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Abstract

This dissertation analyzes how institutional change affects -swo#dgical outcomes,
with a focus on forests, overettirst two decades of Indonesian democracy (1999 to 2016).
Canonical research concludes that-sefanized groupsanemploy rules, norms, orbehaviors
(.e. institutions) thapermit the sustainablenanagenent ofnatural resourcesdr longterm
benefit. However, institutions are not statidPeriods and places of institutional transitioay
generate outcomes for people and natural ressuthatdiffer drastically over time and space.
With sweeping changes in contempordampd coveroccurring alongside hiits in governance
across theGlobal South it is of crucial importance to study institutional transitions and
environmental change tether.
Over the past two decades, Indonesia has experienced two revolutions rarely studied in
tandem. The first revolain is political. After the fall of Suharto in 1998ndonesia transitioned
to become the worl dos asubcessndof polaies tha rsandatatlieecio c r ac y
proportionate elections for poltical positions amctease the decentralizatiori government
authorty. The second revolution is environmental. S
has lost over 15% total tree cover, demonstrating the second greatest loss (24aht¥itiz
greatest acceleration tree coveloss of any trogcal nation in the wod over the same period
Although research often examines these changes separately, analyzing them inptanties
insight into how ingitutional transitions generateoutcomes for forests and peojpie

contemporary Indonesia
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To examine changes in ingtitions, forest coverand livelihoods this dissertatiotiraws
oninstitutional analysis and lanslystemsscience.It uses a mixeanethods approach, combining
analysis and interpretation pblicy content,land cover changeand surey dataSpecifically, it
provides analysis afational forestelated polcy from 1999 to 2016 tetermine if and how
policy changesrefiect national pledges to redufest coveross. Then it combines remotely
sensed land cover change with the gdiaCensusSensu$otersi Desd to measurethe impact
of decentralizationon forest coveross from 2000 to 2014 using statistical matching and-fixed
effect models.Finally, it combines land coverand primary survey data (n=1,304) from the
KerincikSeldat National Park landscap® understand the legacy of international conservation
assistanceon forests and communities

This dissertation makes several novel contributioffisst, it introduces a new method for
policy network visualization and provides thesncomprehensive analysis of Indonesian ferest
related policy to date. Secondpierformsthe first analysis of regulatory dispersal forest
cover change through the eation and analysis ofsmcialecological dataset with higher spatial
and temporal e@solution of any other published study. Thirdpribvides the first study of social
ecological legacies romndonesi abds | argest |l nt egrmjeced Cons
Together, these contributiordemonstratehow overarching poltical trends fatt forestrelated
outcomesin Indonesia.ln doing so, tdemonstrateghe benefts and potentiabr analyzing

institutional change as transitional processes when studsocialecological outcomes
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Chapter 1

Introduction

The first two decades of the 2&entury have witnessedapid environmental change. The
conversion and modification of land cover from human actvitiesgbasratedecological
changes in all webtudied, marine, freshwater, and terrestrial systéPamesan 2006This
conversion continues through processes of deforestation, intensification of agriculture,
desertification, andrbanization(Elis et al. 2017; Hansen et al. 2013; Mahmood et al. 2014
Potapov et al. 2017b; Seto, Guneralp, and Hutyra 2&iR®yever, the type, scale, and
magnitude of environmental change does not necessardyv fdlom one or many antecedent
causedMeyfroidt 2016a)Rather, these changes are the consequences of different rules, norms,
and behaviors thatombine to influencehow, when, and where people interact with one another
and the enviment. Studying environmental change the Anthropocenaequires an
understanding of how institutions operate across space, scales, and siroetuce human
environment relationships.

Institutions arethe set ofules, norms, and behasgo that shapeuman interaction(North
1990) andwhich strudure how people accesasse and benefit fronenvironmental good&Ribot
and Peluso 2003Environmental goods include supporting, provisioning, latigg, and
cultural servicegDuraiappah et al. 2005Commonpool resouwres (CPRs) are one type of
environmental resource that provide ecosystem services. CPRs are defined by ity ddfr

people to monitor them (excludability) and their depletion upon use (extractalfidistyom,



Gardner, and Walker 1994%lasst examples of CPRs include forests, fisheries, and irrigation
systems(Ostrom 1990)In clalenging the tragedy of the commons, canonical research on
collective institutions finds that action shaped by speéifid e springiptes 0  asensuring
those affected by resource use rules can participate in modifying them or providing tow cos
mears for dispute resolutioncan lead to longerm and sustainable CPR managemBecker
and Ostrom 1995; Ostrom 2005ociatecological system(SES) research buids on
foundational institutionalist research, recognizing that natural resources, people, institutions, and
environments comprise mefcalar and interconnected wholes that, together, produce outcomes
(Ostrom 2009)Extending these insights national or globalgovernancethat promotes
polycentric management of naturaksources and incorporatéigsign principles holds promise
for large scale, sustainable resource (Sstrom 1999, 2010; Ostrom and Cox 2010)
Understanding the relationship between institutions an@lsecological outcomes is thus key
for Sustainability SciencéKates et al. 2001)

Initial research on institutions and so@ablogical outcomes focused on conditiohat t
faciitate the sustainable management of CPRs over(Band and Platteau 1996; Ostrom
1990; Wade 1988A number oflulsequentstudies incorporateempirical research to
understandhow institutions influence SES outcomes @PRs(Agrawal 2001; Nagendra 2007;
Persha, Agrawal, and Chhatre 2QIHMdwever, recatiing daa on natural resource stocks and
flows with socioeconomic and institutional data froseugroups or proximate communities
regarding rules and norms posmuhsiderable chalenges, and the difficulty of collecting social
and ecological data across systeimitdd empirical study. More recently, the increase in
publicly available remotely seed imagery and enhanced computing capacity enabled a wave of

rigorous empirical studies that examine the impacspetific institutions orland coverchange



(Ostrom and Nagendra 2008hese contemporargtudies have provided valuable insight into
the effectiveness of protected ar¢Asdamet al, 2008; HoneyRosés, Baylis and Ramirez,
2011;Nolte et al, 2013; Ferrareet al, 2015; Shah anBayls, 2015; den Braber, Evans and
Oldekop, 2018and the drivers of forestover changgBlackman 2013; Blackman et al027;
Heimayr and Lambin 2016; Wright et al. 2016) Wit h a focus on spatiall
and counterfactual A ¢ o rd compars thedmost dimiles udithe s e ar ¢ h
they parcels of land, households, or administrative dumits draw conclusions about the causal
impact a rule has on a group of people or a resdiiregaro and Hanauer, 2014 these
studies it is standard to control for overarching institutional changesh as nevpoliical
leadership, altered administrative boundaries, or shits in relative eaallofunding. However,
failing to investigate hoveverarching institutionathangeinteracs with the specificrule, norm,
or behavior under examination to produmiatecological outcomes is problematic on three
fronts.
First, ignoring institutionalihst or i es can produce fibaseline
refers to how studies that specify @sbline can overlook significant changes that occur before
the study periodKotiaho, ten Brink, and Harris 2016)his is a potentiaproblem for all
empirical work, but it can be alleviated by matching questions with appropriate temporal
windows and controling for parallel trends pheseline Selecting appropriate baselines for
empirical study of sociacological outcomes requireac e f u | attentilgacy t o an
andcontrolling for prebaseline trendsequiresat t ent i on t o a®ecoodut c omeds
overarching institutional change may drive the outcome of interest. For exanipleprbmon to
overlook administrate boundary and leadership changes when evaluating the efficacy of an

environmental policy. However, it is possible that systematic utistital change, such as



elections or new boundaries, mediate or drive the effect of an environmental polcy ona social
ecological outcomégAgrawal 2014) Incorporating information on SES history and governance
into analysis catep guard against such oversigiitnd third, assessing how the effect of a rule,
norm, or behavior shitas a result of overarching institutional transitions can lead to better
scholarship, more informed implementation of policy, or bbthjor instutional changes

influence SES.dnoring them can lead to biased estimates aword-case scenario, spune
outcomes.Although scholarship that examines institutional and secalogical change in

tandem poses additional dificultiespntemporary treds demand fi.

Along with rapid environmental change, the first two decades of theetttury have
witnes®d significant social, poltical, and econongibits For example, migration connects
families and generates environmental impacts across contif@he et al. 2014; Gray and
Bisborrow 2014; Oldekop et al. 28,1Qin 2010) through large flows of international finance
investors affect relationships between labor and land thousands of mies (aiwvast al. 2013;
Margulis, Mckeon, and Jr 2013; Tscharntke et al. 204r&) governments across tGdobal
Southare decentralizing and deconcetimig administratte powers ad redrawing jurisdictional
maps(Grossman and Lewis 2014; Pierskalla 208&Sresearchmust stug human
environmental interactionsinder the assumptiaof overarching institutional changeot despite
it. Itis no longerenought o st udy how t he Ar udemlegicab ¢hangehby g a me
attempting to control for social, economior polical shifts. Rather, institutional studies of
socialecological outcomes must examine how periods of institutional change unfold through an
examination of how timing and spaces of change generate-soglagical outcomes.

This dissertationexamines hav institutional change affects soe@tological outcomes,

with a focus on forests, over the first two decades of Indonesian democracy (1999 ta’Ré16)



remainder of this introduction provides the foundation for understanding how institutional
transitions andforest coverchange in Idonesia are related. Section &ldcidates the concept of
insttutional transition. Section 1e&xplains the relevance of studyingppical forest cover.
Section 1.3rovides information omstitutional transitionsand forestcover change in

Indonesia and Section 1.4utlines therest of this dissertation

1.1 Institution& transitions: Institutionalism meets land systsgience

Institutionalist studies of natural resource fisguently consider institutional chae,
but theyless oftenengage with institutional transition. Institutional change refers to the alteration
or implementation of a rule, norm, or behavior setting erext (North 1990, Eggerston 1996). A
common form of research that examines institutiocizange is policsfocused causal inference
(Angrist and Pischke 2009, 2017; Athey dmibens 2016; Imbens and Wooldridge 2009)
Policy-focused causal inferenceften seeks to understand whether or not a formal rule (policy) is
responsible for generatingutcomes different than would be expected had the rule not been
implemented. For exanglin the realm of forest managemewausal inference studies show
that providing communities with collectivese rights promoted sustainable forest indgolivia
(Wright et al. 2016and that increasing the ammt of formal land titles decreak®rest lossin
Peru(Blackman et al. 2017Rigorous impact evaluations pro®i valuable information on
whether institutional change generates an effect on aykartioutcomehowever, they often
overlook investigating if and how institutional changes generate environmental outcomes over
time and space.

Land systems science (LBB an interdisciplinary research field dedicated to observing,
understanding, and melihg land use and land cover change and its relationship to-human

environmental vulnerability, resiience, and sustainabiit§eyfroidt 2016b; Turner, Lambin,



and Reenberg 2007; Verburg et al. 201&§ough many studies of soeitologi@ outcomes
do not focus on lan@over,using the analytical underpinnings of LS®iith the topical focus
institutionalist studies generates a novel and important insigstitutional changearises from
social processeshat occur over space and time

Empirical analysesf institutional change often operationalize changelisgete.
Although it may be possible to identify uditpixels, households, vilages, or forest pardels
that haveundergone aimstitutional change, binary identificatiocan beprobdematic. For
example, because a forest parcel is within the boundary of a protectd@Ayekes not
necessarily indicate that the institutions which govern how people interact with resources
represented by that pixel have changed. It can take yeastahish offices, begin monitoring,
and formalize sanctions involved A governanceFu t her |, there are many e
parkso that, though they may have official re
personnel tanonitor territory or eforce sanctions(Blackman, Pfaff, and Robalno 2015;
Bonham, Sacayon, and Tzi 20@8uner et al. 2001)Athough rigorous empirical study has
establishedto what extentPAs are effecting changes in conservation gdhésassumption of
discrete instutional changecanhinder further investigation.Understanding institutional change
asformed from transitional practicemnhances the abilty identify and understand causal
mechanisms thgtroducesociatecological outcomesTlo guide analysis of s@tiecological
outcomes, thidissertationdeconstructs institutional changefas n sonail traosttiongé that
occurover space and time

Analyzing institutional transitionsncludes three opportunities for investigation First,
timing/sequenceefers to the combination of when and where institutional change ocbers.

sequence of eventsathoccur before an institutional change can alter sec@abgical outcomes



(Pierson 2000)For example the moment in time wimea payments for ecosystem senvigeES)
project is implemented in relation to previous weatpatterns or commodity prices can alter the
extent to which an ecosystem service is prote(Bednner and GréRegamey 2016)Also,
when paiicipants are paid for protecting ecosystem seryigeselation to their economic
concerns,can affect their wilingness to participa@ayachandran et al. ZD) Investigating
timing/sequencing requires knowledge of a systand as discussed previisconscientious
selection of the baseline and period of a study.

Secondthe longitudinal effectefers to how the effect of an institutional change on
socialecological outcomes fluctuates over tinkgor example, institutional histories that reflect
path dependencies of resource extraction can be dificult to reverse. Voluntary forest certification
may not immediately promote sustainable forest manageme nthincauntexts(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
sushinable harvest regmen@®ana and Sills 2018Measuring the impact of forest certification
on harvest practices in the first one or two years immediately following certification can produce
different esults than measuring impact over longer time horizéxplicitly addressing time
through baseline selection, selecting a period of study based on SES knowledge, and examining
longitudinal effectscan strengthen findings.

Where institutional change occurs can explain variation in transitause,and effect.
The difference in institutional change over space issihatial variationof institutional
transition. Both spatial variation, and lack of spatial variation, areoitamt for understanding
how institutional change affects soadological outcomeskor exarple, the technical and

human resources necessary to monitor fishing veaselenfoce catch quotas varies depending



on the range of the species in question;aoite transboundary species require greater resources
than othergCaddy and Seijo 2005Research that seeks to understérel eficacy of
institutional change related fisheries management musbnsiderthe spatial, and spatio
poltical, variation of enforcementAdditionally, institutional change can generate social
ecological outcomes that take identifiable spatial pattiermbfierent locations(Brown, Aspinall,
and Bennett 2006; Turner et al. 201tBus lending additnal insight into when, where, and how
institutional change anidnd coverchange are related?erhaps one of the most wietiown
spatial patterns linked tolandhange process 1is that of the
Amazonia that follows &m land parcel allotments for frontier agriculturaligBe Oliveira Fiho
and Metzger 2006)Clustering standard errors enables a practitioner to demonstrate that an
effect is robust to different and highewvel spatih patterns(Abadie et al. 2017and data pre
processing or modedpecificationcan help control for the differential impact af effect over
poltical space (i.e. administrative boundaries)geographical spad@ngrist and Pischke 2009;
Ho et al. 2007)However, emoving thespatial signals of institutional transitipmather than
investigatingthem represents a missed opportynit

Empirical research thatvestigateshow institutional change affects soadological
outcomes should coem itself with institutional transitions. In institutional studies of secial
ecological outcomethe sequentigl longitudina) and spatial vaation of an effect are often
considered nuisance parameters. These same transttional elements are not rerssnerg
but often the focus 6inquiry in LSS researctiLambin and Meyfroidt 2010; Turner, Lampin
and Reenberg 2007prawing oninstitutionalist studies and land systeswmence this
dissertationanalyzes political transitions and so@ablogical outcomes, focusing ohange in

tropical forest cover



1.2 Tropical forests: A Commaoepool resourc®f inter-scalar oncern

Concern abouglobal environmental changeas led governments and donors to identify
cost effective initiatives to reme global carbon emissionshile conserving biodiversity and
contributing to rural ivelihoods and wdleing Many analyses conclude that conserving and
sustainably managing tropical forests are two of the most cost effective methods for reducing
global carbon emissionsconserving biodiversity, and providing livelihood benefits for forest
proximate peopléHoughton, 2005; Gulisoret al, 2007) Despite international agreement that
tropical forests are indispensable for reduagigpal carbon emissionand conserving
biodiversity there is no consensus on how to manage them sustainably. This lack o$esnse
at international and national levelspntinues amid the consistent decrease in global tropical
forest areqHansen et al. 2013)

Tropical forests are valuable as both income assetsleading to the difficulty with
which they are managedis a source of wood, fiber, and atimber forest products, tragal
forests provide direct and indirect contributions to milionsrusdl livelihoods (Agrawal and
Chhatre 2006; Newton et al. 2016jrom 2000 to 2012global deforestation was four times that
of reforestation(Hansen et al. 20134 variety ofstate and markebased effortsseek to stem
this trend of global deforemtion and forest degradatiam the tropicsand change the nature of
global forest governancéAgrawal, Chhatre, and Hardin 2008Yith the third largest area of
forest of any country in the world, Indonesian forest cover change is of crucial importance for

climate change mitigation, bio@irsity conservation, and milions of Ivelihoods.

1.3Indonesian forest cover change and institutional transifi®f9 to 2016

Understanding how, where, and wimdonesian poltical changes and forest cover

changesco-occur, and with what environmentaind socioeconomic impacts, of global



importance. Indonesia is home to 0\@50 million peoplepver 35% of whom live within five
kilometers of primary or secondary forgbtansen et al. 2013; Oak Ridge National Laboratory
2012) Approximately 63% of all Indonesian lansl managed by the state as national forest area
(Kawasan Hutap(Ministry of Environment and Forestry 201&s Indonesia has transitoned to
become the worlddés third | argeststcoenmamssr acy, i
unprecedented across Southeast Aglaodruff 2010) Between 2000 and 201®eecover in
Indonesia disappeateat a fater rate than any other country, dndonesiantreecover loss in
2016 was the highest of any year since 2@fhsen et al. 2013)\nalyzing changes in forest
cover and proximate populatioreonsideringinstitutional changethat occurred across the
Indonesian archipelago from 1999 to 2016 is the central task of this dissertation

Between 1999 and 2016dronesia transitioned from an au
third largest democracy.hiB shift in government generated a drastic reconfiguration of
government and authority, achieved through a series of policies that decentralized power across
provinces, districts, and vilages and gave citizens the right to select their poltical
represetatives (Vickers 2013) Fol |l owi ng the fall of Suhartoos
a period ofeformasiushered in new laws that mandated independent monitoring of elections,
established the freedh to create new political parties, and prevented the military from aligning
tself with any one poltical group. In 1999, Indonesians directly elected nationaingmyvand
district parliaments to office. N (Magelsnewly el e
Permusyawaratan Rakyyed e | ect ed presidents until 2004. Fo
Consultative Assembly became a bicameral legislature, comprised Betiional
Representatives Council ( DPD) (BPRdAIsh &fter Peopl e 6

2004, the President of the Republic of Indonesia became a directly elected posttion. Indonesian
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candidates are selected through an dpenproportionatel representative system. Citizens
select both party and individual candidatesicSithe fall of the New Order, Indonesians have
elected national legislative representatives four times and have held three presidential elections.
As with the selection of gitical representativesindonesian environmental governance changed
rapidly from 1999 to 201§Agrawal and Lerms 2007)Specifically, increase$ formalization,
decentralization, andlobalized governanceeshaped forest governance in the first 18 years of
Indonesian democracy

The formalization oforest governance in Indonesia occurred through a varietyolifyp
reforms, enacted throughout the 1999 to 2016 period. Formalization refers to the extent to which
citizens interact with formal organizations that monitor and/or steudbehavior, as well as the
predictability with which these interactions unfofGuhaKhasnobis, Kanbur, and Ostrom 2006)
Governmental technologies that produce policy, mandate mettiashplementation, and
specify regulation and enforcement often determine tr@rsaanhd practices associated with
increased formalizatiorfPutzel et al. 2015)rom 1999 to 2016 Indonesian poltical actorsave
sought to formalize the goverran of land(Kelly and Peluso 20159ndthe production of forest
products(Obidzinski and Kusters 2013y ecifying who has rights to land and forests, what
these rights entail, arftbw 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 contempi@ary scholarship often focuses on how contemporary environmental
governancein Indonesia remains informal, with overlapping land claims leading to unpredictable
patterns of land us@aveau et al. 201,73he legal role, capacity, and resources of the Indonesian

state have steadily increased over the period preceding Indonesian denBerdheyr 2016; van
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der Eng 2017; Mccarthy and Robinson 20I8js process of formalization has occurred along
with and throughincreasd decentralization.

The rights and responsibilitie®ver forest areasfforded todifferent levels of Indonesian
government has changed repeatenllgr the past two decaddolitical actors issued a series of
polcies to alternately distribute rights ar@sponsibilities to province and district governments
at different periodsfrom 1999 to 2016. Some scholars suggest that shifting certain powers from
provinces and districts aimed to weaken secessionist movements across the arc{ifzelagb
al. 2006; Kimura 2013)0ne key aspect of this strategy was to alternate the way in which
provinces and districts provided access and received rentsliidonesian forestddore
recently, laws, pledges, and judicial rulingavé begun tincreasevillage-level rights overdand
use(Antldv, Wetterberg, md Dharmawan 2016; Myers, Intarini Thomas, etal. 2017; Santika et
al. 2017)In addition to the decentralization and deconcentration of poltical auth@tibot,
Agrawal, and Larson 2006the number of provinces, districts, sdistricts, and vilages
increased precipitouslyAs the Indonesian state reconfigd rights and responsibilities within its
borders, it enacted policy to proteotrade and diplomacy beyond its borders.

International rules, norms, and market incentiveseased the impact of international
actors on Indonesian forest governance from9t®R016(Bernstein and @shore 2012)
Complying with international rules regarding timber trade, Indonesian timber is now vedied
legal through third party auditingCashore et al. 2007; Lesniewska and McDermott 2014)
International norms for reducingarbon emissiongave been formalized through multiple,
national policies (Law 17/2004 and L&M@/20L6) and have resulted in Indonesia receiving
increasing amount of conservation aid dedicated to tropical forest conservation and rural

Iivelihood improvement(Angelsen 2017; Wells, Michael; Guggenheim, Scott; Khan, Asmeen,
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Wardojo, Wahjudi; Jepson 1999; A. Wibowo and Giessen 2@l international sustainability
certification seeks to ensure that the producof timber and agricultural commodities,
including coffee and palm oil, are not contributing to ilegal forest loss and promote positive
livelihood outcomeqCarlson et al. 2017; Miteva, Loucks,daRattanayak 2015)

The combination of striking poltical change and unprecedented forest cover loss make
Indonesiaan idealregion in which to study how institutional transttions affect seeiblogical
outcomes.Although formalization, decentralizatip andglobalized governancare not
exhaustive of all political change in Indonesia from 1999 to 2016, they represent a set of key
shits in forest governanc@Agrawal, Chhatre, and Hardin 20Q8Jhis dissertation examines
theseshifts through a series of chapters that analyze thsnmgitutional transitionsand

discusss their impact on Indonesian forests and people.

1.4 Dissertation overview

Understandinghow institutional transitio; shapesociatecological outcomesequiresthe
combination ofifferent data sources to analyze inf@aition fromthe halls of government,
remotely sensed satelite imagery, and fledtsed observations and measuremd@tstrom and
Nagendra2006) 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
socialecological outcomes related to forests. Chapter 2 exartiesfermalization of
Indonesian forest governance through an analysis of foeéged policy content. Chapter 3
examines decentralization by analyzing the effect of regulatory dispersal on forest cover change.
And Chapter 4 provides insight into habalized governce, impleranted through

international conservation funding and commodity demaodmbine to generate conservation

legacies roml ndonesiads | argest I ntegr at eTdgett@po nser vat
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these chapters provide specific insights oiitigedl chang, forests, and people in Indonesia, and
they support future research of institutional transttions and sesmddgical outcomes.

Chapter 2 provides insight into the inttial stages of formalization through an analysis of
forestrelated policy.Using a deadset of codedorestrelatal policies legislated since 199%is
chapter assesses general policy trends to determine if and howddtatest policy has changed
across three fivg e a r periods that coinci democracyt B | ndone:
doing so, it examines the period and timing of institutional transition, as recorded in Indonesian
law. This chapter concludes that Indonesian farglated policy changed to promote more
conservatioffriendly policy during the first 18eas folowing democratization but these
policies permitinterpretable fiexibility via policy layering. Ambiguity related to policy layering
helps explain the paradox of increasingly -pamservation policy and consistently increasing
rates of Indonesian fest loss.

Since its transition to democradyyousands of new vilages, hundreds of new sub
districts and districts, and eight new provindasve proliferated across Indoneg@PS, 2015)

Each of these proliferationsequires the establishment of new adriaions. In establishing
new administrations, governmentisperse regulation across a greater number of @itapter
3 examines the effect of regulatory dispersalffarast coverchange in Indonesia from 2000 to
2014.In Indonesia, regulatory disperdads increased the density of regulatory units, but
contemprary research has not yet investigated the imp&otgulatory dispersabnforest cover
change. This chapter demonstrates fieiods folowing the préération of new administrative
units ingeass forest coveross, but the type of regulatory disgad and when it occurs

influences this effect.
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Chapter4 assesses howlegacy from international conservation funding affects local
livelihoods and villagdevel developments ur r o und i rsgecdnd largest, desrestaiad
protected ared’he largest anservation and development project of its firtlee KerinciSeblat
Integrated Conservation and Development prqi€&-ICDP), initiated the transfer oflirect
conservation payment® vilages across central Sumatnathe early 2000éWorld Bank 2003
Chapter4 assessethe legacy of this conservation funding,ingsprimary survey data (n=1,304
vilage-level development indicators, afaest coverdata.lt concludes thatilages which
receivedKS-ICDPfunding demonstratdorest cover trends direct contrastta he pr oj ect 6s
stated objectives, and households withillages that received direct fundingportlvelihood
strategies that preference greater and more informal olamership Failures of the project
during its time of operation,otipled withhow it mayhave crowded out conservation
motivations, help expia this legacy.

Chapter5 provides a set of conclusions about himrest cover and livelihoods in
Indonesia have been shaped by the overarching political institutions thatfroesulls transition
to democracy. Policy change, regulatory dispersal, andervation finance provide windows
through which to examinénstitutional transitions related formalization, decentralization, and
globalized governanceTo study institutional drivers of socialecological outcomesiesearch
must pay careful attentioto the time, the sequence, and the space over which the institution
operatesThis dissertation concluddsy reiterating the rolgoltical changeplayed in affecting
forest coverchange across the archipelago through specific policy, regulatory, andvatogse
practices, discussing limitations of studying institutional transitions and-goacialgical

outcomes, and identifying areas for further study.
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Chapter 2

Assesaqig, analyzing, and visualizing change in Indonesian foreselated
policy content from 199to 2016

Abstract

Despite numerous pledges by Indonesian authorities to reduce emissions from deforestation and
forest degradation, Indonesidorest covelloss has consistently increased over the past two
decades. To determine if forasfated poty demonstrates a paradigm shift toward forest
protection, ve identify and coda set oR18national forestelated policies passed between 1999
and 2016. We assett® type of forestelated content, whether a change in policy has occurred,
and the meclmsm by which change has or has not taken place through the interpretation of
polcy citation networks and statistical analysis of temporal relationships betwestrddated
policy content and change over time. We find there has been a significastsénanethe amount

of Indonesian forestelated policy and that this increase is largely comprised of content that
promotes forest protection and redefines the steicéund funding for foregelated

organizations. However, these content changes haveripriroacurred 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 arfdrtimet
evidence opolicy layering. This, although national forestlated policy in Indogsia las
changedto promoteincreased forest protection and monitorimplicy layering promotes

interpretable flexibility, which caenable continuedorest coveloss.
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2.1 Introduction

Growing recogtion of tropical forest conservation as adowast optionfor mitigating
climate change has motivated international efforts to reduce forest degradation and deforestation.
Actors, organizations, and states that promote international forest conservatitmes
referred to as the International Forests ReginkéR)| often seek to reduderest coveross by
promoting cooperative agreements and good forest goverrf@iessen 2013; Smouts 2008)
Through different pathways, international governance can influence domestic governments to
produce formal laws ral regulations that deliver policy instruments to achidhese goals
(Bernstein and Cashore 2012; Cashore et al. 2007; Maryudi .28ta6)s that contain large tracts
of tropical forest and asbe to the objectives of the IFR should demonstrate aease in
nationallevel policy that promotes reduced emissions frionest coverchange as well as good
forest governance. However, litttle empirical evidence on foedated policy content exist®
document and understand whetlaard how this policy &nd occurs.

Poltical leaders in Indonesia have voiced significant support for Reducing Emissions
from Deforestation and Forest Degradation (REDD+) as wel as sustainable forest governance.
However, studies conclude that primary forest loss in Indonesimeasedconsistentlyfrom 2000
to 2012(Margono et al. 2014)pnd over the same period Indonesiarest covetloss has
accderated at a greater rate than any other ngqtitemsen eal. 2013) The reality of forest loss
despite the I ndonesian s t+andesustainabpforesppgoverhaacd d e d i
present a puzzle: has Indonesian fereltted policy changed? If it has, what type of forest
related policy content lsésummarizes this change, and through what mechanism of policy
change has it occurred? This research examines evhetid how national forestlated policy

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

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

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

can be

considered

t he

Afwhat 6 0O

fiwhen, oferrach d

fiho:

to, respectively, as directionality, tempo, and mode of polcy content cl@agore et al.

2007; Howlett and Cashore 2009; Mahoney and Thelen 2010; The@&t). 20

The directionality of policy content describes the way in whicshits over time toward

different objeates (Nisbet1972) Cumulative policy change exists when there is a concerted

shit in policy content objectives. Policy corteshange that remains in equilibrium is

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

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

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

polcy content change alongside tempo provides a method fessigs when policy content

changes(Table 2.1)

Policy

t hr o (Ligdhldm 1964)

content

change

T blaissc inéremental

is often

considered

pra af pocy change does not

demonstrate a cumulative diteoality toward different policy objectives over the shiam.

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

Table2.1: Policy Change (adaptedifn Cashore and Howlett 2007)

Tempo
Directionality Fast Slow
. Classic Progressive
Cumulative >
Paradigm Incremental
In Faux Classic
Equilibrium Paradigmatic Incremental
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content butn aggregate and ovdang time horizons Therefoe, it is not unusual for reseh to
examine changes in policy content owasiny decades.

However, policy change can also occur witehorter timeframesPolicy change that
occurs quickly in response t o an radigmosigitean o us
Apunct wat ¢ O(riegdnes, and Baumgartner 1998)fast shift in policy

directionality that changes objectivésitis subsequently offset by another set of policies is

referred to as fAfaux paradigmat iclang®  reqdresathey zi n g

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 d@achpo, the mode of policy ctamt change

establishes the poltical 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 @ntent (Table 22). Polcy diplacement or layering occurs when new
content is created. Displacement refer when new paty replaces old rules. Layeringyhen
new policy content does not replace existing content. Drift and conversion represent two

scenaios where existing rules pé&t 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 pertairdicio gantent change that is
in equiibrium (Table2.1).
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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Table2.2: Mode of Policy Changeaflapted from Mahoney and Thelen 2010)

M ode of Change Characteristics
Displacement Removal of existing rules, introduction of new rul

Layering No removal of old rules, introdtion of newrules
along with maintenance of old rules

Drift No removal of a 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

Sections 2.3 and 2gresent information on the ped under studytypes of policy, and

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

2.3 Forestrelated policy in Indonesia

Forestrelated policy in democratic Indonesia represents a stark break fromrédadst
policy bebre the democratic transttiorBefore the democratic transition, Indonesian ferest
related policy was based in the 1967 Basic Forestry Law. This law, whilacterizes
Indonesian forestelated policy before the democratic transition, granted centfadrayt over
143 Mha of fAforest |l and, 0 which covered over
Forestry Law of 1967 allowed the New Order regitoeémplement a insular patronage system
through the forestry secttinat dominated forestelated plicy until 1998(Obidzinski and
Kusters 2015 Ho we v er , with the fall of Suhartods New
forestrelated policies. These policies respond to the decades of centraiingd! the New
Order regime practiced, and thiegulcate international influence and fundin@Roberts, Habir,
and Sebastian 2015)
The years between 1999 to 2016 provide an ideal time in which to study if and how

national forestelated policychanged as Indonesia transttioned to ful democrasya
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Table2.3: Executive and legislative changes in ptrsinsition periods of Indonesian democracy

Executive Changes Legislative Changes
Period One: President elected by Parliame First free election since 19&
Transition to full
democracy Amendment to eleqgiresident Reorganization of legislatuiato
(19992004) through direct elections (200z two houses without military
appointees (2002
First direct presidential election (
and 9/ 2004) Second free legislative electio
(4/2004)
Peiod Two: First term of directly electec  First term of reorganized legislatui
First period of full president (10/20040/2009) (10/20049/2009)
democracy
(20052010) Second direct presidential electic Third free legislative electior
(7/2009) (4/2009)
Period Three: Second term of directly electe Second term of reorganize
Second period of president (10/20090/2014) legislature (10/2009/2014)
full democracy
(20112016) Third direct presidential electiot Third free legislative eiction
(7/2014) (4/2009)

democraticnation Indonesia welcomee number of actoysorganizations, and statego sought
to promotegeneral concepts related to the IFR, including RERID sustainable forest
governance(Bernsein and Cashore 2012; Sahide, Maryudi, et al. 20&B¢h represents a clear
break from previous foreselated policy during the New OrdeFor purposes of analysis, we
divide the 18 years including and betwekE999 and 2016 into three periods, eativhich
contains unique events in the democratic evolution of the Indonesian political system (Table
2.3). Within these periods, and across 18 years of Indonégamcracy, wexamine trends in
forestrelated poty.

Indonesian legislative structures extend to province and district levels, but we limit the
present study to national forastiated policy. We focus on nationialel policy content because
of data constraints: a database or centralized system fanger@nd district policy does nget

exist. Within national policy content, we examine five types of polcy (Tale These policy
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Table2.4 National policy types and information (Sources: Laws 10/2004 and 12/2011)

Policy Type Political Actor/s Method of Passage Notes
Law (UndangUndang) People's Representative Drafted by People's Legislated regulation
Assembly(DPR) Representative Assembly planned, prepared, and

Government Regulation
(Peraturan Pemerintgh

Presidential Regulation
(Peraturan Presiden

PresidentinDecree
(Keputusan Presidén

Presidential Instruction
(Instruksi Presiden

People's Bpresentative

Assembly(DPR)

President of Indonesia

President ofndonesia

President of Indonesia

with presidential cons.

Subjected to review via

ConnotationaCourt

Enacted by the President

Enacted by the President

Enacted by the President

Enacted by the President

ratified by legislature and
President

Prepared and enacted by
President to implement law

Regulation prepared and
enacted by president

Often a set of instructions,
specifying an action to be
completed

Orders or instrugons from
the President's office, often t
ministers andninistries

types iclude laws, government regulatiof&Rs), presidential regulations (BR presidential

decrees (PF), and presiential instructions (R). The following section describes the steps we

took to identify and code national forgsfated policy passed in Indonesia between 1999 and

2016.

2.4 Methods

Our analysisof policy content proceeded in three steps. First, \@ecked for and

identified forestrelated policy. Second, we read and coded fardated policy according to a
set of formal criteria. And third, wasualized analyzed andtestedhypothesesabout forest
related policy change in Indonesia.
2.4.1 Definng the policy set

To identify forestrelaed policy, we usga two-step search protocol. First, we conduct a

search of two Indonesian policy databa@éskum Onihe 2018; Produk Hukum 2018%ing a
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set of terms common within forestlated policy identified in current lteratur@rdiansyah,

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

Elated, and In 2009)These terms include:
Aplantationd OR Qf

0
fifenvironment o OR 1t
sovereigntyo OORORTf @

estryo OR fAgardeno OR
ee0 OR fiwoodod OR fApal m
fodbo ks e aifre tt y

r
r

Any policy that contained at least one of the key terms was identified for further réVievalso
usedlegal productdatabaseto deterrme totalyearly counts for all categories of national policy
considered in this researchollowing this database search, we identified relevant white and gray
literature that focuses on Indonesian foreddted policy to complement the hits fraar database
search. Appendix [ists additional sourcesthat identified Indonesianforestrelated polig.
2.4.2 Coding policy documents

We coded policy documents according to a set of eight foeded categories. These
categories include Ecfisystem ServicesBi odi ver shiltey, darfivad dtowa A Ref or
ARoad Building, 06 fARiotr@msiRn gPaitemct oo OTaDlazbd t Mb Zo
contains the definitions for these categories. We selected these categories based on precedent in
forestrelated policy lterature(Cashore and Howlett, 200icDermott et al. 2010yicDermott
et al, 2012 I n addition to these categories, we ad
Regulationo and fAOrganizational Mechanisms fo
on current lierature that emphasizes changes in faxdated organizations and adisirations
(Nurrochmatet al, 2014; Nurfatrianiet al, 2015; Sahide and Giessen, 2018¢ coded each

policy document based on all the foreslated policy content it conted as well as the

Lindonesiantranslationi per kebunano OR fAkehutanano OR Akebuno OR #dAhu
Alingkungan hidupo ORs@aAwohonORORkAkayooOBRAkopi 0 or dke
Afket ahpaaganodo OR fikeamanan makanano
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Table2.5: Forest policy content categories

Content Name

Definition

Ecosystem Service aRlodiversity

Allowable Harvest

Road Building

Reforestation

Forest Protection or Monitoring

Riparian or Coastal Zones

Funding or Financing for Forest
Organizatbns

Structure or Organization of Forest
Organizations

Regulation related to managemeptptection, or evaluation
of ecosystem services or biodiversity

Regulation related to management or evaluation of forest
products (e.g. wood, netimber forest productgcoetourism,
and etc.)

Regulation related to the magement and construction of
roads within or surrounding forest areas

Regulation related to the management, location, funding,
implementation of reforestatiaactivities

Regulation related tthe managemén protection,
conservation, and/or evaluation of forest areas

Regulation related to the management, protection, evalua
or use of forest areathat are in riparian or coastal zones

Regulation related to the funding, financing, or taxation of
forestrelated organizations

Regulation related to thstructure or organization of forest
related organizations (e.g. ministries, agencigeecial
cabinets, etc.)

Aimaj orityo content
Bahasa Indonesiaandthey duatcoded al0% (= 22) sample ofo ensureinter-coder reliability.

In addition to policycontent, we identified he references contained within each policy
document. Indonesian policy documents provide clear references to the policy they cite and/or
modfy. We determined if the policy document in question direetipendedor repealeca
previous policy, the name ofelpolicy itamendedandthe name of all policies referencem the

document.Appendix D includes aomplete list ofll forestrelated policiesincluded in this

study

2.4.3 Analyzing forestelated policy

To analyze forestelated policy, we assessthe relationship between policontent

themes, the years or periods in which they were passed, and the amendmentusaett do
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contains. To confirm our coding themes and assess their salient relationships, wel amgte
analyzel citation networks.Then, ve conduatd statistical tests to determine the relationships
between time and the rates of foresated policy, contégnand amendments.

We examind policy citation networks to confrm and guide policy change hypotheses.
Using Gephi visualization softwayr we visualizd policies as nodes, connected to one another
through intext citations (edges). Citations these netwdks are of two typespolicy reference or
amendment. We assuth¢hat different policycontent themesvould create distinguishable
clustes based on high levels of crggslicy references. Identifying these distinguishable clusters
resemblescommunitydetetion in network analysis, which identifies groups of nodes that are
more densely connected to one another through edges than to dieefeerow and Newell
2015; Newman 2006)n addition to providing lyad insight into policy citation commures
we use policy citation networks to examine how content types dhagess our different study
periods by visualizig the network during the first (192804), second (2008010) and third
(2011-2016) period. Using policy network visualization to guidypotheses about policy content
change, we proceed to statistical analysis.

We usel several statistical tests to §ma if the amount and typef forestrelated policy
changedbetween 1999 and 2016. Following interpretation of palitgtion networkswe testd
null hypotheses of whether policy type, content, and references are independent of the period in
which theywere passedusing ebiguar ed tests of independence ali
(Kendall 6s tau) setwhethedhe rate of forestelated spolicy iswarelated s e s s
across time and fif it is significantly dependent upon the period in which it was passed. We
conductthese tests on thgroportion of forestrelated policy to total national policy, to control

for the potenial confounding relationship of overall national policy passage over time. Second,
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after identifying general trends within the policy citation networks, wedeghether specific
forestrelated policy content (identified from the policy citationtwerks) is independent of the
period in which policy is passed. We tbtvhether different time periods contain significantly
different rates of policies that focus on a fonedated policy type using ebiguare tests of
independence, since real Oshe datamadeK e n d a | testsunrelatdeu

To direct our interpretation of the mode of policy change, we asttgsrate of forest
related policy amendments. We first exardirthe relationship between the number of forest
related policies with amendmis tototal forestr e | at ed polici es using a K
test and chsquare tests of independence. We requtiese tests using the rate of foredated
amendments to total policy per year. A signifcant and positive relationship beyeaerhe
rate of new forestelated policy, and the rate of forastated amendments indicatésat new
policy displaced prexisting policy (Table 2.2)A significant relationship between year and the
rate of new forestelated policy, but no significarelaionship between year and forestated
amendmentdndicates new policy is layeredver preexisting policy And, should no significant
relationships exist between year and foresited policy, drit or conversion may best explain
forestrelated plicy change in Indonesia.

Coding, visualizing, and testing poli©pntent rates over timeanestablishif change
occurred, but sectepecific insight is necessary teconcile how content and implementation
occur togetherWe used empirical results tanform adiscussionof major trends in the regulation

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

The search criteria returne2ZB9policy documents 254 of these documents werelevant

to the timeframeof this study and 28 contained policy content related to the set of categories
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we used to define forestlated 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 Msualizing and interpreting Indonesian foresiated policy citation networks

Visualizing the policy citation networlustrates addition of forestelated policy over
time. Panels A through C (Figur2.l) highlight the addition of neviorestrelated pécy between
periods. The218forestrelated policies contain 1,289 references. Of these, 6.9% are amendments
and 931% arereferences Policy citation networks also highlight dominant categories of ferest
related policy content.

National forestrelated pécy in Indonesia, from 1992016, is dominated by three

overall categories. Poley o nt e n't coded as primarily addressi
Monitoring®% coofmptrhies efsi nal citation networ k, i F
Regl at i ono 22%omp aingde siOrgani zational Mec hani s ms

comprises22.4%. Policy citation networks illustrate the dominance of these three content

categories within the overall netwo(Ranel D, Figure2.1). All other major contentaegories

comprise 10.1% or less of the total citation network. Across policy citation communities, there is
astongceoccurrence of AForest Protection and Moni
Services/ Bi od-oocerenseiistthg strongedt withs th@aton network,with two

thirds of all AEcosystem Services/ Biodiversit)
Protection and Monit or-dcecungence ip dolble ¢he anount ofifei s c i t .
second highest eoccur ring cadteagtoir o e ést Pgofeéien fabdo e

Mo ni t o We wsg the)trends ilustrated by the policy citation networks to inform our

statistical analyses.
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Figure2.1: Policy citation networks for Period (Panel A), Period 2 (Panel B), Period 3 (Panel C), and the overall citatio

network with norforest and forestelated policiegPanel D). Nodes with color indicate forastated policy. Nodes without
color indicate policycontent referenced by forestlated policy.
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Although the policy citation network demonstrates changes in counts, it does not control
for the rate ofall nationallevel policy creation.Our statistical analyse®rmally test whether the
proportion of forestelated policy to total polc as wel as the number of forasiated
amendments to total policy, significantly cbeanover time and across periods to control for
increases in overall poliegontent generation that may influence resulits.

We usel findings from the policy citation meork to focus statistical analysis. We &bt
the following hypotheses to examine the tempo, directionality, and mode of Indonesisin fo

related policy:

1. Forestrelated policy has increased in amount from 1999 to 2016
2. Forestrelated policy content incasingly focused on:

a. Forest protection and monitoring

b. Financial mechanisms for forest regulation

c. Organizational mechanisms for foresguiation

3. Forestrelated policy demonstrates an increase in direct policy amendments

2.5.2 Analysis oforestrelated policy trends

From 1999 to 2016, the Peopleds Represent al
passed an increasing amount of érelated policy (Table2.6). Period 1 (1992004) contained
55 forestrelated policies (2.2% of all orestrelated policies), Period 2 (20@910) contained
65 (29.8%), and Period 3 (2012016) contained8 (45.0%). A MantelHaenszel chsquared
testdemonstrates that this change is significantly different from the null hypothesis of
independencebetweenyear and number of forestlated policiesas a proportion of overall
national policies (Table 2.6). F atthish e r , Kenda

significant relationshipis moderately positve (Figure.2.
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Table2.6: Forestrelated policy, content, and amendment ratessagrdficance from ManteHaenzel chisquared test by

period
Total Period 1 Period 2 Period 3
(@9 - ®4) (@5 - 4.0) (a1 - 4.6)
N % N % N % N % G? p-
value
Total National Policies 5149 - 1905 - 1472 - 1775 -
Total ForestRelated Policies 218 4.23 55 2.89 65 4.42 98 552 1590 <.01
(FRPs)
FRPs with Amendments 67 1.30 19 115 20 1.36 25 141 073 0.69
FRPs withProtection and 85 1.65 24 1.26 24 163 37 208 386 0.15
Monitoring Content
FRPs with Protection and 103 2.00 27 142 32 217 44 248 559 0.06
Monitoring &
Ecosystem Services and
Biodiversity Content
FRPs with Funding and financiny 77 150 22 115 17 116 38 214 768 <.05
Content
FRPs with ForesRelated 60 1.17 19 1.00 19 1.2 36 203 719 <05
Organization and Structure
Content
Descriptive analysis demonstrates an

ecosystem services abdi odi ver sity, o

content over the three periods of analysEhese counts represent the total number of policies

AStamwmdt @ Fean dainndg

that included content related to categories, rather than the number of policieslypdweémed

by one categoryii P r o t and Monionng & Ecosystem Servicesn d

incr e

oamani

Biodiversityo

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

Period 3, and is the greatest percentage of foedstd policy passed in Period &4(9%).

AStructur e

and sEelated pnrganiztionsoalsa denoristrateo gomsistent

increases and included in36.7% of national forestelated policiesfrom Period 3. Policy that

addresses

A F u nndgi on g eréatefdorgiamtiensiso increases from Periods 1

to 3 andis referenced in 38.7% of all policy from PeriodTBe increasing amount of policy that
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contansi For est protection and monitoring & ecoOSYys
and organization, 0 and ifikcontdst vihghe propattionfof nanc i n g ¢
forestrelated policies that introduce amendments ovesdmee period

The proportion of forestelated policy amendments over time demonstrates significant
decreaseA MantetHaenzel chsquared tesvf the proportion of forestelated amendments
from overall policy cannot reject the independence betwame periods (Table 2.6However,
testing the proportion of forestlated amendments of only foreste | at e d policy with
tau correlationindicates that the rate of faterelated amendments per foreshated policy

decreases over time (tau&.29, p=0.1).

2.6 Disaission

31



National forestrelated policy in Indonesia demonstratesignificant changeéetween 1999
and 2016This change is best described as a classic parashgt toward forest protection and
monitoring which occurred througha layering processThis discussion exanes the trend of
policy changeand then considersow Indonesiangovernance of forest territory and the flow of
forest products reflects polickyering
2.6.1 The classic paradigm shit in Indonesian ferelsted policy

Between 199 and 2016, Indonesia passed more farglated policy thaemphasizes
forest protection and focuses on restructuring ferelated organizationsClassic paradig
shits occur when the tempo of policy change is relatively fast and the directionadiysistent
(Cashore and Howlett 20Q7)his often occurs through an exogenous pressure, and is referred to
as a fipunctuated e g standardmarementalocharigéf policy aonteetr wh e | ms
(Nisbet 1972)The significant increase of foreselated policyover time demonstratesa
continuous change in policscontent focus The marked increase fimancing, organizational
restructuring andforest protection support the classic paradigm shift hypothesis of fetatsd
policy change.

Since reformasi,the amount of forestelated policy that addresses forest protection,
monitoring, biodiversity, and ecosystem services has increased sigtijic International rules,
norms/discourse, market intervention, and access to domestic policy comprise four pathways
through which international regim@sncluding uncomprehensive regmelike the IFR can
inluence domestic policyBernstein and Cashore 201R)creasing trade restrictions, notably
those related to CITES, the Lacey Act, and the EU Forest Legalty, Governance, and Trade
Voluntary Partnership Agreements (FLEGT VPASs) for verified legabdim seek to constrain

the market for ilegal timber and timber produg@itesniewska and McDermott 2014)hese
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restrictions, capled with market incentives for forest certiication and legalityfietion, and
international normssuch as committing to carbon emissions reductions, hakeasedthe
importance ofrotecting and monitoring Indonesian forests for Itidonesianstate The
emphasis offorest monitoring and protection is observalolepolicy content that addresses how
forest concessions are issugslR(34/2002,GR 38/2007,GR 3/2008, Law 32/2009GR 24/2010,
GR72/2010,GR 61/2012, Law 23/20145R 57/2016), how forest are monitored and by whom
(Law 32/2009, Law 18/2013, Law 23/20R 16/2015), in policy that addresses timber trade
(GR 34/2002,GR 6/2007,PR21/2014), and ratifies international commitmentsvf 17/2004,

GR 21/2014).

International financial commitmés and contributionghat promote forest protection and
monitoring provide another example of how international pressures have promoted forest
conservation agendas in Indonesizommitments include the 2010 Letter of Intent between the
Norwegian and Indogan governments, vdh pledged$1 bilion for evidence of REDD
impacts, as well athe hundreds of milions of dollars provided through organizations such as the
Worl d Bank, the UK Department for I nternationse
forest g o viedonesian $peciicallyi, imternational funding has promoted the One Map
Policy to harmonize ministerial land claims, improved governance of forest management units
(Sahideet al, 2016) and othersAs policy content tht focuses on protection and monitoring of
Indonesian forests increased, foredated organizations in Indonesia were restructured.

Between 2011 and 2018yee majorchangesalteredforestrelated organizations. First,
presidents eablished two ad hoagencies that report directly to the president. In 2013 President

Susio Bambang Yudhyono formesispecialagency to implement activities and funding
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associated witheducing emissions from deforestation and forest degrad&®Br6Z/20L3Y.

Then, Presidd Widodo established the Peatland Restoration AgdPB57/2016). Both of
these special agencies were established outside the Ministry of Environment and/or Forestry to
report directly to the president in order to faciitate Presidamtohoyaod s 2 d@e%o p |l e
reduce carbon emissiorzetween26%and4 1 % by 2020, and President
and Paris Agreement commitment to reduce carbon emissions betweean@4486 by 2030
(Alisjahbana and Busch 2017)

SecondPresient Joko Widodacombined theMinistry of Forestrywith the Ministry of

Environment to create the Ministry of Environment and Forast8015(PD 16/2015) The

V

combination of these mi@iscthrairgedcmweahedvear 8 me

mangiement and consev at i on activities ofi PDh6E01S gvast e 6 s
powers over REDB to the newly formed Secretariat of Climate Change. Additionally, a new
Secretariat of Social Forestry and Environmental Partnerships is chatbethenvallocation of
12.7 Mha of forest area to communiti¢afiff 2016).

Third, two different lawsredistributedrights tocontrol of forest resaarcesin 2014 The
Vilage Law (6/2014) extended more authority over natural resources to vilages than ever before
in Indonesian histonfAntlov, Wetterberg, and Dharmawan 201B)eanwhile, the Province
Law (23/2014) increased control over forest resources and administration at the province level,
and established a greater adstmaitive role fo forest management unifSahide, Supratman, et
al. 2016) The Vilage Law, in combination with the pledge to allocate 12.7 Mha to communties
across Indonesia, aims to praen community coservation and natural resource management

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

fo

2Thisageng was not appointed until near President Yudhoyono

clarified. In 2015, President Widodo dissolved thigency (Presidential Regulation 16/2015).
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province governments, clarifying their role iveoseeing forest management units, and
specifying how concession rights toioaal forest lands are to be allocatédliff 2016; Sahide,
Supratman, et al. 2016)

International rules, norms, and market incentivepresent the pathways through which
external actors influencethe incentivefor Indonesian poltical actot® legislate in feor of
forest protection(Bernstein and Cashore 2013hus,t h e P €onpukativéAssembly (DPR
and DPD)and the President of Indonesia have dedicated increased atterpicomtuie forest
protection through policy creationthat focuses on forest protection and monitoringvels as
administrative reorganizatiorifhe mechanism through which this shit has occurred, however,
leaves room for contradictory laws, regulatory -nais re-interpretation, angurisdictional
differences in forestelated enforcement.

2.6.2 Forestelated policy layering and the limits of institutional reform

Although the amount of forestlated policy content that focused on protection and
monitoring significantly increasedoim 1999 to 2016ptal forest coverloss across the
Indonesian archipelagoonsistently increased over the same time pdiitahsen et al. 2013;
Margono et al. 2012, 2014)his points to aliscrepancybetween newpolicy contentand
implementation Policy layeringwithin nationallevel policy and across different policy levels
provides a possible explanation as to why this discrepancy pgersist

Through the analysis of poliesontent change using citation networks, we identified a
decrease ipolicy amendmentdrom 1999 to 2016As poltical actors passenhore policy
focused on forest protection and monitoririgey did notdisplace previous regulatior80.1% of
forestrelated policy passed between 1999 and 2016 includes polcy amendment or repeal.

Examining current trends in the regpibn of forest territory and forest product floi8ikor et al.
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2013)ilustrates the relabnship béween policy layering,forest governangeand interpretable
ambiguity

Though related, forestlated policy and forest governance are not synonyni®bsdes
2007) Mandates for forest governance are often found within foedsted policy, but the
intermingling of rules, practiceand context are what generate outcomes forsisreand people.
In general, forest governance foesison the regulation of forest territory and the flow of forest
products(Sikor, He, and Lestrelin 2017penerating andralyzing data on forestlated policy
identifies patterns in the policy itselfput it does not provide insight intbow policy is
implemented through practices of the s{&eucault 1978; Scott 1998Jo connectforest
related policy and governande contemporarylndonesia we discuss the role of forestlated
policy change and layering ihe regulation of forest territory and the flow of forest products.
Regulating forest territory

The shift to increased forest protection via the layering of foedsted paty has
significant consequences for how, and tiftowhat organizations, the Indonesian state manages
forest territory. The structure obgernment organizations imbued with thethority to manage
and regulate state forests in Indonesia changed baiveen1999to 2016than inthe 30years
precedingthis period(Barr et al. 2006; Moeliono, Wolenberg, and Limberg 20kDaddition,
recent policy changes indicate a strong push for the conservation of primary and peatland forests.
However, overlappindand useclaims and layere@uthority of different ministries and sub
national jurisdictions challenge the enforcement atibnal policy and promote local forms of
tenure and planning.

Recentforest concession moratoraxemplify policy layering that promotes forest

protection. Withthe first moratoria IP 10/2011), President Yudhoyono signaled to the
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international communitythat Indonesia would no longer stie right to convert primary or peat
forests Since this intial passage, three additional moratoria have been passedriaan rtize
prohibition of new concessions in primary and peatland forest. Empirical resedsctihat,

were a moratorium on new concessions in place from 2000 to 204€t, coverloss would have
been between 2.5 to 7.2% lowgBusch et al. 2014)Assuming consistent trends, this predicts a
significant effect of moratoridor reducing forest covelloss, but the loss ddrest coveron areas
outside concessions rem& high Additionally, the concession moratoria are neither permanent
nor are they able to fullyrohibit the conversion ofand coverin primary and peatlandbffests
within primary and peatland forests, due to-pristing concession claims, competingnisterial
jurisdictions, and layered policy relatedldod useplanning.

Indonesianland useplanning influences the protection and monitoring of forest temjto
becausehe authority to governindonesian landests in ministeriajurisdiction and spatial
planning. The Geospatial Law (4/2011) provides authority to the National Mapping Agency
(Badan Informasi GeospasialBIG) to unify information on natural resa@s and land across
the country. Despite this mandate, spatial planmegains subject to horizontal and vertical
layering. Horizontal layering refers to the overlap betwed#grent polcies as wel as
ministerial land claims. Indonesian mistries, induding the Ministriesof Environment and
Forestry, Agriculture, Energynd Mineral Resources, and Publc Works and Housing have
spatially determined authority. Historically, these ministries used their own maps to determine
where they were authorized toguiate land usg(Wibowo andGiessen 2015)The One Map
Initiative is a national effort to harmonize different ministerial claims across Indonesia. Although

this inttiatives has improved transparency between many ministries, it has yet to produce a fuly
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harmonized map of ministefigerritory (Mulyani and Jepson 2018nd is not charged with
making the one map available to the pulfitibowo and Giessen 2015)

Vertical overlap in territory demarcation and determination occurs through the process of
land useplanning. In Indonesia, spatiplanning relies on the communiaani and approval
between district, province, and national governments. Districts generate spatial plans which are
approved both by province and national governments. These -dhistett plans determine where
certain actities can take place, and they canlassify land covercategories through legal
means. However, spatial plans do not necessarily represent the tangle of local, corporate, and
governmental claims to land. Recent scholarship demonstrates how smalhaldeduatrial
agriculture demonstrat mutual encroachmer{Gaveau et al. 2017and howministerial and
districtlevel lard-claims intersect with community territories to disenfranchise local
communities (Myers, Intarini, Sirait, et al. 201.7Athough Law 4/2011 gives BIGhe authoty
to harmonize Indonesian land te®, ministries are reluctant to compromise jurisdiction, districts
and provinces retaisomecontrol over spatial planning, and local realtds notnecessariy
reflect governmentmaps.

Despite the challenges policyinisterial, andadministrative overlap pose, significant
progress toward forest protection and harmonized-rasmdagement has occurred across
Indonesia since its transition to democracy. Recent pledges have indicated that, in additon to
reforming landtenure and spatial planning, the oall government is dedicated to recognizing
local authority over community fores{dyers, Intarini, Thomas, etal. 2017; Santka et al.

2017) Athough the pledged redistribution of 12.Hsl of state forest to local communities
represents a drastic change in &@dure, and magenerateaddtional 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 & (De et al. 2013)As Indonesia enters its third decaide
democracy, forest protection alahd useplanning are positioned to remain important topics.
Regulatingthe flow of forest products

Greater attention to forest protection and the structure offoelesed organizations has
also influenced how forest products are regulated. Specifically, Indonesian forestry governance
shited to provincial oversight ofifest management units and implemented a new system of
internationally recognized timber legality verificatio®igtem Verifikasi Legalitas Kayu
SVLK). Both developments reflecthangein forestrelated policyand were implemented
through layering.

Although forest management units have long been part of Indonesian forest governance,
they have recently risen to prominence as thebkegaucratic technologfor implementing
regulation and monitoring on behalf of the Ministry of Environment and Forasthypovince
administratios. The abilty to issue concessions on state forest land and monitor timber
production was, in the early 200Qke right of dstrict administrations Over time, this authority
has shited, and is noleld bythe Ministry of Environmentand Forestry angrovince
governments. A series of laws, issued between 2003 and 2016, ushered in these changes, which
reflect arelative recentralization of state authority over forest resou(Gedide and Giessen,
2015; Sahideet al, 2016) Although the 1999 to 2004 period included a large amount of/polic
layering, resulting in hghtenedforest coverchange from distrieievel decentralization(Burgess
and Olken 2012)more recent administrative changes directy amended previous Hawsver,
this displacement remains partialndlementingLaw 23/2014, depends upon oldiscal balance

laws (32/2004 and 28/2009Yhus, district, province, anghational government administration
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have been charged with implementifagest regulation and monitoringhrough Law 23/2014 but
must shardax and noftax revenues as determined by outdated fiscal balance laws and
proceduresDuring this same perigdlistict-level forestry offices have either been closed or
integrated with new offices for forest management units, without icstanctions on how to
complete this transitior{Sahideet al, 2016)

Timber legality verEation demonstrates how, over time, policy layering can transition
to displacement. Initiated by a Voluntary Partnership AgreerféRtA) between Indonesia and
the European Union in 2010, Indesia implemented mandatory thparty legality verification
for all timber and timber productiesniewska and McDermott 2014jhtended to reduce ilegal
logging, and assist the government miest and administrations capture full value of timber
and timbe products(Maryudi 2016) thelegality veffication systemmandates third party
auditing for timber prodetion. International funding for timber legality verification has
increased through different international intiativas;luding the European Commission
Directorate General for Internation&looperation and Development and the UK Department for
Internatbnal DevelopmentEuropean Union 2017; Sahide and Giessen 2@#&)y in Period 3
(20112016), there was significant confusion with regaravibat types of enterprises needed to
be certified, by whom, anly when(Lesniewska and McDermott 2014; Obidzinski et al. 2014)
Significant confusion and barriers stil exist for small and medium sized enterprises, as wel as
for timber that comesdm private or community foresiNurrochmatet al, 2014; Erbaugh,
Nurrochmat andPurnomo, 2017)However, the EUFLEGT Facilty reports that by 2016, 100%
of natural and plantation concessions were certified Kgfadopean Union 2014ndthe

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

represent sommadiiszaetciidm c oficl egality, 06 and does
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land useand planning, indigenolso c a | peoplesd riglbetpwatiamd sust ai
McDermott 2017)it does represent the integration of third party auditimg transparency in

governance, importantjualties of good forest governang¢€ashore et al. 2007; Lesniewska and
McDermott 2014)It further demonstrates how, over time, layepsdcies candad to

displacement and clearer implemtetion guidelines

The limits of institutional reform

In many ways, layering national foragllated policy is an optimal solution for national
polticians. Passing an increasing amount of policy focused on fur@tstction and monitoring
signals a willingness of the Indonesian state to modernize in accerddh the wishes of the
IFR (Andrews 2013)Layering new forestrelated policy on top of older policy, in contrast to
displacing older policymaintains space for jurisdictionsubnational administrationsand
corporationsto continue curent extractive actwvities and anonymizes ilegal or extiegal land
cover change(Gaveau et al. 2017)

Indonesian polticalactors often rely upon extractive industrigBerenschot 2018)
Ambitious economic growth targets set by the president, high @mgasts, and economies
dominated by specific agricultural commodities connectr&tional poltical actors and land
cover changgMcCarthy 2004; McCarthy and Cramb 2018hae is empirical evidence that
between 2000 and 200ihdonesian forest cover loss associated with concession rights increased
during election yeargBurgess and Olken 2012)ational policy layering thus balances
international demands for sustainable forest management and improved protection and
monitoring with maingain a status quo where poltical power and land usentartwined.

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 institutid nchange, new policgreationshould
not be a goal in itseffAndrews 2013)Rather, policy coupled with transparent and efficient
systems to for implementation and regulation are nacgde realize changes in Indonesian
forest outcomesFuture researctvould do well toexamine the relationship between policy

layering, poltical power, and Indonesian land cover change.

2.7 Conclusion

The proportion of total forest policies to all naad polcy demonstrates a significant
increase over timel-rom 1999 to 2016, we identifie@69 national, forestelated policies.
Among them, the amount obntent that focusegrimarily on increasing fast protection and
monitoringecosystem service afmbdiversity conservatigndetermine financial policies for
forestrelated activities, antcestructure forestelated organizations (24%) also demonstrated
significant increases over tim@hese changem policy contentoccurred alongside new
internationd rules that restrict ilegal timber, international norms that promote climate pledges
and agreements to reduce carbon emissions, as well as international market incentives that
provide conditonal aid oREDD+ activities (Angelsen 2017andsustainable forest
managemeniBernstein and Cashore 2Q12Zhus, this research supports the conclusion that
national forestelated policy in Indonesia demonstrates a classic paradigm \shétreby
exogenous influences have promoted a relatively rapid chargelicy content Although
national policy demonsites a classic paradigm shit toward the protection and management of
Indonesian forest areasg find thatpolicy changes have not occurratbngside a significant
increase in polcy amendmentThus, & new policies are passed, older policies are not

necessarily amended or repealed. This process of polcy change, referred to as layering
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(Mahoney and Thelen 2010ypenerates ambiguity in regulaton andoecément. Policy
layering has impacts for the redidan of forest territory and the flow of forest products.

Current developments in Indonesian forgsternanceilustrate how an increase in
forestrelated policyfocused on protection and monitoriragnd consistentforest coveloss can
co-exist Land useand planning in Indonesia are subjéetsignificant 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 neitidexs gbe
process to integrate different ministerial jurisdictions, nor doesipt resolve conflict between
different national, provincial, and district land agencies that are key in issuing and holding land
rights (Harahap, Siveira, ahKhatwada 2017)Further, different administrative levetsan
changeland wseplans. Thus, with unclear ministerial tenure and chan@iind useplans, the
implementation and enforcement of new policy that supports forest protection and monitoring
remans dificult. Additionally, polcy layering affects the regulation of foresbducts.

Empowering forest management units and timber legality verification have recentralized forest
governance in the name of transparency and legitimacy. These same failidiesdirectly

modify previous systems oégulation and accountabilityHdowever, timber legality verification
provides an example of how layering can lead to displacens&imte 2010timber legality
verification has become increasingly formalized, ciogeall natural and plantation concession
areas and a rising number of smahd medium enterprisgEuropean Union 2017This,

perhaps, provides insight into the functionality of layered policy: it provides an intial step that,
over time, generates changes in forest governance.

The passage of forestlated policyhas impacts beyond its operationalization. By

signaling a wilingness to modernize through new policy, the Indonesian state continues to
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represent itself as modern, open to mefoend wiling to engage international actors and foreign
states(Andrews 2018)A growing lterature identifies the way in which national and-sub
national governments and actors in Indonesia pursue multiple agendas through international
funding for forest protection anmonitoring. The Ministry of Environment and Forestry seeks to
gain power andwhority both through forest protection and through forest haieswibowo

and Giessen 2015pcal bureaucracies are able to extend their authority through the promotion
of forest management unifSahide, Maryudi, et al. 201;,6dnd companies that condtbird

party audits beneft from mandating independent legality verificatibtimber products

(Setyowati and McDermott 2017Meanwhie, cowverting forest areas to plantations, intensive
agriculture, or urban developnie curries poltical favor with the communities and corporations
that beneft from infrastructure and development projects and it helps Indonesia progress toward
annual developnme goals. Neither nations, sufational bureaucracies, nor local people are
passive recipients of international conservation fund{Myers, Intarini, Sirait, et al. 2017;

Singer 2009)The passage of more forgslated policy and more forest protection and
monitoring content should not bersiered goals in themselves. Rather, the passage of these
polcies must engender change within forestry and conservation sectors across Irtdonesia

promote the goals which they reflect.
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Chapter 3

The impact of regulatory dispersal on Indonesiariorest cover, 20062014

Abstract:

Countries that contain some of the largest tracts of tropical forest experienced rapid
decentralization over the past two decades. The creation of nevattromistrationsoften
follows decentralization reforms, which seek to gafe poltical, economic, or administrative
powers tolower levels ofgovernment. When new locablministrationsare created, regulation is
dispersed across a greater number of units. Despiterekialgnce of regulatory dispersal across
the tropics,its dfect on forestcover isoften overlooked We measure the effect oégulatory
dispersal on forestover in Indonesia from 2000 to 2014 usiwgo-way fixed effect models and
statistical matchingWe find that dispersal of vilage and district regulatiosults in higher rates
of forest cover loss in the period afteegulatory dispersal begingiowever, the effect of
regulatory dispersal on Indonesidorest coverattenuates over timand dependsrothe
administrative level of dispersaDur findings highight the importance of consideringcale and

timing of regulatory dispersal in future analyseslaofi change or natural resource management.
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3.1 Introduction

Conserving andustainably managing tropical forests are two of the most cost effective
method for reducing global carbon emissiots mitigate climate changéHoughton, 2005;

Gullison et al, 2007) However consistent tropical forest loss and fragmentation has continued
over the past two decad@inck et al. 2017; Haddad et al. 2015; Hansen et al. 2013; Potapov et
al. 2017b) Socid-ecological scholarship dand coverchange finds that communityased
managenent, protected areas, moratoria, and formalized land ownership tend toferdate
coverloss(Andam et al. 2008; Blackman et al. 2017; Chhatre andwgr 2009; Ferraro et al.

2015; Ferraro and Hanauer 2014b; Gaveau, Epting, et al. 2009; Persha, Agrawal, and Chhatre
2011; Wright et al. 20163espite improved transportatiovetworks, unclear and overlapping

land rights, as well as increased demandafpicultural products that often combine to increase

it (Cropper, Griffiiths, and Mani 1999; Gaveauaé 2017; Lambin, Geist, and Lambin 2002;
Lambin and Meyfroidt 2011; Meyfroidt and Lambin 2008khough these insights are crucial

for understanding collectivism, managemnexi the commons, incentives for sustainable
commonpool resource use,and defe st ati on Adrivers, 0 they do
phenomenon of regulatory dispersal.

Regulatory dispersal often occurs when states decentralize rights and respandbilitie
natural resource managemegrawal 2M5). Countries that contain
biologically diverse and carbaith forests, spanning sutBaharan Africa, Southeast Asia, and
Latin America, have undergone extensive decentralization over the past two décpdes,
Chhatre, and Hardin 2008; Manor 1999; Ribot, Agrawal, and Larson .2@&gentralization is
often associated with a suite of benefits, including higher accountability between representatives

and electos, 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. 2g18¢ver,

empirical research demonstrates that, without appropriate safeguards and incentives,

decentralization can promotautcomes often considered negatf&grawal and Ostrom 2001;

Andersson, Gibson, and Lehoucq 2004; Bardhan 2002; Taccon).200So me of t hese i
outcomesodo include (Anblessor Gibson, gna Lehoticy 2G06; Wifehetp t ur e
2018) reduced financial disbursement and service provisiagam and Eltayeb 2016and

uninte ndedrecentralization(Phelps, Webb, and Agrawal 2010; Ribot, Agrawal, and Larson

2006) Following decentraletion reforms, many countries experience rapid administrative

proliferation.

Administrative proliferation refers to the at®n of new local governments. Devoling
authority to local governments, as through decentralization reforms, increases theto \@dae
eltes and citizens. As value increases, demand for local governments increases as well
(Grossman and Lewi2014) Despite the rapid proliferation of administrative units across much
of the Global South(Dickovick 201L1; Grossman and Lewis 2014; Malesky 2009; Pierskala
2016) socialecological impact studies rarely consider how new aslinanive units affect
resource outcomes. Itis common practice to control for the administrative unit at a temporal
baseline and @rlook subsequent administrative changes through weighting of population and
land-area, in order to compaignd coverand/a socioeconomic indicators over time. However,
changing local administrativéoundaries represents a social processdibperses esource
regulation across more uniggrawal 2005)and alters formal or informal regulations that
structure how people interact with one another to use naturalrges@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 reQulatory dispersal on resource use aniaat cover

change.

1. Regulatory type. Rules, norms, and behaviors are generally categorized as formal

and informal (e.gOstrom, 2005)We extend this categorization to identify formal

and informal regulatory dispersal in relation to natural resource management.

Reguhitory dispesal that affects formal institutions occurs when units proliferate that

have codified or otherwise formal rights tquiating natural resource use.

Regulatory dispersal that affects informal institutions occurs when units proliferate

that affect norms obbehaviors 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 dispersalln studying regulatory dispersal and resource use, it is important

to identify the sale of dispersed regulationn addtion to the formal or informal

authority it claims.

Table3.1: Formal and informal mechanisms of land cover change

In accordance with formal
institutions (legal)

In violation of formal institutions
(illegal)

In accordancewith informal
institutions (customary)

In violation of informa
institutions (uncustomary)

Land converted by acte with
use/control rights in accordance
with local custom

E.g., Legal and customary
agricultural conversion

Land converted by those with us
or control rights in violation of
local customs

E.g., Rapid territorialization or
exclusion and conversion

Land concertedby actors without
use/control rights in accordance
with local custom

E.g. Intentionaforbearanceof
formal land regulations

Land converted by actorsitlvout
use/control rights in violationfo
local custom.

E.g., Ungovernable spaces;
periods of limited regulation
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2. Sequenceand time. The moment whemegulatory dispersabccus may affect
resource outcomes, and the resource outcomes that resut may change over time.
Policy, natimal stabilty, and international influence may vary over time to influence
local governments. Understanding regulatory dispersal as an institutianakidn
that may be influenced by the sequence of preceding institutional changes is crucial
for assesag outcomes(Pierson 2000)Further, outcomes from regulatory dispersal
may change over time. These longitudinal effects mathdoeesult of outside
exogenous changes, or it may result rom endogenous changes within the
administrative unit. During the transition from one adnsitration to another, the
formal and informal institutions that previously guided resource use arg,intHie
administration that regulates or promotes formal or informal institutions is changing,
or both institutions and the administration are in ttamsi

3. Spatial variation. Regulatory dispersal is a process that occurs overdindspace.
It may resultin the increase of regulated territorgr through the densification of
regulatory units within the same area. Although historical examples of regulato
dispersal that expands administrative congn@ many contemporary trends in
regulatory dispersal arconnected to the process of densificati&or example, across
the Global Southan increasing number of administrative units are proliferating to
serve and regulate the same a(€sossman and Lewis 2014)

Using administrative proliferationsahe signal, this research examines regulatory dispersal on
Indonesianforest cover
Indonesia is an ideal country in which to study the effect of regulatory disper&aiesin

cover change.In the beginning of the ZIcentury, Indonesia transitionedorn thereformasiera
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Figure3.1: Administrative unit (x@xis) by count frequency (gxis) by year (legendjBPS 2006, 2011, 2016)
that marked the end of authoritarianu | e , to the worldés third 1|arg
process was the proliferation of new provinces, districts, and vilages (SI: Background). For
example, as Indonesia democratized and destieat! between 2000 and 2014, the number of
districtlevel administrations increased by 62% and the number of vilages increased by 21%
(Figure 3.1). During this same period, Indonesia also experienced one of the greatest changes in
contemporaryforest caer change(Hansen eal. 2013; Margono et al. 2014)hus, studying the
relationship between regulatory dispersal and Indonesian forest cover change can provide insight
into one of the most significant changes in contemporary and contrivitettér understanding
how ingitutional transitions impacknd coverchange.

To test and measure the effect of regulatory dispersal on natural resource use, we

construct an original dataset with information lamd covey geophysical attributes,
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socioecoomic vilage indicators, anddministrative changes in Indonesia from 2000 to 2014.
This dataset allows us to tektee hypotheses related tww timing, regulatory type, and
sequencingof regulatory dispersal affect forest cover change in Indonesia @00 to 2014.

First, we hypdtesize that regulatory dispersal wil affect forest cover change in the first
period folowing dispersallf regulatory dispersal affects forest cover change, it wil do so either
during the period in which dispersal is ocawgr in the periods followingdispersal, 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 wil
demonstrate a tgoral lag effect.That is, theeffect of regulatory dispersal on forest cover

change wil be most pronounced in the period folowing dispersal, rather than the same period of
dispersal or the period before (reverse causation).

Second, we hypothesize thhe effect of regulatory dispesal on forest cover change will
attenuate over time. The formalization if Indonesian forest regulation and management has
increased since its transition to democracy in 1(@&@dzinski and Kusters 2015)his
formalization has occurred primarily through a seriese@rms that increased the
recentralization of forest management through policy that gave increasing authority over forest
lands to ministries and provingeandreduced the authority of digt administrations(Barr et al.
2006; Sahide, Maryudi, et al. 201&though the marginal increase of administrative units over
time is posttive, this trend is in line with the recentralization of power in Indonesia and in other
national context{Grossman, Pierskalla, and Dean 2017; Ribara®al, and Larson 2006;

Sahide, Supratman, et al. 2018hus, we hypothesize that the effect of regulatory dispersal on

forest cover change attenuates over time, resporiditige increased formalization and
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recentralization of forest management. We teis hypothesis using a series of matching
analyses.

Third, we hypothesize that theffect of regulatory dispersalil vary across regulatory
type Given the difference ingwer and authority over forest resources held by different levels of
government,we anticipate the dispersal of units with formal authority wil differ in its effect on
forest cover than the dispersal of units without formal authority over forest dce@samine
differences in regulatory dispersal type, we focus on vieagad distict-level dispersalVilage
administrations represent informeggulatory dispersal since they have no formal authority to
manage forest areas; district administrations ssmteformalregulatory dispersal, since between
1999 and 2014 they were the miyn administrative level through which forest management
decisions were made (20@D03) or implemented (2002014).We testthe hypothesisby
examining theeffect of vilage- and districtlevel regulatory dispersal separately in the fixed
effect models ahmatching analyses, as well @samining how land cover changes in vilages
affected by vilagelevel regulatory dispersal, vilageand districtlevel dispersal, and district

level dispersal.

3.2 Materials and Methods:

3.2.1 Data

To conduct our analigs we combind datasets containing socioeconomic, boundiaryg cover
and physical data. We obtained data on villeyel, socioeconomic indicators as wel as
jurisdictional boundaries from the Central Statistics Agency of IndoneB&dgn Pusat Statik -
BPS. Vilage-level indicators are measured every three years through the Indonesian Vilage

Census (PODES), which Vilage Heads complete with direction and oversight from BPS

52



enumerators (BPS 2001, 2003, 2006b, 2008, 2011b, 2018kage, subdistrict, district, and

province boundaries are updated twice a YB®S 2015h)We obtainediand coverdata from

the Indonesian Ministry of Environment and ForegkyHK, 2016). Before 2010the Ministry

of Environment and Forestrgeneratedland coverdata using supervised classification of

Landsat Satelite Imagernyit now generatedand coverdata annually(KLHK - Kementerian

Lingkungan Hidup dan Kehutanan 201B6jom the 22and covercategories specified by KLHK,

we combind Aipri mary foresto and forBst eocechardea Mhdand or e st o
cover combination haslemonstrated 90.2% agreement of forest cover identification (Kappa=0.8)

with other land cover products generated from Landsat Ima@ddsygono et al. 2014)

We obtaned data on Inohesian 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, 204d assumed a lineaelationship to
estimate distance toad values between 2000 and 20@% obtained data on slope and
elevation from the Shuttle Radar Topography Mission (SRTM), 90m resolution ddtase,
Reuter,and Nelson, 2008and precipitation data from the Tropical Rainfall Measuring Mission
(TRMM). Precipitation datds the spatial average (mm/day) for two rgebefore and #hyear of
each time poin{Huffman et al. 2007)Additional information on land cover and biophysical
variables is inAppendix A.

Combining boundaryVilage Census, anldnd coverdataresulted in the identification of
51,800 vilages 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 Vilage

Census datéMartinezbravo 2013ps well as studies that have combined border, Vilage

3 Oversight of Vilage Census completion began in 2008. Bef6d8,2\Vilage Heads completed the Vilage Census
guestionnaire independently.
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Census, anthnd coverdata(Ferraro et al. 2013, 2015; Miteva, Loucks, &attanayak 2015
Vilages with incomplete data demonstrated no distributional differences from villages with
complete data. Furtherfasistical matching, which utiizes a set of creextional analyses
anchored to a Amovi nmgovelments énlcometmgd bordenand Vilgge r at e s
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, weausambination of forest
cover measurements and analytical approaches. Wl thet effect of regulatory dispersal on
forest area change using tmay fixed effect models. Walso assessd the differencein forest
changebetween vilages that experiencede gul at or y peisepéer val |l 4d9ds o)
that did not (Aundispersed villageso) using
analytical techniques provide a robust method for measuring the effect of regulatory dispersal on
forest coer change over time andrass administrative scales.
We examind forest cover using twoutcomevariables. First, we examidethe effect of
regulatory dispersal on vilagevel forest arealo normalize variable distribution and model
real zeroq(i.e. vilages without forest agg, we transforrad the number of forested hectares per
vilage using the inverse hyperbolic sine (IHS) functiBurbidge, Magee, and Robb 1988)
The inverse hypediic sine transformationsidefined as:
w 1Tl o p?8 [Equation 31]
Wherei indexes a vilagetindexes a period of time, ands the number of forest hectares (ha).
Second, we examidethe effect of regulatory dispersal on the compoundeablial rate

(CAR) of forest cover change. We calculate the CAR of forest cover change as:
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) [Equation 3]

Wherei indexes an indexes a vilagéindexes ageriod of time,1 and2 index the beginning and
ending of the periodAis the forested area (ha) at ydafPuyavaud 2003)We referto these
variabl es together as fforest coveandid adapvd oifde
forest change. 0
To examine the effect of regulatory dispersal on forest cover, wietweewvay fixed
effect models. Tweaway fixed effect models cortl for time effectsandendogenous individual
effects at the vilagdevel (Angrist and Pischke 2009 urther, these models provide the ability
to analyze the relationship between regulatory dispersal variables andaf@adtange during
different periods of regulatory dispersal and forest cover chéfigkel 1995) In our resarch,

these models take the form:

@ T O T @ R [Equation 33]

Wherei indexes the vilaget indexes yearzindexes time lags/leadsy is the forest change
variable,[ are vilage fixed effects, are time fixedeffects, D is avector of regulatory dispersal
dummy variables Xis a vector of time varying covariatgs, andf are coeffcient estimates,
andris the error termDue to data constraints, and in order to control for different lesfels
regulatory dispersalve imposé a hierarchical assumption on regulatory dispersal. Wedcode
vilages that experienced two or more administrative changes in one period as only having the
highestlevel of administrative changé-or example, a vilage tha&xperienced a stdistrict

change and a vilage change in Period 1 (2000 to 2003) is coded as havidgtr&bchange

from 2000 to 2003. Wimposedthis assumption because higthevel changes can affect the

information that identifies lowelevel changes. Thus, coding for ftiple administrative changes
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within one period could lead to the false identification of lolegel regulatory dispersal.
However, identifying a lowelevel administrative change cannot falsely identify a hidheel
change. Theesults we provide comtt for the effect of highefevel changes, but they do not
lend insight into the interaction between multiple levels of regulatory disp&&atheck the
robustness of this assumption by examining patterns in land cover cheshieremtly
dispersed Ml a g e s (see A3.2.3 Robustness checkso).
In addition to regulatory dispersal variables, we rege@#srest cover change over a set
of covariates common to analyses of deforestation. Folowing previous studeesincover
change(Brandt et al. 2014; Ferraro et al. 2015; HoRmsés, Bayls, and Ramirez 2011; C.
Nolte et al. 2013and admmistrative proliferation(Grossman and Lewis 2014; Grossman,
Pierskalla, and Dean 2017; Pierskalla 20%@& controlled for a combination of static and time
variant covaates. We contr@d for static variables that influence forest cover change (ie.,
elevation and slopahrough vilagelevel fixed effects. Variables that vary over timethin
vilage units, and are associated with forest cover chamgdude baselineforest cover paddy
agrculture, 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 lige council, average Eucldean distanoendarest road, household population,
and multidimensional vilage development (i.e. developrmamd infrastructure). AppendiR
includes further vaable descriptions and AppendiXincludes a discussion of the
mutidimensional vilage deprivation indicat (MDVDI) we usel to control for
multidimensional vilage development in this research. We cochbimgghts from the tweaway

fixed effect models with statistical matching analyses to check and further invegtigate
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direction, magnitude, and significainoof the effect of regulatory dispersal on forest cover
change.

Preprocessing data using statistical matching provides -gacametric alternative for
assessing the effect of regulatory dispersal on forest €h&Mg paied each dispersed village
with the most similar undispersed vildgebased on a set of covariates that influence forest
cover change and regulatory dispersal. Matching dispersed and undispersed vilages controls for
selection biases from idefed variables that influence which vilag experience regulatory
dispersal in addition to the rate of forest cover chgiergan and Winship 2014assuming no
omitted variable biagWoolderidge 2010)We match vilages using the set olvariates within
our fixed-effect models,ncluding timeinvariant covariates (elevation and area of vilage 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 enshe forest cover change between dispersed non
dispersed vilages 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 h other covariates.

To leverage our timseries data in a matching framework, we generate a total of 15
matched datasetmjatching groups of dispersed versus undispersed vilages based on the period
in which they proliferated, across subsequent timdog&rFor example, we matched vilages
tha experienced regulatory dispersal in the 2000 to 2003 period with undispersed vilages during
this periodand calculated the average difference in their rate of forest chafgghen re
matched this same group \dbges with the most similar undispetsevilages 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),ased repe
it again for each period of regulayodispersal.

After matching, weran aweighted least squares (WLS) regressions to calculate point
estimates of the difference in anndalest covedoss between vilages that experienced
province, district, andilage dispersal and those that did nosind WLS on pranatched data
provides a Adoubly robusto effect estimation
potential confounding variables within the matching-precessing 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 vilages during the first andcceed periods following regulatory dispers&kom
2000 to 2014, less than 1% of Indonesiads for
(Lee, Rianti, and Park 201leanwhile, districts were the primary admiraditre level at which
forest management occurred, first as determined by district administrations, and later as
determined by the national gomenent. Thus, we assess the percentage change in forest,
agricultual plantations, timber plantations, field agricutture, mixed agriculture, and paddy
agriculture across villages that experienced no regulatory dispersal, vilages that experienced
only vilage level dispersal, vilages that experienced vilagad distrit-level dispersal, and
vilages that experienced only distrletvel dispersal. In our analyses and discussion, we thus
focus on the effects of vilage and district dispersal.

Examining Miage- and districtlevel dispersal provides several advantageaduition to
providing information on how informal and formal regulatory dispersal varies in its effect on
forest cover changeVilage-level and districievel regulatory dispersal are commoccurrences

across Indonesia, unlke provina/el change thabccurs far less frequently (Figure 3.1)
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rendering thenmore amenable to statistical analysis over time. Further, vilages and districts are
autonomous administrative units, unike siistricts, which districts manage. This means that
the effect of reguiary dispersal in these units is more likely driven by poliical causes, rather
than bureaucratic planningilthough we do not explicitly address results from province or sub
district reguitory dispersal, our methods control for them, and our models siz@nthem.
3.2.3Robustness checks

To determine the most appropriate model, wel @aséagrange Multiplier test to
determine the need to control for vilages and time periods, and a Hatsstao assess the
suitability of a mixed model with random intercegtdausman, 19785ourieroux, Holy and
Monfort, 1982) The results of these tests demonstrdtee need to control foendogenous
variation within the vilages and timeeriods. This directed our choice to useo-way fixed
effect models(Woolderidge 2010)In order to assess the robustnesthe twoway fixed effect
modelresults we use the same set of covariates on alternate forest cover lgariand
transformations.In Appendix E, Bble E.2 provides values for the log of vilagerdst area plus
0.01, and Tabl&e.3 provides values for AR of forest change per vilage. We assessed
mulicollinearity by examining correlations between variables and assessing variableninflati
factors within pooled models for each variable and model type combination. We calculated all
two-way fixed efect mdel s using fAxtrego command iin Stata,
packageg(Croissant and Milo 2008)

We accourd for different theories of vilagdevel autonomy by providing differg
clustered robust standard errors. Clustering robust standard errors at thdevid genaintains
the assumption that individual sitjes function as independent entities, and thus there is no need

to correct for design or treatment issues within tloeleis (Abadie et al. 2017)Clustering robust
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standard errors at the distrletvel maintains tht vilage level variables should be interpreted as
districtlevel clusters in order to correct for treatment issues and spatial eonrekithin land
covervariables. For all models, we provide villagand districtlevel clustered robust standard
erross.

To assess the robustness of our matching results, -vmatoded our data using two
alternative matching techniques, and we examimebtalance of our 15 matching results across
all covariates. The type and specification of matching procedures ciicasigly affect the
resulting datasgStuart, 2010; King and Nielsen, 2018Ye conpared outcomes from one to
many propensity score matching, one to one propensity score matahrdul matching
(Appendix E Robustness checks). In each, we dropped a vilage if a match was not found within
0.25 standard deviations of the propensityrador selection into administrative change. For the
one to many propensity score matching, we matched each dispdesgd with nondispersed
vilages according to the ratio of dispersed to-d@persed vilages within the dataset. For
example, theperod 2000 to 2003 contained approximatel
50,000 Acontrol 0 vi trdamenevlage withothe west vmacontohe d e ac h
matches, with replacement. Including multiple controls for each matched treatment provides
additonal assurance that matched groups better refiect qualties in the population and control for
confounding variabke (Stuart, 201Q)We conducted statit i ¢ a | matching wusing
Aopt mat cho p arankweightedegréssionsRo progide goint estisgtin base R.
We provide information on the number of vilages avaiable for each matciRéSults) as well
asalternative matching appaches ah covariate balanceesults inAppendix E

We asseswhetherour fAhierarchical aspessal mprdctalderbp o f r «

examining the patterns of land cover change between vilagd districtlevel dispersal. If
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patterns ofand coverchange between vilages that experienced vilaged districtlevel

dispersal demonstrate outcomes that strongemble either vilagé&evel only dispersal or
districtlevel only dispersal, wasserthatit is unlikely the assumptiomas effectively isolated
vilage- and districtlevel dispersallf there exists no dimction in land change patterns between
vilages that experienced the three types of dispersal, we assert that the analysis provides no
additional informationabout the hierarchical assumptioAnd, if land change patterns in vilage
and districtlevel dspersal resemble a midefgound between vilge-level only and distriet

level only land change patternse assert is more likely that our hierarchical assumption has
effectively isolated different dispersal typimit create different land cover matis Although

this analysis represents a pbst test of robustness, the structure of our dasaich 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 n Indonesia was deforest¢d LHK , 2016b) This sum resembles fordess findings from
others studies that look at total loss of natural and plantat#@eancoveloss (Hansenet al, 2013)
and primary foresbss (Margono et al. 2014)Aggregating forest loss within vilages that did
and did not experience any administrative change between 2000 and 2014 demonatréties th
majority of Indonesianforest coveross occurred in vilages that experienced some form of
regulatory dispersalFurther, the annual rate fofest coverchange in dispersed vilages
increases over time as comparediridispersedvilages (Figure 2). Athough these trends
indicate that regulatory dispersal may increfisest coveloss, it does not control fomportant
confounding variables that may account for

as well adorest coverchange To control for these variables and examine the effect of
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Figure3.2 Period of analysis (axis) by average kfof forest cover loss per year-@xis). Colors represent different averag
estimates for villages that did not experience anylasory dispersal (blue color, dotted trend line) and villages that did
experierce regulatory dispersal (red color, solid trend line)

regulatory dispersal diorest coverover time, wemodel forest area over time and use matching
analysis to test differences in dispersed
(CAR) offorest cover change.
3.3.1 Fixed effect modednalysis

After controlling for individuadlevel variation, variaton ovemte, and timevariant land
coverand socioeconomic Vvariables, we find that regulatory diapaignificantly reducesforest
cover (Sl Results: Table 3.3). Figure 3.3 illustrates the effect of vilageard districtlevel
dispersal ovetime, with standard errors clustered at the vildgeel Examining the effect of
future regulatorydispersal on forest area predicts more forest cioveilages that experienced
vilage-level dispersalf = 0.014,SE = 0.01) and distridevel dispersalf = 0.011,SE = 0.004).

However, examining the effect of regulatory dispersal on forest @ovke first period after
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Figure 3.3: Coefficient estimates of forest cover area transformedhéyriverse hyperbolic sine functiondxis) by time
effect of villagelevel dispersal (Panel A) and distrietvel dispersal (Panel B). "Same Period" estimatesffieet of
regulatory dispersal on forest c matesthe effectohregulatorytdigpersasoa r
forest cover area in the first period before thoé dics
regulatory dispersal on forest cover area in the first period following disp ersebefficients are estimated from tweay
fixed effect first difference models that control for relevant covariates with cluster robust standard errors at tlevelllage

dispersal occurred demoraes a negative effect on forest cowvervilages that experienced
vilage-level dispersalf =-0.021,SE = 0.009) and distridevel dispersalf =-0.014,SE =
0.004) These findings are robust ddogged transforation of forest areand they mirrorresults

from two-way fixed effect models a€AR of forest change (Appendi€: Robustness checks).

Thus, we support our hypothesis that regulatory dispersal affects forest cover change in the first

subsequenperiod.

Subsetting the data to examine onljlages that experienced dispersal shows that
baselineforest coveragricultural area, average distance to ropgssence ovilage council,
and MDVDI significantly predictforest coverchange $1 Results: Table 3.4). Increasing the

amount of agricultureacross all agricultural variablegredicts greater declines in forest cover in

the first period following dispersal for vilages that experienced regulatory dispersal. Increasing

the amount of development deptions (MDVDI) and the average distance ¢@ads reduced the
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Figure 3.4: Matched differencegéh compounded annual ratefofest coveltoss between villages with villagevel regulatory
dispersal (Panel A) and distrilgtvel regulatory dispersal (Panel B). Shading represents nonsignificant differences (p>0

overall amount oforest coveross. Statistical matching provides a rahass check of these
findings, andit provides additional information on the titends of regulatory dispersal.
3.3.2 Matching analysis

Matching results comfin consistent and significant negative effects of vildepes|
changes oOICAR of forest chage over time Oneto-many propensity score matching provided
the best balance, compared to-ém®ne and full matching. Btching analysis shows thaiver
time, te effects fromvilage- and districtlevel dispersadecreases in magnitude and becomes
lesssignificant (Figure3.4). This finding supports our second hypothesis, that the effect of
regulatory dispersal on forest cover change in Indonesia attenuatetimever

In contrast to fixed effect models, matching analysis demonstrates a varied effect of

districtlevel regulatory dispersal on vilagevel CAR of forest changeAlthough certain
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periods of districlevel dispersademonstrate negative effects omaal forest coverchange,
most ofthese effects are posttive or meignificant. 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 cowveMatching analysis supportsettoverall negative effect of
regulatory dispersal on forest cover from the fixed effect models during the pe@fid@2003,
and 20062008 Findings from matching analyses are robust to alternatnatching techniques
(Appendix E Robustness checks). time following section we discuss how the consistently
negative effect of vilagdevel dispersaland the varied effect of distridevel dispersalon forest
cover changecontribute to understandintie type, timing, and vation of regulatory dispersal.
3.3.3 Land cover change

Vilages that experienced only vilage or only district dispersal demonstrate different land
cover change patterns, and vilages that experienced both-vibangedistrictlevel dispersal
depict a ombination of these results (Figu3.5). Vilages that experienced only distiiotel
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 regulattispersal. Vilages that
experieced only vilagelevel dispersal see a smaller gain in field agriculture (0.8%) as wel as a
gain in mixed agriculture (0.6%Yillages that underwent vilagdevel and districtlevel
dispersalrepresent aniddle ground with an increase in field agriture (1.8%) and mixed
agricultural (0.2%).These findingsfurther support our third hypothesis, that regulatory type
demonstrate a varied effect on forest cover change. These findings also provide reason to
believe that ouhierarchical assumption is dly to have identified different dispersal types that

generate different outcomes for land cover change.
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Figure3.5: Land covertype (xaxis) by mean area change within villageals). Panels refer to villages without regulatory
dispersal (A), villages with only villagevel dispersal (B), villages with only distritgtvel dispersal (C)and villages with
district-level and vilagelevel dispersal (D).
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