands, paired associations and mixed associations) was undertaken in 
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four geomorphic zones of the Segara Anakan Lagoon along the southern coast of Central 

Java (White et al., 1989), which served as a historical reference for Demak along the 

northern coast. Both systems historically contained fringing, riverine and basin mangroves 

(Tomascik et al., 1997) however do fundamentally differ as Demak never maintained a 

lagoon system. That being said, high historical rates of mangrove loss (exceeding 90%) 

across the entire northern coast of Java (Tomascik et al., 1997) necessitated the selection of 

Segara Anakan to gain a picture of historical Javan mangrove forest structure.  

To determine the current state of mangrove species and community associations in 

Tanjung Panjang (Gorontalo) and Demak (Central Java), recent surveys served as 

references. Djamaluddin et al (2011) performed spot checks (n=39) and transect-quadrat 

sampling (n=21) in Pohuwato District (at the landscape scale) as part of the IUCN 

SUSCLAM program. Variables measured included; species, canopy height, strata, shape 

and diversity, tree morphology, mortality, recruitment, diameter of canopy trees, diameter 

class distribution, tree distribution pattern, stem density and cross-section vegetation profile. 

Community associations were determined by percent dominance of canopy species. Forest 

structure was determined by Djamaluddin (2004) using classification developed by Specht 

(1970). In addition to this landscape scale-survey, Baderan et al., (2018) performed a 

vegetative survey of Tanjung Panjang Nature Reserve. This study used a line transect-

quadrat method (Bengen, 2004) to record species, density, and DBH and was used to 

augment the findings of Djamaluddin et al, (2011).  

Pratiwi et al. (2014) undertook a vegetative survey in two villages in Demak 

(Berahan Kulon and Berahan Wetan) in 2014 using Landsat 8 ETM+ to determine 

normalized difference vegetation index (NDVI). The results of NDVI were used to indicate 

sites for vegetative sampling (transects and quadrats) to determine mangrove density, 

species dominance and community associations. This study was repeated by Pribadi et al. 
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(2017) in three villages in Demak (Bedono, Purworejo and Wedung) published as a 

Building with Nature project report (Pribadi et al., 2017).  

Running species counts were updated in both landscapes based on spot checks 

performed during surface elevation surveys described in Section 3.2.2. 

3.2.1.2. Surface elevation surveys 

Although hydroperiod is a main determinant for mangrove recruitment and growth, 

practitioners rely on surface elevation measurements to inform restoration design and 

calculate the need for excavation or fill material (Lewis III, 2009). Surface elevation was 

measured in six (6) villages in Demak (n=281) and five (5) villages in Tanjung Panjang 

(n=100) using a laser level and measuring rod with reference to the National Geospatial 

Agency tide table (BAKOSURTANAL, 2016). Elevation was recorded atop pond dike walls 

and within ponds, in internal ditches and on central plateaus. Functional mean sea level 

(fMSL) was determined in each village based on direct field measurements of the lowest 

naturally occurring mangrove sapling. This approach was used due to lack of reliable 

georeferenced base stations or tidal datums in each landscape. As a result, fMSL served as a 

proxy for the lower surface elevation threshold for mangrove recruitment and early growth. 

Median and mean pond depths were calculated based on measurements from central 

plateaus per village and analysed using R statistical software to quantify surface elevation 

deficit or surplus. These measurements were used to select appropriate restoration 

techniques, calculate areas of biophysical restoration opportunity and provide cost estimates 

for application of fill material (addressed in Chapter 5). 

3.2.1.3. Landscape modification assessment 

Modifications of the previous mangrove environment which currently prevent 

natural secondary succession were informed by literature review discussed in Chapter 2, 

Section 2.3.2.2. Geomorphic change in Tanjung Panjang was described by Damanik and 
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Djamaluddin (2012) based on prior assessment of seasonal and long-term patterns of 

sedimentation, accretion and erosion in Pohuwato District. Djamaluddin et al., (2011) also 

assessed disturbance to trees in 58 locations based on 5 indicators; cutting, diameter-class 

distribution, tree morphology (pattern of branching), canopy structure and percent canopy 

closure.  

Prior investigation of shoreline changes and mangrove area in Demak was 

undertaken by the Indonesian Ministry of Marine Affairs and Fisheries (Habib et al., 2017; 

Helmi et al., 2015) and local researchers from the University of Diponegoro (Irsadi et al., 

2019). These researchers calculated changes in coastline, areas of abrasion and accretion, 

natural coastal protection structures and mangrove area. The following prior research was 

used to understand the extent of human-made and natural landscape modifications inhibiting 

mangrove growth; 

 Historical coastline position based on analysis of remote sensing imagery from 

1941, 1972, 2006, 2016 (Habib et al., 2017). 

 Natural protection structures (Helmi et al., 2015). 

 Current coastline, areas of erosion and sedimentation, and natural coastal 

protection structures, determined using high resolution remote sensing imagery 

including; Multi-temporal 2009/2010 – 2011/2015; GeoEye-1, Pleades, 

SPOT5/SPOT6, Landsat-8, ALOS AVNIR. Geometric and mosaic correction 

were performed with reference to Google Earth (Helmi et al., 2015). 

Data management and thematic mapping utilized radiometric correction (histogram 

adjustment method), geometric correction (rectification/ortho-rectification), and composite 

colour and on-screen digitizing methods. 
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Composite maps of modifications to Demak and Tanjung Panjang mangrove 

landscapes inhibiting natural secondary succession were created by referencing the above 

secondary data, plotted on base QuickBird satellite images from 2014-2105 using Scribus 

version 1.5.4. Composite maps considered position and extent of erosion, sedimentation, 

natural coastal protection structures, and human-made impediments to natural hydrology 

such as dike walls, roads and undersized culverts. 

Verification of assumed landscape modifications including areas of erosion, 

subsidence, accretion, location of cheniérs and barriers to hydraulic flows was undertaken 

via a series of point measures of surface elevation and vegetative surveys based on 

methodologies from Soulsby (2012) and Lewis and Brown (2014). Verification was 

undertaken during perimeter walks of pond areas in 6 villages in Demak and 5 villages in 

Tanjung Panjang, as well as “spot-checks” during measurement of surface elevation (Demak 

n=281, Tanjung Panjang n=100). GPS positions of landscape modifications were recorded 

and subsequently plotted on base maps. 

3.2.1.4. Global mangrove restoration potential 

The global mangrove restoration potential mapping tool (The Nature Conservancy, 

2017; accessed June 15, 2018) developed by Worthington and Spalding (2018) was applied 

to the Demak and Tanjung Panjang landscapes. This tool combines seven weighted factors 

to determine restoration potential in terms of area and percent of historical mangrove 

landscape. The results of the application of this global tool will be used to benchmark the 

findings from the assessment of landscape-level biogeomorphological traits described in 

Sections 3.2.1.1 – 3.2.1.3. 
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3.2.2. Practitioner capacity 

The capacity of local practitioners to plan for and implement MFLR is based on their 

knowledge of relevant mangrove restoration techniques, past performance of mangrove 

restoration proximate to candidate landscapes, and multi-stakeholder evaluation of key 

practitioning traits (Table 3.2). Research methods to determine practitioner capacity are 

described below. 

3.2.2.1. MFLR options – practitioner knowledge of relevant mangrove restoration 

techniques 

Local practitioner knowledge of potentially appropriate mangrove restoration 

techniques for future implementation in the candidate landscapes was determined during 

ROAM stage-I workshops. First, the lead researcher delivered a brief PowerPoint overview 

highlighting the 6 major types of mangrove restoration used globally (Chapter 1, Table 1.1). 

Next, workshop participants8 used the FLR options framework (IUCN and WRI, 2014) to 

list locally-known mangrove restoration techniques for potential application in Demak and 

Tanjung Panjang. Participants listed all known techniques, location, timing, lead 

practitioners and a summary description of results. Specific mangrove techniques generated 

during this exercise were then categorized within the six “global” techniques (Chapter 1, 

Table 1.1). 

3.2.2.2. Past performance of mangrove restoration 

Past performance of mangrove restoration was investigated in Demak District and in 

reference restoration sites from Pohuwato and Boalemo Districts adjacent to the Tanjung 

Panjang landscape. Mangrove restoration efforts which took place between 2010-2015 were 

                                                 
8 Multi-stakeholder participants in ROAM workshops; Demak (ROAM planning workshop; Oct. 5, 
2016; 12 participants); Tanjung Panjang (ROAM stage-I workshop; Feb. 20-21, 2017; 19 
participants). 
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identified through stakeholder interviews guided by an interview tool as described in 

Appendix 3a. Ten interviews were conducted in each landscape with coastal villagers and 

government extension workers (see Chapter 4, Table 4.13). Although interviews were 

structured to more broadly determine social MFLR opportunity, they were also used to 

gather information on past mangrove restoration efforts including location, timing, technical 

issues and relative success. Secondary post mangrove planting monitoring data of was also 

compiled from district and provincial watershed agencies (BPDAS) and local NGO’s 

(JAPESDA in Tanjung Panjang, IKAMAT in Demak). 

Two independent vegetative surveys were conducted in Pohuwato and Boalemo 

Districts using monitoring methods from Lewis III (2004) and Soulsby (2012). An 

initial survey was undertaken in 8 villages, consisting of three (3) 100m transects with 

three (3) 5m x 5m quadrats per transect, totalling 9 quadrats per village. The second 

survey was undertaken in three villages involving three replicates of three (3) 100m 

transects with three (3) 5m x 5m quadrats per transect totalling 27 quadrats per site. 

Species, size class (seedling, sapling, tree) diameter at breast height and tree height 

were recorded. The extent of restored areas was determined through consultations 

with practitioners and verified through a drone survey (Phantom III drone; Pix-4D 

software) as well as a perimeter walk using GPS. Planted mangrove seedlings and 

natural recruits were differentiated based on species. Seedlings planted in all eight 

sites were restricted to Rhizophora apiculata, R. mucronata R. stylosa and Ceriops 

tagal. Conspicuous individuals of these four planted species (those not growing in 

straight planted lines, and of apparent different age class or growth rate) were not 

considered planted yet were not included as natural recruits for the purposes 

calculating percent dominance due to lack of ability to verify their origin. Species 

including Bruguiera gymnorrhiza, Sonneratia alba, Lumnitzera racemosa, Avicennia 
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marina and A. alba were not planted and were considered natural recruits when 

encountered. Percent dominance was calculated per village using the Pareto graphing 

function in Excel. Restored area, species counts, mean stem density per hectare, 

percent dominance, mean diameter at breast height (DBH) and mean height per 

species are presented in Appendix Table 2.2. Mean stem density/ha and percent 

dominance from the 3-village survey are also presented in results Section 3.3.4.1. 

Vegetative surveys were not performed in Demak due to subsidence, erosion and 

permanent inundation of all recent restoration sites.  

3.2.2.3. Assessment of practitioner capacity 

The technical capacity of local practitioners to undertake MFLR was assessed using 

the Restoration Diagnostic (Hanson et al., 2016). The restoration diagnostic defines four 

features of restoration practitioner capacity including; leadership, knowledge, technical 

design and feedback. Key success factors within these features are listed and defined in 

Table 3.2. 
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Table 3.2. Traits and key success factors of restoration practitioners as defined by the 
Restoration Diagnostic (Hanson et al., 2016). 

Practitioner 
Traits 

Key Success Factors Description 

Leadership National and/or local 
restoration champions 
exist. 

Charismatic people (or powerful institutions) exist who can 
effectively inspire decision makers to pursue restoration, 
mobilize support, and maintain momentum over time in the 
candidate landscape. 

Sustained political 
commitment exists. 

Commitment from government (at multiple levels if relevant) 
and nongovernmental institutions to restoration in the 
candidate landscape exists and is sustained. 

Knowledge Restoration “know-how” 
relevant to candidate 
landscape exists. 

Local experts know of or generate research into restoration 
techniques (e.g., natural and assisted regeneration, traditional 
knowledge) tailored to the candidate landscape. 

Restoration “know-how” 
transferred via peers or 
extension services. 

Technical assistance and rural extension services, farmer-to- 
farmer visits, and/or other means of awareness raising and 
capacity building for restoration are in place and adequately 
resourced in the candidate landscape. 

Technical 
design skill 

Restoration design is 
technically grounded and 
locally appropriate. 

Forest landscape restoration plans for the candidate 
landscape are based on best practices, incorporating the best 
available science and climate-smart approaches. 

Restoration limits 
“leakage.” 

Forest landscape restoration in the candidate landscape 
avoids transferring forest clearing activities to other 
landscapes or countries (“leakage”), resulting in a net increase 
in forest landscape area. 

Feedback Effective performance 
monitoring and 
evaluation system is in 
place. 

A system for monitoring progress and evaluating impact of 
restoration in the candidate landscape exists. 

Mid-course corrections 
occur and are informed 
by monitoring and 
evaluation as a form of 
adaptive management 

The performance of previously implemented mangrove 
restoration is monitored and evaluated, and this information 
is used to inform corrective actions if needed. 

Early wins are 
communicated. 

Early restoration successes in the candidate landscape are 
achieved and communicated to stakeholders. 

Participants in ROAM stage-III workshops in each landscape9 considered these 

attributes and qualitatively evaluated the efficacy of mangrove restoration practitioners in 

their landscapes using a stop-light grading system (green = highly capable, yellow = 

somewhat capable, red = incapable). 

                                                 
9 Demak, October 10-11, 2017, 38 participants; Tanjung Panjang, November. 20-21, 2017, 24 
participants (see Chapter 2). 
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3.3. Results 

The scope for mangrove restoration in the two candidate landscapes is determined by 

the state of biogeomorphological factors and the capacity of practitioners to capitalize on 

enabling conditions and overcome barriers. Findings from biogeomorphological research 

include pre- and post-disturbance vegetative assessment (Section 3.3.1), surface elevation 

surveys (Section 3.3.2) and landscape modification review (Section 3.3.3) and provide an 

initial biophysical scope for MFLR. MFLR feasibility will be further refined based on the 

results of practitioner capacity assessment including; knowledge of mangrove restoration 

techniques (Section 3.3.4), performance of past mangrove restoration in and adjacent to 

candidate landscapes (Section 3.3.5) and a multi-stakeholder diagnostic of practitioner 

capacity (Section 3.3.6). The amalgamation of these various findings serves to identify areas 

of the landscape where restoration is biophysically feasible or where barriers still exist. 

3.3.1. Mangrove vegetation survey (historical reference sites and present-day) 

In order for a degraded mangrove system to recover its natural functioning, a diverse 

array of propagules from pioneering species as well as functional groups (community 

associations) must be available (Lewis III et al., 2019). Best available data was used to 

compare recent vegetative mangrove surveys in Demak (Zaky et al., 2012) and Tanjung 

Panjang (Djamaluddin, 2011) with historical surveys of proximate reference forests 

(Djamaluddin, 2004; Tomascik et al., 1997). Resulting species and community association 

counts are presented in Tables 3.3 and 3.4, and graphically depicted in Figure 3.1.  
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Table 3.3. Pre and post-disturbance mangrove species in Demak and Tanjung Panjang 
landscapes. 

 Mangrove species Demak Tanjung Panjang 

 

 

Historical 
reference 

(Segara 
Anakan, 

Central Java) 

Current Historical 
reference 
(Bunaken 

Marine Park, 
North 

Sulawesi) 

Current 

1. Acanthus ilicifolius     

2. Acrosticum aureum     

3. Acrosticum speciosum     

4. Aegiceras corniculatum     

5. Avicennia alba     

 Avicennia lanata     

6. Avicennia marina      

7. Avicennia officinalis     

8. Avicennia rumphiana     

9. Bruguiera cylindrica     

10. Bruguiera gymnorrhiza     

11. Bruguiera parviflora     

12. Bruguiera sexangula     

13. Camptostemon philippensis     

14. Ceriops decandra     

15. Ceriops tagal     

16. Excoecaria agallocha     

17. Heritiera littoralis     

 Heritiera globulas     

18. Kandelia candel     

19. Lumnitzera littorea     

20. Lumnitzera racemosa     

21. Nypa fruticans     

 Osbornia octodonta     

 Pemphis acidula     

22. Rhizophora apiculata     

23. Rhizophora mucronata     

24. Rhizophora stylosa     

25. Scyphiphora hydrophyllacea     

26. Sonneratia alba     

27. Sonneratia caseolaris     

28. Sonneratia ovata     

29. Xylocarphus granatum     

30. Xylocarpus moluccensis     

Total number of species 19 9 30 26 

Percent of original species  47%  87% 
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Table 3.4. Historical community associations from reference forests (Segara Anakan, 
Central Java; Bunaken National Park, North Sulawesi) and current community associations 
in Demak and Tanjung Panjang landscapes. 

Landscape Demak Tanjung Panjang 

Time Period Historical Current Historical Current 

Data source Tomascik et al. 1997 Zaky et al. 
2012 

Djamaluddin, 2004 Djamaluddin 
et al. 2011 

Community 
associations 

Avicennia alba and 
Avicennia marina 

Avicennia 
marina 

R. apiculata and R. 
stylosa dominant; 
Sonneratia alba minor 

R. apiculata 
and R. stylosa 

Rhizophora mucronata Rhizophora 
mucronata 

R. apiculata and S. alba 
dominant; Bruguiera 
gymnorrhiza minor 

Rhizophora 
spp. and B. 
gymnorrhiza 

Ceriops tagal  R. apiculata S. alba and 
Rhizophora 
spp. 

Aegiceras corniculatum  R. apiculata and Ceriops 
tagal 

S. alba 

Rhizophora apiculata, 
Bruguiera gymnorrhiza and 
B. cylindrica dominant in 
the canopy with 
undergrowth of B. 
gymnorrhiza, Derris 
heterophylla and Sarcolobus 
banksii 

 C. tagal C. tagal 

Rhizophora apiculata, 
Avicennia alba and R. 
mucronata dominant in the 
canopy and an undergrowth 
of A. alba, R. apiculata and 
Acanthus ilicifloius. 

 A. marina along the 
seaward margin 

R. apiculata 
and C. tagal 

Rhizophora apiculata, 
Xylocarpus granatum and 
Nypa fruticans dominant in 
canopy with Acrostichum 
aureum, D. heterophylla 
and A. ilicifolius in the 
undergrowth. 

 Hinterland margin 
association: Lumnitzera 
racemosa, Heritiera 
littoralis with Derris 
trifoliata and 
Clerodendrum inerme 
undergrowth 

A. marina 

Rhizophora apiculata, 
Avicennia alba and R. 
mucronata dominant with 
an undergrowth of D. 
heterophylla, A. ilicifolius 
and seedlings of Nypa 
fruticans. 

   

Rhizophora apiculata, R. 
mucronata and Avicennia 
alba dominant with an 
undergrowth of S. banksia, 
A. ilicifolius and A. alba 
seedlings. 
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Landscape Demak Tanjung Panjang 

Time Period Historical Current Historical Current 

Rhizophora apiculata, B. 
gymnorrhiza and R. 
mucronata dominant with 
an undergrowth of R. 
mucronata, R. apiculata and 
A. ilicifolius. 

   

Rhizophora apiculata, R. 
mucronata and Avicennia 
alba dominant with an 
undergrowth of R. 
apiculata, A. alba and R. 
mucronata seedlings. 

   

Total # of 
community 
associations 

 
11 

 
2 

 
7 

 
7 

% of original 
community 
associations 

18% 100 % 

 

Figure 3.1. Graphical comparison of historical and current mangrove species and 
community associations in Demak and Tanjung Panjang. 

The results of vegetative surveys found a high diversity of historical species in the 

area of northern Sulawesi, with 30 species present in Bunaken National Marine Park and 26 

remnant species in the Tanjung Panjang landscape. All seven floristic associations recorded 

in Bunaken National Park were present at Tanjung Panjang. This and the presence of 87% 
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of the original floral mangrove diversity indicates high propagule availability and functional 

redundancy, both important factors for mangrove recovery.  

The Demak landscape only retained nine of an original 19 species (47%) of true 

mangroves and 2 out of 11 pre-conversion community associations (18%), suggesting 

limited floristic diversity serves as a barrier to natural secondary succession requiring 

restoration techniques with a high degree of human intervention. 

3.3.2. Surface elevation survey 

Surface elevation integrates several key hydrological factors limiting mangrove 

recruitment and growth (Friess et al., 2011; Lewis III, 2009; Mazda et al., 2007; Van Loon 

et al., 2016). Surface elevation measurements were taken in and adjacent to aquaculture 

ponds to determine if current substrate height served as an enabling factor or barrier to 

mangrove recruitment and early growth. Surface elevation deficits were also used to 

calculate requirements for the addition of fill material. In Tanjung Panjang, 10 coastal and 

interior ponds (54 hectares) were measured in 5 villages.  

Mean and median surface elevations as well as standard deviation and standard error 

are presented in Table 3.5. In Demak, 21 coastal and interior ponds (22 hectares) were 

measured in 6 villages. Mean and median surface elevations as well as standard deviation 

and standard error are presented in Table 3.6. Figure 3.2 depicts median pond depth side by 

side in all 11 villages surveyed in Tanjung Panjang and Demak. 

Table 3.5. Surface elevation (cm) of pond bottoms from 5 village in Tanjung Panjang. 
 

Sidowonge Imbodu Patuhu Bolungga Manawa 

Mean -4.5 -0.3 -4.4 -4.8 -4.1 

Median -3.0 -2.8 -6.0 -4.8 -4.8 

Std Dev 19.10 8.73 9.24 8.02 5.59 

Std Error 4.17 2.18 2.02 1.71 1.25 
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Table 3.6. Surface elevation (cm) of pond bottoms from 6 village in Demak. 
 

Surodadi Tambakbulusan Morodemak Purworejo Betahwalang Wedung 

Mean -30.7 -38.6 -39.1 -14.0 -25.0 -40.9 

Median -30.0 -35.0 -43.0 -13.0 -23.0 -41.0 

Std Dev 15.13 12.04 24.23 10.17 15.77 20.04 

Std 
Error 

2.59 3.01 3.74 3.39 3.53 3.21 

 

 

Figure 3.2. Median surface elevation of pond bottoms (cm) relative to functional Mean Sea 
Level (fMSL) in 5 villages in Tanjung Panjang (left) and 6 villages in Demak (right). 

Findings from surface elevation surveys reveal median surface elevation of ponds 

across the entire Tanjung Panjang landscape at 4 cm below fMSL, while median surface 

elevation of ponds across Demak measured 33 cm below fMSL. This finding indicates that 

Tanjung Panjang may recover with minimal hydrological correction, while Demak will 

require a significantly greater degree of hydrological repair. These findings will inform the 
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selection of mangrove restoration techniques (Section 3.3.5) and be reflected upon in 

discussion Section 3.4.1. 

3.3.3. Landscape modifications preventing natural secondary succession 

Modifications to the original mangrove landscape may serve to limit natural 

secondary succession, primarily through disturbance of hydrological regime (Kjerfve, 1990; 

Lewis III, 2005). Modifications to the Demak and Tanjung Panjang landscapes preventing 

natural secondary succession of mangroves were identified through a combination of 

literature review and field-based observations. Field research teams identified three relevant 

landscape modifications in Tanjung Panjang (forest cover loss, dike walls and ratification 

channels) which also occurred in Demak. An additional six landscape modifications were 

noted in Demak (mangrove species loss, landscape subsidence, coastal erosion, chenier loss, 

road construction, undersized culverts) totalling nine landscape modifications. These 

modifications interact to some extent, through combined effects as well as negative 

feedback loops, and are presented below. 

Forest cover loss serves as a modification in both landscapes with Demak and 

Tanjung Panjang experiencing 92% and 60% loss respectively compared to historical 

coverage (Brown et al., 2015; IKAMAT, 2017; Irsadi et al., 2019; Rahadian, 2016). Forest 

cover loss serves as a barrier to natural secondary succession through numerous pathways 

including; propagule limitation (Lewis III, 2005), reduced biogenic and minerogenic 

maintenance of surface elevation (Balke and Friess, 2016), degraded soil edaphic conditions 

(McKee and Faulkner, 2000), and loss of coastal protection (van Bijsterveldt et al., 2016; 

Woodroffe et al., 2016). Djamaluddin (2011) suggested that loss of mangroves in the 

Tanjung Panjang basin resulted in the inability of mangroves to assimilate seasonal 

accumulations of marine sediment, causing sedimentation in rivers, tidal creeks and 

artificial channels. Fish farmers in Demak are also troubled by sediment in rivers, currently 
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impeding boat traffic. During a ROAM stage III workshop, fish farmers requested financial 

assistance from the Building with Nature project to remove sediment from rivers, suggesting 

its use as fill material within ponds (Chapter 4). 

Sedimentation is likely exacerbated by the presence of numerous dike walls and 

artificial channels. Dike walls serve as a barrier to normal tidal inundation, reducing the 

opportunity for sediment dispersal within ponds (Stevenson et al., 1999). Artificial channels 

reduce the overall tidal prism of the landscape, compounded by forest cover loss, resulting 

in reduced scouring of tidal creeks and channels during tidal exchange (Mazda et al., 2007). 

Community members in Demak indicated areas of excessive sedimentation within 

mangrove channels on maps (Figure 3.3) requesting dredging assistance from the BwN 

project. The compounded effects and negative feedback loops of forest cover loss, the 

presence of dike walls and artificial channels within the aquaculture complex serve as 

barriers to natural secondary succession in both Tanjung Panjang and Demak landscapes. 

The remaining barriers pertain primarily to the Demak landscape.  

 

Figure 3.3. Community sketch map from Tambakbulusan, Demak indicating excessive river 
sediment (far right, drawn in red). Participants recommended dredging of this sediment for 
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use as fill material to increase surface elevation in ponds selected for hydrological 
restoration 

The loss of mangrove species and community associations from the landscape 

reduces both propagule availability and the variety of functional roles (Friess et al., 2011; 

Krauss et al., 2008). This serves as a barrier in Demak, where only 47% of original 

mangrove species and 18% of original community associations remain (Tables 3.3 and 3.4). 

Landscape subsidence and coastal erosion affect natural secondary succession of 

mangroves by increasing the duration and frequency of tidal inundation and reducing 

accommodation space (Lovelock et al., 2015; Woodroffe et al., 2016). Coastal erosion has 

the added effect of increasing wave and current energy and destabilizing sediment 

(Winterwerp et al., 2014). Both landscape subsidence and coastal erosion are evident in the 

Demak landscape, more severe in the southwest portion of the landscape (Sayung District), 

adjacent to the large commercial port of Semarang (Mahya et al., 2021; Yuwono et al., 

2019). 

Rates of landscape subsidence ranging between 8-15 cm yr-1 have been observed in 

Demak and are ascribed to mangrove cover loss, sea level rise, aquifer overdraw, riverine 

sand-mining and shoreline armouring (Helmi et al., 2015; Suryanti and Marfai, 2016; van 

Bragt, 2017; Winterwerp et al., 2014, 2013; Yuwono et al., 2019). Villagers report the need 

to raise their houses 40 cm every 3 years to keep up with landscape subsidence (van Bragt, 

2017). Borsje (2017) reports the main cause of the erosion of the Demak coastline, which is 

at some places as high as 1.5 km of land, is the deforestation of the green belt of mangroves 

for the purpose of building fishponds (Borsje, 2017). Smits et al. (2020, p. V) elaborate that, 

“The replacement of mangrove forests with aquaculture ponds and embankment of rivers 

resulted in declining sediment input and trapping. Extreme land subsidence rates due to 

groundwater extraction exacerbated the erosion problems.” 
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Coastal erosion outstrips accretion in Demak, concentrated in Sayung District which 

has experienced up to 5.3 km of ingress between 2005 and 2014 (Figures 3.4 and 3.5) with a 

loss of 2074 ha of mangrove habitat (Helmi et al., 2015). Exacerbated erosion has been 

linked to the loss of natural coastal protection structures such as cheniérs and resultant 

intensification of wind, waves and currents (Helmi et al., 2015; Suryanti and Marfai, 2016; 

Winterwerp et al., 2014, 2013). Pioneering coastal mangrove species such as Avicennia 

marina are able to temporarily colonise accretional areas during the dry season, yet die-off 

during the monsoons when sediment is re-distributed due to high wave energy (Debrot, 

2019).  

Table 3.7 summarizes landscape modifications encountered in Demak and Tanjung 

Panjang. Findings were presented to multi-stakeholder groups to inform the construction of 

historical timelines in ROAM stage-II workshop (Chapter 4).  
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Figure 3.4. Coastline ingress, and erosion-accretion balances in Sayung and Wedung 
Districts, Demak (Helmi et al., 2015). 
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  Districts Totals 

  
Sayung Karang 

Tenggah 
Bonang Wedung 

 

Shoreline erosion (ha) 2116.5 28.6 29.6 256.3 2431.1 

Shoreline accretion (ha) 1.4 9.4 35.7 323.0 369.5 

Net coastal erosion (ha)     2061.6 

Erosion-accretion ratio     6.6 to 1 

Figure 3.1. Cumulative erosion-accretion balance across the Demak coastal landscape 
(Helmi, 2015). 
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Table 3.7. Landscape modifications preventing natural secondary succession of mangroves 
in Demak and Tanjung Panjang landscapes. 

Landscape 
modification 

Areas affected How the modification affects natural 
secondary succession 

Key biophysical 
variables of the 
system most affected 

Tanjung Panjang 
Forest cover 
loss  

Pond areas and 
leeward peninsular 
foreshore 

Oxidation of exposed sediment, 
surface elevation loss, propagule 
limitation, sedimentation of tidal 
creeks and artificial channels. 

Species diversity, 
propagule availability, 
edaphic conditions, 
hydroperiod 

Pond dike 
walls  

Pond areas Serves as barrier to propagule 
recruitment, natural flooding and 
drainage. 

Hydroperiod 

Artificial 
channels 

Natural tidal creeks 
and artificial channels 

Abundance of artificial channels 
reduces tidal prism and flow in natural 
channels, sedimentation of tidal 
creeks and artificial channels. 

Hydroperiod 

Demak 
Forest cover 
loss  

Pond areas and 
foreshore 

Oxidation of exposed sediment, 
surface elevation loss, propagule 
limitation, sedimentation of tidal 
creeks and artificial channels. 

Species diversity, 
propagule availability, 
edaphic conditions, 
hydroperiod 

Pond dike 
walls  

Pond areas Serves as barrier to propagule 
recruitment, natural flooding and 
drainage. 

Hydroperiod 

Artificial 
channels 

Pond areas Abundance of artificial channels 
reduces tidal prism and flow in natural 
tidal creeks and artificial channels, 
results in sedimentation. 

Hydroperiod 

Mangrove 
species loss 

Whole landscape Results in propagule limitation and 
reduction of functional groups. 

Species diversity, 
propagule availability, 

Landscape 
subsidence 

Sayung District 
(severe), all pond 
areas  

Lowers surface elevation; reduction in 
accommodation space, reduces 
natural recruitment and survivorship 
of planted mangroves, results in 
unstable sediments. 

Hydroperiod 

Coastal 
erosion 

Sayung District 
(severe), Wedung 
(moderate) 

Lowers surface elevation; reduction in 
accommodation space, reduces 
natural recruitment and survivorship 
of planted mangroves, results in 
unstable sediments. 

Surface elevation, 
wave/current energy, 
substrate stability 

Chenier loss Sayung District 
(severe), Karang 
Tengah, Bonang and 
Wedung Districts 
(moderate) 

Increased wave and wind energy 
along coast, reduces natural 
recruitment and survivorship of 
planted mangroves. 

Wave/current energy, 
substrate stability 

Road 
construction 

Parallel to coast 1 km 
inland 

Inhibits natural flooding and draining 
of mangrove basin, propagule 
limitation behind road 

Hydroperiod 

Undersized 
culverts 

Associated with all 
roads 

Inadequate drainage, flooding, 
increase inundation periods 

Hydroperiod 
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3.3.4. Practitioner knowledge of mangrove restoration techniques 

Capacity to undertake MFLR is dependent upon the application of appropriate 

techniques by proficient practitioners. Participants in Demak and Tanjung Panjang ROAM 

stage 1 workshops (see Chapter 4, Tables 4.3 and 4.4) guided by the FLR options 

framework (IUCN and WRI, 2014) were asked to record their knowledge (Figure 3.6) of a 

variety of known mangrove restoration techniques implemented in Indonesia since 2007. 

Nineteen specific mangrove restoration techniques were identified by participants in 

ROAM stage-I workshops in Demak and Gorontalo. These specific techniques are listed in 

Table 3.8 and aligned to the six major techniques listed in Chapter 1, Table 1.1 together 

with location, dates of implementation, lead practitioners and description of results. These 

techniques were later presented to multi-stakeholder groups at ROAM stage-II workshops to 

inform the selection of appropriate techniques during restoration opportunity mapping (see 

Chapter 4).

 

Figure 3.6. ROAM stage-I participants in 
Demak using the FLR options framework to 
list mangrove restoration methods. 
Participants considered technique, 
location, timing, lead practitioner and 
description of results. 
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Table 3.8. Combined list of mangrove and coastal wetland restoration techniques identified by stakeholders at ROAM stage-I workshops 
including alignment with major mangrove restoration types, location (site, country), timing, lead practitioners and description of results. 
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3.3.5. Mangrove restoration performance in analogue sites 

To better understand the performance of prior mangrove restoration practice in the 

region, post-restoration monitoring surveys were undertaken in reference sites proximate to 

the Demak and Tanjung Panjang assessment landscapes (Figure 3.7). The results of these 

post-restoration surveys are presented per landscape in Sections 3.3.4.1 and 3.3.4.2. 

3.3.5.1. Tanjung Panjang 

Mangroves were planted in eight sites along the northern coast of Tomini Bay in 

Gorontalo Province as part of the IUCN – SUSCLAM project from 2010-2012. Seven of the 

eight total sites consisted of disused and abandoned aquaculture ponds occurring in the 

mesozone of the former mangrove forest. A portion of the eighth site occurred along a high 

wave-energy foreshore and was not associated with aquaculture ponds. 

 

Figure 3.7. Former restoration sites in Demak (top row) and Gorontalo (bottom row). 
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Figure 3.8. Mean stem density/ha (per species) for planted mangroves and natural recruits 
at TZ+5 years from 3 villages (a-c). Mean stem density/ha (combined species) at TZ+5 
years (d). 

Two independent vegetative surveys were conducted in Tanjung Panjang. Results 

from the initial survey are presented in Appendix Table 2.1. The second (and more robust) 

survey was undertaken in three villages. Full results, including restored area, percent 

dominance, mean diameter at breast height, and mean height per species are presented in 

Appendix Table 2.2.  

Results from the second survey in Tanjung Panjang are depicted in Figure 3.8, 

showing mean stem densities per species for both planted mangroves and natural recruits 

from three villages measured during the second vegetative survey; (a) Bumi Bahari, (b) 

Marisa and (c) Tabulo Selatan. Total stems per hectare ranging from 2711 – 3630, depicted 

in (d) are typical for high-growth sites in the region (Cameron et al., 2019b; Djamaluddin et 

al., 2018; Inoue et al., 1999; Sasmito et al., 2019; Sillanpää et al., 2017).  

A  B  

C  D  
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Figure 3.9 (a–c) shows Pareto charts from three villages depicting % dominance of 

four planted species (Rhizophora apiculata, R. mucronata R. stylosa and Ceriops tagal) in 

comparison with natural recruits (Bruguiera gymnorrhiza, Sonneratia alba, Lumnitzera 

racemosa, Avicennia marina and A. alba). Although significant natural recruitment of non-

planted species has occurred in Marisa village, more than 80% of recruits at each site are 

comprised of planted mangroves.  

 

 

Figure 3.9 a, b. Pareto charts depicting % dominance of planted mangroves (tan) and 
natural recruits (blue) in 3 villages at time zero +5 years. 
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Figure 3.9 c. Pareto charts depicting % dominance of planted mangroves (tan) and natural 
recruits (blue) in 3 villages at time zero +5 years. 

3.3.5.2. Demak 

Two mangrove restoration techniques were attempted in Demak during the period 

between 2010-2015; 1) direct planting without hydrological repair and 2) experimental 

erosion control. Direct planting was facilitated between 2010-2014 by the Demak 

Watershed Management Agency (BPDAS) as part of the National Community Seedling 

Nursery (Kebun Bibit Rakyat) program. Planting of 1,770,000 seedlings and propagules 

from three species (Rhizophora mucronata, Ceriops tagal and Avicennia marina) took place 

in 19 villages over a reported 1798 hectares.  

Interviews with BPDAS staff and village participants from eight of the nineteen 

villages (those villages participating in the Building with Nature program) revealed that 

mangroves were planted both at the foreshore as well as along dike walls of aquaculture 

ponds. Coordinates for foreshore plantings were provided by BPDAS officials and verified 

in the field with community participants from eight villages. Evidence of the former 

foreshore plantings were apparent only in a single village, Morodemak. Villagers from the 

southwest coast (Bedono, Timbulsloko and Surodadi) reported total mortality of planted 
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seedlings due to erosion/subsidence, while villages along the central and northeast coast 

reported mortality due to boat traffic, waves, storm events and floods. 

Due to permanent inundation of past mangrove plantings sites in most locations, 

vegetative monitoring surveys were not conducted. An independent study of mangrove 

coverage through satellite imagery revealed a total increase in mangroves of 60 hectares 

from 2014–2018 (Debrot, 2019). This was qualitatively attributed 50% to natural 

recruitment and 50% to both foreshore and dike wall plantings (Debrot, 2019). 

The second type of mangrove restoration which took place involved the construction 

of permeable dams made from timber poles with bamboo cross-pieces to encourage 

sedimentation and mangrove recruitment. Pilot placement of permeable dams took place 

2013-2014 as a pre-cursor to the planned construction of 9 kilometres of dams as part of the 

Building with Nature project (2016-2019). Although the pilot dams periodically functioned 

to trap sediment, they were ultimately deemed unsuccessful due to failure to recruit 

mangroves in the created mudflats and poor durability of the dam structures themselves 

(Debrot, 2019). It was posited that poor mangrove recruitment resulted from a) insufficient 

sediment consolidation to allow for survival of recruited mangroves, b) possible numerical 

propagule limitation, c) inadequate species representation in the propagule rain and d) 

propagule and seedling predation (Debrot, 2019). Poor durability of dam structures was 

related to inadequate materials, high maintenance costs, and rapid subsidence in fluvial mud 

(Debrot, 2019). 

Findings from these mangrove restoration efforts in Tanjung Panjang and Demak are 

discussed in Section 3.4 as they relate to biophysical restoration opportunity. 
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3.3.6. Assessing practitioner capacity 

The capacity of mangrove restoration practitioners helps determine restoration 

opportunity, as capable practitioners are able to apply appropriate mangrove restoration 

techniques *to capitalize on enabling biophysical factors and overcome barriers (Lewis III et 

al., 2019). To estimate the capacity of local practitioners to implement MFLR, participants 

of ROAM stage-III workshops (Demak = 38; Tanjung Panjang = 24; see Chapter 4 Tables 

4.3 and 4.4) refined key success factors from the Restoration Diagnostic (Hanson et al., 

2016) before assessing local practitioner capacity using a stop-light grading system. 

Table 3.9. Stoplight assessment of technical mangrove restoration capacity determined by 
participants at ROAM stage-III workshops. Participants in Tanjung Panjang assessed 
practitioner capacity as both highly capable (green) and somewhat capable (yellow) while 
Demak participants felt practitioners were highly capable (green). 

   Current status 

Theme Feature Key success factor Tanjung 
Panjang 

Demak 

   R Y G R Y G 

Im
pl

em
en

ta
tio

n 

Leadership National and/or local restoration champions exist. 1 11 6 0 4 23 

Sustained political commitment exists. 3 9 6 4 13 10 

Knowledge Restoration “know-how” relevant to candidate 
landscapes exists. 

1 14 2 1 4 21 

Restoration “know-how” transferred via peers or 
extension services. 

4 7 4 1 2 24 

Technical 
design skill 

Restoration design is technically grounded and 
locally appropriate. 

2 6 9 2 2 22 

Restoration limits “leakage.” 3 5 9 0 7 20 

Feedback Effective performance, monitoring and evaluation 
system is in place 

6 10 2 0 7 20 

Mid-course corrections occur and are informed by 
monitoring and evaluation as a form of adaptive 
management 

4 12 3 0 5 22 

Early wins are communicated. 5 10 3 0 4 23 

Key: Green  = highly capable practitioners; Yellow  = somewhat capable practitioners; Red  
= incapable practitioners. Numbers indicate number of participant votes. 

From the results of this stop-light assessment of practitioner capacity (Table 3.9), 

ROAM stage-III workshop participants in both landscapes felt that local practitioners were 

capable in terms of technical design. Participants in Demak felt that nearly all key success 
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factors were in place, with the exception of “sustained political commitment,” under the 

“leadership” heading, which was felt to be only moderately in place. In Tanjung Panjang, all 

key success factors under “leadership” “knowledge,” and “feedback” were considered 

moderately in place. 

3.4. Discussion 

Research in this chapter aimed to measure the state of key biogeomorphological 

factors either enabling or impeding natural secondary succession and evaluate the capacity 

of mangrove restoration practitioners to capitalize upon enabling factors and overcome 

impediments to achieve MFLR. With specific regards to impediments (barriers), Section 

3.4.1 considers biogeomorphological factors in deficit as vulnerabilities of the mangrove 

system. This understanding led to the development of a conceptual model depicting the 

empirical state of key biogeomorphological factors in both landscapes and the theorized 

position of thresholds which need to be overcome to achieve successful MFLR.  

After understanding the conceptual challenges of each system, discussion Section 

3.4.2 considers practitioner capacity to implement MFLR in each landscape. The 

juxtaposition of biogeomorphological enabling factors and barriers with practitioner 

capacity to successfully undertake MFLR yields the scope for biophysical mangrove 

restoration opportunity in the two focal landscapes. This scope for MFLR, represented in 

terms of both area and as a percentage of the degraded or deforested landscape, is then 

compared with the outputs of a global mangrove restoration opportunity mapping tool (The 

Nature Conservancy, 2017) which relies on the use of global data sets. 

The key findings of this chapter are that biophysical restoration opportunity in 

Demak and Tanjung Panjang exceeds estimates using the global mapping tool, however 

ROAM workshop participants have over-estimated the capacity of Indonesian practitioners 



115 

to successfully implement requisite mangrove restoration techniques including appropriate 

site selection through assessment, design and implementation, and monitoring to inform 

adaptive management. 

3.4.1. Biogeomorphological factors enabling or serving as barriers to MFLR 

Numerous biogeomorphological factors determine the ability of mangroves to 

recover from disturbance and undergo secondary succession (Friess et al., 2011; Kjerfve, 

1990; Krauss et al., 2008; Lewis III and Brown, 2014; McKee and Faulkner, 2000; Talbot 

and Wilkinson, 2001). These factors may be considered forms of biophysical restoration 

capital, enabling recovery where they are sufficient, and impeding recovery where they are 

lacking. As these factors are reduced they serve as vulnerabilities to the mangrove system, 

incrementally edging the system closer to a threshold which, once traversed, may be 

difficult to re-cross (Walker and Salt, 2012). Where these factors impede recovery, they can 

be considered barriers.  

The identification and quantification of these slow-moving biophysical attributes is 

important to restoration practitioners who need to understand the scope of restoration 

opportunity and appropriate restoration techniques to overcome barriers. All too often, 

mangroves are planted in areas beyond their biophysical limits without consideration of how 

to overcome barriers, resulting in failed restoration attempts (Friess et al., 2011; Lewis III, 

2005). 

Three key biogeomorphological factors controlling mangrove recovery in the Demak 

and Tanjung Panjang landscapes were investigated in this chapter; vegetative diversity, 

surface elevation and landscape modifications. The measurement of additional factors such 

as tidal prism, sediment supply, substrate type, salinity or redox potential has also been 

recommended (Kjerfve, 1990; Lewis III and Brown, 2014; McKee and Faulkner, 2000), but 
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vegetative diversity, surface elevation and landscape modifications were selected based on 

their ease of measurement and usefulness to practitioners (Lewis III and Brown, 2014). Ease 

of measurement is an important factor in the context of a ROAM assessment, considering 

the wide range of additional social, economic and policy factors that must also be assessed. 

It is important to develop cost-effective and efficient assessment methods in a country like 

Indonesia, due to the scope of degraded lands and ambitious policy mandates including full 

restoration of 1.82 million hectares of mangroves by 2045 (Herawati, 2018). Ultimately 

biophysical mangrove restoration opportunity assessment will need to be institutionalized, 

to facilitate the achievement of such mandates. 

The ability of mangroves to recover after disturbance is in large part due to the 

availability of a variety of mangrove propagules (Djamaluddin et al., 2018; Friess et al., 

2011; Lewis III, 2014). The adaptive capacity or resilience of a mangrove forest is further 

enhanced when more than one species plays a similar functional role, known as functional 

redundancy (Resilience Alliance, 2016). In terms of vegetative diversity, survey results from 

reference forests in Tanjung Panjang revealed the presence of 87% of the natural range of 

mangrove species and 100% of historical community associations. These findings indicate 

that levels of vegetative restoration capital such as propagule availability and functional 

redundancy are likely adequate in the Tanjung Panjang landscape to enable natural 

recovery. This is substantiated by the results of mangrove restoration surveys which 

revealed the presence of 5-8 species of non-planted, natural recruits, some exhibiting co-

dominance with planted mangroves. From a vegetative perspective, there is sufficient 

biophysical restoration capital in the Tanjung Panjang landscape to enable MFLR. Future 

studies on propagule availability and survivorship of natural recruits would further inform 

restoration opportunity but may not be practical in the context of a rapid assessment.  
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In Demak both individual mangrove species (47%) and community associations 

(18%) are lacking in comparison with historical reference forests. These low levels of 

vegetative restoration capital serve as vulnerabilities of the mangrove system, nudging the 

system towards or beyond a biophysical threshold at which point recovery becomes 

significantly more difficult. Figure 3.10a depicts changes in the vegetative regimes of 

Tanjung Panjang and Demak over time, the latter having crossed a theorized threshold. 

Continued research to empirically quantify controlling biophysical variables and the 

position of thresholds is an important future area of research, to inform the adaptive 

management of mangrove systems (Resilience Alliance and Santa Fe Institute, 2016). 

Biophysical restoration opportunity is further defined by hydrological variables such 

as surface elevation, which integrates factors including hydro-period, sediment 

consolidation and redox potential (Friess et al., 2011; McKee and Faulkner, 2000; Van Loon 

et al., 2016). Several authors describe the lowering of surface elevation after landscape-scale 

conversion of mangroves to aquaculture due to biogenic factors such as loss of root 

materials and nutrient cycling (Lovelock et al., 2015; Minderhoud et al., 2018; Ottinger et 

al., 2016; van Wesenbeeck et al., 2015).  
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A  

B  

Figure 3.10. Quantification of biophysical thresholds in Demak and Tanjung Panjang. Both 
figures depict a traditional resilience curve (Walker, 2007), with the historical and present-day status of key 
biophysical traits in each landscape. Panel a) depicts the historical and present-day mangrove species and 
community associations in Tanjung Panjang (green ovals) and Demak (yellow-gold ovals). While present-day 
Tanjung Panjang (TP’) continues to maintain the majority of original species (87%) and community 
associations (100%), both species (47%) and community associations (18%) are drastically reduced in 
present-day Demak (D’). Thus, Demak is depicted as having crossed a significant biophysical threshold. Panel 
b) depicts surface elevation change in aquaculture ponds, with present-day Tanjung Panjang (TP’) only 4 cm 
below functional MSL, while ponds in Demak are 33 cm below fMSL, having crossed another significant 
threshold. 
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The measurement of surface elevation in pond bottoms in Tanjung Panjang revealed 

minimal loss of sediment with a median deficit of 4 cm below functional mean sea level 

(fMSL). This finding differs greatly from Demak where the median surface elevation deficit 

measured 33 cm across the landscape, offering a much more difficult restoration prospect. 

Figure 3.10b depicts the relative positions of Tanjung Panjang and Demak with respect to a 

theorized surface elevation threshold. Future research may consider more accurate 

modelling of hydroperiod and the expression of surface elevation deficit as a percentage of 

the intertidal frame or accommodation space to facilitate comparison between micro, meso 

and macro-tidal sites. 

Although biogenic factors such as loss of forest cover, loss of underground biomass 

and soil oxidation account for some degree of subsidence, Balke and Friess (2016) suggest 

that main variables driving the system towards a surface elevation threshold in mesotidal 

systems like Demak are more likely minerogenic. Landscape modifications impacting 

minerogenic conditions in Demak, such as loss of cheniérs, shoreline armouring and sand 

mining are indeed severe, and likely account for the higher degree of both subsidence and 

coastal erosion in Demak as compared to Tanjung Panjang. This is reflected by the 6.58 to 1 

erosion-accretion balance in Demak, which was historically a pro-gradational system 

(Rahadian, 2016). Future MFLR opportunity assessments should attempt to quantify 

erosion-accretion balances for all landscapes using a method such as the shoreline video 

assessment method (Duke et al., 2015; Schmitt and Duke, 2015). 

Landscape subsidence in Demak taking place at rates between 8-15 cm yr-1 (van 

Bijsterveldt et al., 2016; van Bragt, 2017; van Wesenbeeck et al., 2015; Winterwerp et al., 

2014), is perhaps the most crucial barrier to natural secondary succession as it lowers 

surface elevation below the minimum threshold for mangrove establishment and growth 

(Balke and Friess, 2016; Friess et al., 2011). Subsidence has been linked to various causes 
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including mangrove loss, aquifer overdraw, alteration of river flows, loss of coastal and 

restricted sediment transfer as a result of shoreline armouring, upland sand mining and loss 

of coastal protection structures (van Wesenbeeck et al., 2015; Winterwerp et al., 2013). This 

occurrence is mirrored in numerous areas along the Northern coast of Java, which has lost 

55 km2 of intertidal area between 2000-2014 (van Wesenbeeck et al., 2015). Mangrove 

restoration techniques which can viably overcome the barrier of landscape subsidence will 

be discussed in Section 3.4.2.  

Apart from subsidence and coastal erosion, landscape modifications attributed to 

aquaculture development dramatically alter the hydrology of the previous forested area. 

Dike walls serve as a physical barrier to propagule distribution and also result in the 

extended inundation of the former mangrove forest floor, increasing the hydroperiod beyond 

the threshold for mangrove survival (Stevenson et al., 1999). Dike walls also reduce 

ecosystem service values of both mangroves and the water column within a pond by 

impeding biogeochemical flows in general (Adame et al., 2015; Sidik and Lovelock, 2013). 

Loss of ecosystem service value due to aquaculture development is treated in greater depth 

in Chapter 5. 

Artificial channels created during pond construction also serve as a barrier to 

mangrove establishment and growth, reducing the tidal prism of the landscape and resulting 

in sedimentation of both artificial and natural tidal channels (Mazda et al., 2007).  

Roads were recorded as a landscape modification and biophysical barrier in Demak 

and are associated with the development of villages, coastal infrastructure, aquaculture, and 

industry. The most significant road runs parallel to the coast bisecting the entire district, 

restricting biogeochemical flows in the same way as dike walls (Lewis III, 2005). Although 

some bridges exist, allowing for the exchange of tidal waters, culverts are a more common 

and cheaper option, yet restrict water flow where they are undersized (Lewis III, 2005). 



121 

Undersized culverts were recorded as a barrier as well, resulting in increased hydroperiod on 

the leeward side of the road as well as erosion, road collapse and flooding.  

Cheniérs were once abundant along the Demak coast, but have been greatly reduced, 

attributed to shoreline armouring, riverine and coastal sand mining, and port development 

(Helmi et al., 2015; Irsadi et al., 2019; van Bijsterveldt et al., 2016; van Wesenbeeck et al., 

2015; Winterwerp et al., 2014). Cheniér loss serves as a landscape modification resulting in 

decreased coastal protection due to increased disturbance from waves, currents and storms. 

Mangrove restoration techniques which can viably overcome the barrier of landscape 

subsidence will be discussed in Section 3.4.2. 

After determining the status of key biophysical variables which control the 

functioning of the former mangrove landscape, a conceptual model can be developed 

depicting the relative position of the mangrove system with respect to thresholds (Walker, 

2013; Walker and Meyers, 2004). In the case of Tanjung Panjang, a simple model, depicting 

various system-states (regimes) can be drawn on either side of a single threshold, as 

illustrated in Figure 3.11. A more complex model is required to depict a system like Demak, 

which exhibits multiple cascading thresholds (Downey and Richardson, 2016; Walker and 

Salt, 2012). Figure 3.11 portrays five system-states (S1-S5) in Demak identified and 

labelled with reference to historical spatial analysis (Rahadian, 2016). These five regimes 

undergo a reduction in value (y-axis) over time (x-axis) from the original mangrove system-

state over time due to landscape modifications and are shown traversing four theoretical 

thresholds (T1-T4). The nine landscape modifications identified during analysis are 

recorded as system vulnerabilities in the model contributing to the crossing of thresholds. 

Such a model underscores the importance of identifying key controlling variables and 

biophysical thresholds in order to comprehend the degree of difficulty required to overcome 

barriers during MFLR. 
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Figure 3.11. Conceptual depiction of multiple cascading thresholds in Demak based on 
landscape modifications recorded by researchers and mangrove restoration practitioners. 
The x-axis depicts a decadal time scale, over which mangrove system values (y-axis) have 
been degraded. The model depicts five system-states or regimes for the mangrove system 
crossing four biophysical thresholds over time. 

At this point, we can estimate the scope for MFLR based on the results of landscape-

scale biogeomorphological investigations. In Tanjung Panjang, due to the availability of a 

full complement of mangrove species and community associations, adequate surface 

elevation and low severity of landscape modifications, the entire degraded and deforested 

mangrove area can still be considered for restoration. This is equivalent to the area of 

historical mangrove loss which has been mapped at 5,403 ha (Brown et al., 2015). In 

Demak, loss of mangrove species and community associations, a high-degree of surface 

elevation deficit (median 33 cm below fMSL), and numerous landscape modifications 

leading to the crossing of multiple-cascading thresholds presents significant challenges to 

the mangrove restoration practitioner. It is unlikely that the entire 12,600 ha (Rahadian, 
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2016) of former mangrove area can be biophysically restored. The determination of the 

percentage of former mangrove area which can be restored is discussed in Section 3.4.2. 

It is useful to refer to the global mangrove restoration potential mapping tool (The 

Nature Conservancy, 2017; accessed 8/8/2020) for comparison purposes. The mapping tool 

was applied to the Tanjung Panjang and Demak landscapes revealing 2314 ha and 118 ha of 

restoration opportunity respectively (Figure 3.12). Although the seven biogeomorphological 

factors used in this tool align well with key biophysical factors discussed in Chapter 1 

(Chapman, 1976; Kjerfve, 1990; Lewis III and Brown, 2014) the resultant maps have some 

apparent limitations.  

The tool estimates maximum mangrove area in Tanjung Panjang at 9,749 ha and 

area of loss at 3576 ha; in line with the findings of Brown et al., (2015) who estimated 

original mangrove cover totalling 8847 ha and 5304 ha of loss. However, significant 

discrepancy occurs when applying the global tool to the Demak landscape. The tool 

estimates maximum mangrove area at 907 ha, strongly contradicting historical estimates of 

mangrove coverage in Demak totalling 12,600 ha (Rahadian, 2016). This divergence occurs 

as the tool only dates back to 1996, while conversion of mangroves in Demak dates back to 

the late 1800’s (Rahadian, 2016). Resultantly, the tool estimates only 205 ha of loss and 118 

ha of restorable mangroves, two orders of magnitude lower than the estimated area of 

historical coverage.  

One could argue that mangroves lost 50 to 100 years ago have a low likelihood of 

restoration, as community memories of those mangroves have faded, and other land uses 

have taken place. However, that argument belongs in the realm of social science, and for the 

purposes of this chapter, an area of historical mangroves which remains in an inter-tidal 

setting certainly has restoration potential. This discrepancy over historical mangrove 
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coverage serves as a knowledge gap and provides the justification for landscape-level 

investigations of biophysical mangrove restoration potential. 

The next section (3.4.2) considers the overall biophysical scope for MFLR in the two 

landscapes, based on the capacity of Indonesian restoration practitioners to capitalize on 

enabling biogeomorphological factors and overcome barriers.
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Figure 3.12. Application of the biophysical restorability index (The Nature Conservancy, 2017; accessed 8/8/2020) in Tanjung Panjang. Key 
data include Max Mangrove Area 1996-2016: 9,749 ha, Area of Loss: 3,576 ha (37%), Restorable Area: 2,314 ha, and Percent Restorable 
(23%). 
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Figure 3.2. Application of the biophysical restorability index (The Nature Conservancy, 2017; accessed 8/8/2020) in Tanjung Panjang. Key data 
include Max Mangrove Area 1996-2016: 907 ha, Area of Loss: 205 ha (23%), Restorable Area: 118 ha, and Percent Restorable (13%).
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3.4.2. Refining the scope for biophysical restoration opportunity based on 

practitioner capacity 

Ultimately, mangroves in a landscape can be restored if a normal hydrological 

regime (depth, duration and frequency of tidal flooding) can be re-established (Lewis III, 

2005). Re-establishing normal hydrology (based on historical references or proximate 

analogues) requires the application of appropriate mangrove restoration techniques by 

capable practitioners. Where the application of appropriate techniques makes use of 

enabling biophysical conditions and overcomes biophysical barriers, MFLR can be 

considered feasible. Where barriers cannot be overcome, a site should be deemed infeasible, 

requiring continued investigation or the development of alternate approaches. 

The status quo of mangrove restoration efforts in Indonesia (and world-wide) entails 

the routine planting of inter-tidal mudflats with a confined range of propagules and 

seedlings (Kodikara et al., 2017; Lewis III, 2009; Primavera and Esteban, 2008; Saenger 

and Siddiqi, 1993). This effort succeeds where site selection has been thoughtfully 

considered and local topography is conducive (Lewis III, 2009), as exemplified in the eight 

sites in Gorontalo presented in Section 3.3.4.1. However, more often than not, the simple 

planting of mangrove propagules is not adequate to overcome biophysical barriers to natural 

secondary succession. 

Six major types of mangrove restoration were presented to participants during 

ROAM stage-I workshops who then identified 19 specific techniques known to them, 

implemented both in Indonesia and abroad. This discussion considers which of the six major 

mangrove restoration types and 19 identified techniques are appropriate to apply in Tanjung 

Panjang and Demak, and whether or not Indonesian practitioners are capable of their 

implementation. Ultimately, the ability of practitioners to implement appropriate techniques 
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will refine the estimate of biophysical restoration opportunity based initially on the 

biogeomorphological factors discussed in Section 3.4.1. 

The first restoration type (I), natural revegetation without hydrological amendment, 

is rarely practiced in Indonesia where it is perceived as an overly passive practice. It was 

formerly the only allowable practice in national protected areas, but that policy has been 

broadened to include ecological restoration (Bahsoan et al., 2014). The value of natural 

revegetation was documented post-tsunami in Singkil Lagoon and Simeulue, Aceh, where 

background natural recruitment rates had already exceeded project targets (Brown et al., 

2014b). Reliance on natural revegetation alone, as a technique to restore aquaculture ponds 

would be inadequate due to failure to overcome hydrological barriers such as dike walls and 

low surface elevation. 

Restoration type II, pre-emptive stress removal (Lewis III et al., 2015), has never 

been attempted in Indonesia and is insufficient to overcome the majority of hydrological 

barriers present in Tanjung Panjang and Demak such as the presence of dike walls, surface 

elevation deficit and permanently inundated intertidal surfaces.  

Restoration type III, direct planting without hydrological amendment, is commonly 

practiced throughout Indonesia evidenced by the annual allocation of budgets for mangrove 

planting projects in each of Indonesia’s coastal districts. Direct planting proved viable in 

Gorontalo in aquaculture ponds which had been abandoned, due to the natural degradation 

of dike walls, and development of adequate tidal channels facilitating normal hydrology. In 

the case of Tanjung Panjang, where aquaculture ponds are actively managed and dike walls 

maintained, planting alone will not overcome current barriers. Direct planting in the 

Tanjung Panjang Nature Reserve would also be illegal, as it is not a recognized form of 

ecological restoration (Bahsoan et al., 2014). In Demak, direct planting without overcoming 
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barriers such as coastal erosion, subsidence and loss of coastal protection structures has 

already proven unfeasible, due to extended periods of tidal inundation. 

Application of restoration type IV, minor hydrological repair with natural or human 

assisted revegetation would be suitable in Tanjung Panjang, due to a diverse array of 

propagules and minimal surface elevation loss. Techniques such as strategic dike wall 

breaching and tidal channel creation as trialled by government, NGO and community 

practitioners in North Sumatra, Riau, North and South Sulawesi (Brown, 2007; Brown et al., 

2014a; Djamaluddin et al., 2018) could be effectively applied to the entire former mangrove 

area (5,304 ha). However, use of this technique would not overcome system vulnerabilities 

in Demak primarily propagule limitation and low surface elevations. 

The fifth mangrove restoration type (V), major excavation (fill and regrade) has not 

yet been trialled in Indonesia. This technique would require the application of approved10 

marine or riverine dredged sediment, re-grading, and creation of tidal creeks. Apart from 

hydrological repair, a form of revegetation would be required and would include natural 

revegetation, human assisted propagule dispersal or direct planting. Restoration type V 

would be good for comparison purposes in Tanjung Panjang, with the potentially more cost-

effective type IV, strategic dike wall breaching. As noted in table 3.9, Indonesian 

practitioners do not yet have experience with this method, however dredging and use of 

heavy machinery in intertidal areas is common. Collaboration with international 

practitioners would be required during pilot projects.  

The application of restoration type V in Demak would also be suitable but would 

require the addition of significant fill material considering the median 33cm surface 

elevation deficit. Provisions would also have to be made to address sediment loss within 

                                                 
10 Approval during the permitting process under Indonesian environmental impact assessment 
(AMDAL) law. 
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vulnerable ponds – those without dike walls and located adjacent to eroding coasts. 

Sediment retention could be achieved with the temporary placement of filled, geo-textile 

tubes at significant expense. The fill and regrade technique could also be coupled with 

experimental erosion control methods such as the placement of permeable dams. However, 

there is no indication that the placement of fill, retention and coastal protection can be 

successfully implemented in areas of Demak experiencing severe erosion and subsidence. 

Currently, these areas cannot be considered as feasible for MFLR.  

Mangrove restoration type VI, experimental erosion control, is not necessary in 

Tanjung Panjang, where erosion was not identified as a vulnerability or barrier. In Demak, 

experimental erosion control is required and is currently being trialled by both the Building 

with Nature project and the Ministry of Marine Affairs and Fisheries. The placement of 

permeable dams created from bamboo and brushwood cross-pieces has not yet proven 

effective over the long term, due to degradation of the dam structures, subsidence in the 

fluvial mud and seasonal high winds and waves which displace newly recruited mangrove 

seedlings (Debrot, 2019; van Bragt, 2017; van Wesenbeeck, 2016). Additional planned 

coastal protection activities including mud nourishment and chenier reconstruction were 

abandoned due to high costs, even though the four-year project budget exceeds Euro 4 

million (Ecoshape, 2017; van Wesenbeeck, 2016).  

Experimental erosion control to enable mangrove restoration has proven effective in 

other settings; including the Mekong Delta (Albers and Schmitt, 2015), and Pelican Island, 

Florida (Lewis III and Brown, 2014). However, erosion control structures in the Mekong 

Delta make use of abundant sediment from the Mekong River, while low-rock break-walls 

used in Pelican Island function due to the presence of a solid, calcium-carbonate substrate. 

In Demak, where sediment supply is limited, and fluid mud flats exist in lieu of harder 

substrates, erosion control measures have yet to succeed. Erosion control attempts reported 
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by ROAM stage-I workshop in Demak using discarded fishing nets to capture sediment in 

Banten Bay, West Java could potentially work in Demak, and warrant continued 

experimentation. That being said local practitioners do not currently have the capacity to 

restore the severely eroding and subsiding coastline of Sayung Sub-District, Demak, 

precluding the 2,062 ha of eroded mangrove area (Figure 3.5) from biophysical restoration 

opportunity.  

From the discussion above, a variety of mangrove restoration types and techniques 

can be applied by experienced practitioners to utilize available biophysical restoration 

capital and overcome barriers. These six restoration types, the ability of appropriate 

techniques to capitalize on favourable biophysical conditions and to overcome barriers and 

the level of experience of local practitioners are summarized in Table 3.10. 
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Table 3.10. Assessment of the application of major mangrove restoration types and 
techniques to capitalize on favourable biophysical factors and overcome barriers in 
Tanjung Panjang and Demak, and the capacity of Indonesian practitioners to implement 
requisite techniques. 

Mangrove restoration 
type 

How application of this 
type can capitalize on 
favourable biophysical 
conditions 

How application of this 
type can overcome 
biophysical barriers 

Capacity of 
Indonesian 
practitioners to 
implement 
requisite 
techniques 

Natural revegetation Capitalize on propagule 
abundance in TP 

Cannot overcome 
biophysical barriers 

Limited experience 
in Aceh Province 

Pre-emptive stress 
removal 

Can make use of existing 
biophysical restoration 
capital before landscape 
degradation 

Identifying and removing 
hydrological stressors in TP 

No experience in 
Indonesia 

Direct planting without 
hydrological repair 

May accelerate 
mangrove recruitment in 
abandoned aquaculture 
areas only, where dike 
walls are degraded, and 
hydrology is normalized 

Cannot overcome current 
hydrological barriers in TP 
such as dike walls, or 
barriers in Demak such as 
low surface elevation, 
landscape subsidence and 
coastal erosion. 

Significant 
implementation 
experience but lack 
of proper site 
selection and 
feedback/learning 
from past projects 

Minor hydrological 
restoration with 
natural or human 
assisted revegetation 

Capitalize on propagule 
abundance and adequate 
surface elevation in TP  

Strategic breaching of dike 
walls & tidal channel re-
creation to overcome 
barriers from aquaculture 
infrastructure in TP; Not 
possible in Demak 

Some experience 
in Riau, Jambi, 
North Sulawesi, 
Gorontalo and 
South Sulawesi 
Provinces 

Major excavation or fill 
projects 

Use of excess sediment 
from channels for fill 
material in Demak 

Required to raise pond 
bottoms in Demak in 
combination with 
sediment 
retention/coastal 
protection. Application of 
fill and re-grading useful 
but not necessary in TP 

No experience in 
Indonesia 

Experimental erosion 
control/coastal 
protection measures 
with natural or human 
assisted revegetation 

Can capture total 
suspended solids in parts 
of Demak with minimal 
erosion/subsidence 

Still unproven in severely 
subsiding/eroding fluvial 
mudflats (Sayung District) 

Practitioners with 
experience in 
Demak, but no 
long-term success. 
Alternate 
successful 
methods in Banten 
Bay, which may be 
trialled in Demak 

Ultimately, the consideration of practitioner capacity to effectively implement 

mangrove restoration in Tanjung Panjang and Demak determines the biophysical scope for 

MFLR. In Tanjung Panjang restoration types IV and V are viable to implement across the 
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entire landscape. Thus, the effective area available for restoration in Tanjung Panjang is 

equal to the area of mangroves lost, or 5,403 ha. 

In Demak, due to multiple biophysical barriers including; loss of mangrove 

diversity, gross surface elevation deficit, coastal erosion, landscape subsidence and lack of 

coastal protection structures, MFLR is challenging. Mangrove restoration in this setting can 

only be achieved through a combination of restoration type V (fill and regrade) and type VI 

(continued experimental erosion control). However, as current erosion control methods have 

proven unsuccessful, severely eroding and subsiding areas of Sayung District and Wedung 

totalling 2,062 ha needs to be subtracted from the total former mangrove area. Resultantly 

biophysical MFLR opportunity in Demak, based on biophysical factors, barriers, and 

technical restoration capacity is reduced from the former mangrove area 12,600 ha 

(IKAMAT, 2017) down to 10,538 ha.  

3.5. Conclusion 

Determining mangrove forest landscape restoration (MFLR) opportunity requires 

holistic assessment of a range of biophysical, technical, social, economic and policy factors. 

To date, determination of restoration opportunity has relied largely on biophysical 

assessment which has been inadequate both locally (Brown et al., 2011; Muhiddin, 2016) 

and globally (Worthington and Spalding, 2018). 

Research undertaken in this chapter addressed inadequacies of both local and global 

biophysical assessment by determining the status of three key biogeomorphological factors, 

1) vegetative diversity, 2) surface elevation and 3) landscape modifications preventing 

natural secondary succession, considered essential by mangrove restoration practitioners 

through landscape level investigation. These three factors may be considered as forms of 

restoration capital. Where their present-day values remain close to historical values, they 
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serve as enabling factors of MFLR. Where these factors have been reduced, they serve as 

vulnerabilities of the present-day system and barriers to MFLR. 

This chapter also evaluated the capacity of local practitioners to undertake MFLR. 

Participants in ROAM stage-I workshops listed 19 known mangrove restoration techniques 

that aligned fairly well with the six major mangrove restoration types developed from the 

literature. Participants in ROAM stage-III workshops evaluated the capacity of Indonesian 

practitioners to implement mangrove restoration and felt that their levels of leadership, 

skills, knowledge and learning where moderately to largely in place.  

However, investigation of practitioner skill as evidenced in case studies showed a 

heavy reliance on direct planting of mangroves without hydrological repair, lack of capacity 

to overcome severe erosion and subsidence and lack of learning consisting of monitoring 

and evaluation to inform adaptive management. Given these limitations the application of 

hydrological restoration techniques in Tanjung Panjang and Demak will require external 

assistance and proven success at erosion control is required before its application at the 

landscape scale can be considered. 

The overall scope for biophysical mangrove restoration opportunity relies on a 

combination of the assessment of biogeomorphological factors and practitioner capacity. 

The results of biophysical analysis in Tanjung Panjang show a high level of restoration 

capital, exhibiting 87% of historical mangrove species, 100% of historic community 

associations, a median surface elevation deficit of 4 cm below functional mean sea level, 

and three landscape modifications. It was determined that Tanjung Panjang may not yet 

have traversed hypothetical biophysical thresholds, yet still requires the application of 

mangrove restoration techniques requiring a high degree of human intervention. Both minor 

hydrological repair (Type IV) and major fill and regrade (Type V) are viable restoration 

options for Tanjung Panjang, the latter requiring external assistance. The entire former 
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mangrove area which has been converted to aquaculture can still feasibly be restored, 

totalling 5,304 ha of restoration opportunity. This total is more than two times greater than 

the results of the global biophysical restoration opportunity tool (Worthington and Spalding, 

2018) which shows 2,314 ha of restoration opportunity. 

Biophysical analysis of the Demak landscape reveals a lower level of restoration 

capital, with only 47% of historical mangrove species, 11% of historic community 

associations, a median surface elevation deficit of 33 cm below functional mean sea level, 

and nine recorded landscape modifications. It was determined that the Demak landscape has 

crossed multiple theoretical cascading thresholds and is in a highly degraded state. Although 

challenging, two restoration techniques are still viable in Demak; including major fill and 

regrade coupled with sediment retention and human assisted re-vegetation, (Type V) and 

continued experimental erosion control to enhance coastal sedimentation (Type VI). Both of 

these interventions would require external assistance. The former mangrove area in Demak 

has been estimated at 12,600 ha, yet 2,062 ha have experienced severe erosion and 

subsidence and can no longer be considered feasible for MFLR. As such, 10,538 ha of 

former mangrove area can feasibly be restored using known techniques. This area of MFLR 

opportunity is significantly larger than the 118 hectares calculated by the biophysical 

restoration opportunity tool (Worthington and Spalding, 2018) which did not consider the 

historical extent of mangroves in Demak. This finding underscores the importance of 

landscape-scale assessment to refine the findings of global assessments. 

The next chapter considers social, economic and policy factors to augment 

biophysical findings from this chapter in determining overall MFLR opportunity in the two 

sites. 
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Chapter 4. Stakeholder-driven Restoration Opportunity Mapping in 

Tanjung Panjang and Demak 

4.1. Introduction  

There is substantial current interest in mangrove restoration both globally and in 

Indonesia. This interest is largely based on the carbon sequestration potential of mangrove 

ecosystems (Cameron et al., 2019a; Sasmito et al., 2019) as well as other valuable 

ecosystem goods and services provided by restored mangroves, namely safeguarding food, 

energy and water resources (Orchard et al., 2014). 

Interest in restoration is clearly evidenced in global motivational targets calling for a 

20% increase in mangrove cover by 2030 (GMA Knowledge Hub, 2018). This is reinforced 

by the government of Indonesia’s targets to achieve full mangrove restoration by 2045, 

totalling 1.82 million hectares11, the Indonesia Blue Carbon Strategy Framework, and the 

National Mid-term Development Plan 2020-2024 (Ayostina et al., 2019; Biro Komunikasi, 

2019; Herawati, 2018).  

Private sector interest in mangrove restoration and blue carbon is also substantial 

(Gevaña et al., 2018; Herr et al., 2017; Thompson, 2018; Vanderklift et al., 2018), however 

a variety of biophysical, social, economic and policy challenges may serve as barriers to 

effectively identifying and implementing successful mangrove restoration at viable scales 

(Friess et al., 2011; Lovelock and Brown, 2019; Stewart-Sinclair et al., 2020; Vanderklift et 

al., 2019). 

Mangrove restoration performance, however, suffers from a poor global track record 

(Kodikara et al., 2017; Lewis III, 2016; Primavera and Esteban, 2008), with numerous failed 

                                                 
11 Coordinating Ministry of Economy Policy No.4, 2017 and Coordinating Ministry of Marine 
Affairs Strategy to Accelerate Action on Mangrove Restoration, 2019. 
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projects. In part, poor performance can attributed to inadequate assessment and 

identification of biophysical and social factors impeding natural and human assisted 

recovery of mangroves in converted and degraded forests (Lewis III, 2016; Lewis III et al., 

2019). Where mangrove restoration potential is assessed, it is more commonly evaluated 

from a biophysical perspective due to the relative simplicity of measuring biophysical 

factors and the availability of national and global data sets (Worthington and Spalding, 

2018). Chapter 3 provided an assessment of the biophysical feasibility of mangrove forest 

landscape restoration (MFLR) and found that 100% of degraded and converted mangroves 

in Tanjung Panjang and 81% in Demak could be restored. 

Although the scope for MFLR is initially determined by biophysical feasibility, a 

variety of social, cultural, economic and political factors exist which may serve to inhibit 

successful restoration (Friess et al., 2016; Kusumanto, 2005; Lewis III and Brown, 2014; 

Orsi et al., 2011). These factors vary based on stakeholder interests and the degree to which 

they have influence over the governance of the degraded mangrove area. For example, 

individual land users and private sector concerns may be interested in financial returns from 

mangrove restoration, while government agencies prioritise fulfilling policy mandates and 

benefit to society at-large.  

In terms of influence, individual stakeholder groups within larger sectors such as 

government agencies or coastal communities will have ranges of influence over MFLR 

processes. Technical government agencies with management mandates over forest 

governance have an obvious high degree of influence (van Oosten et al., 2014), as do 

provincial governors due to regional autonomy policy (Sonjaya et al., 2020). Similarly, 

traditional owners in regions such as Papua have a high degree of influence over their 

forests due to indigenous sovereignty laws (Sonjaya et al., 2020) as do coastal community 

members with formal tenurial rights over mangrove areas outside of the national forest 
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estate. Land-users without formal tenure or transmigrant communities are commonly 

amongst the most vulnerable communities when land use decisions are considered (Moench 

et al., 2007). As such, these communities may have little interest in MFLR due to their 

inability to access the future benefits of restoration (Kusumanto, 2005; Mansourian, 2017).  

In the same way that a landscape can be considered biophysically vulnerable 

(Chapter 2, Table 2.1), there are social aspects of vulnerability based on personal or 

community endowments, institutional structures (family, community, power relations), 

governance, decision-making and conflict resolution (Moench et al., 2007). In their research 

of post-tsunami mangrove recovery in Aceh, Indonesia, Griffin et al., (2013) found that 

communities required the integrated restoration of mangroves and aquaculture infrastructure 

to facilitate livelihood recovery. Ultimately, trade-offs between stakeholders with competing 

interests and varying degrees of influence need to be negotiated and MFLR may proceed 

where there is consensus or a majority of stakeholder willingness (Daw et al., 2015). 

This chapter aims to map MFLR opportunity based on stakeholder preferences in 

two degraded mangrove landscapes: Tanjung Panjang, Gorontalo and Demak, Central Java. 

These sites will provide a framework to answer the following four research questions; 

1) Which stakeholders should be involved in mangrove restoration opportunity 

mapping based on their degree of interest and influence with regards to MFLR? 

2) What key management events have occurred in the past which contribute to 

stakeholder perceptions of MFLR opportunity?  

3) What plausible future restoration scenarios do stakeholders prefer in each 

landscape and what is the overall potential coverage area of each intervention 

type? 

4) What hidden interests or concerns do key stakeholders hold which may serve as 

barriers to MFLR opportunity? 
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This chapter presents the approach and methods used to answer these questions. The 

Restoration Opportunity Assessment Method (IUCN and WRI, 2014) was selected as a 

mediative approach and tool for building consensus around MFLR opportunity with 

stakeholders in the two locations.  

Jia et al. (2018) describe the application ROAM for management restoration in 

Thailand where stakeholder negotiations were conducted on land-use trade-offs and 

agricultural productivity to inhibit and reduce the incentive of further illegal encroachment 

on forested areas (Jia et al., 2018). Priority restoration areas were identified on steep slopes, 

headwaters and riparian environments allowing for the maintenance of water and soil 

quality with continued agricultural productivity on less sloped lands in the mid-watershed 

(Jia et al., 2018).  

Researchers have found that the application of ROAM not only assesses but creates 

forest landscape restoration opportunity by providing a mechanism for conflict 

management, negotiation and decision making among stakeholders at the landscape level 

(van Oosten et al., 2014). This ostensibly takes place as ROAM provides stakeholders with 

different value systems a safe space in which to convene, share experiences, thoughts and 

interests, consider trade-offs and ultimately come to consensus over areas where forest 

landscape restoration can take place. 

That being said, participatory approaches involving multiple stakeholders have been 

critiqued for their failure to consider power relations and conflict internal to the community 

(Hjortsø et al., 2005; Thompson, 2018). Therefore, while efforts may be made to level the 

playing field during ROAM, it is important to also consider if latent concerns or issues 

remain unresolved under the surface which may to some extent nullify group consensus as 

represented on restoration opportunity maps. 
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A series of results are presented in four sections, aligned with the four major phases 

of development and contextualization of mangrove forest landscape restoration opportunity 

maps with stakeholders during 2017. This is followed by a discussion of the resultant 

opportunity maps, and identification of factors serving to enable or impede MFLR at-scale 

in line with national policy mandates in Indonesia. 

4.2. Research approach and methods  

A central element of the ROAM process is restoration opportunity mapping 

involving multiple stakeholders in the analysis of social, economic and biophysical data and 

technical reports that can assist in the selection and demarcation of restoration areas.  

In order to determine MFLR opportunity in the two sites, ROAM was applied as a 

stepwise, iterative analysis process based on understanding a range of social, economic, 

policy and biophysical factors underpinning deforestation and multi-stakeholder interest in 

recovery (IUCN and WRI, 2014). Opportunity mapping is the key activity where 

stakeholders are brought together (often in a workshop settings) to demarcate areas available 

for forest landscape restoration (FLR) and ascribe suitable restoration or restoration 

techniques. Opportunity maps are developed based on a combination of “best science” and 

“best knowledge” to obtain accurate, realistic depictions of restoration opportunity.  

The research approach used in this chapter involved three phases aligned with the 

ROAM process; 1) preparation and planning, 2) data collection and analysis and 3) results 

to recommendations. In addition to desk-study and field data collection, each research phase 

included a multi-stakeholder workshop. Components of the ROAM process used in this 

study are summarized in Table 4.1. 
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Table 4.1. Summary table of research phases, activities, methods, references, outputs and timing for Tanjung Panjang (TP) and Demak 
landscapes. 
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The six ROAM workshops were facilitated by myself and eleven facilitators from five Indonesian and international NGO’s12. 

4.2.1. Planning & preparation phase 

ROAM stage-I workshops were held in Tanjung Panjang and Demak and attended by 19 and 23 stakeholders respectively (see Tables 4.3 

and 4.4 in Results Section 4.3.1) to introduce ROAM and detail the process of data collection, analysis and multi-stakeholder negotiations that 

would result in identification of MFR opportunity.  

The restoration opportunity assessment method was introduced by Li Jia of IUCN in Tanjung Panjang and the lead researcher in Demak. 

Problem statements were developed by the lead researcher in each landscape at the beginning of each stage-I workshop and refined by

                                                 
12 Wetlands International Indonesia Programme (Apri Astra); Blue Forests (Yusran Nurdin, Jajang Sonjaya, Akzhan Nur Iman, Laila Adila Helmiyah, Woro 
Yuniati); JAPESDA (Rahman Dako, Sugeng Sutrisno), IUCN Asia Office (Li Jia) and Bird Life Indonesia (Halim). 
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participants at the end of the workshops. Participants developed lists of key issues and long-

term objectives of MFLR. Next, participants considered the scope of the ROAM 

assessment, bounding the focal system spatially and temporally. Then participants 

considered data collection needs, developing a work plan for their collection and listing 

permissions required during data collection.  

Participants next provided lists of additional stakeholders from local communities, 

national and sub-national government, NGO’s, academia and the private sector to be invited 

to ROAM stage-II and stage-III workshops. At the end of each workshop, discussions were 

held to determine an institutional “home” for the ROAM assessment in each landscape. 

Stakeholder Analysis 

After ROAM stage-I workshops, stakeholder analyses (Reed et al., 2009; Sutherland, 

2000) were conducted by the research team to determine levels of interest and influence of 

potential stakeholders with regards to MFLR, as well as potential impact of MFLR on their 

lives. A total of 86 stakeholder groups (Figure 4.2) were assessed across the two landscapes 

based on their potential interest and likely ability to influence decision making processes. 

Stakeholders determined as interested, influential, or both interested and influential were 

invited to participate in ROAM stage-II and stage III workshops.  

4.2.2. Data Collection and Analytical Phase 

Data collection in this phase took place in the field (community households, 

government offices, mangrove forests and aquaculture ponds) and at ROAM stage-II multi-

stakeholder workshops. 

4.2.2.1. Community Interviews 

Interviews were conducted with current land users (fish farmers), as well as 

government extensionists and NGO community organizers to determine current land-user’s 
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attitudes towards mangroves and mangrove restoration, motivations for current land-use, 

and understand issues around land tenure, governance and conflict. A stakeholder interview 

instrument (Appendix 3a) was developed by the research team during a two-day workshop 

in Makassar, Indonesia (March 1-2, 2017) to guide.  

The tool contains two sections, one for use during semi-structured key informant 

interviews conducted indoors, and a second using a historical transect-walk method for 

conducting outdoor interviews. 

The first section of the tool was divided into the following seven thematic sections; 

1) background of the respondent, 2) the general background of the community, 3) tenure, 4) 

relevant stakeholders, 5) rules, regulations and policy, 6) conflict and 7) enforcement. 

Objectives of each theme and questions within each theme are listed in Appendix Table 3.1 

of Appendix 3a. 

The second section of the tool contained 20 guiding questions for use during transect 

walks in the village, mangrove forest and aquaculture ponds. Altogether 22 key informants 

were interviewed; 11 from each landscape. Key informants included fish farmers and 

extensionists (from government and NGO’s) working directly with fish farming 

communities. Interviews were conducted using a combination of purposive and open-ended 

snowball methods (Hartman and Cleveland, 2014; Hoque Mozumder et al., 2018). The 

open-ended snowball method allowed for family members and neighbors present during the 

interviews to clarify or add to key informant responses. 

4.2.2.2. Qualitative content analysis of community interviews 

To better understand the fish farmer concerns about MFLR which may not have 

arisen during multi-stakeholder ROAM workshops due to power relations and conflict in 

both sites, community interviews were analysed using qualitative content analysis. This 
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analysis took place after completion of the entire ROAM workshop series, although 

interviews were conducted prior to ROAM stage-II workshops.  

Qualitative content analysis followed a methodology provided by Erlingsson and 

Brysiewicz (2017) to interpret the potential of multiple meanings of transcribed stakeholder 

interviews and give a voice to vulnerable populations. The interviews were transcribed 

verbatim and analysed by the research team. The process of textual analysis is described in 

Section 4.3.4 below, and depicted in detail in Appendix 3c. Themes were developed for 

each landscape by combining two or more categories, to express the underlying meaning of 

the content. These themes provide the basis for discussion in Section 4.4.4 below, qualifying 

the findings of restoration opportunity as depicted in restoration opportunity maps (Section 

4.3.3). Categories contributing to the themes were subsequently analysed to identify social 

barriers impeding MFLR opportunity. These barriers were combined with barriers identified 

by multi-stakeholder groups in ROAM stage-II workshops to develop a comprehensive list 

of landscape specific social barriers impeding MFLR, also presented in the discussion 

(Section 4.4.4).  

4.2.2.3. ROAM stage-II workshops 

Two-day multi-stakeholder restoration opportunity mapping workshops were 

convened in each landscape attended by 42 participants in Tanjung Panjang (Table 4.3) and 

36 participants from Demak (Table 4.4). Participants included fish farmers, national and 

sub-national government staff, NGO staff and academic researchers. Fish farmers who 

participated in ROAM workshops/activities were compensated per day for wages lost in 

addition to transportation, room and board. Government and NGO staff and members of 

academia where not compensated for wages, but were compensated for transport costs, 

room and board during workshops/meetings. 
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The workshops agenda covered 3 main activities over 2 days; 1) presentation of 

early findings from social, economic and biophysical data collection and analysis, 2) 

construction of a historical timeline and 3) restoration opportunity mapping. 

On Day 1 stakeholders listened to three presentations of initial findings from field 

data collection/lit review that described biophysical feasibility of MFLR at each site, 

stakeholder concerns about MFLR, and estimates of restoration costs and benefits. 

Participants were asked to consider the information as potential barriers or enabling factors, 

which provided the basis for discussion after the presentations. Key points were recorded on 

mural paper and referred to during restoration opportunity mapping on day two of the 

workshops. 

Participants next developed historical timelines (FAO and IIRR, 1999) recording key 

management events as they relate to mangrove loss and restoration opportunity on index 

cards and attaching them to timelines ranging from 1984 to present day in Tanjung Panjang 

and 1972 to present day in Demak. Ranges for each timeline were determined by workshop 

participants based on local knowledge and memory of historical events. 

On Day 2 breakout groups created restoration opportunity maps. Maps were hand-

drawn and overlaid onto satellite images for reference. Groups were asked to develop one or 

more restoration scenarios using polygons to spatially represent areas for mangrove 

restoration while recording suggested restoration techniques. Groups were given 3-4 hours 

to perform this task and were asked to reflect upon their own experience as well as 

biophysical, social, economic, policy, governance and institutional factors learned from 

presentations and historical timeline construction on day one. 

In Tanjung Panjang two small groups were formed corresponding to current forest 

management areas; the Tanjung Panjang Nature Reserve (TPNR), and the Pohuwato Forest 
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Management Unit (Pohuwato FMU). Government agents and fish farmers participated in 

small groups based on their affiliation, village, or pond location. Additional government 

members, NGO members and academicians were assigned to one of the two groups.  

In Demak, two small groups were formed based on village location with respect to 

coastal vulnerability zones developed by the Building with Nature project (Winterwerp et 

al., 2014). Five villages (Tambakbulusan, Morodemak, Purworejo, Betahwalang and 

Wedung) were located in Zone 0 (not vulnerable) while three villages (Bedono, 

Timbulsloko and Surodadi) came from Zones I & II (slightly vulnerable and vulnerable). 

Government, academic and NGO participants were evenly distributed in groups, while fish 

farmers joined groups based on their village affiliation. Facilitators from local NGO’s were 

pre-selected and the breakout groups in both sites selected a spokesperson for reporting back 

in a workshop plenary. 

The resultant restoration opportunity maps and associated tables were presented for 

questions, comments and amendments. After ROAM stage-II workshops the hand-drawn 

maps were digitized by research team using ArcGIS 2.0 to demarcate restoration areas and 

calculate coverage area.  

4.2.3. Results to recommendations phase 

This phase of research involved field visits to aquaculture ponds with owners to 

validate individual polygons on restoration opportunity maps in Demak, as well as ROAM 

stage-III workshops in each landscape. 

4.2.3.1. Field validation with pond owners 

After digitization of the restoration opportunity maps, individual ponds identified for 

restoration were visited with village groups including pond owners to verify whether or not 

they were still committed to allowing restoration. At this time, some pond owners backed 
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out of their previous agreement or offered alternative ponds, and in some cases new pond 

owners pledged their ponds for restoration. This activity was undertaken in Demak only 

where land-tenure was formal and clear. In Tanjung Panjang, pond “owners” were not 

willing to verify the availability of individual ponds at this stage, due to lack of formal or 

legal tenure.  

4.2.4. ROAM stage-III workshops 

The final stage of ROAM workshops as aimed to validate the restoration opportunity 

maps and development agreements for the next steps in ROAM. This stage of ROAM 

process was considered by the team to be important to ensure ownership of the findings by 

local stakeholders, to proceed with MFLR. 

Two-day validation workshops were held in each landscape with participants 

representing the same institutions who attended ROAM stage-II workshops. The main 

activity during these workshops involved facilitated discussion to develop group consensus 

over the digitized restoration opportunity maps, technical interventions required and ‘next-

steps’ to achieve MFLR.  

The final activity at ROAM stage-III workshops after reaching group consensus on 

the opportunity maps was the running of a restoration diagnostic which is also a part of the 

ROAM process (Hanson et al., 2016; IUCN and WRI, 2014). The Restoration Diagnostic is 

used to evaluate the extent to which 3 categories of “key success factors” underscoring FLR 

are in place. The three key success factors include; 1) a clear motivation, 2) enabling 

conditions, and 3) capacity and resources for implementation.  

Workshop participants reviewed 30 “key success factors” developed by WRI and 

IUCN from 16 previous applications, defining and refining them for use in the diagnostic. 
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Participants then used a stoplight grading system to indicate the relative level to which each 

key success factor was in place in each landscape.  

In summary, the research approach used in this Chapter progresses from data 

collection and analysis to bring together and inform multi-stakeholder groups, who then 

engage in a process of restoration opportunity mapping. Consensus is then built through a 

validation process of the opportunity maps and associated work plans, resulting in the 

identification of MFLR opportunity, which in the future can be used to move from 

opportunity assessment to implementation. 

During the process, barriers which emerged during multi-stakeholder workshops and 

also through analysis of stakeholder interviews were recorded, in order to contextualize the 

results of opportunity mapping and identify gaps which need to be addressed by future 

research and resolved by stakeholders before proceeding with MFLR at-scale.  

4.3. Results  

The results presented below follow a chronological progression mirroring the step-

wise progression of the ROAM process to develop the mangrove forest landscape 

restoration opportunity maps for each site.  

4.3.1. Planning & preparation phase 

4.3.1.1. ROAM stage-I workshops 

ROAM stage-I workshops were attended by 19 and 23 participants in Tanjung 

Panjang and Demak representing 12 institutions in each landscape. The major issues 

identified, long-term objectives of MFLR, the geographical boundaries of the assessment 

and an institutional “home” for ROAM are summarized in Table 4.2.  
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Table 4.2. Summary of key outputs from ROAM stage-I workshops including; problem 
statements, key issues, objectives of MFLR, geographical scope of ROAM assessment and 
institutional home for ROAM. 

Landscape Demak Tanjung Panjang  

Problem 
statement 

Mangrove landscape conversion for pond 
development has occurred in Demak over 
a long period due to various factors 
(social, tenurial, economic and policy) 
causing the crossing of multiple thresholds 
resulting in a vulnerable system of less 
value. The longer these degradational 
factors are allowed to operate without 
being addressed, the more difficult, 
expensive and potentially impossible it will 
be to rehabilitate the system. 

Mangrove landscape conversion for pond 
development has occurred due to various 
factors (social, tenurial, economic and 
policy) resulting in the crossing of a 
threshold and overall degradation of the 
landscape. The longer these degradational 
factors are allowed to operate without 
being addressed, the more difficult and 
expensive it will be to rehabilitate the 
system. 

Major issues to 
be addressed 

Finance 
Waves and boat wakes 
Community awareness 
Pond owners have tenure and rights 
Ponds still productive 
Ponds are deep/low, and subsiding 
High tides 
Accreted lands are desirable for new 
ponds – not restoration 
No seedlings ready for planting 

Land ownership (tenure) 
Late arrival of new champions 
Exploitation by political interests  
Projects which do not continue 
Over-lapping regulations 
Numerous regulations but lack of 
enforcement  
Finance – restoration is expensive 

Long-term 
objectives of 
MFLR 

Restore mangrove cover 
Restore protective mangrove greenbelts 
Protect aquaculture investments 
Accrete more sediment to reclaim former 
aquaculture areas 
Reverse pattern of erosion and subsidence 
Develop more livelihood opportunities for 
local communities 
Develop mangrove eco-tourism park 

Return TPNR to its original function 
Protected landscape 
Achieve tranquillity 
Community well-being and sustainable 
livelihoods 
Alternative livelihoods for fish farmers 
Increase value of aquaculture products 
Intensification of aquaculture and 
improved technology  
Mangrove-based eco-tourism 
Education and awareness 

Geographical 
scope of ROAM 
assessment 

8 coastal villages in Demak from Bedono in 
the southwest to Wedung in the northeast 

Tanjung Panjang Peninsula from the 
Beringin River Delta to the Sidorukun River 

Institutional 
home for 
ROAM 

Building with Nature Program with 
support from Demak District Government 
(PEMDA), Governor’s Office of Central 
Java (PEMPROV) and the Ministry of 
Marine Affairs and Fisheries – Coastal and 
Small Island Management Agency (KKP-
KP3K) 

Provincial multi-stakeholder mangrove 
management working group (KKMD 
Gorontalo) 

Problem statements were initially developed by the lead researcher, and then refined 

by participants describing the long-process of landscape conversion driven by social, 

economic and policy factors leading to landscape degradation, which, if left unchecked will 
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be increasingly difficult to resolve. At this point resilience theory was briefly introduced to 

the participants including the concept of thresholds separating different states of the 

mangrove system. This was undertaken to help participants consider various restoration 

management options as depicted in Chapter 1, Figure 1.5.  

Major issues were listed by stakeholders and reflected the multi-disciplinary nature 

of factors leading to landscape conversion touching on biophysical, technical, social, 

economic and policy factors. Long-term objectives were considered next. In Demak 

objectives focused on creating a sustainable landscape mosaic of mangroves and 

aquaculture, while in Tanjung Panjang objectives considered both a landscape mosaic as 

well as full restoration of the Tanjung Panjang Nature Reserve due to its strict conservation 

mandate.  

In order to capture the spatial extent of MFLR opportunity, it was important to 

bound the assessment area geographically. Workshop participants in Demak proposed the 

eight coastal villages13 already participating in the Building with Nature (BwN) project. 

These eight villages represent a continuum from the highly vulnerable, eroding and 

subsiding Sayung sub-district in the southwest, to the more geomorphically stable Wedung 

sub-district in the northeast (as described in Chapter 3, Figure 3.5). The resultant ROAM 

assessment area is shown in Figure 4.1a below. 

Workshop participants in Tanjung Panjang identified and considered three potential 

landscape boundaries; 1) the entire district of Pohuwato, 2) the Tanjung Panjang Peninsula 

from the Beringin River Delta in the east to the Sidorukun River in the west and, 3) the 

Tanjung Panjang Nature Reserve. Participants selected the Tanjung Panjang Peninsula from 

the Beringin River Delta to the Sidorukun River as it; a) represents a discrete, contiguous 

                                                 
13 From southeast to northwest: Bedono, Timbulsloko, Surodadi, Tambakbulusan, Morodemak, 
Purworejo, Betahwalang, Wedung. 
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land-unit of significant scale to demonstrate forest landscape restoration, b) contains two 

major state forest designations; national nature reserve and provincial forest management 

unit, useful for a comparative study and c) contains four major geomorphic mangrove types, 

deltaic, fringing, riverine and basin mangroves.
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Figure 4.1 a. ROAM assessment map showing the boundary for Demak from Bedono Village in the southwest to Wedung Village in the 
northeast.  
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Figure 4.1 b. ROAM assessment map showing the boundary for Tanjung Panjang Peninsula indicated on map of Randangan Watershed. From 
the Beringin River in the west, the boundary extended to the Sidorukun river in the east.
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Institutional “homes” for the ROAM assessments were determined by participants to 

formalize the effort and for legal purposes. In Gorontalo. stakeholders selected the 

provincial multi-stakeholder mangrove management working group (KKMD Gorontalo) 

provided with a formal mandate to oversee all mangrove management activities under the 

National Mangrove Management Strategy (SNPEM, 2012). In Demak, the Building with 

Nature (BwN) program had already established a formal working relationship with the 

Demak District Government (PEMDA), Governor’s Office of Central Java (PEMPROV) 

and the Ministry of Marine Affairs and Fisheries – Coastal and Small Island Management 

Agency (KKP-KP3K). Resultantly participants decided that ROAM activities should be 

implemented under the auspices of the BwN program. 

At the end of ROAM stage-I workshops, participants identified key data 

requirements which would be needed to inform ROAM stage-II workshop participants prior 

to restoration opportunity mapping. Key data included a) vegetative and surface elevation 

surveys in restoration areas and analogue forests, b) semi-structured interviews with fish 

farmers and extension workers, c) economic cost-benefit analysis of mangrove restoration 

and current fish farming, and d) vegetative monitoring and assessment of success of 

previous mangrove restoration projects. These data were collected between ROAM stage-I 

and stage-II workshops. A SIM-Aksi permit was obtained from the BKSDA office allowing 

researchers to collect data in the Tanjung Panjang Nature Reserve. No special permissions 

were required for data collection in Demak. 

4.3.1.2. Stakeholder Analysis. 

ROAM stage-I workshop participants were unwilling to analyse stakeholders for 

participation in subsequent workshops, concerned over issues of perceived favouritism. 

Instead, participants provided comprehensive lists of stakeholders to be considered for 
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participation in ROAM (Tanjung Panjang = 57, Demak = 47), and requested that the 

research team undertake stakeholder analysis. 

Resultantly stakeholder analysis was performed by the research team after the 

ROAM stage-I workshop. The full process of stakeholder analysis is presented as Appendix 

3b and includes intuitional names, Indonesian acronyms, stakeholder type (primary, 

secondary, external), interests in MFLR, potential impact of proposed MFLR interventions 

on the stakeholder group and priority quadrant (based on degree of interest and influence).  

Figure 4.2 summarizes the results of stakeholder analysis, by mapping all 

stakeholders in one of four quadrants based upon their degree of interest and influence. 

Stakeholders with high degrees of interest (quadrant 2), influence (quadrant 3) or both 

(quadrant 1) were invited to participate in ROAM workshops. Stakeholders with low 

degrees of interest and influence (quadrant 4) were not considered for participation. 

Altogether 44 stakeholders from Tanjung Panjang and 42 stakeholders from Demak were 

invited to participate in ROAM opportunity mapping workshops. Not all stakeholders 

invited to participate in ROAM stage-II and stage-III workshops were able to attend. Tables 

4.3 and 4.4 depict attendance of all stakeholders in Tanjung Panjang and Demak across all 

three stages of ROAM workshops.  
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Figure 4.2. Results of stakeholder analysis for Tanjung Panjang and Demak with 
stakeholders plotted in quadrants based upon potential degree of interest and influence in 
MFLR. Stakeholders with high degrees of interest and/or influence (Q1-Q3) are indicated in 
green and were invited to participate in the ROAM assessment. Stakeholders with low 
degrees of interest and influence (Q4) were not invited to participate in ROAM and are 
indicated with a red  on the above figure. 

4.3.2. ROAM stage-II workshops – restoration opportunity mapping 

Stakeholders representing various government and non-government institutions 

(Tanjung Panjang=42 (Table 4.4); Demak=36 (Table 4.5)) participated in two-day 

restoration opportunity mapping workshops. Day one of the workshops was used to build a 

common understanding of social, economic, biophysical and policy pre-conditions in the 

two landscapes, through presentations by the research team (Section 4.3.2.1) and the 

participatory construction of a historical timeline (Section 4.3.2.2). Day two of each 

workshop was occupied with discussion of restoration opportunity and the development of 

hand-drawn restoration opportunity maps presented in Section 4.3.2.3. 
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Table 4.3. Stakeholder participation per institution in the ROAM workshop series – Tanjung 
Panjang. New participants (NP) were not included in stakeholder analysis but attended 
ROAM stage-II and or III meetings. 

Agency ID Institution Stakeholder numbers 

  ROAM stage-
I workshop 

ROAM stage-
II workshop 

ROAM stage-
III workshops 

11 Natural Resource Conservation Agency 1 4 2 

12 Coastal and Oceanic Resource Management 
Agency – Sulawesi Region 

1 2 0 

14 Provincial Environmental Agency 0 2 1 

15 Integrated Forest Management Unit III 1 4 3 

16 Gorontalo Provincial Watershed 
Management Agency 

1 1 0 

17 Gorontalo Provincial Mangrove 
Management Working Group 

2 3 1 

19 Gorontalo Provincial Planning Agency 1 2 2 

20 Gorontalo Provincial Fisheries Department 1 2 1 

23 Pohuwato District Government 1 1 0 

26 Pohuwato Tax and Retribution Office 0 1 0 

27 Pohuwato Department of Public Works 0 1 0 

30 Pohuwato Police Department 0 1 1 

33 South Sulawesi Family Group 0 3 2 

46 Village/sub-village head 0 1 1 

52 JAPESDA (local NGO) 4 4 3 

54 University of Gorontalo 2 3 2 

55 IUCN 1 1 1 

56 Blue Forests (NGO) 3 4 3 

NP Remote Village Development and 
Transmigration Agency 

0 1 0 

NP Bird-Life (NGO) 0 1 1  
Totals 19 42 24 

 

  



160 

Table 4.4.Stakeholder participation per institution in the ROAM workshop series – Demak. 
New participants (NP) were not included in stakeholder analysis but attended ROAM stage-
II and or III meetings. 

Agency ID Institution Stakeholder numbers 

  ROAM stage-
I workshop 

ROAM stage-
II workshop 

ROAM stage-
III workshops 

1 Ministry of Marine Affairs & Fisheries -Small 
Island & Coastal Management Agency 

1 0 0 

12 Central Java Provincial Mangrove 
Management Working Group 

2 1 1 

15 Central Java Provincial Fisheries Department 1 1 1 

18 Wedung Sub-district Government Office 1 1 1 

26 Demak Disaster Management Agency 1 1 1 

29 Demak Yogyakarta Student-Family Group 1 1 1 

37 Demak village mangrove group 4 16 16 

42 Awur Bay Mangrove Ecosystem Study Group 
(KeSeMat) 

1 1 1 

43 Alumni of KeSEMaT (IKAMAT) 2 0 2 

44 University of Diponegoro 2 0 1 

46 OISCA (NGO) 0 1 1 

47 Wetlands International – Indonesia 
Programme (NGO) 

4 4 4 

47 Blue Forests (NGO) 3 6 6 

NP Natural Resource Conservation Agency 0 1 0 

NP Demak Department of Environment 0 1 1 

NP Mata Air (community-based organization) 0 1 1  
Totals 23 36 38 

 

4.3.2.1. Multi-disciplinary presentations to workshop participants 

Initial findings from social, economic and biophysical data collected by the research 

teams between ROAM stage-I and stage-II workshops was presented to participants, 

primarily to identify and discuss enabling factors and barriers to MFLR. Information 

collected per research domain, and participant reactions to key points in each domain are 

summarized in Table 4.5.  
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Table 4-1. Key information from research presented tat ROAM stage-II workshop prior to 
restoration opportunity mapping activity. 

Research 
domain 

Data presented Participant reactions to multi-disciplinary presentations 

Social Interviews with 
fish farmers 

Demak: Gov’t and NGO stakeholders questioned the genuineness of fish 
farmers in restoration, versus self-interest in financial compensation 
(barrier). Fish farmers felt past restoration failure led to apathy and felt 
improved restoration methods would increase interest (enabling). 
 
Tanjung Panjang: Barriers identified included potential for conflict and 
leakage. The ROAM process itself was considered an enabling factor due 
to need for peaceful, facilitated mediation process. A principle of “do no 
harm” was written on mural paper to serve as a reminder throughout 
the process of opportunity mapping. 

Economic  Opportunity, 
transaction and 
implementation 
costs. 
Value/benefit of 
mangrove 
restoration 

Demak: Fish farmers, government and NGO representatives felt 
informed enough to proceed with compensation negotiations to fish 
farmers to enable mangrove restoration (an enabling factor). The high 
expense of erosion control (barrier) led stakeholders to consider 
community-based trials (enabling). 
 
Tanjung Panjang: High opportunity costs and the legality of financial 
compensation to transmigrant fish farmers, lack of fish farmers access 
to future yield of restoration, and inability to identify commensurate 
livelihoods all were considered economic barriers to MFLR. 

Biophysical Remnant species 
diversity, surface 
elevation, coastal 
vulnerability. 
Literature review 
of major 
techniques. 

Demak: Severe landscape subsidence, erosion, low pond elevations, loss 
of natural coastal protection structures and loss of mangrove species 
and community associations were identified as barriers. Stakeholders 
considered mangrove restoration types 2, 3 and 4 as feasible in Zones I 
and II, but expensive and potentially unfeasible in Zone 0.  
 
Tanjung Panjang: Adequate pond elevations and high remnant diversity 
of mangrove species and community associations were considered 
enabling factors, along with geomorphological stability. Participants 
recommended mangrove restoration types 2 and 3 

4.3.2.2. Historical timelines 

Historical timelines were developed in order to build common understanding 

amongst ROAM stage-II workshop participants identifying key management events which 

influenced mangrove degradation and options for recovery prior to opportunity mapping. 

Participants prepared historical timelines presented in Tables 4.6 and 4.7. 
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Table 4.6. Historical timeline of key management events in Demak from 1972 to present 
day. 

Year Key management events 

1972 Conversion of rice paddies to fish ponds in southwest Demak – linked to salinization 

1988 Significant sedimentation at river mouths, mangrove colonization and subsequent conversion to 
ponds; continued district-wide conversion of rice paddies to fish ponds  

1990 Significant mangrove cover loss; coastal greenbelt policies passed at national level (ex. Surat 
Edaran No. 507/IV-BPHH/1990); national aquaculture development program (Tambak Inti 
Rakyat) 

1996 Coastal abrasion in Sayung notable - 500m of coastline ingress 

1999 Asian monetary crisis and resultant large-scale theft of shrimp from ponds (penjarahan); pond 
dike walls severely damaged in Sayung district; private sector (Korean and Chinese) investment 
in cement dike walls - remaining mangroves on dike walls cleared 

2004 Start of annual mangrove planting programs (GN-RHL government program); cement dike wall 
collapse; replacement of dike walls with nets; severe shrimp disease (white spot and yellow 
head) 

2005 Coastal abrasion evident along entire Demak coastline; cheniérs/sand-bars shifting dramatically 
– overall reduction in natural coastal protection structures area; Introduction of “disease-
resistant” shrimp (L. vannemei ) by fisheries department/aquaculture extensionists 

2009 Severe coastal abrasion and subsidence in Sayung District; king tides regularly flood villages  

2012 Pond dis-use, some ponds experience natural mangrove re-growth; abandonment of houses; 
speculators purchasing coastal lands for private sector industrial development 

2014 Building-with-Nature and MMAF pilot programs for experimental erosion control through 
permeable dam construction; significant accretion of sand in the northeast Demak (Wedung) 

2015 Mangrove coverage reduced to 5% Demak-wide; entire villages in Sayung succumb to coastal 
abrasion/subsidence; BwN full 4-year project begins 

2017  Re-zoning of 7300 ha in Sayung District from agrarian use to industrial use; JIPS (Jatengland) 
receives KLIK license (accelerated construction for investment) through SK No. 17/BKPM/2017 
[added to timeline during validation workshop] 
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Table 4.7. Historical timeline of key management events in Tanjung Panjang from 1984 to 
present day. 

Year Key management events 

1984 3000 ha Tanjung Panjang Nature Reserve (TPNR) gazetted  
1987 Gorontalo provincial government permits 123 ha of salt pond development in TPNR  

1993 Transmigrant fish farmers arrive from South Sulawesi 
1995 Tanjung Panjang Nature Reserve formalized 

1998 Aquaculture business (PT Usaha Mina) opens 
2005 Zainuddin Hasan from Bulukumba (South Sulawesi) elected as Pohuwato District Head (Bupati) 

2009 Puang Baso (KKSS representative) - recommends silvofisheries as a compromise to pond 
expansion in TPNR 

2010 District regulation banning aquaculture development in Tanjung Panjang; ministerial regulation 
on Provincial forest protection (SK 325/Menhut/II/May 25 2010) 

2012 Provincial congressional ban on mangrove conversion; Bupati and Ministry of Environment 
develop community forestry collaboration in national protected areas; Pohuwato District 
regulation 2/2012 mandating financial retribution from aquaculture sector to District 
government 

2014 Coordination meeting to resolve conflict in TPNR; Demarcation markers erected in TPNR (3174 
ha) 

2015 President Jokowi makes public statement on need for protection, enforcement and restoration 
of mangroves in TPNR during visit to SAIL Tomini event; Ministerial Instruction 4612 to conserve 
943 ha and rehabilitate 2231 ha; initial enforcement operation by local enforcement agents 

2016 Signed agreement between fish farmers and local government to restore coastal greenbelt; 
mangrove planting along dike walls facilitated by local NGO (JAPESDA) 

2017 Intensified operations by newly formed National Forest Enforcement Agency (GAKUM); fish 
farmer organization lodges formal complaint to Ministry of Human Rights for human rights 
abuses by GAKUM; ROAM process facilitated by KKMD to mediate conflict and identify 
restoration opportunity; restoration opportunity maps ratified by stakeholders for inclusion in 
2018 provincial spatial plan. [added during validation workshop] 

The historical timeline from Demak stretches back to 1972, documenting the 

conversion of mangroves and rice fields for aquaculture, cycles of aquaculture production, 

collapse and revitalization, attempts at mangrove restoration, and increasing instance of 

erosion, flood and landscape subsidence leading to the exodus of communities and re-

zoning of coastal areas from agrarian to industrial. The review of these events as they relate 

to restoration opportunity mapping made participants aware that they have faced continual 

economic and livelihood hardships and that past management actions have not succeeded in 

overcoming the root causes of degradation. Participants were also in agreement that change 

was coming, evidenced by the current frenzy of land speculators purchasing degraded 

coastal lands for industrial development.  
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The timeline in Tanjung Panjang dates back to 1984, associated with the formulation 

of Tanjung Panjang Nature Reserve. This timeline portrays the coincident demarcation of 

the nature reserve alongside the arrival of transmigrants and incremental conversion of 

mangroves for aquaculture development. Unlike Demak, aquaculture in Tanjung Panjang 

was found to be profitable and no significant ecological collapse is noted in the landscape. 

The Tanjung Panjang timeline depicts a reversal from pro-aquaculture policy between 1990-

2010, to policies mandating mangrove restoration and cessation of aquaculture development 

and production. The timeline culminates in an atmosphere of conflict, underscoring the need 

for careful mediation during restoration opportunity mapping. 

4.3.2.3 Restoration opportunity mapping 

Restoration opportunity mapping on the second day of each ROAM stage-II 

workshop yielded 13 hand-drawn maps in Demak and Tanjung Panjang, showing polygons 

where various methods of mangrove restoration could take place. Eight maps were drawn in 

Demak, depicting a single restoration scenario per village. Five maps were created for 

Tanjung Panjang, depicting three restoration scenarios in the Tanjung Panjang Nature 

Reserve (TPNR) and 2 scenarios in the Pohuwato Forest Management Unit (Pohuwato-

FMU). The process of restoration mapping is depicted in Figure 4.3 and described in greater 

detail below. 
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Figure 4.3. Participants engaged in restoration opportunity mapping during ROAM stage-II 
workshops in Demak and Tanjung Panjang. Hand drawn maps were developed per village 
(8) in Demak and per forest governance regime (2) in Tanjung Panjang and presented 
together with tables delineating technical restoration methods to be used during 
implementation. 

4.3.2.3.1. Tanjung Panjang. 

ROAM stage-III workshop participants split into two groups based on forest 

governance regimes in Tanjung Panjang. The group representing the Tanjung Panjang 

Nature Reserve (TPNR) was comprised predominantly of fish farmers and staff from the 

Natural Resource Conservation Agency (BKSDA) with formal jurisdiction over the TPNR. 

The TPNR group developed three restoration scenarios; I) a 200-meter wide coastal 



166 

greenbelt, II) a 200-meter wide coastal greenbelt, 50-meter wide riparian greenbelts and 

three forest “pockets” associated with major rivers, III) full mangrove forest landscape 

restoration. Restoration would be achieved through a combination of hydrological 

restoration and vegetative restoration. Hydrological restoration would utilize one or more of 

the following techniques; strategic breaching of pond dike walls, application of fill material 

and re-grading of surface elevation between mean sea level (MSL) and highest astronomical 

tide (HAT) and, re-creation of tidal drainage creeks. Vegetative restoration included; natural 

regeneration, human assisted propagule dispersal and/or, direct planting of mangrove 

propagules. Table 4.8 presents pre-validation mangrove restoration scenarios determined by 

participants from the ROAM stage-II workshop in Tanjung Panjang for each forest 

governance regime, including description of the restoration area, restoration method and 

areal coverage. 

The second break-out group in Tanjung Panjang developed restoration opportunity 

maps for the Pohuwato Forest Management Unit (P-FMU). The P-FMU group included 

individual fish farmer representatives from the KKSS organization as well as staff from the 

Pohuwato FMU (KPH), Gorontalo Fisheries Department (DKP), Gorontalo Planning 

Agency (BAPPEDA), Pohuwato District Government (PEMDA) and the Gorontalo multi-

stakeholder mangrove management working group (KKMD-Gorontalo). The P-FMU group 

aligned restoration opportunity with existing FMU management blocks or zones and 

developed two scenarios; I) a conservative scenario involving coastal greenbelt restoration 

only and II) a moderate scenario involving restoration of coastal and riparian greenbelts 

along with two forest “pockets.” The P-FMU group noted that while fish farming was 

formally illegal in the FMU, they could explore the possibility of land-use exemptions for 

smaller holder fish farms (< 5 ha) as a form of compromise with fish farmers. These 

potential fish farming areas are identified on the restoration opportunity maps in Figures 
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4.4–4.6 as silvofisheries areas. The FMU breakout group recommended the same 

hydrological and vegetative restoration techniques as the TPNR group. 

After presentation of each groups maps and discussion, restoration scenarios for the 

TPNR and P-FMU were combined to create three landscape scale restoration scenarios; I) 

Conservative Restoration of coastal greenbelts only, II) Moderate Restoration of coastal and 

riparian greenbelts and select forest pockets and III) Expansive Restoration including full 

ecological restoration of the TPNR plus the moderate restoration scenario from the P-FMU. 

Table 4.10 summarizes mangrove restoration area per technique for Tanjung Panjang. 

Digitized restoration scenarios are depicted in Figures 4.4, 4.5 and 4.6 in Section 4.3.3. 

Table 4.8. Pre-validation mangrove restoration scenarios for two forest governance regimes 
in the Tanjung Panjang landscapes, including description of restoration area, restoration 
method and coverage per method. 

Forest Governance 
Regime 

MFLR 
Scenario 

Description of 
Restoration Areas 

e Coverage 
(ha) 

TPNR Scenario I Ponds in coastal 
greenbelt 

Fill and regrade or 
strategic breaching 

54 

   
TPNR Scenario I TOTAL 54 

TPNR Scenario II Ponds in coastal 
greenbelt 

Fill and regrade or 
strategic breaching 

54 

  
Ponds in riparian 
greenbelt 

Fill and regrade or 
strategic breaching 

228 

  
Ponds in select forest 
"pockets" 

Fill and regrade or 
strategic breaching 

313 

   
TPNR Scenario II TOTAL 595 

TPNR Scenario III Ponds in coastal 
greenbelt 

Fill and regrade or 
strategic breaching 

54 

  
Ponds in riparian 
greenbelt 

Fill and regrade or 
strategic breaching 

228 

  
Ponds in former 
mangrove basin 

Fill and regrade or 
strategic breaching 

1964 

   
TPNR Scenario III TOTAL 2246 

P-FMU Scenario I Ponds in coastal 
greenbelt 

Fill and regrade or 
strategic breaching 

29 

  
Dike walls in non-
restored ponds 

Direct planting 49 

   
P-FMU Scenario I TOTAL 78 

P-FMU Scenario II Ponds in coastal 
greenbelt 

Fill and regrade or 
strategic breaching 

29 
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Forest Governance 
Regime 

MFLR 
Scenario 

Description of 
Restoration Areas 

e Coverage 
(ha)   

Ponds in riparian 
greenbelt 

Fill and regrade or 
strategic breaching 

88 

  
Ponds in select forest 
"pockets" 

Fill and regrade or 
strategic breaching 

83 

  
Dike walls in non-
restored ponds 

Direct planting 47 

   
P-FMU Scenario II TOTAL 247 

4.3.2.3.2. Demak. 

Fish-farmer participants at ROAM stage-III workshops split into 3 groups based on 

the position of their village in relation to coastal erosion zones (0, I, and II;Winterwerp et 

al., 2014). Government and NGO representatives were assigned to one of the three groups 

who hand-drew maps per village identifying individual ponds for one of three actions; 1) 

full pond restoration, 2) riparian setback or 3) aquaculture revitalization (investment in 

repairing aquaculture ponds).  

To achieve mangrove restoration (actions 1 and 2) a combination of hydrological 

repair, vegetative enhancement and coastal protection measures were recommended. Full 

restoration of individual ponds would be achieved with the addition of dredged fill material 

combined with coastal protection measures where needed. Coastal protection measures 

discussed by participants included construction of sub-tidal permeable dams or innovative 

community designs or temporary placement of geo-textile tubes filled with dredged riverine 

sediment. Vegetative restoration techniques included; natural revegetation, human assisted 

propagule dispersal and/or direct planting of mangrove propagules. 

Riparian setback would be achieved through a step-wise process including; setting 

back pond dike walls adjacent to major rivers by 25 meters, reconstructing new dike walls, 

creating a moderate slope between the river bank and new dike wall (known as “cut and re-

grade”), planting the slope with salt-water tolerant (halophytic) grass to hold the slope, 
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improve edaphic conditions and capture mangrove propagules, and vegetative restoration as 

described above.  

Participants across all three groups recommended the continued construction of 

permeable dams totalling 3 km along vulnerable coastlines to encourage 9.9 ha of 

sedimentation14. Ponds slated for investment in aquaculture improvement were identified on 

the opportunity maps, but technical approaches were not discussed during ROAM 

workshops. 

Table 4.9 presents pre-validation mangrove restoration opportunity determined by 

participants from the ROAM stage-II workshop in Demak for each village, including 

description of the restoration area, restoration method and areal coverage. Table 4.10 

summarizes pre-validation mangrove restoration opportunity per scenario for Tanjung 

Panjang and Demak. 

Table 4.9. Pre-validation mangrove restoration scenarios for eight villages in the Demak 
landscapes, including MFLR scenario, description of restoration area, restoration method 
and coverage per method. 

Village and (Coastal 
Erosion Class) 

MFLR Scenario Description of 
Restoration Areas 

Mangrove Restoration 
Methods 

Coverage 
(ha) 

Bedono Village  
(Zone II) 

Pond Ponds in vulnerable 
coastal setting 

Fill and regrade with 
sediment retention 

1.7 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 0.0 

Erosion control Open coast Permeable dam 3.3 

Timbulsloko Village 
(Zone II) 

Pond Ponds in vulnerable 
coastal setting 

Fill and regrade with 
sediment retention 

2.3 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 2.9 

Erosion control Open coast Permeable dam 3.3 

Surodadi Village 
(Zone II) 

Pond Ponds in vulnerable 
coastal setting 

Fill and regrade with 
sediment retention 

15.1 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 3.1 

                                                 
14 One linear meter of permeable dam is modelled to encourage 33m2 of sedimentation (Winterwerp 
et al., 2014). 
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Village and (Coastal 
Erosion Class) 

MFLR Scenario Description of 
Restoration Areas 

Mangrove Restoration 
Methods 

Coverage 
(ha) 

Erosion control Open coast Permeable dam 3.3 

Tambakbulusan 
Village (Zone I) 

Pond Ponds in vulnerable 
coastal setting 

Fill and regrade 6.0 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 2.9 

Morodemak Village 
(Zone I) 

Pond Ponds in stable coastal 
setting 

Fill and regrade 9.0 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 1.2 

Purworejo Village  
(Zone I) 

Pond Ponds in stable coastal 
setting 

Fill and regrade 2.1 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 1.8 

Betahwalang Village 
(Zone 0) 

Pond Ponds in stable coastal 
setting 

Fill and regrade 3.7 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 0.0 

Wedung Village  
(Zone 0) 

Pond Ponds in stable coastal 
setting 

Fill and regrade 21.2 

Riparian 
Setback 

Ponds adjacent to 
rivers 

Cut and regrade 7.1 

   
Demak TOTAL 89.8 

Table 4-2. Pre-validation mangrove restoration opportunity per restoration method for 
three scenarios in Tanjung Panjang and one scenario in Demak. 

Landscape MFLR Scenario Mangrove Restoration Method Coverage 
(ha) 

% of 
deforested 
landscape 

Tanjung Panjang Scenario I Pond restoration - fill and regrade or 
strategic breaching 

133 2.5 

Scenario II Pond restoration - fill and regrade or 
strategic breaching 

842 15.9 

Scenario III Pond restoration - fill and regrade or 
strategic breaching 

2492 47.0 

Demak Scenario I Pond restoration - fill and regrade  61.1 0.6 

Riparian setback - cut and regrade 18.8 0.2 

Erosion control/sediment 
enhancement - permeable dams 

9.9 0.1 

Total MFLR Opportunity - Demak 89.8 0.9 
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4.3.3. ROAM stage-III workshops – validation with stakeholders 

By this stage in the ROAM process several iterations of data collection, spatial and 

non-spatial analyses have generated an overall picture of the opportunities for forest 

landscape restoration. The results obtained are based on the best data the assessment team 

could access and the best local insights that stakeholders could provide. Nonetheless, the 

outputs are still of a preliminary nature and require another round of stakeholder 

deliberation (validation) before reaching consensus. While key decision-makers had been 

involved since the onset of the ROAM process, it was particularly important to involve them 

in the validation phase to strengthen their ownership of the assessment results and help set 

the stage for policy uptake of the recommendations that emerge.
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.  

Figure 4.1 Post-Validation Restoration Opportunity Map for Tanjung Panjang – Scenario I: Conservative Restoration (133 ha total mangrove 
restoration. 
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Figure 4.2. Post-Validation Restoration Opportunity Map for Tanjung Panjang – Scenario II: Moderate Restoration (842 ha total mangrove 
restoration). 
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Figure 4.3. Post-Validation Restoration Opportunity Map for Tanjung Panjang – Scenario III: Expansive Restoration (2493 ha total mangrove 
restoration). 
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Figure 4.7 Post-Validation Restoration Opportunity Map for Demak (50.6 ha total mangrove restoration).
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This third and final stage of ROAM focused on re-visiting the restoration 

opportunity maps and reaching consensus on the scope of restoration and technique. During 

stage-III ROAM workshops participants also used the ROAM Diagnostic to evaluate the 

extent to which 3 categories of “key success factors” underscoring MFLR are in place. 

4.3.3.1. Tanjung Panjang 

This section presents the results of the ROAM stage-III workshop in Tanjung 

Panjang, in which 24 participants from 14 stakeholder groups (Table 4.3) came to consensus 

over the restoration opportunity maps, and also participated in a diagnostic to evaluate the 

degree of institutional readiness to undertake MFLR.  

At the onset of the workshop, digitized versions of the three restoration scenarios 

from Tanjung Panjang were presented to participants for discussion and comment. In 

summary, it was felt that the Scenario I would be achievable as it displaced the fewest fish 

farmers; however, this scenario ran against the governance mandate of the TPNR as well as 

presidential instructions to address the issue of transgression and restore the nature reserve. 

Scenario II was preferred by NGO representatives from Blue Forest as well as stakeholders 

from University of Gorontalo as it would displace only a moderate number of fish farmers 

(32) and the scale was felt to be large enough to attract international finance and to protect 

the vulnerable south-eastern coastline (Chapter 2, Figure 2.5) from erosion. The preference 

of NGO members and academics (including the PhD candidate and research assistants who 

played participant-observer roles during ROAM) for the moderate scenario may reflect 

several motivations; including both self-interest and interest in seeking compromise. In 

terms of self-interest, NGO-members would benefit from high rehabilitation opportunity 

leading to involvement in rehabilitation. In terms of compromise, NGO members may also 

be interested in safeguarding communities from persecution or forced eviction. The 

moderate scenario can be seen as a compromise between the conservative restoration 
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scenario which would not displace fish farmers, with the expansive restoration scenario 

which would achieve large-scale restoration yet forcibly dislocate numerous fish farmers. 

Scenario III was considered contentious as it would require the displacement of all 

fish farmers operating in the TPNR and would likely result in exacerbated conflict or 

leakage15 if implemented. It was also unclear if adequate finance could be made available 

for compensation or if investment in alternative livelihoods would sufficiently offset 

opportunity costs to fish farmers. Although Scenario III was considered risky, the leader of 

the BKSDA agency with jurisdiction over TPNR would not consider lesser restoration 

scenarios for fear of violating his conservation management mandate. 

Resolution of the contention between scenarios was achieved after comments from a 

representative of the Gorontalo Planning Agency (BAPPEDA) who recommended that the 

three scenarios be reconsidered as three phases of MFLR. The first phase (coastal greenbelt 

restoration) could commence in 2019, based on prior, signed agreement between 

stakeholders made at the Pohuwato Police Department. Funds totalling USD 50,000 were 

pledged by the Bupati (District Head) of Pohuwato, and additional funding could be secured 

through the Gorontalo multi-stakeholder mangrove management working group (KKMD). 

The second and third phases could then proceed based on lessons learned from the first 

phase under what would be considered an adaptive management approach. Government 

budgets could potentially be matched with international funds to achieve phases II and III. 

The representative BAPPEDA offered to convene a government meeting before the end of 

2017 to include the opportunity maps in the 2018 and 2019 short-term government work 

plans (RKP), which would assist in allocating budgets and ensuring implementation. 

                                                 
15 Transferring the impact of deforestation and degradation to an adjacent landscape during a climate 
change mitigation project intended to reduce greenhouse gas emissions. 
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Adoption into short-term work plans would also ensure phases II and III would be 

considered for inclusion in the 2021-2040 long-term spatial plan (RTRW). 

The group agreed with this proposal and ratified the opportunity maps as three 

phases of MFLR (Figure 4.4, 4.5 and 4.6), depicting 133 ha, 842 ha and 2493 ha of 

restoration opportunity equal to 2.5%, 15.9%, and 47.0% of the deforested mangrove 

landscape based on 2015 land cover maps (Brown et al., 2015).  

The ROAM stage-III workshop in Tanjung Panjang concluded by running the 

restoration diagnostic (Hanson et al., 2016), the results of which are presented in Table 4.11. 

In Tanjung Panjang a total of 35 key success factors were considered, 13 of which were 

considered in place (green), with 21 factors partially in place (yellow) and a solitary factor 

considered not in place (red). The factor considered ‘not in place’ was related to financial 

incentives for restoration which were determined by participants as insufficient compared to 

the benefits of aquaculture in the region. The implications of these results are considered in 

discussion Section 4.4.3 on barriers to MFLR. 

4.3.3.2. Demak 

Validation of the restoration opportunity map developed during the ROAM stage-II 

workshop in Demak began with field visits with pond owners to aquaculture ponds 

identified for both full restoration and riparian setback. It is important to note that field 

validation was not undertaken in Tanjung Panjang due to the sensitive nature of the legality 

of ponds, and fish farmer concerns over recent enforcement operations conducted by the 

Ministry of Environment and Forestry’s Enforcement Agency (GAKUM). 

Pond owners made major changes to the opportunity maps; 1) reducing the total 

number of ponds offered for full restoration, and 2) replacing inland ponds identified for 

restoration with ponds located adjacent to the coast in vulnerable and eroding settings. 
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After field validation, a ROAM stage-III “validation” workshop was held in Demak, 

attended by 38 participants from 14 stakeholder groups (Table 4.4). Digitized restoration 

opportunity maps updated after field validation were presented to participants for 

deliberation. At this point additional pond owners disqualified their ponds for restoration. 

Consensus on restoration opportunity was reached by the end of the workshop, depicted in 

Figure 4.7 as a unified map for all eight villages. Overall total mangrove restoration 

coverage was reduced from 89.8 ha (outcome from ROAM stage-II workshop) to 50.6 ha; 

comprised of 21.9 ha from 26 ponds coastal greenbelt restoration (green polygons), 18.8 ha 

from 47 ponds for riparian setback (yellow polygons) and 9.9 ha from the construction of 3 

km of permeable dams to promote of sedimentation and mangrove colonization in fully 

eroded former ponds.  

Ponds recommended for full restoration would require the application of 59, 365 m3 

of dredged fill-material based on surface elevation measurements (Chapter 3, Table 3.6) to 

raise their surface elevation above the minimum thresholds required for mangrove 

recruitment. Ponds requiring fill material fell into two distinct categories; 9 ponds occurring 

in protected settings would require fill material only, while 17 ponds located in exposed 

positions would require fill material plus a coastal protection or sediment containment 

strategy. The 47 ponds identified for riparian setback would require 33,858 m3 of fill 

material prior to re-grade and would not require coastal protection strategies. 

The total area of restoration opportunity across eight villages in Demak (50.6 ha) is 

equal to 0.4% of the landscape’s degraded and converted mangrove area (12,000 ha). In 

addition to demarcating mangrove restoration opportunity, fish farmer participants identified 

149 aquaculture (indicated by blue polygons on Figure 4.7) totalling 270.9 ha to receive 

financial assistance from the Building with Nature program for aquaculture revitalization. It 

is notable that pond areas identified for aquaculture revitalization total more than 5 times the 
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area allocated for mangrove restoration. It should be added that restoration opportunity may 

have been influenced by the knowledge held by  ROAM facilitators from Blue Forests and 

Wetlands International about project funds to support restoration and compensate fish 

farmers for some degree of opportunity costs related to reduction of fish farming 

opportunities in areas to be restored. 

After reaching consensus on the scope and method for mangrove restoration 

opportunity, stakeholders participated in the restoration diagnostic to evaluate the status of 

key “success” factors enabling MFLR in the same way as workshop participants in Tanjung 

Panjang. Total votes were calculated for each factor and used as a basis for facilitated 

discussion about the degree of readiness to move forward with MFLR. The results of the 

restoration diagnostic are presented in Table 4.11. In Demak a total of 36 key success 

factors were considered, 34 of which were considered in place (green), with solitary factors 

considered partially in place (yellow) and not in place (red), showing that participants in a 

multi-stakeholder setting felt that institutions were largely prepared to proceed with 

restoration. 

Table 4.11. Results from the Restoration Diagnostic from Tanjung Panjang and Demak. 
Participants (TP = 24, Demak = 38) in ROAM stage-III workshops in each landscape used 
a stoplight rating system (with vote counts depicted) to determine the degree to which key 
success factors enabling mangrove forest landscape restoration are in place. Stakeholders 
in Tanjung Panjang considered 35 key success factors with 13 in place (green), 21 partially 
in place (yellow) and 1 not in place (red). Stakeholders in Demak considered 36 key success 
factors with 34 in place, 1 partially in place and 1 not in place. Coloured cells indicate the 
status with a majority of votes. 

   Current site status 
Theme Feature Key success factor Tanjung 

Panjang 
Demak 

   R Y G R Y G 
Motivational 
factors 

Benefits Restoration generates economic benefits 1 10 7 0 1 26 
Restoration generates social benefits 0 5 13 0 1 25 
Restoration generates environmental 
benefits 

0 2 16 0 0 27 

Awareness Benefits of restoration are publicly 
communicated 

1 10 7 0 1 26 

Opportunities for restoration are identified 0 12 5 0 5 22 
Crisis events Crisis events are leveraged 4 9 2 2 1 23 
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   Current site status 
Theme Feature Key success factor Tanjung 

Panjang 
Demak 

   R Y G R Y G 
Legal 
requirements 

Law requiring restoration exist 1 4 13 1 19 6 
Law requiring restoration is broadly 
understood and enforced 

2 6 10 0 7 20 

Management Multi-stakeholder or collaborative 
management exists or 
is possible 

1 6 11 0 1 26 

Landscape scale spatial planning exists 3 10 5 2 4 20 
Enabling factors Ecological 

conditions 
Restoration sites are located in former 
mangrove area 

3 1 15 3 3 21 

Hydrological regime is suitable for 
restoration 

2 6 10 2 5 20 

Sediment is available for colonization and 
early growth 

3 6 9 1 4 22 

Native propagules are naturally available 
and able to enter site after modification 

0 5 13 0 1 26 

Market 
conditions 

Increasing market demand (for aquaculture 
products) is resulting in forest degradation 

- - - 10 7 10 

Competing demands (e.g., aquaculture, oil 
palm) for degraded forestlands are declining 

4 12 2 6 5 14 

Value chains for products from restored 
area exists 

4 12 2 1 8 18 

Policy 
conditions 

Land and natural resource tenure are secure 0 6 12 0 10 17 
Policies affecting restoration are aligned and 
streamlined 

3 9 6 0 9 16 

Restrictions on clearing remaining natural 
forests exist 

1 1 16 1 6 20 

Social 
conditions 

Local people are empowered to make 
decisions about restoration 

1 14 3 0 10 17 

Local people are able to benefit from 
successful restoration 

5 11 3 0 5 22 

Institutional 
conditions 

Roles and responsibilities for restoration are 
clearly defined 

4 10 4 0 4 23 

Effective institutional coordination is in 
place 

3 12 3 0 6 20 

Implementational 
factors 

Leadership National and/or local restoration champions 
exist 

1 11 6 0 4 23 

Sustained political commitment exist 3 9 6 4 13 10 
Knowledge Restoration “know-how” relevant to 

candidate landscapes exists 
1 14 2 1 4 21 

Restoration “know-how” transferred via 
peers or extension services 

4 7 4 1 2 24 

Technical 
design 

Restoration design is technically grounded 
and locally appropriate 

2 6 9 2 2 22 

Restoration design is climate resilient 3 5 9 0 7 20 
Finance and 
incentives 

Positive incentives and funds for restoration 
outweigh negative incentives 

7 6 5 0 8 19 

Incentives and funds are readily accessible 8 10 0 1 11 15 
Current forest landscape users are able to 
participate in 
assessment and implementation of 
restoration 

3 13 1 0 5 21 

Feedback Effective performance monitoring and 
evaluation systems are in place 

6 10 2 0 7 20 

Mid-course corrections occur and are 
informed by monitoring and evaluation 

4 12 3 0 5 22 

Early wins are communicated 5 10 3 0 4 23 
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In summary, the results of restoration opportunity mapping revealed low to moderate 

opportunity in Tanjung Panjang (2.5, 15.9% and 47% of assessment area) and very low 

opportunity in Demak (0.4%). Table 4.12 summarizes the post-validation results of 

restoration opportunity mapping. On the contrary, findings from the restoration diagnostic 

on success factors show that ROAM participants from both landscapes feel motivational, 

enabling and implementation factors are largely in place to facilitate mangrove forest 

landscape restoration. It should also be noted that ROAM stage-III workshops in both 

landscapes developed lists of next-steps however these action plans are not presented in this 

chapter as they did not impact the upcoming discussion of restoration opportunity or the 

identification of barriers.  
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Table 4.12. Post-validation mangrove restoration opportunity per method for 3 scenarios in 
Tanjung Panjang and 1 scenario in Demak. 

Landscape MFLR 
Scenario 

Summary description of restoration area and 
method 

Coverage % of 
deforested 
landscape 

Tanjung 
Panjang 

Scenario I Coastal greenbelt in TPNR and P-FMU – pond 
restoration 

133 2.5 

Scenario II Coastal greenbelt, riparian greenbelt and forest 
stands – pond restoration 

842 15.9 

Scenario III Whole landscape in TPNR; coastal greenbelt, 
riparian greenbelt and forest stands in P-FMU 

2492 47.0 

Demak Scenario I Pond restoration - fill and regrade  21.9 0.2 

Riparian setback - cut and regrade 18.8 0.2 

Erosion control/sediment enhancement - 
permeable dams 

9.9 0.1 

Total MFLR Opportunity - Demak 50.6 0.416 

4.3.4. Content analysis of stakeholder interviews 

The process of qualitative content analysis through which transcribed interviews 

(Table 4.13) were codified (Tanjung Panjang = 96 codes, Demak = 132 codes) resulted in 

the development of categories (Tanjung Panjang = 15, Demak = 16), themes (Tanjung 

Panjang = 5, Demak = 5) and an overarching theme for each landscape. Themes including 

the overarching theme (Table 4.14) that confer the meaning and the underlying willingness 

of stakeholders to engage in MFLR are summarized below and explained in greater detail in 

Appendix 3c. Resultant categories (Table 4.14) will be re-visited in discussion Section 

4.4.3, where they are considered as landscape-specific barriers to MFLR.  

  

                                                 
16 The percentages add up to 0.4 when rounded to the nearest tenth. 
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Table 4.13. Respondents from semi-structured interviews in Demak (n=10) and Tanjung 
Panjang (n=10), their affiliation or profession and date of interview. 

Landscape Respondent 
Number and 
Initials 

Affiliation/Profession Date of Interview 

Demak 01-DA Watershed Agency April 07, 2017 

02-BC Fish farmer - Tambakbulusan April 13, 2017 

03-BH Fish farmer - Surodadi April 15, 2017 

04-MD Fish farmers - Morodemak April 05, 2017 

05-TB Fish farmers - Tambakbulusan April 12, 2017 

06-KE NGO – KeSEMaT (A) April 07, 2017 

07-KS NGO – KeSEMaT (B) April 07, 2017 

08-GH Fish farmer - Tambakbulusan April 11, 2017 

09-HA Fish farmer April 09, 2017 

10-CH Fish farmer - Surodadi April 15, 2017 

Tanjung 
Panjang 

01-AA Pond owner/fish farmer April 25, 2017 

02-AB Pond owner/fish farmer April 27, 2017 

03-AS Pond owner/fish farmer April 25, 2017 

04-BM Fish farmers April 28, 2017 

05-KS South Sulawesi Family Group (KKSS)  April 24, 2017 

06-KK Fish farmer and family April 24, 2017 

07-DK Fish farmer April 24, 2017 

08-MA Village leader April 26, 2017 

09-RU Fish farmer April 28, 2017 

10-IN Pond owner/fish farmer April 28, 2017 

Table 4.14. Resultant overarching theme, themes, and categories developed by the research 
team through qualitative content analysis of semi-structured interviews with fish farmers 
and extensionists from two landscapes. 

 Tanjung Panjang Demak 

Overarching 
theme 

We know no bounds;  
transmigrant fish farmer perceptions of 
transgression, conflict and future options. 

Accept the project then  
back to business-as-usual. 

Themes Transmigration, transgression and 
privatization of the commons 

Land tenure & land use issues 

Post-transgression aquaculture management Environmental conditions and 
disturbances  

Fish farmers perceptions of mangroves and 
restoration  

Numerous prior mangrove planting 
programs; without success or lesson 
learning 

Waves of conflict Genuine or ingenuine; community 
interest in mangrove restoration 

An unclear future Opportunity cost to fish farmers 

Categories Transmigrants  Land tenure 

Initial transaction/investment  Land use 

Aquaculture production Governance regime 
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 Tanjung Panjang Demak 

Justification for conversion/transgression Collaboration 

Relationships with stakeholders Interest in mangroves 

Land tenure Modifications to physical environment 

Feelings about conflict Mangrove restoration programs 

Corruption Past mangrove restoration success 

Mediation Past mangrove restoration failure 

Organized resistance Community interest 

Value of mangroves Community resistance 

Perceptions about restoration Confusion 

Livelihood alternatives Technical recommendations 

Compensation Aquaculture production  

Continuation of aquaculture  
(business-as-usual) 

Livelihood alternatives 

 

Compensation 

 

4.3.4.1. Meaning of the themes and underlying willingness of fish farmers to 

engage in MFLR. 

In Demak, environmental conditions began to degrade during the 1990’s, evidenced 

by recurrent shrimp disease, landscape subsidence and erosion in the 2000’s. For the past 

two decades, aquaculture derived-livelihoods have become vulnerable with many farmers 

experiencing net losses. Nonetheless, due to lack of livelihood options, fish farmers 

continued aquaculture practices. Currently, land speculators are actively purchasing ponds 

from fish farmers in preparation for industrial development. Periodic mangrove planting 

attempts failed during this period. Some fish farmers in Demak express hope that sediment 

capture and mangrove restoration can reverse the trend of subsidence, erosion and 

aquaculture losses, however other fish farmers and extensionists express scepticism, feeling 

participation in the Building with Nature project is simply opportunism and that fish farmers 

will revert to business as usual after the project. This final sentiment was captured as the 

overarching theme of content analysis in Demak; “Accept the project then back to business-

as-usual.” 
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In Tanjung Panjang, farmers suggested aquaculture remains profitable with 

continued conversion of mangroves for pond development taking place. However, various 

government and non-government stakeholders have developed a resistance to “illegal” pond 

operation and continued conversion resulting in tension and land use conflict. Fish farmers 

and extension workers express concern over an unclear future with multiple potential 

outcomes. If MFLR is pursued by government agencies, the farmers expressed concern over 

financial compensation and comparable alternative livelihoods, leakage (exodus to an 

alternate landscape for continued aquaculture development), or exacerbated conflict. In 

order to delay the eventual cessation of aquaculture in Tanjung Panjang, fish farmers 

requested a transition period to continue aquaculture from anywhere between 5-20 years. 

The continuation of aquaculture violates governance mandates of both the BKSDA and 

KPH agencies, who are currently not willing to negotiate an extended period of aquaculture.  

Lack of government willingness to allow continued aquaculture was demonstrated 

during enforcement operations in 2016 and 2017 in which local enforcement agencies 

together with the Ministry of Environment and Forestry’s enforcement agency (GAKUM) 

evicted fish farming families operating in the TPNR including the demolition of 5 houses.  

In response, members of the KKSS association have lobbied alternate government 

agencies to petition for re-designation of land use in both the TPNR and KPH Pohuwato. In 

2016, the Gorontalo Department of Fisheries (DKP) attempted to legalize aquaculture in the 

TPNR, and in 2018 the Agrarian Reform Agency attempted to re-classify the area for 

agricultural use. Both attempts met with formal protest from the forestry department, NGO 

and academic stakeholders, and attempted re-designation of land use has not succeeded. 

The over-arching theme selected to summarize qualitative content analysis in 

Tanjung Panjang was; “We know no bounds: transmigrant fish farmer perceptions of 

transgression, conflict and future options.” The phrase “we know no bounds,” was taken 
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directly from the interviews, where its manifest meaning refers to transmigrant fish farmers 

not being aware of the physical boundaries of Tanjung Panjang Nature Reserve. This 

meaning serves as a justification for fish farmers to construct and operate fish farms in the 

nature reserve. A more abstract interpretation of this statement intimates a lack of perceived 

limits to aquaculture expansion, evidenced by the continued transgression of policies, 

degradation of mangrove forests and loss of productivity of aquaculture. This theme may be 

equally applied to the Demak landscape, where 92% of the former mangrove landscape and 

any newly accreted coastal areas are rapidly converted to aquaculture. 

4.4. Discussion 

4.4.1. Stakeholder engagement 

Outcomes from the comprehensive ROAM method have been detailed in this 

chapter, which aimed at determining the scope of MFLR in two deforested landscapes in 

Indonesia. Stakeholders are at the centre of the landscape governance processes, making the 

selection and participation of relevant stakeholders essential to generate meaningful results 

from restoration opportunity mapping (Barr and Sayer, 2012; IUCN and WRI, 2014; 

Mansourian, 2017; Ostrom, 2009). Stakeholders have varying degrees of interest and 

influence with regards to MFLR. In this research, stakeholders with higher degrees of 

interest and/or influence (quadrants 1, 2 and 3 from Figure 4.2) were invited to participate in 

ROAM workshops. The intent was to increase the influence of interested stakeholders in 

order to accurately reflect restoration opportunity, and conversely increase the level of 

interest in MFLR amongst influential stakeholders to develop political support for MFLR. 

Analysis of stakeholders present throughout the series of ROAM workshops in each 

landscape reveals three major stakeholder types from 1) government and law enforcement, 

2) local community, 3) academia and NGO’s. Figure 4.8 depicts the participation of 
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institutions and individuals from these three stakeholder groups over the ROAM workshop 

series. 

 

Figure 4.8a. Participating institutions and individuals in ROAM workshops across three 
stakeholder groups. 

 

Figure 4.8b. Participating institutions and individuals in ROAM workshops across three 
stakeholder groups. 
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Figure 4.8c. Participating institutions and individuals in ROAM workshops across three 
stakeholder groups. 

 

Figure 4.8d. Participating institutions and individuals in ROAM workshops across three 
stakeholder groups. 

Diverse stakeholders have an array of motivations with regards to MFLR and 

participation in ROAM (Kusumanto, 2005; Mansourian, 2017). In Tanjung Panjang, a 

maximum of 25 individuals representing 13 different government and law enforcement 

agencies participated in the ROAM workshops series (Figure 4.8a) reflecting the formal 
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nature of forest governance in the landscape across a national nature reserve (TPNR) and 

forest management unit (Pohuwato FMU). Conspicuously absent from the ROAM meetings 

was the Sulawesi Forestry and Environmental Law Enforcement Agency (GAKUM), who 

had undertaken two enforcement operations evicting fish farmers from the TPNR during 

2016-2017. The absence of GAKUM served as a limitation of the research, as fish farmer 

communities expressed concern that the findings of ROAM would not be honoured by law 

enforcement, and that “heavy-handed” enforcement operations would continue.  

In counterpoint, a maximum of four individuals from two community-based 

organisations representing local communities in Tanjung Panjang participated in the ROAM 

workshops. This low degree of participation by local fish farming communities reflected the 

contentious nature of land tenure and current conflict, as the two fish farmer CBO’s limited 

participation of fish-farmers, choosing to send only one spokesperson to represent the views 

of each of the two participant CBO’s. 

Although few in number at the ROAM meetings, fish farmers were represented by 

the large and well-organized South Sulawesi Family Association (KKSS), comprised of 

8000 transmigrant fish farmers and their families. It is difficult to determine the degree of 

power or influence that this stakeholder group exerted during the ROAM process. On the 

one hand, the lack of formal tenure and the illegal nature of aquaculture production in 

Tanjung Panjang make them vulnerable to law enforcement and reduces their bargaining 

position in terms of compensation for opportunity costs or access to the future benefits of 

MFLR. On the other hand, the KKSS contains several wealthy and powerful individuals, the 

most influential of whom nets USD 169,254 yr-1 from 100 ha of ponds in the TPNR 

(Chapter 5, Table 5.5). The KKSS is not only locally influential, but is well-networked 

nationally, led by Jusuf Kalla, the former Vice-President of Indonesia. The continued 

presence of the KKSS in Tanjung Panjang, in the face of national policy mandates for the 
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cessation of aquaculture and landscape restoration belies their “vulnerable” nature. Further 

research into the power dynamics of stakeholders in Tanjung Panjang is recommended to 

better understand pathways towards conflict resolution.  

Thirteen (13) individuals from 5 academic institutions and NGO’s in Tanjung 

Panjang participated in the ROAM process, playing facilitative, mediative and research 

support roles. Apart from supporting roles, it is important to keep in mind that NGO’s and 

academia have their own agendas related to conservation and restoration, in part driven by 

vested interests in project development (Hance, 2016). There were no private sector interests 

present at any of the ROAM meetings in Tanjung Panjang, apart from the fish farmers 

themselves, which may serve as a limitation of the stakeholder selection process. 

Participation of a maximum of six individuals from six government and law 

enforcement agencies at ROAM workshops show that government may be less interested 

and influential in Demak than Tanjung Panjang, due to lack of a forest governance regime in 

Demak and therefore lack of jurisdiction of technical agencies under the Ministry of 

Environment and Forestry. In place of various forest departments, agencies such as the 

Ministry of Marine Affairs and Fisheries (KKP), Provincial Department of Disaster Risk 

Reduction (BNPB) and the Provincial Environmental Agency (DinLH) participated in 

ROAM workshops largely due to their interest in MFLR against the background of severe 

coastal environmental degradation. The participation and varied interests of different state 

actors in ROAM across landscapes underscores the need for landscape-specific stakeholder 

analyses, as relevant stakeholders groups differ between landscapes based on factors such as 

presence or lack of state forest governance regimes.  

Demak had a higher level of participation from small-holder fish farmers during 

workshops than Tanjung Panjang, with up to 18 individuals from 3 institutions. The high 

degree of fish farmer participation in Demak is due in part to greater overall numbers (due 
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to smaller mean pond size17), current participation in the Building with Nature program, and 

greater degree of tenurial security resulting in more secure access to future benefits of 

MFLR (Kusumanto, 2005; Orsi et al., 2011).  

Although from a governance aspect land tenure is more secure for fish farmers in 

Demak than their transmigrant counterparts in Tanjung Panjang, it is important to consider 

that vulnerability has both social and biophysical dimensions (Moench et al., 2007). 

Biophysical vulnerability of fish farmers in Demak is manifested through loss of ponds and 

reduced aquaculture productivity due to the effects of coastal erosion and landscape 

subsidence (Chapter 3; Figure 3.4 and 3.5). As future benefits from MFLR are dependent 

upon both biophysical productivity as well as tenurial access, it is possible that fish farmers 

in Demak are equally vulnerable to their counterparts in Tanjung Panjang although the 

nature of their vulnerability differs.  

Participation of up to 15 individuals from 6 NGO’s and academic institutions in 

Demak was similar to Tanjung Panjang. With specific regards to Demak, this high level of 

NGO and academic participation was in part due to current engagement with the Building 

with Nature project, itself comprised of 13 NGO and academic institutions (Wilms, 2017). 

As the Building with Nature project has a vested interest in achieving high coverage area of 

MFLR (up to 2000 ha), it was important for the lead researcher and research team to 

maintain objective “participant-observer” roles. 

4.4.2. The management context shaping stakeholder willingness 

Stakeholder perceptions of key historical mangrove management events serves to 

shape motivations and willingness to participate in and or support MFLR. This section 

discusses the chronology of key management events agreed upon during construction of 

                                                 
17 Median pond size in Demak = 2.74 ha, compared to median pond size in Tanjung Panjang (32.08 
ha), resulting in greater numbers of fish farmers in the landscape (Chapter 5, Table 5.5). 
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historical timelines in ROAM stage-II workshops, which served as a departing point for 

deliberations during restoration opportunity mapping. 

Landscape conversion for agrarian use in Demak stretches back beyond generational 

memory. Coastal communities do not remember a time of natural mangrove forest 

landscapes without aquaculture as a dominant land-use. For generations, families have 

farmed milkfish and shrimp along a stable shoreline with productive rice fields in the 

hinterlands. In the mid-1990’s, the effects of land-use change, and forest loss resulted in 

landscape subsidence and severe coastal erosion, negatively impacting the lives and 

livelihoods of Demak’s coastal inhabitants.  

Mangrove restoration has been recommended as a measure to mitigate the effects of 

subsidence and erosion in Demak since the 1960’s (Damastuti and de Groot, 2019), 

however repeated failure of mangrove planting initiatives and suspicion of ulterior 

government motives (e.g. land acquisition) limited people’s belief in restoration as useful 

management option. Currently, communities opportunistically participate in periodic coastal 

protection and livelihood programs, (e.g. Building for Nature) all the while considering 

whether to accept offers to sell their land or continue the vulnerable occupation of fish 

farming. 

Conflicting national policies revealed on the Demak historical timeline compound 

stakeholder apathy. National policies to plant mangroves, sequester and store blue carbon 

and protect coastal greenbelts conflict with development policies which have led to the re-

zoning of Sayung District for industrial use (Wibowo, 2018). This change in land-use 

planning shifts the onus of coastal protection to the private sector, nullifying any genuine 

stakeholder interest in MFLR. This sentiment is implicit in the low-degree of restoration 

opportunity discussed in Section 4.4.3 and is made explicit during stakeholder interviews 

discussed in Section 4.4.4. 
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The management context in Tanjung Panjang differs from Demak. As an extension 

of their cultural history of sea-faring, transmigrant communities from South Sulawesi 

voyaged to Tanjung Panjang to convert under-valued mangrove ecosystems to privatized 

aquaculture production systems. At the time, this land-use change was supported by national 

and provincial government as a form of increasing foreign currency earnings through shrimp 

export (Bahsoan et al., 2014; Fougères, 2005; Stonich and Bailey, 2000). The transmigrants 

served as willing actors in this conversion (Bosma et al., 2012) and were supported by 

complicit local government and community stakeholders who did not perceive the value of 

healthy mangrove forests and were enticed by “rent-seeking” opportunities (Bahsoan et al., 

2014).  

Unlike Demak, aquaculture production in Tanjung Panjang has been lucrative for the 

past two decades (Chapter 5; Table 5.5), in which time transmigrant communities have 

developed strong social networks amongst themselves (evidenced by the 8000-member 

KKSS) and with local stakeholders.  

However, as noted on the historical timeline for Tanjung Panjang, national policies 

and global conventions developed over the past two decades18 placed greater value on 

ecosystem services provided by mangrove forests. Transmigrant fish-farmers were “scape-

goated” for their role in landscape conversion leading to the current stale-mate between 

government and land-users. Mangrove planting programs, presidential mandates to cease 

aquaculture operations and heavy-handed enforcement operations have not succeeded in 

addressing the root causes of landscape conversion. An uncertain future remains on the 

horizon where continued aquaculture vies with MFLR, which, if attempted would likely 

                                                 
18 E.g. a) Presidential Decree 61/2011, National Action Plan to Reduce Greenhouse Gas Emissions; 
b) Coordinating Ministry of Economy Regulation No.4/2017 – Mandating 1.8 million ha of 
mangrove restoration from 2017–2045 (Firman, 2018); c) Blue Carbon Strategic Development 
Framework – BAPPENAS - November 2, 2017. Supported by RPJMN 2020–2024 to achieve 
SDG’s 13 (Climate Change) and 14 (Oceans; Noor, 2017). 
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result in exacerbated conflict, loss of livelihood and leakage rather than landscape renewal 

and community well-being. 

In summary, in both Demak and Tanjung Panjang the local management context is at 

odds with national policies and strategies, which also contradict one another. It is important 

to understand that deliberations took place at ROAM between participants with differing 

value systems within this context of incongruent policy and management. This inconsistent 

setting serves as a disclaimer that consensus around restoration opportunity as discussed 

below in Section 4.4.3, requires contextualisation.  

4.4.3. Multi-disciplinary trade-offs among stakeholders in scoping MFLR 

opportunity 

The focal scale for ROAM assessments described in this Chapter took place at the 

landscape-scale, as this is the scale where negotiations take place, making use of rules, 

regulations, incentives and other tools to consider trade-offs and reach stakeholder 

consensus (Görg 2007). It is important to consider the trade-offs which were discussed by 

participants which influenced the resultant scope of MFLR opportunity. It is also useful to 

ask the question of whether or not the geographic scope of proposed MFLR interventions 

are of an appropriate scale to return ecosystem functions such as coastal stability and carbon 

sequestration.  

The pre-disturbance (pre-1994) mangrove area of the Tanjung Panjang landscape 

was 8847 ha, reduced to 3,543 ha by the time of the ROAM assessment (Brown et al., 

2015). Chapter 3 showed that the entire deforested area of Tanjung Panjang (5304 ha) can 

potentially be restored based on biophysical factors. Based on that estimate, the three 

restoration scenarios identified and validated by participants in the ROAM process amount 

to 2.5%, 15.9% and 47.0% of deforested landscape.  
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Restoration Scenario I (Figure 4.4.) totalling 133 hectares may be too small to be 

considered forest landscape restoration (FLR) but serves as an effective pilot or “early 

action.” This scenario displaces only 5 fish farming families, requiring less resources to 

offset opportunity costs to fish farmers and reducing the risk of conflict. However, this 

restoration scenario fails to align with policy mandating full restoration in the TPNR. 

Hence, government stakeholders pushed to re-label “Scenario 1” as “Phase 1” of restoration, 

implying that continued restoration will take place.  

Restoration Scenario II (Figure 4.5) totalling 842 ha (15.9% of the deforested 

landscape) was preferred by NGO and academic stakeholders. An IUCN representative 

stated her preference for this scenario during discussion as it would be of significant scale to 

attract the interest of international donors. From an ecological standpoint, restoration under 

Scenario II is more significant in that it enhances four large forest stands associated with 

major rivers. From a socio-economic standpoint, Scenario II displaces 32 fish farmers, 

requiring greater investment in compensation and alternative livelihoods to offset 

opportunity costs to fish farmers.  

Restoration Scenario III (Figure 4.6) totals 2492 ha in scope (47% of the deforested 

landscape), encompassing full ecological restoration in the TPNR and partial restoration in 

the Pohuwato FMU. From an ecological perspective Restoration Scenario III would likely 

protect Tanjung Panjang against erosion of the southeast coast and continued degradation of 

the inner basin (Chapter 2; Figure 2.5). Although the most progressive of the three 

scenarios, even this scale of restoration fails to achieve the 4:1 ratio (80%) of mangroves to 

aquaculture recommended to safeguard the provisioning of a high-degree of mangrove 

ecosystem goods and services (Primavera and Esteban, 2008).  

From a policy and governance perspective Scenario III fulfils current national 

policies associated with coastal restoration and mangrove management strategies (Herawati, 
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2018; SNPEM, 2012), but would displace a large number of fish farmers. Recognizing that 

immediate action to achieve Scenario III would increase the risk of conflict or leakage, 

stakeholders agreed with a phased restoration approach in order to comply with ROAM and 

FLR principles of free-prior-informed-consent (FPIC) and do-no-harm, which are also 

required by international donors (Kuzee, 2016). 

The Demak landscape maintains 980 ha of intact mangroves and 12,000 ha of 

deforested mangrove area. Restoration opportunity based purely on biophysical factors was 

estimated in Chapter 3 to be 81% of the former mangrove or 9,600 ha. Despite its high-

degree of biophysical potential, restoration opportunity determined across 8 villages 

amounted to only 50.6 ha, or 0.4% of the deforested landscape. This low-degree of 

restoration opportunity underscores the importance of a multi-dimensional assessment that 

incorporates biophysical, economic and social factors with emphasis on stakeholder 

willingness.  

From a governance perspective, this low-degree of restoration opportunity fails to 

achieve even modest policy mandates for the restoration and maintenance of a 200 meter 

coastal greenbelt in non-state forest areas (Bengen, 2000; SNPEM, 2012) which would 

necessitate 616 ha of restoration if enforced. From an ecological perspective, the 

recommended 4:1 ratio of mangrove to aquaculture (Primavera and Esteban, 2008) would 

require 9,404 ha of successful restoration.  

That ROAM participants in Demak identified 270.9 ha for investment in aquaculture 

infrastructure repair and only 50.6 ha for mangrove restoration underscores the low-degree 

of stakeholder willingness to support MFLR and the need to reconcile stakeholder concerns 

and economic self-interests with environmental policies.  
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In summation there is a great difference in restoration opportunity in Tanjung 

Panjang between the scenario preferred by fish farmers (2.5% of the deforested landscape), 

NGO’s (15.9%) and government (47%). That ROAM participants came to consensus around 

a phased approach shows evidence of stakeholder willingness to consider trade-offs in order 

for mangrove restoration to take place at the landscape scale. These trade-offs are not 

evident in Demak, where restoration opportunity is extremely low (0.4%) and cannot be 

considered MFLR. 

4.4.4. Social, economic and political barriers constraining MFLR opportunity. 

MFLR opportunity has been continuously overestimated in global and national 

policy arenas, by researchers, and in this study by multi-stakeholder groups engaged in the 

restoration diagnostic. This closing section briefly revisits the optimistic scope of mangrove 

restoration opportunity before confronting the reality of constraints imposed by social, 

economic and political factors which serve as barriers to MFLR. 

Revisiting the scope of restoration need, the Global Mangrove Alliance target of 3 

million hectares of restoration by 2030 (GMA, 2019), and the Indonesian policy mandate of 

1.82 million hectares by 2045 (Herawati, 2018) are both politically motivated and very high. 

To help countries identify MFLR opportunity and achieve these targets, researchers 

developed a Global Mangrove Mapping Tool which calculates restoration opportunity based 

on 7 biophysical metrics19 (Worthington and Spalding, 2018). When applied in our two 

research landscapes this tool identified 2314 ha of biophysical restoration opportunity 

representing 65% of the deforested landscape in Tanjung Panjang and 118 ha representing 

                                                 
19 1) Tidal range, 2) antecedent sea-level rise (SLR), 3) future SLR, 4) time since loss, 5) suspended 
sediment trend, 6) median patch size, 7) percent contiguous 
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58% of mangroves lost since 199620 (http://maps.oceanwealth.org/mangrove-restoration/ 

Accessed: June, 25, 2020). 

Our own findings of biophysical restoration opportunity from Chapter 3 are higher 

yet due to consideration of methods to overcome biophysical barriers and more accurate 

calculation of historical mangrove coverage. These findings depicted 5,403 ha of 

opportunity representing 100% of the deforested landscape in Tanjung Panjang and 9,720 ha 

of restoration opportunity representing 81% of the deforested landscape in Demak. 

Stakeholders in Tanjung Panjang and Demak were optimistic as well, with 62 

ROAM-stage III participants representing 28 institutions determining a high degree of 

institutional readiness to undertake MFLR.  

However, ambitious policy targets, high degrees of biophysical restoration 

opportunity and optimistic stakeholders belied the findings of restoration opportunity maps 

which depicted 2.5%, 15.9% and 47% restoration opportunity in Tanjung Panjang and only 

0.4% opportunity in Demak. Upon reflection, restoration opportunity in Tanjung Panjang is 

likely represented by the two lower estimates, preferred by fish farmers, rather than the 

higher estimate driven by government agents unwilling to transgress strict policy mandates. 

The extremely low estimate in Demak is driven by high participation of fish farmers (18 

individuals), whose concerns, along with their transmigrant counterparts in Tanjung Panjang 

represent risk to potential investors in MFLR. 

Numerous authors have commented upon the role that social, economic and political 

factors play in impeding restoration opportunity (Adams et al., 2016; Barr and Sayer, 2012; 

Dale et al., 2014; Daw et al., 2015; Galabuzi et al., 2014; Hartman and Cleveland, 2014; 

Kusumanto, 2005; Lynch and Harwell, 2002; Moriizumi et al., 2010; Orsi et al., 2011). In 

                                                 
20 The tool only considers mangrove coverage dating from 1996. 
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practice these “social” factors are seldom evaluated (Lewis III et al., 2019; Lovelock and 

Brown, 2019; Stewart-Sinclair et al., 2020). To that end, this chapter concludes with a 

presentation of social, economic and political barriers identified during interviews with fish 

farmers and extensionists. Responses elicited from these interviews represent the concerns 

of current land-users who may be the most important stakeholder group participating in 

restoration opportunity mapping, as their reluctance or agreement ultimately determines 

whether or not MFLR can proceed.  

Table 4.15 Social, economic and political barriers to MFLR identified as categories during 
qualitative content analysis of interviews with 22 fish farmers and extensionists from 
Tanjung Panjang and Demak. 

Categories Description as Barrier to MFLR Domain 

Tanjung Panjang 

1. Transmigrants Lack of emotional connection to landscape. Low 
conservation ethic. Production oriented. 

Social, 
Economic 

2. Initial transaction/investment Requires compensation for opportunity costs Economic 

3. Aquaculture production Requires compensation for opportunity costs Economic 

4. Justification for conversion Self-conviction of righteousness; self-determination 
to select own livelihood 

Social, 
Economic 

5. Relationships with 
stakeholders 

Integration with local communities and roles as 
economic leaders builds social and political capital 
of fish farmers 

Social, 
Economic, 
Political 

6. Land tenure Lack of tenure disincentives interest in restoration, 
due to lack of access to future benefits 

Economic 

7. Feelings about conflict Conflict avoidance as strategy to remain in the 
landscape. Willingness to engage in conflict reduces 
local political will for MFLR and precludes 
international support for MFLR 

Political 

8. Corruption Protects fish farmers interests Economic, 
Political 

9. Mediation Fish farmers claim lack of key decision makers prior 
to ROAM precluded restoration decisions and 
actions 

Political 

10. Organized resistance Large membership, well-organized, politically 
protected fish farmer organization (KKSS) able to 
lobby for land-use planning change and delay 
actions on restoration 

Political 

11. Value of mangroves Low perceived value incentivizes conversion and 
reduces leverage to restore 

Economic 

12. Perceptions about restoration Past restoration failures reduce stakeholder 
interest in MFLR 

Social, 
Political 
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Categories Description as Barrier to MFLR Domain 

13. Livelihood alternatives Lack of suitable, commensurate livelihood 
alternatives precludes interest in restoration 

Social, 
Economic 

14. Compensation High degree of compensation required by fish 
farmers reduces MFLR opportunity 

Economic 

15. Continuation of aquaculture 
(Business-as-Usual) 

Lucrative, productive aquaculture and sense of fish-
farmer identity precludes interest in restoration 

Social, 
Economic 

Demak 

1. Land tenure Formal tenure could enable restoration, as owner 
has power over decision making, but also impedes 
restoration as owner can continue legal agrarian 
land use 

Political 

2. Land use Long-standing aquaculture/agrarian land use – 
minimizes interest in MFLR 

Political 

3. Governance regime Lack of state forest governance weakens political 
will to restore 

Political 

4. Collaboration More of an enabling factor, not a barrier - 

5. Interest in mangroves Fish farmer and local stakeholder interest in 
mangroves as a greenbelt only, protecting 
aquaculture livelihoods 

Social, 
Economic 

6. Modifications to physical 
environment 

Allowance of landscape change resulted in 
biophysical vulnerability (subsidence, erosion)  

Political, 
Biophysical 

7. Mangrove restoration 
programs 

Community perceptions of failure, corruption and 
hidden agendas have reduced trust and impede 
restoration 

Social, 
Political 

8. Past mangrove restoration 
success 

Enabling factor - 

9. Past mangrove restoration 
failure 

Past restoration failures reduce stakeholder 
interest in MFLR 

Social, 
Political 

10. Ingenuine community interest Fish farmers willing to participate in the program, 
receive financial support and then return to 
business-as-usual precludes the spread of MFLR 

Social, 
Economic, 
Political 

11. Community resistance Majority of fish farmers unwilling to sacrifice ponds 
for mangrove restoration  

Social, 
Economic, 
Political 

12. Confusion Unsure if mangrove restoration will address 
landscape subsidence and/or livelihoods issues 

Social, 
Economic 

13. Technical recommendations Fish farmers concerned with minor technical 
restoration processes within individual ponds, not 
MFLR 

Social 

14. Aquaculture production Evidence of some productive aquaculture in Demak 
serves as opportunity cost for all farmers - even 
non-profitable farms 

Economic 

15. Livelihood alternatives Lack of viable livelihood alternatives due to 
degraded resource base and access issues 

Economic 

16. Compensation High value of land in Java makes compensation 
requirement high 

Economic 
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Table 4.15 depicts social, economic and political barriers which were derived from 

the categories developed as a result of qualitative content analysis. These barriers largely 

align to key factors identified in the literature which determine stakeholder interest in FLR 

such as land tenure and land use, economic costs and the distribution of benefits, 

governance and political will (Adams et al., 2016; Barr and Sayer, 2012; Dale et al., 2014; 

Galabuzi et al., 2014; Hartman and Cleveland, 2014; Lovelock and Brown, 2019; Orsi et al., 

2011) as well as the 4R framework (rights, responsibilities, returns and relationships) 

developed by Kusumanto (2005). The identification of these landscape specific barriers is a 

key outcome of the ROAM process, and a necessary pre-cursor to investment in continued 

research and understanding of the nature of these barriers to enable their resolution and 

ultimately the implementation of MFLR at-scale.  

4.5. Conclusion 

ROAM was applied to two contrasting coastal landscapes; Demak, Central Java and 

Tanjung Panjang, Gorontalo to map restoration opportunity. In Tanjung Panjang, 

stakeholders developed three MFLR scenarios totalling 133 ha, 842 ha and 2492 ha of 

restoration, representing 2.5%, 15.9% and 47% of the landscape’s biophysical restoration 

potential. After stakeholder deliberation, it was agreed to reconsider the scenarios as a 

phased approach to MFLR in order to align with formal governance mandates. In contrast, 

Demak stakeholders developed a single map depicting areas for full aquaculture pond 

rehabilitation, riparian setback and coastal protection measures totalling a modest 50.6 ha of 

mangrove rehabilitation, representing only 0.4% of the landscape’s former mangrove area.  

At this point it is appropriate to consider how well the ROAM process worked in 

terms of determining actionable restoration opportunity maps? In Demak, the application of 

ROAM was highly specialized, identifying specific former pond areas for one of three 

management actions; full restoration, riparian set-back or investment in aquaculture 
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improvement. This degree of specificity was enabled by clear formal and informal tenure or 

ownership of ponds by individuals in the absence of a forest governance regime. Individuals 

where therefore allowed to make management decisions based upon their own preferences, 

considering the costs and benefits of restoration to their current and future livelihoods. 

In Tanjung Panjang, the presence of two forest governance regimes (Strict National 

Nature Reserve and Protection Forest Management Unit), restricted individual pond owner’s 

preferences, necessitating compromise between the good of the individual versus societal 

good. The tension between these two sets of values manifested itself in an array of 

restoration opportunity scenarios ranging from conservative to progressive. 

The ROAM process did not succeed in developing consensus around a high degree 

of restoration opportunity as some stakeholders may hope for, but it did provide two very 

useful outcomes; 1) actionable first steps towards MFLR, and 2) the identification of 

barriers which need to be overcome to enable a greater scope of MFLR. 

The ROAM process required some expert knowledge to determine biophysical 

opportunity, but was largely reliant upon non-expert, stakeholder opinion. From social, 

economic and policy standpoints activities conducted during the ROAM workshops were 

comprehensible to participants and served to stimulate discussion and greatly inform the 

creation of restoration opportunity maps. Some degree of expertise was required tease out 

the concerns of marginalized current land-users, but the majority of the ROAM process 

could be implemented without academic expertise. 

While ROAM was effective at determining restoration opportunity and identifying 

barriers, ROAM guidance is perhaps inadequate in resolving governance and socio-

economic issues. In terms of governance in Demak, the lack of a state forest governance 

regime and associated absence of forest protection or management policies place too much 
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of the onus of mangrove restoration on private individuals. The transition of restoration 

responsibilities to the private sector after industrial rezoning in Sayung District does nothing 

to clarify the situation, without guiding policy and legislation. Although forest governance is 

clearer in Tanjung Panjang, additional governance issues serve as barriers to restoration. 

Foremost of these are the lack of mechanisms to go beyond engagement of marginal 

(transmigrant) land users in restoration planning, but to develop restoration scenarios in 

which they benefit.  

As co-creator of the ROAM process, IUCN has recently acknowledged the lack of 

ROAM guidance on governance, after undertaking analysis of ROAM against the Natural 

Resource Governance Framework (Campese et al., 2020). Tanjung Panjang features as a 

case study in this publication developed 21 recommendations of how to improve ROAM to 

provide better governance guidance. Similarly, the ROAM process needs to provide 

improved guidance around socio-economic issues which this chapter identified as barriers to 

MFLR such as opportunity costs to current land-users, the need for commensurate 

sustainable livelihood alternatives and issues around access to future benefits of restoration. 

The adoption of ROAM by government agencies as an integrated method for 

assessing enabling and impeding factors and determine the scope for MFLR opportunity is a 

necessary starting point to improve the performance of mangrove restoration in Indonesia. 

Implementation of national-scale MFLR is imminent, as mandated by Presidential Decree 

120/2020 on the formation of the Agency for Peatland and Mangrove Restoration (Badan 

Restorasi Gambut dan Mangrove; BRGM) requiring robust identification of 600,000 ha of 

viable restoration sites. Although initial opportunity may be low, the considerate and 

intentional assessment of mangrove restoration opportunity, coupled with successful 

implementation could result in a shift of stakeholder attitudes towards restoration, providing 
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an avenue for up-scaling of MFLR to assist Indonesia in achieving their ambitious 

mangrove restoration targets.  
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Chapter 5. Cost-Benefit Analysis of MFLR scenarios 

5.1. Introduction: Economic modelling of mangrove restoration 

As highlighted in Chapter 1, mangroves have a high ecosystem value comprised of 

direct, indirect, options for future uses and intrinsic values (Barbier et al., 2011; Costanza et 

al., 1997; Emerton, 2014; Ranasinghe and Kallesoe, 2006; Ronnback, 1999). However, 

these values may not be acknowledged by key stakeholders influencing mangrove 

management including policy makers, private sector investors and small-holders, resulting 

in continued degradation and conversion of mangrove forest landscapes (Murdiyarso et al., 

2015; Smith et al., 2020). Attitudes from the Government of Indonesia underscore the need 

to provide decision makers with credible information on mangrove ecosystem’s true of 

ecosystems services value as prior assessment was largely based on short-term value from 

cash crops. 

"More than 50 per cent of Indonesia's population lives in coastal areas, 

and most of them are poor. An ordinary plot of mangroves is worth $84 

hectare. But if it's cleared and planted with oil palms, it can be worth 

more than $20,000 a hectare." (Minute 4:00 - 4:20, Kuhn, 2012). 

While it is true that mangrove degradation may not occur solely for economic 

reasons, it is essential that a comprehensive, empirical case be made for their restoration, 

protection and sustainable use. In 2012, multiple government and NGO stakeholders were 

facilitated by the Indonesian Ministry of Forestry to develop a road-map to strengthen the 

national mangrove management strategy (SNPEM, 2012) emphasizing the provision of 

robust, scientifically-based information including economic data to support mangrove 

restoration, conservation and sustainable utilization (Yunia, 2012). 
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Although MFLR certainly contributes to the national mangrove management 

strategy and related policy mandates21, there is concern within the government that FLR 

activities have high up-front costs and low rates of return, due in part to inadequate 

accounting of the economic and ecological impacts of FLR (Verdone, 2015). Policy 

development is shaped by costs of restoration, who pays, who benefits and if there is a more 

effective way to deliver the same environmental and/or financial benefit. At present there is 

a lack of empirical data around MFLR and restoration opportunity to develop robust, 

transparent economic models of the cost-benefit proposition of mangrove restoration 

(Bayraktarov et al., 2016; Lewis III, 2001). 

An exception is Cameron et al. (2019a), who used the rate of post-restoration 

mangrove regrowth and avoided deforestation emissions to estimate potential economic 

benefits from a hypothetical carbon project. The value of sequestered carbon was based on 

the European voluntary carbon market and approximated restoration costs which yielded a 

7% return on investment, equivalent to a moderate to high returning investment portfolio.  

Indeed, it is the calculation of internal rate of return (IRR) and the related financial 

concept of net present value (NPV) which government decision makers, investors and 

entrepreneurs demand to inform capital budgeting and investment planning to analyse 

profitability of a projected land-use investment such as mangrove restoration (Tantra, 2016; 

Verdone, 2015). 

The concept of NPV quantifies the value of cash inflows (e.g. income or benefits) 

versus cash outflows (e.g. expenses) over a period of time (Verdone, 2015). Money in the 

present is worth more than the same amount in the future due to inflation and to earnings 

                                                 
21 E.g. Nationally determined contributions to greenhouse gas emissions reduction (NDC’s), 
sustainable development goals (SDG’s), national mangrove restoration goals (Coordinating Ministry 
of Economic Affairs Policy No. 4, 2017) 
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from alternative investments that could be made during the intervening time (Gallant, 2020). 

When NPV is applied to mangrove restoration, variables such as interest (discount) rate as 

well as the growth and performance of the restoration itself are considered to account for the 

fact that a dollar earned in the future won’t be worth as much as one earned in the present.  

The following formula is used to calculate the NPV of restoration (Verdone, 2015); 

Net Present Value (NPV) = (Annual future benefits of restoration /  

(1 + discount rate) ^ number of years) – initial investment in restoration 

A positive NPV indicates that costs incurred to restore a mangrove site are less than 

their worth and a negative NPV indicates the inverse -- costs to restore are greater than the 

true worth. Because future value usually hold less weight than present value in the decision-

making process, the NPV is calculated using one or more discount rates, to account for the 

lost financial opportunity if funds were invested in alternative projects (Gunawardena and 

Rowan, 2005).  

The related concept of IRR is used to estimate the profitability of potential 

investments using a percentage value rather than a dollar amount (Gallant, 2020). The IRR 

is calculated using the NPV equation to solve for an unknown discount rate with NPV set to 

zero. The resultant discount rate is the project's internal rate of return (IRR). 

The determination of NPV and IRR are intended to address major policy and 

knowledge gaps related to the undervaluing of natural resources such as mangrove 

ecosystems and to provide a more comprehensive analysis of true costs and benefits of 

MFLR. 

The aim of this chapter is to address knowledge gaps related to the value proposition 

of mangrove restoration by using cost-benefit analysis to calculate the NPV across the four 

MFLR scenarios developed in Chapter 4. The analysis uses economic data from recent 
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proximate mangrove restoration projects and ecosystem valuations from analogue mangrove 

forests proxying the post-restoration state of the Tanjung Panjang and Demak landscapes. 

The calculation of NPV also uses various scenarios accounting for restoration performance, 

incremental mangrove growth and meta-financial conditions represented by social discount 

rate.  

The determination of this value proposition of MFLR scenarios is guided by the 

following research questions;  

1) How much do potential mangrove restoration interventions cost overall and by 

intervention type? 

2) What are the values of financial and economic benefits that MFLR can deliver 

over time? Is there a difference in values that accrue to individuals versus those 

that accrue to society? 

3) What is the net present value of each MFLR scenario, considering key variables 

such as restoration performance, incremental mangrove growth and variable 

interest rates? 

4) What are the economic and financial bottlenecks that need to be addressed and 

overcome in order to enable MFLR? 

Before detailing the specific methods used to answer these questions, this 

introductory section proceeds with a literature review of global estimations and approaches 

for mangrove restoration cost (Section 5.1.1) and benefits (5.1.2).  

5.1.1. Global approaches and estimates of mangrove restoration costs 

Although some authors note that there are few studies that estimate costs of 

mangrove restoration (Bayraktarov et al., 2016; Lewis III, 2001), it is more accurate to say 

that the majority of estimates reflect implementation costs alone without considering related 



211 

transaction costs as well as opportunity costs to current land-users (Bayraktarov et al., 2016; 

Buckingham and Kuzee, 2016; Susilo et al., 2017; Verdone, 2015). In addition to the need 

to consider more holistic costs, it is important to use of actual costs from previous 

restoration projects provides crucial data to estimate these costs once adjusted for inflation 

(Bayraktarov et al., 2016; Verdone, 2015). 

Bayraktarov et al., (2016) undertook a global review of 235 coastal restoration 

project outcomes with 954 observations of restoration costs across a variety of coastal 

ecosystem types and country settings and determined that mangrove restoration costs were 

typically lower than other forms of coastal restoration, such as seagrass, coral reefs, salt-

marshes and oyster reefs. Although characteristically lower than restoration in adjacent 

coastal systems, a wide range of mangrove restoration costs have been reported. Narayan et 

al. (2016) reports costs ranging from USD 500 to 54,300 ha-1 depending the degree of site 

degradation. Spurgeon (1999) also noted a vast range in cost reflecting differential expenses 

of restoration methods as well as socio-economic settings. Lewis (2001) reported costs from 

USD 225 - 216,000 ha-1 with costs from unpublished data as high as USD 500,000 ha-1 due 

to the high cost of permitting, labour, use of heavy machinery and other inputs in the United 

States. Similarly, Turek (2015) reports the cost of thin-layer hydraulic sediment spraying in 

the United States ranging from USD 252,047 - 1,065,022 ha-1. Lewis (2016) elaborates on 

the differential costs of restoration, ranking the following four methods from least to most 

expensive; 1) planting alone, 2) hydrologic restoration with or without planting, 

3) excavation or fill projects with or without planting and 4) experimental erosion control 

projects.  

In countries with lower socio-economic status such as Mexico, Herrera-Silveira and 

Teutli-Hernández (2012) reported average costs of USD 5,077 ha-1 for hydrological 

restoration and afforestation projects. Direct planting projects undertaken between 2010-
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2013 in South Sulawesi, Indonesia were found to cost between USD 100-400 ha-1 however 

these were criticized for poor performance (Nurdin, 2014). Adame et al. (2015) reported that 

for a minimal planting cost of USD 211 ha-1 in the Philippines, total direct economic 

benefits was between USD 564–2316 ha−1 yr−1 dependent on the percentage of mangrove-

associated fisheries catches that could be attributed to the planted mangrove (10–80%). This 

study, in addition to the wide range of estimates, also failed to model the differential 

benefits based on forest age following restoration. 

Hydrological restoration has a wide range of costs depending upon the technique 

applied, from low-cost strategic breaching of dike walls in aquaculture settings, to expensive 

basin re-grading and construction of tidal channels. Brown et al. (2014a) reported a USD 

590,000 budget to undertake strategic breaching and tidal channel creation in 425 ha site on 

Tanakeke Island, South Sulawesi, equivalent to USD 1388 ha-1. This project took place as 

part of a larger 5-year, USD 7.7 million project which enabled a high degree of government 

and community support through investment in sustainable livelihoods development, 

improved governance and targeted advocacy (Brown et al., 2014a). An additional 100 ha 

was rehabilitated for a cost of USD 165,000 demonstrating an economy of scale due to 

reduced transaction costs (Nurdin and Fadillah, 2016).  

With regards to experimental erosion control, Narayan et al. (2016) compared costs 

between four systems; coral reefs, oyster reefs, salt-marsh and mangroves. The cost of 

experimental erosion control in mangrove systems was the lowest of the four at 

USD 1,000 ha-1. Also, mangrove restoration exhibited the highest replacement cost 

associated with the need to reconstruct breakwaters or nature-based defences to limit erosion 

of newly re-establishing mangrove stands.  

In summary, a wide-range of mangrove restoration costs have been reported in the 

literature, ranging from USD 100 ha-1 to 1,065,022 ha-1 depending on socio-economic status 
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of the country/location and techniques applied. Costs reported from SE Asia ranged from 

USD 100 ha-1 to 1,388 ha-1 which can be used to contextualize cost estimates for Tanjung 

Panjang and Demak as estimated in this chapter. 

5.1.2. Global approaches and estimates of mangrove ecosystem value 

Mangrove forests provide valuable goods and ecosystem services some of which are 

traded in markets, and some of which are not (Barbier et al., 2011; Huxham et al., 2015). A 

common typology for categorizing ecosystem services is to divide them into ‘use’ and ‘non-

use’ values, and further divide use values into direct uses and indirect uses (Ranasinghe and 

Kallesoe, 2006; Smith et al., 2020). Direct uses include goods that are removed from 

mangrove forests (timber, fisheries products, etc.) and activities that take place in the 

mangroves (recreational fishing, ecotourism, etc.). Indirect use values are services where 

values are accrued outside of the mangroves. but which are derived from functions 

occurring within the mangroves, including fisheries nurseries, protection of infrastructure 

inland from mangroves and climate maintenance from carbon sequestration, Non-use values 

include cultural value, options for future uses, and the value that current people get from 

being able to pass the resource to future generations (Ranasinghe and Kallesoe, 2006; Smith 

et al., 2020). 

It is important to highlight that the value of an ecosystem cannot be substituted for 

benefit, which needs to consider the contribuition of restoration to society, more specifically 

those benefits which accrue to disaggregated segments of society such as individuals 

(women/men), households, villages or higher levels of social organization (Russi et al., 

2013; Smith et al., 2020). Recent valuations have applied a standard Basic Value Transfer 

(BVT) approach to ascribe either global or regional estimates of ecosystem value (Smith et 

al., 2020), while Sangha et al., (2018) added a local trade-off analysis to derive a value for 

benefit to local stakeholders.  
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Ecosystem valuations of mangrove systems have been undertaken both regionally 

and globally, and incorporated direct benefits, indirect benefits, options values and intrinsic 

values as outlined above (Barbier et al., 2011; Costanza et al., 1997; Emerton, 2014; Hakim, 

2017; Ranasinghe and Kallesoe, 2006; Ronnback, 1999; Ruitenbeek, 1992; Smith et al., 

2020). The value of direct benefits alone are “cashable” and can be considered financial 

values, of greater interest to local stakeholders, primarily land-owners, investors and 

businesses (Smith et al., 2020; Tantra, 2016). Although the emergence of carbon markets 

means that ecosystem services, such as carbon sequestration and emissions reductions, are 

now potentially cashable, the requisite sharing of benefits to society means that carbon 

benefits can continue to be characterized as an economic rather than a financial value. 

At present, carbon financed mangrove restoration projects in Indonesia are nearly 

non-existent. This is due to policy bottlenecks impeding payment and distribution of 

benefits to relevant stakeholders, the lack of a national registry for projects and concerns 

over potential double-counting of carbon credits sold on voluntary markets (Enrici and 

Hubacek, 2018; Idrus, 2016; Murdiyarso et al., 2018; Sasmito et al., 2020).  

Resultant mangrove ecosystem values range widely from USD 6600 ha-1 yr-1 

(Costanza et al., 1997) to USD 193,845 ha-1 yr-1 (Brugere and Bosma, 2014). The latter 

value is dominated by wastewater treatment (USD 162,125), which along with water 

regulation are vitally important mangrove ecosystem services. Ranasinghe and Kallesoe 

(2006) under took a participatory valuation study in Sri Lanka determined total economic 

values ranging between USD 8417 – 21,953 ha-1 yr-1, and more importantly they concluded 

that the relative value of mangroves increased for remote and vulnerable communities. The 

implications of this study are that mangrove restoration benefits are greater the more reliant 

individuals and communities are upon mangroves for their livelihoods. 
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In a post-restoration context, the value of mangrove ecosystem goods and services 

(timber value, carbon sequestration, fisheries value, coastal protection, water regulation, 

etc.) develops and gains in value over time as the forest matures approaching its pre-

disturbance state. This incremental increase in value develops based on biological 

production functions (Daily and Ellison, 2012), the rate of which can either be empirically 

determined or modelled with the use of ecosystem service modelling tools such as InVEST 

and ARIES (Verdone, 2015).  

Biomass accrual was used as a conservative proxy for the return of post-restoration 

ecosystem function and services such as fisheries value, storm protection, carbon burial. 

which tend to accrue more rapidly than biomass (Lewis III et al., 1985; Mazda et al., 2007; 

Salmo III and Duke, 2010; Wolanski, 2006). The return of a percentage of the value of a 

mature reference system is hereafter referred to as a functional equivalence value, or FEV 

(Hubbell, 2005).  

Rates for biomass accrual in Indonesian mangrove forests were calculated by Inoue 

et al. (1999) who developed high and low growth curves for Rhizophora spp., based on 

measurements from Sumatra, Kalimantan and Papua. This study found that Rhizophora 

attains 50% of above-ground biomass of reference old-growth forests at 25 years after 

disturbance and 75% FEV after 40 years (Inoue et al., 1999). A recent assessment of forest 

structure and biomass regeneration after logging operations in Bintuni Bay, West Papua 

suggest ecosystem carbon stocks (above and below ground) are returned 25 years after 

clear-felling (Sasmito et al., 2019).  

Again, the literature reveals a wide range of mangrove ecosystem values, from USD 

6,600 - USD 193,845 ha-1 yr-1 which can be used to contextualize the findings of cost 

benefit analysis. Such a wide range of potential costs undermines investment confidence. 

More robust and transparent restoration methodologies, costing and management of MLFR 
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is clearly needed. For the purposes of this chapter, benefits which accrue to individuals will 

be calculated as financial value (the direct value of monetizable ecosystem goods), while 

benefit to society will be represented by economic value, which considers direct and indirect 

value of ecosystem goods and services (Emerton, 2014; Ranasinghe and Kallesoe, 2006). 

The use of these two ecosystem values to proxy individual and societal benefit will provide 

rational basis for a discussion on who should pay for restoration. 

The following section (5.2) details the method use to conduct cost benefit analysis 

and the determination of net present value (NPV) for each restoration scenario developed in 

Chapter 4. This chapter proceeds with presentation of the results of cost-benefit analysis 

(Section 5.3) and a discussion of the findings (Section 5.4) framed by the main research 

questions. 

5.2. Methods for determining net present value of MFLR in two landscapes 

In Chapter 4 mangrove restoration opportunity maps were developed by stakeholder 

groups who quantified and demarcated priority areas for various mangrove forest landscape 

restoration (MFLR) scenarios. This next stage of the restoration opportunity assessment 

method (ROAM) builds upon the spatial dimension depicted in the opportunity maps and 

enables the calculation of predicted costs and benefits of MFLR represented by the NPV of 

restoration. That the economics of MFLR are integrated with spatial analysis means that a 

cost-benefit model can provide accurate estimates of the value derived from different 

restoration scenarios. A more transparent approach will enable prediction of whom in 

coastal communities will accrue benefits, what economic bottlenecks or barriers will impede 

stakeholder agreements to undertake MFLR and what trade-offs are necessary to enable 

mangrove restoration?  
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In order to determine the net present value of MFLR, economic analysis needs to be 

able to access cost information from actual restoration projects, estimate future benefits 

derived from multiple direct and indirect values of the resultant forest landscape, model the 

growth and post-restoration state of the forest and estimate society’s willingness to postpone 

benefit now for the benefit of future generations (IUCN and WRI, 2014; Verdone, 2015).  

The approach used to estimate NPV was guided by the following six-step cost-

benefit analysis framework adapted from Verdone (2015) and ROAM (IUCN and WRI, 

2014), namely; 

1) Develop consensus on main restoration interventions to be implemented and 

their spatial extent. 

2) Develop reliable estimates of costs broken down into opportunity, transaction 

and implementation costs.  

3) Monetize and calculate the additional benefits from ecosystem goods and 

services to be derived per restoration scenario. This involves selection of a 

landscape serving as an analogue for the post-restoration state of the study 

landscapes, the valuation of their mangrove resources and the application of 

those benefits to all MFLR scenarios. 

4) Model the incremental increase in benefits over time using variable estimates for 

restoration performance. This step involves the determination of a time-frame in 

which full benefits will be achieved and modelling of the annual attainment of 

those benefits. The second part involves determination of restoration 

performance represented as a percentage of total possible performance. 

5) Discount costs and benefits to obtain present values: selecting appropriate 

discount rates to make streams of future benefits and costs comparable in the 

present.  
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6) Calculate the Net Present Value of each MFLR scenario. Subtract the discounted 

stream of total costs from the discounted stream of benefits for each 

combination of restoration performance and discount rate.  

This analysis was undertaking by reviewing literature of past mangrove restoration 

projects, surveying fish farmers to assess economic costs and benefits of their aquaculture 

production and calculation of mangrove ecosystem values in both reference mangrove 

forests and mangrove-aquaculture agroecosystems. The six-steps of the above framework 

are described in detail below. 

5.2.1. Developing consensus on restoration interventions and spatial extent 

The identified degraded and deforested mangrove landscapes in Tanjung Panjang 

and Demak as described in Chapter 4, where used here to provide the spatial extent for 

calculations of the costs and benefits of MFLR. 

In Tanjung Panjang three restoration scenarios were developed; including a 

conservative restoration scenario (133 ha), a moderate scenario (842 ha) and an expansive 

restoration scenario (2492 ha). These scenarios were accompanied by recommended 

methods of restoration to inform the calculation of cost. In Tanjung Panjang two 

hydrological restoration methods were recommended by stakeholders; 1) strategic dike wall 

breaching and 2) fill and regrade augmented by human assisted propagule dispersal. A third 

method, direct planting of mangroves on pond dike walls, was also recommended in the 

opportunity maps but is not considered in cost-benefit analysis as it violates current 

government policy mandating only the application of ecological restoration techniques in 

nati0nal protected areas (Bahsoan et al., 2014). 
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Table 5.1. Total coverage area of MFLR and mangrove restoration technique per 
restoration scenario in Tanjung Panjang and Demak. 

Landscape and 
Rehab Scenario 

Total MFLR 
Opportunity (Ha) 

Coverage area (ha) per rehab technique 

Tanjung Panjang I 133.0 Strategic dike wall breaching (100 ha), Fill and re-grade (33 ha) 

Tanjung Panjang II 842.0 Strategic dike wall breaching (600 ha), Fill and re-grade (242 ha) 

Tanjung Panjang 
III 

2492.0 Strategic dike wall breaching (2000 ha), Fill and re-grade (492 
ha) 

Demak I 50.6 Fill and regrade without coastal protection (7.2 ha), fill and 
regrade with sediment retention (14.7), cut and regrade (18.8), 
experimental erosion control (9.9). 

In Demak, Central Java, a single restoration scenario was developed totalling 50.6 

ha. This scenario includes four distinct hydrological restoration approaches; 1) Fill and 

regrade of ponds with coastal protection measures (7.2 ha), 2) fill and regrade of ponds with 

temporary sediment retention (14.7 ha), 3) cut and regrade (18.8 ha) and 4) experimental 

erosion control (9.9 ha). Natural revegetation, human assisted propagule dispersal and direct 

planting were recommended as methods of ecological enhancement after hydrological 

restoration. 

Table 5.1 presents total coverage area of MFLR are presented for each scenario per 

landscape and per restoration technique. The determination of spatial areas and restoration 

methods for MFLR served the basis for calculation of costs and benefits described below. 

5.2.2. Developing reliable estimates of costs 

Restoring mangroves requires various inputs including planning, permits, materials 

and labour (Lewis III and Brown, 2014). Costs are incurred both directly through the 

physical process of restoration and indirectly through foregone production, stakeholder 

negotiation, planning and monitoring (Bayraktarov et al., 2016; Verdone, 2015). Costs of 

MFLR were broken down into three components recommended in ROAM (IUCN and WRI, 

2014); opportunity costs, transaction costs and implementation costs. These three cost 
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components, data collection methods for their calculation and assumptions are detailed in 

Sections 5.2.2.1–5.2.2.3. 

5.2.2.1. Opportunity costs 

Opportunity costs represent the tangible goods and services that were foregone to 

make MFLR possible (IUCN and WRI, 2014; Verdone, 2015). Based on land use and land 

cover data (Brown et al., 2015; Rahadian, 2016) it was determined that aquaculture is the 

current dominant land use former mangrove areas in Tanjung Panjang and Demak, and thus 

opportunity cost to current land users was calculated by determining costs and benefits of 

fish farming. The use of land-sale price as an additional opportunity cost was considered in 

Demak to reflect current land speculation, however land-sale data was not willingly 

provided by fish-farmers, and opportunity cost data  from aquaculture was used for 

comparison with the Tanjung Panjang landscape. 

An interview and survey guide was developed and completed by 66 fish farmers 

from 6 villages in Demak and 4 villages in Tanjung Panjang (Appendix 4a). Surveys were 

facilitated by the research team during two-hour focus group discussions in each village. 

The survey sheets sought data including; hectares farmed, annual costs of inputs per hectare, 

targets species, price per species at harvest, total yield, gross income, and net income. 

External labour was considered with regards to cost of inputs, however, the cost of labour 

by the owner and owner’s immediate family was not considered as fish farmers were 

unaccustomed to costing self/family labour and did not estimate this cost during surveys. 

Questions to determine start-up costs were initially included in the survey but were 

removed at the request of informants due to the sensitivity of information, especially in 

Tanjung Panjang where fish farming is illegal. Resultantly information about start-up costs 

was collected through key informant interviews and included; a) purchase or rental cost, b) 

other payments and c) initial infrastructure works. 
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Several considerations led to the selection of a 10-year time frame for the calculation 

of opportunity costs multiplied by median net income. Although restoration benefits were 

calculated over a 25-year time frame (Section 5.2.3), several authors note that the lifespan of 

shrimp aquaculture in Indonesia does not typically exceed 10 years (Bosma et al., 2012; 

Boyd and Clay, 1998; Proisy et al., 2018). It was not possible to determine the average 

lifespan of existing aquaculture ponds from fish farmer interviews as farmers in Demak 

have owned ponds for generations while transmigrant farmers in Tanjung Panjang had 

arrived in the landscape only 1-20 years prior. During NPV calculations discussed in step 5 

(Section 5.2.5), ten-year opportunity costs were not discounted seperately but discounted 

together with implementation and transaction costs of restoration over a 25-year period. 

This was done to avoid discounting opportunity costs twice. 

5.2.2.2. Transaction costs 

Transaction costs represent the cost for relevant stakeholders to identify viable land 

to restore and negotiate over terms that ensure restoration meets both local and national 

priorities (IUCN and WRI, 2014; Verdone, 2015). Transaction costs were calculated based 

on recent (2006-2015) integrated mangrove management projects proximate to Demak and 

Tanjung Panjang. Multi-stakeholder groups in each landscape listed known integrated 

mangrove management projects which included restoration. Project managers and reports 

were consulted to determine total project cost. Transaction costs were calculated as total 

project cost minus implementation cost of mangrove restoration. It was assumed that the 

entirety of the integrated mangrove management program enabled mangrove restoration, 

thus transaction cost for the entire project was considered.  

Based on methodology used by Bayraktarov et al. (2016), reported costs were 

adjusted for inflation with reference to the Consumer Price Index (CPI) to a base year 2017 

rate for Indonesia. Data required for economic conversion were downloaded from World 
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Bank Development Indicators (The World Bank, 2017). Data provided in currencies other 

than US Dollars (USD) were converted to USD using the foreign exchange rate from XE 

Currency Tables (2017) before adjustment for inflation.  

5.2.2.3. Implementation costs 

Implementation costs represent investments in land, labour, and materials and 

include any expense directly related to the establishment and operation of a restoration 

project, including training, design, logistics and purchase of materials (IUCN and WRI, 

2014; Verdone, 2015). Implementation costs were based on actual costs of each restoration 

technique recommended during opportunity mapping. Actual costs were derived through 

interviews with practitioners, project reports and published costs for recent (2006-2015) 

Indonesian mangrove restoration projects. Where actual costs were not available (ex. 

dredging of riverine sediment for fill and re-grade projects), interviews with local 

contractors for dredging, transport and labour to deliver compacted fill to restoration sites 

were undertaken in each landscape. Activities considered in calculating implementation 

costs included site assessment, restoration design, implementation of restoration, monitoring 

and mid-course corrections. Implementation costs per hectare for each recommended 

restoration technique were multiplied by the spatial scope of restoration opportunity derived 

from the restoration opportunity maps (Section 5.1.4).  

Methods for currency conversion and adjustment for inflation of implementation 

costs were the same as those described in Section 5.2.2.2.  

5.2.3. Calculating benefits from ecosystem services for each restoration scenario 

Understanding how various stakeholders differentially benefit from the ecosystem 

services delivered through MFLR requires an understanding of who the stakeholders are and 

at what scale they would receive benefits. Here I define calculable direct values 
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(provisioning services) as financial values which primarily benefit local first-hand coastal 

resource users and the private sector, and the sum of direct and indirect values (regulating 

services) as economic values of benefit to society-at-large. Intrinsic and options values are 

not included in this analysis due to a lack of data and the complexity of their calculation. 

To calculate these ecosystem service values analogues were selected for the 

predicted post-restoration state of the Demak and Tanjung Panjang landscapes. Mangrove 

forest landscapes in Bintuni Bay, West Papua and Mimika, Papua were selected as 

analogues for Tanjung Panjang due to similarities in geomorphic setting and remoteness 

summarized in Table 5.2 as well as the availability of financial support to undertake 

mangrove valuation research provided by the USAID CEADIR project (Smith et al., 2020). 

The Bintuni site contains an 88,000 ha mangrove timber harvesting concession that has 

operated since 1988. The Mimika site is largely pristine, with the exception of port 

development and substantial disposed mining tailings at the Aijkwa Delta. 

Table 5.2. Justification for the selection of Papuan landscapes to proxy mangrove ecosystem 
values in Tanjung Panjang, Gorontalo based on biophysical traits and remoteness (Bahsoan 
et al., 2014; Marshall and Beehler, 2007; Merrill and Edwardsen, 2015; Tomascik et al., 
1997; World Bank, 2016). 

Selection factors Mangrove Landscapes 

  Tanjung Panjang, 
Gorontalo 

Bintuni Bay, West 
Papua 

Mimika, Papua 

Historical Mangrove Coverage 8,847 ha 260,000 ha 244,000 ha 

True mangrove species range 36-40 36-40 36-40 

Geomorphological mangrove types fringing, riverine, 
deltaic 

fringing, riverine, 
esutarine 

fringing, riverine, 
deltaic 

Dominant soil class entisols and 
vertisols 

entisols and 
vertisols 

entisols and 
vertisols 

Population of district 128,748 60,489 223,949 

Linear distance to nearest major 
shipping port 

Bitung  
(389 km) 

Sorong  
(333 km) 

Merauke  
(550 km) 

Nightlight development index 0.72-0.77 0.72-0.77 0.72-0.77 
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Tambakbulusan, Demak, Central Java was selected as an analogue for the post-

restoration state of the entire Demak landscape. It is not foreseeable that mangrove 

restoration in Demak will result in the return to a fully forested mangrove landscape due to 

population density and the high degree of individual pond ownership. A more realistic 

endpoint of MFLR is a landscape mosaic of mangroves and aquaculture, which is well 

represented by the current state of Tambakbulusan, Demak. Tambakbulusan is currently in a 

stable-state, not experiencing the severe erosion and subsidence of villages in Demak to the 

Southwest and maintains a well-developed mangrove greenbelt (Helmi et al, 2015).  

Both financial and economic values were determined by referencing Smith (2020) 

and Hakim (2017), and used as a proxy for benefit to local stakeholders and society-at-large. 

Data collection and analytical methods are summarized from each reference below.  

5.2.3.1. Summary of data collection and analysis methods in Bintuni Bay, 

West Papua and Mimika, Papua as analogues for Tanjung Panjang 

Mangrove valuation was determined based on the costs and benefits of activities 

supported by the mangroves (near-shore fishing, farming, hunting and gathering, wood 

harvesting, and collecting mangrove palm products for roofing materials, food, and 

beverages). Data was collected through a survey of 120 households in three villages at each 

of the two sites, using both revealed and stated preference methods (Smith et al., 2020). The 

survey included questions on the types and amounts of goods collected or harvested, 

frequency of the activity, amounts sold versus retained for home consumption, and selling 

prices. It also asked about collection or production costs per unit of the activity (such as a 

typical fishing trip). These costs included equipment, transport fuel, food, and water. 
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Table 5.3. Analytical methods and data requirements used to estimate the value of 
mangrove ecosystem goods and services in Bintuni, West Papua and Mimika, Papua (as 
reference forest for Tanjung Panjang). 

Mangrove Ecosystem 
Good/Service 

Analytical Method Data requirements 

Direct Use of 
Mangroves (mangrove 
timber harvest, 
mangrove palm 
product harvest) 

Direct revealed 
preference (market price) 
and benefit transfer 
method 

Mangrove timber/brushwood production, the price 
of mangrove timber, nypah palm production, the 
price of Nypah palm products, the price of 
substitutes (fuel and timber). 

Direct use of 
mangrove-related 
fisheries and wildlife 

Direct revealed 
preference (market price) 

The cost of fishing trips, the price of fish, 
crustaceans and molluscs, the cost of hunting trips, 
the price of hunted game 

Carbon storage Indirect revealed 
preference 

Carbon stock (CO2e), Price of carbon (CO2e) 

The economic analysis included the value of mangroves for carbon storage and 

reducing damage from cyclones and tsunamis. In the economic analysis, Smith et al. (2020). 

valued the carbon stored by mangroves at USD 5 t CO2e in the base case. Smith et al. (2020) 

also conducted sensitivity analyses at four other carbon prices—$0, $8, $15, and $25/tCO2e. 

CEADIR selected this range of carbon prices after reviewing prices from the Regional 

Greenhouse Gas Initiative, the California Cap-and-Trade Market, and the voluntary carbon 

markets. For the purposes of NPV calculations in this chapter, USD 5 tCO2e is used based 

on the current sale price of voluntary blue carbon credits as part of the Forest Carbon 

Partnership Facility established by the World Bank in East Kalimantan. This value 

represents the costing of the only actual sale of blue carbon credits in Indonesia (World 

Bank, 2021c). 

Murdiyarso et al. (2015) estimated that the baseline carbon stocks in mangroves 

were 5,122 t CO2e ha-1 in Bintuni Bay and 4,676 t CO2e ha-1 in Mimika.22 These estimates 

included the carbon in aboveground and belowground biomass as well as the soil. Total 

carbon value was calculated by multiplying price times mean carbon stock times coverage 

                                                 
22 CEADIR converted the original estimate of 174 grams of carbon per square meter per year to tCO2/ha, using the 
conversion factors of 3.67 grams CO2e per gram of carbon, 10,000 m per ha, and 1 million grams per metric ton. 
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area, which was determined by Murdiyarso et al. (2015) in Bintuni Bay and Aslan et al. 

(2016) in Mimika.  

Mangroves typically provide some protection from extreme coastal events, such as 

tsunamis and cyclones. Laso Bayas et al. (2011) estimated an 8% reduction in the severity 

of impacts of the 2004 tsunami in coastal areas with mangroves. The two study areas in 

Papua lacked recent records of tsunami or cyclone damage (NOAA, 2018).  For Indonesia 

as a whole, tsunamis have caused 15 premature deaths and destroyed 400 houses per event 

(2018). The Australian Bureau of Meteorology (BOM, 2021) has maintained a database of 

cyclone tracks in the southern hemisphere since 1969. None of the cyclones in this database 

came close to the Mimika or Bintuni landscapes. As such, coastal protection was not 

considered when calculating ecosystem value of mangroves in the Papuan study sites. 

This CBA did not value other mangrove ecosystem services (such as water quality 

improvement, biodiversity protection, and option and existence values) due to a lack of 

biophysical and economic data on these complex relationships. Resultantly the actual 

economic benefits are likely to be higher than the lower-bound estimates in this analysis. 

5.2.3.2. Summary of data collection and analysis methods in Tambakbulusan 

as an analogue for Demak 

Hakim (2017) considered four ecosystem goods and services in determination of 

mangrove value; 1) brushwood collection, 2) mangrove-based fisheries (fish, crustaceans 

and molluscs), 3) fisheries nursery function and 4) coastal protection function (flooding and 

erosion). Forty households in Tambakbulusan were surveyed to determine mangrove 

ecosystem value. A direct revealed preference (market-price) approach was used to 

determine the value mangrove-based fisheries. Market price and benefit transfer method was 

used to determine the value of brushwood, as some brushwood was sold, while subsistence 

use of brushwood was valued through purchased substitutes including cooking fuel and 
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timber construction materials. Coastal protection value was determined by comparing the 

economic impacts of flooding and erosion on settlements and aquaculture ponds with and 

without coastal protection and used indirect revealed preference as a method (Verdone, 

2015).  Data required to calculate the coastal protection value in Tambakbulusan, Demak 

included the opportunity cost of aquaculture net profit and replacement cost of pond 

infrastructure due to floods (resultant of erosion and subsidence) and the costs of damage 

(including potential replacement) and damage prevention to housing due to floods (Hakim, 

2017). 

Hakim (2017) also determined the value of fisheries nursery function using Benefit 

Transfer Method but this figure was excluded from calculation of mangrove value in this 

chapter due to concerns of possible double counting of benefits with mangrove-based 

fisheries. Mangrove ecosystem goods and services, analytical methods and data 

requirements are summarized in Table 5.3. 

Table 5.3. Analytical methods and data requirements used to estimate the value of 
mangrove ecosystem goods and services in Demak. 

Mangrove Ecosystem 
Good/Service 

Analytical Method Data requirements 

Brushwood Direct revealed 
preference (market price) 
and benefit transfer 
method 

Brushwood production, the price of brushwood, 
the price of substitutes (fuel and timber). 

Mangrove-based 
fisheries 

Direct revealed 
preference (market price) 

The cost of fishing trips, the price of fish, 
crustaceans and molluscs 

Coastal protection 
against flood 

Indirect revealed 
preference 

Cost of restoration, aquaculture production and 
profit, damage costs, prevention costs (aquaculture 
ponds and settlements) 

Coastal protection 
against erosion 

Indirect revealed 
preference 

Cost of restoration, aquaculture production and 
profit, damage costs, prevention costs (aquaculture 
ponds and settlements) 

Finally, the financial value in Demak was calculated by summing the values of all 

direct benefits including brushwood and mangrove-based fisheries, while economic value 

considered the sum of all direct values and indirect values of coastal protection against flood 
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and erosion. Financial and ecosystem benefit per hectare per year as determined by Hakim 

(2017) in Tambakbulusan, and mean financial and ecosystem benefit as determined by 

Smith et al. (2020) in Bintuni Bay and Mimika were used in calculating the NPV of all 

MFLR scenarios in Demak and Tanjung Panjang.  

5.2.4. Modelling incremental benefits of restoration over time 

The benefits of MFLR develop over time and are also dependent upon restoration 

performance. Predictions of the quantitative increase in benefits over the time horizon of 

restoration are based on Biological production functions relate the structure of an ecosystem 

to the outputs of goods and services that particular ecosystem produces (Daily, et al., 2009). 

An ad-hoc approach was used to model the benefits of MFLR over-time following 

the identification and quantification of benefits from Step 3 (Section 5.2.3). Biological 

production functions and location-appropriate parameters were identified through a review 

of peer-reviewed and grey literature (Section 5.1.2). After review, the findings of Sasmito et 

al. (2019) on the return of forest cover and biomass as a surrogate for function led to the 

selection of a 25 year time period. This is represented by time-zero plus 25 years (TZ+25), 

time-zero being used by practitioners to indicate the completion of initial mangrove 

restoration activities (Lewis III, 2004). 

In consideration of sub-optimal restoration performance, two functional equivalent 

values (FEV’s) were selected (75% and 50%) and represented as percentages of total 

possible performance. Thus, the maximum value of mangrove benefits achieved at TZ+25 

years at FEV=75% was determined by multiplying the median value ha-1yr-1 determined in 

step 3 (Section 5.2.3) times 0.75. The value at TZ+24 years equalled the median value ha-

1yr-1 times 0.74. FEV is reduced logarithmically to 0 at TZ+1 year, when the benefits of 

restoration are assumed to be negligible. The full range of FEV factors over a 25-year period 
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are depicted in Appendix 4b, Appendix Tables 4.1–4.8, Discounting Costs and Benefits to 

Obtain Present Values. 

The benefits of MFLR are realized in the future over decadal or longer time periods. 

Selecting appropriate discount rates makes the future streams of costs and benefits 

comparable at the present moment (Verdone, 2015). The idea of discounting applies to 

goods and services and also societal preferences over time. Discounting goods and services 

reflects the fact that financial capital has an opportunity cost because it can be spent on other 

investments that could yield returns earlier. Social discounting reflects the different weight 

society places on the welfare of current and future generations. Unlike the opportunity cost 

of capital, which discounts the consumption of goods and services at different points in 

time, the rate of social time preference discounts the welfare of future generations at 

different points time. It is the tension between these two concepts that leads to disagreement 

over the appropriate rate of discount to apply to environmental decisions.  

Abelson and Dalton (2018) conclude that the appropriate social discount rate for 

Australia, for all sectors and all states and territories, is approximately 6.5%, while Zhuang 

et al (2007) consider higher discount rates of 10-12% for developing countries with similar 

socio-economic status to Indonesia. Stern (2007) use a discount rate of 0.001% to estimate 

the optimal global response to climate change by arguing that the welfare of future 

generations should not be discounted at all. De Groot et al. (2013) recommends 

consideration of a negative discount rate reflecting the likelihood that the marginal value of 

ecosystems services and natural capital will increase as supply decreases or demand 

increases. 

For the purposes of research in this Chapter, a wide-range of discount rates were 

selected to allow for the consideration of various economic conditions over time. The four 

discount rates included; a high rate of 12.75%, a moderate rate of 7.3%, a low rate of 4.3% 
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and a negative rate of -2.0%. The high, moderate and low rates were selected based on all-

time highs and lows from the period between 2005-201723 (Trading Economics, 2018). The 

moderate rate was selected based on the average of interest rate in Indonesia during that 

same time period. The negative rate was selected in line with De Groot et al. (2013) 

reflecting a future scenario where landscape conditions continue to degrade, making the 

value of any additional wealth greater.  

5.2.5. Calculating the net present value of each MFLR scenario 

Various stakeholders described in Chapter 4, including rural coastal villagers, local 

and national governments, NGO’s, academia and the private sector ultimately need to 

decide if mangrove forest landscape restoration is worth investing resources in. From an 

economic perspective, the calculation of net present value serves as an effective tool, 

allowing for comparison between alternative landscapes and restoration scenarios based 

upon whether or not the sum of the discounted flow of benefits is greater than the sum of the 

discounted flow of costs.  

For the purposes of this Chapter, the net present value of each restoration scenario is 

calculated by subtracting the NPV of aquaculture from the NPV of the MFLR activities. 

NPV’s greater than zero recommend that restoration is more beneficial than the current land 

use, while NPV’s less than zero suggest that the resources required would be more 

impactful if invested elsewhere.  

Separate spread sheets were constructed in MS Excel to calculate the financial and 

economic NPV for four MFLR scenarios (one in Demak and three in Tanjung Panjang) 

using the equation presented in Section 5.1. 

                                                 
23 2005 was selected as the Indonesian economy normalized post Asian Economic Crisis. 2017 was 
selected based on time of analysis. 
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Total cost of mangrove restoration per hectare (Ct) was calculated by adding 1) 

opportunity cost to fish farmers per hectare over 10 years, to 2) implementation cost and 3) 

transaction cost. Ct was considered as an expenditure (negative value) in year 0 

(immediately prior to implementation). Benefit in time (Bt) (USD ha-1 yr-1) was determined 

for each reference landscape (Bintuni Bay, West Papua, Mimika, Papua and 

Tambakbulusan, Central Java), using financial and economic values as described in 

Section 5.2.3.  

Because restoration performance may be sub-optimal, two functional equivalent 

value coefficients were applied to calculations representing FEV’s of 50% and 75%. Thus, 

at TZ+25 years, only 50% and 75% of the potential financial or economic value could be 

realized as a result of MFLR. Additionally, because mangrove values are attained 

incrementally, FEV coefficients built towards 50% and 75% in a logarithmic manner from 

TZ+1 year.  

Four social discount rates were used in performing the calculations; 12.75%, 7.3%, 

4.3% and -2.0%, representing a range of predicted economic conditions and societal 

preferences. 

The use of 2 benefit values (financial and economic), two functional equivalent 

values (50% and 75%), and four social discount rates resulted in 16 different NPV 

calculations for the single MFLR scenario in Demak and 48 NPV values for the three 

MFLR scenarios in Tanjung Panjang. Full calculations are presented in Appendix 4b, 

Appendix Tables 4.1 – 4.8. The comparison of these resultant NPV values derived using 

differing levels of benefit, restoration performance and social discount rates serves as the 

key result of this chapter and provides the basis for discussion of MFLR costs and benefits 

presented in Section 5.5. 
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Table 5.4 Summary of methods for cost and benefit data collection and analysis using the approach adopted from ROAM. 
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5.3. Results 

Economic analysis of the impacts of various MFLR scenarios allows decision 

makers to assess the feasibility of restoration as a pre-requisite to investment by 

governments, the private sector and individual stakeholders.  

The costs of each MFLR scenario in Tanjung Panjang and Demak (5.3.1) and the 

benefits to stakeholders proxied by the value of reference mangrove systems (5.3.2) are 

presented below and used to calculate net present value of each MFLR scenario over a 25-

year time horizon (5.3.3). The determination of NPV for each landscape serves as the main 

finding of this chapter giving rise to discussion of financial and economic factors impeding 

the implementation of MFLR in discussion Section 5.4.3. 

5.3.1. Costs 

Restoring degraded and deforested mangrove landscapes requires various inputs 

including labor, materials, and time. Costs are incurred both directly through the physical 

process of restoration and indirectly through foregone production, negotiation and planning 

processes. The costs of four MFLR scenarios for Demak (1) and Tanjung Panjang (3) are 

broken down into opportunity, transaction and implementation costs and presented below in 

sub-Sections 5.3.1.1–5.3.1.3.  

5.3.1.1. Opportunity Costs 

Opportunity costs were calculated from median net benefit to fish farmers operating 

in the two candidate restoration landscapes. Final values have been depicted as median net 

annual income per hectare per year. Key results are presented below in Table 5.5.  
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Table 5.5. Opportunity costs to 66 fish farmers in Demak and Tanjung Panjang represented 
as median net income ha-1yr-1 and whole farm yr-1. Upper and lower ranges of net profit and 
loss on the whole farm scale are also presented. 

Landscape Respondents Mean 
pond 
size 
(ha) 

Median  
net income per 
farmer  
(USD ha-1 yr-1) 

Median net 
income24 / 
whole farm yr-1  

(USD ha-1 yr-1) 

Range of net profit 
whole farm 
(USD y-1) 

Demak 54 2.7 $177 (61) $478 (156) $2,078-4,096  

Tanjung 
Panjang 

12 32.1 $945 (324) $14,074 
(15,631) 

$1,178-169,254  

When comparing the economic performance of aquaculture in the two landscapes 

median net income (USD ha -1 yr -1) is more than 5 times higher in Tanjung Panjang than 

Demak. This difference increases at the whole farm level due to the large mean size of fish 

farms in Tanjung Panjang (32.1 ha) compared to Demak (2.7 ha). The lucrative nature of 

aquaculture in Tanjung Panjang (median value = USD 14,074 farm-1 yr-1) is noteworthy and 

runs counter to reports of widespread pond disuse and abandonment in Indonesia (Bosma et 

al., 2012; Proisy et al., 2018). The upper range of net whole farm profit in Tanjung Panjang 

(USD 169,254 yr-1) is noteworthy as it relates to the future need to offset opportunity costs 

through some form of compensation. It is also notable that in Demak, 13 of 41 (24%) 

farmers reported net loss of income from fish farming, while no farmers reported net loss in 

Tanjung Panjang.  

High profitability of aquaculture in Tanjung Panjang serves to disincentivize fish 

farmers from supporting mangrove restoration, necessitating investment in alternative 

livelihood and compensation to enable mangrove restoration and avoid conflict. There is 

also significant concern by national stakeholders that failure to adequately address issues of 

opportunity cost to fish farmers may result in continued transmigration to undisturbed 

                                                 
24 Median net income/ha * actual farm size 
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mangrove landscapes; a form of leakage threatening finance options for restoration, and 

national greenhouse gas emissions reduction targets (Locatelli et al., 2014).  

Lower opportunity costs in Demak have enabled successful negotiations between the 

Building with Nature project and local community fish farmers to undertake mangrove 

restoration in unproductive, disused and vulnerable ponds, albeit at a modest scale 

(40.7 ha25) compared to potential restoration area across the landscape (11,620 ha26). 

5.3.1.2. Transaction costs 

Transaction costs selected for this study used proximate, analogous, integrated 

mangrove management projects which consider costs of requisite supporting activities such 

as community organizing, coordination with government and investment in livelihoods 

which help ensure the long-term sustainability of the effort (Crooks et al., 2015; Sayer et al., 

2013).  

Stakeholders from Demak and Tanjung Panjang identified eleven (11) integrated 

mangrove management projects involving mangrove restoration between 2003-2017 in 

Indonesia. Two projects were selected for the calculation of transaction costs due to 

proximity with Demak and/or Tanjung Panjang, comparable scale of mangrove restoration 

and willingness to share data. The implementation cost of mangrove restoration (Section 

5.3.3) was subtracted from total project cost to calculate transaction cost. Table 5.6 presents 

total transaction costs and supplemental information for the two reference projects. 

                                                 
25 Total area of ponds stakeholders identified for mangrove restoration, not including 9.9 ha of 
mangrove restoration opportunity due to construction of permeable dams. 
26 12,600 ha of historical mangrove coverage minus 980 ha of present-day mangroves (Rahadian, 
2016). 
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Table 5.6. Total transaction cost (USD) of two reference landscape scale mangrove 
restoration projects in Indonesia. Also reported are landscape, lead institution, scope, 
restoration technique, supporting activities and time-frame. 

Landscape Project Name, 
Lead 
Organization, 
Lead 
Practitioners  

Scope 
(ha) 

Restoration 
techniques 

Supporting 
Activities 

Time-
frame 

Total 
transaction 
cost  
(USD) 

Demak, 
Central 
Java 

Building with 
Nature, Eco-
Shape, Wetlands 
International 
Indonesia 

110 Fill and regrade, 
cut and regrade, 
experimental 
erosion control 

Livelihoods 2015-
2019 

2,869,751 

Tanakeke 
Island, 
South 
Sulawesi 

Restoring 
Coastal 
Livelihood, 
OXFAM, Blue-
Forests 

535 Hydrological 
restoration 
(strategic 
breaching, tidal 
channel creation) 
with planting and 
propagule 
dispersal  

Livelihoods, 
gender equity, 
governance, 
environmental 
education 

2010 - 
2015 

7,377,941 

This study did not consider lower transaction costs of annual planting only projects, 

due to reported failure of this approach (Lewis III and Gilmore, 2007; Primavera and 

Esteban, 2008). The relatively high-cost of integrated mangrove management projects 

selected raises the total cost of MFLR, which disproportionately impacts smaller-scale 

restoration projects, unable to benefit from economies of scale.  

5.3.1.3. Implementation costs 

During restoration opportunity mapping workshops, stakeholders recommended four 

techniques in Demak and three techniques in Tanjung Panjang (Chapter 4, Section 4.8) 

which are revisited in Table 5.7. 
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Table 5.7. Restoration methods selected during multi-stakeholder workshops for Demak and 
Tanjung Panjang landscapes. 

Site Method Description 

Demak D1 Fill and regrade  Major fill project using riverine sediment dredge from 
nearby rivers; excavator and barge system. 

 D2 Fill and regrade with 
sediment retention 

Fill and regrade as described above, with placement of geo-
textile tube for temporary sediment retention. 

 D3 Cut and regrade  Pond dike wall retreat and riparian expansion using cut and 
regrade technique; use of excavator. 

 D4 Permeable dams Construction of permeable dams (t-groins) with bamboo 
and brushwood to promote shoreline sedimentation. 

Tanjung Panjang TP1 Strategic breaching  Strategic breaching of dike walls, tidal channel re-creation. 
 TP2 Fill and regrade  Major fill project demonstrating use of dredged river 

sediment and/or thin-layer sediment spraying using 
hydraulically dredged sediment slurry. 

 TP3 Direct planting  No hydrological amendment 

In Demak, the fill and regrade technique (D1) was recommended for ponds in stable 

setting with cut and regrade (D3) recommended along rivers. Fill and regrade with sediment 

retention (D2) was recommended for ponds in vulnerable settings, augmented by permeable 

dams (D4) to encourage sedimentation further protecting vulnerable ponds.  

Costing for fill and regrade (D1, D2) and cut and regrade (D3) techniques used direct 

market price for dredging, placement and regrade of compacted fill including labour, 

backhoe and barge rental, to achieve an average surface-elevation increase of 31.87 cm per 

hectare27. Costing of method D2 involved the purchase and placement of geo-textile tubes 

and was calculated based on the cost of this method applied in Banten Bay by Wetlands 

International – Indonesia Project (Astra, 2017). Direct costing of the permeable dam method 

(D4) was determined through consultation with Building with Nature project managers, who 

constructed 1.5 km of dams to be maintained for a period of 6-years (Astra, 2017; Ecoshape, 

2017). 

                                                 
27 Based on mean surface elevation deficit calculated in Demak (Chapter 3, Figure 3.2.) 
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Restoration method D1 was applied to 7.2 hectares of ponds considered non-

vulnerable. Method D2 was applied to 14.7 ha of ponds requiring additional sediment 

retention measures. Method D3 was applied in 18.8 ha of ponds slated for riparian setback. 

Method 4 was applied in 1.5 km of coastline, enabling 9.9 ha of mangrove restoration. Cost 

per restoration type for Demak is depicted in Table 5.8.  

Table 5.8. Projected implementation costs of mangrove restoration in Demak. 

Restoration technique Cost/ha (USD) Area (ha) Total Cost (USD) 

D1 857 7.2 6,170 
D2 1257 14.7 18,478 

D3 857 18.8 16,112 
D4 198,104 9.9 1,961,230 

Totals 39,565 50.6 2,001,990 

In Tanjung Panjang, three mangrove restoration methods were selected by 

stakeholders; TP1 strategic breaching of dike walls, TP2 fill and regrade and TP3 direct 

planting of mangroves along dike without hydrological amendment. Costing of method TP1 

(strategic breaching) was based on analogous work from the Restoring Coastal Livelihoods 

project in South Sulawesi. Costing for method TP2 used direct market price for dredging, 

placement and regrade of compacted fill including labour, backhoe and barge rental, to 

achieve an average surface elevation increase of 3 cm per hectare (Chapter 4) and tidal 

drainage creeks in ponds and riparian setback zones. Costing of restoration method TP3 

(direct planting) was calculated by averaging planting costs from the IUCN - SUSCLAM 

project (SUSCLAM, 2012) and government planting efforts.  

Costs per hectare for each mangrove restoration technique were multiplied by 

restoration area determined by stakeholders during opportunity mapping workshops 

(Chapter 4). The results are summarized in Table 5.9.  
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Table 5.9. Projected implementation costs of mangrove restoration in Tanjung Panjang, 
Gorontalo. 

Restoration 
scenario 

Method Cost/ha 
(USD) 

Area (ha) Total Cost 
(USD) 

Cost/ha 
(USD) 

Scenario I: 
Conservative 
Restoration  

TP1 strategic breaching 85428 0 0 

714 
TP2 Fill and re-grade 109929 83 91,217 
TP3 direct planting 77 49 3773 
Scenario I Total  133 94,990 

Scenario II: 
Moderate 
Restoration 

TP1 strategic breaching 854 396 338,184 

855 
TP2 Fill and re-grade 1099 399 438,501 
TP3 direct planting 77 47 3619 
Scenario II Total  842 720,304 

Scenario III: 
Expansive 
Restoration 

TP1 strategic breaching 854 2047 1,748,138 

879 
TP2 Fill and re-grade 1099 399 438,501 
TP3 direct planting 77 47 3619 
Scenario III Total  2493 2,190,258 

Ultimately, implementation costs per hectare were calculated in each landscape by 

dividing total implementation cost for all restoration method by total restoration area. In 

Demak this amounted to an average implementation cost of USD 39,565/ha. In Tanjung 

Panjang implementation costs/ha were calculated for each restoration scenario; 1) 

conservative restoration (USD 714/ha), 2) moderate restoration (USD 855/ha), and 3) 

expansive restoration (USD 879/ha).  

The implementation costs of direct planting alone are low, but require caution in site 

selection as planting cannot overcome disturbance factors preventing natural secondary 

succession (Lewis III, 2009; Lewis III and Gilmore, 2007). What is more, direct planting is 

not an allowable activity in the Tanjung Panjang Strict Nature Reserve, which maintains 

management regulations requiring only ecological restoration to repair degraded forests 

(Bahsoan et al., 2014).  

                                                 
28 From Restoring Coastal Livelihoods (RCL) project (Nurdin, 2012) 
29 Fill = US $699/ha, re-grading and tidal channel creation = US $400/ha 
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Implementation costs for hydrological restoration and excavation/fill projects 

ranging from USD 854-1257 ha-1 across the two landscapes fell into the lower range of 

globally available estimates (USD 211 - 1,065,022 ha-1) for mangrove restoration (Adame et 

al., 2015; Bayraktarov et al., 2016; Brown et al., 2014a; Lewis III, 2001; Spurgeon, 1999; 

Turek, 2015).  

Consistent with findings from Narayan et al. (2016), implementation costs for 

experimental erosion control in Demak were extremely high (USD 198,104 ha-1yr-1) due to 

the demonstrated need to entirely re-construct permeable dams annually over the life of the 

project (Ecoshape, 2017; van Wesenbeeck, 2016). Although the high cost of dam re-

construction skewed implementation cost in Demak, it underscores the experimental nature 

of erosion control projects which require continued research and development and 

potentially integration with additional coastal protection measures before being applied at 

scale in vulnerable shorelines in Indonesia.  

Altogether, continued implementation of landscape scale mangrove restoration in 

Indonesia will serve to refine costings that will be of great interest to decision-makers, 

investors, and practitioners alike. 

5.3.2. Value of analogue mangrove landscapes 

The calculation of expected post-restoration benefits to individuals and society is 

crucial to inform restoration decision-making and investments. Financial and economic 

ecosystem values used to proxy individual and societal benefit were derived from 

landscapes serving as analogues for post-restoration condition. Bintuni Bay, West Papua 

and Mimika, Papua served as analogues for the Tanjung Panjang landscape while 

Tambakbulusan, Demak served as an analogue for the whole Demak landscape.  
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Table 5.10. Annual financial and economic values calculated per hectare (enterprise scale) 
and whole landscape scales in the reference mangrove landscapes in Papua. Data is 
adapted from Smith et al. (2020). 

Landscape Area 
(Ha) 

Financial value 
Landscape 
scale (USD y-1) 

Financial value 
Enterprise scale 
(USD ha-1 y-1) 

Economic value 
Landscape scale  
(USD y-1) 

Economic value 
Enterprise scale 
 (USD ha-1 y-1) 

Bintuni Bay 239,000 $91,036,463 $381 $7,245,707,507 $30,316 

Mimika 243,703 $26,920,145 $110 $5,011,942,795 $20,565 

Mean    $246  $25,441 

In the two Papuan landscapes, resultant annual financial and economic values are 

depicted at the landscape and per hectare scale (Table 5.10). Both study areas had extensive 

baseline areas of carbon-rich mangroves. Inclusion of carbon storage benefits in the 

economic analysis drove the significant difference between financial and economic value. 

Economic analysis in the two Papuan landscapes did not include additional ecosystem 

service benefits from mangroves such as wave or storm remediation or buffering of 

salinization due to their low incidence in the two study landscapes. 

For the purposes of calculating benefit of restoration to stakeholders, the annual 

economic value per hectare averaged between Bintuni Bay and Mimika (USD 25,441/ha) 

will be used to determine a net present value in Section 5.3.3.  

Table 5.11. Major direct and indirect mangrove ecosystem values in Tambakbulusan, 
Demak (Lugas, 2017) used to calculate Financial Value (direct values only) and Economic 
Value (total of direct and indirect values). 

Type of Value Goods & Services Value (USD ha-1yr-1) Source 

Direct Mangrove timber 166 (Hakim, 2017) 

Mangrove related fisheries 1,896 (Hakim, 2017) 

 (Financial Value) 2,062  

Indirect Flood control and erosion prevention 2,667 (Hakim, 2017) 

Carbon value (avoided CO2 
emissions) 

5,458 (Martuti et al., 
2017) 

 (Economic Value) 10,187  

Values for Demak (Table 5.11) were reported by Lugas (Hakim, 2017) who 

measured four major direct and indirect values in Tambakbulusan, Demak a stable-state 
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mangrove-aquaculture agroecosystem. Lugas (2017) determined fisheries value by 

interviewing 40 fishers catching 14 species of mangrove-related fish and related aquatic 

organisms, resulting in a total value of USD 1896.30 ha-1yr-1 using an economic cost-benefit 

analysis (ECBA) and market price approach. The second major direct use value was timber, 

which was also calculated using an ECBA /market price approach resulting in a value of 

USD 165.61 ha-1yr-1. 

With regards to indirect costs, the value of three ecosystem services were calculated 

using a benefit-transfer method. These three services included flood control, coastal erosion 

prevention and fisheries nursery value. Flood control and coastal erosion prevention were 

calculated together by determining the cost of damage to settlements, aquaculture and 

agriculture which are the three, major land-uses in the region. Fisheries nursery value was 

calculated by Hakim (2017) but has been removed to avoid issues of double-counting as 

fisheries value was also determined during fisherfolk surveys. In place of fisheries nursery 

value, carbon value was developed based on data from Martuti et al., (2017) and the average 

carbon reserve price at 2016 auctions determined by the Regional Greenhouse Gas Initiative 

(RGGI, 2016).  

Economic values of USD 10,187 ha-1 yr-1 in Tambakbulusan, Demak and USD 

25,441 ha-1yr-1 in Bintuni Bay, West Papua and Mimika, Papua fell well within the lower 

range of values reported for the region (USD 6,600 – 200,000 ha-1yr-1) (Barbier, 2007; 

Barbier et al., 2011; Brugère et al., 2008; Costanza et al., 1997; De Groot et al., 2013; 

Ranasinghe and Kallesoe, 2006; Ronnback, 1999). The combined financial values for 

fisheries and timber products in Demak (USD 2,062 ha-1yr-1) were considerably higher than 

those in Papua (USD 246 ha-1yr-1). The low financial value of Papuan mangroves is likely 

due to low population and remoteness of markets, coupled with the vastness of terrestrial 
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forest resources resulting in a low per hectare value (Smith et al., 2020), despite a high 

intrinsic productivity (Sasmito et al. 2020).  

Both financial and economic values will be used to calculate net present value in 

Section 5.3.3 below. 

5.3.3. Net present value of MFLR over 25-years 

Net present value was calculated for each restoration scenario in Tanjung Panjang 

(3) and Demak (1), using four social discount rates (SDR = 12.75%, 7.3%, 4.3% and -2.0%) 

and two levels of restoration performance (50% and 75%) reported as functional equivalent 

values30 (FEV’s). NPV was calculated using both average financial and economic values 

resulting in 16 scenarios in Demak and 48 scenarios in Tanjung Panjang. Resulting 

economic NPV calculations are presented in Figure 5.1 with financial NPV depicted in 

Figure 5.2. 

The economic net present value (NPV-E) in Demak was mostly negative across 

social discount rates and functional equivalent values with the exception of negative SDR’s 

at both 50% and 75% FEV. Although the economic value of mangrove restoration is 

relatively high (USD 25,441 ha-1yr-1) negative NPV’s were largely driven by the high cost 

of restoration. This high restoration cost itself resulted from high transaction costs due to 

low restoration opportunity (50.6 ha), and the extremely high cost of experimental erosion 

control due to the annual reconstruction of permeable dams throughout the life of the 

project. 

                                                 
30 Function equivalent value is expressed as a percentage of overall mangrove ecosystem value, 
based growth algorithms developed by Inoue et al, 1999. 
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The financial NPV (NPV-F) in Demak was negative across all SDR’s and FEV’s 

due to the relatively low financial value of mangroves (USD 2,062 ha-1yr-1) coupled again 

with high restoration costs in a landscape with extremely low MFLR opportunity.  

 

Figure 5.1. Economic NPV of mangrove restoration scenarios in Demak and Tanjung 
Panjang at four social discount rates and two levels of restoration performance. 

 

Figure 5.2. Financial NPV of mangrove restoration scenarios in Demak and Tanjung 
Panjang at four social discount rates and two levels of restoration performance. 
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The value proposition of mangrove restoration in Tanjung Panjang is more nuanced, 

as Tanjung Panjang has three restoration scenarios which differ in scope. The smaller, 

conservative restoration scenario proved less expensive per hectare than larger scenarios, 

due to the application of low-cost mangrove planting to a portion of the landscape. 

However, as mangrove planting in the Tanjung Panjang Nature Reserve violates current 

policy, scenarios II (moderate restoration) and III (expansive restoration) offer more realistic 

cost estimates of MFLR. 

Five of the eight NPV-E values for the conservative MFLR scenario (113 ha) in 

Tanjung Panjang were positive. Three negative NPV’s occurred at the highest SDR’s 

(12.75%) across both FEV’s and at the second highest SDR (8.7%) coupled with the low 

FEV (50%). These negative results reflect the relative high cost of restoration as the 

conservative scenario is unable to capitalize on economies of scale at high interest rates and 

low restoration performance. 

Economic NPV’s for both medium (842 ha) and full (2492 ha) MFLR scenarios 

were positive across all SDR’s and FEV’s due to high economic value of mangroves 

(25,441 ha-1yr-1) and lower costs of restoration enabled through economy of scale. 

Financial NPV’s in Tanjung Panjang were negative across all MFLR scenarios at all 

SDR’s and FEV’s due to the low financial value of mangroves in remote areas such as 

Papua and Gorontalo. The fact that the expansive restoration scenario, regardless of 

economies of scale, did not produce a net positive NPV, underscores the argument that 

benefits from direct mangrove use alone may not sufficiently incentivise mangrove 

restoration.  

Ultimately only 23 out of 64 NPV calculations resulted in positive returns from 

MFLR, with 41 of 64 negative NPV outcomes. Without running additional sensitivity 
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analyses based on variable values for inputs such as carbon price, it is already clear that 

significant economic and financial barriers exist impeding MFLR opportunity. This finding 

coincides with the results of Chapter 4, in which social restoration opportunity was also 

relatively low across landscapes, ranging from 2.5-47.0% in TP and 0.4% in Demak. The 

congruency of low social interest in restoration and predominantly negative NPV of MFLR 

emphasizes the need for investment in assessing, understanding and devising strategies to 

overcome social and economic barriers to MFLR as opposed to the current focus on 

biophysical restoration opportunity (Lovelock and Brown, 2019; Worthington and Spalding, 

2018). 

In summary, if extra-market environmental services such as carbon sequestration 

and coastal protection are not considered, restoration had a lower NPV than current use in 

both landscapes regardless of discount rate or restoration performance. When extra-market 

environmental services are considered, mangrove restoration is more valuable than current 

use in Tanjung Panjang under most scenarios, despite high opportunity and transaction 

costs. In the Demak landscape, the NPV of restoration is not worth more than current use.  

5.4. Discussion 

Mangrove forest landscape restoration decisions should be based on a wide variety 

of criteria, including economic analysis. Typically, economic variables are not considered in 

restoration feasibility studies or economic data are not available. In this study, 

environmental data, stakeholder preferences and priorities and state policies were integrated 

in a detailed cost-benefit analysis. By using relevant costing data and estimates of the 

benefits of MFLR, restoration decision makers are able to prioritise investments and 

conduct trade-off analysis with confidence (Daw et al., 2015; Huxham et al., 2015).  
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Calculation of 64 NPV scenarios across both research landscapes resulted in twice as 

many negative scenarios impeding restoration as positive ones. Examination of the variables 

which contributed to these largely negative NPV’s, reveals financial and economic gaps and 

barriers which impede MFLR. These barriers fortify and, in some cases, overlap with social, 

economic and policy barriers identified in Chapter 4. 

The first prominent factor is opportunity cost to current fish farmers which validates 

the findings of qualitative content analysis of fish farmer interviews in Chapter 4. In 

Tanjung Panjang especially, where aquaculture is productive and lucrative, the need to 

offset substantial positive income streams serves as a firm barrier to MFLR. As reduction of 

these opportunity costs is not possible, overcoming this barrier will require negotiation of an 

acceptable level of compensation to fish farmers and possibly identification of congruent 

livelihood alternatives to reduce the risk of leakage.  

A ten-year period was selected to calculate opportunity costs in both landscapes 

based on the maximum life-span of aquaculture ponds reported in the literature (Bosma et 

al., 2012; Proisy et al., 2018). However, it should be noted that numerous fish farmers in 

Tanjung Panjang have been successfully raising milkfish for up to 20 years since initial 

landscape conversion, due in part to conducive underlying geology and water quality 

(Bahsoan et al., 2014). Landscape specific calculations may be required to better inform 

negotiations in landscapes such as Tanjung Panjang. 

Implementation costs were situationally found to serve as a barrier or enabling 

factor. The extremely high cost of erosion control attempts in Demak due to the need to 

reconstruct permeable dams annually was largely responsible for negative financial and 

economic NPV’s in that landscape. High implementation costs in this setting underscore the 

experimental nature of erosion control as a restoration technique (Lewis III, 2016) which 
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serves as a gap for practitioners and a barrier to the implementation of MFLR in eroding and 

subsiding shorelines.  

However, in stable geomorphic settings, the moderate cost of hydrological mangrove 

restoration techniques such as strategic dike wall breaching or fill and regrade may serve as 

enabling factors for MFLR, especially when practitioners are able to capitalize on 

economies of scale. The low-cost of direct planting is somewhat enigmatic, incentivizing 

this straight forward technique. However, when one considers the poor global track record 

of direct planting projects (Lewis III et al., 2019; Primavera and Esteban, 2008; Wodehouse 

and Rayment, 2019) low-cost planting serves as a perverse barrier to MFLR. 

High transaction costs reflected the expense of stakeholder engagement and the 

implementation of supporting activities such as livelihoods development and governance 

which are components of integrated mangrove management programs. High transaction 

costs serve as a barrier in landscapes such as Demak where restoration opportunity is low, 

and economies of scale are not accessible. This barrier is exacerbated in situations where 

financiers of restoration (e.g. private sector interested in carbon credits) are unwilling to pay 

for what may be considered extraneous costs (Friess et al., 2016; Smith et al., 2020; 

Vanderklift et al., 2019). 

On the benefit side of the equation, two important barriers emerge related to access 

to the future benefits of MFLR and the gap between economic and financial values of 

mangroves. Issues around access to the future benefit of mangrove restoration are prominent 

in the literature (Adams et al., 2016; Kusumanto, 2005; Mansourian, 2017; McLain et al., 

2018) and were especially notable in the Tanjung Panjang landscape where all active fish 

farmers are transmigrants from South Sulawesi, without formal tenure over mangrove areas 

or ownership of land. This poses issues not only in terms of access to the future benefits of 
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MFLR but also difficulty in identifying viable sustainable livelihood alternatives, especially 

land-based activities.  

In Demak, local communities have both formal and informal ownership of mangrove 

and hinterland areas and a more secure claim to the future benefits of MFLR. In this case, 

various factors may contribute to lack of community interest in mangrove restoration, 

including lack of perceived value of mangrove resources. 

This consideration leads us to the gap between the financial (USD 246 – 2062 ha-1yr-

1) and economic (USD 10,167- 25,441 ha-1yr-1) mangrove value in the two landscapes 

serving as in important barrier to MFLR. It is this gap between benefit to individuals (first-

hand resource users, enterprises, investors) and society at-large which incentives 

privatization and conversion of mangrove landscapes versus conservation and sustainable 

utilization as a public-commons (Dietz et al., 2003; Smith et al., 2020). This point is crucial 

not only in understanding the value proposition of restoration to stakeholders such as first-

hand coastal resource users, but also potentially the reason for the initial conversion of 

mangroves to aquaculture.  

At this point, there is a need to acknowledge the likelihood that the restoration 

values may be underestimated. This is in part due to the incomplete nature of mangrove 

ecosystem valuation which could be improved by accounting for mangrove habitat values to 

fisheries and wildlife, biodiversity, coastal protection and including subsidence where 

mangroves are lost. Plus there are intrinsic values to be considered, such as the existence of 

mangroves, their education value or their cultural value (Ranasinghe and Kallesoe, 2006). 

Ultimately, the calculation of NPV in the two landscapes reveals that the onus of 

financing restoration is at a societal scale rather than an individual scale. This finding is 

supported when considering the current global trend of monetizing select ecosystem 
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services, especially the sequestration and storage of carbon for which market values now 

exists (Cameron et al., 2019b; Smith et al., 2020).  

Current political impediments in Indonesia including lack of a carbon project 

registry and, confusion over contribution of voluntary carbon finance to NDC’s31, concerns 

over potential double counting and lack of openness, inability to enforce boundaries due to 

corruption, issues over equitable benefit sharing and lack of a solid plan for community 

participation have resulted in bottlenecks preventing the approval of carbon finance in 

mangrove systems (Enrici and Hubacek, 2018; Idrus, 2016; Murdiyarso et al., 2018). This 

issue plagues not only Indonesia, but is common world-wide where only a handful of 

mangrove carbon projects have become “bankable” (Huxham et al., 2015; Locatelli et al., 

2014). 

While improvements need to be made in the governance of carbon finance and 

related payment for ecosystem service ventures, there is also a need to increase the financial 

value of mangrove goods to incentivize direct use of whole mangrove ecosystems and 

reduce the risk of landscape conversion (Tantra, 2016).  

5.5. Conclusion 

This study will inform decision making around trade-offs between development 

scenarios. By acknowledging the uncertainties and contextual nature of any valuation, this 

analysis shows that the discounted economic value (direct and indirect benefits) of 

mangrove forest landscape restoration over a 25-year period outweighed the cost of 

restoration under most scenarios in Tanjung Panjang, but not in Demak. The analysis further 

showed that the discounted financial value (direct benefits) of MFLR did not outweigh the 

                                                 
31 Nationally determined contributions to greenhouse gas emissions reductions. Indonesia is 
committed to 29% reduction in GHG emissions by 2030 and 41% reduction with international 
assistance. 
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costs of restoration over the same time period in either landscape. When only considering 

direct use of future mangroves, the value of current aquaculture management outweighs 

mangrove restoration in both stable and vulnerable, degraded mangrove landscapes alike.  

This finding underscores the importance of incentivizing land-users to support 

mangrove restoration using additional financial mechanisms, such as the provision of 

compensation and the development of congruent livelihood alternatives. These findings also 

place the onus of restoration on society, who benefits from economic value, rather than first-

hand resource users or other individual beneficiaries who benefit from financial value.  

In addition to the differential impact of economic versus financial values on the 

analysis, several other factors contributed to both positive and negative outcomes. From a 

cost perspective, it is important that MFLR opportunity be of sufficient scope to capitalize 

on economies of scale. The cost of implementing hydrological mangrove restoration is 

relatively low, and high project transaction costs can be remediated where restoration 

opportunity is high. Conversely the exorbitantly high implementation cost of experimental 

erosion control in Demak drove negative NPV’s. 

Ultimately, the research revealed several important gaps and barriers to successful 

MFLR. The most significant gap being that between the economic and financial values of 

mangrove systems, which can be remedied by increasing financial opportunities resultant 

from MFLR and sustainable utilization of mangrove resources, as well as overcoming 

current barriers to the capitalization of ecosystem services. In terms of barrier, the inability 

to capitalize on economies of scale related to low stakeholder willingness to undertake 

MFLR underscores the interconnectedness between social, economic and policy factors, and 

their considerable influence on MFLR opportunity.  
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Chapter 6. General Discussion and Conclusion 

6.1. Introduction 

It is an unfortunate paradox that Indonesia maintains both the world’s largest area of 

mangroves (Giri et al., 2011; Indonesian Ministry of Environment and Forestry, 2017) as 

well as the largest area of degraded and deforested mangrove (Indonesian Ministry of 

Environment and Forestry, 2017; Strong and Minnemeyer, 2015). Recent policy mandates 

to restore all of Indonesia’s degraded and deforested mangroves (Herawati, 2018) have 

failed to address the poor historical track record of mangrove restoration both in Indonesia 

and worldwide (Kodikara et al., 2017; Primavera and Esteban, 2008; Sidiq, 2016; 

Thompson, 2018). Improved performance of mangrove restoration requires improved 

assessment of restoration opportunity across multi-disciplines and assessing multiple factors 

(Lewis III and Brown, 2014).  

This PhD thesis has addressed knowledge and management gaps by applying a 

multi-disciplinary mangrove restoration assessment methodology to evaluate enabling 

factors and barriers determining the scope of restoration opportunity in two degraded and 

deforested mangrove landscapes in Indonesia. The study was guided by the following four 

research objectives and associated research questions (Chapter 1, Table 1.4); 

 Research Objective 1: To determine the scope of biophysical MFLR 

opportunity in focal landscapes based on the state of key biophysical factors 

influencing restoration and the capacity of mangrove restoration practitioners to 

capitalise on enabling factors and overcome barriers to achieve MFLR. 

 Research Objective 2: To refine the scope of MFLR opportunity by 

considering social, economic and policy factors controlling stakeholder attitudes 
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towards mangrove restoration and to identify social barriers to be resolved to 

successfully implement MFLR in the research landscapes. 

 Research Objective 3: To calculate the economic costs and benefits of potential 

mangrove forest landscape restoration scenarios identified in opportunity maps. 

 Research Objective 4: To integrate findings from objectives 1-3 for each 

landscape to develop a system-state, threshold and restoration option model to 

inform future research and decision making around mangrove restoration site 

selection and approaches. 

Chapter 1 introduced the concept of mangrove forest landscape restoration and its 

need in Indonesia. This was followed by a discussion of mangrove forest landscapes as 

social-ecological systems controlled by a variety of biophysical, social economic and 

political factors. Resilience theory was introduced by describing the process by which 

controlling factors push the landscape over one or more thresholds, degrading their function 

and their value. The system-state of each degraded or deforested mangrove landscape 

dictates the viability and degree of effort required to restore, rehabilitate, enhance or 

intentionally transform the landscape, which was presented as a restoration option model in 

Figure 1.5. 

Chapter 2 provided detailed information about research approach, research methods 

and site selection. In addressing the research objectives an adapted ROAM process (IUCN 

and WRI, 2014) was applied using a mixed-methods approach combining multiple 

disciplines and a combination of ‘best-science’ and ‘best-knowledge.’ Best-science included 

field-based research into past mangrove restoration performance, biophysical factors 

limiting natural secondary succession of mangroves, and cost-benefit analysis of identified 

restoration options.  Best-knowledge was obtained through interviews with key informants 

and a series of three multi-stakeholder workshops in each landscape. Twelve landscapes 
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were assessed based on their system state, leading to the selection of Demak and Tanjung 

Panjang as representative deforested mangrove landscapes and candidates for restoration. 

The two landscapes selected were representative of biophysical, social, economic and 

political drivers found in Indonesian mangrove landscapes. 

The results in Chapters, 3, 4, and 5, focused on different knowledge and science 

contributing to MFLR opportunity summarised in Section 6.2, below. Chapter 3 determined 

the biophysical feasibility of MFLR by considering key factors (vegetation, surface 

elevation and landscape modifications) enabling or impeding restoration contextualised by 

practitioner capacity to implement known restoration techniques to overcome existing 

identified biophysical barriers. Chapter 4 detailed proceedings and outcomes from a series 

of three multi-stakeholder workshops in each landscape, which focused on social, policy and 

governance factors underscoring restoration opportunity. Alternate restoration scenarios 

were developed by workshop participants depicting the scope of MFLR opportunity 

constricted by landscape specific “social” barriers. Chapter 5 determined the economic net 

present value of MFLR for each scenario developed in Chapter 4, based on actual costs of 

restoration determined through stakeholder interviews and surveys with current land-users, 

as well as ecosystem valuations of selected reference mangrove forests. 

Section 6.2 of this concluding chapter presents a summary of the main findings and 

conclusions from the key results chapters (3, 4 and 5). Section 6.3 revisits the system-state, 

threshold and restoration option model presented in Chapter 1 which depicted six restoration 

options based on mangrove system-state, the dynamics of controlling factors and the nature 

and position of thresholds. In this section, the restoration option model is configured based 

on the empirical findings of the assessment of restoration opportunity in Tanjung Panjang 

and Demak, presenting definitive restoration approach options for each landscape. Section 

6.4 considers the implications of the research on mangrove forest landscape restoration, and 
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future directions of mangrove restoration research, policy and practice both in Indonesia and 

globally before concluding this thesis in Section 6.5 with some closing remarks. 

6.2. Summary of results 

In Chapter 3 biophysical MFLR opportunity was calculated by first considering the 

state of three key biogeomorphological factors (vegetative diversity, surface elevation and 

landscape modifications) enabling or impeding mangrove restoration in the Tanjung 

Panjang and Demak landscapes. Chapter 3 also considered the capacity of local practitioners 

to overcome biogeomorphological barriers allowing for the estimation of biophysical 

restoration opportunity. 

Measurement and analysis of biogeomorphological factors in Tanjung Panjang 

revealed a high degree of remanent floral diversity, adequate surface elevation for mangrove 

recruitment, and few landscape modifications. Mangrove restoration practitioners in 

Indonesia have demonstrated the ability to capitalise upon these enabling factors and 

overcome barriers through application of eco-hydrological rehabilitation techniques. 

Biophysical restoration opportunity in Tanjung Panjang was determined to be 5,304 ha, or 

100% of the deforested landscape. This total was benchmarked with calculations using the 

global biophysical restoration opportunity tool (Worthington and Spalding, 2018) developed 

by IUCN and TNC to provide rapid estimations of mangrove restoration opportunity. My 

findings in Tanjung Panjang were more than two times greater than those calculated with 

the global tool which shows 2,314 ha of restoration opportunity (Figure 6.1 <a>). 
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Figure 6.1. Three estimates of MFLR opportunity in Demak and Tanjung Panjang 
landscapes; a) application of online global biophysical restoration opportunity tool 
(Worthington and Spalding, 2018), b) assessment of three biogeomorphological factors and 
capacity of local mangrove restoration practitioners (from Chapter 3), and c) restoration 
opportunity maps developed by multi-stakeholder groups during ROAM series-II workshops 
(from Chapter 4). 

In Demak analysis of biophysical factors influencing restoration opportunity 

revealed lower levels of vegetative diversity, a surface elevation deficit of 33 cm, and seven 

landscape modifications driving the system across four thresholds inhibiting mangrove 

recovery. Restoration practitioners in Indonesia have the ability to overcome 

biogeomorphological barriers in 84% of the former mangrove landscape but are currently 

unable to overcome these barriers in the Sayung portion of the landscape which suffers from 

severe subsidence and erosion. As such it was estimated that 10,538 ha (Figure 6.1 <b>) of 

the total 12,600 ha of former mangroves can be restored using known techniques. This 

finding conflicts with calculations using the global biophysical restoration opportunity tool 

which calculated only 118 ha of restoration opportunity (Figure 6.1 <a>). The reasons for 

this discrepancy are discussed in greater detail in Section 6.3.1 below.  

To summarise, from a biophysical perspective restoration opportunity in both 

landscapes is high, totalling 100% and 84% of historical mangrove coverage, as Indonesian 
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practitioners have the capacity to build on existing restoration capital and overcome barriers 

across both landscapes with the exception of the highly erosive and subsiding Sayung 

district in Demak. 

Chapter 4 applied a mixed-methods approach to determine restoration opportunity 

by considering the social, economic and political factors that influence stakeholder 

willingness. This built upon biophysical restoration opportunity determined in Chapter 3. 

Three restoration opportunity maps were developed by stakeholders in Tanjung Panjang 

including a conservative scenario (133 ha of restoration totalling 2.5% of the converted 

landscape), a moderate scenario (842 ha totalling 15.9% of the converted landscape) and an 

expansive scenario (2492 ha totalling 47.0% of the converted landscape). These three 

scenarios aligned to fish-farmer, NGO and academic, and government interests respectively. 

Upon completion of the assessment, private sector finance was offered to implement the 

expansive scenario, yet stakeholders rejected the offer for fear of exacerbating conflict 

between fish farmers and government. Thus, the moderate scenario was selected as a more 

accurate representation of restoration opportunity in Tanjung Panjang and shown in Figure 

6.1 <c> depicting restoration opportunity as a composite of biophysical and social 

assessments. 

A single scenario was developed in Demak, totalling a modest 50.6 ha of restoration 

opportunity (Figure 6.1) representing only 0.4% of the landscape’s former mangrove area. It 

was notable in Demak that 270 ha of actively managed ponds were identified for investment 

in infrastructure repair, underscoring stakeholder preferences for continued aquaculture 

management versus mangrove restoration. 

Noting low degrees of restoration opportunity, analysis of qualitative data from fish 

farmer interviews and government extension workers distinguished 15 social, economic and 

political barriers to restoration in Tanjung Panjang and 16 in Demak. Granted that these 
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barriers aligned with factors previously identified in the literature (Adams et al., 2016; 

Hartman and Cleveland, 2014; Kusumanto, 2005; Lovelock and Brown, 2019; Orsi et al., 

2011), this finding underscored that restoration opportunity is limited by a variety of  

landscape-specific social, economic and political factors regardless of biophysical 

opportunity.   

Chapter 5 calculated the net present value (NPV) proposition of each mangrove 

restoration scenario developed in Chapter 4, to understand MFLR opportunity from an 

economic cost-benefit perspective. Calculation of costs included the sum of opportunity 

costs to current land-users (fish farmers), transaction costs, plus the implementation costs of 

mangrove restoration. On the benefit side of the equation, the value of the predicted post-

restoration state of each landscape was calculated based on the value of analogue systems.  

Sixty-four NPV’s were calculated across three restoration scenarios in Tanjung 

Panjang and one scenario in Demak, determining the present-day value of cash spent to 

restore mangroves whose own values will be realised in the future. Of the 64 NPV’s 

calculations, 23 were positive while 41 were negative, showing that in roughly two out of 

three scenarios mangrove restoration was less valuable than current land-use. Several 

reasons led to predominantly negative NPV’s, including high opportunity costs in Tanjung 

Panjang, the low financial value of mangrove forests, high expense of experimental erosion 

control as a required mangrove restoration technique in Demak, and inability to capitalise on 

economies of scale in both landscapes due to low MFLR opportunity. 

In summary, Chapter 3 found that biophysical restoration opportunity was high, 

tempered by social, economic and political factors identified as barriers in Chapter 4 and 

ultimately stakeholder willingness. Chapter 5 determined that the cost-benefit proposition of 

mangrove restoration was negative in 64% of NPV calculations, reinforcing the impact of 

social and economic barriers on MFLR opportunity identified in Chapter 4. 
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6.3. Controlling factors, system-state and thresholds underpinning restoration 

opportunity and options  

This section occurs in two parts; Section 6.3.1. reflects upon the findings of 

restoration opportunity assessment across three filters; biophysical restoration opportunity 

based on global data sets (Worthington and Spalding, 2018), landscape-level biophysical 

restoration opportunity from Chapter 3 and multi-stakeholder restoration opportunity 

mapping from Chapter 4. The implications of these findings are discussed highlighting the 

importance of “human” factors; social, economic and political, in determining MFLR 

opportunity. Section 6.3.2 revisits the system-state, threshold and restoration option model 

introduced in Chapter 1, by depicting its application to the research landscapes and 

considering its application at broader scales.  

6.3.1. Factors underpinning restoration opportunity 

The ability to successfully restore mangrove forests is underscored by the ability to 

accurately assess restoration opportunity (Lewis III and Brown, 2014; Primavera and 

Esteban, 2008). Accurate assessment clarifies the value of key factors which enable or 

impede restoration and helps decision makers identify and prioritise landscapes for 

intervention. To date, assessment of mangrove restoration opportunity has largely focused 

on biophysical factors (Kjerfve, 1990; Van Loon et al., 2016; Worthington and Spalding, 

2018), while failing to consider the important social, economic and political barriers 

(Kusumanto, 2005; Lovelock and Brown, 2019; Mansourian, 2017; McLain et al., 2018; 

Stewart-Sinclair et al., 2020). 

In looking at the MFLR opportunity in Demak and Tanjung Panjang landscapes 

shown in Figure 6.1 there is clear discrepancy in restoration opportunity based on the 

application of three different assessment approaches; the global biophysical restoration 
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opportunity tool introduced in Chapter 2 (Worthington and Spalding, 2018), the landscape-

scale biophysical investigation from Chapter 3, and the results of multi-stakeholder 

restoration opportunity mapping from Chapter 4.  

When applied to Demak and Tanjung Panjang, the global biophysical tool, using 

values across seven biophysical indicators from global data sets, yielded 118 and 2,314 

hectares of restoration opportunity in Demak and Tanjung Panjang respectively (Figure 

6.1<a>). The landscape-scale investigation from Chapter 3 considered three key biophysical 

factors coupled with practitioners’ capacity to overcome biophysical barriers during 

implementation determining restoration opportunity measuring 10,538 and 5,403 hectares 

respectively (Figure 6.1<b>). The discrepancy between findings from the global tool and the 

landscape-scale investigation in Demak can be attributed to the recency bias of the global 

tool which only considers mangrove coverage dating back to 1996.  Because mangrove 

conversion to aquaculture dates back to the late 1800s in Demak (Rahadian, 2016), the 

global tool fails to account for much of Demak’s original mangrove coverage. In Tanjung 

Panjang biophysical restoration opportunity based on the landscape-scale biophysical 

investigation was more than twice the area calculated using the global tool. In this case, the 

discrepancy was due to the use of different landcover maps and consideration of 

practitioners’ ability to overcome biophysical barriers through the application of appropriate 

restoration techniques. 

Consequently, restoration opportunity assessment based on landscape-level 

investigation of biophysical factors and practitioner ability was found to be high, validating 

studies which find mangroves have a high degree of adaptive capacity and restorability 

(Lugo, 1998). However, limitations to restoration opportunity become evident once social, 

economic and political factors are considered, which influence stakeholder willingness to 

undertake restoration. 
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A total of 31 social, economic and political barriers to MFLR were identified in 

Chapter 4 (Table 4.15), serving as the main constraints to MFLR opportunity. From a social 

perspective, key barriers included a strong sense of self-identification as fish-farmers of 

those individuals involved in mangrove conversion to aquaculture, complicity of local 

stakeholders in developing aquaculture, and cohesiveness of fish farmers in resisting policy 

and enforcement measures. Major economic (and socio-economic) barriers included low 

perceived value of mangroves by local stakeholders, interest in privatisation of commons 

resources, as well as opportunity costs, lack of livelihood alternatives and the need for 

compensation of fish farmers. From a political perspective, fish farmers were distrustful of 

government agents involved in decision making around mangrove restoration due to 

previous mangrove restoration failure, perceived corruption, and perceived ulterior motives. 

The absence of formal forest governance by the state in Demak also serves as a barrier to 

mangrove restoration and mangrove forest management in general. 

The inclusion of social, economic and political factors, and engagement of local 

stakeholders to map restoration opportunity (Figure 6.1<c>) constricted restoration 

opportunity from 118 to 51 ha (58% reduction) in Demak and from 2,314 ha to 842 ha (64% 

reduction) in Tanjung Panjang in comparison to the results of the global tool (Figure 

6.1<a>). Restoration opportunity was also several orders of magnitude lower than estimates 

of landscape-level biophysical restoration opportunity combined with practitioner capacities 

(Figure 6.1<b>). 

The implications of these findings are two-fold. First, although the global 

biophysical restoration opportunity mapping tool (Worthington and Spalding, 2018) may be 

imperfect due to reliance solely on biophysical factors from global data sets, the results of 

its application in Demak and Tanjung Panjang did not differ from the results of multi-

stakeholder opportunity mapping as much as the landscape-scale biophysical assessment 
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differed from the multi-stakeholder opportunity mapping. It may be that use of mangrove 

coverage dating back to 1996 serves as a type of land-use or tenurial indicator, as mangrove 

forests lost in previous generations are no longer remembered by local communities, and 

emergent land-uses such as aquaculture and the informal tenure that has developed have 

gained a degree of permanence in the present-day landscape.  

In other words, historical land use and land cover (which was used to calculate the 

former extent of mangroves in the landscape-level biophysical survey) is less relevant to 

local stakeholders than current land use and land cover when it comes to making future land 

use decisions. This finding aligns with a principle of resilience related to the importance of 

remnant social and ecological memories of the pre-degraded system to enable recovery post-

disturbance (Folke et al., 2010; Walker and Salt, 2012). In this case, the memories of local 

community members and other influential stakeholder about the socioeconomic utility and 

other values provided by forested mangrove landscapes have been reduced, serving as a 

vulnerability of the degraded system.  

The second, and more important implication of this research is that each landscape 

exhibits a suite of controlling social, economic and political factors which outweigh the 

importance of biophysical factors in terms of determining mangrove forest landscape 

restoration opportunity. This finding is consistent with the forest landscape restoration 

literature (Adams et al., 2016; Kusumanto, 2005; Lovelock and Brown, 2019; Mansourian, 

2017), yet the novelty of this PhD research is the identification of landscape-specific 

controlling factors, which are discussed below.  



264 

6.3.2. The application of a system-state, threshold and restoration option model 

in Tanjung Panjang and Demak  

Components of a mangrove forest landscape as a social-ecological system that 

inform restoration management include the past and present state of the mangrove forest 

landscape, its dynamics determined by social, economic, political and biophysical factors, 

and the nature and position of thresholds (Chapter 1, Figure 1.5 and Chapter 3, Figure 3.10). 

Figure 1.5 from Chapter 1 displayed a restoration option model in mangrove forest 

landscapes on either side of a hypothetical threshold. This model was populated with 

empirical findings of biophysical surveys32 undertaken in Chapter 3 in order to inform site 

specific restoration options in the two research landscapes. Integration of Figure 3.10 and 

consideration of social barriers to MFLR from Chapter 4 (Table 4.15) led to a composite 

restoration option diagram (Figure 6.2) depicting mangrove restoration options across the 

two contrasting landscapes based on system-state and the theorised position of thresholds 

(Figure 6.2). 

Beginning with Tanjung Panjang, the current state of the landscape (A) is positioned 

in the middle section of the figure, representing the crossing of a single theorised threshold 

(). Controlling biophysical traits of this system-state include a high degree of vegetative 

biodiversity, adequate surface elevation to support mangrove recruitment and a moderate 

degree of landscape modifications. In terms of social factors, sixteen barriers were identified 

(Chapter 4, Table 4.15) which require resolution before restoration and rehabilitation can be 

considered as viable management options. Restoration would return the landscape to its 

former state (A’) in line with governance mandates in the Tanjung Panjang Nature Reserve, 

while rehabilitation would occur on a lower recovery trajectory resulting in a landscape 

                                                 
32 Mangrove vegetation and surface elevation surveys (Figure 3.8) and landscape modification 
assessments (Figure 3.9). 
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where some degree of non-forest use was allowed represented in this model by the 

Pohuwato Conservation Forest Management Unit (A”).   

 

Figure 6.2. System-state, threshold and restoration option diagram depicting landscape-
specific restoration options (3, 4 and 5; see Chapter 1, Figure 1.5) for Demak and Tanjung 
Panjang. Current system-states for Tanjung Panjang (A) and Demak (B) are shown 
transitioned to system-state of greater value (A’, A”, B’ and B”). The position of each 
system-state is juxtaposed in relation to a landscape resilience curve (Chapter 1, Figure 
1.5) and one or more thresholds (). 

The current system-state of the Demak landscape (B) is depicted in the bottom right 

of Figure 6.2. Controlling biophysical traits of this system-state include a low degree 

vegetative biodiversity, severe surface elevation deficit and numerous landscape 

modifications which have driven the system across multiple thresholds. Fifteen barriers 

were identified requiring investment to overcome and enable recovery (Chapter 4, Table 

4.15). Two improved management options exist for Demak. Rehabilitation is possible in the 

three districts northeast of Sayung (Karang Tengah, Bonang and Wedung), to establish a 

functional mangrove-aquaculture agroecosystem (B’) of greater value than the current 

landscape. Intentional transformation is the second management option for this landscape, 

which entails safeguarding the aquaculture agroecosystem with enhanced mangrove features 
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such as a wide ( 100 m) functional and self-maintaining greenbelt. The resultant regime is 

represented as B”. 

It is the interplay between controlling factors which determines the dynamics of the 

mangrove system-state, its position in relation to hypothesised thresholds and ultimately 

restorative management actions. Under resilience theory a combination of biophysical, 

social, economic and political factors pushes a mangrove forest landscape from its initial 

stable-state, across a threshold, into an alternate stable-state (represented as a basin of 

attraction) of lower value. In the post-degradation state, another mix of controlling factors 

may serve to enable restoration, impede restoration or continue to push the system over 

additional thresholds. Controlling factors on both sides of one or more thresholds which 

emerged during this research are depicted in Figure 6.3. 

In Figure 6.3, the value of factors on the left of the hypothesised threshold 

incrementally decreased to the point where the mangrove landscape crossed one or more 

critical thresholds. Controlling human factors (social, economic and policy factors) are 

depicted to the left of the threshold. They have been organised using the three categories 

presented in Chapter 1, Table 1.3; 1) land tenure, land use and additional relevant social 

factors, 2) economic costs and benefits, and 3) governance and political will. These three 

categories consist of factors that emerged from discussions during ROAM stage-II and 

stage-III meetings (Chapter 4, Sections 4.3.2 and 4.3.3) as well as factors identified through 

qualitative content analysis of interviews with fish farmers and extensionists (Chapter 4, 

Table 4.14). 

Controlling biophysical factors to the left of the threshold in Figure 6.3 were 

identified in Chapter 1, Table 1.2, and presented in Chapter 3, Section 3.3. Key controlling 

biophysical factors across both landscapes included land cover and land use change, 
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remnant mangrove species, remnant community associations, surface elevation and 

landscape modifications inhibiting natural secondary succession. In Tanjung Panjang, these  

factors contributed to push the landscape over a single threshold while in Demak these 

factors combined to push the landscape over multiple cascading thresholds (Figure 6.2). 

 

Figure 6.3. Controlling human (social, economic and political) and environmental 
(biophysical, ecological, hydrological) factors on two sides of one or more theoretical 
thresholds, both pre- and post-deforestation and degradation. 

Factors on the right of the threshold in Figure 6.3 serve as enabling conditions to 

restoration when in surplus, and barriers to restoration or system vulnerabilities when in 

deficit. Where the value of these factors continues to decrease, unintentional transformation 
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of the landscape may take place, pushing the system over additional thresholds as occurred 

in Sayung District, Demak (Figure 6.2). 

These factors to the right of the threshold in a degraded or deforested mangrove 

landscape can be considered forms of “restoration capital,” a term that was developed 

during this thesis. For example, forms of biophysical restoration capital in surplus at 

Tanjung Panjang include surface elevation or mangrove diversity. These same factors are in 

deficit in Demak, requiring investment for their augmentation in Karang Tengah, Bonang 

and Wedung Districts or impeding restoration altogether in Sayung where the deficit is 

severe. 

The concept of restoration capital may also be ascribed to social, economic and 

political factors. From an economic standpoint low restoration costs and high economic 

mangrove values serve as forms of restoration capital incentivising restoration. In both 

Demak and Tanjung Panjang, economic restoration capital is in deficit, exemplified by high 

opportunity costs, high implementation costs and low direct use values of mangroves 

serving to impede restoration.  

From a policy standpoint, political will supporting mangrove restoration in Indonesia 

is at an all-time high, reflected in national policy to restore 600,000 ha of mangroves by 

202433 and 1.82 million hectares by 204534 (BPK RI, 2020; Herawati, 2018), as well as 

policies, strategies and international agreements such as greenhouse gas emissions reduction 

targets (NDC’s), biodiversity targets (AICHI) and sustainable development goals (SDG’s). 

From a social perspective, pro-restoration attitudes may develop amongst 

stakeholders when the effects of mangrove loss manifest themselves and negatively impact 

                                                 
33 Presidential Instruction 120, 2020 
34 Coordinating Ministry of Economics Regulation No. 4, 2017 
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upon people’s lives and livelihoods. This attitude was evident to some extent in interviews 

with fish farmers from Demak, who hoped to restore a functional mangrove greenbelt to 

protect their ponds and villages from waves, currents, storms, erosion and subsidence 

(Chapter 4, Tables 4.2 and 4.15), serving as a form of restoration capital in surplus.  

In contrast, once an alternate land use such as aquaculture has become entrenched in 

the landscape, local communities and other stakeholders may come to accommodate the 

new land-use, forgetting the value once provided by in-tact mangrove forests. In resilience 

terminology, the degraded mangrove forest landscape regime has stabilised around a new 

set of attractors (Walker and Salt, 2012). This attitude was demonstrated in a different way 

in local Tanjung Panjang, where transmigrants from South Sulawesi have long forgotten the 

value of in-tact mangrove forests in deference to their predominant livelihood of fish 

farming (Fougères, 2005).  

Local residents from Gorontalo also changed their attitudes towards mangroves, 

from appreciation of mangroves prior to landscape conversion for their provision of 

ecosystem goods and services (Bahsoan et al., 2014) to appreciation for the hard work ethic 

of transmigrants from South Sulawesi in being able to convert mangroves into fish ponds 

and manage them for profit (Chapter 4; Interview with MA from April 26, 2017). As such, 

social restoration capital is in deficit, with stakeholder attitudes about mangroves and 

aquaculture serving to impede restoration. Where such attitudes prevail, investment is 

required to re-build awareness around the benefits of in-tact mangrove forests before 

restoration capital is developed to the point of enabling restoration. 

In conclusion, the model depicted in Figure 6.2 integrates factors and their dynamics 

occurring within a mangrove landscape, which are depicted in terms of its relative value and 

position with regards to known thresholds. The measurement and assessment of the factors 

and dynamics which determine the state of the mangrove system is essential to track 
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changes over time and inform mangrove forest landscape management. Knowledge of the 

system-state determined by key controlling factors and system dynamics, and the type and 

position of thresholds allows managers and decision makers to determine options for 

recovery which were presented in Chapter 1, Figure 1.5 and include enhancement, pre-

emptive stress removal, restoration, rehabilitation and intentional transformation, and to 

avoid the negative consequences of continued degradation and unintentional transformation. 

6.4. Implications of the research and future directions for research, policy and practice  

This section begins by discussing the implications of the research on mangrove 

restoration in Indonesia and other countries. This section next identifies future directions for 

research, drawing on the limitations of this PhD study largely due to time and resources, as 

well as future directions for policy and practice to improve performance of mangrove 

restoration in Indonesia towards the achievement of national goals and objectives.  

6.4.1. ROAM methodology 

The study has developed a detailed restoration option model (Figure 6.2) which can 

serve as a basis for selecting and prioritising mangrove restoration sites and approaches for 

application in other landscapes in Indonesia, and other countries with mangrove restoration 

needs. 

The application of the model requires mangrove researchers, decision makers or 

managers to understand mangrove system states and their dynamics, the nature and position 

of thresholds and the values of diverse factors controlling the system-state in order to 

accurately assess the factors which led to degradation and deforestation and to assess the 

status of factors serving as restoration capital. Subsequent to these assessments, appropriate 

mangrove restoration types and techniques can be ascribed which build on existing capital 

and overcome barriers to successful restoration. 
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The recognition of major types of mangrove restoration including; enhancement, 

pre-emptive stress identification and removal, restoration, rehabilitation and intentional 

transformation provides a more nuanced approach to the management of degraded and 

deforested mangroves than has been offered in the normative methods of annual broad-scale 

monospecific plantings, which have predominated in Indonesia since the 1980’s 

(Boedhihartono and Sayer, 2012; Sidiq, 2016). The application of the restoration option 

model to select one or more appropriate restoration options is also recommended as 

preferable to the business-as-usual case (Ilman et al., 2016) which has been shown to lead to 

continued unintentional transformation of the landscape and reduction of mangrove 

ecosystem services. 

As emphasised throughout this thesis, the state of a mangrove landscape and its 

options for recovery are dependent upon the interplay of a suite of dynamic social, 

economic, biophysical and political factors. A new methodology is required to frame the 

selection of key factors for measurement and analysis prior to their inclusion in the 

restoration option model. This PhD has “road-tested” the Restoration Opportunity 

Assessment Method or ROAM (IUCN and WRI, 2014) as a balanced methodology, 

framework and decision-making tool which can be applied at the landscape-scale to 

accurately depict MFLR opportunity. The adapted ROAM process (Chapter 2, Figure 2.2) 

adds a field-research element across social, biophysical and economic disciplines to improve 

the quality of information used to inform the multi-stakeholder restoration opportunity 

mapping process. Continued mediated discussion and validation takes place to build 

consensus around one or more scenarios, which can then inform project development and 

implementation.  

The strength of the methodology used in this PhD is its stakeholder-driven nature 

informed by stakeholder identified data requirements and analysis. This more robust 
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methodology greatly improves upon the current practice of site identification implemented 

by practitioners in Indonesia which is guided by an inadequate selection of biophysical 

factors, without consideration of social, economic or political factors (Sidiq, 2016). Future 

research can build on the methodology used in this PhD and offer further adaptation. 

6.4.2. Research limitations and future directions  

Research into MFLR opportunity is both multi- and inter-disciplinary, due to the 

anthropogenic nature of the drivers of degradation and deforestation and the need to address 

these drivers to enable repair. While it is becoming more common for research to address 

the social and biophysical dimensions of forested landscapes (Boedhihartono and Sayer, 

2012), trade-offs can occur which often preclude in-depth assessment in any one discipline. 

This section addresses limitations of research conducted during this PhD while considering 

future research directions. 

From a biophysical perspective, of the numerous factors which could have been 

evaluated to determine biophysical restoration opportunity (Friess et al., 2011; Kjerfve, 

1990; Lewis III, 2009; McKee and Faulkner, 2000; Van Loon et al., 2016; Worthington and 

Spalding, 2018), three were selected based on the mangrove restoration literature; mangrove 

vegetation diversity, surface elevation and landscape modifications. These three factors are 

of concern to practitioners due to their leading (rather than lagging) and integrative nature as 

indicators.  

Current biophysical factors evaluated during pre-mangrove restoration assessment 

by the Indonesian Department of Forestry prioritise substrate type and salinity, which serve 

as lagging indicators in that they are difficult for practitioners to change. Vegetative 

diversity, surface elevation and landscape modifications however, serve as leading 

indicators in that practitioners can directly alter their values during restoration.  
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Likewise, evaluation of percent diversity of mangrove species and community 

associations at a restoration site versus a reference forest indicates what mangrove species 

require augmentation, integrating not only floristic diversity but important factors such as 

propagule availability or limitation. Similarly, surface elevation integrates additional 

hydrological factors such as the duration and frequency of tidal inundation, while landscape 

modifications consider disturbance to the hydrological regime. 

That being said, integration is not the same as direct measurement and future 

biophysical research may consider investigating additional vegetative factors (e.g. propagule 

dispersal and limitation), hydrological factors (duration and frequency of tidal inundation) 

and factors recommended by practitioners related to landscape modification such as changes 

in the tidal creek/drainage system (Lewis III, 2014) and tidal prism (Kjerfve, 1990). 

Improved biophysical research around the key factors controlling mangrove regeneration 

should better inform restoration opportunity. 

As a final technical point about hydrological factors, as part of this PhD research I 

intended to develop three-dimensional surface elevation maps using drone technology tied 

into portable digital control points. However, I was unable to generate useful maps due to 

lack of availability of local tidal datum, and inability to measure the surface elevation of 

aquaculture pond bottoms, the majority of which were permanently submerged and 

impossible to survey with the use of drone technology. Future research would benefit from 

the use of differential GPS to determine local tidal datum (Oh et al., 2017) and SONAR 

equipment (Miloshis and Fairfield, 2015) to model pond bathymetry. 

In the social domain, the application of ROAM as a stakeholder driven process to 

determine restoration opportunity in Chapter 4 necessitated care in stakeholder selection and 

participation. Lack of fish farmer participation in ROAM stage-II and III workshops in 

Tanjung Panjang served as a limitation of this research. Lack of participation was due to 
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current conflict in the landscape between authorities and vulnerable, transmigrant fish 

farmers operating illegally in the Tanjung Panjang Nature Reserve. Further, non-fish 

farming members of the local community in Tanjung Panjang, especially capture fishers, 

should have been included in the ROAM workshops but were not due to financial 

limitations in bringing them to the Provincial capital for meetings. The need for improved 

guidance around stakeholder inclusion and integration of natural resource governance in 

ROAM have been identified by IUCN (Campese et al., 2016; Jia et al., 2018), and are 

beginning to be addressed in a recent IUCN publication (Campese et al., 2020) which uses 

this research on MFLR opportunity in Tanjung Panjang as one of three major case studies. 

In regard to policy and governance, the research addressed these domains in Chapter 

4, largely during historical timeline development at ROAM stage-II workshops, and also 

during interviews with fish farmers and extensionists. More in-depth analysis of policy, 

legal, institutional and finance factors influencing restoration opportunity is recommended 

in the ROAM manual (IUCN and WRI, 2014) but was not undertaken due to time and 

resource constraints. Application of research tools such as the National Blue Carbon Policy 

Assessment Framework (Herr et al., 2016) adapted to analyse mangrove restoration and 

integrated into an adapted ROAM methodology would better inform MFLR outcomes and 

the policy and governance factors which can affect these outcomes. 

The validation of MFLR opportunity depicted in the four restoration opportunity 

maps (Chapter 4; Figures 4.4–4.7), the ratification of the Tanjung Panjang maps by the 

Gorontalo Planning Agency (BAPPEDA) and the commitment of the Building with Nature 

program to implement restoration opportunity in Demak indicates that on-going monitoring 

of mangrove restoration development in the two landscapes should take place, at the very 

least through remote sensing. 
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With regards to economic cost-benefit analysis conducted in Chapter 5, I relied on 

ecosystem valuations from reference systems due to time and financial resource constraints. 

Although the proxy data was useful it would have preferable to conduct new mangrove 

valuations in Tanjung Panjang and Demak using the same method. Future research may also 

consider analysis of the differential benefits from mangrove restoration to beneficiaries at 

various levels of organisation (household, community, regional) to better address the gap 

between mangrove ecosystem value and benefit (Smith et al., 2020; Verdone, 2015). 

Finally, it should be noted that although the finalisation of this PhD thesis write-up 

took place during the 2020 global COVID-19 pandemic, the pandemic did not affect this 

data collection and analysis which was completed in 2018.  

6.4.3. Future directions for policy 

During the write-up of this thesis, Presidential Instruction 120, 2020 (BPK RI, 2020) 

was issued to accelerate action on the prior Coordinating Ministry of Economic Affairs 

Policy No. 4, 2017 to restore all 1.82 million ha of Indonesia’s degraded and deforested 

mangrove by 2045 (Herawati, 2018). The new policy to accelerate action calls for 600,000 

ha of restoration to take place between 2021-2024, in addition to programs for livelihood 

support and mangrove conservation (Biro Komunikasi, 2019). To achieve this massive 

target, the mandate of the Peatland Restoration Agency (BRG) was expanded to include 

mangroves, and a USD 400 million loan from the World Bank is being prepared (Aquino, 

2021).  

The Government of Indonesia intends to repay the loan with proceeds from the sale 

of “Blue Carbon” credits, payments for ecosystem services, and a share in the returns from 

livelihood programs and value-chain development. Apart from the risk inherent in these 

financial schemes, the success of the project is reliant upon the successful restoration and 
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growth of mangrove forests, which, to date, have been largely unsuccessful. A key finding 

of this thesis is the need to broaden the assessment of restoration opportunity beyond 

biophysical factors, to include social, economic, policy and governance factors. Although 

consideration of these factors will likely restrict restoration opportunity, they should also 

improve the performance of restoration through identification of viable sites. 

It is essential, therefore, for Indonesia to re-think their normative mangrove 

restoration practice which have been reliant upon routine planting of unvegetated coastal 

areas. Adoption of approaches developed during this PhD research can contribute greatly to 

improve the selection of sites and approaches to increase the likelihood of success. 

However, improved approaches need to be supported by national policy, which will require 

revision and reform (Herr et al., 2016).   

Additionally, it is important to understand that numerous existing policies and 

programs may directly or indirectly support mangrove restoration, and vice-versa. Linkage 

or alignment with policies, strategies, institutions and programs across sectors are important 

to co-support the objectives of mangrove restoration. Institutions including the Ministry of 

Environment and Forestry (KLHK), Ministry of Marine Affairs and Fisheries (KKP), the 

National Indonesian Planning Agency (BAPPENAS) and the Coordinating Ministry of 

Maritime Affairs and Investment (MenKoMarVes) all have current programs and policies in 

support of the development of “Blue Carbon,” and “Blue Economies,” which amongst other 

things promote mangrove restoration, conservation and sustainable use to achieve 

sustainable national development (World Bank, 2021). Indeed the importance of novel 

financial mechanisms and approaches such as Blue Carbon and Blue Economic 

Development are based upon the ability to generate sustainable financial and economic 

returns from healthy and productive mangroves and other “blue” ecosystems, which also 

improve coastal community well-being, and contribute to national economies through value 
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chains (Cohen et al., 2019; Gollan et al., 2019; Huxham et al., 2012; Locatelli et al., 2014). 

This approach differs greatly from past economic development in mangrove systems based 

on deforestation and land use conversion (Stonich and Bailey, 2000). Improved mangrove 

restoration policies, programs and performance will also contribute to high-level policy 

mandates and international agreements including nationally determined contributions 

(NDC’s) to reduce greenhouse gas emissions (NDC’s or RAN-GRK), sustainable 

development goals (SDG’s) and AICHI biodiversity targets (Murdiyarso et al., 2018). 

6.4.4. Future directions for practice 

In light of high-level targets for mangrove restoration in Indonesia described above 

in Section 6.4.3 and poor past performance of mangrove restoration in Indonesia and other 

nations discussed throughout this thesis (Boedhihartono and Sayer, 2012; Kodikara et al., 

2017; Lewis III et al., 2019; Primavera and Esteban, 2008; Sidiq, 2016), it is imperative to 

improve the practice of mangrove restoration from assessment, through planning, design, 

implementation and monitoring. The normative practice of central government support for 

annual mangrove planting efforts through equal distribution of budgets across 

approximately 300 coastal districts in Indonesia through programs like the National 

Rehabilitation Program (GERHAN-RL) and Community Nursery Program (Kebun Bibit 

Rakyat) requires reform (Boedhihartono and Sayer, 2012; Sidiq, 2016). Decades of routine 

mangrove planting has not lead to increased national mangrove coverage (Sidiq, 2016) nor 

has it addressed continuing drivers of degradation and deforestation (Campbell et al., 2015). 

An integrated approach to mangrove management needs to be prioritised which examines 

effective conservation, sustainable utilisation and restoration, as set out in the National 

Mangrove Management Strategy of 2012 (SNPEM, 2012; Yunia, 2012). 

Appropriate assessment of mangrove restoration opportunity is a necessary precursor 

to successful mangrove restoration (Lewis III et al., 2019) which has been demonstrated in 
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two representative Indonesian mangrove landscapes throughout this thesis.  To make an 

impact at the landscape scale, while contributing to the identification and prioritisation of 

sites nation-wide, a two-tiered system is required. Given the innovative findings of this 

study and current initiatives in Indonesia, this PhD approach will be helpful in better 

addressing MFLR options in future.  

Finally, and perhaps most importantly, both the Ministries of Environment and 

Forestry and Marine Affairs and Fisheries are mandated to undertake mangrove restoration 

solely in areas deemed “clean and clear” (BRGM, 2021). This designation pertains to land 

free of tenurial issues and conflict. From the central government perspective, “clean and 

clear” designation should apply to forest management areas such as the Tanjung Panjang 

Strict Nature Reserve. However, as evidenced by this PhD research, numerous social, 

tenurial, economic and political barriers exist at the landscape level which impede 

restoration. Currently, the Government of Indonesia plans to avoid the resolution of such 

issues, choosing to select restoration sites free of conflict, to more expediently move to 

implementation and to align with national and donor safeguard requirements (BRGM, 

2021). However, the avoidance of conflict resolution cannot continue forever if national 

mandates to restore all 600,000 ha of mangroves by 2024 (BRGM, 2021) and all of 

Indonesia’s 1.82 million hectares of degraded and deforested mangroves is to take place 

(Herawati, 2018). 

Thus, an important improvement of both practice and policy is the investigation of 

land tenure and conflict resolution, which enables mangrove restoration while ensuring the 

equitable flow of benefits to local coastal communities and current land-users. These 

benefits emanate from the flow of mangrove goods and services highlighted during this 

research and include compensation for initial investments and opportunity costs, viable 

commensurate livelihood alternatives and/or access to the future benefits of restoration. 
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Without investment of time, money, research and other resources to resolve these factors 

which serve as barriers to MFLR, Indonesia will not achieve its near-term or long-term 

mangrove restoration goals. 

6.5. Concluding comments 

Mangrove restoration in Indonesia is urgently needed to reverse the trend of 

mangrove cover loss which seriously reduces the value of coastal ecosystems and further 

marginalises vulnerable, rural coastal communities. Although the NPV calculations from 

chapter 5 show that given current costs and benefits of mangrove restoration, the financial 

case for restoration needs strengthening; it is important to stress that the economic value of 

intact mangroves remains much higher than existing aquaculture (Smith et al., 2020). This 

underscores the point that conservation of existing mangroves should be considered a 

priority.  

Although the benefits of conservation may outweigh those of restoration, the 

political will to restore mangrove forest landscapes in Indonesia is not only evident but has 

been pushed to the top of national agendas. That being said, the propensity of governments 

worldwide, including in Indonesia, to prescribe mass plantings as a normative approach to 

mangrove restoration needs to be challenged. Such a challenge has been issued by various 

academics as well as global institutions like the IUCN Mangrove Specialist Group, yet it is 

difficult to sway the institutional inertia of national governments with journal articles and 

petitions. 

This thesis has presented a detailed investigation of an approach to support MFLR 

by providing an assessment of controlling social, economic, biophysical and policy factors 

enabling or inhibiting restoration. The research findings are contextualised within a system-

state, threshold and restoration option model which fosters greater understanding of 
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degraded and deforested mangrove forest landscapes and viable recovery options. This 

study results can inform mangrove researchers, decision-makers and practitioners of 

improved methods to evaluate mangrove restoration opportunity allowing for the 

prioritisation of restoration sites and increasing the likelihood of positive restoration 

outcomes. Due to the outsized role that mangrove ecosystems play in climate change 

mitigation and adaptation, fisheries and wildlife habitat, coastal protection, and as a 

livelihood support system for many coastal communities, improved performance around 

mangrove restoration should be considered a priority of modern coastal resource 

management. 
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Appendix 1. Photospread of socio-economic conditions and community 

adaptations in Demak and Tanjung Panjang 

 

Appendix Figure 1.1 a) Flooding of Bedono village occurs around the full and new moon 
at least 6 months out of the year (photo credit: Taufik); b) Woman using cast net in front 
of mangrove greenbelt for subsistence fisheries (photo credit: Ratna Fadilah); c) Fluvial 
mud flat is difficult to traverse and can no longer support mangrove growth (photo credit: 
Ben Brown); Paddling a small boat with a plastic plate to feed fish in Tambakbulusan 
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(photo credit: Ben Brown); e) This bait catching device (bagan) is for sale due to lack of 
fish in nearshore waters (photo credit: Ben Brown). 

 

Appendix Figure 1.1 f) Community attempting mangrove planting in fluvial mudflat. The 
majority of these annual events experience total mortality within 1 growing season (photo 
credit: Taufik); g) Woman’s group participating in fish farmer field school to learn how 
to adapt their aquaculture practices to changing environmental and economic conditions 
(photo credit: Ratna Fadilah); h and i) Milkfish (Chanos chanos) harvest after second 
season of fish farmer field school (photo credit: Ratna Fadilah). 
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Appendix Figure 1.1 j) Entrance to the transmigrant section of Sidowonge Village in the 
Tanjung Panjang Nature Reserve (photo credit: Ben Brown); k) Store of industrial 
fertilizers to stimulate algal growth in milkfish ponds (photo credit: Ben Brown); l) 
Burning mangroves during pond development in the Tanjung Panjang Nature Reserve 
((photo credit: Ben Brown); m) Bountiful harvest of milkfish in Sidowonge Village. Fish 
farmers average nearly USD 1000 per hectare in ponds which have been productive for 
up to 20 years (photo credit: Ben Brown). 
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Appendix Figure 1.1 n) Village adjacent to Tanjung Panjang, where local capture fishers 
have experienced decreased catches since mangrove forest landscape conversion for 
aquaculture (photo credit: Ben Brown); o) Pathway from house in Sidowonge Village to 
outhouse situated amidst newly planted mangroves (photo credit: Ben Brown); p) 
Transmigrant fish farmer from Sidowonge Village shows mangroves he planted on the 
edge of his pond in an effort to appease government authorities. This action is considered 
illegal by the authorities and was coordinated by the local NGO JAPESDA, to underscore 
the paradox of illegal mangrove planting in the nature reserve (photo credit: Ben 
Brown); q & r) Interviewing a transmigrant fish farmer in the Pohuwato Forest 
Management Unit who financed the construction of a large building to attract nesting 
swallows. The swallow-nests are sold to a middle-man for export the proceeds of which 
have enabled the fish farmer to send his family to Mecca for the obligatory “Haj” 
pilgrimage (photo credit: Ben Brown). 
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Appendix 2. Post-restoration vegetative survey results. Two, time-zero 

plus 5-year (TZ+5yr) surveys from three villages and eight villages in 

Gorontalo Province.  

Appendix Table 2.1. Rapid assessment of post-rehabilitation mangrove coverage at time 
zero +5 years in 8 sites in Tomini Bay, Gorontalo. 12 species were recorded inside of 
quadrats at the eight sites; Rhizophora apiculata, R. mucronata, R. stylosa, Ceriops 
tagal, Bruguiera gymnorrhiza, Sonneratia alba, S. caseolaris, Avicennia marina, A. alba, 
A. lanata, Heritiera littoralis, Lumnitzera racemosa. 

 
Village Hectares Stems/hectare 

1 Bangga 2.62 3433 

2 Bubaa 1.19 2900 

3 Bumi Bahari 2.34 2433 

4 Lamu 1.84 4233 

5 Marisa (Pohon Cinta)  3.50 5767 

6 Tabulo Selatan 11.57 3100 

7 Telaga Biru 4.22 2720 

8 Torsiaje Jaya 5.56 5771  
Mean 4.11 3795 

Appendix Table 2.2. Survey of post-rehabilitation mangrove coverage at time zero +5 
years in 3 sites in Tomini Bay, Gorontalo.  9 species were recorded from 27 quadrats; 
Rhizophora apiculata (RA), R. mucronata (RM), R. stylosa (RS), Ceriops tagal (CT), 
Bruguiera gymnorrhiza (BG), Lumnitzera racemosa (LR), Sonneratia alba (SA), 
Avicennia marina (AM) and A. alba (AA).  

Species RA RM RS CT BG LR SA AA AM 
Site 1: Bumi Bahari – 2711 stems/ha 

% dominance 12.02% 23.50% 15.85% 44.81% 0.55% 3.28%    
mean DBH 8.09 12.16 2.97 4.76 8.00 11.00    
mean height 1.82 2.88 0.62 0.93 1.00 4.33    

Site 2: Marisa – 2859 stems/ha 
% dominance 30.05% 18.13% 21.24% 6.74% 1.04%  13.47% 1.04% 8.29% 
mean DBH 9.79 11.63 12.95 11.62 9.00  17.12 4.00 10.94 
mean height 3.45 2.94 3.98 1.92 2.00  4.38 1.00 2.25 

Site 3: Tabulo Selatan – 3630 stems/ha 
% dominance 70.20   21.63 0.41  7.76   
mean DBH 7.54   10.25 15.24  14.04   
mean height 2.41   3.92 3.00  2.68   
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Appendix 3a. Stakeholder Interview Instrument 

Demak (April 7 – 16, 2017) 

Tanjung Panjang Nature Reserve (April 22 – 30, 2017) 

Researchers 

 Ben Brown (CDU) 
 Jajang A. Sonjaya (Blue Forests) 
 Laila Adilla (Blue Forests) 
 Nurain Lapolo (JAPESDA) 
 Ismail (JAPESDA) 

Background 

Mangrove restoration is an in-depth process of rehabilitating ecological and hydrological 
functioning of a degraded mangrove ecosystem, while improving the well-being of local 
stakeholders, primarily first hand coastal resource users.  In assessing the feasibility of 
mangrove restoration, this instrument will examine social and economic factors as well as 
their interdependence on ecolocical conditions.  Mangroves easily recolonize appropraite 
environments in absence of human pressures, but human pressures nearly always exist in 
degraded mangrove areas.  As such – this assessment does not look simply at the feasibility 
to put trees back into the environment, but also the interest of local stakeholders (who both 
directly and indirectly benefit from mangrove ecosystems) in creating both time and space 
for effective mangrove restoration.  Although it is the integration of social, economic and 
environmental factors that allow for mangrove restoration, during the data collection phase 
of this assessment, these three aspects will be seperated and re-integrated during analysis 
and synthesis (interpretation). 

This instrument is to be used in the Tanjung Panjang landscape, in Randangan and Papayato 
Sub-Districts, Pohuwato District, Gorontalo.  The TP landscape is divided into three major 
forestry jurisdictions; Tanjung Panjang Strict Nature Reserve (CA), Pohuwato District 
Protected Forest (HL) and an Alternate Use Area (APL).  Six (6) villages will be surveyed, 
including four villages with significant fish farmer populations (Imbodu, Siduwonge, 
Patuhu and Palambane) and two villages (Limbula and Bulili) where capture fishers have 
historically used the coastal waters off of Tanjung Panjang as fishing grounds. 

Mangrove management issues in the Tanjung Panjang landscape are complex.  
Management status, spatial plans, degree and types of enforcement and economic 
utilization are all integrated and influence the state of the mangrove system and and the 
management options going forward.  Issues of multiple land uses involving long-term 
Gorontalon fishing and farming communities and newcoming transmigrant fish farmers 
from South Sulawesi are front and center, and restoration can not proceed without some 
degree of resolution of land-use conflicts. It can not be denied that the state of the 
environment is highly degraded.  More than 80% of the Nature reserve and more than 67% 
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of the entire landscape has been converted to aquaculture farming, and the original intent 
and function of the nature reserve is no longer being met (Bahsoan et al., 2014). 

As the nature of Tanjung Panjang’s problems are complex and affect diverse populations 
with differing values and perspectives, effective solutions require looking at problems from 
various points of view.  This social survey instrument intends to contribute to the 
understanding of Tanjung Panjang mangrove management issues by developing thorough 
knowledge of the problem area, before engaging stakeholders to consider appropriate 
responses to these problems in a safe setting through facilitated dialogue and mediation 
during the ROAM process. 

Goals of Feasibility Study: 

1. Gather social information, examining tenurial and land use issues  

2. Identify and describe key stakeholders, their motivations for current mangrove use, 
incidence of recent conflict and stakeholder interest in mangrove restoration. 

3. Analyze current land use and conflict in order to inform restoration scenario 
development in a multi-stakeholder workshop setting. 

Data gathering methods: 

1. In-depth/key informant interviews 

2. Focus group discussion 

3. Historical transects 

Semi-structured – Key Informant Interview 

Tools needed: print out guide for interview questions, pen/pencil, camera, digital audio 
recorder (optional). 

Near the beginning of all interviews introduce yourself and the goals and purpose of the 
interview.  Due to the sensitive nature of “illegal” land use and land use conflict, be indirect 
initially when discussing the “intent” to assess restoration opportunity, as restoration may 
imply the cessation of current landuses.  If restoration becomes a sticking point with 
respondents, discuss that information collected in this phase of research will help inform a 
process of safe discussion and dialogue at upcoming ROAM workshops and explain 
opportunities to attend the ROAM workshops.  Warm-up to the respondent with some 
small-talk and allow the respondent to pose questions as well throughout the interview.    
Use the interview guide below to guide an in-depth interview and maintain momentum.  Do 
not, however allow the questions below to restrict the interview.  Allow the interview to 
uncover non-focal topics and jump around from topic to topic and timescales.  Follow the 
conversation and continue note-taking. If the interviewee wanders too far off topic, refer to 
the guide to re-focus the interview.  

If possible, record the interviews with a digital audio-recorder, and ask permission to take 
pictures. 
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Interview guide 

Appendix Table 3.1. Semi-structured, key informant interview tool including seven 
themes, objectives of each theme and guidance questions. 

Theme Objective Question guide 

Background of 
the respondent 

To understand the 
background and 
perspective of the 
interviewee  

 Name 
 Profession 
 Duration of stay in the landscape 
 Telephone number (if allowed) 

General 
background of 
community  

To gain a general 
picture of the local 
community 

 What is the main livelihood of villagers in this 
community?   

 What is the diversity of other livelihoods in the 
community?  

 How are male and female roles diversified?  
 If capture fishers are present – ask in greater depth 

about their fishing grounds, target species, and 
decadal trends. 

Tenure To understand the 
degree to which the 
mangrove area has 
changed in terms of 
land use, to understand 
the process of 
conversion, actors 
involved, and current 
status of formal and 
informal use rights and 
ownership 

 What is the condition of mangroves in this area? 
 To what extent  has mangrove coverage changed in 

this area? 
 How are the converted areas managed/used now?  

Why was the new land use chosen? 
 What was the process of change?  Who initiated it?  

How has it continued? 
 Who owns the mangroves and the ponds?  What 

form of ownership or user rights exist?   
 Are there agreements between fish farmers (or other 

stakeholders) regarding the management of these 
lands?  Describe these agreements.   

Relevant 
stakeholders 

To map stakeholders 
and inform stakeholder 
analysis  

 In the landscape, who often uses or benefits from 
mangrove resources?  In what way?  For what uses? 

 Do people from outside of the immediate landscape 
use mangrove resources directly?  Who? 

 What government offices are involved in mangrove 
management in the area? 

 Are there other stakeholders involed in mangrove 
management, such as NGO’s?  What is there role? 

Rules, 
regulations and 
policy 

Understand formal and 
informal regulations 
governing the 
mangrove and 
aquaculture area, learn  
the degree to which 
communities are aware 
of rules and regulations 
governing the 
management of coastal 
resources.   

 When the ponds were developed, did you and or the 
communtiy understand the regulatory status of the 
area? 

 Did you and/or the community understand the 
boundaries and the rules within the Nature Reserve?  
Go into depth to re: boundaries of the reserve. 

 Did the BKSDA or other government office “socialize” 
the nature reserve? 

 Are there any unwritten rules or regulations 
regarding mangroves in the community?  If so – who 
makes these rules/regulations?  What is there intent? 

 If mangrove management, conservation or 
restoration is evident – how is it managed? 

 Can we (the research team) acquire any more 
information about mangrove regulations?  Who 
should we ask? 
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Theme Objective Question guide 

Conflict  Understand the degree 
to which conflict exists 
(recent past, present, 
future) in the focal 
landscape 

 As far as you know, have there been any problems 
related to land use in this area? 

 What sort of problems?  Can you tell the story? 
 Has the problem been resolved?  If so – how? 
 If the problem has not been resolved, what are your 

thoughts on how to resolve it? 

Enforcement Understand the degree 
to which enforcement 
is being carried out 
(recent past, present, 
future) in the 
landscape. 

 Have there been any law enforcement or legal 
actions in this area? 

 What type of enforcement or legal action? 
 What was the response of the community? 
 Is law enforcement adequate?  Is enforcement the 

best solution for this problem? 
 What would be an appropriate way to enforce rules 

in this area (Nature Reserve, Protected Forest, 
Alternate Use Area?) 

TRANSECT WALK 

Materials needed: maps, writing materials, camera, video or audio recorder 

Time needed : Minimum 2 hours per field site 

A historical transect is a way to capture social and ecological information in a landscape, 
together with relevant stakeholders such as fish farmers, farmers, village leaders, traders, 
government officials, etc.  The results can be captured in notes, drawings and maps.  Below 
are some questions which can be used to guide the transect activity.  Restoration should be 
the thematic issue of the transect walk.  It is a thematic issue because it is in the public eye, 
and has an impact on the community and the environment.  For the transect, walk in a line 
from the village into the mangrove and aquaculture area.  Bring a camera.  Record distances 
in your notebook. 

1. What are the local names for important landmarks and features. 

2. What is the meaning of that name? 

3. What is the extent of mangroves? 

4. Who owns or has jurisdiction over the mangroves? 

5. How far are we from the coast?  From major rivers? 

6. What is the shape of a fish pond? How/when were they constructed? 

7. Who owns the ponds? 

8. How did they come to own the ponds? 

9. Have you aleardy lived in this region long? How long? 

10. What did you do before you came here?  What was your motivation to come? 

11. Why did you relocated here? 

12. Do you use mangroves?  For what? 
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13. Who can enter the mangrove area?  Men? Women? Youth? Children? 

14. What do people do in the mangroves? 

15. How are mangrove forests beneficial to people? 

16. How are mangrove forests beneficial to the environment? 

17. How do you feel about mangroves and aquaculture ponds? 

18. What do you think about the condition of the mangroves now?  The fish ponds? 

19. If the condition is degraded, is there a way to improve the condition?  How?  Where? 

20. What do you think about mangrove restoration?  Who should restore mangroves?  
Where?  How? 

Form A (Interview Notes) 

Fill out per interview or per interview session (FGD) 

Interviewee (Name, Age, Address, Telp Number) 
Date Recroder 

  

Verbal responses: Non-verbal responses (gestures) 

Form B (Observational Notes) 

Notes on things seen, felt, read (not heard): 

 

Form C (Photos with captions) 

Write clear, concise caption for each photo 

  

Caption: Caption: 
  

Caption: Caption: 
  

Caftion: Caption: 
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Appendix 3b. Stakeholder Analysis for Tanjung Panjang and Demak 

Stakeholder analysis for the purposes of my PhD involves identifying the degree of interest 
and influence of institutions, groups and individuals as they relate to mangrove forest 
landscape rehabilitation.  Methodologies for stakeholder analysis referred to Sutherland 
(2000) and Reed (2009).  

Data sources 

Initial lists of potential, relevant stakeholders were provided by participants in kick-off 
ROAM workshops in each landscape. Prior stakeholder analysis was performed in Tanjung 
Panjang (Dako et al., 2013). Information from Bahsoan et al., (2014) was also used for 
reference in Tanjung Panjang.  

Method of analysis 

Participants in initial ROAM workshops (representing local government, academia and 
NGO’s) were asked to determine all individuals, groups and institutions whose lives may 
be affected by mangrove forest landscape restoration, who hold influence or who may be 
capable of affecting future rehabilitation projects and programs.  Participants were asked 
to consider stakeholders who may support or oppose MFLR.   

Participants were asked to consider potential stakeholders from three pools;  

 primary stakeholders (type 1): current first-hand resource users, intended 
beneficiaries of MFLR, and government agencies with current direct jurisdiction 
over management of the area;  

 secondary stakeholders (type 2): including suppliers and users of products from the 
area who are not the intended beneficiaries of restoration or institutions working 
directly with communities in restoration and livelihoods; 

 external stakeholders (type 3): those interested in the outcome but not directly 
involved, such as government departments without direct management authority, 
NGO’s or academia not working directly on the rehabilitation initiatives. 

Participants from initial ROAM workshops were unwilling to perform participatory 
stakeholder analysis, concerned about excluding stakeholders from future ROAM 
meetings.  Subsequent steps were performed by the lead researcher, research assistants and 
ROAM facilitators from each landscape. 

a) For each stakeholder, list interests as they relate to mangrove forest landscape 
rehabilitation.  Consider all potential links to MFLR in terms of expectations, 
benefits, investment, conflicting interests and attitudes to other stakeholders. 

b) Consider whether MFLR is likely to have a positive (+), negative (-), neutral (0) or 
uncertain (?) impact on for each stakeholders’ overall interests.  
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c) Decide which stakeholders should be given priority in meeting these interests while 
bearing in mind their levels of influence and power. Use the following rating system 
to determine relative levels of interest and influence; 

1 = interested and influential,  
2 = interested but not influential,  
3 = influential but not interested,  
4 = neither interested nor influential 

The outcome of the analysis is presented in a table with columns listing stakeholder, 
interests (can be more than one per stakeholder), impact (given to each interest) and 
priority (of each stakeholder). 

5. Plot relevant stakeholders on a chart with the x-axis representing degree of stakeholder 
interest in MFLR, and the y –axis representing the degree of influence the stakeholders 
have related to MFLR opportunity.  One future objective of an MFLR intervention would 
be to assist stakeholders with a high degree of interest yet low level of influence (quadrant 
2) to increase their degree of influence.  Likewise, highly influential stakeholders who have 
little interest (quadrant 3) in the issue of MFLR can be engaged to build their degree of 
interest. Stakeholders from quadrant 4, with low levels of interest and influence are not 
considered for participation in ROAM. 

Results 

Stakeholders from initial workshops listed relevant stakeholder groups (Tanjung Panjang 
= 57, Demak = 47) from government, local community, NGO’s and academia for 
stakeholder analysis performed by the lead researcher and research assistants after the 
initial workshop.   

Tables 4B.1 and 4B.2 depict the results of stakeholder analysis including intuitional name, 
Indonesian acronym, stakeholder type (primary, secondary, external), interests in MFLR, 
potential impact of proposed MFLR interventions on the stakeholder group and priority 
quadrant (based on degree of interest and influence). 
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Tanjung Panjang – Gorontalo 

Appendix Table 3.2. Results of stakeholder analysis for 57 potential participants in the Tanjung Panjang ROAM assessment. Stakeholder groups 
and institutions are indicated along with their Indonesian acronym, type (primary (1), secondary (2), external (3)), interests in MFLR, potential 
impact of MFLR on the stakeholder (positive (+), negative (-), neutral (0) or uncertain (?)) and priority quadrant (1=interested and influential, 
2= interested but not influential, 3=influential but not interested, 4=neither interested nor influential). 

Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact 
of MFLR on 
stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

Government (National)      

1. Ministry of Environment & Forestry – 
Directorate General for Natural 
Resource & Environmental 
Conservation 

KSDAE 1 Full ecological restoration in protected areas. 
Mandate of 2000 ha/yr. 

+ 1 

2. Ministry of Environment & Forestry – 
Directorate General of Watersheds 
and Protected Forests  

Dirjen DAS & HL 2 Lead agency for forest restoration. + 2 

3. Ministry of Environment & Forestry – 
Directorate General of Climate 
Change  

Dirjen Perubahan 
Iklim 

3 Greenhouse gas emissions reduction + 1 

4. Ministry of Marine Affairs & Fisheries 
– Small Islands and Coastal 
Management Agency 

KP3K 3 Accelerating action on mangrove restoration and blue 
carbon 

+ 2 

5. Ministry of Marine Affairs & Fisheries 
– Directorate General of Aquaculture 

DitJen 
Pembudidayaan 

3 Aquaculture production targets and foreign cash 
earnings 

- 1 

6. Ministry of Planning BAPPENAS 3 Alignment between land cover and spatial plan 0 1 

7. Coordinating Ministry of Economic 
Affairs 

MenKo Perekonomian 1 Mangrove restoration mandate (1.8 million ha by 
2045) 

+ 1 

8. Coordinating Ministry of Maritime 
Affairs 

MenKo Maritim 1 Accelerating action on mangrove restoration and blue 
carbon 

+ 1 
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Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact 
of MFLR on 
stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

9. Ministry of Home Affairs KeMenDagri 3 Resolving illegal land use  0 2 

10. National Mangrove Working Group  KKMN 2 Restoration as pillar of 3-part mandate (restoration, 
conservation, sustainable use) 

+ 3 

Government  
(Regional & Provincial) 

     

1. Natural Resource Conservation 
Agency  

BKSDA 1 Full ecological restoration of TPNR + 1 

2. Coastal and Oceanic Resource 
Management Agency – Sulawesi 
Region 

BPSPL Wilayah 
Sulawesi 

2 Mangrove restoration + 2 

3. Ministry of Forestry & Environment – 
Law Enforcement Agency – Sulawesi 
region 

KLHK – GAKUM - 
Sulawesi 

1 Enforcement against illegal occupation of the Nature 
Reserve 

+ 1 

4. Gorontalo Provincial Environmental 
Agency 

 

DLHK 3 Support and training of government mangrove 
restoration practitioners 

0 2 

5. Integrated Forest Management Unit 
III 

KPH Unit III 1 Jurisdiction over Pohuwato Conservation Forest 
Management Unit (FMU) 

+ 1 

6. Gorontalo Provincial Watershed 
Management Agency 

BPDAS 2 Line agency tasked with planning and technical 
implementation of restoration 

+ 1 

7. Gorontalo Provincial Mangrove 
Management Working Group -  

KKMD - Gorontalo 2 The institutional home for the ROAM assessment.  
Strong advocates of restoration in Tanjung Panjang 

+ 2 

8. Gorontalo House of Representatives DPRD – Gorontalo 2 Key decision-making body 0 3 

9. Gorontalo Provincial Planning 
Agency 

BAPPEDA 2 Formal mandate for spatial (RTRW) and development 
(RPJP) planning 

0 3 

10. Provincial Fisheries Department DKP - Propinsi 2 Service providers to fish-farmers.  
Capture fishery and habitat management. 

- 
 

1 
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Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact 
of MFLR on 
stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

+ 

11. Gorontalo Provincial Government PemProv Gorontalo 3 Mangrove ecosystem services for public good 
Revenue from aquaculture sector 

+ 
 
- 

3 

Government  
(District, Sub-district, Village) 

     

1. Pohuwato Mangrove Management 
Working Group  

KKMD - Pohuwato 2 Have planned for 200 ha of mangrove restoration in 
Pohuwato in 2016 and 2017, lost influence due to UU 
23 

+ 2 

2. Pohuwato District Government 
Office  

PEMDA Tingkat 
Kabupaten 

2 Has allocated 600 million rupiah for greenbelt 
restoration in Tanjung Panjang, ran on a pro-
mangrove platform, political rival initiated the 
conversion in Tanjung Panjang 

+ 1 

3. Sub-district Government Offices 
(Wonggarasi, Randangan and 
Patilanggio) 

PEMDA Tingkat 
Kecamatan 

2 Need to be informed of all implementation in their 
districts 

0 2 

4. House of Representatives – District DPRD Kabupaten 2 Key decision makers at District Level 0 3 

5. Pohuwato Tax & Retribution Office Dispenda 3 Currently collect taxes from half of the fish farm areas 
in Tanjung Panjang 

0 1 

6. Pohuwato Department of Public 
Works 

PU  3 Service providers to fish farming communities (roads, 
infrastructure) 

0 4 

7. Department of Small Villages Dinas Perdesaan 3 Service providers to fish farming communities (solar 
[panels) 

0 4 

8. Dept. of Industry, Trade and 
Cooperatives 

Disperindagkop 3 Service providers to farmer and fish farmer 
cooperatives  

- 3 

Law enforcement agencies      

1. Pohuwato Police Department POLDA 1 Enforcement of mangrove protection laws; + 3 
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Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact 
of MFLR on 
stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

Facilitation of pond development  
- 

2. Water & Air Police SATPOLAIRUD 1 Assist GAKUM in eviction of fish farmers 0 4 

3. Navy TNI-AL 3 Assist GAKUM in eviction of fish farmers 0 4 

Local community      

1. South Sulawesi Family Group  KKSS (Kerukunan 
Keluarga Sulawesi 
Selatan) 

1 Large (8800 members) Community Based 
Organization – comprised of fish farm members from 
South Sulawesi 

- 1 

2. Capture fishers from neighbouring 
areas 

 1 Capture fisheries potential off-shore from Tanjung 
Panjang 

+ 2 

3. Mangrove Community Nursery 
Group 

KBR Mangrove 1 Mangrove planting projects + 2 

4. Women’s support group PKK 1 Relatively low interest 0 4 

5. Community empowerment group KPMD 1 Relatively low interest 0 4 

6. Farmer groups (including fish 
farmers) 

GAPOKTAN 1 Formal groups which receive government support for 
farming and fish farming 

- 1 

7. Islamic religious study group Majelis Taklim 3 Relatively low interest 0 4 

8. Cooperative Karang Taruna 1 Involved in mangrove planting and coastal livelihood 
projects 

0 2 

9. Government organized community 
empowerment group 

PNPM 1 Prior involvement in planting project (Green PNPM) 0 4 

10. Women’s savings and loan group SPKP 1 Beneficiaries of livelihood programs + 4 

11. Water & sanitation group formed by 
Dept of Public Works 

PAMSIMAS 3 No direct mangrove rehab interest 0 4 

12. Water & sanitation group formed by 
Dept of Public Works 

P3A 3 No direct mangrove rehab interest 0 4 
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Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact 
of MFLR on 
stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

13. Livelihood group set up by Social 
Agency 

 KUBE 1 Project based livelihoods group 0 4 

14. Village/sub-village head Kepala desa/dusun 3 Pro-aquaculture interest, locally influential 0 3 

15. Village Community Empowerment 
Cadre 

KPMD 1 Project based empowerment group 0 4 

Private Sector      

1. Milkfish businesses  2 Interested in continued aquaculture  - 2 

2. Excavator businesses  2 Interested in continued aquaculture and pond 
expansion 

- 2 

3. Feed & Fertilizer  2 Interested in continued aquaculture - 2 

4. Fish fry/hatchery  2 Interested in continued aquaculture - 2 

NGO’s & Academia      

1. Natural Resource Management 
Advocacy Network 

JAPESDA 2 Community based coastal resource management 
Mangrove restoration 
Conflict avoidance/mediation  

+ 1 

2. Yayasan Insan Cita Pohuwato YICP 2 Mangrove rehabilitation and livelihoods for local 
communities 

+ 2 

3. University of Gorontalo UNG 3 Biophysical, social and political research in Tanjug 
Panjang 

0 2 

4. IUCN  3 Facilitation of SUSCLAM, Mangroves for the Future, 
and ROAM 

+ 2 

5. Blue Forests YHB 2 Facilitators of ROAM 
Technical mangrove rehabilitation implementation 

+ 2 

6. ELTI  3 Ecological restoration + 2 
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Demak – Central Java 

Appendix Table 3.3. Results of stakeholder analysis for 57 potential participants in the Tanjung Panjang ROAM assessment. Stakeholder groups 
and institutions are indicated along with their Indonesian acronym, type (primary (1), secondary (2), external (3)), interests in MFLR, potential 
impact of MFLR on the stakeholder (positive (+), negative (-), neutral (0) or uncertain (?)) and priority quadrant (1=interested and influential, 
2= interested but not influential, 3=influential but not interested, 4=neither interested nor influential). 

Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact of 
MFLR on stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

Government (National)      

1. Ministry of Marine Affairs & Fisheries – Small 
Islands and Coastal Management Agency 

KP3K 1 Coastal protection program in Demak 
Accelerating action on mangrove 
restoration and blue carbon 

+ 1 

2. Ministry of Marine Affairs & Fisheries – 
Directorate General of Aquaculture 

DitJen 
Pembudidayaan 

1 Aquaculture production targets and 
foreign cash earnings 

+ 1 

3. Ministry of Environment & Forestry – Directorate 
General of Watersheds and Protected Forests  

Dirjen DAS & HL 2 Lead agency for forest rehabilitation 
and restoration. 

+ 2 

4. Ministry of Environment and Forestry – Agency 
for Essential Ecosystem Management 

BPEE 3 Develop essential ecosystems outside 
of formal national protected areas 

+ 2 

5. Ministry of Planning BAPPENAS 3 Alignment between land cover and 
spatial plan 

0 1 

6. Coordinating Ministry of Economic Affairs Menko 
Perekonomian 

3 Mangrove restoration mandate (1.8 
million ha by 2045) 

+ 1 

7. Coordinating Ministry of Maritime Affairs Menko Kemaritiman 3 Accelerating action on mangrove 
restoration and blue carbon 

+ 1 

8. Committee for Acceleration of Priority 
Infrastructure Projects 

KPPIP 3 Presidential mandate to develop 2 new 
industrial corridors in Java 

- 3 

9. Ministry of Industry Kementrian 
Perindustrian 

3 Jurisdiction over newly created 
industrial corridor 

- 3 

Government 
(Regional & Provincial) 
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Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact of 
MFLR on stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

1. Provincial Watershed and Protected Forest 
Management Agency 

BPDASHL – Pemali 
Jratun 

3 Formal restoration mandate – in forest 
and non-forest areas 

+ 1 

2. Provincial River Management Agency  BBWS Pemali Juana 1 Riparian repair and dredging  + 1 

3. Central Java Provincial Mangrove Management 
Working Group 

KKMD Jateng 3 Oversight of mangrove management 
including restoration 

+ 2 

4. House of Representatives DPRD Jateng 3 Key decision-making body 0 3 

5. Planning Agency  BAPPEDA 3 Formal mandate for planning and 
integration 

0 3 

6. Central Java Provincial Fisheries Department DKP Jateng 1 Extension to fish farmers, aquaculture 
production targets 

+/- 1 

7. Central Java Provincial Government Office  PEMPROV Jateng 3 Sustainable economic development 
Coastal protection 

+/- 3 

Government  
(District, Sub-district, Village) 

     

1. Demak District Government Office PEMDA Demak 3 Need to be informed of activities in 
their jurisdiction 

+/- 1 

2. Wedung Sub-district Government Office Pemerintah 
Kecamatan Wedung  

3 Need to be informed of activities in 
their jurisdiction 

+/- 2 

3. House of Representatives – District  DPRD Kabupaten 3 Key decision-makers 0 3 

4. Pohuwato Tax Office BPN – Kabupaten 3 Tax collection from registered land 
owners 

- 4 

5. Department of Public Works PU 3 Service village infrastructure (roads, 
dikes, rivers, coastal protection) 

+/- 3 

6. Dept of Industry, Trade and Cooperatives Disperindagkop 3 Service cooperatives and the 
aquaculture businesses 

- 3 
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Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact of 
MFLR on stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

7. Environmental Agency Dinas-LH 3 Pushing for essential ecosystem status 
in mangrove areas 

+ 2 

8. Department of Fisheries DKP 1 Implementation of restoration and 
coastal protection 
Aquaculture extension 

+ 
 
- 

1 

9. Tourism Agency Dinas Pariwisata 1 Developed road to access future 
mangrove ecotourism park in Tambak 
Bulusan 

+ 2 

10. Demak Disaster Management Agency BPBD 1 Supportive of mangrove rehabilitation 
and coastal protection  

+ 2 

Law enforcement agencies      

1.  Police Department PODLA 3 Conflict resolution 0 3 

Local community      

1.  Demak Student Association Ikatan Mahasiswa 
Demak 

2 Community service 0 4 

2.  Demak Yogyakarta Student-Family Group  KMDY 2 Community service 0 4 

3.  Teenagers for the Environment (Youth Group) KPRL 1 Mangrove planting activities, 
community service and environmental 
education 

+ 2 

4.  Demak Green Forum Forum Hijau Demak 2 Mangrove planting activities, 
environmental awareness 

+ 2 

5.  Environmental and cultural observer forums  FPKLD 2 Mangrove planting activities, 
environmental education 

+ 4 

6.  Brigadier Development Corps CBP 2 Community service 0 4 

7.  Indonesia Red Cross – Volunteer Corps PMI 2 Mangrove planting activities, 
community development 

+ 2 

8. Environmental scout group Saka Kalpataru 2 Mangrove planting activities, 
Community service 

+ 2 



344 

Stakeholder Indonesian Acronym Type 
(1,2,3) 

Interest in MFLR Potential impact of 
MFLR on stakeholder 

(+,-,0,?) 

Priority 
quadrant 

(1-4) 

9. Coastal fisherfolk group Kelompok Nelayan 
Pesisir Demak 

1 Mangrove rehabilitation and fisheries 
management 

+/- 1 

10. Demak Village Mangrove Group Kelompok Mangrove P Group formed from Field School 
participants.  

+ 1 

Private Sector      

1. Land developers e.g. JATENGLAND 1 Purchase and development of coastal 
land 

- 3 

2. Witteeven+Bos (member of BwN)  1 Hard-engineering and dredging firm - 1 

3. Feed & fertilizer producers (Ex. Saprotan Utama) 3 Interested in continued aquaculture - 2 

4. Fish/shrimp hatcheries  3 Interested in continued aquaculture - 2 

NGO’s & Academia      

5. Awur Bay Mangrove Ecosystem Study Group KeSEMaT 2 Student organization from UNDIP – 
mangrove research, advocacy and 
rehabilitation 

+ 1 

6. Alumni of KeSEMaT IKAMAT 2 Mangrove consulting and rehabilitation + 2 

7. University of Dipenogoro  UnDip 2 Mangrove, carbon, fisheries research. 
Outreach in Demak.  

+ 1 

8. Natural Resource Research & Development 
Institute  

LPPSP 3 a group of young people who had 
idealism and dedication in Community-
based development 

+ 2 

9. OISCA  OISCA 3 Running activities in Bedono and 
Timbul Sloko Village for mangrove 
rehabilitation. 

+ 2 

10. Building with Nature consortium (Wetlands 
International, Ecoshape, Witteeven+Bos 
Wageningen University, Delft Univ., Deltares, 
Blue Forests) 

BwN 1 Five-year coastal protection project – 
mangrove rehabilitation 

+ 1 
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Analysis was also undertaken to differentiate stakeholder types, considering total numbers 
of stakeholders within these types with interest and influence related to MFLR (Figure 4.3). 
Seven stakeholder types were determined including; 1) national government, 2) regional 
and provincial government, 3) district, sub-district and village government, 4) law 
enforcement agencies, 5) local community, 6) private sector, 7) NGO’s and academia.  

 
Appendix Figure 3.1. Number of stakeholder groups per stakeholder type (n=7) in each 
of four stakeholder analysis interest/influence quadrants in Tanjung Panjang and Demak. 
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Appendix 3c. Content analysis of stakeholder interviews 

The results of the restoration diagnostic determined by multi-stakeholder groups during 
ROAM stage III workshops portrayed confidence that MFLR can be achieved. However, 
this confidence is belied by the rehabilitation opportunity maps which reveal low to 
moderate opportunity in Tanjung Panjang (2.5, 15.9% and 47%) and very low opportunity 
in Demak (0.4%). This next phase of research aims to contextualize the findings of 
rehabilitation opportunity mapping through the analysis of interviews with fish farmers and 
extension workers (listed in Table 4c.1) to uncover thoughts and attitudes which may serve 
as barriers to MFLR. It is hypothesized that these barriers were not fully expressed during 
multi-stakeholder workshops due to power inequities between stakeholders. 

Appendix Table 3.4. Respondents from semi-structured interviews with fish farmers and 
extension workers in Demak (n=10) and Tanjung Panjang (n=10), their affiliation or 
profession and date of interview. 

Landscape Respondent 
Number and 
Initials 

Affiliation/Profession Date of Interview 

Demak 01-DA Watershed Agency April 07, 2017 

02-BC Fish farmer - Tambakbulusan April 13, 2017 

03-BH Fish farmer - Surodadi April 15, 2017 

04-MD Fish farmers - Morodemak April 05, 2017 

05-TB Fish farmers - Tambakbulusan April 12, 2017 

06-KE NGO – KeSEMaT (A) April 07, 2017 

07-KS NGO – KeSEMaT (B) April 07, 2017 

08-GH Fish farmer - Tambakbulusan April 11, 2017 

09-HA Fish farmer April 09, 2017 

10-CH Fish farmer - Surodadi April 15, 2017 

Tanjung 
Panjang 

01-AA Pond owner/fish farmer April 25, 2017 

02-AB Pond owner/fish farmer April 27, 2017 

03-AS Pond owner/fish farmer April 25, 2017 

04-BM Fish farmers April 28, 2017 

05-KS South Sulawesi Family Group (KKSS)  April 24, 2017 

06-KK Fish farmer and family April 24, 2017 

07-DK Fish farmer April 24, 2017 

08-MA Village leader April 26, 2017 

09-RU Fish farmer April 28, 2017 

10-IN Pond owner/fish farmer April 28, 2017 

Qualitative content analysis was performed by the lead researcher and two research 
assistants, analysing 20 transcribed interviews through a process of abstraction (from 
manifest to interpreted or latent meaning). Table 4c.2 provides definitions of condensed 
meaning units, codes, categories and themes. Examples of this analysis are provided in 
table 4c.3 which depicts the coding of condensed meaning units and table 4c.4 which shows 
the refinement of codes and development of categories and themes.  
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Appendix Table 3.5. Glossary of terms as used in qualitative content analysis (Erlingsson 
and Brysiewicz, 2017) 

Meaning units A segment of transcribed text concerned with 
one central connotation.  

Condensation and condensed meaning units Condensation is a process of shortening the text 
while still preserving the core meaning. 
Condensed meaning units are a shorter segment 
of text than a meaning unit, which maintains the 
same connotation. 

Code A code can be thought of as a label; a name that 
most exactly describes what a particular 
condensed meaning unit is about. Codes are 
commonly one or two words long. 

Category A category is formed by grouping together two or 
more codes that are related to each other through 
their content or context. Codes are organised into 
a category when they are describing different 
aspects, similarities or differences of the text’s 
content that belong together. When analysis 
yields numerous codes, it can be helpful to 
assimilate smaller groups of closely related codes 
in sub-categories. Sub-categories related to each 
other through their content can be grouped into 
categories. A category answers questions about 
who, what, when, or where? In other words, 
categories are an expression of manifest content, 
i.e., what is visible and obvious in the data. 
Category names are factual and short. 

Theme A theme can be seen as expressing an underlying 
meaning, i.e., latent content, found in two or 
more categories. Themes express the data on an 
interpretative (latent) level. A theme answers 
questions such as why, how, in what way, or by 
what means? A theme is intended to 
communicate with the reader on both an 
intellectual and emotional level. Therefore, poetic 
and metaphoric language is well suited in theme 
names to express underlying meaning. Theme 
names are very descriptive and include verbs, 
adverbs and adjectives. 

Appendix Table 3.6. Example of the process of developing codes from condensed meaning 
units during analysis of semi-structured interviews with fish farmers in Tanjung Panjang. 

Meaning Unit Condensations  Codes Codes 

Don't know location of Tanjung 
Panjang Nature Reserve 

community uninformed justification 

there were no rangers. Even the 
government didn't know the 
boundaries of the nature reserve 

government uninformed lack of enforcement 

land was purchased initially by locals complicit local stakeholders 
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Meaning Unit Condensations  Codes Codes 

in 2003 one-hectare cost 3 million 
rupiah 

investment 
 

already cleared with dike walls, but 
not yet perfect 

investment 
 

not purchased land use informal tenure 

only received use permits land use permit informal tenure 

a letter issued from the village 
government 

village issued permit complicit local stakeholders 

   

then 2003 came beginning with the 
Pohuwato District government 

government interest 
 

boundary posts were placed in 2004 boundary demarcation 
 

we had lived here 14 years - and had 
never seen ponds developed in a 
nature reserve 

we were here first 
 

only the reverse - a nature reserve 
developed in ponds 

we were here first 
 

the community is always blamed scapegoat 
 

as an uneducated community we 
become scapegoats 

uneducated scapegoat 

there is space for mangroves near 
the sea - that can be planted 

alternative location 
 

Southerners are planting the 
mangroves out there on the coast 
already 

mangrove planting 
 

   

there needs to be a discussion 
together 

need for discussion 
 

the community has not yet taken 
action 

threat of action 
 

pressure will only result in other 
problems 

threat of escalation 
 

we have had a discussion with the 
Nature Reserve office, the forestry 
department, department of public 
works and the planning agency 

previous discussions 
 

but none of their representatives had 
decision making authority 

request to meet decision makers 

we need an audience with policy 
makers to speak directly without 
intermediaries 

request to meet decision makers 

Appendix Table 3.7. Example of the process of developing categories and themes from 
condensed meaning units and codes during analysis of semi-structured interviews with 
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fish farmers in Tanjung Panjang. Categories were further refined after consultation with 
research assistants and additional analysis. Final categories are listed in Table 4c.6 

Theme: Transgression; converting mangrove forest landscapes for aquaculture 

Meaning Unit Condensations  Codes Categories 

Don't know location of Tanjung Panjang 
Nature Reserve 

community 
uninformed, 
justification 

we know no bounds 

there were no rangers. Even the 
government didn't know the boundaries of 
the nature reserve 

government 
uninformed, lack 
of enforcement 

inadequate governance 

land was purchased initially by locals complicit local 
stakeholders 

complicit local stakeholders 

in 2003 one-hectare cost 3 million rupiah investment opportunity cost 

already cleared with dike walls, but not yet 
perfect 

investment opportunity cost 

not purchased land use, informal 
tenure 

vulnerable tenure 

only received use permits land use permit, 
informal tenure 

vulnerable tenure 

a letter issued from the village government village issued 
permit, complicit 
local stakeholders 

complicit local stakeholders 

Theme: Waves of conflict 
  

then 2003 came beginning with the 
Pohuwato District government 

government 
interest 

increased government involvement 

boundary posts were placed in 2004 boundary 
demarcation 

increased government involvement 

we had lived here 14 years - and had never 
seen ponds developed in a nature reserve 

we were here 
first 

justification 

only the reverse - a nature reserve 
developed in ponds 

we were here 
first 

justification 

the community is always blamed scapegoat scapegoat 

as an uneducated community we become 
scapegoats 

uneducated, 
scapegoat 

scapegoat 

there is space for mangroves near the sea - 
that can be planted 

alternative 
location, 
compromise 

compromise 

Southerners are planting the mangroves 
out there on the coast already 

mangrove 
planting 

compromise show of good intent 

there needs to be a discussion together need for 
discussion 

interest in mediation 

the community has not yet taken action threat of action conflict escalation 

pressure will only result in other problems threat of 
escalation 

conflict escalation 
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Theme: Transgression; converting mangrove forest landscapes for aquaculture 

Meaning Unit Condensations  Codes Categories 

we have had a discussion with the Nature 
Reserve office, the forestry department, 
department of public works and the 
planning agency 

previous 
discussions 

frustration 

but none of their representatives had 
decision making authority 

request to meet 
decision makers 

frustration 

we need an audience with policy makers to 
speak directly without intermediaries 

request to meet 
decision makers 

interest in mediation 

Altogether 96 codes, 15 categories and 5 themes were developed in Tanjung Panjang with 
132 codes, 16 categories and 5 themes aggregated in Demak. It is important to emphasise 
that it is not the number of codes or their frequency of occurrence that is important, but 
rather the meanings gained from how the codes and categories are grouped.  

Resultant themes and over-arching themes for each landscape are presented in Table 4c.5 
and are described in detail in this appendix with reference to the categories which 
contributed to their definition.  The refined categories themselves are listed in Table 4c.6, 
reflecting stakeholder willingness and serving as either enabling factors or potential barriers 
to MFLR.  

Appendix Table 3.8. Resultant themes and overarching theme from content analysis of 
stakeholder interviews 

 Tanjung Panjang Demak 

Overarching theme We know no bounds: transmigrant fish 
farmer perceptions of transgression, 
conflict and future options 

Accept the project then back to 
business-as-usual 

Themes 1. Transmigration, transgression and 
privatization of the commons 

1. Land tenure & land use issues 
 

2. Post-transgression aquaculture 
management 

2. Environmental conditions and 
disturbances  

3. Fish farmers perceptions of 
mangroves and restoration  

3. Numerous prior mangrove 
planting programs; without 
success or lesson learning 

4. Waves of conflict 4. Genuine or ingenuine; 
community interest in mangrove 
rehabilitation 

5. An unclear future 5. Opportunity cost to fish farmers 

Categories 15 16 

Codes 96 132 

Themes from interviews with fish farmers and extensionists in Tanjung Panjang 

Five (5) overall themes were developed in TP to interpret the data from semi-structured 
interviews with fish farmers and extensionists. These themes occur in a chronological 
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sequence beginning with an initial period of transmigration and transgression of the 
Tanjung Panjang Nature Reserve and conversion of mangroves for aquaculture. The themes 
proceed through a period of profitable aquaculture production and pond expansion up to a 
point of government concern over the transgression, resulting in belated enforcement and 
a current state of land use conflict without clear pathways forward or indications of conflict 
resolution. Five themes from Tanung Panjang are presented below emphasizing factors 
which may serve as potential barriers to MFLR. 

Theme TP1: Transmigration, transgression and privatization of the commons 

Fish farmers interviewed explained that they originated from various parts of South 
Sulawesi where they had been engaged in brackish water aquaculture for generations. Due 
to low productivity and lack of access to new areas for pond development, fish farmers 
voyaged to Gorontalo amongst other landscapes. Respondents described the patron-client 
system known as Punggawa-Sawi under which wealthier individuals (Punggawa) obtain 
lands for aquaculture development to be worked by Sawi under a profit-sharing 
arrangement (Fougères, 2005). Commons mangrove areas are selected for aquaculture 
development due to lack of protection and ease of conversion. Respondents explained the 
process of initial transactions, facilitated by various complicit local stakeholders.  

Since 1999 until this issue arose in 2016, I have paid land tax and 
retribution again after each harvest. Back when we first opened the 
lands manually, we had permission from the sub-district head, the 
village and the head of the hamlet.  Why is the government only now 
making an issue out of this? [BM] 

Numerous justifications were provided for rationalize the transgression.   

AA [addressing himself in the third person] was the first person to 
develop ponds in this area.  Access was easy, but we didn’t do it in 
the mangrove forest, not in the nature reserve or the protected 
forest.  We never saw signposts. Signposts were only erected in 2014, 
after many ponds had been opened in the nature reserve. [AA] 

I’ve never seen ponds developed in the nature reserve. Only the 
reverse, a nature reserve developed in the ponds. [KS] 

Justifications of these attitudes included; lack of awareness of nature reserve boundaries, 
claims that fish farmers arrived before nature reserve designation, lack of government 
enforcement and that ponds were constructed in former swamp (semak) and not mangroves. 

Theme TP2: Profitable aquaculture expansion 

Fish farmers interviewed spoke of the high value and benefit of aquaculture in Tanjung 
Panjang, both for their families as well as the community at-large.  Most send the proceeds 
of aquaculture back to South Sulwaesi, however some respondents spoke of local 
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investments and contributions to local economies including the payment of various taxes 
and retributions35.  

In terms of relationships with the pre-existing “Gorontalo” community, respondents spoke 
of assimilation [trust], sameness of religion and inter-marriage.  Lack of respect for local 
officials was also mentioned due largely to instances of corruption and self-interest.   

There is information that ponds will be closed, but all the while new 
ponds are being opened.  It feels like a land grab. People should be 
demarcating their pond areas with land owners, but this is taking 
place quietly. [MA]  

Respondents mentioned the formation of the South Sulawesi Family Association (KKSS), 
an 8000-member community-based organization with significant political power, but also 
noted factions and conflict within the KKSS. 

In terms of land use and land tenure, respondents felt a strong sense of ownership due to 
significant financial investments and the possession of various forms of use and ownership 
documents.  However, due to the informal and illicit nature of land use and land tenure 
within protected forests, both the Tanjung Panjang Nature Reserve (TPNR) and adjacent 
Pohuwato Protected Forest (KPH-L), fish farmers felt vulnerable.  

There are no formal letters.  There are tax receipts, but there are no 
land certificates yet. Nobody in the community has any. Ponds are 
bought and sold securely between the community, but illegally, with 
receipts. [KK] 

Theme TP3: Fish farmers perceptions of mangroves and restoration 

Respondents questioned the value of vast mangrove forests, dubious that money can be 
made from the forest.  Respondents did acknowledge that mangrove greenbelts were 
important to protect their ponds. 

With regards to restoration two main viewpoints emerged from the interviews 1) restoration 
is not necessary and, 2) planting mangroves along dike walls is an acceptable compromise, 
while trees in ponds (silvofisheries) are not preferable.   

Respondents discussed prior experiences with mangrove planting and reasons for failure. 
Many emphasized that Tanjung Panjang was not appropriate for mangrove planting due to 
the presence of ponds.  They do not envision a future landscape with significant mangrove 
areas, but rather a landscape dominated by aquaculture ponds. 

There is some land near the sea. Try that. Mangroves are not 
suitable for planting in pond areas. [RU] 

Theme TP4: Waves of conflict 

                                                 
35 “Retributions” are collected 2 to 4 times at roadside for each truckload of aquaculture products 
sent by truck to South Sulawesi. 
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Government awareness of severe degradation of Tanjung Panjang began in the early 
2010’s, peaking in 2016 after a visit to the region by President Joko Widodo who made a 
statement about the urgent need to arrest continued conversion and restore Tanjung 
Panjang.  Periods of conflict and mediation have occurred over the entire decade.  
Significant conflict was marked by the Ministry of Forestry and Environment’s 
enforcement agency (GAKUM) dismantling of five fish farmer houses and their eviction 
in 2016.  

Respondents report numerous feelings related to conflict including; fear, anxiety, trauma, 
fatigue and suspicion of outsiders.   

There needs to be discussions with leaders, to make a fair map of 
which areas need to be planted. Government needs to be involved 
along with the KKSS so that the government understands and makes 
rules to protect this community movement. [KS] 

Some respondents feel that it is best to wait out the issue, which is cyclical.  Others mention 
escalation of conflict, bloodshed and terrorism. 

On the surface, respondents are welcome of mediation attempts; acknowledging the need 
for long-term mediation to seek a win-win solution.  There are statements of appreciation 
of NGO’s roles as mediators, yet fish farming leaders are frustrated when “authorized 
decision makers” do not attend meetings.  There is acknowledgement of the need for legal 
assistance.  Fish farmers are working with a local NGO to plant mangroves along their pond 
dike walls as a sign of compromise and appeals for a tolerance period to continue fish 
farming from 5 – 20 years.  

We don’t want our children and grandchildren to become fish 
farmers, it is a hard life. In 5 or 10 or 20 years, once enough money is 
made, they will be educated and become doctors and lawyers and we 
can go home. [AS] 

While mediation efforts are seemingly appreciated, distrust is also evident between 
stakeholders. Respondents feel that government at various levels are not acting in good 
faith, that corruption and self-interests such as acquisition of lands are rampant.   

As such, organized resistance has formed, primarily on behalf of the KKSS organization 
and its leadership which numerous fish farmers feel are strong and adequately address their 
concerns.  There is mention of internal factions, and that a split-off group of less 
conciliatory fish farmers has formed.  This faction is has pushed for re-classification of land 
use designation twice over-time, to legalize aquaculture in the landscape36. 

Theme TP5: An unclear future (business-as-usual, conflict, leakage or MFLR?) 

                                                 
36 Petitioning for the Provincial Fisheries Department (DKP) to petition the Ministry of Marine 
Affairs and Fisheries (KKP) to re-classify Tanjung Panjang Nature Reserve for aquaculture use 
and for the Directorate General of Social Forestry and Environmental Partnership (PSKL) to re-
classify both TPNR and Pohuwato FMU for agricultural use under the TORA agrarian reform act. 
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Consideration of future options can be designated in two main categories.  First, 
respondents are interested in continuation of fish farming.  They do not want to be evicted 
and are interested in a change of land use designation to legalize aquaculture.  Some offer 
silvofisheries as a compromise, while others also request pond improvement.  In terms of 
meta-conditions, the fish farmers wish to continue their livelihoods peaceably with a sense 
of security and fairness. 

Restoration was considered as second future option.  If restoration needs to take place, fish 
farmers are concerned about time-frame, the availability of alternative livelihoods and 
compensation.  In terms of time-frame, respondents requested periods between 5-20 years 
to continue fish farming in the region.   

Fish farming is a hard life.  I do not want my children to be fish 
farmers. We can earn enough money in 5 or 10 years so that they can 
go to school obtain better jobs. After that we will return home. [KS] 

Most respondents cannot envision viable livelihood alternatives. Dryland farming was 
mentioned by a sole respondent who owns land and desires investment in irrigation to 
produce rice. Cloves were discussed as an example of a lucrative agroforestry crop. Most 
respondents felt that farming was technically challenging in the area and that they did not 
have access to farmland. Interviewed fish farmers felt strongly that there were not willing 
to invest start-up capital again in the region, and many were directly opposed to alternate 
livelihoods  

I bought these ponds myself by making payments when my children 
were still in elementary school.  I built them myself, for my family.  I 
don’t hire workers, my children fish farm with me. Some of my 
children are still in University. The ponds are for the family. We are 
from a fish farming culture. If we have to leave, we will open ponds 
elsewhere. [IN] 

The majority of respondents mentioned the requirement for compensation if forced to 
restore ponds and/or relocate. 

“We know no bounds; transmigrant fish farmer perceptions of transgression, conflict and 
future options,” was developed as an over-arching theme for Tanjung Panjang, intending 
to encapsulate the process of changing land use and mangrove forest conversion over time. 
The first part of the over-arching theme “we know no bounds” comes from a direct quote 
made by the leader of the KKSS, who claims that the nature reserve was not signed or 
demarcated. Bounds in this instance takes its literal meaning from the word batas in 
Indonesian.  The phrase takes on a deeper meaning when one associates the word batas 
with threshold (ambang batas in Indonesia) meaning the fish farmers do not consider limits 
to landscape conversion in terms of time or space.  Another interpretation might refer to 
the trans-boundary nature of landscape conversion undertaken by the “southerners” who 
play the role of willing actors in a larger story of aquaculture production and economic 
development. The second part of the over-arching theme; “transmigrant fish farmer 
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perceptions of transgression, conflict and future options,” emphasizes the temporal nature 
of the issue as it has progressed in the landscape over several decades. 

Themes from interviews with fish farmers and extensionists in Demak 

Five (5) themes were developed in Demak which follow the conversion of mangroves to 
irrigated rice agriculture and brackish water aquaculture over time. In this instance, 
conversion stretches back to the late 1800’s progressing to a point at the end of the 20th 
century where only 7.5% of historical mangrove cover remains. These themes go on to 
describe the consequences of environmental degradation since the mid-1990’s; including 
gross landscape subsidence and coastal erosion.  The story culminates in modern day 
describing numerous failed attempts at mangrove rehabilitation, ingenuine stakeholder 
interest in mangrove rehabilitation and fish farmer interest to continue aquaculture 
regardless of financial losses or continued environmental degradation, and the formal re-
designation of land-use in Sayung District from agrarian to industrial use. The five themes 
developed from analysis of stakeholder interviews in Demak are presented below 
emphasizing factors which may serve as potential barriers to MFLR. 

Theme D1: Land tenure and land use issues 

Aquaculture ponds were developed in cleared mangroves in Demak starting the late 1800’s, 
with rice fields developed in forested and wetland hinterlands. Rice fields were later 
converted to aquaculture ponds due to salinization associated with landscape subsidence. 
Fish farmer respondents stated that the majority of their ponds were inherited.  Land tenure 
in current pond areas include a mix of formal (titled) and informal private, individual 
ownership. Aquaculture in coastal Demak is permitted under current spatial (RTRW) and 
economic development plans (RPJP). 

In anticipation of re-designation of Sayung District from agricultural to industrial use 
speculators are purchasing ponds from fish farmers, consolidating ownership for sale to 
future industrial developers.   

Before mangrove restoration, there needs to be a meeting between 
pond owners and the project [BwN] because most of the ponds here 
have already been bought by developers. Developers are buying all 
available ponds, and the community are selling the ponds because 
they need money.  They are more interested in land sales than joining 
restoration or livelihoods activities. [CH] 

There is some interest in the region to revert privately owned mangrove areas to community 
(group) owned forests. The most prominent example is in Tambakbulusan where villagers 
have expressed interest in creating an 80-hectare mangrove park for eco-tourism. However, 
at the time of this research no significant movement was made towards designation of an 
eco-tourism park, and the 80-hectare area was not included in the restoration opportunity 
map presented in Chapter 4, Figure 4.7. 

Theme D2: Environmental conditions and disturbances 
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Several fish farmer respondents explained that historical mangrove coverage in Demak was 
vast, and that the village of Morodemak takes its name from the Javanese word for 
Avicennia.  Fish farmers understand that mangroves provide essential ecosystem goods and 
services, mentioning coastal protection including protection of fish ponds, fisheries habitat, 
fuelwood and potentially eco-tourism.  Villagers in Tambakbulusan, Morodemak and 
Purworejo have visited successful mangrove/aquaculture tourism in the cities of Semarang 
and Surabaya and are interested in government facilitation of eco-tourism development. 

While some villagers feel there are adequate areas of mangroves, many understand that 
mangroves require calm conditions and adequate sediment which are scarce nowadays. 
Respondents mentioned current factors limiting mangrove distribution including erosion, 
subsidence, waves, lack of sediment and low surface elevation. Numerous respondents are 
hopeful that permeable dams can function to remediate the effects of erosion and 
subsidence, but also express pessimism based on poor performance of present dams. 

Several respondents considered that excess sediment in rivers could be used to raise surface 
elevation at the coast or in ponds, to support mangrove growth, while addressing river 
transport issues. 

Theme D3: Numerous prior mangrove planting programs; without success or lesson 
learning 

Respondents noted numerous mangrove planting efforts over the years, the majority under 
the jurisdiction of the Provincial Watershed Agency (BPDAS). BPDAS staff themselves 
felt that their agency has an upper watershed focus and although mangroves are planted 
annually they lack the agency’s attention. 

Respondents noted that there are contrary policies for aquaculture management and 
mangrove restoration and a lack of coordination between forestry and fisheries 
departments. 

Land owned by the government is also intentionally cleared for pond 
development.  The government, who are enjoining us to conserve 
nature, are providing an example of cutting mangroves to make 
ponds.  Communities are disappointed and apathetic with the 
Fisheries Department. Someone needs to communicate with the 
fisheries department to provide positive examples to the community.  
Those who are planting mangroves are also cutting them down. [KE] 

Fish farmers feel that it is essential for the government to collaborate with them yet better 
engagement and extension are needed.  They currently feel they are disliked [not trusted] 
by the government and are suspicious of government’s motives and disappointed with 
current governance.  

Respondents also discussed the technical details of past programs, successes and failures. 
Past programs were run annually and largely involved community groups to rear and plant 
seedlings. Technical instructions primarily concerned planting spacing, not location or 
other technical instructions.  Solitary monitoring events typically took place 3 months after 
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planting and were not continued.  Respondents noted various issues with past programs 
including lack of capacity, lack of finance for monitoring and inadequate monitoring 
period.  Several villagers told stories of mangroves planted and then removed, creating 
continual need for annual planting projects. 

Although successful projects were considered rare, respondents noted the success of 
mangrove planting in Tapak, Semarang by a community group using tires to mediate wave 
energy and erosion. Respondents also reported natural vegetation of accreted lands with 
Avicennia seedlings. 

Failure was ascribed to waves and erosion.  Fish farmers were often blamed for lack of 
maintenance leading to failure. Respondents commented on the effectiveness of permeable 
dams developed under the Building with Nature project to encourage sedimentation and 
mangrove recruitment. Descriptions of this effort were largely negative during interviews; 
failure, degraded, vulnerable setting, semi-functional, needing more trials, premature 
replication and false reporting. 

Demak needs wave breakers. The government followed BwN’s lead 
by constructing more permeable dams even though many were 
broken and not functioning. There were many presentations of the 
few well-built dams which were still functioning, even though they 
did not represent the majority of dams which were broken.  You can 
go see for yourself. It is a shame that the government is in a rush to 
replicate the permeable dam method, which needs to be studied 
more. A few of the dams are working and it is important to study 
them to know why they work while many others do not. [GH] 

Theme D4: Genuine or ingenuine; community interests in mangrove rehabilitation 

Community members who are interested in mangrove rehabilitation refer to the crucial 
need to counter-act the effects of erosion and subsidence. Pro-rehabilitation respondents 
are largely interested in the establishment of greenbelts.  

I will allow rehabilitation in my ponds.  After rehabilitation has 
succeeded, and sediment is captured again with the help of the 
permeable dam, I will re-construct my fish ponds.  But I will leave an 
adequate greenbelt in place. [CH] 

The use of permeable dams is still required but need to be improved to be effective. 
Extension workers stated that fish farmers who are in favour of rehabilitation are only 
interested in sacrificing vulnerable and unproductive pond areas located adjacent to the 
coast. 

I need to look at the data again.  The pond I nominated is still 
productive, so I want to rehabilitate a different pond which is at the 
edge of the sea. It has eroded and is not productive anymore. [BC] 
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Some community members are still deciding whether to be involved in mangrove 
rehabilitation, needing to consult with family and settle administration issues first. 

Community members against rehabilitation feel pessimistic that mangrove rehabilitation 
activities will succeed or help their situation. For the most part people still want to use their 
ponds regardless of recent profits or losses. Some cite the failure of permeable dams, and 
that community groups are losing interest in mangrove rehabilitation due to belated 
payments/compensation.  There is also cynicism that the communities will accept the terms 
of any project, knowing that they can revert to business-as-usual after benefitting from the 
project. 

Communities here are only motivated by money.  They will accept 
support from every project that comes along.  But that leads to 
psychological deterioration of the group. [MD] 

Technical recommendations of how mangrove rehabilitation can succeed referred to the 
application of sediment from rivers, filling and re-grading ponds, continued experimental 
erosion control, and building on traditional knowledge of where mangroves colonize and 
how to promote their growth and protection.  

Theme D5: Opportunity costs to fish farmers 

The need to address opportunity costs to fish farmers for rehabilitating mangroves in their 
ponds was mentioned by most respondents. Wetlands International, the NGO facilitating 
mangrove rehabilitation in the Building with Nature project, uses an approach known as 

Bio-rights which compensates participation in environmental rehabilitation and 
conservation by providing financial capital to group members for investment in sustainable 
livelihoods. 

Respondents mentioned the productivity of ponds; stating that they are both productive and 
unproductive dependent upon various factors such as location, management, disease, 
capital, and environmental conditions. Respondents are largely sceptical of alternative 
livelihood development due to lack of viable alternatives and disinterest in silvofisheries. 
Some respondents are interested in the potential of mangrove eco-tourism.  

With regards to compensation fish farmers claim high levels of investment and are 
interested in both capital and technical assistance for improved aquaculture in a portion of 
their ponds.  Some are willing to trade pond areas; sacrificing coastal ponds for 
rehabilitation in return for ponds located closer to land.  There is both interest in the Bio-

rights program as well as concern.  Fish farmer concerns are based on delayed payments 
and negotiation while community organizers are concerned over the potential for villagers 
to grow dependent on financial aid. 

All of the farmers in our group own their own ponds. Some members 
are leaving the group. All of the group members hope that financial 
assistance is provided quickly. Many also hope for facilitation in 
repairing ponds which are degraded. We need excavators to dig the 
ponds deep and build strong dike walls.  Group members are leaving 
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because they feel they have to be involved in too many activities 
before receiving aid. [CH] 

“Accept the project then back to business as usual,” was developed as an over-arching 
theme in Demak. This over-arching theme reflects upon the numerous short-term projects 
that have come and gone, and the lack of viable future options for fish farmers caught 
between rising seas and their subsiding lands. Although continued landscape degradation 
and difficulty in performing livelihood activities is evident, communities who have not sold 
their lands to project developers are not confident in future alternative options.  Akin to the 
over-arching theme for Tanjung Panjang, the temporal nature of the issue is again depicted. 
“Accept the project” recapitulates present stakeholder interests, while “back to business as 
usual,” connotes both past and future management responses. 

The categories (Tanjung Panjang = 15, Demak = 16) which contribute to the development 
of themes in each landscape can also be considered as factors which may enable or serve 
as barriers to MFLR. In light of the optimistic response of multi-stakeholder groups during 
analysis of enabling factors (Chapter 4, Table 4.11), categories developed during 
qualitative content analysis have been considered as potential barriers to MFLR opportunity 
and are listed in Table 4c.6. These categories will be compared with barriers identified 
during literature review, to compile a final list of potential barriers which limit MFLR 
opportunity in Demak and Tanjung Panjang.  

Appendix Table 3.9. List of categories from each landscape in chronological order as 
they emerged during semi-structured interviews with fish farmers and extensionists.  
These categories serve as enabling factors or barriers to MFLR opportunity. 

Categories  Ways in which categories may serve as barriers to 
MFLR 

Tanjung Panjang  

Transmigrants  Lack of attachment to steward new landscape. Low 
conservation ethic. 

Initial transaction/investment  Opportunity cost to MFLR. Requires compensation. 

Aquaculture production Opportunity cost to MFLR. Requires compensation. 
May seem attractive to local government 

Justification for conversion/transgression Provides counter-argument to MFLR 

Relationships with stakeholders A growing barrier as transmigrants establish 
themselves locally 

Land tenure Lack of tenure reduces incentive to restore as 
benefits of restoration do not accrue to land users  

Feelings about conflict Both pro and con. Some fish farmers seek to avoid 
conflict, while others threaten increased conflict as 
a response to forced restoration 

Corruption Reduces opportunities for legal resolution of land 
use 

Mediation Not a barrier. But effective mediation requires 
presence of key decision makers 

Organized resistance Ability to advocate against MFLR 
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Categories  Ways in which categories may serve as barriers to 
MFLR 

Value of mangroves Low perceived value reduces leverage to implement 
MFLR 

Perceptions about restoration Past failures reduce stakeholder interest in MFLR 

Livelihood alternatives Lack of suitable, equivalent livelihood alternatives 

Compensation High degree of compensation required by fish 
farmers reduces MFLR opportunity 

Continuation of aquaculture (Business-as-Usual) Reduces opportunity for MFLR  

  

Demak  

Land tenure Formal tenure by private individuals make MFLR 
negotiations lengthy 

Land use Long-standing aquaculture/agrarian land use – 
minimizes interest in MFLR 

Governance regime Lack of forest governance designation  

Collaboration Not a barrier 

Interest in mangroves Interest in mangroves as a greenbelt only – not 
whole mangrove ecosystems 

Modifications to physical environment Resulted in subsidence and erosion which are 
difficulty to overcome 

Mangrove rehabilitation programs Annual plantings without adequate monitoring 
leads to lack of lesson learning 

Past mangrove rehabilitation success Not a barrier 

Past mangrove rehabilitation failure Past mangrove rehabilitation failures reduce 
stakeholder interest in rehabilitation 

Community interest At-most interested in functional greenbelts 

Community resistance Unwilling to sacrifice ponds (livelihoods) for 
mangrove rehabilitation 

Confusion Unsure of utility of mangrove rehabilitation, 
permanence of  

Technical recommendations Focus on minute technical approaches, not 
landscape processes 

Aquaculture production  Evidence of some productive aquaculture in the 
region serves as opportunity cost for all – even non-
profitable farms  

Livelihood alternatives Lack of viable livelihood alternatives due to 
degraded resource base and access issues 

Compensation High value of land in Java makes compensation 
requirement high 
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Appendix 4a. Interview and survey guide to determine opportunity cost to fish 

farmers 

Village : ____________________________________  Researcher  :_______________________ 

Date : ____________________________________  

1. Name of Fish Farmer    

2. Age    

3. Immediate Family Members   

4. Phone Number  

5. Main Occupation                                                                           

6. Secondary/Tertiary Occupation                                                                          

7. Daily/Weekly/Monthly Income (IDR)  

8. Pond Area Managed  (Are, Hectares, 
Ponds) 

           

9. Pond Location  (Village, GPS)  

10. Source of Owner  
    ⃝ Purchased     ⃝ Inherited     ⃝ Not the Owner  
    ⃝ Gifted      ⃝ Rented   

11. Year of initial ownership/rental  

12. Pond condition 
    ⃝ Actively managed 

   ⃝ Disused with future 
plan to manage 

    ⃝ Disused – available 
for restoration 

   ⃝ No plans 

13. How many years has the pond been 
actively managed? 

 

Notes:  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 

Sale Price (Rp/Kg) 

Cultured Species Milkfish Shrimp 

Lowest Price (Rp/Kg)   

Highest Price (Rp/Kg)   

Average Price (Rp/Kg)   
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Pond Management 

 Time 
(Hours/Days) 

Labour 
(Workers/Self) 

Pond Size 
(Ha) 

Draining and drying    

Dike wall repair    

Fertilization    

Irrigation    

Pesticide/anti-biotic 
application 

   

Fry dispersal    

Feed provision    

Water management    

Harvest    

Post-harvest 
handing/processing 

   

Sales    

Transportation    

Total  

Fry 

Type  Quantity (Kg/Ha) Cost (Rp/Kg) 

Shrimp   

Milkfish   

Total   

Feed 

Brand Type Quantity (kg/ha) Cost (Rp/Ha) 

    

    

    

Total  

Fertilizer 

Type Brand Quantity (kg/ha) Price (Rp/Ha) 

    

    

    

Total  

Pesticide/Antibiotics 

Type Brand Quantity (kg/ha) Price (Rp/Ha) 

    

    

    

Total  
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Gross Income 

  Harvest Cycle (days) 

Avg sale price (Rp/Kg)   

Volume (Kg)   

Gross Income (Rp/Kg)  

Labour Cost 

Total days worked/ha  

Salary per/ha  

Total labour cost (Rp/ha)  

Other expenditures 

Fry (Rp/ha)  

Fertilizer (Rp/ha)  

Feed (Rp/ha)  

Equipment (Rp/ha)  

Other (Rp/ha)  

Total (Rp/ha)  

Net Income 

Gross Income (Rp/ha)  

Labour cost (Rp/ha)  

Other expenditures (Rp/ha)  

Net income (Rp/ha)  
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Appendix 4b. Annual net economic and financial values of restoration 

over 25-year period for four restoration scenarios in Tanjung 

Panjang and Demak used in calculating Net Present Values. 

Appendix Table 4.1. Annual net economic value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Tanjung 
Panjang. These estimates are for the “Conservative Restoration Scenario,” as depicted in 
Chapter 4, Figure 4.4 and are used to derive a Net Present Value for this scenario. Final 
NPV calculations Chapter 5, Figure 5.1 (TP1). 

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$69,592.16 0  -$69,592.16 
1 0 $0.00 1 0 $0.00 
2 0.01 $254.41 2 0 $0.00 
3 0.02 $508.81 3 0.01 $254.41 
4 0.08 $2,035.24 4 0.03 $763.22 
5 0.14 $3,561.67 5 0.07 $1,780.84 
6 0.2 $5,088.10 6 0.11 $2,798.46 
7 0.25 $6,360.13 7 0.15 $3,816.08 
8 0.3 $7,632.15 8 0.18 $4,579.29 
9 0.34 $8,649.77 9 0.21 $5,342.51 

10 0.38 $9,667.39 10 0.24 $6,105.72 
11 0.42 $10,685.01 11 0.27 $6,868.94 
12 0.46 $11,702.63 12 0.3 $7,632.15 
13 0.5 $12,720.25 13 0.33 $8,395.37 
14 0.53 $13,483.47 14 0.35 $8,904.18 
15 0.56 $14,246.68 15 0.37 $9,412.99 
16 0.59 $15,009.90 16 0.39 $9,921.80 
17 0.62 $15,773.11 17 0.41 $10,430.61 
18 0.64 $16,281.92 18 0.43 $10,939.42 
19 0.66 $16,790.73 19 0.44 $11,193.82 
20 0.68 $17,299.54 20 0.45 $11,448.23 
21 0.7 $17,808.35 21 0.46 $11,702.63 
22 0.72 $18,317.16 22 0.47 $11,957.04 
23 0.73 $18,571.57 23 0.48 $12,211.44 
24 0.74 $18,825.97 24 0.49 $12,465.85 
25 0.75 $19,080.38 25 0.5 $12,720.25 

 

  



366 

Appendix Table 4.2. Annual net economic value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Tanjung 
Panjang. These estimates are for the “Moderate Restoration Scenario,” as depicted in 
Chapter 4, Figure 4.5 and are used to derive a Net Present Value for this scenario. Final 
NPV calculations Chapter 5, Figure 5.1 (TP2). 

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$21,918.51 0  -$21,918.51 
1 0 $0.00 1 0 $0.00 
2 0.01 $254.41 2 0 $0.00 
3 0.02 $508.81 3 0.01 $254.41 
4 0.08 $2,035.24 4 0.03 $763.22 
5 0.14 $3,561.67 5 0.07 $1,780.84 
6 0.2 $5,088.10 6 0.11 $2,798.46 
7 0.25 $6,360.13 7 0.15 $3,816.08 
8 0.3 $7,632.15 8 0.18 $4,579.29 
9 0.34 $8,649.77 9 0.21 $5,342.51 

10 0.38 $9,667.39 10 0.24 $6,105.72 
11 0.42 $10,685.01 11 0.27 $6,868.94 
12 0.46 $11,702.63 12 0.3 $7,632.15 
13 0.5 $12,720.25 13 0.33 $8,395.37 
14 0.53 $13,483.47 14 0.35 $8,904.18 
15 0.56 $14,246.68 15 0.37 $9,412.99 
16 0.59 $15,009.90 16 0.39 $9,921.80 
17 0.62 $15,773.11 17 0.41 $10,430.61 
18 0.64 $16,281.92 18 0.43 $10,939.42 
19 0.66 $16,790.73 19 0.44 $11,193.82 
20 0.68 $17,299.54 20 0.45 $11,448.23 
21 0.7 $17,808.35 21 0.46 $11,702.63 
22 0.72 $18,317.16 22 0.47 $11,957.04 
23 0.73 $18,571.57 23 0.48 $12,211.44 
24 0.74 $18,825.97 24 0.49 $12,465.85 
25 0.75 $19,080.38 25 0.5 $12,720.25 
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Appendix Table 4.3. Annual net economic value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Tanjung 
Panjang. These estimates are for the “Expansive Restoration Scenario,” as depicted in 
Chapter 4, Figure 4.6 and are used to derive a Net Present Value for this scenario. Final 
NPV calculations Chapter 5, Figure 5.1 (TP3). 

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$16,096.88 0  -$16,096.88 
1 0 $0.00 1 0 $0.00 
2 0.01 $254.41 2 0 $0.00 
3 0.02 $508.81 3 0.01 $254.41 
4 0.08 $2,035.24 4 0.03 $763.22 
5 0.14 $3,561.67 5 0.07 $1,780.84 
6 0.2 $5,088.10 6 0.11 $2,798.46 
7 0.25 $6,360.13 7 0.15 $3,816.08 
8 0.3 $7,632.15 8 0.18 $4,579.29 
9 0.34 $8,649.77 9 0.21 $5,342.51 

10 0.38 $9,667.39 10 0.24 $6,105.72 
11 0.42 $10,685.01 11 0.27 $6,868.94 
12 0.46 $11,702.63 12 0.3 $7,632.15 
13 0.5 $12,720.25 13 0.33 $8,395.37 
14 0.53 $13,483.47 14 0.35 $8,904.18 
15 0.56 $14,246.68 15 0.37 $9,412.99 
16 0.59 $15,009.90 16 0.39 $9,921.80 
17 0.62 $15,773.11 17 0.41 $10,430.61 
18 0.64 $16,281.92 18 0.43 $10,939.42 
19 0.66 $16,790.73 19 0.44 $11,193.82 
20 0.68 $17,299.54 20 0.45 $11,448.23 
21 0.7 $17,808.35 21 0.46 $11,702.63 
22 0.72 $18,317.16 22 0.47 $11,957.04 
23 0.73 $18,571.57 23 0.48 $12,211.44 
24 0.74 $18,825.97 24 0.49 $12,465.85 
25 0.75 $19,080.38 25 0.5 $12,720.25 
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Appendix Table 4.4. Annual net financial value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Tanjung 
Panjang. These estimates are for the “Conservative Restoration Scenario,” as depicted in 
Chapter 4, Figure 4.4 and are used to derive a Net Present Value for this scenario. Final 
NPV calculations Chapter 5, Figure 5.2 (TP1). 

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$69,592.16 0  -$69,592.16 
1 0 $0.00 1 0 $0.00 
2 0.01 $2.46 2 0 $0.00 
3 0.02 $4.91 3 0.01 $2.46 
4 0.08 $19.64 4 0.03 $7.37 
5 0.14 $34.37 5 0.07 $17.19 
6 0.2 $49.10 6 0.11 $27.01 
7 0.25 $61.38 7 0.15 $36.83 
8 0.3 $73.65 8 0.18 $44.19 
9 0.34 $83.47 9 0.21 $51.56 

10 0.38 $93.29 10 0.24 $58.92 
11 0.42 $103.11 11 0.27 $66.29 
12 0.46 $112.93 12 0.3 $73.65 
13 0.5 $122.75 13 0.33 $81.02 
14 0.53 $130.12 14 0.35 $85.93 
15 0.56 $137.48 15 0.37 $90.84 
16 0.59 $144.85 16 0.39 $95.75 
17 0.62 $152.21 17 0.41 $100.66 
18 0.64 $157.12 18 0.43 $105.57 
19 0.66 $162.03 19 0.44 $108.02 
20 0.68 $166.94 20 0.45 $110.48 
21 0.7 $171.85 21 0.46 $112.93 
22 0.72 $176.76 22 0.47 $115.39 
23 0.73 $179.22 23 0.48 $117.84 
24 0.74 $181.67 24 0.49 $120.30 
25 0.75 $184.13 25 0.5 $122.75 
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Appendix Table 4.5. Annual net financial value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Tanjung 
Panjang. These estimates are for the “Moderate Restoration Scenario,” as depicted in 
Chapter 4, Figure 4.5 and are used to derive a Net Present Value for this scenario. Final 
NPV calculations Chapter 5, Figure 5.2 (TP3). 

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$21,918.51 0  -$21,918.51 
1 0 $0.00 1 0 $0.00 
2 0.01 $2.46 2 0 $0.00 
3 0.02 $4.91 3 0.01 $2.46 
4 0.08 $19.64 4 0.03 $7.37 
5 0.14 $34.37 5 0.07 $17.19 
6 0.2 $49.10 6 0.11 $27.01 
7 0.25 $61.38 7 0.15 $36.83 
8 0.3 $73.65 8 0.18 $44.19 
9 0.34 $83.47 9 0.21 $51.56 

10 0.38 $93.29 10 0.24 $58.92 
11 0.42 $103.11 11 0.27 $66.29 
12 0.46 $112.93 12 0.3 $73.65 
13 0.5 $122.75 13 0.33 $81.02 
14 0.53 $130.12 14 0.35 $85.93 
15 0.56 $137.48 15 0.37 $90.84 
16 0.59 $144.85 16 0.39 $95.75 
17 0.62 $152.21 17 0.41 $100.66 
18 0.64 $157.12 18 0.43 $105.57 
19 0.66 $162.03 19 0.44 $108.02 
20 0.68 $166.94 20 0.45 $110.48 
21 0.7 $171.85 21 0.46 $112.93 
22 0.72 $176.76 22 0.47 $115.39 
23 0.73 $179.22 23 0.48 $117.84 
24 0.74 $181.67 24 0.49 $120.30 
25 0.75 $184.13 25 0.5 $122.75 
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Appendix Table 4.6. Annual net financial value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Tanjung 
Panjang. These estimates are for the “Expansive Restoration Scenario,” as depicted in 
Chapter 4, Figure 4.6 and are used to derive a Net Present Value for this scenario. Final 
NPV calculations Chapter 5, Figure 5.2 (TP3). 

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$16,096.88 0  -$16,096.88 
1 0 $0.00 1 0 $0.00 
2 0.01 $2.46 2 0 $0.00 
3 0.02 $4.91 3 0.01 $2.46 
4 0.08 $19.64 4 0.03 $7.37 
5 0.14 $34.37 5 0.07 $17.19 
6 0.2 $49.10 6 0.11 $27.01 
7 0.25 $61.38 7 0.15 $36.83 
8 0.3 $73.65 8 0.18 $44.19 
9 0.34 $83.47 9 0.21 $51.56 

10 0.38 $93.29 10 0.24 $58.92 
11 0.42 $103.11 11 0.27 $66.29 
12 0.46 $112.93 12 0.3 $73.65 
13 0.5 $122.75 13 0.33 $81.02 
14 0.53 $130.12 14 0.35 $85.93 
15 0.56 $137.48 15 0.37 $90.84 
16 0.59 $144.85 16 0.39 $95.75 
17 0.62 $152.21 17 0.41 $100.66 
18 0.64 $157.12 18 0.43 $105.57 
19 0.66 $162.03 19 0.44 $108.02 
20 0.68 $166.94 20 0.45 $110.48 
21 0.7 $171.85 21 0.46 $112.93 
22 0.72 $176.76 22 0.47 $115.39 
23 0.73 $179.22 23 0.48 $117.84 
24 0.74 $181.67 24 0.49 $120.30 
25 0.75 $184.13 25 0.5 $122.75 

  



371 

Appendix Table 4.7. Annual net economic value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Demak. 
These estimates are for the single restoration scenario in Demak as depicted in Chapter 
4, Figure 4.7 and are used to derive a Net Present Value for this scenario. Final NPV 
calculations Chapter 5, Figure 5.1(Demak).  

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$91,951.86 0  -$91,951.86 
1 0 $0.00 1 0 $0.00 
2 0.01 $101.67 2 0 $0.00 
3 0.02 $203.33 3 0.01 $101.67 
4 0.08 $813.33 4 0.03 $305.00 
5 0.14 $1,423.34 5 0.07 $711.67 
6 0.2 $2,033.34 6 0.11 $1,118.33 
7 0.25 $2,541.67 7 0.15 $1,525.00 
8 0.3 $3,050.00 8 0.18 $1,830.00 
9 0.34 $3,456.67 9 0.21 $2,135.00 

10 0.38 $3,863.34 10 0.24 $2,440.00 
11 0.42 $4,270.01 11 0.27 $2,745.00 
12 0.46 $4,676.67 12 0.3 $3,050.00 
13 0.5 $5,083.34 13 0.33 $3,355.00 
14 0.53 $5,388.34 14 0.35 $3,558.34 
15 0.56 $5,693.34 15 0.37 $3,761.67 
16 0.59 $5,998.34 16 0.39 $3,965.01 
17 0.62 $6,303.34 17 0.41 $4,168.34 
18 0.64 $6,506.68 18 0.43 $4,371.67 
19 0.66 $6,710.01 19 0.44 $4,473.34 
20 0.68 $6,913.34 20 0.45 $4,575.01 
21 0.7 $7,116.68 21 0.46 $4,676.67 
22 0.72 $7,320.01 22 0.47 $4,778.34 
23 0.73 $7,421.68 23 0.48 $4,880.01 
24 0.74 $7,523.34 24 0.49 $4,981.67 
25 0.75 $7,625.01 25 0.5 $5,083.34 
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Appendix Table 4.8. Annual net financial value based on incremental functional 
equivalent values (75% and 50% FEV) of restoration over a 25-year period in Demak. 
These estimates are for the single restoration scenario in Demak as depicted in Chapter 
4, Figure 4.7 and are used to derive a Net Present Value for this scenario. Final NPV 
calculations Chapter 5, Figure 5.2 (Demak).  

Year FEV 
Coefficient 

Cost Year FEV 
Coefficient 

Cost 

0  -$91,951.86 0  -$91,951.86 
1 0 $0.00 1 0 $0.00 
2 0.01 $20.62 2 0 $0.00 
3 0.02 $41.24 3 0.01 $20.62 
4 0.08 $164.95 4 0.03 $61.86 
5 0.14 $288.67 5 0.07 $144.33 
6 0.2 $412.38 6 0.11 $226.81 
7 0.25 $515.48 7 0.15 $309.29 
8 0.3 $618.57 8 0.18 $371.14 
9 0.34 $701.05 9 0.21 $433.00 

10 0.38 $783.53 10 0.24 $494.86 
11 0.42 $866.00 11 0.27 $556.72 
12 0.46 $948.48 12 0.3 $618.57 
13 0.5 $1,030.96 13 0.33 $680.43 
14 0.53 $1,092.81 14 0.35 $721.67 
15 0.56 $1,154.67 15 0.37 $762.91 
16 0.59 $1,216.53 16 0.39 $804.14 
17 0.62 $1,278.38 17 0.41 $845.38 
18 0.64 $1,319.62 18 0.43 $886.62 
19 0.66 $1,360.86 19 0.44 $907.24 
20 0.68 $1,402.10 20 0.45 $927.86 
21 0.7 $1,443.34 21 0.46 $948.48 
22 0.72 $1,484.58 22 0.47 $969.10 
23 0.73 $1,505.19 23 0.48 $989.72 
24 0.74 $1,525.81 24 0.49 $1,010.34 
25 0.75 $1,546.43 25 0.5 $1,030.96 

 


