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Understanding forest cover dynamics is importanaforn at i on6és envi r onmer
political commitments. In the past decade, Myanmar had the highest deforestation rate, in
mainland South East Asia (Hansen et al., 2013). Further, in 2009, Myanmar endrarked

a landmark political change from militaryegime to democratic transition which
significantly impacted its forest cover. Myanmar also ranks first with respect to forest fires

in South/Southeast Asia. In Myanmar, forest cover loss and fire are intrinsically linked
through the traditional tagya sysem of slash and burn. Thus, quantifying factors
controlling forest fires in Myanmar is an important topic that needs attention. Although the
Myanmar government established protected areas throughout the country to conserve

forests, their effectiveness rais unevaluated.



This dissertation aims to understand the current status of forest cover dynamics in
Myanmar. The five chapters in this dissertation address the impact of the political transition
on forest cover loss and fragmentation, fire disturbantepical evergreen and deciduous
forests including the factors controlling vegetation fires in the protected anorot@cted

forests. The dissertation contributes to the existing knowledge in land cover and land use
change science (LCLUC), especiallg timpact of institutional changes on forest cover in

the tropics. The analysis of the relationship between forest loss, fire and effectiveness of
the protected areas addressed in the study, contributes to regional knowledge on fire and

conservation sciengespectively.

The findings of this dissertation depict that in Myanmar, the political transition to
democracy significantly influenced its forest cover. Our analysis showed that during 2001
2014, a total loss d%,030,101 ha of forest occurred at therat 145,007.21 ha/year with

a linear increase of 15,359 (x1793) hal/year. The observed increase in variance in between
20082011 coincides with political transition period which started with the formation of
the new Constitution in 2008 and ended withrthitary government handing over power

to the democratic government in 2011. Analysis of trend and variance patterns of two
landscape fragmentation metrics (Number of Patches and Mean Patch Area) at the
provincial level show the influence of the politi¢ednsition on landscape fragmentation.

The impact of political transition was more pronounced in provinces associated with

plantations and urban areas. Among the rubber producing States, the border States, Shan,



Kayah, and Kayin were more impacted comparedland Mon. Tanintharyi and Bago
Regions showed higher variance in residuals of both metrics before the transition occurred
due to the military government supported oil palm and teak plantations. Fragmentation and
the variance in fragmentation metrinKachin increased post 2008. Apart from plantation
areas, urban areas like Yangon and Mandalay showed high fragmentation post 2009 period
after the new government was formed. We attribute the forest loss and fragmentation to the
economic and structuraleforms of the democratic government, specifically to the

increased granting of agricultural concessions and logging for plantations.

A study of the fire regime from 2003 to 2012 using MODIS satellite data suggested March
as the peak of the fire season wi900 kn? of Burned Area (BA) and 95000 fire counts.
Forests accounted for majority (41.3%) of the total BA and most fires (89.7%) resulted in
medium or high vegetation disturbance. A higher negative correlation between BA and
Gross Primary ProductivityGPP) was reported for deciduous forests than for evergreen
forests (r=0.49 vs r = 0.36, p ~ 0). A maximum decrease in 29% of original GPR (2007
2012) was observed in the evergreen forest patches. Thedspaedent correlation
analysis suggested signifitaBA-GPP correlation at 1 x 1 degree, as compared to finer

resolutions. These results highlight the significance of fires impacting carbon cycle.

An in-depth analysis of fire causative factors in Myanmar was studied. The mean fire

density in norproteced areas was found to be two times more than in protected areas.



Fire-land cover partition analysis suggested dominant fire occurrences in the savannas
(protected areas) and woody savannas-fiotected areas). The five major fire causative
factors in prtected areas in descending order were found to be population density, land
cover, tree cover percent, travel time from nearest city and temperature. The causative
factors in norprotected areas were population density, tree cover percent, travel time from
nearest city, temperature and elevation. The fire susceptibility analysis showed distinct
spatial patterns with central Myanmar as a hot spot region of vegetation fires. Results from
propensity score matching suggested that forests within protected avedslBo less fires

than nonrprotected areas. These findings provide information to policy makers about the
current forest loss, forest fragmentation and forest fire hotspots, status of forest
conservation and can be used to inform, update or evaluatéepolihiese findings are
timely and can guide policy makers to arrive at best management strategies as the new
government is formulating policies and laws and amending old ones to aid forest

conservation.
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Preface
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1 Introduction

1.1 Research Objective

This dissertation investigates the contemporary fomeatradynamics in Myanmaldnderstanding
forest cover dynamics is important for a nati c
In the past decade (20@D14), multiple studiesHAO 2015,Hansen et al. 2013)ave reported

Myanmar as a hotspot of forest loss. A recent FAO stBA¥(2015 ranked Myanmar as having

the third worst deforestation rate globally, after Indonesia and|BAapnther studyHansen et al.
2013)ranked Myanmar as havinlge highest forest loss rate iramland South East Asi&urther,

in 2009, Myanmar embarked on a landmark political change from military regime to democratic
transition which was expected to significantly impact its forestec due to rearrangement of
institutional structure and uncertainty and the time lag of newly introduced refGonsistent
information on land cover changes in Myanmanaosavailable owi ng t o the count
economic and political isolatiorEstimates of potential land conversion available from the
Myanmar Government sources do not represent the real picture as they do not report information

for the 6 seHadministered regions in Myanmar. The information on land use that is available from

thepress and other global/regional institutions is often concentrated in a few regions.

Thus, it is of interest to investigate how the political transition influenced the forest cover
dynamics, in a place which already has high forest loss rates. The iofpastitutional change

on forest cover dynamics is a less studied arehimportant topien Geography Most of the
knowledge that exists in this area is from the temperate regions in Eastern Europe, where

researchers reported forest regrowth trendabiandoned agricultural areas due to absence of



agricultural subsidy after reorganization of the socialist institutional structure following the fall of
former Soviet Unior{Hostert et al. 2011; Kuemmerle et al. 2011; Prishchepov et al..204:13)

limited studies exist ithe tropics on the institutional factors impacting land/forest cover change
(Hecht et al. 2006; Burgess et al. 2011; Meyfroidt & Lambin 200 recent political transition

in Myanmar, accompanied by opening of its ecopdo the global market and the recent rapid
land cover and land use changes provides an opportunity to study the impact of institutional factors
on forest cover change in Myanmar. In addition, a recent forest cover change product has made it
possible to ranitor spatiotemporal forest cover changes in the past decade at high resolution in a
consistent manner. The second chapter in this dissertation addresses this issue.

Given the geographic location of Myanmar, the relation between forest cover loseasddiry
interesting.The majority of Myanmar lies in the subtropics while the southern peninsula lies in
tropical belt.In the tropics fire is used to clear the forest for nfmmest (agricultural) purposes
through the traditionadystem of slashandbuin (|l ocal |l y call ed fAtaungya
of forestclearing fires is practiced both in the hills for shifting cultivation and in the plains to clear
forests for commercial plantations and/or development purposes. In this system, land which is no
longer considered forest is chosen. However, sometimes fires escape from their intended
boundaries and spread through nearby forests. Specifically, in dry subtropical Central Myanmar,
the moisture deficient conditions in combination withdleeiduous natre of the broadleaf forests

result inforest fires with significanforest cover los€Johnson, L. A., & Dearden 2010)hus fires

play an important role in forest cover changiethird chapter in this dissertati@ddressethe

impact of fire disturbance in the forests@éntralMyanmar.

Finally, to help protect the forests from the above two forms of fire related forest coveitlsss

important to study the factors which cause vegetation fires and the effectiveness of the protected



areasMyanmar has the highest number of fires in mainland S& @&drevu & Justice 2011)

The cause of these fires is maell known. Protected areas have been established throughout the
country in order to conserve forests, however, their #ffeaess remains unevaluated. The fourth
chapter in this dissertation addresses the factmgolling forest fires within, as well as outside

the protected areas useful to address forest conservation measures in Myanmar.

1.2 Background

1.2.1 Forest Cover and Fores Cover Dynamics

The t er m fihremotesensing ie wsedraa measure of forest area derived from satellite
dataThe term is closely rel at e darehaf gréubhdrceveredbyo ver 0O
treesDepending on the definitondff or est 0 used, the area of tree
qualify as forest®exton et al., 2096 The measure of forest cover may be binary (presence or
absence of trees in a given grid) or a continuous measure (percent of grid populated by trees). In
this dissertation forest cover is defined as tree cover equal or more than 30% as indicated in the

Hansen Forest Cover Change proditansen et al. 2013)

Forests provide a number of ecosystem services (climate regulation, biogeatheyuling,

nutrient cycling, soil formation and maintenance, biodiversity habitat) and goods (food, fuel, fiber)
some of which are essential for human survival. They are affected by both natural factors (drought,
floods, cyclones), and human factors (oies in land use or management). The change of forest
cover over time is referred to as forest cover dynankiasn@r et al.2014). In the past decaga

trend of global forest loss has been observed especially in the tropics Forest loss is detrimental to
the overall wellbeing of life on Earth and monitoring forest loss provides importanimation

for forest managemefoley et al. 2005)Forest loss occurs at different rates in different parts of



the world FAO 2015. A recent satellitdbased forest cover change prodielansen et al. 2013)
has made it possible taonitor forest cover change at high resolution (30m) in a consistent and
continuous manner. In the past decade (Z8@WD4), multiple studies have reported Myanmar as a

hotspot of forest los$A0O, 2015,Hansen et al., 20)3

1.2.2 Role of institutional factors in driving forest dynamics

Drivers of forest loss may be grouped into proximal and distant fadtansbin et al. 2003)At

the local level, the purpose for which a parcel of land is used is often decided by the land owner,
based on the most attractive or beneficial land use option available to him/her. The available land
use options are in large part determined by institutional factors such as the economic policies, land
use policies, environmental policies, land tenureyigron of price supports, taxes and subsidies

for specific types of land use dtcambin et al. 2003)Thus, institutional factors play an important

role in determining forest cover at the landscape g&aishchepov et al. 2012; Laimbet al.

2003) These institutional factors are largely controlled by the ruling government in a manner
consistent with their political ideologi€Bidia 1997; Dutt & Mitra 2005)Thus, it is commonly

seen that insocialist forms of government the economy is regulated by the State with the
absence/heavily controlled market forces. In authoritarian forms of government the economy is
regulated by the military government with limited market forces, and in democratis fof
government, the economy is largely market oriented with limited regulation from the government.
It is through these policies and the extent of control of market forces that national governments
influence land use decisions at local le@glia 1997; Dutt & Mitra 2005; Lambin et al. 2003)

For example, in Soviet Russia, under the communist government, the agricultural sector was

subsidized with guaranteed markets, under a centrally planned ec@Posinghepov et al. 2@).



This encouraged land owners to grow crops, even in marginalized lands. However, with the
dissolution of Soviet Union, the centrally planned economic system ceased to exist and the
incentives to grow crops were much reduced, resulting in signifiedomtestation in Eastern
Europe(Kuemmerle et al. 2011)Among the former Soviet nations, the pattern and extent of
reforestation greatly differed and was dependent on the institutional support of the newly created
countriegPrishchepov et al. 2012)ynder authatarian governments, the economy is tailored such
that it benefits and serves the personal interesthe government official®idia 1997) In such

forms of government, generally, extractive land uses or crops which earn more foreign exchange
are the dominant land use patte(Mgoods 2011a)In such countries the deforestation rates is
general high. In contrast, in democratic forms of government, economic policies encourage trade
liberalization and foreign investments and land uses are largely driven by market conditions and
financial investmets. In such countrieshe rate of forest loss is either stable or conservation
measures are adopted to reduce forest [@8dia 1997) Thus, at the highest level of
administration it is the institutional factors which facilitate or prevent forest loss directly or
indirectly by egulating the drivers.

Though institutional factors play an important role in land cover and land use changes, it remains
an understudied topid his is because institutional factors operate at a broad scale, generally at the
country or administrative l&l and undergo change at a much slower rate as comparapido r
changes in the land cov@®rishchepov et al. 2012)his difference in dynamidactors makes it
difficult to attribute any land cover to such institutional factors. However, times of drastic changes
in institutions(e.g. ideological changes in governments /policies) offer a unique opportunity to
study the impacts of institution on land cover change. The recent literature investigating the role

of institutional factors in land cover and land use clkaisgconcentrated in the East European



region focusing on the forest regrowth trends in Eastern Ewaftpethe fall of Soviet Union
((Hostert et al. 2011; Kuemmerle et al. 2011; Baumann et al. 2012; Prishchepov et al. 2012)
Limited studies were found to address the impact of change in political and economic institutions
on land cover ahland use in the tropid$iecht et al. 2006; Burgess et al. 2011; Meyfroidt &

Lambin 2008)

The recent political transition in Myanmar, accompanied by opening of its economy to the global
market and the recent rapid land cover and land use changes provides an ideal opportunity to study
the impact of institutional factors on forest cover changdyanmar. Recent advances in forest
mapping have enabled the production of high resolution, spatially consistent forest cover maps at
a global scal¢Hansen et al. 2013The high spatial resolution of remotely sensed data provides a
technique to capture small scale forest losses which was previously unfeasible. Thus, it is now
possible to monitor spatiotemporal forest cover changes in the past decade at high resolution, in a

consistent manner.

1.2.3 Roleof fires in driving forest cover dynamics

Fire is a common land management tool in the trofepstad et al. 1999; Nepstatal. 2001;

Stolle et al. 2003; Cochrane 200@&here it has traditionally been used for slash and burn
agriculture, and is now commonly used to clear forest land for agricultural expansionglagdi

to build infrastructuréNepstad et al. 2001; DeFries et al. 20Xgaringof forests for agriculture

can lead to fragmentation of forests and increased forest edges resulting in greater fire risk
(Cochrane 2009)The relationship between fire and lacwlver and land use change is complex
(Eva & Lambin 2000)Anthropogenic fires are used as tools to clear land. LCLUC also effect the
fire regime bycontrolling the spread of fire by limiting the moisture content and amount of fuel

6



available for burning e.g. forests have more biomass available for burning compared to agricultural

lands.

Myanmar has the highest number of fires in mainland SE A&adrevu & Justice 2011 he

cause of these fires is presently not kno$pecifically, in dry subtropical Central Myanmar, the
moisture deficient conditions in combination with tthey deeduous nature of the deciduous
broadleaf forests result iforest fires leading to forest cover losehe mosaicked forested
landscape of mainland SE Asia, mostly comprisesd@gendent forests such as tropical broadleaf
deciduous forests, though theglags of fire sensitive moist broadleaf forests are often interspersed
with fire-dependent dry seasonal broadleaf forests. Fire is a common disturbance agent in the
mosaicked ladscapes of mainland SE Agidohnson, L. A., & Dearden 2010)he region has a
distinct dry season during which people tradigiiy burn forests to clear lands for agriculture,
maintain existing agricultural fields and hunt. However in recent times, it has been observed that
tracts of former moister closed forests have been converted to more flammable open forests or

fields with nore frequent fire occurrees(Turner et al. 2006)

To characterize fires in the study, fire occurrence daan fthe Moderate resolution Imaging
Spectroradiometer (MODIS)as been use@ustice et al. 2002; Giglio 201GY1ODIS provides
continuous well-calibrated, and relatively lorigrm global records of daily fireccurrenceThe
MODIS Active fire data(MCD14ML) provides the location of fires within 24 hours of fire
occurrence at a global scdlIRMS 2011) This global dataset provides geolocation, brightness
temperaturgscan and tracgosition date, time, sensor, confidence and version for each fire pixel
at 1km resolution. The characteristpestral and temporal resolution of MODIS maksuitable

for fire detection application§Justice et al. 2002)rhe 500m MODIS Burned Area product



(MCDG64A1) uses MODIS daily surface reflectance data for characterizing fires and associated

burnt areas. Undeypical conditions, MCD64A1 captures firésrgerthan120 ha(Giglio 2010)

1.2.4 Impact of forest loss m biodiversity and the role of protected areas:

Between 2000 and 2012, the tropics experienced the highest amount of for@daitsen et al.
2013) Most of these losses can be attributed to agricultural expansion, urbanizatioggind |
(Laurance et al. 2009; DeFries et al. 20T0)e cleamg of tropical forests for the aforementioned
LCLUC results in loss of habitats. Habitat loss is of greater concern when iis acdiodiversity
hotspots(Sodh et al. 2004) Biodiversity hotspots contain at least 0.5% or 1,500 species of
vascular plants as endemics, and have lost at le&6tofGts primary vegetatiofMyers et al.
2000) The clearing of forests in biodiversity hotspots may result in extinction of endemic species.
Most of biodiversity hotspots are located in SEigh countries where high ratesfofest loss

were also reportedqHansen et al. 2013While a lot of research in forest and biodiversity
conservation has been conducted in insular SE Asia, similar studies in mainland SE Asia are

limited.

Protected areas are a common means for foresbiadiversity conservatiolUCN and UNEP

2010) However, the effectiveness of protected aredsanropics has been deba{@duner etal.,

200]). Most resarchers agree that at the broader scale, protected forests are better conserved than
unprotected forests, though different levels of governance may influence the degree of protection
offered(Nepstad et al. 2006; Nelson & Chomitz 2011; Ferraro et al. 2013; Nolte & Agrawal 2013)
Myanmar has some of the last large tracts of forest in mainland SE Asia and very rich biodiversity.
During 20122013, 26 new species have been discal/are¢he forests of Myanar(WWF 2014)

This discovery highlights the extremely rich biodiversity of this country. Loss of forests for



agricultural expansion results in habitat loss and fragmentation of forests threatening the survival
of the species and is of grave concerndnservationistyDeFries & Hansen 2005; Songer et al.
2008) Specific to Myanmar, forest loss @gcurring at a rapid rate and there is a strong need to
protect the forests. It is important to investigate how the land @seyek are impacting the forest
protected areas and whether legal protection status makes a difference to conservation efforts in

this region.

Figure 1.1: Map showing location and topography of the study area.

1.2.5 Significance of study area:

Myanmar is undergoing a poliat transition from authoritarian military government to

democracy. The country was under military rule since 1962. The Constitution for Democratic



Burma was established in 2008 and the first election under the new Constitution was held in 2010.

The transion in political landscape in Myanmar is reflected in its biophysical landscape.

In the early 2000s the military government ruled Burma. However, under the military government,
there was discontent in the ethnic border states of Burma. These statesmwaaet by ethnic
communities, in contrast to Burmans who dominated the central Burmese regions. Each of the
ethnic states had their political groups and there was friction between the Burmese military
government and the ethnic political groups. To magéacp with the ethnic political groups, the
military government signed ceasefire agreets. As a part of thesagreements, timber
concessions were given to the groupseithange forterritorial control. To finance their
organization, the political groupkegally sold most of the timber tGhinese marketacross the

border ((Woods 2011l1a; Global Witness 2009&jowever, in the mi2000s, the military
government was able to effectively redirect the timber harvested fbotider areas to military
channels and cut off the source of revenue for the ethnic g(dpasds 2011a; Global Witness
2009b) In addition, a change in the existing Chinese policy in ZU060ds 2011b; TNI 2010)
resulted in further weakening of the ethnic political group. The new Chinese policy encouraged
large scale rubber plantations in the uplands. This lead to displacement of a lot of ethnic people,
resulting in loss of ethnic controlled territofyWoods 2011h)Though the military government

had been encouraging agricultural plantations by granting large scale agricultural concessions
since early 2000s, through its-$8ar Agricultural Pan, not much change was observed until 2006.
The change in Chinese policy along with liberalization of the agricultural trading policy in the
mid-2000s resulted in rapid and uncontrolled expansion of plantations (rubber in north-and oil

palm in south) in Manmar. Civil unrest in response to how the military government dealt with

10



the fuel crisis of 2007 and the Cyclone Nargis in 2008, combined with the economic incentives of
attracting foreign investors through democratic government system after the »00& ful

crisis, resulted in the military government giving up power to the new -geasocratic
government in 2010. The new government headed by President Thein Sein aimed to develop
Myanmar economically. A series of new laws were introduced in 2012ydoueage foreign
investment in largscale agriculture. The change in form of government accompanied by changes
in economic structure and policies and law have encouraged agriculture to a great extent. At
present, 62% of the agricultural concessions gdahtethe government are concentrated in two
states, Kachin and Tanintharyi. These two states also have the largest remaining forest in the
country. The huge agricultural concessions resulted in conversion of forestland to agriculture. In
most casest is the lowland tropical forest that has been converted. It is more profitable to sell the
wood from the cleared forests (called conversion timber) than the actual agricultural export crop

(Woods 2015)

1.3 Research Quesons

This dissertation investigates contemporary forest cover changes in Myanmar by addressing the

following objectives.

Objective 1: Determine the impact of institutional change on forest cover changes in

Myanmar

The political transition in Myanmar wibe used as a natural experiment to study the impacts of
institutional change on forest cover. The above objective will be addressed through the following

research questions:

11



1. How did the recent political transition in Myanmar impact its forest cover?
2. Isthe change consistent across different provinces and which of these were most impacted
with respect to forest cover change?

Objective 2: Characterize regional fireoccurrenceand forest disturbance due to fire

Research Qestions:

1. What is the spatiotempal distribution of the fires in Myanmar and what are the typical

fire regime characteristics (duration, seasonality, and extent)?

2. Which land cover is most impacted by fires? How much of the vegetation disturbance in

Myanmar is due to fires?

3. How does thdire impact the GPP in a forested landscape and how dd&fitE
relationships vary across different ecosystem types (evergreen versus deciduous forests)

and across different spatial scales?

Objective 3: Evaluate the dominant causative factors and the efféveness of protected

areas in conserving the forests.

Research Qestions:

1. What are the dominant causative factors of fires in protected angratacted areas?

2. Are protected areas effective in conserving the forests?

To achieve the above objectsjea methodology combining the use of satellite remote sensing

data, ancillary GIS data, statistics and reports from government argbmemment sourcdgve

12



been used. A schematic diagram of interlinkages between research objectives is given in Figure

1.2.
Political
Transition Land Cover Change
i Determine the impact of institutiona
Economic
Reforms
Fire
i Characterize regioha fire
Land Use Change Forest Cover Loss
|
l Evaluate the dominant causative factq
Effectiveness of PAs

Figure 1.2: Schematic Diagram of the Research Objectives

1.4 Outline of Dissertation

This dissertation is composed of 5 chapters. Chapter 1: Introdythisnchapter)provides a
backgound onthe research problem and study area, introduces the research objectives and
research questions, and provides an outline of the dissertation. Chagtars the three primary
chapters and are salbntained and structured in the format of jouradicles.Chapter 2 is in
preparatiorfor publication Chapters 3 and 4 have already been publiseadh chapter, thus,

consists of the relevant literature review and a list of references at the end.
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Chapter 2:Regime change and forest fragmentation igakimar addresses Objective 1 and
estimates forest loss and fragmentation in context of the recent political transition.

Chapter 3Fire Disturbance in Tropical Forests of Myantaknalysis Using MODIS Satellite
Datasets addresses objective 2 amalysesife caused forest disturbance in the tropical evergreen
and deciduous forests.

Chapter 4:Factors Controlling Vegetation Fires in Protected and -Rmtected Areas of
Myanmar addresses objective 3 andestigates the causative factors of vegetation &resthe
effectiveness of protected areas.

Chapter 5: Summary of research provides a summary of the findingslusion and futre

directions for the research.

14



Chapter 1 Introduction: Background, Research Objectivesl &uestions

Research Structure and Logic.

Chapter 2 Objective 1Determine the impact of institutional change on foi In

cover changes in Myanmar preparation
Paper 1Regime change and forest fragmentation in Myanma

Chapter 3 Objective 2: Charaetize regional fire characteristics and for Published

disturbance due to fire
(IEEE

Paper 2 Fire Disturbance in Tropical Forests of Myandal JSTARS)

Analysis Using MODIS Satellite Datasets
Chapter 4 Objective 3: Evaluate the dominant causative factand the Published

effectiveness of protected areas in conserving the forests.
(PLOS ONE)

Paper 3Factors controlling Vegetation fires in Protected and r

protected areas of Myanmar

Chapter 5 Research Summary, Discussion and Future Directions

Table 1.1;: PhD Dissertation Structure
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2 Regime change and forest fragmentation in Myanmar

2.1 Abstract

In 2009 Myanmar embarked on a landmark political change from military regime to democratic
transition which signittantly influenced its forest cover. In this study, we examine forest loss and
fragmentation from 2001 to 2014 the context of this recent political transition, using Landsat
derived forest change data to estimate forest loss and fragmentation metgcalas: i) national,

andii) State/Region (in Myanmar States and Regions are geographically exclusive and both refer
to level 2 administrative division). Our analysis showed a total |08980,101 ha of forest at the

rate of 145,007.21 halyear withimear increase of 15,359 (x1793) ha/y8dre observed increase

in variance in between 20811 coincides with political transition period which started with the
formation of the new Constitution in 2008 and ended with the military government handmg ove
power to the democratic government in 2011. Analysis of trend and variance patterns of two
landscape fragmentation metrics (Number of Patches and Mean Patch Area) at the provincial level
show the influence of the political transition on landscape fratatien. The impact of political
transition was more pronounced in provinces associated with plantations and urbahnaoeags.

the rubber producing Statethie border States, Shan, Kayah, and Kawiere more impacted
compared to inland Mon. Tanintharyi aBdgo Regions showed higher variance in residuals of
both metrics before the transition occurred due to the milgargrnmensupported oil palm and

teak plantatioa Fragmentation and the variance in fragmentation metrics in Kachin increased post
2008. Apart from plantations areas, urban areas like Yangon and Mandalay showed high
fragmentation post 2009 period after the new government was foveedttribute the forest loss

and fragmentation to the economic and structural reforms of the democraticmmrgener
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specifically to the increased granting of agricultural concessions and logging for plantations.
results highlight hotspots of recent forest fragmentation to aid conservation measures. The
challenge for the new government lies in designingwiim policy interventions that not only

encourage economic and social development but alswesrsvironmental protection.

2.2 Introduction

The significant role played by the government in determining national forest cover trends is
recognized in forest consation literature Deacon 1994; Didia 199F)ather 2007; Ferreira and
Vincent, 2010). Governments influence land use decisions at a local level through policy
intervention, institutional and market controls and thus, determine the fate of the avaie$ie fo
resourcegLambin et al. 2001; Hosonuma et al., 2Q01R2)pm past examples, we can see that the
mamer in which different forms of governments manage forest resources are ditiidiat

1997) Most nondemocratic governments are associated with unsustainable forest management
activities leading to increased pressure on forest resources, in the absence of appropriate
environmenal safeguards under autocratic ryleidia 1997; Barber & Talbott 2003; Larjavaara
2012) while democratic rule with the provision of environmental safeguards has proved lagnefici

for forest conservatio(Deacon 1994; Li & Reuveny 2006; Shandra 206iowever, thisitend is

not uniform. Not all democratic governments have been able to conserve forests successfully
(Midlarsky 1998 Neumayer 2002; McCarthy 2014; Klopp 2012) a recent studyBuitenzorgy

& Mol 2011) inferred that countries with autocracy and mature demmsabave low
deforestation rates compared to countries with young, transitional or low democracies and attribute
the high deforestation rates in new democracies to the weak State, immature civil society and weak

governance.
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Accordi ng t o aksionthearydathef 2004;evmather 2007; Rudel et al. 20a8)
societies undergo change, initially there is a prolonged decline in the extent of forests followed by
partial recovery depending on policy interventions by the goverhorechange in demand for
resources due to globalization. The rate of forest loss in the initial period increases due to
uncertainties associated with the newly introduced policies, temporarily weakened institutional
control and exposure of the local faresmmunities to global markets. For example, in Borneo,
Indonesia, logging rates skgcketed during the transition to democr#©pidzinski 2004) As

the transition completes, changes in structure and functions of institutions occurs and based on the
policies and implementation rigor, forest resource exploitation might decrease over aoperiod
time in the democratic regin{Barbier & Burgess 1997; Mather & Needle 199Rates of forest

loss may also depend on the implementation of specific land use reforms including granting of
new agricultural or logging concessiofMcCarthy & Tacconi 2011; Rudel et al. 2009; Larson
2010; Angelsen 2010pnd absence of wellefined property rights or resource regulations that

can drive agricultural land expansion at the cost of forest(Baady et al. 201Q)

The issue of forest exploitation associated political transition is most strongly felt by the tropical
nations, most of which are undergoing periods of political transition frordeorocratic forms

of governnent to democracy. Most of these countries lie in areas of high biodiversity value and
have high deforestation rates. Rdetnocratic integration of these countries into the global
economy also faces them with disadvantages associated with resource texplditahe Asian
region, Myanmar was under the direct military rule until 2011 and has had the longest military
governmentin recent history (Bunte 2012) The transition towals democracy started in

September 2008 with the formation of tH& Gonstitution. Since then the military prerogatives

18



have been gradually reduced with increased political liberalization, economic reforms and space
for civilian institutions. Historicallyforests in Myanmar have been of major importance for both
local livelihoods as well as the national economy. Thus, most of the conflicts in Myandaeto

relate toforest and timber resourcé8ryant 1997; Global Withess 2009@he political transition

in Myanmar resulted in opening up of the country to global markets and foreign investments.
Considering the recent developments, it is unclear how forest doareged before and since the
beginning of the democratic transition. We address this issue quantitatively by assessing forest

cover as well as fragmentation trends spatially and temporally using remote sensing datasets.

Remote sensing data due to its mafiectral and mukliemporal coverage can aid in successful
mapping and monitoring of land use/cover, including forests. High resolution remote sensing data
enables better characterization of forest loss patterns and helps in relatugtying process

of changgHansen et al. 2013; Congalton et al. 20T4)e process of fragmentation is indicated

by chamge in area and configuration of the forest patches resulting in smaller patch area, with
increased edges and increase isolation of the patches. Forest fragmentation during different time
periods can be determined by using landscape méWMc6&arigal et al. 2002)Some popular
compositional and configurational landscape iosetrthat can be used to characterize
fragmentation includes the number of patches, mean patch area, landscape shape index, contiguity
and clumpiness index. The number of patches is an important indicator of the extent of landscape
fragmentatior(Fahrig 2003)whereas the mean area of patch is a compositional landscape metric
and is a function of the number of patclieahrig 2003) The landscape shape index as well as
contiguity captures edge characteristics depicting connectivity of patches. The clumpiness index

is a measure of class aggation independent of the class af@#&ang et al. 2010)Forest
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fragmentation results in habitat fragmentation which has serious biodiversity implications in a

biodiversity hotspot likdvlyanmar.
We address the following questions in the study:

1. How did the recent political transition in Myanmar impact its forest cover?
2. Is the change consistent across diffe@nvincesand which of these were most impacted

with respect to forest covehange?

2.3 Study Area

The Republic of the Union of Myanmar (previ ous
and 92A106E and 101A116E. GeogryyngRegions),lsdven, My a
pyine(States), and one union territory. The &8¢ are Chin, Kachin, Kayah, Kayin, Mon, Rakhine

and Shan while the 7 Regions are Ayeyarwaddy, Bago, Magway, Mandalay, Sagaing, Tanintharyi

and Yangon. The capital Naypyidaw is a union territory. Mostly, the States aragEmomous

areas allocated tgscific ethnic groups. For our spatial analysis, we considered 7 States and 7

Regions and included Naypyidaw as a part of Mandalay Region (Figure 2.1).
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Figure 2.1: Study area location map showing RegionsStates and Districts in Myanmar.
States are marked with asterisk to differentiate from Regions.

2.4 Data

We downloaded the administrative boundaries of the study area from the Global Administrative

Areas (http://www.gadm.org/). To quantify the annual foles$ at various scales, we used the
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annual forest Iaslayers for the years 20@D14from Global Forest Change dgtdansen et al.
2013) The dataset was downloaded from Google Earth Engine

(http://earthenginepartners.appspot.com/scigxdSglobalforest/download v1.2.html)ankias

a resolution of 30m

2.5 Methods

To determine the changes in forest cover and landscape fragment#tiooamtext of the political
transition, weanalyzed thedata from 20022014. We studied the overall trend and variance in
forest loss or forest fragmentatiametrics Foresiossand landscape fragmentation metrics were
calculated foindividual years (201-2014). The analysis was performed at tgjmatial scales, i.e.,
countrylevel, and province (State or Region) levi@ characterize and quantify the spatial pattern
of forest los and fragmentation at the province leweé used landscape mef. FRAGSATS
(v4.2) softwargMcGarigal et al. 2002)vas used to compute thenldscape metrics annually. To
describe the forest fragmentation for different years, we tsethndscape metrics: Number of
Patches (NP)and Mean Btch Area (AREA_MN)A brief explanation and justification of the

indices used are in the study are giueiable 2.1.
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http://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.2.html)and

Number of Patches (NP) Mean Patch AreéAREA_MN)

Definition | Number of patches in the landscap{ The area of the patch.

Unit None Hectares

Range NP >1,without limit. AREA > 0,without limit.

Table 2.1: Landscape metrics used in the study.

For each landscape metric, we fit a linear model to the fragmentation data and analyzed the

distribution of the residuat® identify unusual variance patterns

2.6 Results

During 20022014,Myanmar lost 2,030,101 ha of forest at the rate of 145,007.21 ha/year with a
linear increase of 15,359 (x1793) ha/yéagure 2.2). The loss pattern followed a linear trend
over time. he increase in varianaebetweer20082011coincides withpolitical transition period
which started with the formation of the new Constitution in 2008 and ended with the military

government handing over power to the democratic government in 2011.
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Annual Forest Loss (2001-2014)
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Figure 2.2: Annual Forest Lossin Myanmar (2001-2014)

Analysis of trend and variance patterndNimmber of Patches and Mean Patch Aredrics at the
provincial level show the influence of the political transition on landscape fragmentation at the
provincial level (Figure 2.3ral 2.4).Both the metrics (Number of Patches and Mean Patch Area)

show an increasing trend over time
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Figure 2.3: Plots showing Number of Patches forvery province (left hand)and residualsof

linear fit (right hand).
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Figure 2.4: Plots showing Mean Patch Area for every province (left hand) and resiials of
linear fit (right hand).

2.7 Discussion

Though the amount of forest loss in Myanmar during 20014 (2,030,101 ha) appears to be
modest compared to forest loss in other tropical nations (Brazil, Democratic Republic of Congo)
andinsular South East#\a neverthelesst is the highest in mainland South East Asiarisen et

al. 2013).
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It is interesting to see thdtatrendof forestloss during the above period increased lineaxigept

for brief period of instabilitycoinciding with the politicatransitionin the country (Figure 2.2).

The overall linear increase in forest loss tremahplies that the previous (military government)
drivers of forest loss continue to operate withherforest losses. The increasing linear trend can

be attributedo economic and structural reformader the democratic governmeéitternational

Crisis Group 2012; Asian Development Bank 2012; World Bank4R0The opening of
Myanmar 6s economy to the world facilitated it
huge amounts of foreign investments. To avail the prevailing opportunity and to develop the
country economically, the quasivilian governmetwithin the framework of the existing 3@ar

Master Plan for the Agriculture Sector (262001 to 203€2031) increased the number of
government approved agricultural concessions, while introducing two new laws during 2012 (the
Farmland Law and the Vacaifallow, and Virgin Lands Law and Foreign Investment Law) which
further encouraged large scale agriculture in Myanmar. While the new reforms have resulted in
economic growth and development of the country due to encouragement for the agriculture sector,
(Asian Development Bank 2012; World Bank 2014), the forest resources seems to have been
significantly affected(Woods 2015) This highlights the needo form sustainable development

policies bythe democratic govement.

The observed variance in the period 2@08.1 coincide with the political transition. In 2008 the
new Constitution was formed which led the road to democrdager the new Constitution,
national elections were held in 2010 and the military backeidrJSolidarity and Development
Party (USDP) emerged victorious. By 2011, the formal transition to democracy was achieved with

thedissolution ofmilitary juntaand formation of new quasivilian government led by President
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Thein Sein, a former militaryoenmanderWe attribute thencreased variance during the period
20082011to uncertainty in reforms/policiend weakenednstitutional controland anticipation

of changedue to political transitionSimilar observations were reported by Obidzingk904) in

Borneo when forest loss rates skyrocketed during transition to democracy in Boveglaying

the forest loss polygons on the high resolution Google Earth imagery suggested that most of the
loss is due to newly established rubber plantatien, Kayin, Shan(Figure 2.12ad) and urban
expansionn some areafyangon, Mandalay)This was confirmed by our field work in Central

and Southern Myanmar (see photos in appendix) and by interaction with local rubber farmers and

officials from the forest deparient.

Analysis of fragmentation metrics at provincial level, showed increase in number of patches
(Figure 2.3and mean patch arélaigure 2.4)during this periodComparison ohumber ofpatches

andmeanpatchareametric among the provinces showed inténggresults.

i) Thetraditionalrubber plantatiorStatedike Kayah, Kayin and Mon show increasegimber of
patches and increasedariance in residual distributioof number of patchegpost 2004
Comparison of mean patch area shavesidden increase mean patch area in 2005 for Mon and
Kayin, however, the increase in the same metric for Kayah occurred in 205@.0bservations
coincide with the beginning of the government liberalized rubber export policy in 2064
observations confirm earlier pusthed reports that highlight establishment of rubber concessions
in Kayin andMon States (Woods 2011b). The variance of residual distribution of mean patch area
show increase for Kayah and Kayin post 2008 but not for Mon. This implies that politicdldransi
influencedfragmentation more in the States sharing international borders (Kayah and Kayin) than

inland States (Mon). On the other hand, Mon was more impacted by the 2004 government
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liberalized rubber export policy and showed immediatesase in nutver of patchesnean patch

area and increase in variance in both metassompared to Kayah.

i) Non-traditional rubber plantation States like Shan showed high increasgnber of patches,
mean patch areandincreasedrariancein bothpost 2008During the military regime, Shan was
develomd for the production of rubber, followed by the introduction of the Chinese opium
substitution program in 20Q&ramer & Woods 2012)vhich encouraged Burmese States sharing
border with China to plamtibber instead of opium, to meet the dual objectives of increased rubber
demand in Chinese markets and restrict drug abuse in China (Kramer and WoodsTR2€12).
number of patchesnean patch area and associated variance of residasdasedsignificantly

under the quassivilian government with more liberal trade policies and increased oppgrtafnit
trade with ChingBi 2014) Our results are in agreement with earlier reports of an increase of

40,000 acres of rubber plantation in Shan during ZMP (Woods 2012).
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Google earth Google earth

a) 17 December, 2005 b) 5 February, 2005

Google earth = Google eaith

c) 23 December, 2010: Rubber Plantatiq c) 5 December, 2012: Oil Paly

Figure 2.5: a-d. High resolution Google Earth imagery depicting fores{a-b) to (c) rubber

conversion in Lashio, Shan and(d) oil palm plantations in Kawthoung, Tanintharyi.

Longitude and latitude for Figure12 (a,c): 21 A88@& N, 3900A 29 o,d@0. 104 E
28ag 58. 454N, 98A 35qg 18.03a E.
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iii) In contrastto the above States which showed higher variance in numbatabifggand mean

patch arean the later part of the time serj@&anintharyi Regioshoved high variancen both the

residual metricen the period 2002008. This is becauganintharyi was developed as the seat of

oi |l palm plantation under the military govern
palm big pot ddr the rilgary mavernmen in A999) an industrial oil palm
development program was sponsored by the military regime in Tanintharyi, as a part of its national
selfsufficiency plan(Woods 2015; Donald et al. 201%)nder the new democratic government,
thshas not changed and Tanintharyi continues
agricultural concession area accounting for the linear growth. Tanintharyi hiagltiest mean

patch area which implies the presence of plantat®insilar to TanintharyiBago showed higher
variance in number of patches before 2008 peBagdo is the home of the valuable Burmese teak
plantationgBryant 1997)and during the military government perjoehs heavily exploite for its

teak wood.

iv) Other provinces which show increased variance in number of patches post 2008 period include
Ayeyarwady,Chin, Kachin,Magway, Mandalay, Rakhine, Sagaing and Yangon. mbeease in
number of patcheand mean patch areaa Ayeyarwady and Magwaycan be attributed to

agricultural expansion of crops like rice.

Kachin hashigh mean patch arebigh number of patchesnd high variance for both metripsst
2008.The fragmentation in Kachin State is mainly attributed to conversion dft$ote biofuel
and other plantations, logging amufrastructure developmer{Global Witness 2009; Kachin
Development Networking Group 2010; Woods 2011&). addition, 27% of the total area in

Kachin was also under agricultural concessions which might have resulted in the conversion of
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forests to agricultural lands.v@rall, for the Stateshe availability of forest lands combined with
absence of legal land rights and patronage politics in the face of internal conflict seems to have led
to rapid forest loss and fragmentation due to logging and/or agricultural conced§iongs,

2011a)

Sagaing shows high increase and variability in number of patcitesnean pact argmst 2007

due to expansion of min@sthat area

High increase and variance in number of pat@res mean patch aré@a Mandalaypost2006is
due to urban expansion arising from shifting the capital of Myanmar from Yangon @yNagw

officially in 2005.

The recent increase in number of patcimesan patch aresnd its variance in Yangon postdZ0

is due to urban expansion. Though NPy Daw is the new capital of Myanmar, Yangon the former
capital is the largest city in the country and well connected. All international organizations have
their country headquarters in Yangon and it is also the business capital accounting for the

urbankation, once the new government was formed.

2.8 Conclusion

The above results suggdsgherloss of Myanmar forests and greater landscape fragmentation
post 2008 periadAt national level, the transition period had a brief impact on the forest loss trends.
However,the impacts of the transition aneore complex and varied at provincial lev@lring

the military regime, economic and political isolation of Myanmar helped to preserve vast tracts of
its pristine forests but with the opening of markets underekequasicivilian rule, this scenario
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is rapidly changing. Since the beginning of the democratic transition, highest levels of forest loss
and fragmentation were observed in Shan State, Kayin State, Mon State, Kachin State and
Tanintharyi Region due to edtlishment of industrial plantations, encouraged by the increased
granting of agricultural concessions under the economic reforms, structural reforms and logging.
Postdemocracy, granting of resource concessions for economic development of the nation is a
common strategy adopted by tropical nations. However, the rapid rate of conversion of forests to
nonforest land cover and land use results in loss/or fragmentation of habitats which not only poses
greater threat to biodiversity but can also in the longdamage econom{Secretariat of the
Convention on Biological Diversity 2010%imilar results were obseg after regime change in
Indonesia (posBuharto regime in 1998) an@ambodia (1993)(McCarthy, 2014) These
observations are i n par toiest transeignrtheeyMathert 19921 t h t |
Mather & Needle 1998; Rudel et al. 20Mhich predicts that the extent of forest cover will
continue to decline during the period of transition till the government intervenes (Mather, 2007)
or changes in demand digeglobalization causes a turnaround in forest cover trends (Rudel et al.,
2010). In the context dREDD (UN-REDD, 201} and the Convention on Biological Diversity
(CBD), Myanmar as a signatory has an international obligation to protect its bgiivad their
habitats.Some measures taken by the new government to promote environmental sustainability
include: theEnvironmental Conservation Law, new log export ban since April 2014, draft Land
Use Policy, 2014Forest Law Enforcement Governance anade (FLEGT) Action Plarfurther,
continuous satellite based monitoring of land cover can provide the decision makers with unbiased
and robust, spatial and temporally explicit maps of areas undergoing land cover change. This will
enable the decision maiks to formulate, implement and possibly enforce new policies and

evaluate the impact of previously introduced policies based on regional needs. $aistitdand
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cover monitoring has been successful in reducing deforestation in Branten et al. 2013;
Assuncao et al. 2014Juture satellite records will confirm whether the above sustainability
measures have their intended effettse challenge for the new Government of Myanmes In
designing wiRrwin policy interventions that not only encourage economic and social development

but also ensures environmental protection.
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3 Fire Disturbance in Tropical Forests of Myanmard Analysis

Using MODIS Satellite Datasets

3.1 Abstract

In this stidy, we quantified the relationship between fires and vegetation disturbance at varied
spatial scales using moderate resolution imaging spectroradiometer (MODIS) datasets for the
period 20032012. We report satellitderived fire characteristics (frequen®xtent, seasonality,

and type of vegetation burnt) in Myanmar, the extent of fire disturbance, and the impact of the
fires on gross primary productivity (GPP) at multiple scales. Results suggested March as the peak
fire season with burnt areas (BAs) &9D0 km2 and 95000 fire counts. Forests accounted for
41. 3% of the total BAs foll owed by shrub | an
vegetation disturbance category accounted for 9.2% of total fires, whereas the medium and high
categories accoted for about 89.7%. We found relatively higher negative correlation between
BA and GPP for deciduous forests (r = 0.49, p ~ 0) than for evergreen forests (r = 0.36, p ~ 0). A
maximum decrease in 29% of original GPP (2Q@0712) was observed in the evergrderest
patches. The scaltependent correlation analysis suggested significanGBR correlation at 1

x 1 degree compared to finer resolutions. Our results highlight the impact of fire disturbance on

vegetation greenness and GRRropical forests of Manmar.

" This chapter was published as paper under S. Biswas, K. D. Lasko andddrBvu, "Fire Disturbance in Tropical
Forests of Myanmar Analysis Using MODIS Satellite Datasets,"|IlBEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensingol. 8, no. 5, pp. 2273281, May 2015.doi:
10.1109/JSTARS.2015.24@81.

URL: http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7122234&isnumber=7161423

43


http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7122234&isnumber=7161423

3.2 Introduction

Fire is an important disturbance factor in several regions of the world including South Asia
(Thonicke et al. 2008; Vadrevu et al. 2013; Franke et al. 26G1®s not only affect the structure

and function of the vegetation but also contribute to emissions of carbon andratieegdses
impacting air qualitfGerwing 2002; van der Werf et al. 2010; Vadrevu et al. 20raditionally,

fire has been an important topic of concern in the boreal fohest®ver, in recent years, increased
population, droughts and land use/cover changes have made fire a significant disturbance factor in
the tropical forest§Cochrane 2003)In tropical South Asia, fire is commonly used as a land
management tool to clear forest land fori@agture and/or plantationdorontzi et al. 2006)Of

the different Asian countries, Myanmar is the least studied. Recent studies suggest that Myanmar
ranks firstin terms of vegetation fire@/adrevu et al. 2014)The region was alsimund to have

high tree over loss from 2000 to 201@ansen et al. 2013Yhe inpact of fires on vegetation
disturbance in tropical forests of Myanmar has not been studied so far.

The relationship between disturbance and vegetation dynamics has been studied in other regions.
The general concept is that the predisturbed ecosystentéikesn at a certain rate and then during
disturbance, there is an instantaneous carbon loss. This loss is caused by the death of
photosynthesizing vegetation, which in the case of forest ft is biomass combustigRrasad

2001) Odum(1969)has shown that vegetation development and decomposition dynamics govern
the evolution of carbon flux after an occurrence of disturbarThe normalized difference
vegetation index (NDVI) is commonly used to study vegetatistuthancéBuma D12; Lentile

et al. 2006; Peckham et al. 200B)DVI exploits the spectral signature of vegetation in the near
infrared (NIR) and red regions to provide information about the level of greenness of the

vegetation. It is correlated to chlorophyll abundanaed the fraction of absorbed
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photosynthetically active radiation (fPAR). NDVI decreases after fire; thus, it is widely used to
assess postfire vegetation regrowfRiano 2002; Abdel Malak & Pausas 2006; Li 2012;
HernandezClemente et al. 2009; Goedral. 2006; Anyamba 2003; Potter et al. 2003; Yool 2008)
However, in some cases, NDVI can be underestimated due to low vegetation biomass and can get
satuated at high biomass levegBhillips et al. 2008)Thus, alternate measures of NDVI such as
gross primary productivity (GPP) are also used as an indicator of vegetation vigorlaon ca
cycling (Li et al. 2007) NDVI has a curvilinear relationship with GPP and is used as an input in
light use efficiency models to estimate GRP®Wang et al. 2004; Schloss et al. 1999; Yuan et al.
2007)

The dynamics of recovery in the post disturbed ecosystewoatrolled by the rate of new growth

and in the tropics it can be quite fast. It has been found that post disturbance vegetation recovery
is primarily driven by the GPP which is the amount of carbon fixed lmetegion through
photosynthesi§Gough et al. 2007; Amiro et al. 2010; Goulden et al. 201118 GPP is a measure

of photosynthesizing biomass and the veymtarecovery after disturbance. Thus, it plays a
decisive role in landurfacé atmosphere interactiongMakela et al. 2007) Quantifying
disturbance and tracking changes in vegetation gain significance as the magnitude and direction
of the GPP after vegetation disturbance can govern ecosystenurgydgnction, and recovery

(Beck & Goetz 2011)

Scaleis an important faor in disturbance studies. Thecurrence of fire in a given locan and

its spread is dependemn three factors: ignition source, vegetatigpet and localveather, all of

which are sca dependen(Collins & Smith 2006; Parisien et al. 201The GPHRs dependent on
photosynthesiand plant function types; thuis,is highly scaledepen@nt (Chasmer et al. 2009;

Turner et al. 2004)Although it is knowrthat the impact of fires on any given landscape varies
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based orspatial and temporal scales of analy®#®smme 2005; Bignas et al. 2013)it is unclear

how each vegetation type responds to fire impacts.

Remote sensing technologyth its unique multitemporamultispectral, synoptic, and regiate
coverage capabilities hasade it possible to quantifgPP at differentatial scalegTurner et al.

2006; Running et al. 200450or example, GPP can be estietsfrom satelliteemote sensing using
optical and neainfrared spectral wavelengthSatellite remote ssingbased observations of
GPPprovide a quantitative, but indoe measure of spatial patteraisd seasonal to intannual
variability in vegetabn activity. The moderate resolutiopactroradiometer (MODIS) sensoas

been providing near reéiime estimats of GPP since Marc2000 (Xiao et al. 201Q) Satellite

remote sesing can be effectively used gantify vegetation disturbance. For example, MODIS
provides continuous, wetkalibrated,and relatively longerm globalrecords of fires, vegetation
greeness, and other variables. Thtieey can be integrated to ¢ape abrupt disturbaneelated
vegetation changd8eck & Goetz 2011, Xiaet al. 2010; Giglio et al. 2010)

As the vegetation development following fire varies depending on the intensity and history of
disturbance, we hypothesized that fire disturbance will be reflected in the vegetation greenness
and GPP products at wide spaand temporal scales. To address the almogstioned hypothesis,

we focused on the following questions.\What is the spatibemporal distribution of the fires in
Myanmar and what are the typical fire regime characteristics (duration, seasonaleyjemyl?

2) Which land cover is most impacted by fires? 3) How much of the vegetation disturbance in
Myanmar is due to fires? 4) How does the fire impact the GPP in a forested landscape and how do
firei GPP relationships vary across different ecosystenstigaergreen versus deciduous forests)

and across different spatial scales? We addressed these questions using MODIS satellite products

and spatial statistics. The results identify the role of fire in vegetation disturbance in Myanmar
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landscape. In additig results on the spatial and temporal dynamics ofGiP® relationships
provide a useful measure of fire disturbance on carbon cycle and aid in a better understanding of

the carba cycle in the regiofiZhou et al. 2008; Prentice et al. 2011)
3.3 Data and Method

3.3.1 Study Area

The Union of Myanmar (formerly known as Burma) is located in S&atst Asia, between
09°320N to 2831AN and 9210 to 10X1 1 6 E . | t ¢ ov eSBGknfaMyan@mar sa o f
administratively divided into seven states and seven regions. l&hdscape is highly
heterogeneous in terms of climate, topography as well as land cover. The climate is heavily
influenced by the south west Asian Monsoon. Myanmar has two marked seasons, dry season
(November to April) and wet season (May to October)e Thean annual rainfall varies
considerably and is dependent on the local topography. Monthly precipitation of dry season
(November to April) is less than 100 mm. Based on the temperature differences, the dry season
can be divided into the halry (March toApril) and colddry (November to February) period. The
monthly mean temperature of Aptihe hottest month exceeds 83March and April correspond

to the gvere fire months. According® ppenés c¢ | tiomaystem, Mybnanarsdvdrs c a
six climate zones: tropical mwsoon (Am), savanna (Aw), humglbtropical (Cwa), temperate
highland tropical climate witdry winters (Cwb and Cwc), dralpine climate (ET). Broadlynost

of Myanmar can be clasied as tropical wet, tropicatiry or humid subtropica(National
Geographic Society (US) 201The coastal regions and islardseiving rainfall most of thgear
comprise the tropical weegions, while the central agultural area is dominated lisopical dry

climate, having a distinct wet and dry season.
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Most of northern Myanmasexcept for the mountains in tlextreme north is characterized by
humid subtropicatlimate.The country can be dividedto four physiographic regions.

1) Mountains and hills: the hillyegions are found in northereastern and western parts of the
country. 2) Central highlandthe central region of the country consisf low hillsand haseen
terraced for rice cultiveon. 3) Delta: formed from thach alluvial soil of Irrawaddyand other
rivers, draining intdhe Bay of Bengal. 4) Coastiaind: narrow strips of coastind in between
the mountains and the Bay ofBgal. Forestgover an area of 317730 kn? (3177300 ha)
accountingor 48% of the total landraa(FAO 2011) The major forest typis Mixed Deciduous
(38%)followed by Tropical Evergreeiorests (16%JForest Department 2005Jhe northen part
of Myanmar is dominatelly broadleaved evergreensieleciduous forest, the centralgion by
croplands and theastern and western regions wsttrublands and broadleavedtieious forests.
The study are&cation map for Myannrawith MERIS-derivedland covemap (Bicheron et al.

2008)is shown in Figre 3.1.
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Figure 3.1: Myanmar land cover map derived from MERIS data. The study areas are shown
on theleft.

To investigate the fir&SPP relationship in evergreen and deciduous broafilesdts, we chose 6

study sites and three different spatial scales at 1 degree, 30 min, and 10 min. In comparison to
tropical dry and humid subtropical zones, we found very little fires in the tropical wet (Tropical
monsoon, Am) zone, mainly due to highistare content. The three nested evergreen broadleaf
forest plots, located on the Chin Hills, are shown inufgg3.1. Their exact locations are as
follows:

1) 1 degree: 22N to 23N and 93E to 94E;

2) 30 min: 22N to 22.53N and 93E to 93.5E; and

3) 10 min: 22.17N to 22.33N and 93.17E to 93.33E.
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Most of the study plots except the southeastern regions experience temperate higplead
climate with dry winters. The southeastern regions are mainly impacted by tropical dry climate.
The terrainis steep with the elevation varying from 180to 2760 m. The principal vegetation
mainly comprises Dipterocarpaceae family widipterocarpus alatus, D. turbinatus, and D.
griffithii including species dParashorea stellata, Hopea odorata, Shorea burman8wintonia
floribunda, Eugenia grandis, Xylia xylocarpa, Bombax cedaAlbizia procerain addition to
differentbamboo specig$-AO 1981; Olson et al. 2001)

The three nested deciduous broadleaf forest plots, located on the Shan Plateau, are shanen in Fig
3.1. Their exact locations are as follows:

1) 1 degree: ZN to 22 N and 97E to 98E;

2) 30 min: 21.8N to 22N and 97E to 97.8E; and

3) 10 min: 21.8N to 21.67N and 97E to 97.17E.

The plots are located in the humid subtropical zone. Since these plots are located on a plateau, the
terrain is less steemmpared to the evergreen broadleaf plots. The elevation varies framt&40
2460 m. The principal vegetation in the deciduous forests inclielgenagrandis and Accacia
catechu In addition, the Shan Plateau in Myanmar has well developed montane dednlesis

with families of TheaceaeS¢hima spp, MagnoliaceaeMichelia spp., Magnolia spp, and

FagaceaeQuercus spp., Castanopsigp., Lithocarpus spp(Olson et al. 2001)

3.3.2 Satellite Data
1) Active Fire DataWe used the MODIS Active Fire Product (MCD14ML) for the period 2003
2012. MODIS Active Fire Products are processed through MODRI&#Ave Processing System

(MODAPS) using the enhanced conteadtdire detection algorithm(Giglio 2010) into the
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Collection 5.1 Active fire product. The fire data is at 1 km spatial resolilaming over far less

than one tenth of the pixel sizan be detectedVe used the fire pixels that had more than eighty
percent detection confidence.

2) Land Cover DataTo characterize the vegetation cover across the Myanmar landscape, we used
Gl obCover Land Cover Product i 0eSolutiorf imagen E NV I
spectrometer (MERIS) sensor. The land cover product is derived from an automatic and regionally
tuned classification of a time series of MERIS Full Resolution Level 1B data composites covering
the period December 2003une 2006. The gpal resolution of the product is 300 m. It is the
highest resolution global land cover product currently available. This product was chosen, as all
of its 22 land cover classes are defined within the UN Land Cdeassification System (LCCS)
(Bicheron et al. 2008)

3) Burnt Area DataWe used the 500 m Collection 5.1 MODIS direct broadcast (DB) burnt area
(BA) product (MCD64A1) for the period 2002012. MCD64A1 is based on the N0T5 DB BA
mapping algorithr(Giglio et al. 2009) The product is more refined than the earlier product as it
captures smaller agricultural fires and uses DM® daily surface reflectance data for
characterizing fires and associated BAs under the most pristine, butatgnditiongGiglio et

al. 2013)

4) NDVI Data: We used the MOD13C2 product (20@®13) which is a monthly composite of

cloud free, 1&day gridded MOD13A2 data with 0.05 degree resolution. It is a measure of
Agreennesso of vegetation and mathematically
NDV I = (Near Infrared Red)/ (Near Infrared + Red) (1)

5) GPP Data:We used the MOD17A2 product (20@®12) which is an-8lay composite of GPP

data processed through MODAPS, using the radiatsmefficieng concep of Monteith(1972)
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and the Version 5 GPP product. The GPP data has a spatial resolution of 1 km in sinusoidal
projection which we convertedd Geographic projection. The data is delivered in a gridded, level

4 format.

3.4 Method

3.4.1 Characterizing the Fire Regimes

In any landscape, spatial variation in vegetation disturbance caused by fires, fire size and
frequency may significantly influence the t@ah and rate of post disturbance vegetation recovery.
The concept of fire regime in landscape ecology is used to describe the regional characteristics of
fire for a given landscape. It is defined as the type, size, severity, seasonality, and spatial patte
of fires of a given arefChrigensen & Abbott 1989; Agee 1996 this study, we used both the
MODIS active fires and BA datasets (20@812) to characterize fire regimes over Myanmar. To
characterize the temporal extent of fire regimes, we report the total and mean fire count on a
monthly and annual scale for the time period from 2003 to 2012. The spatial extent of fire regimes
is characterized by reporting the fire frequency (the number of years each grid cell impacted by
fires) at a 2&min grid scale for the entire country for teeme time period. The normalized fire

frequency values were also used in spatial regression to characterizeadisturb

To study the influence of land cover type on fire regimes, we extracted the dominant land cover
class for each BA pixel. We report aesults as the percent of burnt pixels belonging to each land

cover class using the formula

x 100 (2
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3.4.2 Vegetation and Fire Disturbance

To characterize the vegetation disturbance, we used-fleedMODIS monthly NDVI datasets
(MOD13C2). The datasets for the month of March were stacked acrossatisg20082012). An
asymmetric Gaussian function is usedaabest fit of time serig&ao et al. 2008)The monthly
standardized anomalies for vegetation vigor were calculated fferegit years, n usinghe t
distribution agPotter et al. 2003; Brun & Barros 2013)

@ O Of IO M0 (3)

where X is the NDVI value of a pixel for a specific month (i = March) of a specific year (
2003 2012), Xbar is the temporal NDVI average for the specific month (i) over the n years of
observation, and SD is the standard deviation for a specific month (i) over the n years of
observation. The standardized Zij is calculated for the same margl@ndar period across the
years to remove the seasonal cycle. The datasets were griddedhto 2fervals. The gridded
values were then normalized and were used in spatial regression. We also classified the range of
values into four disturbance classenamely, low, medium, high, and very high for easy
interpretation.

In our study, we were interested in assessing vegetation disturbance caused by fires. To assess the
correspondence between the fires and the vegetation disturbance, MODIS active fines for
month of March were overlaid on the NDVI disturbance product to quantify the relationship
between the ND\based vegetation disturbance categories and the fires.

In addition to the above approach, we performed spatial regression, also known as/ghaligd
regression or geographicalyeighted regressiofCleveland & Devlin 2012; Fotheringham et al.
2003)with normalized fire frequencies as a predictor of vegetation disturbance ahim 2fid

scale and fire disturbance as response variable. Spatial regression methods take advhetage o
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spatial aspect of the data and are considered more meaningful than ordinary least square regression,
when working with spatial daigleveland & Devlin 2012; Fotheringham et al. 2Q03)e local
regression accounts for the spatial heterogeneity in response to variables by estimatatg sepa
regression for each sample observation including the location of interest and other spatially
weighted observations. The weights represent the adjacency effects for neighboring locations
within a specified distance (or bandwidth). Following the assiompthat more proximate
locations are more alike, the weights decay with distance following a bisquare decay function for
an adaptive kernel. When regression points and observation points are the same, one regression is
estimated for each observationpaling parameter estimates to vary across the sample space. The

local regression model is specified as
Yi=h, thx, t£&, F ¥ e NKO, 2)i 4,2,=n (4)
where the fAi 0 subscripts on t heoffkal)panamétezssr s i n ¢

for each of the yobservations (2Bnin grid cells in our case). The parameter estimates are shown

b, =(X'WX)" XWY i4,2,.r (5)

where Wi is the nx n weight matrix whose offliagonal elements are zero land the diagonal
elements are the weights of each observation relative to I, i.e., Wi = diagonaliyil . win).

The results obtained fronhis approach were reported. The identification of patterns in spatial
association between two datasets, i.e., fires and vegetation disturbance, is crucial to infer spatial

patterns in disturbance.
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3.4.3 Effect of Fire Disturbance on GPP:
a) Correlation analysisTo infer the relationship betwedBA and GPP, we performeal spatial
correlation at 10 mirspatial scale. As Marcand April were the peak monthse averaged the
data from 2007 to 2012 for both BAnd GPP and did correlation analysis. This helped us to
identify the significant hot spot areas of GP
coefficient between BA and GPP for each gdl was calculated in R #§Bearson 1900)
_ L TYi —nTY _ N TilYi— 2T )Y
(n=D)sesy  \/nya?—(T)? Jn Tyl - (Tw)? ©

r

Ty

b) Spatial scaleDue to the heterogeneous nature of the land cover, spatial scaling was perceived
to be an important factor affecting the BBPP relationship. To infer theale dependent nature

of the relationship, we investigated BEPP relationship at 1 degree-8n, and 16min scales

for the tropical evergreen and tropical deciduous foi@sitsttinen et al. BO7; Rothermel 1983)

A grid was created for each spatial resolution #dredvariables BA, GPP and laedver were
extracted at&ch respective scale to perfoomrrelations.

c) Timeseries plots:In addiion to correlation analysis, walso plotted the B versusGPP

relationships as timeseripfts at 1x 1-degree scale.

3.5 Results

3.5.1 Fires: Monthly and Yearly Variations

Results obtained from MODIS fire data analysis for active fires and BAsharen in Figures3.

2(a) (d) and3.3. MODIS-derived fire countsiveraged from 2003 to 2012 suggested March as the
peak fireseason with 3247 fire counts, followed by April. The fire season starts as early as

December and lasts until May [Fkige 3.2(a)]. The average annual fire codirdm 2003 to 2012
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is 72087 [Figure. 3.2(c)]. The monthly and annual BA statistics for the entire region are shown in
Figure 3.2(b)and (d)]. The mean values of BAs for a typical fire year range from?@nkdulyi
August (monsoon season) to8B3 knt (1.3 Mha) during March, the peak fireason. 2010
represents typical fire year with 9818 fire counts and 2234 Kr(223.4 Mha) BA, respectively.
These figures are modest as some studies have found MODIS undessstirmatounts and BA
[49]. Fig. 3.2(e) shows the annual variation in BA®)land precipitation (mm). We found poor

correlation (r2 = @3) between these variables suggesting anthropogenic nature of fires.
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Figure 3.2 a-d. MODIS active fires and burnt areas (BA) analysis for Manmar. 3.2a). Mean
monthly fire counts; 3.2b). Mean monthly BA (ha);3.2c). Trends in annual fire counts (2003

2012);3.2d). Trends in mean annual BA (ha) (2002012).2e) Annual variation of fire with
trends in annual precipitation.

The fire frequencydr each pixel aggregated at-&Bn intervals is shown in Fig..2 Results
suggest that the western hilly regions in Myanmar experience a number of large fires on average,;
however, the Eastern highlands of Shan Plateau experience more frequent firemandrh
more disturbed. This may be partially explained by the steep terrain of the western mountains

compared to the flatter terrain of the eastern highlands. Slope wnkiooinfluence fire spread
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(Olson et al. 2001 thus the steepe&restern mountains were expected to have more BA compared
to flatter eastern highlands. A possible reasothfertigh number of fires in Shan could be due to

sl ash and burn agriculture | oc alinthe remoteohilyn a s
areas (Myint et al. 2001) The northern mountains, central plains and coastal areas are largely
unaffected. Results on fire frequency (B@) suggest that most of the pixels havaureent fires

every year. Of the different land cover classes, forests accounted for 41.3% of the total fires,

followed by shrublands (33.6%), and agriculture (24.7%).
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Figure 3.3: Annual fire frequency derived from MODIS active fires at 25minute grid
intervals (the legend indicates the number of years, each grid cell impacted by fires). The
numbers on the cells on the zoomed scalar plots show how many times each cell was impacted
by fire over the studyperiod.
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3.5.2 Fire and Vegetation Disturbance

Results obtained from fire disturbance analysis are shown in 3apkegs.3.4 and3.5. Fig.34

shows the results of the spatial regression between fire frequency and vegetation disturbance,
whereas Fig. 5 showse disturbance categories corresponding to Tablés shown in Fig3.5,

areas of A-vegatayion Histugohnoe afe ispatally concentrated in several regions. The
general spatial pattern shows that fire vegetation disturbance is moseptenahe inland areas

of Myanmar. In particular, the Kayah state located near the border of Thailand consists entirely of
Avery higho classification | evel ofambsaicod di st
land cover types dominated bgoplands, shrublands, and broadleagedrgreen forests. Shan the

largest state in Myanmar is located due north of the Kayah state. We found that approximately
70% of the region in this state was fgstatend t o
the majority of the land cover is dominated by shrubland followed by broadleaeegreen

forest, cropland, and broadleaf deciduous forest respectively. A third hotspot of fire disturbance is

located in the Bago region.
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Figure 3.4: Hotspots of fire-vegetation disturbance.

Category |INDVI Dinurbanccl Percentage of Fires
Low 0-0.25 9.2%
Med 0.26 - 0.50 46.4%
High 0.51-0.75 43.3%
Very High 0.76 -1.00 1.1%
Total - 100.0%

Table 3.1: Percent of fires corresponding with the vegetation disturbance map for March
(20032012).
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Figure 3.5: Spatial Regression Between Fire Frequency and Vegetation Disturbance in
Myanmar for the month of March (averaged from 20032012).

Approxi mately 75% of the region contaihs Aver
some fihighod and a few Aimediumo cells. The | an
cropland followed by shrubland, vegetation mosaic, and broadleasgdreen forest
respectively. Overall, the three hotspot areas are characterized by dragilanbland, mosaic
vegetation and broadleavesergreen forest. The shrubland areas are often interspersed with

broadleaved evergreen forest and cropland areas.
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The Al owdo NDVI di sturbance category accounted
cd egories about 90% and the Avery higho categ:¢
suggest Al owo NDVI disturbance category i mpac!
fall into the fAhigho NDVI dinst ivlkearycdi ghotoe gar
only 1% of the fires, suggesting that other driving factors than fire contributes to vegetation
disturbance in the region. Spatial analysis suggested that most of this category was located in the

Bago State and the dominantdacover category is shrub land followed by cropland.

3.5.3 Effect of Fire Disturbance on GPP

Fig. 3.6 shows the spatial correlation analysis between the BA and the GPP at aX00mamn

scale. The results show a significant negative correlation between thar8i"GPP. For the peak

fire months of March and April, the western mountaiave a stronger negative correlation
between BA and GPP than the eastern highlands. This is consistent with our previous observations
of high BAs in the western mountains. Higagative correlations are observed over shrubs and
evergreen forests located in Palam district of Chin, western borders of the state of Magway,

Mongsat, and Lasho districts in the state of Shan, as inferred from geolocations.
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Figure 3.6: Spatial correlation of GPP vs BA for entire fire season (MatApr combined 2007
2012). Negative correlation can be seen in red color for different cells. The scalar plots are
shown in colored boxes.

At the Ldegree scal the GPP showed a negative, significant correlation (48 p D 0) with
BA for both the deciduous and evergreen forest types. At thmiBG&cale, the GPP showed a
moderate negative, significant correlation with BA. The relationship was strongehdor t

deciduous forest type (r =45, p D0) compared to the evergreen forest types (8%, @ D0). At
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the 10min scale, the GPP showed a negative, significant correlation with BA. The relationship
was stronger for the deciduous forest type (147, O 0) compared to the evergreen forest types
(r=013 p D0). In summary, the above scalependent correlations for evergreen and deciduous
forests suggest relatively high negative correlation between BA and GPP for deciduous forests
than evergreen forestThe evergreen plots were located on steeper terrain on average compared
to the deciduous plots. Hence, the evergreen forests were expected to burn more than deciduous
forests; however, we observed more fires in deciduous plots. We attribute highardeesluous

plots to low moisture content.

At 1-degree scale, the time series data shows seasonal variation during the fire and nonfire seasons
[Fig. 3.7(a) and (b)]. Significant decrease in GPP can be seen during March and April months for
both evergree and deciduous forests. The decrease in GPP varied across months based on the
burned area extent. In general, areas which reported a greater extent of burn, had decreased GPP.
This trend was expected because increased areal extent of burned area wbtuld resre
vegetation extent being disturbed and hence, a lowered GPP. For example, a maximum decrease
of 29% of original GPP (2002012) was observed in Mongsat district dominated by evergreen

forests. Our results on GPP reduction are consistent withrestudies.
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Figure 3.7: a,b. Time series plots of BAGPP relationships in evergreen and deciduous forests
of Myanmar (1x1 degree scale). Significant decrease in GPP corresponding to BA can be
seen for diferent months

For exampleHarden et al.(2000) reported that the annual carbon losses resulting from fire
disturbance in the Canadian boreal forest are estimated to He8Q@0@f average net primary
productivity (NPP).Gough et al.(2007)reported that in temperate foresis Northern US, the
maximumannual C storage in stands thadre disturbed by harvest afice twice was 26% less
than areference stand receiving the san&utbarme only once. Longerm ecosystem dynamics
are reglated by processes that contpoistfire regeneration and Hire frequency. Our results on
fire impacts on vegetation disturbance reportetlganmar arehe first of the kind results using
remote sensipdata. We infethe need for grountlased measurements and verificatioburint

areaGPP relationshifor effective carbon managemesttategies.
3.6 Conclusion
Fires are a common disturbance agent in the tropics, due to their role in land clearance. It is

important to understand the nature of these fires and their spatiotemporal distribution to evaluate

their environmental impacts. Remote sensing offers a plethora of datasets to study fires. In the
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current study, we characterized the spatiotemporal distibof fires in Myanmar and its impact

on vegetation disturbance using remote sensing datasets. We included both, the active fires and
BAs as a proxy for fire occurrence. Results from satellite data on fire regimes suggested a strong
seasonality and annugéttern in Myanmar. The fires occurred mostly during the dry, hot month

of March. We studied frequency of fire disturbance in different land cover types and specifically
deciduous and evergreen forests. Vegetation disturbance analysis results suggestedttbf

the fires fell in medium to high vegetation disturbance category.

In addition, we also quantified the impacts of BAs on GPP in evergreen and deciduous forest
ecosystems at various spatial and temporal scales. The BAs impacted the GPP oEfgagstdy

to a large extent. The annual change in GPP in the burned patches varied a lot, this was due to the
different rate of regrowth in the various pixels. Since regrowth is dependent on factors such as soil
type, moisture availability, seed viabiléyd other biotic, and abiotic characteristics, grebased
measurements are needed to precisely understand the role of fire disturbance on GPP at different
growth stages. In some of the evergreen forest patches, due to recurring fires, the GPP is reduced
by 29% of its original value. The scalependent analysis for B&PP suggested strong
correlations at 1 degree 1 degree scale compared to the finer spatial resolutions. Overall, our
study highlights the role of fires on vegetation disturbance andhjgadts on GPP in tropical

forests of Myanmar.

Future directions in expanding this research would involve a more detailed spatial examination
including grounebased measurements on how the disturbances affect the forest cover structure

and function at finespatial scales including drivers of deforestation.
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4 Factors Controlling Vegetation Fires in Protected ad Non-
Protected Areas of Myanmar

4.1 Abstract:

Fire is an important disturbance agent in Myanmar impacting several ecosystems. In this study,
we quantiy the factors impacting vegetation fires in protected and-pmotected areas of
Myanmar. Satellite datasets in conjunction with biophysical and anthropogenic factors were used
in a spatial framework to map the causative factors of fires. Specificallysagthe frequency

ratio method to assess the contribution of each causative factor to overall fire susceptibility at a
1km scale. Results suggested the mean fire density iprodected areas was two times higher
than the protected areas. Hamd covelpartition analysis suggested dominant fire occurrences in
the savannas (protected areas) and woody savannapr@tented areas). The five major fire
causative factors in protected areas in descending order include population density, land cover,
tree cwer percent, travel time from nearest city and temperature. In contrast, the causative factors
in nonprotected areas were population density, tree cover percent, travel time from nearest city,
temperature and elevation. The fire susceptibility analysisvet distinct spatial patterns with
central Myanmar as a hot spot of vegetation fires. Results from propensity score matching

suggested that forests within protected areas have 11% less fires thzmoteatecareas. Overall,

" This chapter was published as a paper uBiwas S, Vadrevu KP, Lwin ZM, Lasko K, Justice CO (2015) Factors
Controlling Vegetation Fires in Protected and Mmotected Areas of Myanmar. PLoS ONE 10(4): e0124346.
doi:10.1371/journal.pone.0124346
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our results identify importancausative factors of fire useful to address broad scale fire risk

concerns at a landscape scale in Myanmar.

4.2 Introduction

Fire is a common land management tool in the trofhiepstad et al. 199%;ambin et al. 2003;
Cochrane 2009)Traditionally, fires have been used for slash and burn agriculture in the denser
forests and to clear the forest floor in the open fo(€ashrane 2009 However, in recent times,
population growth and economic incentives for agriculture have led to widespread clearing of
tropical forests to meet food security and urban housing denfiaeéisies et al. 2010; Stolle et al.
2003) Clearing of forests for agriculture has led to fragmentation of the forests with increased
forest edges resulting in greater fire r{€ochrane 2001; Cochrane & Laurance 2002addition,
changing climatic patternsd human land use also alters fire regimes in the tr@ysacsder Werf

et al. 2008; McKenzie et al. 2004; Aldersley et al. 2011)

Specific to Asia, the mosaicked forested landscape of mainland SE Asia harbors a wide range of
habitats and is a part of the In8oirma biodiversity hotspdiMyers et al. 2000; Sodhi et al. 2004;

Sodhi et al. 2010)The region mostly comprises fire sensitive forests like tropical broadleaf
deciduous forests. The patches of moist broadleaf forests are often interspersed défbefirent

dry seasonal broadleaf fore¢Baker, P. J., & Bunyavejchewin 201Q)terature review suggests

that open canopy forests are more prone to fire than closed forests as the floor in open forests is
drier than closed forests due to greater degree of sunlight pene{@bohrane 1999)Fire
susceptibility is also dependent on land cover type. Shrublands are known to be more flammable

than evergreen fores(blunes et al. 2005)Generally, as the agricultural frontier expands at the
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expense of forest lands, the forest patches near the edges are cleared before the forest interior
patches. Also, agricultural fires can sgtéa nearby forests accidentally. Thus, in cases involving
anthropogenic fires, the distance to forest edge is expected to be inversely proportional to fire

occurrencéNepstad et al. 1999; Cochrane 2001; Cochrane 1999)

Apart from vegetation, the topographic factors also play a role in fire susceptibility. Elevation,
slope and aspect iniénce fire behaviofRothermel 1991; Anderson 198Flevation influences

fire spread by impacting the wind behavior and precipitapatterngBennett et al. 2010).ow

elevation areas are more prone to fire due to higher temperature, less precipitation and settlements
(Veblen et al. 2000; Harmon 198Zire spreads upslope faster as heat rises and preheats the
upslope fue(Rothermel & Forest 1972The aspect is the compass direction that a slope faces. It
determines the amount of insolation, and precipitation receidtelsurface; the directions which
receive more heat and less moisture are more prone to fire. Among climatic factors, temperature
is a major factor because it is known that warmer regions are more susceptible to fires than colder
regions. Higher air tengpatures increases the surface temperature and dry the fuel, increasing the

probability of fire(McKenzie et al. 2004; Aldersley et al. 2011; Chuvieco et al. 2004)

Literature review suggests most tropical fires as anthropogenic in r{iteFeies € al. 2010;

Cochrane 2001; Trejo 2000; Langner et al. 20Dtance from road is a measure of accessibility

to forest. Forest patches near the road are more prone to disturbance than forest patches deep inside
forests which are not easily accessithlaurance et al. 2009; Nepstad et al. 20®RbDads provide

a transportation route for agricultural goods and timber. Since fires are used to clear forests in the
tropics, we assumed that distance to roads would be an important anthropogenic causative factor

(Nepstad et al. 2001; Arima et al. 2008gcessibility from cities is a proxy for distance to markets.
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Earlier studies have shown that the probability of forest clearing near cities is higher due to easily
accessible markets to seffiet produce or easy transportation facilitigsmsworth et al. 2006;

Lambin & Meyfroidt 2011)

Among the Asian nations, Myanmar tieported to have the highest number of vegetation fires
(Vadrevu & Justice 2011 however, the causative factors largely remain uninvestigated. In the

past, political isolation andgor data availability has made Myanmar a very difficult region for
studying environment al probl ems. I n recent ti
opened the doors for environmental research. In this study, we focused on causative fasrs of f

in protected and neprotected areas of Myanmar.

In Myanmar, for the past 20 years, conservation efforts have largely focused on increasing
protection in the forested arefSochrane 2009)Previously, researchers have documented the
role of protected areas, location and strength of management influencing conservation efforts in
different countriegBruner et al. 2001; Nepstad et al. 2006; Nelson & Chomitz 2011; Nolte et al.
2013;Nolte & Agrawal 2013 Andam et al. 2008Andam et al. 2010 However, no such attempt

has been made for Myanmar. Very little is known about the effectiveness of the protected areas in
Myanmar. Extending from north to south in Myanmar, the protected epeasrve a wide range

of tropical forests harboring rich biodiversitiyig 4.1 . Due to Myanmar déds hi s
isolation, large tracts of its forests and associated biodiversity seems to be conserved, ad compare
to its neighboring countrigPong et al. 2012)Traditionally, factors posing threats to the forests

of Myanmar include huntingnd slash and burn agricultui®ao et al. 2002)However, clearing

of forests for large scale industrial agriculture, infrastmectdevelopments, uncontrolled

exploitation of natural resources seem to @obeyger risk in recent timg€gVoods 2011a; Woods
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2011b) A review of country reports suggests that protecting the forests has always been a difficult
task given the limited financial and technical resources available to the protected area managers in
Myanmar. Nevertheless, the status of conservation of most protected areas seems good though

some regios are doing better than oth€hsstituto Oikos & BANCA 2011)

Rapid deelopments in computing and information technology including remote sensing have
made a wide variety of data sets available to study envieotahproblems including fires
(Chowdhury & Hassan 2014 Specific to fires, MODIS Active Fire data provide the geolocation

of fires within 24 hours of fire occurrence at a global s¢RIRMS 2011; Giglio 2010)The
characteristic spectral and temporal resolution of MODIS makes it ideal for fire det@ctice

et al. 2002; Akther & Hassan 2011 addition to fires, recent advances in forest mapping have
also enabled the production of high resolution, spatially consistent tmresr maps at a global
scale(Hansen et al. 2013The hgh spatial resolution has made it possible to capture scelk

forest losses which were previously not possible. The high resolution fire and forest extent data
can provide a unique opportunity to study vegetation fire characteristics. Further, géospati
technologies can be effectively used to compute ancillary variables of anthropogenic factors
impacting fires such as distance to roads, forests, urban dwellings, etc. In this study, we integrate
both biophysical data (satellite data on fires, land galevation, slope, tree percent, etc.) as well

as anthropogenic factors (population density, distance travelled to nearest forests, distance to

roads) to quantify causative factors of fires in protected angpratected areas.
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In the tropics, the rolefgrotected areas as a tool of conservation is highly debdhlaer et
al. 2001; Nepstad et al. 2006; Nolte et al. 2008dam et al. 2008erraro et al. 2013; Nagendra

2008)

Yet, most researchers agree that at the broader scale, protected forests are better conserved than
the unprotectedorests though different levels of governance may influence the degree of
protection (Bruner et al. 2001; Nepstad et al. 2006; Nelson & Chomitz 2011; Nolte et al. 2013)

The question of effectiveness is very relevant to Myanmar because of the 43 protected parks of
which 17 are reportedly papeans(Instituto Oikos & BANCA 2011)As of 2009, 10.015.5%

of the global land surfaces iconserved in protected areg®outullo 2010) Since fire is a
disturbance agent in the tropics, the probability of fires inside protected areasiedxpde less
compared to noprotected areas mainly due to fire suppressimtegyies and legal mechanisms

(Bruner et al. 2001)

In this study, we address several questions relevant to vegetation fires in protected-and non
protected areas of Myanmar.\What are the dominant causative factors of fires in protected and
nonprotected areas? b) Are the causative factors the same or different for different regions? c)
How do the causative factors of fires vary spatially in protected angndected areas drwhere

are the hotspots? d) What is the relative role of each causative factor in controlling fires? We
address the above questions using a probabilistic frequency analysis approach integrating different
biophysical and anthropogenic datasets. We hypatethat protected areas will have fewer fires

than nonprotected areas. Accordingly, we also tested the relative importance of protected areas
compared to nofprotected areas in fire prevention and conservation using the propensity score

matching technige.
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4.3 Dataand Method

4.3.1 Study Area

Myanmar (formerly known as Burma) is | ocated

and 92A100E and 101A116E. f. tThe dandscapesis hghly ar e a

heterogeneous in terms of topography. The monote regions are found in northern, western
parts of the country while the Shan plateau is located in the east. The central region of the country
consists of plains and is the seat of agriculture. The climate is heavily influenced by the south west
Asian Monsoon. Myanmar has two marked seasons, dry season (November to April) and wet
season (May to October). The mean annual rainfall varies considerably and is dependent on the
local topography. Monthly precipitation of dry season (Nov. to Apr.) is less ®@mrh. Based

on the temperature differences, the dry season can be divided into-thg (MarchApril) and

cold-dry (November to February) period. The monthly mean temperature of April, the hottest
month exceeds 33°C. March and April correspond to thersdire months. Forestever 48% of
mainland Myanma(United Nations Food and Agriculture Organization 20I®e major forest

type is mixed deciduous (38%) followed bgpical evergreen forests (16%)jorest Department

2005) Broadleaf evergreen forests dominate in northern and southern Myanmar while broadleaf
deciduows forests are found mostly in the central, mountainous region. A land cover classification
map of Myanmar is shown iRig 4.1. Fire is an important disturbance agent in the forests of
Myanmar. Every year a large area of forests is lost to fires resuithmagpitat loss and degradation

of forests. The highest number of fires occur in the month of March. In the past decade (2000
2012), 2007 year was found to have highest number of fires. Though the forests of Myanmar is

plagued by fires, the causative fastare not clearly documented. Besides the natural factors like
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climate and fuel characteristics together with increased anthropogenic pressure are expected to
contribute to the high numbers of fires in the country. Establishing protected areas have been
proposed to be a successful way to conserve forests. Most of the forests are outside protected areas,
though efforts are being made by the new government to increase the number of protected areas
and extend the boundaries affew existing protected arefsstituto Oikos & BANCA 2011)

Myanmar has 43 officially recognized protected areas covering 7.3% of the country. The location

of protected areas in Myanmar is showrfFig 4.1 Of the 43 protected areas, 17 are reportedly
paper parks. 76 Key Biodiversity Areas (KBAs) haverbientified so far, including 54 Important

Bird Areas (IBAs) and the Natma Taung NationalkPas an area of local endemigmstituto

Oikos & BANCA 2011)
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Figure 4.1: A map showing the protected areas in Myanmar wh boundaries in dark green
color. MODIS land cover map is shown in the background.

4.3.2 Data

We used a variety of datasets for quantifying the major causative factors of fires. The active fire
locations were obtained from the MODIS/Aqua & Terra Thermal An@sédire locatns 1km
Collection 5.1 datasdGiglio 2010) also known as MCD14ML. The product is created by the
University of Maryland as a monthly fire product and distributed through NASA LAR{EES

website https://earthdata.nasa.gov/data/nesattime-data/firmg (FIRMS 2011) The dataset

provides geolocation, brightnesgan and track, date, time, sensor, confidence and version for
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https://earthdata.nasa.gov/data/near-real-time-data/firms

each fire pixel. The resolution of the data is 1km and we used the data fron2@0DR0AS cloud
and smoke cover reduces the confidence in satellite retrieved fire measurements, we used 95%
corfidence filter and used high confidence fire detections. We downloaded the country

administrative datasets from Global Administrative Areas Databasev.@adm.ord. The

protected area boundaries were downloaded fromld\atabase of Protected ArgdidCN and

UNEP 2010) The WDPA dataset also includes the IUCN categories to define the conservation
status and management etfjves of each protected ai@adley 2008) We used the tree canopy
cover percent data from the Landbased 30m Global Forest Change@@D12 data s€Hansen

et al. 2013)vailable athttp://earthenginepartners.appspot.com/sci@E8globalforest Tree

canopy cover percent is definad canopy closure for all vegetation taller than 5m in height and
is expressed as a percentage per output grid cell in the rat@@ OVe used the tree cover product

to demarcate the extent of forests and calculate the distance to forest edge usiegrtdididnce.

To determine the land cover type for Myanmar, we used MODIS Land Cover Type Yearly L3
Global 500 m SIN Grid data, also known as MCD12Q1 with the IGBP land cover classification.
The data was downloaded for the year 2000 from online Data Pt AIASA Land Processes
Distributed Active Archive Center (LP DAAC), USGS/Earth Resources Observation and Science

(EROS) Centerttttps://Ipdaac.usgs.gov/data_acgeBsevation was estimated from 30m PAER

data obtained from the Global Land Cover Facilwyviv.landcover.orly The slope and aspect

was derived from the elevation data. The mean temperature for the fire season months (February
to April) at 30 arese@nds (~1 km) resolutn was obtained from WorldClim(Hijmans et al.

2005) We used an average of the mean temperature for the three months. Population density
estimates were obtained from Socioeconomic Data and Applications Center (SEDAGedVe u

the Gridded Population of the Wor liodof%deWds) v
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http://www.gadm.org/
http://earthenginepartners.appspot.com/science-2013-global-forest
https://lpdaac.usgs.gov/data_access
http://www.landcover.org/

minutes (~5 km)(Center for International Earth Science Information NetworKIESIN -

Columbia University 2005)The road dataset was downloaded from Vector Map 0 (VMap@). T

VMapO database provides consistent, continuous global coverage of essential base map features
at the | argest scale. Travel time estmmpbes w¢

developed byAndrew (2008)

4.3.3 Methods

To analyze the relative contribution of each of the above causative factors and to quafitdy the
susceptibility at a pixel level, we gridded the data into 1km resolution. All data were projected to
the MODIS sinusoidal equal area projection. Data sets which were not 1km resolution were
resampled to 1km using appropriate filters. The land coessification data was resampled to 1

km grid using majority filter while for the percent tree cover and elevation data we used the cubic
convolution filter. Specific to the population datasets, we used proportional allocation, i.e., the 5
km population dat has been allocated based on proportions fitting the 1 km scale. Thus for every
cell in the study area grid, we retrieved the following information: a). Tree cover percent; b).
MODIS Land cover IGBP classification; c). Elevation; d). Slope; €). Aspedefjperature; g).
Population estimate; h). Travel time from nearest city; i). Distance to roads; j). Distance to forest

edge; k). Protected/neprotected status; and I). Fire presence/absence.

We used the frequency ratio method at a pixel scale to agmegsobabilistic value of each
causative factor in impacting fires. This method is widely used in risk analysis Sfdiesp et
al. 2014; Lee & Sambath 2006 he sum of frequency ratios (F

probability of an event occurrence in the total study area for a given raagghaite values. For
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each grid cell, it is calculated as the ratio of the area where fires occurred in a specific grid cell and
also, is the ratio of the probabilities of a fire occurrence to aoeouarrence for a given causative
factor. The range of Waes extracted for each factor was divided into class intervals and the
frequency ratio was calculated. The frequency ratio estimate is a quantitative indicator of the
strength of the relationship between the risk event occurrence and the specificloles®ithe
causative factor. If the estimate is higher than 1, then the probability of risk event occurrence due
to the corresponding class interval values of the causative factor is considered high. If it is lower
than 1, then the probability of risk exeoccurrence considered low. For each of the factors
affecting the grid cell, the corresponding frequency ratios were calculated. The frequency ratios
(FR60s) for all factors affecting a grid cell

The fire susceptibility index (FSI) was calculated as:

FSI = ZFR )

Thus, each cell in our study area grid at 1km scale is associated wehsadceptibility value
which indicates the degree of fire risk in our study area. A higher FSI indicates higher fire risk.
Next, we identified the highly susceptible fire pixels by protection status and ranked the factors
associated with the pixels inst#ending order based on their FRs. Factors with higher FRs were

considered dominant causative factors and vice versa.

To quantify the relative differences in protected versusprotected areas with respect to fire
incidences, we used prapety score mahing technigue(Rosenbaum & Rubin 1983)n
statistics, matching methods are often used in observational data analysis to measure the average

treatment effect on the treated (ATT) group. The essehttee @ropensity matching method is
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that it identifies a control group which has similar covariates like the treated group except for the
treatment (protected or ngmotected). Though matching methods try to closely replicate
randomization by pairing tréaent and control units having similar covariates, the observational
data is quasexperimental ononrandomized by definitioiStuart 2019 This gives rise to the

issue of bias. Propensity score matching is a type of matching method which reduces bias due to
confounding variables by using treatment and control units having covariates as similar as
possible. This method is especially useftien the dimensionality of the covariates is high as it
reduces the large number of matching dimensions to a single propensity scdrenakes the
matching simple(Dehejia & Wahba 2002)A number of studies from various fields have used

this method to evaluatthe impact of treatment on target gro(igslson & Chomitz 2011; Nolte

et al. 2013; Andam et al. 2010; Andam et al. 2008)

One of our objectives of the study is to determine if protection by legal status makes a difference
to fire occurrence. Thus the treatment in our case has besidemd as the protection status and

the outcome variable as the presence of fire. The treatment variable (T) is binary and T = 1 when
forest is protected and T = 0 when the forest is not protected. Similarly the outcome variable is Y

is fire occurrenceY is the fire occurrence in protected areas agds\the fire occurrence in
unprotected areas. The Average Treatment Effect is difference in the outcome variable (fire
occurrence) that can attributed to treatment (protection). Mathematically, the AVeeag@ent
Effect (ATE) represented by Greek |l etter tau

population of interest as defined By 2

T= F:Tl — }}“] (2)
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whereU= ATE, Y1 = outcome when exposed to treatment=Youtcome in absence of treatment.
To estimate the Average effect of Treatment on the Treated (ATT), Eq 3 is modified to reflect the

estimate of Average Treatment Effealyfor the treated group as shown in Eq 3.

T = E:]’r] _ },“l T = 1] (3)
For each unit in the population of interest there will be only one outcome as shown in Eq 4.

v Yo when T = 1)
a Yi when T = 1

(4)

The propensity score is defined as a conditional probability of receiving treatment given pre
treatment characteristics (covariates) and is calailatesing Eq 5 [62]:

piX) =Pr{lT = 1]|X} )

where T = 1 indicates exposure to treatment and T = O indicates not exposed to treatment. X is the
vector of pretreatment covarias. p(X) is the propensity score. The ATT can be derived from the

Eqgs 2 and 3 if following two conditions are satisfied.
Condition IT X | p(X): Balancing prdreatment covariates given propensity score
Condition 1Y1,Yo T | p(X): Unconfoundedness given propensity score

Propensity score matching was particularly suitable for our study because it measures
6conser vat i oredchaemsterisicmwitiods see parameétric assumptions as possible

about the model on protection effectiveness and fire occurrences. Ttt@nggackage was run
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in R (Sekhon 2011)We used the Mahalanobis distance method to identify the similar matches.

Matching was done with replacement and gpeailof 1 standard deviatig®ekhon 2011)

4.4 Results

The range of peent tree cover values in the forests of the study region varied froh®@584%

of protected areas are covered by th&1D®% tree cover category in contrast to 60% in
unprotected forests. Only 13% of protected areas are covered byl #H&b1iree coverategory

as compared to 30% in unprotected forests. The lowest percent tree cover catedad9of25
covered an area of only 3% in protected forests compared to 10% in unprotected forests. As shown
in Fig 4.2a protected areas in the tree cover categoryingnigom 51 75% are most susceptible

to fire as indicated by their high frequency ratios as compared to the protected areas in the lowest
tree cover category (250%). However this trend is not seen in the-pootected areas, where

we observed a decreasefrequency ratio with decrease in tree cover percent. In both cases, i.e.,
protected and neprotected areas, the highest tree cover percent category has the lowest frequency

ratio indicating that forests with highest tree cover percent has leastdugatces.
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Figure 4.2: Histograms of Frequency Ratios for each causative factors in protected and non

protected forests.
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Analysis from the MODIS land cover data suggested significant variability istfoyee as one
moves from north/south towards center. In the north and southern regions, Myanmar is
characterized by broadleaf evergreen forests, whereas the central region contain deciduous forests,
shrublands and mixed forests. Protected areas are rdaimiyated by broadleaf evergreen forests
(79%), but include mixed forests (6%) and deciduous broadleaf forests (4%). Protected areas in
the extreme north of Myanmar are mainly dominated by evergreen needleleaf forests. Outside
protected areas, forests avemposed of evergreen broadleaf forests (59%), woody savannas
(15%), cropland and vegetatiomosaics (4%)Fig 4.2ereveals that protected areas on average are
more prone to fire occurrences than fpyotected areas as shown by their high frequency ratio
values. Within protected areas, most fire occurrences were found in savannas, followed by woody
savannas, croplandhtural vegetation mosaics, cropland and deciduous broadleaf forests- In non
protected areas, most fires were found in woody savannas, sayaoplands, deciduous

broadleaf forests, and croplamdgetation mosaics.

In general, protected forests in the north and central region have higher elevation than their
southern counterparts. With respect to elevation, the majority of the protectsts f@an the
elevation range of 10@000m while most of the ngorotected forests lie in the elevation range

of 500 2000m. As shown ifrig 4.2k the probability of occurrence of fire decreases with increase

in elevation in protected areas. However thmealoes not hold true for nqgmotected areas.
Elevation in the range of 50R2000m show highest probability of fire occurrences in-pastected

areas while lower elevation ranges i.¢ 500m show moderate probability of fire occurrences in
nonprotectedareas. Beyond 2000m elevation, both areas show least fire probability of fire

occurrence.
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The majority of the protected and nprotected forests lie in the slope range % degrees as

shown inFig 4.2c Protected areas within slope range 2@ degres show high probability of

fire occurrence while declines sharply as the slope increases beyond 20 degrees. The trend though
similar, is not as clear for ngprotected areas. Neprotected areas have a high probability of fire
occurrence betweeri 85 degres and a gradual drop in fire occurrence probability was observed

beyond 35 degrees slope.

Most protected areas have a northern aspect compared to unprotected forests, which dominantly
had southwestern or nordastern aspect. As shownhkig 4.2d the hidnest probability of fire

occurrence is seen in northern aspect for both protected anurotected areas.

The majority of protected (71%) and unprotected (81%) forests had a temperature rarige of 20
40°C. As expected, both protected and-pastected areashowed an increase in probability of

fire occurrences with increase in temperature as se€igid.2f However, compared to nen
protected areas, within the temperature range 8@ protected areas were more impacted by
fires. This is in contrast tdé lower temperature category range2@C) where nosprotected

areas showed higher probability of fire occurrence.

In general, protected areas in north and south Myanmar have very low population déasity (0
person/ kr) compared to protected forestscentral Myanmar where higher population densities
of 75/ 150 persons/ kinwere observed. Within the range of population densityi 800 persons/
km?, protected areas showed higher probability of fire occurrences than theprateoted

counterparts as swn inFig 4.2g
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The majority (31%) of the protected forests are at a distance @#Iurs from the nearest city
while the majority (40%) of the unprotected forests are located at a distanicEOofi&urs from

the nearest city. Further, we observed get#d areas in central Myanmar being much closer to the
cities than in north or south. As seerfig 4.2h the probability of fire occurrence decreases with
increase in time required to travel to the nearest cities. However, the impact of travel tiree on f

occurrence is more prominent in protected areas than wprodected areas.

Our analysis revealed that only 36% of the protected forests are at a distaintenoft@m roads
compared to 61% of unprotected forests. The majority (40%) of the profecests are at a
distance of B50km from the road while only 14% of the unprotected forests are at the same
distance from the roadkig 4.2i shows that with increase in distance from roads, the probability

of fire occurrence decreases for both protectadl rronrprotected areas. Though the frequency
values of both groups are close for each category, the frequency ratio of the protected areas are

consistently higher than the npnotected areas.
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Fig 4.3ashows the spatial distribution of the frequency ratios of tree cover percent. High frequency
ratio values for percent tree cover were found in-piaiected forests of Shan, Kayah, southern
Kayin, Mon, Chin, southwestern Sagaing,and western border of Magway state. A small patch is
seen in north Bago, and along the eastern borders of Magway and south Mandalay. In protected
forests, high frequency ratio weds for percent tree cover were found in Chatthin Wildlife
Sanctuary, Alaungdaw Kathapa National Park, Maharmyaing Wildlife Sanctuary and Panlaung

Pyadalin Cave Wildlife Sanctuary.

Among the norprotected forests, high frequency ratio values for elevdtitbows the terrain of
Myanmar as shown ifrig 4.3b High frequency ratio values for elevation is found in higher
elevation areas like the mountains in northern Myanmar, Chin hills, Shan plateau, Arakan Yoma,
and eastern Tanintharyi while in the protedim@sts, it is seen in Hukuang Valley, Bumhpabum
Wildlife Sanctuary, Pidaung Wildlife Sanctuary, Indawgyi Lake Wildlife Sanctuary, Chatthin
Wildlife Sanctuary, Maharmyaing Wildlife Sanctuary, Panlatyadalin Cave Wildlife
Sanctuary, Tanlwenae-chaung, handwechaung, Rakhine Yoma elephant range, Pegu and
Bago Yoma National Parks, Kahilu Wildlife Sanctuary, Tanintharyi National Park, Lenya National

Park, Pakchan Nature Reserve, and portions of Tanintharyi Nature Reserve.

Protected areas had distinctly hiffequency ratio values of slope compared to theprotected

areas [Fig 4.39. The highest frequency ratio of aspect was mostly found in protected Bigas (
4.3d. As shown irFig 4.3¢ the frequency ratio of land cover was predominantly higher for non
protected forests. A few protected areas showing high frequency ratio values for land cover are
Chatthin Wildlife Sanctuary, Alaungdaw Kathapa National Park, and PanRyadplin Cave

Wildlife Sanctuary. In general, protected areas had higher frequextiy of temperature
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compared to noprotected areas as shownHig 4.3t A notable exception to this trend include
Hponkanrazi Wildlife Sanctuary, Khakhaborazi National Park in northern Myanmar, Natma
Taung National Park in central Myanmar and portionsHuoikuang Valley, portions of

Bumhpabum Wildlife Sanctuary and portions of SHW#aung Wildlife Sanctuary.

The frequency ratio of distance to roads was on average less for protected areas thantheir non
protected counterparts. Most protected areas areetboaremote regions with limited road access.
Protected areas in the north and south of Myanmar and those located on the hills of central
Myanmar had mostly low frequency ratio value for rodelg ¢.39. Large portions of Hukuang
Valley had high frequesy ratio value for roads reflecting incidents when fire was used to clear
forests to build roads for infrastructure development. Similar trend reflecting anthropogenic
interference is seen in the protected areas of Htamanthi Wildlife Sanctuary, Indawegyi La
Wildlife Sanctuary, Chatthin Wildlife Sanctuary, Alaungdaw Kathapa National Park, Bago and
Pegu Yoma, Kahilu Wildlife Sanctuary, foothills of Tanintharyi National Park, edges of Lenya
National Park and Maharmyaing Wildlife Sanctuary. The frequencyaapopulation density is

shown inFig 4.3h High frequency ratio for neprotected forests occur in central Myanmar and

in the state of Rakhine. Similar trend is observed in the protected forests of central Myanmar. The
frequency ratio for travel time fro nearest cities was an important causative factor of fire
occurrrence for some protected areas like Hukuang Valley, Bago and Pegu Yoma National Parks,
foothills of Tnaintharyi National Park and Tanintharyi Nature Reserve, PanRyarplin Cave
Wildlife Sanctuary, Natma Taung National Park, Chatthin Wildlife Sanctuary, Alaungdaw

Kathapa National Park, Maharmyaing Wildlife Sanctuary, Sba@aung Wildlife Sanctuary.
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Non-protected forests along roads in south Kachin, around Huluang Valley, in state oh8han a

in Tanintharyi coast were most impacté&ig(4.3).

4.4.1 Protected areas and causative factors of fire

In protected areas of Myanmar, four important causative factors of fires were identified from the
frequency analysis. They include population density, leoxkr type, tree cover percent and
travelled time from the nearest city. Highest fire frequencies were observed for population density
range of 5075 persons/ kiin protected areas. Protected areas of Chatthin Wildlife Sanctuary,
Alaungdaw Kathapa Natia@h Park, parts of Maharmyaing Wildlife Sanctuary, Taniwae-

chaung, Thandwehaung, Rakhine Yoma elephant range, Pegu and Bago Yoma National Parks
and Tanintharyi Nature Reserve show high frequency ratio for population density. Specific to the
land coveltype in the protected areas, fire frequency was highest in savannas followed by woody
savannas, croplands and deciduous forests. Chatthin Wildlife Sanctuary, Alaungdaw Kathapa
National Park, and Panlawiyadalin Cave Wildlife Sanctuary being composethainly of the

fire susceptible land cover types showed high frequency of fire occurrences. Also, the fire
frequency was highest in tree cover percent range of %1Chatthin Wildlife Sanctuary and
Alaungdaw Kathapa National Park showed highest frequextioyfor tree cover percerkig 4.2i

shows that in protected areas, most fires occur near roads. This is in agreement with the map in
Fig 4.3gwhich shows the protected areas of Hukuang Valley, Chatthin Wildlife Sanctuary and
Alaungdaw Kathapa National famost impacted by fires. Apart from the aforementioned factors,
fires showed a decreasing trend with increase in elevation i.e. the highest fire frequencies were
found in low elevation (0LOOmM) areas. In addition, highest fire frequency was found ilower

slope range (® degrees). North facing slopes showed the highest fire frequencies. Further, fire
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frequencies increased with increasing temperature. The fire frequencies decreased with an increase
in distance to road$=(g 4.3). The relative contriltion of other factors is shown in (Fig34

4.3)).

4.4.2 Non-protected areas and causative factors

Outside the protected areas, the causative factors included population density, tree cover percent
and travel time from the nearest city. Non protected forepisosted a higher range of population
density (100150 person/krf) compared to protected areas. Most of these areas are located in the
valleys of central Myanmar and northern coast of Tanintharyi. We found a higher probability of
fires in the tree cover rge of 25 50%. Most of the high frequency ratio pixels were located in

the states of Shan and Chin Hills. Compared to protected areas, the high frequency ratio of the
fires in nonprotected forests is concentrated in lower percent tree cover rangesho¥Riee

cover. This indicates the impact of edge effects in thepnotected forests. Most ngarotected

forests were located withini 3hrs from nearest cities, implying that accessibility to market
impacts the noiprotected forests. As shown kg 4.3g forests in south Kachin and Shan are
more accessible by roads show high probabilities of fire occurrence. The highest number of fires
were found in 5002000m elevation. Similar to the protected areas, the highest fire frequency was
found for slope rangesdm O'5 degrees however, fire frequency was relatively high in higher
slope categories (800 degrees slope range) than in protected areas. Similar to the protected areas,
nonprotected areas showed highest fire frequencies in northern slopes and imtréese
frequency with increasing temperature. The highest fire frequencies were observed for population
density range of 1GA50 persons/ kA which is much higher than the protected areas. The fire

contribution potential for each factor is shown in EF@& 4.3)).
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4.4.3 Spatial patterns of cumulative fire frequency ratio

The final fire susceptibility map is shownhing 4.4 The fire susceptibility analysis at the national

level showed distinct spatial patterns. We found Central Myanmar to be more suscteptibke

than the northern or southern regions due to unique land cover characteristics. Central Myanmar
is mostly dominated by shrublands followed by deciduous broadleaf forests and cirogutiauad
vegetation mosaics. At the state level, highest fireeqighility is observed for Shan, Kayah,
Kayin, Mon, central Bago, southern Rakhine, southern Kachin, southwestern Sagaing, the borders
of Chin, Magway and Sagaing, northern and central Tanintharyi. Distinct clusters of fires with
highest frequencies weabserved in the following districts; a). Thandwein in Rakhine; b). Pegu,
Taungoo and Thayarwady in Bago; c). Lashio, Kyaukme, Loiken and d). Taunggye in Shan. Fire
pattern is more dispersed in the states of Kayah, Kayin, Mon, and Shan. In Tanintharfyighigh

susceptible pixels occurred mainly along the coast.
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Figure 4.4: Fire Susceptibility Map of Myanmar.

The following protected areas were highly susceptible to fire: Tanlere-chaung, Thandwe
chaungRakhine Yoma elephant range, Tanintharyi Nature Reserve, Alaungdaw Kathapa National
Park, Maharmyaing Wildlife Sanctuary, Chatthin Wildlife Sanctuary, Indawgyi Wildlife

Sanctuary and Pidaung Wildlife Sanctuary.
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Further, in Shan most of the fires in centraiken district occurred in the mixed forest patches of
evergreen and deciduous broadleaf forests. In Kayin and Mon districts, most of the fires occurred
in shrublands, woody savanna and cropiaatiiral vegetation mosaic classes. The fires in central
Bago regions occurred primarily over Bago and Pegu Yoma districts that are mainly composed of
deciduous broadleaf forests and mixed forests interspersed with evergreen broadleaf patches. Fires
in the district of Thandwein, Tanlmae-chaung, Thandwehaung ad Rakhine Yoma elephant

range occurred in evergreen broadleaf forests. Fires in north and south Myanmar were less
prevalent. In Kachin, Sagaing and Tanintharyi fires mostly occurred in cropémedation

mosaics and evergreen broadleaf forest classes.

4.4.4 Comparison of protected versus norprotected areas for fire occurrences

A correlation analysis was done amongst different causative factors as a part of the propensity
score estimation. The resultant correlograms for forest analysis are shéigWib. Elevation

was strongly correlated to temperatw@8§0). Since the correlations were not greater than 0.95,

no collinearity was assumed. The resultant propensity score estirtafiel¥9 with standard error

of 0.0024. The result is significant at 99% cogrfide level ftval =-46.26, p val~0). The degree

of balance achieved in the covariates while estimating the propensity score is siable#hl.

The table shows the mean values of the treatment and control variable before and after matching.
The variawe ratio is a measure of the degree of balance between the treatment and control variable.
Perfect balance is achieved when the variance ratio is equal to 1. In our study, after matching, the
variables of tree cover percent (1.07), travel time (1.04)eqlbf9), aspect (0.97), and fire season
temperature (1.04) were very well balanced with variance ratio values approaching 1. The

remaining variables of elevation (1.29), distance to forest edge (0.87), distance to road (0.68) and
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population density (1.12)ere also well balanced. The matching process greatly improved the
balance of tree cover percent (from 0.59 to 1.07), travel time (from 3.65 to 1.04) and average fire
season temperature (from 1.59 to 1.04). Moderate improvement was observed in thd cases o
elevation, slope and distance to forest edge. In summary, the propensity score analysis revealed
that protected forests have 11% lower probability of fire occurrence compared to unprotected

forests.

Tree Cover

026 Time Travel

0.16 0.26

Slope
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e
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Figure 4.5: Correlogram of covariates used in propensity matching analysis.
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Variables Before Malching Afer Malching

Maan Treatmaent Mean Conftrol Variance Ratio Mean Treatmaent Mean Contred  Variance Ratio

Trea Cover Percent B5.54 T5.61 0.58 #5.54 8566 1.07
Travel Time BO4.66 426,58 3.65 804,66 BO342 1.04
Elevation Ti514 691.93 1.56 Ti15.14 TO4.T6 1.28
Slope 19.85 1761 1.23 19.85 1971 1.08
Aspact 163,36 165,39 .98 163,36 16256 0.58
Distance 10 Forest Edpe 0.53 271 0.15 0.53 DS 0.87
Distance 1o Road SB46.30 2531.00 1.68 5B46.30 G075.60 0.68
Average Fire Seazon Temperatune 22338 23380 1.59 22339 22402 1.04
Population Dansity 23.20 3513 0.3 2320 24.61 1.12

The varance ratis is an indicator of the degree of balance achigved in the matching process, Vanance ratio closer 1o 1 indicates batler balance and
robustngss of the resultant propensity estimale,

doi: 101371 foumal pone. 0 243464001

Table 4.1: Mean treatment, mean control and the variance ratio before and after matching
for fire -causative factors.

4.5 Discussion

The results of our study suggest the anthropogenic nature of fires in Myanmar. Our results are in
agreement with similar studies in the regfByne 1998; Saha 2002; Prasad et al. 20@8jeover,
analysis of the fire probabilities for the individual causative factors providdsefuevidence.

Earlier studiegAldersley et al. 2011Yyeported drier areas and locations with tree cover less than
60% being more prone to fires in tropical areas. We observed a similar trend-pmotected
areasHowever, in protected areas, fires occurred in areas of moderate tree cover. Among the land
cover types, both protected and faotected areas showed higher probability of fires in savannas
and woody savannas respectively, suggesting more naturaMicegly savannas in continental

SE Asia are thought to have resulted from degradation of open forests where repeated vegetation
disturbance has led slominance of woody vegetatio(Baker, P. J., & Bunyavejchewin 2010
Kellman et al. 1998; Giri et al. 20Q3The difference of trends in fire probabilities over the

elevation ranges is another major sign of anthropogenic intecieri protected areas, higher fire
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probability is associated with lower elevations, but in-povtected areas, higher fire probabilities
were associated with mielevation range of 50@000m. Further, most low elevation fires are
associated with cleays near settlements while high elevation fires were associated with slash
and burn agriculture (called taungya in Myanmar) practiced by the indigenous populations in the
mountaingFox et al. 2009; Fox 200@)r associated with clearing of forests for rubber plantations

in recent timegWoods 2011b; Fox & Castella 2013Fjires from the shifting cultivation and/or
rubber plantations were found in areas outside the protected areas while such fires were totally
absent in the protected areas. The fire probabilityratepted areas suddenly dropped after the
slope varied from 230 degrees while the drop was more gradual forprotected areas that

occurred on higher slope rangesi(3D degrees).

We also observed a clear influence of climate, i.e., the northern si@pesmore fire prone in

both protected and neprotected areas than those of the south. We attribute the climate differences

to the Asian monsoon. Myanmar is mostly impacted by monsoonal climate in the south. Thus, the
southern region receives more moistdhan northern areas. Higher fire probability was also
associated with higher temperature and population densities. This is as expected because higher
air temperatures are conducive for ignition and spread of fires. Studdddrgley et al.(2011)

reported highest mean monthly burned area percent for tropical regions with a mean monthly
temperature of 30°C. The samiidy reported an increase in burned area with an increase in
population density up to 30 inhabitants per?kah a global level. This value is close to the
population density estimates in the protected areas, but far lower than our population density

estimde outside the protected areas in Myanmar. The population density was lower in protected
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areas compared to nqmotected areas, thus fewer fires were observed in protected areas than non

protected areas.

Accessibility from the nearest cities is a proxy flistance from markets. It was expected that
areas closer to cities will have more fires than areasdre far from cities(Armsworth et al.

2006) We observed a similar trend in this study, i.e., decrease in fires with increasing travel time
from the nearest cities. For protected areasst fires occurred in areas withiin2lhours from

cities, whereas in neprotected areas most fires occurred withiBHburs from cities. The higher

travel time range for neprotected areas indicate the increased anthropogenic pressure on the
forest land. Distance from roads has been found ta Ibeajor cause for forest loflsaurance et

al. 2009) For exampleWyman & Stein(2010)reported a decrease in deforestation by 50% with

an increase in distance to roads up to 2.5km and Stolle(20@B)reported a 2.5 tingincrease

in fire occurrence within a distance of Skm from roads. In our study, we found most fires
occurring within 1km of roads in both protected and -posiected areas suggesting the
anthropogenic nature of these fires. Proximity to forest edge®siher indicator of the nature of
6encroachmentd6 into forests. |In protected ar e:
most susceptible to fire while in ngomotected areas, areas withiiRkm from forest edges were

fire prone. Our result@re in agreement with a similar study in the Amag@ochrane 200here

the authors found that most firescur within 2.5 km from forest edges, while in rare events it can

be as far as 5.5 km from the forest edge. The above results from frequency analysis were quite
effective in delineating factors controlling vegetation fires in protected angnobectecareas of

Myanmar.
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Our results from propensity matching analysis show the effectiveness of protected areas in
controlling vegetation fires. The protected areas had 11% less fires than theotemted areas.

Our results are comparable to a similar stuahdeicted in Costa RicéAndam et al. 2008 here

the authors found that 10% of deforestation was avoided due to protected areas. Similar studies
conducted at a regional level reported a reductidinanncidences of 24%in the protected areas

in Asia(Nelson & Chomitz 2011)Overall, our results highlight spatial controls of vagjen fires

in protected and neprotected areas of Myanmar. To arrive at our conclusion, we used the best
available datasets at the time of publication. However in spite of our best efforts, the authors

recognize the limitations of data availability anmd/amplications it could have on our results.

4.6 Conclusion

We investigated the biophysical and anthropogenic controls of vegetation fires in Myanmar. We
used a probabilistic frequency ratio analysis to map the causative factors of fires. To analyze the
effediveness of protected areas in preventing forest fires, we used propensity matching methods.
Our results suggest population density and travel time as tworiamt anthropogenic factors
impacting vegetation fires. We also mapped different biophysicatdiusative factors at a 1km

scale for the entire Myanmar useful for fire management. Results suggested central Myanmar
being more fire prone than the southern and northern regions. Results also suggested 11% less
fires in protected areas than the fmotected areas. Our study results highlight important

causative factors of fires useful for understanding fire ecology and management in Myanmar.
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5 Summary of research

5.1 Summary

This dissertation investigates and seeks to understand the contemporary foredycavecs in
Myanmar using coarse, high and firesolutionsatellite data in conjunction with GIS and ancillary
datasets in a statistical framework. It specifically provides quantitative information on magnitude,
trends and spatial patterns of recenesbrloss. It also provides-oepth analysis of causative
factors of forest fires in addition to the role of protected areas in conserving forests. Detailed
summaries for each research objective identified in section 1.3, are provided in the subsequent

sections.

5.1.1 Determining the impact of institutional change on forest cover in Myanmar

Chapter 2: ifRegi me change and f oindghsthagter, B g ment
examined forest loss and fragmentation from 2001 to 2014 in the contestenft rpolitical

transition, using Landsatata to estimate forest loss and fragmentation metrics at two different
scales: i) national, and ii) State/Region (in Myanmar States and Regions are geographically
exclusive and both refer to level 2 administratiirgsion). The above objective was addressed by

answering two different research questions
1. How did the recent political transition in Myanmar impact its forest cover?

Our analysis showed a total forest los2¢130,101 ha at the rate of 145,007.21 éary
with a linear increase of 15,359 (£1793) hal/year. The observed increase in variance in
forest loss during 2008011 coincides with political transition, period which started with
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the formation of the new Constitution in 2008 and ended with the milgavgrnment

handing over power to the democratic government in 2011.

2 Is the change consistent across different provinces and which of these were most

impacted with respect to forest cover change?

The political transition impacted different provinces difatly. Provinces known for
plantation agriculture and urban areas were more impacted than others. Pre 2008 increase
in variance in residual distribution for both fragmentation metrics (mean patch area and
number of patches) were observed for Taninthang Bago Regions while post 2008
increase for the same parameter was observed for Shan, Kayah and Kayin. Border States
like Shan, Kayah and Kayin were more impacted by the political transition than inland
Mon State. Urban areas like Yangon and Nay Pyi Cmwshigh fragmentation due to the

political transition.

5.1.2 Characterizing regional fire characteristics and forest disturbance due to fire.

Chapter 3iiFire Disturbance in Tropical Forests of Myanfaknalysis Using MODIS Satellite
Dat aset s0 ad & mogestivee bh this shaptea the relationship between fires and
vegetation disturbance was quantified at various spatial scales using MODIS dedas@B303

2012. The research questions addressed along with the results obtained are given below:

1. What isthe spatiotemporal distribution of the fires in Myanmar and what are the typical

fire regime characteristics (duration, seasonality, and extent)?

Results suggested March as the peak fire season with burnt areas (BAs) of 12606 km

95000 fire counts.
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2.

5.1.3

Whch land cover is most impacted by fires? How much of the vegetation disturbance in

Myanmar is due to fires?

Forests accounted for 41.3% of the total BAs followed by shrub lands (33.6%) and
agriculture (24.7%). The lcountédforve2goeftotalt i o n

fires, whereas the medium and high categories accounted for about 89.7%.

How does the fire impact the GPP in a forested landscape and how idePire
relationship vary across different ecosystem types (evergreen versus decmtastis3 f

and across different spatial scales?

Results indicated relatively higher negative correlation between BA and GPP for
deciduous forests (r = 0.49, p ~ 0) than for evergreen forests (r = 0.36, p ~ 0). A
maximum decrease (29%) in GPP (2aWA2) was bserved in the evergreen forest
patches. The scaldependent correlation analysis suggested significarGBR

correlation at 1 x 1 degree compared to finer resolutions.

Evaluating the dominant causative factors and the effectiveness of protected areas in

conserving the forests.

Chapter 4:fiFactors Controlling Vegetation Fires in Protected and -Riotected Areas of

My a n maddréssed the above objective. Satellite data in conjunction with biophysical and

anthropogenic factors were used in a spatial fraonkewo map the causative factors of fires. The

frequency ratio method was used to assess the contribution of each causative factor to overall fire

susceptibility at a 1km scale. The propensity score analysis was conducted to evaluate the
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effectiveness ofhe protected areas. Specific questions addressed and the results obtained are

summarized below:

1. What are the dominant causative factors of fires in protected angmbected areas?

The five major fire causative factors in protected areas in descendieyg include
population density, land cover, tree cover percent, travel time from nearest city and
temperature. The causative factors in 4pootected areas were population density, tree
cover percent, travel time from nearest city, temperature and tielevalhe fire
susceptibility analysis showed distinct spatial patterns with central Myanmar as a hot spot

of vegetation fires.

2. Are protected areas effective in conserving the forests?

Results from propensity score matching suggested that forests witkéctpd areas have

11% less fires than negorotected areas in Myanmar.

5.2 Future Research Directions

Research avenue$here is very little current information available on Myanmar, mostly due its
history of political and economic isolatidArom my perspaive, additional research is needed on
characterizing forest cover loss due to rubber and palm oil plantations. Thus, plantation mapping
in forested lands might provide useful results. Such studies are hampered due to limited access to
field data. County specific land cover and forest maps are available, however, they need to be
validated on the ground to provide a reliable estimate of land/forest cover changes. As inferred in
the dissertation, operational monitoring of forest loss and fires will bomgrito regional
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conservation efforts. Most of the fires are related to slash and burn, thus alternate methods of
subsistence agriculture should be promoted. For addressing the natural fires, research on fire
forecasting and fire spread models may helgrnving at fire mitigation measures. Habitat

conservation and land use planning are also important issues to address LCLUC in Myanmar.

Future research avenues for land use science in Myanmar include telecoupling studies linking large
scale agriculture tdemands for palreil /rubber in China and other countries; annual mapping of
slash and burn areas and assessing their contribution to national carbon accounting; developing
spatially gridded emissions inventory from land use/forestry sector; forest Isiamesping

integrating optical, radar and LIDAR data for REDD+ reporting at Tier 3 level, etc.

Practical use of remote sensing and geospatial technologies in Myanmar is hampered by a lack of
technical expertise. Though there is a lot of interest in ugngpte sensing data for policy
applications, practical logistic issues such as slow internet connections inhibit downloading of data
and accessing platforms like Google Earth Engine for analysis of data etc. Other challenges include
difficulties in procurig cloudfree images, procuring high resolution images, application and
development of automated methods for large area mapping and funding constraints. With the
recent democratic transition, the Myanmar Government is showing immense interest on capacity
building activities in remote sensing and GIS technologies. International organizations such as

FAO and USAID are helping Myanmar in various capacity building activities.

Need for countnspecific maps and monitorin@he datasets used in this analysisgfbioss and

fire) were derived by clipping global datasets. There is an urgent need to involve local experts in
generating some of the courdgvel products. The landscape in Myanmar is heterogeneous so
high resolution data and ground information areeseary to derive highly accurate land cover
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maps. There is an urgent need for Myanmar to harness the available satellite systems (Landsat,
Sentinel) and establish national satelbesed monitoring of forest loss and fires using well
developed techniquethat were applied in this dissertation and as is being implemented in other

countries of South and Southeast Asia.

Reliable statistics/data from the Myanmar GovernmaAstof now very limited data are available

from the Government on the status of forést and wildlife. The fact that Myanmar is located in

the IndeBurma biodiversity hotspot, warrants regular reporting on the status of its forests and
wildlife. At this point of time, most of the information comes from {gmvernment organizations

like Biodiversity and Nature Conservation Association (BANCA), Economically Progressive
Environmental Development (EcoDev), Fauna and Flora International (FFI), World Wildlife Fund
(WWEF), and Wildlife Conservation Society (WCS). Given the high rates of foosst and
fragmentation reported for the country, it is time that the government puts in place the necessary
data collection systems and releases an annualanmiial reports on the status of its forests and

wildlife.

5.3 Conclusion

The transition to democrgén Myanmar has been welcomed internationally by lifting previously
imposed sanctions by paeemocracy nations. The lifting of economic sanctions provided a much
needed opportunity to the Myanmar Government
political and economic isolation. Myanmar is rich in natural resources and exgoftingiattré s

products contributes to the economy. The economic and structural refspewfically the

increased granting of agricultural concessions and logging for ptargdéd to rapid forest loss

and fragmentation. The rapid rate of forest loss and fragmentation is of concern to
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environmentalists due to important role forests play in maintaining ecosystem structure and
function, especially in a biodiversity hotspotdikyanmarThe new democratic government has
shown interest in environmental conservation isslies.need to conserve forest, woodlands and
wildlife and amend old laws and enact new laws for environmental conservation by recently

formed government is weleceived by the local people.

The results presented in this dissertation come at an opportune moment as the new government is
still under inception. It furthers the present understanding of contemporary forest cover dynamics
and fires in Myanmar in contenf the recent political transition. Understanding the dynamics and
drivers of forest loss and fragmentation is necessary to formulate forest conservation policies.
Throughout this dissertation, remotely sensed data has been combined with GIS incalshiist
spatial framework to arrive at the results and explain the findings. Specifically, they provide
information on magnitude, trends and spatial patterns of recent forest loss, fragmentation, fire
hotspots, the status of protected areas and invesgtight causative factors of forest loss,
fragmentation and fires.

The challenge for the new government lies in designing sustainable development policy
interventions that not only encourage economic and social development but also ensures

environmental priection.The formative years of the new government is of great importance for

the countryobés future. How the country manages

its long term economic future.
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6 Appendix: Photos taken during field work for this thesis

New rubber plantation with very young rubber saplings.

New planted rubber saplings.
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Close look at a single rubber sapling.

Collecting rubber sample data.
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Yoma Green Rubber
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Mature rubber trees.
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Young rubber plants with foliage.
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Young (sapling stage) rubber plantation (front) and mature defoliated rubber (back).

Young (sapling stage, older than previous photo) rubber plantation in (front) and matustetefol

rubber (back).
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Age stratified rubber plantations.

Clear felling of existing plantation to make space for new plantation.
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Interaction with local people to gain knowledge about rubber plantations and policies.
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Mature teak plantation in Central Myanmar.

114



Young teak plantation.

Young teak plantation in a drier region.
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