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Abstract 

This dissertation analyzes how institutional change affects social-ecological outcomes, 

with a focus on forests, over the first two decades of Indonesian democracy (1999 to 2016). 

Canonical research concludes that self-organized groups can employ rules, norms, or behaviors 

(i.e. institutions) that permit the sustainable management of natural resources for long-term 

benefit. However, institutions are not static. Periods and places of institutional transition may 

generate outcomes for people and natural resources that differ drastically over time and space. 

With sweeping changes in contemporary land cover occurring alongside shifts in governance 

across the Global South, it is of crucial importance to study institutional transitions and 

environmental change together.  

Over the past two decades, Indonesia has experienced two revolutions rarely studied in 

tandem. The first revolution is political. After the fall of Suharto in 1998, Indonesia transitioned 

to become the worldôs third largest democracy amid a succession of policies that mandate direct, 

proportionate elections for political positions and increase the decentralization of government 

authority. The second revolution is environmental. Since Indonesiaôs turn toward democracy, it 

has lost over 15% total tree cover, demonstrating the second greatest loss (24.4 Mha), and the 

greatest acceleration in tree cover loss, of any tropical nation in the world over the same period. 

Although research often examines these changes separately, analyzing them in tandem provides 

insight into how institutional transitions generated outcomes for forests and people in 

contemporary Indonesia. 



 xiii 

 To examine changes in institutions, forest cover, and livelihoods this dissertation draws 

on institutional analysis and land systems science. It uses a mixed-methods approach, combining 

analysis and interpretation of policy content, land cover change, and survey data. Specifically, it 

provides analysis of national forest-related policy from 1999 to 2016 to determine if and how 

policy changes reflect national pledges to reduce forest cover loss. Then, it combines remotely 

sensed land cover change with the Village Census (Sensus Potensi Desa) to measure the impact 

of decentralization on forest cover loss from 2000 to 2014 using statistical matching and fixed-

effect models. Finally, it combines land cover and primary survey data (n=1,304) from the 

Kerinci-Seblat National Park landscape to understand the legacy of international conservation 

assistance on forests and communities. 

This dissertation makes several novel contributions. First, it introduces a new method for 

policy network visualization and provides the most comprehensive analysis of Indonesian forest-

related policy to date. Second, it performs the first analysis of regulatory dispersal on forest 

cover change through the creation and analysis of a social-ecological dataset with higher spatial 

and temporal resolution of any other published study. Third, it provides the first study of social-

ecological legacies from Indonesiaôs largest Integrated Conservation and Development Project. 

Together, these contributions demonstrate how overarching political trends affect forest-related 

outcomes in Indonesia. In doing so, it demonstrates the benefits and potential for analyzing 

institutional change as transitional processes when studying social-ecological outcomes. 
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Chapter 1  

Introduction  

 

The first two decades of the 21st century have witnessed rapid environmental change. The 

conversion and modification of land cover from human activities has generated ecological 

changes in all well-studied, marine, freshwater, and terrestrial systems (Parmesan 2006). This 

conversion continues through processes of deforestation, intensification of agriculture, 

desertification, and urbanization (Ellis et al. 2017; Hansen et al. 2013; Mahmood et al. 2014; 

Potapov et al. 2017b; Seto, Guneralp, and Hutyra 2012). However, the type, scale, and 

magnitude of environmental change does not necessarily follow from one or many antecedent 

causes (Meyfroidt 2016a). Rather, these changes are the consequences of different rules, norms, 

and behaviors that combine to influence how, when, and where people interact with one another 

and the environment. Studying environmental change in the Anthropocene requires an 

understanding of how institutions operate across space, scales, and time to structure human-

environment relationships. 

Institutions are the set of rules, norms, and behaviors that shape human interaction (North 

1990), and which structure how people access, use, and benefit from environmental goods (Ribot 

and Peluso 2003). Environmental goods include supporting, provisioning, regulating, and 

cultural services (Duraiappah et al. 2005). Common-pool resources (CPRs) are one type of 

environmental resource that provide ecosystem services. CPRs are defined by the difficulty for 

people to monitor them (excludability) and their depletion upon use (extractability) (Ostrom, 
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Gardner, and Walker 1994). Classic examples of CPRs include forests, fisheries, and irrigation 

systems (Ostrom 1990). In challenging the tragedy of the commons, canonical research on 

collective institutions finds that action shaped by specific ñdesign principles,ò such as ensuring 

those affected by resource use rules can participate in modifying them or providing low cost 

means for dispute resolution, can lead to long-term and sustainable CPR management (Becker 

and Ostrom 1995; Ostrom 2005). Social-ecological systems (SES) research builds on 

foundational institutionalist research, recognizing that natural resources, people, institutions, and 

environments comprise multi-scalar and interconnected wholes that, together, produce outcomes 

(Ostrom 2009). Extending these insights, national or global governance that promotes 

polycentric management of natural resources and incorporates design principles holds promise 

for large-scale, sustainable resource use (Ostrom 1999, 2010; Ostrom and Cox 2010). 

Understanding the relationship between institutions and social-ecological outcomes is thus key 

for Sustainability Science (Kates et al. 2001). 

Initial research on institutions and social-ecological outcomes focused on conditions that 

facilitate the sustainable management of CPRs over time (Baland and Platteau 1996; Ostrom 

1990; Wade 1988). A number of subsequent studies incorporated empirical research to 

understand how institutions influence SES outcomes for CPRs (Agrawal 2001; Nagendra 2007; 

Persha, Agrawal, and Chhatre 2011). However, reconciling data on natural resource stocks and 

flows with socioeconomic and institutional data from user groups or proximate communities 

regarding rules and norms posed considerable challenges, and the difficulty of collecting social 

and ecological data across systems limited empirical study. More recently, the increase in 

publicly available remotely sensed imagery and enhanced computing capacity enabled a wave of 

rigorous empirical studies that examine the impact of specific institutions on land cover change 
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(Ostrom and Nagendra 2006). These contemporary studies have provided valuable insight into 

the effectiveness of protected areas (Andam et al., 2008; Honey-Rosés, Baylis and Ramírez, 

2011; Nolte et al., 2013; Ferraro et al., 2015; Shah and Baylis, 2015; den Braber, Evans and 

Oldekop, 2018) and the drivers of forest cover change (Blackman 2013; Blackman et al. 2017; 

Heilmayr and Lambin 2016; Wright et al. 2016). With a focus on spatially defined ñtreatmentsò 

and counterfactual ñcontrols,ò this research often seeks to compare the most similar unitsðbe 

they parcels of land, households, or administrative unitsðto draw conclusions about the causal 

impact a rule has on a group of people or a resource (Ferraro and Hanauer, 2014). In these 

studies, it is standard to control for overarching institutional changes, such as new political 

leadership, altered administrative boundaries, or shifts in relative or overall funding. However, 

failing to investigate how overarching institutional change interacts with the specific rule, norm, 

or behavior under examination to produce social-ecological outcomes is problematic on three 

fronts.  

First, ignoring institutional histories can produce ñbaseline blindness.ò Baseline blindness 

refers to how studies that specify a baseline can overlook significant changes that occur before 

the study period (Kotiaho, ten Brink, and Harris 2016). This is a potential problem for all 

empirical work, but it can be alleviated by matching questions with appropriate temporal 

windows and controlling for parallel trends pre-baseline. Selecting appropriate baselines for 

empirical study of social-ecological outcomes requires careful attention to an institutionôs legacy 

and controlling for pre-baseline trends requires attention to an outcomeôs history. Second, 

overarching institutional change may drive the outcome of interest. For example, it is common to 

overlook administrative boundary and leadership changes when evaluating the efficacy of an 

environmental policy. However, it is possible that systematic institutional change, such as 
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elections or new boundaries, mediate or drive the effect of an environmental policy on a social-

ecological outcome (Agrawal 2014). Incorporating information on SES history and governance 

into analysis can help guard against such oversight. And third, assessing how the effect of a rule, 

norm, or behavior shifts as a result of overarching institutional transitions can lead to better 

scholarship, more informed implementation of policy, or both. Major institutional changes 

influence SES. Ignoring them can lead to biased estimates or, in a worst-case scenario, spurious 

outcomes. Although scholarship that examines institutional and social-ecological change in 

tandem poses additional difficulties, contemporary trends demand it. 

Along with rapid environmental change, the first two decades of the 21st century have 

witnessed significant social, political, and economic shifts. For example, migration connects 

families and generates environmental impacts across continents (Chen et al. 2014; Gray and 

Bilsborrow 2014; Oldekop et al. 2018; Qin 2010); through large flows of international finance, 

investors affect relationships between labor and land thousands of miles away (Liu et al. 2013; 

Margulis, Mckeon, and Jr 2013; Tscharntke et al. 2012); and governments across the Global 

South are decentralizing and deconcentrating administrative powers and redrawing jurisdictional 

maps (Grossman and Lewis 2014; Pierskalla 2016). SES research must study human-

environmental interactions under the assumption of overarching institutional change, not despite 

it. It is no longer enough to study how the ñrules of the gameò effect social-ecological change by 

attempting to control for social, economic, or political shifts. Rather, institutional studies of 

social-ecological outcomes must examine how periods of institutional change unfold through an 

examination of how timing and spaces of change generate social-ecological outcomes.  

This dissertation examines how institutional change affects social-ecological outcomes, 

with a focus on forests, over the first two decades of Indonesian democracy (1999 to 2016). The 
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remainder of this introduction provides the foundation for understanding how institutional 

transitions and forest cover change in Indonesia are related. Section 1.1 elucidates the concept of 

institutional transition. Section 1.2 explains the relevance of studying tropical forest cover. 

Section 1.3 provides information on institutional transitions and forest cover change in 

Indonesia, and Section 1.4 outlines the rest of this dissertation. 

1.1 Institutional transitions: Institutionalism meets land system science 
 

Institutionalist studies of natural resource use frequently consider institutional change, 

but they less often engage with institutional transition. Institutional change refers to the alteration 

or implementation of a rule, norm, or behavior setting is altered (North 1990, Eggerston 1996). A 

common form of research that examines institutional change is policy-focused causal inference 

(Angrist and Pischke 2009, 2017; Athey and Imbens 2016; Imbens and Wooldridge 2009). 

Policy-focused causal inference often seeks to understand whether or not a formal rule (policy) is 

responsible for generating outcomes different than would be expected had the rule not been 

implemented. For example, in the realm of forest management, causal inference studies show 

that providing communities with collective-use rights promoted sustainable forest use in Bolivia 

(Wright et al. 2016) and that increasing the amount of formal land titles decreased forest loss in 

Peru (Blackman et al. 2017). Rigorous impact evaluations provide valuable information on 

whether institutional change generates an effect on a particular outcome; however, they often 

overlook investigating if and how institutional changes generate environmental outcomes over 

time and space.  

Land systems science (LSS) is an interdisciplinary research field dedicated to observing, 

understanding, and modeling land use and land cover change and its relationship to human-

environmental vulnerability, resilience, and sustainability (Meyfroidt 2016b; Turner, Lambin, 
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and Reenberg 2007; Verburg et al. 2015). Although many studies of social-ecological outcomes 

do not focus on land cover, using the analytical underpinnings of LSS with the topical focus 

institutionalist studies generates a novel and important insight: Institutional change arises from 

social processes that occur over space and time.  

Empirical analyses of institutional change often operationalize change as discrete. 

Although it may be possible to identify unitsðpixels, households, villages, or forest parcelsð

that have undergone an institutional change, binary identification can be problematic. For 

example, because a forest parcel is within the boundary of a protected area (PA) does not 

necessarily indicate that the institutions which govern how people interact with resources 

represented by that pixel have changed. It can take years to establish offices, begin monitoring, 

and formalize sanctions involved in PA governance. Further, there are many examples of ñpaper 

parksò that, though they may have official recognition, do not have sufficient budgets or 

personnel to monitor territory or enforce sanctions (Blackman, Pfaff, and Robalino 2015; 

Bonham, Sacayon, and Tzi 2008; Bruner et al. 2001). Although rigorous empirical study has 

established to what extent PAs are effecting changes in conservation goals, the assumption of 

discrete institutional change can hinder further investigation. Understanding institutional change 

as formed from transitional practices enhances the ability to identify and understand causal 

mechanisms that produce social-ecological outcomes. To guide analysis of social-ecological 

outcomes, this dissertation deconstructs institutional change as ñinstitutional transitionsò that 

occur over space and time.  

Analyzing institutional transitions includes three opportunities for investigation. First, 

timing/sequence refers to the combination of when and where institutional change occurs. The 

sequence of events that occur before an institutional change can alter social-ecological outcomes 
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(Pierson 2000). For example, the moment in time when a payments for ecosystem services (PES) 

project is implemented in relation to previous weather patterns or commodity prices can alter the 

extent to which an ecosystem service is protected (Brunner and Grêt-Regamey 2016). Also, 

when participants are paid for protecting ecosystem services, in relation to their economic 

concerns, can affect their willingness to participate (Jayachandran et al. 2017). Investigating 

timing/sequencing requires knowledge of a system, and as discussed previously, conscientious 

selection of the baseline and period of a study.  

Second, the longitudinal effect refers to how the effect of an institutional change on 

social-ecological outcomes fluctuates over time. For example, institutional histories that reflect 

path dependencies of resource extraction can be difficult to reverse. Voluntary forest certification 

may not immediately promote sustainable forest management in such contexts (Ulybina and 

Fennell 2013), but as resource extraction becomes part of a more diversified set of economic 

activities, concessions managed in line with certified standards may demonstrate more 

sustainable harvest regimens (Rana and Sills 2018). Measuring the impact of forest certification 

on harvest practices in the first one or two years immediately following certification can produce 

different results than measuring impact over longer time horizons. Explicitly addressing time 

through baseline selection, selecting a period of study based on SES knowledge, and examining 

longitudinal effects can strengthen findings.  

Where institutional change occurs can explain variation in transition, cause, and effect. 

The difference in institutional change over space is the spatial variation of institutional 

transition. Both spatial variation, and lack of spatial variation, are important for understanding 

how institutional change affects social-ecological outcomes. For example, the technical and 

human resources necessary to monitor fishing vessels and enforce catch quotas varies depending 
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on the range of the species in question; oceanic, transboundary species require greater resources 

than others (Caddy and Seijo 2005). Research that seeks to understand the efficacy of 

institutional change related to fisheries management must consider the spatial, and spatio-

political, variation of enforcement. Additionally, institutional change can generate social-

ecological outcomes that take identifiable spatial patterns in different locations (Brown, Aspinall, 

and Bennett 2006; Turner et al. 2013), thus lending additional insight into when, where, and how 

institutional change and land cover change are related. Perhaps one of the most well-known 

spatial patterns linked to land change process is that of the ñfishbone pattern of deforestationò in 

Amazonia that follows from land parcel allotments for frontier agriculturalists (De Oliveira Filho 

and Metzger 2006).  Clustering standard errors enables a practitioner to demonstrate that an 

effect is robust to different and higher-level spatial patterns (Abadie et al. 2017) and data pre-

processing or model specification can help control for the differential impact of an effect over 

political space (i.e. administrative boundaries) or geographical space (Angrist and Pischke 2009; 

Ho et al. 2007). However, removing the spatial signals of institutional transition, rather than 

investigating them, represents a missed opportunity.  

Empirical research that investigates how institutional change affects social-ecological 

outcomes should concern itself with institutional transitions. In institutional studies of social-

ecological outcomes the sequential, longitudinal, and spatial variation of an effect are often 

considered nuisance parameters. These same transitional elements are not nuisance parameters, 

but often the focus of inquiry in LSS research (Lambin and Meyfroidt 2010; Turner, Lambin, 

and Reenberg 2007). Drawing on institutionalist studies and land systems science, this 

dissertation analyzes political transitions and social-ecological outcomes, focusing on change in 

tropical forest cover.  
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1.2 Tropical forests: A Common-pool resource of inter-scalar concern 
 

Concern about global environmental change has led governments and donors to identify 

cost effective initiatives to reduce global carbon emissions while conserving biodiversity and 

contributing to rural livelihoods and well-being. Many analyses conclude that conserving and 

sustainably managing tropical forests are two of the most cost effective methods for reducing 

global carbon emissions, conserving biodiversity, and providing livelihood benefits for forest 

proximate people (Houghton, 2005; Gullison et al., 2007). Despite international agreement that 

tropical forests are indispensable for reducing global carbon emissions and conserving 

biodiversity, there is no consensus on how to manage them sustainably. This lack of consensus, 

at international and national levels, continues amid the consistent decrease in global tropical 

forest area (Hansen et al. 2013). 

Tropical forests are valuable as both income and assets, leading to the difficulty with 

which they are managed. As a source of wood, fiber, and non-timber forest products, tropical 

forests provide direct and indirect contributions to millions of rural livelihoods (Agrawal and 

Chhatre 2006; Newton et al. 2016).  From 2000 to 2012, global deforestation was four times that 

of reforestation (Hansen et al. 2013). A variety of state- and market-based efforts seek to stem 

this trend of global deforestation and forest degradation in the tropics and change the nature of 

global forest governance (Agrawal, Chhatre, and Hardin 2008). With the third largest area of 

forest of any country in the world, Indonesian forest cover change is of crucial importance for 

climate change mitigation, biodiversity conservation, and millions of livelihoods. 

1.3 Indonesian forest cover change and institutional transition, 1999 to 2016 

 

Understanding how, where, and why Indonesian political changes and forest cover 

changes co-occur, and with what environmental and socioeconomic impacts, is of global 
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importance. Indonesia is home to over 250 million people, over 35 % of whom live within five 

kilometers of primary or secondary forest (Hansen et al. 2013; Oak Ridge National Laboratory 

2012). Approximately 63% of all Indonesian land is managed by the state as national forest area 

(Kawasan Hutan) (Ministry of Environment and Forestry 2018). As Indonesia has transitioned to 

become the worldôs third largest democracy, it has experienced a period of forest cover loss 

unprecedented across Southeast Asia (Woodruff 2010). Between 2000 and 2012, tree cover in 

Indonesia disappeared at a faster rate than any other country, and Indonesian tree cover loss in 

2016 was the highest of any year since 2000 (Hansen et al. 2013). Analyzing changes in forest 

cover and proximate populations considering institutional change that occurred across the 

Indonesian archipelago from 1999 to 2016 is the central task of this dissertation. 

Between 1999 and 2016, Indonesia transitioned from an authoritarian state to the worldôs 

third largest democracy. This shift in government generated a drastic reconfiguration of 

government and authority, achieved through a series of policies that decentralized power across 

provinces, districts, and villages and gave citizens the right to select their political 

representatives (Vickers 2013).  Following the fall of Suhartoôs New Order government in 1998, 

a period of reformasi ushered in new laws that mandated independent monitoring of elections, 

established the freedom to create new political parties, and prevented the military from aligning 

itself with any one political group. In 1999, Indonesians directly elected national, provincial, and 

district parliaments to office. The newly elected Peopleôs Consultative Assembly (Majelis 

Permusyawaratan Rakyat) selected presidents until 2004. Following 2004, the Peopleôs 

Consultative Assembly became a bicameral legislature, comprised of the Regional 

Representatives Council (DPD) and the Peopleôs Representative Council (DPR). Also, after 

2004, the President of the Republic of Indonesia became a directly elected position. Indonesian 
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candidates are selected through an open-list, proportionately representative system. Citizens 

select both party and individual candidates. Since the fall of the New Order, Indonesians have 

elected national legislative representatives four times and have held three presidential elections. 

As with the selection of political representatives, Indonesian environmental governance changed 

rapidly from 1999 to 2016 (Agrawal and Lemos 2007). Specifically, increases in formalization, 

decentralization, and globalized governance reshaped forest governance in the first 18 years of 

Indonesian democracy. 

The formalization of forest governance in Indonesia occurred through a variety of policy 

reforms, enacted throughout the 1999 to 2016 period. Formalization refers to the extent to which 

citizens interact with formal organizations that monitor and/or structure behavior, as well as the 

predictability with which these interactions unfold (Guha-Khasnobis, Kanbur, and Ostrom 2006). 

Governmental technologies that produce policy, mandate methods of implementation, and 

specify regulation and enforcement often determine the actors and practices associated with 

increased formalization (Putzel et al. 2015). From 1999 to 2016 , Indonesian political actors have 

sought to formalize the governance of land (Kelly and Peluso 2015) and the production of forest 

products (Obidzinski and Kusters 2015). By specifying who has rights to land and forests, what 

these rights entail, and how to obtain them, the Indonesian state has increased the codification of 

land use, management, as well as the production of timber and agricultural commodities. 

Although contemporary scholarship often focuses on how contemporary environmental 

governance in Indonesia remains informal, with overlapping land claims leading to unpredictable 

patterns of land use (Gaveau et al. 2017), the legal role, capacity, and resources of the Indonesian 

state have steadily increased over the period preceding Indonesian democracy (Bedner 2016; van 
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der Eng 2017; Mccarthy and Robinson 2016). This process of formalization has occurred along 

with and through increased decentralization. 

The rights and responsibilities over forest areas afforded to different levels of Indonesian 

government has changed repeatedly over the past two decades. Political actors issued a series of 

policies to alternately distribute rights and responsibilities to province and district governments 

at different periods, from 1999 to 2016. Some scholars suggest that shifting certain powers from 

provinces and districts aimed to weaken secessionist movements across the archipelago (Barr et 

al. 2006; Kimura 2013). One key aspect of this strategy was to alternate the way in which 

provinces and districts provided access and received rents from Indonesian forests. More 

recently, laws, pledges, and judicial rulings have begun to increase village- level rights over land 

use (Antlöv, Wetterberg, and Dharmawan 2016; Myers, Intarini, Thomas, et al. 2017; Santika et 

al. 2017). In addition to the decentralization and deconcentration of political authority (Ribot, 

Agrawal, and Larson 2006), the number of provinces, districts, sub-districts, and villages 

increased precipitously. As the Indonesian state reconfigured rights and responsibilities within its 

borders, it enacted policy to promote trade and diplomacy beyond its borders. 

International rules, norms, and market incentives increased the impact of international 

actors on Indonesian forest governance from 1999 to 2016 (Bernstein and Cashore 2012). 

Complying with international rules regarding timber trade, Indonesian timber is now verified as 

legal through third party auditing (Cashore et al. 2007; Lesniewska and McDermott 2014). 

International norms for reducing carbon emissions have been formalized through multiple, 

national policies (Law 17/2004 and Law 16/2016) and have resulted in Indonesia receiving 

increasing amount of conservation aid dedicated to tropical forest conservation and rural 

livelihood improvement (Angelsen 2017; Wells, Michael; Guggenheim, Scott; Khan, Asmeen; 
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Wardojo, Wahjudi; Jepson 1999; A. Wibowo and Giessen 2015). And international sustainability 

certification seeks to ensure that the production of timber and agricultural commodities, 

including coffee and palm oil, are not contributing to illegal forest loss and promote positive 

livelihood outcomes (Carlson et al. 2017; Miteva, Loucks, and Pattanayak 2015).  

The combination of striking political change and unprecedented forest cover loss make 

Indonesia an ideal region in which to study how institutional transitions affect social-ecological 

outcomes. Although formalization, decentralization, and globalized governance are not 

exhaustive of all political change in Indonesia from 1999 to 2016, they represent a set of key 

shifts in forest governance (Agrawal, Chhatre, and Hardin 2008). This dissertation examines 

these shifts through a series of chapters that analyze them as institutional transitions and 

discusses their impact on Indonesian forests and people.  

1.4 Dissertation overview 
 

Understanding how institutional transitions shape social-ecological outcomes requires the 

combination of different data sources to analyze information from the halls of government, 

remotely sensed satellite imagery, and field-based observations and measurements (Ostrom and 

Nagendra 2006). This dissertation uses a combination of data and methods to examine three 

overarching institutional changes that occurred in Indonesia from 1999 to 2016 and influenced 

social-ecological outcomes related to forests. Chapter 2 examines the formalization of 

Indonesian forest governance through an analysis of forest-related policy content. Chapter 3 

examines decentralization by analyzing the effect of regulatory dispersal on forest cover change. 

And Chapter 4 provides insight into how globalized governance, implemented through 

international conservation funding and commodity demand, combine to generate conservation 

legacies from Indonesiaôs largest Integrated Conservation and Development Project. Together, 
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these chapters provide specific insights on political change, forests, and people in Indonesia, and 

they support future research of institutional transitions and social-ecological outcomes. 

Chapter 2 provides insight into the initial stages of formalization through an analysis of 

forest-related policy. Using a dataset of coded forest-related policies legislated since 1999, this 

chapter assesses general policy trends to determine if and how forest-related policy has changed 

across three five-year periods that coincide with Indonesiaôs transition to full democracy. By 

doing so, it examines the period and timing of institutional transition, as recorded in Indonesian 

law. This chapter concludes that Indonesian forest-related policy changed to promote more 

conservation-friendly policy during the first 18 years following democratization, but these 

policies permit interpretable flexibility via policy layering. Ambiguity related to policy layering 

helps explain the paradox of increasingly pro-conservation policy and consistently increasing 

rates of Indonesian forest loss.  

 Since its transition to democracy, thousands of new villages, hundreds of new sub-

districts and districts, and eight new provinces have proliferated across Indonesia (BPS, 2015). 

Each of these proliferations requires the establishment of new administrations. In establishing 

new administrations, governments disperse regulation across a greater number of units. Chapter 

3 examines the effect of regulatory dispersal on forest cover change in Indonesia from 2000 to 

2014. In Indonesia, regulatory dispersal has increased the density of regulatory units, but 

contemporary research has not yet investigated the impact of regulatory dispersal on forest cover 

change. This chapter demonstrates that periods following the proliferation of new administrative 

units increases forest cover loss, but the type of regulatory dispersal and when it occurs 

influences this effect. 
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Chapter 4 assesses how a legacy from international conservation funding affects local 

livelihoods and village- level development surrounding Indonesiaôs second largest, terrestrial 

protected area. The largest conservation and development project of its time, the Kerinci-Seblat 

Integrated Conservation and Development project (KS-ICDP), initiated the transfer of direct 

conservation payments to villages across central Sumatra in the early 2000s (World Bank 2003). 

Chapter 4 assesses the legacy of this conservation funding, using primary survey data (n=1,304), 

village-level development indicators, and forest cover data. It concludes that villages which 

received KS-ICDP funding demonstrate forest cover trends in direct contrast to the projectôs 

stated objectives, and households within villages that received direct funding report livelihood 

strategies that preference greater and more informal land ownership. Failures of the project 

during its time of operation, coupled with how it may have crowded out conservation 

motivations, help explain this legacy. 

 Chapter 5 provides a set of conclusions about how forest cover and livelihoods in 

Indonesia have been shaped by the overarching political institutions that result from its transition 

to democracy. Policy change, regulatory dispersal, and conservation finance provide windows 

through which to examine institutional transitions related to formalization, decentralization, and 

globalized governance. To study institutional drivers of social-ecological outcomes, research 

must pay careful attention to the time, the sequence, and the space over which the institution 

operates. This dissertation concludes by reiterating the role political change played in affecting 

forest cover change across the archipelago through specific policy, regulatory, and conservation 

practices, discussing limitations of studying institutional transitions and social-ecological 

outcomes, and identifying areas for further study.  
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Chapter 2  
 

Assessing, analyzing, and visualizing change in Indonesian forest-related 

policy content from 1999 to 2016 
 

 

Abstract:  
 

Despite numerous pledges by Indonesian authorities to reduce emissions from deforestation and 

forest degradation, Indonesian forest cover loss has consistently increased over the past two 

decades. To determine if forest-related policy demonstrates a paradigm shift toward forest 

protection, we identify and code a set of 218 national forest-related policies passed between 1999 

and 2016. We assess the type of forest-related content, whether a change in policy has occurred, 

and the mechanism by which change has or has not taken place through the interpretation of 

policy citation networks and statistical analysis of temporal relationships between forest-related 

policy content and change over time. We find there has been a significant increase in the amount 

of Indonesian forest-related policy and that this increase is largely comprised of content that 

promotes forest protection and redefines the structure and funding for forest-related 

organizations. However, these content changes have primarily occurred through the process of 

policy layering, when new policy does not amend or repeal old policy and regulation. We 

examine current trends in the regulation of forest territory and flow in Indonesia and find further 

evidence of policy layering. Thus, although national forest-related policy in Indonesia has 

changed to promote increased forest protection and monitoring, policy layering promotes 

interpretable flexibility, which can enable continued forest cover loss. 
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2.1 Introduction 
 

Growing recognition of tropical forest conservation as a low-cost option for mitigating 

climate change has motivated international efforts to reduce forest degradation and deforestation. 

Actors, organizations, and states that promote international forest conservation, sometimes 

referred to as the International Forests Regime (IFR), often seek to reduce forest cover loss by 

promoting cooperative agreements and good forest governance (Giessen 2013; Smouts 2008). 

Through different pathways, international governance can influence domestic governments to 

produce formal laws and regulations that deliver policy instruments to achieve these goals 

(Bernstein and Cashore 2012; Cashore et al. 2007; Maryudi 2016). States that contain large tracts 

of tropical forest and ascribe to the objectives of the IFR should demonstrate an increase in 

national-level policy that promotes reduced emissions from forest cover change as well as good 

forest governance. However, little empirical evidence on forest-related policy content exists to 

document and understand whether and how this policy trend occurs. 

Political leaders in Indonesia have voiced significant support for Reducing Emissions 

from Deforestation and Forest Degradation (REDD+) as well as sustainable forest governance. 

However, studies conclude that primary forest loss in Indonesia increased consistently from 2000 

to 2012 (Margono et al. 2014), and over the same period Indonesian forest cover loss has 

accelerated at a greater rate than any other nation (Hansen et al. 2013). The reality of forest loss 

despite the Indonesian stateôs purported dedication to REDD+ and sustainable forest governance 

present a puzzle: has Indonesian forest-related policy changed? If it has, what type of forest-

related policy content best summarizes this change, and through what mechanism of policy 

change has it occurred? This research examines whether and how national forest-related policy 

change occurred in Indonesia between 1999 and 2016. 
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2.2 Theories of policy change 
 

Identifying change in policy content requires an analysis of what content is changing, 

over what period, and how new and old policies relate to one another. These analytical focuses 

can be considered the ñwhat,ò ñwhen,ò and ñhowò of policy content change, and they are referred 

to, respectively, as directionality, tempo, and mode of policy content change (Cashore et al. 

2007; Howlett and Cashore 2009; Mahoney and Thelen 2010; Thelen 2004).  

  The directionality of policy content describes the way in which it shifts over time toward 

different objectives (Nisbet 1972). Cumulative policy change exists when there is a concerted 

shift in policy content objectives. Policy content change that remains in equilibrium is 

characterized by new policy that, over the period in question, does not shift toward different 

objectives. This occurs when a set of subsequent policies promote the same set of objectives or a 

set of different objectives that consistently offset one another. Considering the directionality of 

policy content change alongside tempo provides a method for assessing when policy content 

changes (Table 2.1). 

Policy content change is often considered a long, stochastic process of ñmuddling 

throughò (Lindblom 1964). This ñclassic incrementalò pattern of policy change does not 

demonstrate a cumulative directionality toward different policy objectives over the short-term. 

Rather, it defines a set of policy content that may differ in objective and purpose from baseline 

Table 2.1: Policy Change (adapted from Cashore and Howlett 2007)  

  Tempo 

Directionality Fast Slow 

Cumulative 
Classic 

Paradigm 

Progressive 

Incremental 

In  

Equilibrium 

Faux 

Paradigmatic 

Classic 

Incremental 
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content but in aggregate and over long time horizons. Therefore, it is not unusual for research to 

examine changes in policy content over many decades.  

However, policy change can also occur within shorter timeframes. Policy change that 

occurs quickly in response to an exogenous cause is referred to as a ñclassicò paradigm shift or 

ñpunctuated equilibriumò (True, Jones, and Baumgartner 1999). A fast shift in policy 

directionality that changes objectives but is subsequently offset by another set of policies is 

referred to as ñfaux paradigmatic.ò Analyzing policies for evidence of policy change requires the 

definition of timescales appropriate to the political systems and histories from which they come. 

 The mode or type of policy change identifies the process through which policy content 

aggregates. In conjunction with directionality and tempo, the mode of policy content change 

establishes the political practices upon which policy content is predicated and how policy 

implementation unfolds. Different modes of policy change represent contrasts in creation and the 

implementation of policy content (Table 2.2). Policy displacement or layering occurs when new 

content is created. Displacement refers to when new policy replaces old rules. Layering, when 

new policy content does not replace existing content. Drift and conversion represent two 

scenarios where existing rules persist, new rules are not introduced, but the implementation or 

impact or existing rules changes. Thus, displacement and layering are relevant when cumulative 

policy change has occurred, whereas drift and conversion pertain to policy content change that is 

in equilibrium (Table 2.1).  

To assess the directionality, tempo, and mode of policy content, analysis must be based 

on strong rationale for the timeframe under study and the scope of policy being examined. 
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Sections 2.3 and 2.4 present information on the period under study, types of policy, and 

identification as well as coding protocols that comprise the present study. 

2.3 Forest-related policy in Indonesia 
 

Forest-related policy in democratic Indonesia represents a stark break from forest-related 

policy before the democratic transition. Before the democratic transition, Indonesian forest-

related policy was based in the 1967 Basic Forestry Law. This law, which characterizes 

Indonesian forest-related policy before the democratic transition, granted central authority over 

143 Mha of ñforest land,ò which covered over three fourths of Indonesian land area. The Basic 

Forestry Law of 1967 allowed the New Order regime to implement an insular patronage system 

through the forestry sector that dominated forest-related policy until 1998 (Obidzinski and 

Kusters 2015). However, with the fall of Suhartoôs New Order government came a series of new 

forest-related policies. These policies respond to the decades of centralized control the New 

Order regime practiced, and they inculcate international influence and funding (Roberts, Habir, 

and Sebastian 2015). 

The years between 1999 to 2016 provide an ideal time in which to study if and how 

national forest-related policy changed as Indonesia transitioned to full democracy. As a 

Table 2.2: Mode of Policy Change (adapted from Mahoney and Thelen 2010) 

Mode of Change Characteristics 

Displacement Removal of existing rules, introduction of new rules 

Layering No removal of old rules, introduction of new rules 

along with maintenance of old rules 

Drift  No removal of old rules, no introduction of new 

rules, changed enactment of old rules due to 

environmental change (not strategic) 

Conversion No removal of old rules, no introduction of new 

rules, intentional redeployment of old rules 
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democratic nation, Indonesia welcomed a number of actors, organizations, and states who sought 

to promote general concepts related to the IFR, including REDD+ and sustainable forest 

governance (Bernstein and Cashore 2012; Sahide, Maryudi, et al. 2016), which represents a clear 

break from previous forest-related policy during the New Order.  For purposes of analysis, we 

divide the 18 years including and between 1999 and 2016 into three periods, each of which 

contains unique events in the democratic evolution of the Indonesian political system (Table 

2.3). Within these periods, and across 18 years of Indonesian democracy, we examine trends in 

forest-related policy.  

Indonesian legislative structures extend to province and district levels, but we limit the 

present study to national forest-related policy. We focus on national- level policy content because 

of data constraints: a database or centralized system for province and district policy does not yet 

exist. Within national policy content, we examine five types of policy (Table 2.4). These policy 

Table 2.3: Executive and legislative changes in post-transition periods of Indonesian democracy 

  Executive Changes Legislative Changes  

Period One: 

Transition to full 

democracy 

(1999-2004) 

President elected by Parliament 

 

Amendment to elect president 

through direct elections (2002) 

 

First direct presidential election (7 

and 9/ 2004)  

First free election since 1955 

 

Reorganization of legislature into 

two houses without military 

appointees (2002) 

 

Second free legislative election 

(4/2004)   

Period Two: 

First period of full 

democracy 

(2005-2010) 

First term of directly elected  

president (10/2004-10/2009) 

 

Second direct presidential election 

(7/2009)  

First term of reorganized legislature 

(10/2004-9/2009) 

 

Third free legislative election 

(4/2009) 

Period Three: 

Second period of 

full democracy 

(2011-2016) 

Second term of directly elected  

president (10/2009-10/2014) 

 

Third direct presidential election 

(7/2014) 

Second term of reorganized 

legislature (10/2009-9/2014) 

 

Third free legislative election 

(4/2009) 
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types include laws, government regulations (GRs), presidential regulations (PRs), presidential 

decrees (PDs), and presidential instructions (PIs). The following section describes the steps we 

took to identify and code national forest-related policy passed in Indonesia between 1999 and 

2016.  

2.4 Methods 
 

Our analysis of policy content proceeded in three steps. First, we searched for and 

identified forest-related policy. Second, we read and coded forest-related policy according to a 

set of formal criteria. And third, we visualized, analyzed, and tested hypotheses about forest-

related policy change in Indonesia.  

2.4.1 Defining the policy set 
 

To identify forest-related policy, we used a two-step search protocol. First, we conduct a 

search of two Indonesian policy databases (Hukum Online 2018; Produk Hukum 2018) using a 

Table 2.4 National policy types and information (Sources: Laws 10/2004 and 12/2011) 

Policy Type Political Actor/s Method of Passage Notes 

Law (Undang-Undang) People's Representative 
Assembly (DPR) 

Drafted by People's 
Representative Assembly 

with presidential consent. 

Subjected to  review via 

Connotational Court 

Legislated regulation 
planned,  prepared, and 

ratified by legislature and 

President 

Government Regulation 
(Peraturan Pemerintah) 

People's Representative 
Assembly (DPR) 

Enacted by the President Prepared and enacted by 
President to implement law 

Presidential Regulation 
(Peraturan Presiden) 

President of Indonesia Enacted by the President Regulation prepared and 
enacted by president 

Presidential Decree 
(Keputusan Presiden) 

President of Indonesia Enacted by the President Often a set of instructions, 
specifying an action to be 

completed 

Presidential Instruction 
(Instruksi Presiden) 

President of Indonesia Enacted by the President Orders or instructions from 
the President's office, often to 

ministers and ministries 
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set of terms common within forest-related policy identified in current literature (Ardiansyah, 

Marthen, and Amalia 2015; Brockhaus et al. 2012; Sahide, Supratman, et al. 2016; Singer, 

Elated, and In 2009). These terms include: 

ñplantationò OR ñforestryò OR ñgardenò OR ñforestò OR ñnatural resourcesò OR 

ñenvironmentò OR ñtreeò OR ñwoodò OR ñpalmò OR ñrubberò OR ñcoffeeò OR ñfood 

sovereigntyò OR ñfood securityò OR ñfood safety1ò  

 

Any policy that contained at least one of the key terms was identified for further review. We also 

used legal product databases to determine total yearly counts for all categories of national policy 

considered in this research. Following this database search, we identified relevant white and gray 

literature that focuses on Indonesian forest-related policy to complement the hits from our database 

search. Appendix D lists additional sources that identified Indonesian forest-related policy. 

2.4.2 Coding policy documents 
 

We coded policy documents according to a set of eight forest-related categories. These 

categories include: ñEcosystem Services/Biodiversity,ò ñAllowable Harvest,ò ñReforestation,ò 

ñRoad Building,ò ñForest Protection and Monitoring,ò ñRiparian or Coastal Zones.ò  Table 2.5 

contains the definitions for these categories. We selected these categories based on precedent in 

forest-related policy literature (Cashore and Howlett, 2007; McDermott et al. 2010; McDermott 

et al., 2012). In addition to these categories, we added ñFinancial Mechanisms for Forest 

Regulationò and ñOrganizational Mechanisms for Forest Regulationò content categories, based 

on current literature that emphasizes changes in forest-related organizations and administrations 

(Nurrochmat et al., 2014; Nurfatriani et al., 2015; Sahide and Giessen, 2015). We coded each 

policy document based on all the forest-related policy content it contained as well as the 

                                                 
1 Indonesian translation: ñperkebunanò OR ñkehutananò OR ñkebunò OR ñhutanò or ñsumber daya alamò OR 

ñlingkungan hidupò OR ñpohonò OR ñkayuò OR ñsawitò OR ñkaretò OR ñkopiò or ñkedaulatan makanò OR 

ñketahanan panganò OR ñkeamanan makananò 
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ñmajorityò content type for each document. Two coders read and coded all policy documents in 

Bahasa Indonesia, and they dual-coded a 10% (n= 22) sample of to ensure inter-coder reliability. 

In addition to policy-content, we identified the references contained within each policy 

document. Indonesian policy documents provide clear references to the policy they cite and/or 

modify. We determined if the policy document in question directly amended or repealed a 

previous policy, the name of the policy it amended, and the name of all policies referenced in the 

document. Appendix D includes a complete list of all forest-related policies included in this 

study. 

2.4.3 Analyzing forest-related policy 

 

To analyze forest-related policy, we assessed the relationship between policy-content 

themes, the years or periods in which they were passed, and the amendments each document 

Table 2.5: Forest policy content categories 

Content Name Definition 

Ecosystem Service and Biodiversity Regulation related to management, protection, or evaluation 
of ecosystem services or biodiversity 

Allowable Harvest Regulation related to management or evaluation of forest 
products (e.g. wood, non-timber forest products, eco-tourism, 

and etc.) 

Road Building Regulation related to the management and construction of 
roads within or surrounding forest areas 

Reforestation Regulation related to the management, location, funding, or 
implementation of reforestation activities 

Forest Protection or Monitoring Regulation related to the management, protection, 
conservation, and/or evaluation of forest areas 

Riparian or Coastal Zones Regulation related to the management, protection, evaluation, 
or use of forest areas that are in riparian or coastal zones 

Funding or Financing for Forest 
Organizations 

Regulation related to the funding, financing, or taxation of 
forest-related organizations 

Structure or Organization of Forest 
Organizations 

Regulation related to the structure or organization of forest-
related organizations (e.g. ministries, agencies, special 

cabinets, etc.) 
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contains. To confirm our coding themes and assess their salient relationships, we created and 

analyzed citation networks. Then, we conducted statistical tests to determine the relationships 

between time and the rates of forest-related policy, content, and amendments. 

We examined policy citation networks to confirm and guide policy change hypotheses. 

Using Gephi visualization software, we visualized policies as nodes, connected to one another 

through in-text citations (edges). Citations in these networks are of two types: policy reference or 

amendment. We assumed that different policy-content themes would create distinguishable 

clusters based on high levels of cross-policy references. Identifying these distinguishable clusters 

resembles community-detection in network analysis, which identifies groups of nodes that are 

more densely connected to one another through edges than to other nodes (Meerow and Newell 

2015; Newman 2006). In addition to providing broad insight into policy citation communities, 

we use policy citation networks to examine how content types changed across our different study 

periods by visualizing the network during the first (1999-2004), second (2005-2010) and third 

(2011-2016) period. Using policy network visualization to guide hypotheses about policy content 

change, we proceeded to statistical analysis. 

We used several statistical tests to analyze if the amount and type of forest-related policy 

changed between 1999 and 2016. Following interpretation of policy-citation networks, we tested 

null hypotheses of whether policy type, content, and references are independent of the period in 

which they were passed using chi-squared tests of independence and Kendallôs rank correlation 

(Kendallôs tau) statistics. First, we assessed whether the rate of forest-related policy is correlated 

across time and if it is significantly dependent upon the period in which it was passed. We 

conduct these tests on the proportion of forest-related policy to total national policy, to control 

for the potential confounding relationship of overall national policy passage over time. Second, 
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after identifying general trends within the policy citation networks, we tested whether specific 

forest-related policy content (identified from the policy citation networks) is independent of the 

period in which policy is passed. We tested whether different time periods contain significantly 

different rates of policies that focus on a forest-related policy type using chi-square tests of 

independence, since real 0s in the data made Kendallôs tau tests unreliable.  

To direct our interpretation of the mode of policy change, we assessed the rate of forest-

related policy amendments. We first examined the relationship between the number of forest-

related policies with amendments to total forest-related policies using a Kendallôs tau correlation 

test and chi-square tests of independence. We repeated these tests using the rate of forest-related 

amendments to total policy per year. A significant and positive relationship between year, the 

rate of new forest-related policy, and the rate of forest-related amendments indicates that new 

policy displaced pre-existing policy (Table 2.2). A significant relationship between year and the 

rate of new forest-related policy, but no significant relationship between year and forest-related 

amendments indicates new policy is layered over pre-existing policy. And, should no significant 

relationships exist between year and forest-related policy, drift or conversion may best explain 

forest-related policy change in Indonesia.  

Coding, visualizing, and testing policy-content rates over time can establish if change 

occurred, but sector-specific insight is necessary to reconcile how content and implementation 

occur together. We used empirical results to inform a discussion of major trends in the regulation 

Indonesian forest territory and forest product flow from 1999 to 2016. 

2.5 Results 
 

The search criteria returned 289 policy documents. 254 of these documents were relevant 

to the timeframe of this study, and 218 contained policy content related to the set of categories 
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we used to define forest-related policy. No small set of categories represented the content within 

the policies our search found that we determined to be unrelated to forest management.   

2.5.1 Visualizing and interpreting Indonesian forest-related policy citation networks  

Visualizing the policy citation network illustrates addition of forest-related policy over 

time. Panels A through C (Figure 2.1) highlight the addition of new forest-related policy between 

periods. The 218 forest-related policies contain 1,289 references. Of these, 6.9% are amendments 

and 93.1% are references. Policy citation networks also highlight dominant categories of forest-

related policy content. 

National forest-related policy in Indonesia, from 1999-2016, is dominated by three 

overall categories. Policy-content coded as primarily addressing ñForest Protection and 

Monitoringò comprises 24% of the final citation network, ñFinancial Mechanisms for Forest 

Regulationò comprises 22.9%, and ñOrganizational Mechanisms for Forest Regulationò 

comprises 22.4%. Policy citation networks illustrate the dominance of these three content 

categories within the overall network (Panel D, Figure 2.1). All other major content categories 

comprise 10.1% or less of the total citation network. Across policy citation communities, there is 

a strong co-occurrence of ñForest Protection and Monitoringò and ñEcosystem 

Services/Biodiversity.ò This co-occurrence is the strongest within the citation network, with two 

thirds of all ñEcosystem Services/Biodiversityò majority policy references citing ñForest 

Protection and Monitoringò policies. This citation co-occurrence is double the amount of the 

second highest co-occurring categories (ñReforestationò and ñForest Protection and 

Monitoringò). We use the trends illustrated by the policy citation networks to inform our 

statistical analyses. 

 

 



 28 

 

 

Figure 2.1: Policy citation networks for Period 1 (Panel A), Period 2 (Panel B), Period 3 (Panel C), and the overall citation 

network with non-forest and forest-related policies (Panel D). Nodes with color indicate forest-related policy. Nodes without 

color indicate policy-content referenced by forest-related policy. 
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Although the policy citation network demonstrates changes in counts, it does not control 

for the rate of all national- level policy creation. Our statistical analyses formally test whether the 

proportion of forest-related policy to total policy, as well as the number of forest-related 

amendments to total policy, significantly change over time and across periods to control for 

increases in overall policy-content generation that may influence results. 

 We used findings from the policy citation network to focus statistical analysis. We tested 

the following hypotheses to examine the tempo, directionality, and mode of Indonesian forest-

related policy: 

1. Forest-related policy has increased in amount from 1999 to 2016 

 
2. Forest-related policy content increasingly focused on: 

a. Forest protection and monitoring 
b. Financial mechanisms for forest regulation 
c. Organizational mechanisms for forest regulation 

 
3. Forest-related policy demonstrates an increase in direct policy amendments 

 

2.5.2 Analysis of forest-related policy trends 

 From 1999 to 2016, the Peopleôs Representative Assembly and the President of Indonesia 

passed an increasing amount of forest-related policy (Table 2.6). Period 1 (1999-2004) contained 

55 forest-related policies (25.2% of all forest-related policies), Period 2 (2005-2010) contained 

65 (29.8%), and Period 3 (2011-2016) contained 98 (45.0%).  A Mantel-Haenszel chi-squared 

test demonstrates that this change is significantly different from the null hypothesis of 

independence between year and number of forest-related policies as a proportion of overall 

national policies (Table 2.6). Further, Kendallôs Tau Correlation demonstrates that this 

significant relationship is moderately positive (Figure 2.2).   
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Descriptive analysis demonstrates an increase in ñForest protection and monitoring & 

ecosystem services and biodiversity,ò ñStructure and organization,ò and ñFunding and financingò 

content over the three periods of analysis. These counts represent the total number of policies 

that included content related to categories, rather than the number of policies primarily defined 

by one category. ñProtection and Monitoring & Ecosystem Services and Biodiversityò has the 

highest overall proportion of overall policy content (2%), consistently increases from Period 1 to 

Period 3, and is the greatest percentage of forest-related policy passed in Period 3 (44.9%). 

ñStructure and Organizationò of forest-related organizations also demonstrates consistent 

increases and is included in 36.7% of national forest-related policies from Period 3. Policy that 

addresses ñFunding and Financingò of forest-related organizations also increases from Periods 1 

to 3 and is referenced in 38.7% of all policy from Period 3. The increasing amount of policy that 

Table 2.6: Forest-related policy, content, and amendment rates and significance from Mantel-Haenzel chi-squared test by 

period  

  
Total 

Period 1 

(ô99 - ó04) 

Period 2 

(ô05 - ó10) 

Period 3 

(ô11 - ó16) 
  

  

  

N % N % N % N % ɢ2 p-

value 

Total National Policies 5,149 ---- 1905 ---- 1472 ---- 1775 ---- ---- ---- 

Total Forest-Related Policies 

(FRPs) 

218 4.23 55 2.89 65 4.42 98 5.52 15.90 <.01 

FRPs with Amendments 67 1.30 19 1.15 20 1.36 25 1.41 0.73 0.69 

FRPs with Protection and 

Monitoring Content 

85 1.65 24 1.26 24 1.63 37 2.08 3.86 0.15 

FRPs with Protection and 

Monitoring & 

Ecosystem Services and  

Biodiversity Content 

103 2.00 27 1.42 32 2.17 44 2.48 5.59 0.06 

FRPs with Funding and financing 

Content 

77 1.50 22 1.15 17 1.16 38 2.14 7.68 <.05 

FRPs with Forest-Related 

Organization and Structure 

Content 

60 1.17 19 1.00 19 1.29 36 2.03 7.19 <.05 
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contains ñForest protection and monitoring & ecosystem services and biodiversity,ò ñStructure 

and organization,ò and ñFunding and financingò content is in contrast with the proportion of 

forest-related policies that introduce amendments over the same period.  

The proportion of forest-related policy amendments over time demonstrates significant 

decrease. A Mantel-Haenzel chi-squared test of the proportion of forest-related amendments 

from overall policy cannot reject the independence between time periods (Table 2.6). However, 

testing the proportion of forest-related amendments of only forest-related policy with a Kendallôs 

tau correlation indicates that the rate of forest-related amendments per forest-related policy 

decreases over time (tau = -0.29, p=0.1).  

2.6 Discussion 
 

 
Figure 2.2: Kendallôs tau correlation results for year (x-axis) by proportion of forest-related policy of total policy (top) and 

forest-related amendments by total forest-related policy (bottom) 
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National forest-related policy in Indonesia demonstrated significant change between 1999 

and 2016. This change is best described as a classic paradigm shift toward forest protection and 

monitoring, which occurred through a layering process. This discussion examines the trend of 

policy change and then considers how Indonesian governance of forest territory and the flow of 

forest products reflects policy layering. 

2.6.1 The classic paradigm shift in Indonesian forest-related policy 
 

Between 1999 and 2016, Indonesia passed more forest-related policy that emphasizes 

forest protection and focuses on restructuring forest-related organizations. Classic paradigm 

shifts occur when the tempo of policy change is relatively fast and the directionality is consistent 

(Cashore and Howlett 2007). This often occurs through an exogenous pressure, and is referred to 

as a ñpunctuated equilibriumò that overwhelms standard incremental change of policy content 

(Nisbet 1972). The significant increase of forest-related policy over time demonstrates a 

continuous change in policy-content focus. The marked increase in financing, organizational 

restructuring, and forest protection support the classic paradigm shift hypothesis of forest-related 

policy change. 

Since reformasi, the amount of forest-related policy that addresses forest protection, 

monitoring, biodiversity, and ecosystem services has increased significantly. International rules, 

norms/discourse, market intervention, and access to domestic policy comprise four pathways 

through which international regimesðincluding uncomprehensive regimes, like the IFRðcan 

influence domestic policy (Bernstein and Cashore 2012). Increasing trade restrictions, notably 

those related to CITES, the Lacey Act, and the EU Forest Legality, Governance, and Trade 

Voluntary Partnership Agreements (FLEGT VPAs) for verified legal timber, seek to constrain 

the market for illegal timber and timber products (Lesniewska and McDermott 2014). These 
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restrictions, coupled with market incentives for forest certification and legality verification, and 

international norms, such as committing to carbon emissions reductions, have increased the 

importance of protecting and monitoring Indonesian forests for the Indonesian state. The 

emphasis on forest monitoring and protection is observable in policy content that addresses how 

forest concessions are issued (GR 34/2002, GR 38/2007, GR 3/2008, Law 32/2009, GR 24/2010, 

GR 72/2010, GR 61/2012, Law 23/2014, GR 57/2016), how forests are monitored and by whom 

(Law 32/2009, Law 18/2013, Law 23/2014, PR 16/2015), in policy that addresses timber trade 

(GR 34/2002, GR 6/2007, PR 21/2014), and ratifies international commitments (Law 17/2004, 

GR 21/2014). 

 International financial commitments and contributions that promote forest protection and 

monitoring provide another example of how international pressures have promoted forest 

conservation agendas in Indonesia. Commitments include the 2010 Letter of Intent between the 

Norwegian and Indonesian governments, which pledged $1 billion for evidence of REDD 

impacts, as well as the hundreds of millions of dollars provided through organizations such as the 

World Bank, the UK Department for International Development, and others that focus on ñgood 

forest governanceò in Indonesia. Specifically, international funding has promoted the One Map 

Policy to harmonize ministerial land claims, improved governance of forest management units 

(Sahide et al., 2016), and others. As policy content that focuses on protection and monitoring of 

Indonesian forests increased, forest-related organizations in Indonesia were restructured. 

Between 2011 and 2016, three major changes altered forest-related organizations. First, 

presidents established two ad hoc agencies that report directly to the president. In 2013 President 

Susilo Bambang Yudhyono formed a special agency to implement activities and funding 
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associated with reducing emissions from deforestation and forest degradation (PR 62/2013)2.  

Then, President Widodo established the Peatland Restoration Agency (PR 57/2016). Both of 

these special agencies were established outside the Ministry of Environment and/or Forestry to 

report directly to the president in order to facilitate President Yudohoyonoôs 2009 pledge to 

reduce carbon emissions between 26% and 41% by 2020, and President Widodoôs 2015 pledge 

and Paris Agreement commitment to reduce carbon emissions between 29% and 41% by 2030 

(Alisjahbana and Busch 2017).  

Second, President Joko Widodo combined the Ministry of Forestry with the Ministry of 

Environment to create the Ministry of Environment and Forestry in 2015 (PD 16/2015). The 

combination of these ministries created a ñmega ministry,ò charged with overseeing forestry 

management and conservation activities of the stateôs forest areas. Within it, PD 16/2015 gives 

powers over REDD+ to the newly formed Secretariat of Climate Change. Additionally, a new 

Secretariat of Social Forestry and Environmental Partnerships is charged with the allocation of 

12.7 Mha of forest area to communities (Afiff 2016).  

Third, two different laws redistributed rights to control of forest resources in 2014. The 

Village Law (6/2014) extended more authority over natural resources to villages than ever before 

in Indonesian history (Antlöv, Wetterberg, and Dharmawan 2016). Meanwhile, the Province 

Law (23/2014) increased control over forest resources and administration at the province level, 

and established a greater administrative role for forest management units (Sahide, Supratman, et 

al. 2016). The Village Law, in combination with the pledge to allocate 12.7 Mha to communities 

across Indonesia, aims to promote community conservation and natural resource management 

(Myers, Intarini, Sirait, et al. 2017). The Regional Governance Law increases the power of 

                                                 
2 This agency was not appointed until near President Yudhoyonoôs term and its mechanism for finance was never 

clarified. In 2015, President Widodo dissolved this agency (Presidential Regulation 16/2015). 
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province governments, clarifying their role in overseeing forest management units, and 

specifying how concession rights to national forest lands are to be allocated (Afiff 2016; Sahide, 

Supratman, et al. 2016).  

International rules, norms, and market incentives represent the pathways through which 

external actors influenced the incentive for Indonesian political actors to legislate in favor of 

forest protection (Bernstein and Cashore 2012). Thus, the Peopleôs Consultative Assembly (DPR 

and DPD) and the President of Indonesia have dedicated increased attention to promote forest 

protection through policy creation that focuses on forest protection and monitoring as well as 

administrative reorganization. The mechanism through which this shift has occurred, however, 

leaves room for contradictory laws, regulatory mis- or re-interpretation, and jurisdictional 

differences in forest-related enforcement. 

2.6.2 Forest-related policy layering and the limits of institutional reform 
 

Although the amount of forest-related policy content that focused on protection and 

monitoring significantly increased from 1999 to 2016, total forest cover loss across the 

Indonesian archipelago consistently increased over the same time period (Hansen et al. 2013; 

Margono et al. 2012, 2014). This points to a discrepancy between new policy content and 

implementation. Policy layering within national- level policy and across different policy levels 

provides a possible explanation as to why this discrepancy persists.  

Through the analysis of policy-content change using citation networks, we identified a 

decrease in policy amendments from 1999 to 2016. As political actors passed more policy 

focused on forest protection and monitoring, they did not displace previous regulation. 30.1% of 

forest-related policy passed between 1999 and 2016 includes policy amendment or repeal. 

Examining current trends in the regulation of forest territory and forest product flow (Sikor et al. 
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2013) illustrates the relationship between policy layering, forest governance, and interpretable 

ambiguity. 

Though related, forest-related policy and forest governance are not synonymous (Rhodes 

2007). Mandates for forest governance are often found within forest-related policy, but the 

intermingling of rules, practice, and context are what generate outcomes for forests and people. 

In general, forest governance focuses on the regulation of forest territory and the flow of forest 

products (Sikor, He, and Lestrelin 2017). Generating and analyzing data on forest-related policy 

identifies patterns in the policy itself, but it does not provide insight into how policy is 

implemented through practices of the state (Foucault 1978; Scott 1998). To connect forest-

related policy and governance in contemporary Indonesia, we discuss the role of forest-related 

policy change and layering in the regulation of forest territory and the flow of forest products. 

Regulating forest territory 
 

The shift to increased forest protection via the layering of forest-related policy has 

significant consequences for how, and through what organizations, the Indonesian state manages 

forest territory. The structure of government organizations imbued with the authority to manage 

and regulate state forests in Indonesia changed more between 1999 to 2016 than in the 30 years 

preceding this period (Barr et al. 2006; Moeliono, Wollenberg, and Limberg 2010). In addition, 

recent policy changes indicate a strong push for the conservation of primary and peatland forests. 

However, overlapping land use claims and layered authority of different ministries and sub-

national jurisdictions challenge the enforcement of national policy and promote local forms of 

tenure and planning. 

Recent forest concession moratoria exemplify policy layering that promotes forest 

protection. With the first moratoria (IP 10/2011), President Yudhoyono signaled to the 
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international community that Indonesia would no longer sell the right to convert primary or peat 

forests. Since this initial passage, three additional moratoria have been passed that maintain the 

prohibition of new concessions in primary and peatland forest. Empirical research finds that, 

were a moratorium on new concessions in place from 2000 to 2010, forest cover loss would have 

been between 2.5 to 7.2% lower (Busch et al. 2014). Assuming consistent trends, this predicts a 

significant effect of moratoria for reducing forest cover loss, but the loss of forest cover on areas 

outside concessions remains high. Additionally, the concession moratoria are neither permanent 

nor are they able to fully prohibit the conversion of land cover in primary and peatland forests 

within primary and peatland forests, due to pre-existing concession claims, competing ministerial 

jurisdictions, and layered policy related to land use planning. 

Indonesian land use planning influences the protection and monitoring of forest territory 

because the authority to govern Indonesian land rests in ministerial jurisdiction and spatial 

planning. The Geospatial Law (4/2011) provides authority to the National Mapping Agency 

(Badan Informasi GeospasialðBIG) to unify information on natural resources and land across 

the country. Despite this mandate, spatial planning remains subject to horizontal and vertical 

layering. Horizontal layering refers to the overlap between different policies as well as 

ministerial land claims. Indonesian ministries, including the Ministries of Environment and 

Forestry, Agriculture, Energy and Mineral Resources, and Public Works and Housing have 

spatially determined authority. Historically, these ministries used their own maps to determine 

where they were authorized to regulate land use (Wibowo and Giessen 2015). The One Map 

Initiative is a national effort to harmonize different ministerial claims across Indonesia. Although 

this initiatives has improved transparency between many ministries, it has yet to produce a fully 
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harmonized map of ministerial territory (Mulyani and Jepson 2017) and is not charged with 

making the one map available to the public (Wibowo and Giessen 2015).  

Vertical overlap in territory demarcation and determination occurs through the process of 

land use planning. In Indonesia, spatial planning relies on the communication and approval 

between district, province, and national governments. Districts generate spatial plans which are 

approved both by province and national governments. These district-level plans determine where 

certain activities can take place, and they can reclassify land cover categories through legal 

means. However, spatial plans do not necessarily represent the tangle of local, corporate, and 

governmental claims to land. Recent scholarship demonstrates how smallholder and industrial 

agriculture demonstrate mutual encroachment (Gaveau et al. 2017), and how ministerial and 

district-level land-claims intersect with community territories to disenfranchise local 

communities (Myers, Intarini, Sirait, et al. 2017). Although Law 4/2011 gives BIG the authority 

to harmonize Indonesian land tenure, ministries are reluctant to compromise jurisdiction, districts 

and provinces retain some control over spatial planning, and local realities do not necessarily 

reflect government maps.  

Despite the challenges policy, ministerial, and administrative overlap pose, significant 

progress toward forest protection and harmonized land-management has occurred across 

Indonesia since its transition to democracy. Recent pledges have indicated that, in addition to 

reforming land-tenure and spatial planning, the national government is dedicated to recognizing 

local authority over community forests (Myers, Intarini, Thomas, et al. 2017; Santika et al. 

2017). Although the pledged redistribution of 12.7 MHa of state forest to local communities 

represents a drastic change in land-tenure, and may generate additional layering, it recognizes 

indigenous and local rights to land. Indonesia is not alone in its struggle to provide clear tenure 
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and protect forest areas; eleven other countries with emerging economies demonstrate similar 

patterns of overlapping land claims (De et al. 2013). As Indonesia enters its third decade of 

democracy, forest protection and land use planning are positioned to remain important topics. 

Regulating the flow of forest products 

 

 Greater attention to forest protection and the structure of forest-related organizations has 

also influenced how forest products are regulated. Specifically, Indonesian forestry governance 

shifted to provincial oversight of forest management units and implemented a new system of 

internationally recognized timber legality verification (Sistem Verifikasi Legalitas Kayuð

SVLK). Both developments reflect change in forest-related policy and were implemented 

through layering. 

 Although forest management units have long been part of Indonesian forest governance, 

they have recently risen to prominence as the key bureaucratic technology for implementing 

regulation and monitoring on behalf of the Ministry of Environment and Forestry and province 

administrations. The ability to issue concessions on state forest land and monitor timber 

production was, in the early 2000s, the right of district administrations. Over time, this authority 

has shifted, and is now held by the Ministry of Environment and Forestry and province 

governments. A series of laws, issued between 2003 and 2016, ushered in these changes, which 

reflect a relative recentralization of state authority over forest resources (Sahide and Giessen, 

2015; Sahide et al., 2016). Although the 1999 to 2004 period included a large amount of policy 

layering, resulting in heightened forest cover change from district-level decentralization (Burgess 

and Olken 2012), more recent administrative changes directly amended previous laws. However, 

this displacement remains partial. Implementing Law 23/2014, depends upon older fiscal balance 

laws (32/2004 and 28/2009). Thus, district, province, and national government administration 
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have been charged with implementing forest regulation and monitoring through Law 23/2014 but 

must share tax and non-tax revenues as determined by outdated fiscal balance laws and 

procedures. During this same period, district-level forestry offices have either been closed or 

integrated with new offices for forest management units, without clear instructions on how to 

complete this transition (Sahide et al., 2016).  

 Timber legality verification demonstrates how, over time, policy layering can transition 

to displacement. Initiated by a Voluntary Partnership Agreement (VPA) between Indonesia and 

the European Union in 2010, Indonesia implemented mandatory third-party legality verification 

for all timber and timber products (Lesniewska and McDermott 2014). Intended to reduce illegal 

logging, and assist the government ministries and administrations capture full value of timber 

and timber products (Maryudi 2016), the legality verification system mandates third party 

auditing for timber production. International funding for timber legality verification has 

increased through different international initiatives, including the European Commission 

Directorate General for International Cooperation and Development and the UK Department for 

International Development (European Union 2017; Sahide and Giessen 2015). Early in Period 3 

(2011-2016), there was significant confusion with regard to what types of enterprises needed to 

be certified, by whom, and by when (Lesniewska and McDermott 2014; Obidzinski et al. 2014). 

Significant confusion and barriers still exist for small and medium sized enterprises, as well as 

for timber that comes from private or community forests (Nurrochmat et al., 2014; Erbaugh, 

Nurrochmat and Purnomo, 2017). However, the EU FLEGT Facility reports that by 2016, 100% 

of natural and plantation concessions were certified legal (European Union 2017) and the 

majority of Indonesian timber for export is certified legal. Although certified legal timber 

represents a specific ñcommoditization of legality,ò and does not necessarily address issues of 
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land use and planning, indigenous/local peoplesô rights, or sustainable forestry (Setyowati and 

McDermott 2017), it does represent the integration of third party auditing and transparency in 

governance, important qualities of good forest governance (Cashore et al. 2007; Lesniewska and 

McDermott 2014). It further demonstrates how, over time, layered policies can lead to 

displacement and clearer implementation guidelines. 

The limits of institutional reform 
 

 In many ways, layering national forest-related policy is an optimal solution for national 

politicians. Passing an increasing amount of policy focused on forest protection and monitoring 

signals a willingness of the Indonesian state to modernize in accordance with the wishes of the 

IFR (Andrews 2013). Layering new forest-related policy on top of older policy, in contrast to 

displacing older policy, maintains space for jurisdictions, sub-national administrations, and 

corporations to continue current extractive activities and anonymizes illegal or extra-legal land 

cover change (Gaveau et al. 2017).  

Indonesian political actors often rely upon extractive industries (Berenschot 2018). 

Ambitious economic growth targets set by the president, high campaign costs, and economies 

dominated by specific agricultural commodities connect sub-national political actors and land 

cover change (McCarthy 2004; McCarthy and Cramb 2016). There is empirical evidence that, 

between 2000 and 2007, Indonesian forest cover loss associated with concession rights increased 

during election years (Burgess and Olken 2012). National policy layering thus balances 

international demands for sustainable forest management and improved protection and 

monitoring with maintain a status quo where political power and land use are intertwined.  

New policy is not sufficient to realize institutional change. Increasing levels of forest 

cover loss in Indonesia occurred as national policy shifted to promoted forest protection and 
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monitoring. Although it may be necessary for institutional change, new policy creation should 

not be a goal in itself (Andrews 2013). Rather, policy coupled with transparent and efficient 

systems to for implementation and regulation are necessary to realize changes in Indonesian 

forest outcomes. Future research would do well to examine the relationship between policy 

layering, political power, and Indonesian land cover change. 

2.7 Conclusion 
 

The proportion of total forest policies to all national policy demonstrates a significant 

increase over time. From 1999 to 2016, we identified 269 national, forest-related policies. 

Among them, the amount of content that focused primarily on increasing forest protection and 

monitoring/ecosystem service and biodiversity conservation, determine financial policies for 

forest-related activities, and restructure forest-related organizations (24%) also demonstrated 

significant increases over time. These changes in policy content occurred alongside new 

international rules that restrict illegal timber, international norms that promote climate pledges 

and agreements to reduce carbon emissions, as well as international market incentives that 

provide conditional aid for REDD+ activities (Angelsen 2017) and sustainable forest 

management (Bernstein and Cashore 2012). Thus, this research supports the conclusion that 

national forest-related policy in Indonesia demonstrates a classic paradigm shift, whereby 

exogenous influences have promoted a relatively rapid change in policy content. Although 

national policy demonstrates a classic paradigm shift toward the protection and management of 

Indonesian forest areas, we find that policy changes have not occurred alongside a significant 

increase in policy amendments. Thus, as new policies are passed, older policies are not 

necessarily amended or repealed. This process of policy change, referred to as layering 
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(Mahoney and Thelen 2010),  generates ambiguity in regulation and enforcement. Policy 

layering has impacts for the regulation of forest territory and the flow of forest products. 

Current developments in Indonesian forest governance illustrate how an increase in 

forest-related policy focused on protection and monitoring and consistent forest cover loss can 

co-exist. Land use and planning in Indonesia are subject to significant jurisdictional turf wars. 

Overlapping claims between ministries and local actors exist across the archipelago. Although 

Law 4/2011 provides the legal framework for resolving these overlaps, it neither guides the 

process to integrate different ministerial jurisdictions, nor does it help resolve conflict between 

different national, provincial, and district land agencies that are key in issuing and holding land 

rights (Harahap, Silveira, and Khatiwada 2017). Further, different administrative levels can 

change land use plans. Thus, with unclear ministerial tenure and changing land use plans, the 

implementation and enforcement of new policy that supports forest protection and monitoring 

remains difficult. Additionally, policy layering affects the regulation of forest products. 

Empowering forest management units and timber legality verification have recentralized forest 

governance in the name of transparency and legitimacy. These same policies fail to directly 

modify previous systems of regulation and accountability. However, timber legality verification 

provides an example of how layering can lead to displacement. Since 2010, timber legality 

verification has become increasingly formalized, covering all natural and plantation concession 

areas, and a rising number of small and medium enterprises (European Union 2017). This, 

perhaps, provides insight into the functionality of layered policy: it provides an initial step that, 

over time, generates changes in forest governance. 

The passage of forest-related policy has impacts beyond its operationalization. By 

signaling a willingness to modernize through new policy, the Indonesian state continues to 



 44 

represent itself as modern, open to reform, and willing to engage international actors and foreign 

states (Andrews 2018). A growing literature identifies the way in which national and sub-

national governments and actors in Indonesia pursue multiple agendas through international 

funding for forest protection and monitoring. The Ministry of Environment and Forestry seeks to 

gain power and authority both through forest protection and through forest harvest (A. Wibowo 

and Giessen 2015); local bureaucracies are able to extend their authority through the promotion 

of forest management units (Sahide, Maryudi, et al. 2016); and companies that conduct third 

party audits benefit from mandating independent legality verification of timber products 

(Setyowati and McDermott 2017). Meanwhile, converting forest areas to plantations, intensive 

agriculture, or urban development curries political favor with the communities and corporations 

that benefit from infrastructure and development projects and it helps Indonesia progress toward 

annual development goals. Neither nations, sub-national bureaucracies, nor local people are 

passive recipients of international conservation funding (Myers, Intarini, Sirait, et al. 2017; 

Singer 2009). The passage of more forest-related policy and more forest protection and 

monitoring content should not be considered goals in themselves. Rather, the passage of these 

policies must engender change within forestry and conservation sectors across Indonesia to 

promote the goals which they reflect.  
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Chapter 3  
 

The impact of regulatory dispersal on Indonesian forest cover, 2000-2014 
 

 

Abstract: 
 

Countries that contain some of the largest tracts of tropical forest experienced rapid 

decentralization over the past two decades. The creation of new local administrations often 

follows decentralization reforms, which seek to delegate political, economic, or administrative 

powers to lower levels of government. When new local administrations are created, regulation is 

dispersed across a greater number of units. Despite the prevalence of regulatory dispersal across 

the tropics, its effect on forest cover is often overlooked. We measure the effect of regulatory 

dispersal on forest cover in Indonesia from 2000 to 2014 using two-way fixed effect models and 

statistical matching. We find that dispersal of village and district regulation results in higher rates 

of forest cover loss in the period after regulatory dispersal begins. However, the effect of 

regulatory dispersal on Indonesian forest cover attenuates over time and depends on the 

administrative level of dispersal. Our findings highlight the importance of considering scale and 

timing of regulatory dispersal in future analyses of land change or natural resource management. 
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3.1 Introduction 
 

Conserving and sustainably managing tropical forests are two of the most cost effective 

methods for reducing global carbon emissions to mitigate climate change ( Houghton, 2005; 

Gullison et al., 2007). However, consistent tropical forest loss and fragmentation has continued 

over the past two decades (Brinck et al. 2017; Haddad et al. 2015; Hansen et al. 2013; Potapov et 

al. 2017b). Social-ecological scholarship on land cover change finds that community-based 

management, protected areas, moratoria, and formalized land ownership tend to reduce forest 

cover loss (Andam et al. 2008; Blackman et al. 2017; Chhatre and Agrawal 2009; Ferraro et al. 

2015; Ferraro and Hanauer 2014b; Gaveau, Epting, et al. 2009; Persha, Agrawal, and Chhatre 

2011; Wright et al. 2016), despite improved transportation networks, unclear and overlapping 

land rights, as well as increased demand for agricultural products that often combine to increase 

it (Cropper, Griffiths, and Mani 1999; Gaveau et al. 2017; Lambin, Geist, and Lambin 2002; 

Lambin and Meyfroidt 2011; Meyfroidt and Lambin 2009). Although these insights are crucial 

for understanding collectivism, management of the commons, incentives for sustainable 

common-pool resource use, and deforestation ñdrivers,ò they do not address the widespread 

phenomenon of regulatory dispersal. 

Regulatory dispersal often occurs when states decentralize rights and responsibilities for 

natural resource management (Agrawal 2005). Countries that contain the worldôs most 

biologically diverse and carbon rich forests, spanning sub-Saharan Africa, Southeast Asia, and 

Latin America, have undergone extensive decentralization over the past two decades (Agrawal, 

Chhatre, and Hardin 2008; Manor 1999; Ribot, Agrawal, and Larson 2006).  Decentralization is 

often associated with a suite of benefits, including higher accountability between representatives 

and electors, greater transparency, improved service provision, and democratizing resource use 
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(Blair 2000; Faguet 2014; Larson and Soto 2008; Lund, Rutt, and Ribot 2018). However, 

empirical research demonstrates that, without appropriate safeguards and incentives, 

decentralization can promote outcomes often considered negative (Agrawal and Ostrom 2001; 

Andersson, Gibson, and Lehoucq 2004; Bardhan 2002; Tacconi 2007). Some of these ñperverse 

outcomesò include elite or political capture (Andersson, Gibson, and Lehoucq 2006; Wilfahrt 

2018), reduced financial disbursement and service provision (Adam and Eltayeb 2016), and 

unintended recentralization (Phelps, Webb, and Agrawal 2010; Ribot, Agrawal, and Larson 

2006). Following decentralization reforms, many countries experience rapid administrative 

proliferation.  

Administrative proliferation refers to the creation of new local governments. Devolving 

authority to local governments, as through decentralization reforms, increases their value to local 

elites and citizens. As value increases, demand for local governments increases as well 

(Grossman and Lewis 2014).  Despite the rapid proliferation of administrative units across much 

of the Global South (Dickovick 2011; Grossman and Lewis 2014; Malesky 2009; Pierskalla 

2016), social-ecological impact studies rarely consider how new administrative units affect 

resource outcomes. It is common practice to control for the administrative unit at a temporal 

baseline and overlook subsequent administrative changes through weighting of population and 

land-area, in order to compare land cover and/or socioeconomic indicators over time. However, 

changing local administrative boundaries represents a social process that disperses resource 

regulation across more units (Agrawal 2005) and alters formal or informal regulations that 

structure how people interact with one another to use natural resources (North 1990; Ostrom 

1990). 
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Regulatory dispersal is a process that occurs in time and over space. We distinguish three 

key elements for analyzing the role of regulatory dispersal on resource use and/or land cover 

change. 

1. Regulatory type. Rules, norms, and behaviors are generally categorized as formal 

and informal (e.g. Ostrom, 2005). We extend this categorization to identify formal 

and informal regulatory dispersal in relation to natural resource management. 

Regulatory dispersal that affects formal institutions occurs when units proliferate that 

have codified or otherwise formal rights to regulating natural resource use. 

Regulatory dispersal that affects informal institutions occurs when units proliferate 

that affect norms or behaviors of resource use, but do not have legal rights to resource 

use. Table 3.1 provides a typology of land cover change related to the types of 

regulatory dispersal. In studying regulatory dispersal and resource use, it is important 

to identify the scale of dispersed regulation, in addition to the formal or informal 

authority it claims.  

 

Table 3.1: Formal and informal mechanisms of land cover change 

  
In accordance with formal 

institutions (legal) 

In violation of formal institutions 

(illegal) 

In accordance with informal 

institutions (customary) 

Land converted by actors with 

use/control rights in accordance 

with local custom 

 

E.g., Legal and customary 
agricultural conversion 

Land concerted by actors without 

use/control rights in accordance 

with local custom 

 

E.g. Intentional forbearance of 
formal land regulations 

In violation of informal 

institutions (uncustomary) 

Land converted by those with use 

or control rights in violation of 

local customs 

 

E.g., Rapid territorialization or 
exclusion and conversion 

Land converted by actors without 

use/control rights in violation of 

local custom. 

 

E.g., Ungovernable spaces; 
periods of limited regulation 
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2. Sequence and time. The moment when regulatory dispersal occurs may affect 

resource outcomes, and the resource outcomes that result may change over time. 

Policy, national stability, and international influence may vary over time to influence 

local governments. Understanding regulatory dispersal as an institutional transition 

that may be influenced by the sequence of preceding institutional changes is crucial 

for assessing outcomes (Pierson 2000). Further, outcomes from regulatory dispersal 

may change over time. These longitudinal effects may be the result of outside 

exogenous changes, or it may result from endogenous changes within the 

administrative unit.  During the transition from one administration to another, the 

formal and informal institutions that previously guided resource use are in flux, the 

administration that regulates or promotes formal or informal institutions is changing, 

or both institutions and the administration are in transition. 

3. Spatial variation. Regulatory dispersal is a process that occurs over time and space. 

It may result in the increase of regulated territory or through the densification of 

regulatory units within the same area. Although historical examples of regulatory 

dispersal that expands administrative control are many, contemporary trends in 

regulatory dispersal are connected to the process of densification. For example, across 

the Global South an increasing number of administrative units are proliferating to 

serve and regulate the same area (Grossman and Lewis 2014).  

Using administrative proliferation as the signal, this research examines regulatory dispersal on 

Indonesian forest cover. 

Indonesia is an ideal country in which to study the effect of regulatory dispersal on forest 

cover change. In the beginning of the 21st century, Indonesia transitioned from the reformasi era 
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that marked the end of authoritarian rule, to the worldôs third largest democracy. Key to this 

process was the proliferation of new provinces, districts, and villages (SI: Background). For 

example, as Indonesia democratized and decentralized between 2000 and 2014, the number of 

district-level administrations increased by 62% and the number of villages increased by 21% 

(Figure 3.1). During this same period, Indonesia also experienced one of the greatest changes in 

contemporary forest cover change (Hansen et al. 2013; Margono et al. 2014). Thus, studying the 

relationship between regulatory dispersal and Indonesian forest cover change can provide insight 

into one of the most significant changes in contemporary and contribute to better understanding 

how institutional transitions impact land cover change. 

To test and measure the effect of regulatory dispersal on natural resource use, we 

construct an original dataset with information on land cover, geophysical attributes, 

 

Figure 3.1: Administrative unit (x-axis) by count frequency (y-axis) by year (legend) (BPS 2006, 2011, 2016) 
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socioeconomic village indicators, and administrative changes in Indonesia from 2000 to 2014. 

This dataset allows us to test three hypotheses related to how timing, regulatory type, and 

sequencing of regulatory dispersal affect forest cover change in Indonesia from 2000 to 2014. 

First, we hypothesize that regulatory dispersal will affect forest cover change in the first 

period following dispersal. If regulatory dispersal affects forest cover change, it will do so either 

during the period in which dispersal is occurring, in the periods following dispersal, or both. 

Since periods following dispersal represent moments when actors have adjusted and are reacting 

to new formal and informal types of regulation, we hypothesize that regulatory dispersal will 

demonstrate a temporal lag effect. That is, the effect of regulatory dispersal on forest cover 

change will be most pronounced in the period following dispersal, rather than the same period of 

dispersal or the period before (reverse causation).  

Second, we hypothesize that the effect of regulatory dispersal on forest cover change will 

attenuate over time. The formalization if Indonesian forest regulation and management has 

increased since its transition to democracy in 1998 (Obidzinski and Kusters 2015). This 

formalization has occurred primarily through a series of reforms that increased the 

recentralization of forest management through policy that gave increasing authority over forest 

lands to ministries and provinces, and reduced the authority of district administrations (Barr et al. 

2006; Sahide, Maryudi, et al. 2016). Although the marginal increase of administrative units over 

time is positive, this trend is in line with the recentralization of power in Indonesia and in other 

national contexts (Grossman, Pierskalla, and Dean 2017; Ribot, Agrawal, and Larson 2006; 

Sahide, Supratman, et al. 2016). Thus, we hypothesize that the effect of regulatory dispersal on 

forest cover change attenuates over time, responding to the increased formalization and 
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recentralization of forest management. We test this hypothesis using a series of matching 

analyses. 

Third, we hypothesize that the effect of regulatory dispersal will vary across regulatory 

type. Given the difference in power and authority over forest resources held by different levels of 

government, we anticipate the dispersal of units with formal authority will differ in its effect on 

forest cover than the dispersal of units without formal authority over forest areas. To examine 

differences in regulatory dispersal type, we focus on village- and district-level dispersal. Village 

administrations represent informal regulatory dispersal since they have no formal authority to 

manage forest areas; district administrations represent formal regulatory dispersal, since between 

1999 and 2014 they were the primary administrative level through which forest management 

decisions were made (2000-2003) or implemented (2004-2014). We test the hypothesis by 

examining the effect of village- and district-level regulatory dispersal separately in the fixed-

effect models and matching analyses, as well as examining how land cover changes in villages 

affected by village- level regulatory dispersal, village- and district-level dispersal, and district-

level dispersal.  

3.2 Materials and Methods: 
 

3.2.1 Data 

 
To conduct our analysis, we combined datasets containing socioeconomic, boundary, land cover, 

and physical data. We obtained data on village-level, socioeconomic indicators as well as 

jurisdictional boundaries from the Central Statistics Agency of Indonesia (Badan Pusat Statistik - 

BPS). Village- level indicators are measured every three years through the Indonesian Village 

Census (PODES), which Village Heads complete with direction and oversight from BPS 
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enumerators3 (BPS 2001, 2003, 2006b, 2008, 2011b, 2015c). Village, sub-district, district, and 

province boundaries are updated twice a year (BPS 2015b). We obtained land cover data from 

the Indonesian Ministry of Environment and Forestry (KLHK, 2016). Before 2010, the Ministry 

of Environment and Forestry generated land cover data using supervised classification of 

Landsat Satellite Imagery; it now generates land cover data annually (KLHK - Kementerian 

Lingkungan Hidup dan Kehutanan 2015). From the 22 land cover categories specified by KLHK, 

we combined ñprimary forestò and ñsecondary forestò to assess forest cover change. This land 

cover combination has demonstrated 90.2% agreement of forest cover identification (Kappa=0.8) 

with other land cover products generated from Landsat Imagery (Margono et al. 2014). 

 We obtained data on Indonesian road networks from the GROADS dataset  and the 

Indonesian Geographic Information Agency (BIG) for the years 2000 and 2015, respectively 

(CIESIN, 2013; Badan Informasi Geospasial, 2014), and assumed a linear relationship to 

estimate distance to road values between 2000 and 2014. We obtained data on slope and 

elevation from the Shuttle Radar Topography Mission (SRTM), 90m resolution dataset (Jarvis, 

Reuter, and Nelson, 2008) and precipitation data from the Tropical Rainfall Measuring Mission 

(TRMM). Precipitation data is the spatial average (mm/day) for two years before and the year of 

each time point (Huffman et al. 2007). Additional information on land cover and biophysical 

variables is in Appendix A. 

Combining boundary, Village Census, and land cover data resulted in the identification of 

51,800 villages with complete data in 2000, 57,824 in 2003, 58,358 in 2006, 67,518 in 2008, and 

74,790 in 2011. These totals are similar to other studies that combined border and Village 

Census data (Martinez-bravo 2013) as well as studies that have combined border, Village 

                                                 
3 Oversight of Village Census completion began in 2008. Before 2008, Village Heads completed the Village Census 

questionnaire independently. 
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Census, and land cover data (Ferraro et al. 2013, 2015; Miteva, Loucks, and Pattanayak 2015). 

Villages with incomplete data demonstrated no distributional differences from villages with 

complete data. Further, statistical matching, which utilizes a set of cross-sectional analyses 

anchored to a ñmoving baselineò incorporates improvements in connecting border and Village 

Census datasets and provides a robustness check against our panel models, which are anchored 

to a year 2000 baseline. 

3.2.2 Methods 
 

To estimate the effect of regulatory dispersal on forest cover, we used a combination of forest 

cover measurements and analytical approaches. We tested the effect of regulatory dispersal on 

forest area change using two-way fixed effect models. We also assessed the difference in forest 

change between villages that experienced regulatory dispersal (ñdispersed villagesò) and villages 

that did not (ñundispersed villagesò) using statistical matching analyses. Together, these 

analytical techniques provide a robust method for measuring the effect of regulatory dispersal on 

forest cover change over time and across administrative scales.  

We examined forest cover using two outcome variables. First, we examined the effect of 

regulatory dispersal on village- level forest area. To normalize variable distribution and model 

real zeros (i.e. villages without forest area), we transformed the number of forested hectares per 

village using the inverse hyperbolic sine (IHS) function (Burbidge, Magee, and Robb 1988).  

The inverse hyperbolic sine transformation is defined as: 

ώ ÌÎ ώ ώ ρ Ȣ     [Equation 3.1] 

Where i indexes a village, t indexes a period of time, and y is the number of forest hectares (ha). 

Second, we examined the effect of regulatory dispersal on the compounded annual rate 

(CAR) of forest cover change. We calculate the CAR of forest cover change as: 
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ώ
 

 
 

 
       [Equation 3.2] 

Where i indexes an indexes a village, t indexes a period of time, 1 and 2 index the beginning and 

ending of the period, A is the forested area (ha) at year T (Puyravaud 2003). We refer to these 

variables together as ñforest cover,ò and identify them individually as ñforest areaò and ñrate of 

forest change.ò 

To examine the effect of regulatory dispersal on forest cover, we used two-way fixed 

effect models. Two-way fixed effect models control for time effects and endogenous individual 

effects at the village- level (Angrist and Pischke 2009). Further, these models provide the ability 

to analyze the relationship between regulatory dispersal variables and forest area change during 

different periods of regulatory dispersal and forest cover change (Finkel 1995). In our research, 

these models take the form: 

ὣ   Ὀ  ὢ  ʀ  [Equation 3.3] 

Where i indexes the village, t indexes year, z indexes time lags/leads, Y is the forest change 

variable,  are village fixed effects,  are time fixed-effects, D is a vector of regulatory dispersal 

dummy variables, X is a vector of time varying covariates,  and  are coefficient estimates, 

and ʀ is the error term. Due to data constraints, and in order to control for different levels of 

regulatory dispersal, we imposed a hierarchical assumption on regulatory dispersal. We coded 

villages that experienced two or more administrative changes in one period as only having the 

highest- level of administrative change. For example, a village that experienced a sub-district 

change and a village change in Period 1 (2000 to 2003) is coded as having sub-district change 

from 2000 to 2003. We imposed this assumption because higher-level changes can affect the 

information that identifies lower-level changes. Thus, coding for multiple administrative changes 



 56 

within one period could lead to the false identification of lower-level regulatory dispersal. 

However, identifying a lower-level administrative change cannot falsely identify a higher- level 

change. The results we provide control for the effect of higher- level changes, but they do not 

lend insight into the interaction between multiple levels of regulatory dispersal. We check the 

robustness of this assumption by examining patterns in land cover change in differently 

dispersed villages (see ñ3.2.3 Robustness checksò). 

In addition to regulatory dispersal variables, we regressed forest cover change over a set 

of covariates common to analyses of deforestation. Following previous studies on forest cover 

change (Brandt et al. 2014; Ferraro et al. 2015; Honey-Rosés, Baylis, and Ramírez 2011; C. 

Nolte et al. 2013) and administrative proliferation (Grossman and Lewis 2014; Grossman, 

Pierskalla, and Dean 2017; Pierskalla 2016), we controlled for a combination of static and time-

variant covariates. We controlled for static variables that influence forest cover change (i.e., 

elevation and slope) through village- level fixed effects. Variables that vary over time within 

village units, and are associated with forest cover change, include baseline forest cover, paddy 

agriculture, field agriculture, mixed field and tree agriculture, timber plantations, agricultural 

plantations, settlement, protected area (i.e. national parks and strict conservation areas), as well 

as presence of village council, average Euclidean distance to nearest road, household population, 

and multidimensional village development (i.e. development and infrastructure). Appendix A 

includes further variable descriptions and Appendix B includes a discussion of the 

multidimensional village deprivation indicator (MDVDI) we used to control for 

multidimensional village development in this research. We combined insights from the two-way 

fixed effect models with statistical matching analyses to check and further investigate the 
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direction, magnitude, and significance of the effect of regulatory dispersal on forest cover 

change.  

Pre-processing data using statistical matching provides a non-parametric alternative for 

assessing the effect of regulatory dispersal on forest change. We paired each dispersed village 

with the most similar undispersed village/s, based on a set of covariates that influence forest 

cover change and regulatory dispersal. Matching dispersed and undispersed villages controls for 

selection biases from identified variables that influence which villages experience regulatory 

dispersal in addition to the rate of forest cover change (Morgan and Winship 2014), assuming no 

omitted variable bias (Woolderidge 2010). We match villages using the set of covariates within 

our fixed-effect models, including time-invariant covariates (elevation and area of village over 

12% slope), as well as the rate of forest cover change from the previous period. We include the 

lagged rate of forest cover change to ensure that forest cover change between dispersed and non-

dispersed villages does not vary significantly leading up to regulatory dispersal. We do not 

include average precipitation and province in our matching criteria because they demonstrate 

strong correlation with other covariates.  

To leverage our time-series data in a matching framework, we generate a total of 15 

matched datasets, matching groups of dispersed versus undispersed villages based on the period 

in which they proliferated, across subsequent time periods. For example, we matched villages 

that experienced regulatory dispersal in the 2000 to 2003 period with undispersed villages during 

this period and calculated the average difference in their rate of forest change. We then re-

matched this same group of villages with the most similar undispersed villages in 2003, to assess 

CAR of forest cover change over the 2003 to 2006 period. We repeated this procedure for each 
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subsequent period (in this example, 2006 to 2009, 2009 to 2011, and 2011 to 2014), and repeated 

it again for each period of regulatory dispersal.  

After matching, we ran a weighted least squares (WLS) regressions to calculate point 

estimates of the difference in annual forest cover loss between villages that experienced 

province, district, and village dispersal and those that did not. Using WLS on pre-matched data 

provides a ñdoubly robustò effect estimation for administrative proliferation by controlling for 

potential confounding variables within the matching pre-processing step and in the WLS 

regression (Ho et al. 2007). We calculate all effects with robust standard errors. 

To examine variation in regulatory dispersal type, we examine data on how land cover 

changed in villages during the first and second periods following regulatory dispersal. From 

2000 to 2014, less than 1% of Indonesiaôs forest estate was managed by village administrations 

(Lee, Rianti, and Park 2017). Meanwhile, districts were the primary administrative level at which 

forest management occurred, first as determined by district administrations, and later as 

determined by the national government. Thus, we assess the percentage change in forest, 

agricultural plantations, timber plantations, field agriculture, mixed agriculture, and paddy 

agriculture across villages that experienced no regulatory dispersal, villages that experienced 

only village- level dispersal, villages that experienced village- and district- level dispersal, and 

villages that experienced only district-level dispersal. In our analyses and discussion, we thus 

focus on the effects of village and district dispersal.  

Examining village- and district-level dispersal provides several advantages in addition to 

providing information on how informal and formal regulatory dispersal varies in its effect on 

forest cover change. Village- level and district-level regulatory dispersal are common occurrences 

across Indonesia, unlike province-level change that occurs far less frequently (Figure 3.1), 
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rendering them more amenable to statistical analysis over time. Further, villages and districts are 

autonomous administrative units, unlike sub-districts, which districts manage. This means that 

the effect of regulatory dispersal in these units is more likely driven by political causes, rather 

than bureaucratic planning. Although we do not explicitly address results from province or sub-

district regulatory dispersal, our methods control for them, and our models summarize them. 

3.2.3 Robustness checks  

 

To determine the most appropriate model, we used a Lagrange Multiplier test to 

determine the need to control for villages and time periods, and a Hausman test to assess the 

suitability of a mixed model with random intercepts (Hausman, 1978; Gourieroux, Holly and 

Monfort, 1982). The results of these tests demonstrated the need to control for endogenous 

variation within the villages and time-periods. This directed our choice to use two-way fixed 

effect models (Woolderidge 2010). In order to assess the robustness of the two-way fixed effect 

model results, we used the same set of covariates on alternate forest cover variables and 

transformations. In Appendix E, Table E.2 provides values for the log of village forest area plus 

0.01, and Table E.3 provides values for CAR of forest change per village. We assessed 

multicollinearity by examining correlations between variables and assessing variable inflation 

factors within pooled models for each variable and model type combination. We calculated all 

two-way fixed effect models using ñxtregò command in Stata, as well as in R with the plm 

package (Croissant and Millo 2008). 

We accounted for different theories of village- level autonomy by providing different 

clustered robust standard errors. Clustering robust standard errors at the village- level maintains 

the assumption that individual villages function as independent entities, and thus there is no need 

to correct for design or treatment issues within the models (Abadie et al. 2017). Clustering robust 
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standard errors at the district-level maintains that village- level variables should be interpreted as 

district-level clusters in order to correct for treatment issues and spatial correlation within land 

cover variables. For all models, we provide village- and district- level clustered robust standard 

errors.  

 To assess the robustness of our matching results, we re-matched our data using two 

alternative matching techniques, and we examine the balance of our 15 matching results across 

all covariates. The type and specification of matching procedures can significantly affect the 

resulting dataset (Stuart, 2010; King and Nielsen, 2016). We compared outcomes from one to 

many propensity score matching, one to one propensity score matching, and full matching 

(Appendix E: Robustness checks). In each, we dropped a village if a match was not found within 

0.25 standard deviations of the propensity score for selection into administrative change. For the 

one to many propensity score matching, we matched each dispersed village with non-dispersed 

villages according to the ratio of dispersed to non-dispersed villages within the dataset. For 

example, the period 2000 to 2003 contained approximately 10,000 ñtreatmentò villages and 

50,000 ñcontrolò villages, so we matched each treatment village with the best five control 

matches, with replacement. Including multiple controls for each matched treatment provides 

additional assurance that matched groups better reflect qualities in the population and control for 

confounding variables (Stuart, 2010). We conducted statistical matching using the ñMatchitò and 

ñoptmatchò packages in R, and ran weighted regressions to provide point estimates in base R. 

We provide information on the number of villages available for each match (SI: Results) as well 

as alternative matching approaches and covariate balance results in Appendix E.  

 We assess whether our ñhierarchical assumptionò of regulatory dispersal is tractable by 

examining the patterns of land cover change between village- and district-level dispersal. If 
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patterns of land cover change between villages that experienced village- and district-level 

dispersal demonstrate outcomes that strongly resemble either village- level only dispersal or 

district-level only dispersal, we assert that it is unlikely the assumption has effectively isolated 

village- and district-level dispersal. If there exists no distinction in land change patterns between 

villages that experienced the three types of dispersal, we assert that the analysis provides no 

additional information about the hierarchical assumption. And, if land change patterns in village- 

and district-level dispersal resemble a middle-ground between village- level only and district-

level only land change patterns, we assert it is more likely that our hierarchical assumption has 

effectively isolated different dispersal types that create different land cover patterns. Although 

this analysis represents a post-hoc test of robustness, the structure of our data is such that other 

robustness checks are not possible. 

3.3 Results 
 

From 2000 to 2014, we estimate that 11.4% of the primary and secondary terrestrial 

forest in Indonesia was deforested (KLHK , 2016b). This sum resembles forest-loss findings from 

others studies that look at total loss of natural and plantation tree cover loss (Hansen et al., 2013) 

and primary forest-loss (Margono et al. 2014). Aggregating forest loss within villages that did 

and did not experience any administrative change between 2000 and 2014 demonstrates that the 

majority of Indonesian forest cover loss occurred in villages that experienced some form of 

regulatory dispersal. Further, the annual rate of forest cover change in dispersed villages 

increases over time as compared to undispersed villages (Figure 3.2). Although these trends 

indicate that regulatory dispersal may increase forest cover loss, it does not control for important 

confounding variables that may account for a villageôs propensity to undergo regulatory dispersal 

as well as forest cover change. To control for these variables and examine the effect of 
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regulatory dispersal on forest cover over time, we model forest area over time and use matching 

analysis to test differences in dispersed and undispersed villagesô compounded annual rate 

(CAR) of forest cover change. 

3.3.1 Fixed effect model analysis 

 
After controlling for individual-level variation, variation over time, and time-variant land 

cover and socioeconomic variables, we find that regulatory dispersal significantly reduces forest 

cover (SI Results: Table 3.3).   Figure 3.3 illustrates the effect of village- and district-level 

dispersal over time, with standard errors clustered at the village- level. Examining the effect of 

future regulatory dispersal on forest area predicts more forest cover in villages that experienced 

village-level dispersal ( = 0.014, SE = 0.01) and district-level dispersal ( = 0.011, SE = 0.004). 

However, examining the effect of regulatory dispersal on forest cover in the first period after 

 

Figure 3.2 Period of analysis (x-axis) by average km2 of forest cover loss per year (y-axis). Colors represent different average 
estimates for villages that did not experience any regulatory dispersal (blue color, dotted trend line) and villages that did 

experience regulatory dispersal (red color, solid trend line) 
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dispersal occurred demonstrates a negative effect on forest cover in villages that experienced 

village-level dispersal ( =- 0.021, SE = 0.009) and district- level dispersal ( = -0.014, SE = 

0.004). These findings are robust to a logged transformation of forest area and they mirror results 

from two-way fixed effect models of CAR of forest change (Appendix E: Robustness checks).  

Thus, we support our hypothesis that regulatory dispersal affects forest cover change in the first 

subsequent period. 

Subsetting the data to examine only villages that experienced dispersal shows that 

baseline forest cover, agricultural area, average distance to roads, presence of village council, 

and MDVDI significantly predict forest cover change (SI Results: Table 3.4). Increasing the 

amount of agriculture across all agricultural variables predicts greater declines in forest cover in 

the first period following dispersal for villages that experienced regulatory dispersal. Increasing 

the amount of development deprivations (MDVDI)  and the average distance to roads reduced the  

 

Figure 3.3: Coefficient estimates of forest cover area transformed by the inverse hyperbolic sine function (x-axis) by time 
effect of village-level dispersal (Panel A) and district-level dispersal (Panel B). "Same Period" estimates the effect of 

regulatory dispersal on forest cover area in the same time period. ñLead x1ò estimates the effect of regulatory dispersal on 

forest cover area in the first period before the dispersal occurs (i.e. reverse causation). ñLag x1ò estimates the effect of 

regulatory dispersal on forest cover area in the first period following dispersal. All coefficients are estimated from two-way 

fixed effect first difference models that control for relevant covariates with cluster robust standard errors at the village-level. 
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overall amount of forest cover loss. Statistical matching provides a robustness check of these 

findings, and it provides additional information on the time-trends of regulatory dispersal.  

 3.3.2 Matching analysis 

 
Matching results confirm consistent and significant negative effects of village- level 

changes on CAR of forest change over time. One-to-many propensity score matching provided 

the best balance, compared to one-to-one and full matching. Matching analysis shows that, over 

time, the effects from village- and district-level dispersal decreases in magnitude and becomes 

less significant (Figure 3.4). This finding supports our second hypothesis, that the effect of 

regulatory dispersal on forest cover change in Indonesia attenuates over time. 

 In contrast to fixed effect models, matching analysis demonstrates a varied effect of 

district-level regulatory dispersal on village- level CAR of forest change. Although certain 

 

Figure 3.4: Matched differences in compounded annual rate of forest cover loss between villages with village-level regulatory 

dispersal (Panel A) and district-level regulatory dispersal (Panel B). Shading represents nonsignificant differences (p>0.05). 
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periods of district- level dispersal demonstrate negative effects on annual forest cover change, 

most of these effects are positive or non-significant. This is especially true in the periods after 

2008. This supports our third hypothesis that different types of regulatory dispersal demonstrate 

different effects on forest cover.  Matching analysis supports the overall negative effect of 

regulatory dispersal on forest cover from the fixed effect models during the period of 2000-2003, 

and 2006-2008. Findings from matching analyses are robust to alternative matching techniques 

(Appendix E: Robustness checks). In the following section we discuss how the consistently 

negative effect of village-level dispersal and the varied effect of district- level dispersal on forest 

cover change contribute to understanding the type, timing, and variation of regulatory dispersal. 

3.3.3 Land cover change 

 

Villages that experienced only village or only district dispersal demonstrate different land 

cover change patterns, and villages that experienced both village- and district-level dispersal 

depict a combination of these results (Figure 3.5). Villages that experienced only district-level 

dispersal show an increase in field agriculture cover (3.5%) and a decrease in mixed agriculture 

cover (-1%) over the first two periods (5 to 6 years) after regulatory dispersal. Villages that 

experienced only village- level dispersal see a smaller gain in field agriculture (0.8%) as well as a 

gain in mixed agriculture (0.6%). Villages that underwent village- level and district- level 

dispersal represent a middle ground, with an increase in field agriculture (1.8%) and mixed 

agricultural (0.2%). These findings further support our third hypothesis, that regulatory type 

demonstrates a varied effect on forest cover change. These findings also provide reason to 

believe that our hierarchical assumption is likely to have identified different dispersal types that 

generate different outcomes for land cover change. 
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Figure 3.5: Land cover type (x-axis) by mean area change within village (y-axis). Panels refer to villages without regulatory 

dispersal (A), villages with only village-level dispersal (B), villages with only district-level dispersal (C), and villages with 

district-level and village-level dispersal (D). 

 












































































































































































