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Chapter 3 has been submitted to International ddwirRemote Sensing (Gorsevski et

al. 2012b). The research presented in Chapter #dwessubmitted to Journal of Human
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1.1 Introduction

During the period 1946 to 2001, there were 225caroonflicts globally (Gleditsch
et al. 2002) accounting for approximately 20 milllouman casualties (Fearon & Laitin
2003). In 2010 alone, there were 30 active armedlicts in 25 locations around the
world (Themner & Wallensteen 20£1)While the number of conflicts increased
significantly during the second half of the”?@entury, their primary causes remain
largely unchanged; that is, differential accessritical resources and disagreements
about ideology and/or the nature of collective tdgr{Pedersen 2002). On the other
hand, the prevailing type of war in modern timexiteto occuwithin, rather than

betweerstates (Fearon & Laitin 2003; Pedersen 2002).

Africa in particular has been deeply and disprtapoately affected by conflict in
recent years. During the last forty years of th® @ntury, about 40 % of Sub-Saharan
Africa experienced at least one period of civil wanainly resulting from high levels of
poverty, heavy dependence on resource-based premports and failed political
institutions (Elbadawi & Sambanis 2000). The conseges for Africans have been
devastating, partly as a result of the associatgtlIbvels of refugees and displaced
persons, which continues the cycle of poverty aaldisastrous implications for human

health (Kalipeni & Oppong 1998; Sidel & Levy 2008).

According to the Department of Peace and Conflesdarch at the University of Uppsala, armed cdnflic
is defined as “a contested incompatibility thataemms government and/or territory where the ussrmied
force between two parties, of which at least orteésgovernment of a state, results in at leadicézfie
related deaths (Strand et al. 2004).”



Armed conflict also frequently wreaks havoc on éneironment. In Africa, where
there is a high degree of dependency on naturaliress (Shambaugh et al. 2001), this
can be particularly harmful for civilians. In re¢emars, scholars have begun paying
closer attention to the negative impacts of confiit the environment. A recent study by
Reuveny et al. (2010) examined the impact of wasereral environmental indicators
such as C@and NOx emissions, deforestation and a compositeamental stress
indicator with mixed results, including the findittzat warfare increases deforestation in
a country when fought at home, and promotes fapestth when fought abroad,
particularly among Least Developed Countries (LDE&guveny et al. 2010). Hanson et
al. (2009) similarly looked at the occurrence ofaad its relationship to areas of high
biodiversity globally and found that over 90% oé ttmajor armed conflicts between 1950
and 2000 occurred within countries containing bredsity hotspots and more than 80%

actually occurred within a hotspot (Hanson et @a09.

In general, however, research on war and the @mvient is presented on a case-
study basis, focusing on several reoccurring thesnek as habitat destruction, pollution,
loss of wildlife, reduction in biodiversity and geal over-exploitation and degradation
of natural resources (Baral & Heinen 2005; Davaloal. 2011; Draulans & Van
Krunkelsven 2002; Dudley et al. 2002; Dudley & Wamd 2002; Eniang et al. 2007;
Glew & Hudson 2007; Joksimovich 2000; Kalpers 20Kanyamibwa 1998; Loucks et
al. 2009; McNeely 2003; Messina & Delamater 200&aree 1995; Westing 1971). As
these and other studies reveal, the negative impdetar can be directly related to
military activity such as defoliation from the uskeherbicides, wildlife mortality from

landmines and hunting, or air and water pollutimmf the bombing of industrial



facilities. Damage can also occur when laws andlegigns designed to protect the
environment break down and natural resources draated and over utilized to support
military efforts, such as widespread logging toduhe acquisition of weapons for
soldiers. The negative effects of war can ofteruobothprior to the actual conflict due
to pre-war build-up of weaponry and military exess andfter the war due to the long-
lasting effects of a dramatically altered enviromin@lachlis & Hanson 2008). Indirect
effects of war on the landscape can occur whem{acgle displacements of people put
added stress on the environment — often in the tdranowded refugee camps (Allan

1987; Biswas & Tortajada-Quiroz 1996; Ghimire 19Bigo 1996; Sato et al. 2000).

In some cases, however, researchers have notecbtifact can have a positive
effect on some aspects of the environment. For pigrivartin and Szuter found that
there was an abundance of large animals such @s inishe early 1800s “Upper
Missouri war zone” due to inter-tribal warfare tipaévented people from entering the
area (Martin & Szuter 1999). The modern-day eqeivabften cited is the Korean
demilitarized zone (DMZ) where wildlife has seen a major resurgence gineend of

the Korean War (Brady 2008; Kim 1997).

Understandably, it is often difficult to conddigtld research in conflict environments
(Cohen & Arieli 2011). One method for collectingarmation about the physical
landscape in an otherwise inaccessible war-torir@mwent is through remote means
such as the use of satellite imagery. This is aaugimore frequently in recent years due

to advancements in technology that allow for thiéection and display of data at

2 A complete list of acronyms and their definitiazen be found on pages 134 - 137.



relatively low cost. High profile examples incluthee Satellite Sentinel Project
spearheaded by actor George Clooney that usesdsglution satellite imagery to
showcase the burning of villages and troop movesy@mong other things, in Sudan

(www.satsentinel.ong As with other studies focusing on war and ther@mment, the

use of remote sensing for this purpose has gepdradin documented on a case-by-case
study. For example, multi-date Landsat data weeel is quantify environmental damage
from the burning of oil wells in Kuwait (EI-GamiB007). Other studies using
spaceborne imagery to examine the effects of waitareffects have used satellite
remote sensing data to measure and characterdedaer change over an extended time
period (de Beurs & Henebry 2008; Kuemmerle et @72 Suthakar & Bui 2008; Witmer

2008).

The Eastern Afromontane ecoregion has provideddc&drop to several conflicts,
including the decades-long Sudan Civil War (1953932 and 1983 to 2005) and the
terrorist activities of the Ugandan Lord’s Resis@ai\rmy (LRA). This ecoregion, which
spans portions of Tanzania, Uganda, Kenya and SRudhan, is considered a biodiversity
hotspot by the nongovernmental organization (NG@)<ervation International (CI)
because it contains nearly 7,600 species of plahtghich more than 2,350 are endemic.
In addition, about 1,300 bird species occur in Hutspot, 110 of which are found
nowhere else, as well as 500 mammal species, wtlke than 100 endemic to the region

(seehttp://www.biodiversityhotspots.org/xp/hotspotsfairontane/Pages/default.a$px

Figure 1-1 shows armed conflicts occurring in cambe Eastern Afromontane

Biodiversity Hotspot.
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Figure 1-1: Conflict data were obtained from the Amed Conflict Location and
Event Data (ACLED) (http://www.acleddata.com/indix.php/data). The ACLED
dataset collects reported information on internal plitical conflict disaggregated by
date, location and actor. For more information on low data are collected and coded
see (Raleigh et al. 2010). Biodiversity Hotspot spal data were obtained from the
Conservation International Foundation (Mittermeier et al. 2004). See
(http://www.biodiversityhotspots.ora/xp/Hotspots/re®urces/pages/maps.aspxThe
background image used to make the Africa map is a0®0 land cover map for Africa
developed by (Mayaux et al. 2004) using the SPOT Yetation instrument as part of
the EC Joint Research Centre Global Environment Moitoring Unit
(http://bioval.jrc.ec.europa.eu/products/glc2000/gl2000.php The photo of tanks
was taken by V. Gorsevski in 2006 in Juba, Souther8udan.

Across Africa, fire is an important factor in siagpecosystem processes (Guyette et
al. 2002) and this is also true of the Imatong Maimregion where fires are mainly
ignited by people to clear land for farming, hunlidife, promote green flush for
grazing, collect honey, provide security aroundleetents and huts and to clear trails
through the forest and bush (Friis & Vollesen 20@63ignificant amount of research on

fire has been conducted for parts of Africa — oftalled the “fire continent” (Sheuyange



et al. 2005), and some work has been done to detetime relative importance of
various factors — both natural and human-causeshind fire occurrence and spread
(Archibald et al. 2009). With the widespread aMaillty of time-series data from satellite
sensors, much of the research on fire in Africal (@isewhere) uses products derived
from remote sensing technologies specifically desigto record fire activity and fire
properties across time and space. However, verystadies have used fire data products
to gain insight into the causes and consequencasrad conflict (Bromley 2010).The
research conducted as part of this dissertatidksgeeexamine the impact of conflict on
land cover and land use using satellite remoteisgmsta combined with qualitative
data obtained through interviews with local pap#its. The Imatong mountain region of
South Sudan and northern Uganda was specificatigaainas my area of study because of
its high biodiversity and unique geographical pgosispanning two different, but war-
affected regions in East Africa, where a recensatsn of hostilities has made it

possible to examine the effects of war and peadb@tandscape.

1.2 Research Objectives

Focusing on the Imatong Mountains and surroundneg, the primary goal of my
research was to understand better how human aatifitiences land use and land cover,
both during and immediately following prolonged aarconflict. In support of this
primary goal, the specific objectives of the resharesented in this dissertation were as

follows:



1. To compare spatial and temporal trends in foregeiccelated to war and post-war
periods in a biologically diverse region spanniwg separate countries experiencing

different types of conflict and resulting humandarse patterns.

2. To characterize the spatial and temporal attribatesthropogenic fire in these same
two cross-border regions and compare results wihdscale population trends

across different land cover types.

3. To explore the underlying causes of different hutaawl use patterns during and
after war and to relate this information to obsdrebanges in forest cover through

integration of satellite remote sensing and qualiaresearch approaches.

1.3 Dissertation Organization

This dissertation is organized in three major sesti— each corresponding to the
specific objectives listed in Section 1.2. Chapftkrough 4 have been written such that
they can stand alone for publication in differemirpals corresponding to their topic area
and for this reason some information containedhélbtroduction and Study Area
sections may be repetitive. Chapter 2 investigeltemges in forest cover for two distinct
periods representing conflict and post-conflictttimnee separate but proximate areas.
This chapter was published BRgmote Sensing of Environm@RSE) in March 2012
(Gorsevski et al. 2012c). Chapter 3 explores ttaiomship between fire activity and
human population trends across the study areagltirenwar and post war periods. This
section is currently under review by timternational Journal of Remote Sensing

(Gorsevski et al. 2012b). Chapter 4 focuses onltherSouth Sudan portion of the study



area, and uses qualitative research methods tasiadd better the human dimensions
behind observed changes in forest cover. This@etias been submitted to thaurnal
of Human Ecologwnd is also currently under review (Gorsevski ep@l2a). Chapter 5
includes a brief summary of the dissertation reseand results, future proposed

research, and policy implications and next steps.



2 Analysis of the Impacts of Armed Conflict on the Eatern
Afromontane Forest Region on the Sudan — Uganda Bder Using
Multitemporal Landsat Imagery *

2.1 Summary

The impacts of armed conflict on ecosystems argleonand difficult to assess due
to restricted access to affected areas during wiaetimaking satellite remote sensing a
useful tool for studying direct and indirect efeof conflict on the landscape. The
Imatong Central Forest Reserve (ICFR) in South 8udgether with the nearby
Dongotana Hills and the Agoro-Agu Forest ReserveéRAIn northern Uganda, share a
boundary and encompass a biologically diverse mmantcosystem. This study used
information derived from satellite data combinedhAaroad-scale human population
trends to examine the impact of armed conflict @adutcome on similar forest
ecosystems both during and after hostilities haseued. A Disturbance Index (DlI)
was developed to generate images that were useddstigate the location and extent of
forest cover loss and gain in three areas for twyp #me periods from mid-1980s to 2001
and 2003 to 2010. Results indicate that the rat®st recovery was significantly
higher than the rate of disturbance both during afigr wartime in and around the
ICFR and the net rate of forest cover change reediargely unchanged for the two
time periods. In contrast, the nearby Dongotanddperienced relatively high rates of
disturbance during both periods; however, post parod losses were largely offset by
some gains in forest cover. For the AFR in Ugarnde, rate of forest recovery was much
higher during the second period, coinciding witke thme people began leaving
overcrowded camps. The diversity and merging oistio regions in a very narrow band
around the Imatong Mountains makes this area bickily distinct and of outstanding
conservation importance; therefore, any future lmsfrest cover is important to
monitor — particularly in South Sudan where largembers of people continue to return

following the 2005 peace agreement and the 201é&r&sdum on Independence.

% Published irRemote Sensing of Environment (Gorsevski et aR)201



2.2 Introduction

The direct effects of war on civilians are gengralell-understood and have been
extensively documented (Clodfelter 2002; Ismael22®Cegan 1994; Sidel & Levy
2008; Tardanico 2008). The indirect effects of wae to the use of munitions on a
nation’s land, air and water can also have advéwag;term and far-reaching effects on
human populations and the surrounding environmiksimovich 2000). Often
overlooked is the effect of war on land cover, vhit turn impacts biodiversity (Dudley
& Woodford 2002), despite the fact that ninety eatoof the major armed conflicts
between 1950 to 2000 occurred within countries aairig biodiversity hotspots and
more than eighty percent took place directly wittiia hotspots (Hanson et al. 2009).
Several studies have concluded that armed cordlgnerally deleterious to plants and
animals due to habitat destruction and fragmematioect loss of animals from
poaching or land mines, over-exploitation and deégtian of natural resources, and
increases in land and water pollution (Baral & H#ir2005; Eniang et al. 2007,
Gleditsch 1998; Jacobs & Schloeder 2001; Kalpe€d 2Banyamibwa 1998; Messina &
Delamater 2006; Pearce 1995; Shambaugh et al. 2@0lHouven & Nimir 2004;
Vanasselt 2003). In some cases, however, warshesrefound to have a positive impact
on biodiversity, through the formation of “no goms” due to reduced security, resulting
in a decrease in human pressure on the environanentvildlife (Kaimowitz & Faune

2003; Martin & Szuter 1999; McNeely 2003; Nietsciimd. 990; Vogel 2000).

Difficulty of access to an area during war combiméth no clear spatial or temporal

definition for the extent of conflict makes an a@ta and timely assessment of the



impacts extremely challenging (Glew & Hudson 20@8cause of these limitations,
information derived from satellite remote sensiagadcan provide insight into how
conflict directly affects the physical landscape during wartime,iaduectly leads to
changes in human populations and land use acthatydrive the observed land cover
modifications. For example, data from satellite oégrsensing have been used to identify
the effects and quantify environmental damagesuwdit from military activity that
occurred during the 1990-1991 Gulf War (EI-Gamif0Z; Koch & El-Baz 1998).

Satellite imagery was also used to show how thayspy of defoliants on coca crops in
Columbia negatively affected native plant and feomp parcels (Messina & Delamater
2006) and to monitor the burning of fields, foremtsl villages by the Turkish army in

Kurdistan (De Vos et al. 2008).

Because the impacts of war on the environmenbfea felt both prior to and
following conflict (Machlis & Hanson 2008), time+ses of satellite imagery can be used
to monitor the landscape over a longer period ¢one changes resulting from the effects
of war (Pearce 1995), including the abandonmeagatultural lands (Suthakar & Bui
2008; Witmer 2008). One of the more visible effeaftsvar is the imprint left on the
landscape due to mass migration and subsequelensertit of people in internally
displaced person (IDP) or refugee camps. Much bas kvritten and debated about the
impact of IDPs and refugees on the environmentijthsigenerally agreed that
emigration tends to reduce pressure at the origihiecrease pressure at the destination
(Hugo 1996), leading to deforestation and genarad Idegradation at the latter (Allan
1987; Biswas & Tortajada-Quiroz 1996; Ghimire 19Bigo 1996; Sato et al. 2000).

This has significant implications for the environmhsince the number of forcibly



displaced people has risen in recent years, despéaduction in the actual number of
civil conflicts (Cohen & Deng 2008). Peace can Qeadly damaging to the environment
if mass migration is reversed back to the poirdrgdin, accompanied by resource
exploitation necessary to rebuild communities andve the local economy (Robinson &

Sutherland 2002).

The objective of this study was to use informati@nived from remotely sensed
satellite imagery to compare and contrast changésést cover in a cross-border
conservation hotspot located on the border of SButtan and Northern Uganda. It is
expected that forest cover will remain constarinorease during the war periods on the
South Sudan side of the study area as people teavegion and abandon farming and
other activities that affect land cover, and ttosest cover will decline with migration of
people back to the area. In contrast, forest cevexpected to decrease during the war
years in the northern Uganda study area as a @&fshié heavy concentration of IDP
camps located in the study area and then rebouretant years due to abandonment of

the camps.

2.3 Sudan and Uganda Conflicts

In January 2005, the historic Comprehensive PAgceement (CPA) put an end to
nearly fifty years of civil war in Sudan (excludiagperiod of peace from 1972 to 1983)
that resulted in an estimated two million dead awer four million IDPs (Haynes 2007).
The war largely pitted the Arab-dominated Northiagiathe Christian/animist South in a
multifarious conflict that had wide-reaching impaoh neighboring countries, due in

large part to the outpouring of some 600,000 Suskanefugees, mainly into Uganda,



Kenya, Ethiopia and the Democratic Republic of Go(Burr & Collins 1995; UNHCR
2007a; USAID 2006). Nearly all Southern Sudanese stayed in the country migrated
north to IDP camps in and around Khartoum and tifa@sition zone’ border area
between Northern and Southern Sudan (Duffield 20@?)e of the few exceptions was
the Labone IDP camp located in Southern Sudan’teEaEquatoria State, where in
1992 thousands of people from the Bor Dinka trileeenrelocated due to inter-ethnic
fighting (Dowden, R. (1994, February 10). Attack¢es Sudan Refugees to Flee Camp.
The IndependenRetrieved from http://www.independent.co.uk/) avitb have since

returned north to Jonglei State following the 26@=ace Agreement.

Since 2005, an estimated two million refugees|@ik have returned to Southern
and now South Sudan (Hovil 2010). According todffecial 2008 census for Southern
Sudan, the total population was 8.26 million, coredawith an estimated 6 million in
2005 (OCHA February 2006) and 5.3 million in 198®(se 1989). And while no
official population estimates are available sin68& widespread returns in advance of
the January 2011 Referendum on Independence -dinglmore than 180,000 returnees
over a period of just three months — have causeg@dipulation to surge to an estimated
9.5 million according to the United Nations Offifte the Coordination of Humanitarian

Affairs (OCHA) (IRIN February, 2011)

In neighboring Uganda, around ninety percent efgbpulation in the north had
similarly been uprooted as a result of conflich-this case between the LRA and
government forces (Miller 2006). The seeds of tlae were planted in 1986 after

Ugandan President Yoweri Museveni took power thhoaig armed uprising, that



resulted in the fleeing of soldiers loyal to thd cdgime, many of whom were of the
Acholi and Lango tribes whose villages and townsaNecated on the northern border
with Sudan (Ochan 2009). Opposition to the newmnegjave rise to various resistance
movements, most notably the LRA, led by the notsidoseph Kony, whose terrorist
tactics have resulted in decades of brutality ajaiivilians in Uganda, Sudan and the
Democratic Republic of Congo (Eichstaedt 2009)with Sudan, the civil war in
Uganda led to mass upheaval of the local populaté¢mile some people fled to
neighboring countries, the majority of civiliansnedorced to relocate into overcrowded
IDP camps in the north of Uganda as part of a gutetd villages’ policy that began in
1996 in an effort to isolate LRA combatants (IDMQLB). This policy was reversed in
2006 due to improvements in the security situatsmch that only 73,239 IDPs (of the
original 1.8 million) remain in northern Ugandaasviarch 2011(IDMC 2011) .
According to the IDMC (Internal Displacement Momitgy Centre), this figure is down
from 166,000 IDPs in November 2010, 295,000 IDP3une 2010, 437,000 IDPs in
December 2009, 710,000 IDPs in February 2009, 889DPs in November 2008 and

915,000 IDPs in October 2008. (IDMC fact sheéttp://www.internal-

displacement.org/idmc/website/countries.nsf/(htipHopes)/2439C2AC21E16365C125

719C004177C7?0penDocumeAtcessed February 1, 2012

2.4 Methods

2.4.1 Study area



The Imatong Mountains are located on the Sudaganda border between 3°40’ and

4°20’ North latitude and 32°30’ and 33°10’ Eastddande (Figure 2-1).
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Figure 2-1: Study area located in South Sudan andorthern Uganda. Elevation
data obtained from the Centre for Tropical Agriculture (CIAT), available from the
International Centre for Tropical Agriculture (CGIA R) at http://srtm.csi.cqgiar.org
using data derived from USGS/NASA SRTM (Shuttle Radr Topography Mission).
This map was created using version 4.1 data — selafvis et al. 2008). ICFR and
AFR outlines provided by the Wildlife ConservationSociety Southern Sudan
Programme. The outline of the Dongotana Hills wasreated by first digitizing the
forest outlines from a pre-existing Africover dataproduct (Di Gregorio & Jansen
2005) and adding a 5-km buffer.




The mountains form a northern continuation of tpehtusts as part of the great East
African mountain systems (Chipp 1929). The entivelg area covers 8,375 knThe
boundaries of the study region were selected todiecthe Imatong Central Forest
Reserve (ICFR) and the Agoro-Agu Forest ReserveRjARs well as another region with
significant forest cover, the Dongotana Hills l@zhto the northeast of the Reserve

(Figures 2-1 and 2-2).
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Figure 2-2: Select areas of analysis in South Sudand northern Uganda.
Background images based on 1) hillshade created frohole-filled seamless SRTM
data V4, International Centre for Tropical Agricult ure (CIAT), available from
http://srtm.csi.cgiar.org., and 2) Landsat MSS p15i84 (1973) with forest cover
(shown in green) isolated using ISODATA unsupervigkclassification algorithm.
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The ICFR spans 1,032 KrfSommerlatte & Sommerlatte 1990) and the Agoro-Agu

Forest Reserve is 236 krfDavenport & Howard 1996). The forested area ef th



Dongotana Hills is approximately 21 knThe ICFR was named a forest reserve in 1952
(Sommerlatte & Sommerlatte 1990); however, actumhagement and law enforcement
has been lacking as a consequence of the civilAatudes in the study region vary

from 568 m to 3172 m above sea level (A.S.L.). fifoantains consist of granitic
crystalline rocks, most of which are folded anddi@d and soils largely fall within the
following four categories: (1) dark cracking clay®) non-cracking clays, (3) red loam

and ironstone soils, and (4) hill or mountainss¢riis & Vollesen 2005).

Precipitation over the Imatong Mountains followgradient with a general decline
from west to east, where a rain shadow has theteffecreating much drier
environments along the escarpment and ridges. p#tacn increases with altitude,
resulting in a transition of the montane foresteztmthe alpine zone. Rainfall across the
study region is seasonal with the rainy seasomipagy in late March and lasting until
the end of October (Sommerlatte & Sommerlatte 19Bi@ure 2-3). This area of Sudan
(and now South Sudan) receives the highest amduairdall in the country —
precipitation steadily decreases towards the NBest with increasing distance from the
Atlantic Ocean (Van Noordwijk 1984). The climateesnperate and fairly constant
throughout the season with warm day time tempegatup to 35° C and cooling to 15° C

at night (at Katire, 800 m A.S.L.) (Figure 2-4).
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Figure 2-3: Average rainfall for Katire, South Sudan located at approximately
4°2’North latitude and 32°47’East longitude at thebase of the mountains at an

altitude of approximately 1000 meters (Mt. Kinyeti— the highest point — is at 3187 m
elevation) (see Figure 2-2). Rainfall data from J&kson, 1956, which were extracted

from data supplied by the Sudan Meteorological Seige.
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Figure 2-4: Average temperature for Katire, SouthSudan, the only station in the

Imatongs from which temperature was recorded. (Jackon 1956).

Major vegetation types range frohtbizia-Terminaliawoodland and savanna in the

lowland zone tderica thicket in the Ericaceous zone. The associatesfio affinities

and location are summarized in Table 2-1.




Table 2-1: Floristic affinities of various vegetabn types found in the ICFR.
Adapted from Sommerlatte and Sommerlatte, 1990.

Floristic Altitude Zone Elevation (m) Vegetation Type
Affinities
Sudanian Lowland zone 1,000 — 1,50q0Albizia-Terminaliawoodland and savanna

Somalia-Masai

Lowland zone

woodland (on the wet western side)

Acacia-Combretumvooded grassland and
savanna woodland (on the dry eastern side

Guineo-Congolian| Lowland to 1,000 - 1,800 | Khaya-Colaforest
intermediate zone
Khaya-Syzgiunforest
1,200 — 1,500 | Entandrophragma-Manilkaréorest
Afromontane Lower montane | 1,200 — 2,400 | Loudetiagrassland
“one Acacia abyssinicavoodland
Croton-Macaranga-Albizidorest
Oxytenantherdamboo thicket
Podocarpus-Olea-Syzygiuforest
Upper montane
zone 2,400 - 2,900 | Hagenia-Maesavoodland
Hagenia-Hypericunwoodland
Podocarpus-Oledorest
Podocarpus-Dombeyfrest
Exothecagrassland
Carexsedge swamp
Afroalpine Alpine or >2,900 Erica thicket

Ericaceous zone

There are three major areas of lowland rain faaegbtti, Talanga and Labone and

these are not or only partially included in the C@ackson 1953) (Figure 2-2). Aerial

observations in 2009 indicate that of these forestly the Lotti remains largely intact.



Precise population data for the ICFR and surraumdrea are not available; however,
discussions with local residents in early 2009¢atkd that improvements in the security
situation since 2005/2006 have led to a significes® in the number of people returning
to resettle in the area. In Eastern EquatoriaStage where the Imatong study area is
located, total population increased from between & to 632,760in 1998 to 906,126

in 2008 alone (SSCCSE 2010).

The adjacent Agoro-Agu Forest Reserve is locatigsimiamwo county in the
extreme north of Kitgum district of Uganda betwe&8a0 - 3°53’ N and 32°42’ - 33°04
E. It has an altitudinal range of 1100 m to 2708.14.L. (Davenport & Howard 1996)
(Figure 2-1). A 1996 study commissioned by the UiganForest Department — limited in
its scope due to the security situation — recordederate to high levels of biodiversity
and noted that the Reserve was extensively encedatihoughout the lower and medium
altitude areas, particularly in the southern arstera sections (Davenport & Howard
1996). Results from this study (described belowificon that the majority of observed
forest loss during this time occurred at lowertatte areas, when the forest was being
used by locals for harvesting trees for buildingepphoney collection, bushmeat and
medicinal plants. Though not specifically documentieis likely that similar to the IDP
camps in Pader district, the presence of these samgnd around the AFR had a

negative impact on the surrounding land and for@3tgona 2008). Since 2006, the

*The lower estimate is provided by the Sudan Relef Rehabilitation Association (SRRA) — the
humanitarian agency of the Sudan People’s Libardlovement (SPLM). The higher estimate is derived
from the World Health Organization (WHO) Sudan Matl Immunization Days (SNID) campaign to
eradicate Polio.



number of people living in the IDP camps in northelganda has dwindled, as discussed

in Section 2.3 of this paper.

Although the forests of the Dongotana Hills araikir in structure and composition
to those of the ICFR and the AFR, the area hasrrdexmally been declared as a
conservation reserve. The closest large town, tkatolocated due south of the
Dongotana Hills (Figure 2-2), with an estimated ylagion of 20,242 in 2007 including

small villages surrounding the town (UNHCR 2007b).

2.4.2 Technical Approach

This study used data layers created from anabjsisulti-scale remote sensing data
in a geographic information system (GIS) to detdéetnges in forest cover occurring in
the study area. Within the study area, three séparaas — all with similar vegetation —
were compared in terms of change in forest cover tine. These areas include 1) the
ICFR and a 5 km buffer on the South Sudan side; @)lthe AFR and a 5 km buffer on
the Ugandan side only (with the exception of a $arala not covered by the Landsat
scenes representing approximately six percenteoéthire area); and 3) the Dongotana
Hills and a 5 km buffer (Figure 2-2). The outliredghe forest reserves were supplied by
the Wildlife Conservation Society (WCS) and arerently used by the various non-
governmental organizations (NGOs) working in thesaand the Government of Southern
Sudan (GoSS) and have been documented by pridestofithe area (Sommerlatte &
Sommerlatte 1990); the extent of the Dongotanashkiiths created by digitizing the forest

outlines of a pre-existing Africover data produdt Gregorio & Jansen 2005). A buffer



area around each of the reserves was createdefdCHR and the AFR since previous
research has shown that areas adjacent to estblisbtected areas (PAs) are often
subject to extensive forest loss due to human presgDeFries et al. 2005; Hansen &
DeFries 2007). A distance of 5 km was specificaliected to be consistent with other
similar studies related to African PAs (Bergl etZ007) and best practice guidelines
(Morgan & Sanz 2007). And for Southern Sudan speif, a USAID-commissioned
report determined that IDP camp residents genetralelled from between 2 and 6 km
in search of firewood, which is relevant to thigdst since we are examining the impact

of people on the forest (USAID 2003).

Spatially explicit data were derived over the gtadea using moderate (30 m) spatial
resolution satellite data (described in Section®bglow) acquired for two primary study
periods roughly representing years of ‘war’ andages. The first period is from mid-
1980s to 2001 during which time both Sudan and dgawvere heavily embroiled in their
respective conflicts. The second period covers 20@010, when peace and stability
slowly began to return to both countries — peace f@anally declared in Sudan in 2005
with the signing of the Peace Agreement, and shtrdreafter the LRA moved its base
further west creating a respite from attacks indfugly area and allowing civilians in

northern Uganda to leave the IDP camps.

2.4.3 Data

We acquired four pairs of Landsat TM and ETM+ ie=a@Worldwide Reference

System (WRS)) path / rows: 171/57 and 172/57) asgmting both the ‘war’ and ‘post-



war’ periods described above. For Landsat p171H&7acquisition dates were 01-13-
1987, 01-27-2001, 01-17-2003, and 12-14-2010. mdsat p172r57, the acquisition
dates were 01-17-1986, 01-02-2001, 02-09-2003,12r211-2010 (Table 2). Eight scenes
were necessary because the study area is situdtesledges of path/row 172/57 and
171/57. All of the Landsat scenes were acquirethduhe dry season and on near-
anniversary dates, to reduce scene-to-scene ariatid to minimize the introduction of
spurious changes due to changes in topographioslrag, sun angle and vegetation
phenology (Hayes & Sader 2001; Singh 1989). Tosssat#iether changes in seasonal
plant phenology influenced the spectral signatén@s the Landsat TM and ETM+
imagery used for this study, we analyzed data filenl 6-day normalized difference
vegetation index (NDVI) product (MOD13Q1) derivedrh the Moderate Resolution
Imaging Spectroradiometer (MODIS) instrument abdbedTerra (EOS AM) satellite for
years 2000 to 2010. Other studies have shown #sgit@ differences in spectral and
spatial resolution, comparisons of NDVI values asrsatellite sensors - including
MODIS and Landsat — show general agreement (Brdwah 2006). Results confirmed
that the NDVI values for the days when Landsat iesagere acquired were congruent
with the long-term average NDVI for that month ityipg that the Landsat scenes were
representative of the mean phenological conditmruaning in this area during the

middle of these dry season months.

Administrative boundaries, settlements includiftages and IDP camps, and the
reserve boundaries were obtained from a varietrgdnizations with in-depth
knowledge of the area. High resolution imagery010 over a significant portion of the

study area was not available. Therefore, validatiotie results was performed using the



existing 2003 and 2010 Landsat imagery over thieeerggion combined with aerial

photos for two select regions during the secone fp@riod (Table 2-2).



Table 2-2: Datasets used for the analysis of lanaeer change in South Sudan and
northern Uganda study regions including acquisitiondates and other attributes.

Dataset WRS: | Spatial | Acquisition Producer Attributes Parameter | Data Source
(P/R) Res. Date of Interest
Landsat 5 TM 171/054 30 m 1987-01-1 USGS/ Orthorectified, | Forest GLCF
GLCF GLS 1990 cover
Landsat 7 171/057] 30m 2001-01-27 USGS/ Orthorectified, | Forest GLCF
ETM+ GLCF GLS 2000 cover
Landsat 5 TM 172/054 30 m 1986-01-1F USGS/ Orthorectified, | Forest GLCF
GLCF GLS 1990 cover
Landsat 7 172/057] 30m 2001-01-02 USGS/ LP| L1T Forest GLOVIS
ETM+ DAAC LPGS cover
Landsat 7 171/057] 30m 2003-01-17 USGS/ LP| L1T Forest GLOVIS
ETM+ DAAC LPGS cover
Landsat 5 TM 171/054 30m 2010-12-14 USGS/ LR L1T Forest GLOVIS
DAAC LPGS cover
Landsat 7 172/057] 30m 2003-02-09 USGS/ LP| L1T Forest GLOVIS
ETM+ DAAC LPGS cover
Landsat 5 TM 172/054 30m 2010-12-2}1 USGS/ LR L1T Forest GLOVIS
DAAC LPGS cover
MODIS H21v08 | 250 m 2000 - 201¢ USGS/LP 16 day NIR NDVI WIST
(MOD13Q1) dry season | DAAC reflectance
months
Aerial Within | varies 2009- 01- 30 wWCs 500 — 700 feet| Land cover | WCS
photographs 171/057 and above ground | and land
and 2009-01-31 use
172/057
Southern Sudaf N/A 1: Updated on | DEPHA Reliability of Human SIM
Settlements 1000000 | January Data = Primary| Settlements
2007 Source
Administrative | N/A 1: 1996 USAID/ Unknown Sudan / DEPHA
Boundaries for 1000000 FEWS/ attribute Uganda
Sudan ARD reliability border
Northern N/A 1: 2009 OCHA Unknown IDP camps | GEO - IM
Uganda IDP 1000000 attribute and Working
camps and reliability villages in | Group
villages Kitgum www.ugand
District aclusters.ug
ICFR and AFR| N/A 1: 2009 WCS Unknown Forest WCS
1000000 Southern attribute Reserve Southern
Sudan and | reliability Outlines Sudan and
Uganda Uganda
Programmes Programmes

2.4.4 Methods

To classify forest cover and forest cover changeinitially explored the efficacy of

both post-classification comparison and direct geasetection methods (Foody 2004;




Johnson & Kasischke 1998). Ultimately, the selecteahge detection procedure was
based on the Disturbance Index (DI) methodologyclwhses different combinations of
indices generated by the Tasseled Cap transform@tefined below) to quantify
changes in the forest canopy (Healey et al. 200%. Tasseled Cap transformation
reduces the Landsat reflectance bands to threegutial indices or features by creating
weighted sums from all Landsat reflectance bandist{& Cicone 1984; Kauth &
Thomas 1976) and has been widely used by researtheronitor changes in land and
forest cover (Franklin et al. 2001; Parmenter e2@03; Skakun et al. 2003). The first
feature — ‘brightness’ — is defined in the direntaf the principal variation in soil
reflectance; the second feature — ‘greenness’ resepts a contrast between the near-
infrared and visible bands and correlates closeily the amount of green vegetation in
the image (Lillesand et al. 2003). The third featarwetness’ — was intended to be used
to examine variations in soil and canopy moistiarfnenter et al. 2003), but has also
been shown to be sensitive to variations in fosttd structure (Franklin et al. 2001).
The DI transformation was developed to isolate egetated spectral signatures
associated with stand-replacing disturbance abdssd on the assumption that areas
where forest cover has been reduced will have lzehifjasseled Cap brightness value
and lower Tasseled Cap greenness and wetness Wadunesndisturbed forest areas
(Healey et al. 2005). The DI has been used in athelies to show the differentiated

effects of socioeconomic changes on forest dishab@dkuemmerle et al. 2007).

Precise geometric correction of images is critweaén performing change detection
analyses (Coppin et al. 2004; Kuemmerle et al. pO0Terefore, all scenes acquired for

this study were pre-processed by their produce @8 8r GLCF) as part of the Global



Land Survey (GLS) collection, which improves upba previous GeoCover product by
using more accurate elevation data (SRTM) for tercarrection. The GLS dataset is
compatible with the L1T scenes acquired directyfrUSGS, which is similarly
precision- and terrain- corrected. Both TM and ETiMages were resampled to 30
meters pixel size using the Cubic Convolution (@&}thod. All scenes used the Level 1
Product Generation System (LPGS), further miningzany potential geometric,
radiometric, and data format differences betweemas. An extensive visual inspection
and comparison of all eight images indicated tlwatunther geometric adjustments were
necessary. Each of the eight Landsat TM and ETMages were then converted to at-

satellite reflectance prior to analysis (Chanddvi&kham 2003).

The stacked images were then transformed to ‘g ‘brightness’ and ‘wetness’
using coefficients for the derived Tasseled Cam3i@mation based on at-satellite
reflectance (Huang et al. 2002). Next, for eachdsahimage, a ‘mature forest’
unsupervised classification was performed usingttrative Self-Organizing Data
Analysis (ISODATA) classifier, with masks for closidnd shadows applied where
necessary. A separate mask was then created forreature forest’ year and used to
normalize the Tasseled Cap brightness, greennesdsyetness components to that of the

mature forests using the following equations (Hgafeal. 2005):

B = (B-By)/B
G =(G-G)/G
W, = (W -W,) /W



where B, G, W, is rescaled Brightness, Greenness and Wetngss,,,BandW, is mean
Brightness, Greenness and Wetness of ‘mature faedtB, G, andW is thestandard
deviation of Brightness, Greenness and Wetnesse @me images were rescaled, the

disturbance index (DI) was calculated following:
DI =B,— (G + W,)

Forest cover change was then assessed for eatkhtemyboral stack for each side of
the study area (Landsat scene p172r057: 1986-20012@03-2010 and Landsat scene
pl71r057: 1987-2001 and 2003-2010) by creatingfardnced image for each period of
interest (war = 1986/87 to 2001 and peace = 20030t0) so that positive numbers

would indicate forest recovery and negative numkersld indicate forest disturbance.

The mean and standard deviation values were edduifor each differenced image,
with a cloud and shadow masks applied where apteptJsing a threshold value of
mean +/- two standard deviations, pixels of foless and forest gain were identified and
isolated for import to ArcGIS. Isolated classifigctels were removed by applying a
post-classification filter. Finally, to ensure tldtserved reductions in forest cover
between periods were in fact occurring in areashhbd previously been vegetated, the
Normalized Difference Vegetation Index (NDVI) —@nemonly used surrogate measure
representing the density of green vegetation o famas calculated for the earlier image

for both periods using the equation

NDVI = (NIR — Red) / (NIR + Red),



and a mask applied to the initial results usingraghold value of 0.3 that was selected by
comparing the computer-generated threshold rangjag the density slice function of

ENVI 4.8 with the original Landsat image (bands R&43, B=2).

When using an image differencing approach likeaihe described here, the selection
of a threshold to separate real and spurious cheargbe somewhat subjective and
results are improved when the analyst has firsthanowledge of the region (Hayes &
Sader 2001). In this case, the threshold was basedr knowledge of the landscape
from a 2009 field visit, combined with examinatiohpublically available imagery
visible on Google Earth which used 2.5 m resoluB®0OT (Satellite pour I'Observation
de la Terre) image dated 2011. During the 2009, s use of a global positioning
system (GPS) during aerial reconnaissance fligtagiged the locations of forested and
deforested areas within the ICFR. Therefore, thestdoss and gain thresholds for each
differenced image were selected by first usingiiteal automated results generated by
the ENVI remote sensing software and by then exengithese against the original
composite images to visually corroborate wherediocever had been lost or gained for
each side and for each period, and modifying thestiold accordingly. ‘Forest loss’ and
‘forest gain’ pixels were then masked and mergecteate ‘forest loss’ and ‘forest gain’

masks for the entire study area.

The accuracy assessment was conducted usingtadreggproach’ and followed
standard validation protocol (Congalton & Green2,9ehomas et al. 2011). First, we
selected 100 points for each of the three clasaashanged, forest gain, and forest loss —

based on a stratified random sample technique. Higblution imagery over a



significant portion of the study area is not avaléa therefore, we used the existing
Landsat 2003 and 2010 moderate resolution imagesually compare each sample site
and label it accordingly based on a careful congparof the image pairs. This visual
analysis approach has been successfully used égrofers to validate the accuracy of
disturbance in other areas (Huang et al. 2009; Hsoah al. 2011). Overall accuracy

using this method was 81.67% with a Kappa Coefiitced 0.722 (Table 2-3).

Table 2-3: Accuracy assessment using original Landsimagery for visual
comparison against results from change detection aitysis.

Observed Class

No change Forestloss Forestgain Total Commission
(percent)
" No change 102 31 17 150 32.00
[}
s
[S) Forest loss 2 72 1 75 4.00
]
g Forest gain 4 0 71 75 [ 533
©
(&)
a Total 108 103 89 300
Omission 5.56 30.1 20.22

(percent)

Overall Accuracy = 81.67%

Kappa Coefficient = 0.722

Next, we related specific areas to field obseoratiobtained during a January 2009
aerial survey, conducted using a small high wimgraft (Cessna 206). This one-year
discrepancy between the aerial photos (January)20@Pthe most recent Landsat
imagery (December 2010) was the best possible teahpw@tching given the general

lack of data available for the area. At this timéog of the flight track was recorded



using a handheld GPS on a one-second time se@imgervations were recorded on both
sides of the airplane along the flight path; howefa the validation only photos from
the front-seat observer (FSO) were used as thesegpivere specifically taken vertically
out of the open front window at pre-selected poagtsvell as at frequent intervals along
the flight path. The survey zone centered on thie massif and within 10 km of the
massif and was restricted to Southern Sudan owhachieve representative coverage,
surveys were conducted along altitude bands andcpzarter of a degree cell was
visited. The reconnaissance flights were flownatous speeds and altitude due to the
mountainous terrain with average speeds at appaigign145 km/hr. and at a height of
500-700 feet above ground. The aerial flight totdce over a two-day time period for a

total of ten hours. All photographs were then gefenenced using the GPS track log.

We overlaid our 2009 aerial flight plan and poidépicting where photos had been
taken over the change map to identify two majoasighere a) significant change had
occurred during the 2003 — 2010 time period anaeblal photos were available. These
were the Labone IDP camp (recovery/gain) and thegotana Hills (disturbance/loss)
(see Figures 2-7 and 2-8). The number of aerialgzh@as extremely limited, therefore,
we manually selected a point roughly centered widach of these two geographical
areas, and included it, along with nearly all & temaining sample points on either side
of the centered point, amounting to a total of @& gle points for both areas. We then
visually compared the photos with the change maplt® Overall accuracy using this

approach was 91.67% with a Kappa Coefficient 06D.{Table 2-4).



Table 2-4: Accuracy assessment using aerial photagwhs taken during January
2009 overflights of Imatongs and Dongotana Hills.

Observed Class

No change Forestloss Forestgain Total Commission
(percent)
* No change 27 3 0 30 10.00
(9]
b
O Forest loss 0 4 4 0.00
]
8  Forest gain 0 0 2 0.00
]
(O]
a Total 27 7 2 36
Omission 0.00 42.86 0.00
(percent)
Overall Accuracy = 91.67%
Kappa Coefficient = 0.762
2.5 Results

For the ICFR, the rate of forest recovery was sicgmtly higher than the rate of

disturbance both during and after wartime, thoughrtet gain in forest cover in the ICFR
during and post-war were largely the same at 0.866860.57%, respectively. In contrast,
the nearby Dongotana Hills experienced high rateksturbance during both periods,
suffering a net loss of forest cover of -1.05% dgnvar and -0.77% post-war; however,

post war period losses were largely offset by sgaies in forest cover. For the AFR in

Uganda, the rate of forest disturbance was onijh8ii higher during the first period

while the rate of forest recovery increased markedring the second period (Figure 2-

5).
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Figure 2-5: Forest cover gain and loss for conflicand post-conflict periods in the
ICFR, the AFR and the Dongotana Hills.

The location of forest cover loss and gain for qmhiods is shown in Figures 2-6
and 2-7. For the ICFR and its buffer, most of in@$t gain during the war period
occurred in the forest interior, and within the tidbwland Forest. The pronounced
circular patch of renewed forest cover in Figure i2-likely due to secondary growth in
and around the former Talanga tea estate. Forestiaring this time occurred mainly
near the Labone IDP camp, which saw a large inffuRor Dinka peoples in the early
1990s. This same area shows a minor increaseastfoover during the post-war years,
following the return of IDPs from Labone to thedriner villages further north (Figure 2-
7). In the AFR and its buffer, forest cover losswted in the southwest portion of the 5

km buffer area, near the village of Aweno Olwiytlage and Potika A IDP camp, and



increases in forest cover for the second periodmed near this same area (Figures 2-6

and 2-7).

In the Dongotana Hills, forest cover loss was prorced around the perimeter of the
montane forest during the conflict years, partidylan the southern side; post-conflict

forest cover loss in the Dongotana Hills was cotregéed on the northern tier (Figures 2-

6, 2-7 and 2-8).

Forest Disturbance and Recovery During Conflict Period
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Figure 2-6: Location of forest cover gain and losduring conflict period (mid-1980s
to 2001) using the DI methodology. The round circalr green patch likely represents
forest regrowth near the abandoned former Talanga €a Plantation. Forest
disturbance around Labone is attributed to the preence of an IDP camp, populated
primarily by Bor Dinka after fighting in the north led to mass migration southward.
The red ring around the Dongotana Hills highlightsthe location of extensive forest
loss shown in Figure 2-5 above.
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Figure 2-7: Location of forest cover gain and losduring post-conflict period (2003
to 2010). Overall, both the ICFR and AFR show a miar net gain in forest cover in
contrast to the Dongotana Hills, where encroachmerttas shifted to the north side of
the forest. The AFR shows a minor net gain in forégover which is concentrated on
the western side of the reserve.



Figure 2-8: Photograph of northern side of the Dogotana Hills taken during the
January 2009 overflight. The approximate location bthis photo is 4°11'44.246”
North latitude and 33°6'54.428” East longitude. Aeral photos were taken using a
SLR Rebel XT camera (50-85mm lens). Average speefiarcraft was
approximately 145 km/hr at a height of 500-700 feedbove ground.

2.6 Discussion

One possible explanation for the high rates aésorecovery within the ICFR interior
Is a reduction in human-induced fire activity leaglto the spread of vegetation in
previously open areas. The presence of the LRAo#imer factions in the ICFR seems to
have had a negligible impact on forest cover dutinegearlier time period. This may be
due to the fact that trees were used to ensureseof troop whereabouts, and/or
because villagers who under normal circumstancesdygromote conversion of forests

to cropland, were forced to abandon their homemduhis tumultuous time. However, if



this is the case, one would expect an increadeeinate of disturbance during the second
time period, but in fact the rate of forest covasd actually declines slightly suggesting
that precise, fine-scale demographic data are wetedielly understand where returnees

are resettling and how their land use practicestieeting forest cover.

As expected in the AFR, forest cover reboundegh#ly during the second period —
likely due to the abandonment of IDP camps begmmr2006 resulting in regrowth of
previously destroyed and degraded forests. Iniagggt very little forest cover loss or
gain occurs in the heavily forested area near thddy with South Sudan - perhaps
because this area was restricted and/or inaccessilibcals and if so, it is possible that
this tract of forest is still largely intact. Theclktion of forest recovery is concentrated
approximately 5 kilometers from the Aweno OlwiyoRRamp. While in general this is a
reasonable distance to expect to see changesest fwover resulting from demographic
change near an IDP camp (USAID 2003), the lackoskoved change in other areas
indicates that additional fine-scale imagery corelimith socio-economic surveys are

necessary to fully understand the land cover and lse dynamics occurring here.

In the Dongotana Hills, forest cover loss durimghoperiods is pronounced and is
corroborated by aerial photos taken of the ar&009 (Figure 2-8). One explanation is
that unlike the ICFR, the montane forest ecosystasnnever been under formal
protection as a National Park or Reserve. Mordylikethe fact that as a relatively small
patch of forest with numerous villages in the immgglvicinity, this area is easily
accessible to people who depended on the foredioaest product during the war to

survive and continue to use the forest to rebigdrtcommunities. This ‘ease of access’



notion is supported by the fact that most of tleahg of forest in this area is for
agriculture so that early forest removal occurrethe south where the slope is less

pronounced than in the north.

The relatively long time interval for the ‘war @i’ of nearly fifteen years was
unavoidable due to the lack of available, clougfrandsat imagery in intervening years.
As a result it is likely that all of the disturbanoccurring during this period was not

adequately captured (Masek et al. 2008).

2.7 Conclusion

Results from this study indicate that change®iadt cover are generally consistent
with population and land use changes associatddonitl war. In contrast to other
forested regions of the world that have experieregdnsive losses such as the Amazon
Basin at roughly 0.45 percent per annum from 18992000 (Rojas-Briales & Ze Meka
2011), losses in the most heavily disturbed ofttinee study areas — the Dongotana Hills
- are by comparison quite minimal. However, giviea tecent rise in population for all of
South Sudan and the heavy dependence of peopledarests for food, fuel and
construction materials, future planned developrnséould consider how additional
human pressure could impact long-term sustainglafithe region. At the same time, the
fact that the ICFR was largely left intact durirgdammediately following the war in
Sudan is encouraging and these findings shouldee to encourage the creation of a
National Park to protect key vegetation types &l tassociated biodiversity. Finally,
results for the Agoro-Agu Forest Reserve offer pdfol sign that a reduction in

population pressure is allowing for recovery off&ts in this area, potentially paving the



way for a trans-boundary park with South Sudamaassbeen proposed by the Wildlife

Conservation Society (Grossmann et al. 2009).

A major challenge highlighted by this paper i®mpteting results in the absence of
fine-scale population data or other informatiort tt@uld help validate results and/or
provide in-depth explanation of observed changes.itMs precisely because of the
conflict that this information is unavailable. Téed of hostilities in both Southern Sudan
and in northern Uganda provides an opportunityotwaborate findings and further
investigate underlying causes of land use chanddause this newfound understanding

as the basis for conservation and land use plarefings for the region.

Rapid changes in human population migration dusotdlict can leave a lasting
impact on the natural landscape. As this study shauether the effects lead to an
increase or decrease in forest cover depends ornousiunderlying factors that cannot
be explained through remote sensing technologa®ealY et despite limitations
stemming from an imprecise matching of spatial @maporal scales, remotely sensed
satellite imagery is a useful tool for monitoritgetlonger-term impact of human activity
on the landscape — particularly where precise,-8arées population data are difficult to

obtain or non-existent.



3 Mapping Anthropogenic Fires During Periods of Conflct and Peace
in South Sudan and Northern Ug%nda Using MODIS Actre Fire
Data

3.1 Summary

The Afromontane forests located in the Imatongfdddassif of South Sudan and
Northern Uganda are a conservation ‘hotspot’ duehte convergence of several floristic
regions which provide habitat for small mammalsgdbiand other wildlife. Fires in this
area help shape the natural ecosystem and ther#ffiteence biological communities
therein. Changes in the fire regime due to humaiviacimpact local inhabitants and
may also ultimately affect the regional and globlahate. On both sides of the border,
there have been significant fluctuations in humagration as a result of separate but
related armed conflicts. The objective of this gtuds to use information derived from
remotely-sensed satellite imagery to compare finmimer and location during times of
war and peace with population trends across seveeglareas and land cover types.
Using MODIS active fire data, | found that overdite activity corresponded with
broad-scale human population trends on both sidéeeborder and that they tended to
occur more frequently in areas dominated by thedyasavanna land cover type in
South Sudan, and in croplands and forests in nanthiganda. This study highlights the
potential for using remotely sensed satellite datgain insight into human activity and
the impacts of different types of conflicts in icessible war zones where data are likely
to be scarce and where the implications for corsgon and human well-being are

significant.

3.2 Introduction

Fires have helped shape ecosystem processes fenmml (Guyette et al. 2002) and

as a primary factor in determining biome distribag, have had a significant effect on
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the extent of global forest cover (Bond et al. 206%res also release considerable
amounts of trace gases to the atmosphere with tapamplications for the Earth’s
climate (Crutzen & Andreae 1990; French et al. 20@B der Werf et al. 2003). Much
research on wildland fire and biomass burning basded on Africa, often called the
‘fire continent’ because of the widespread and caaing anthropogenic savanna fires
occurring there (Sheuyange et al. 2005). Fire—aleitig water and nutrient availability
and herbivory—is critical for the maintenance andservation of African savanna
ecosystems (Govender et al. 2006; Sankaran ed@8)2however there is also concern
that annual biomass burning results in land degi@dand biodiversity loss (Laris
2005). Other studies on biomass burning in Afriagehfocused on tropical forests (Eva
& Lambin 1998, 2000); far fewer have concentratedies in Africa’s montane forests
(Bussmann 2001; Finch & Marchant 2011) despitddbethis ecosystem has been

recognized as having exceptional biodiversity (Bmoet al. 2002; Myers 2003)

Fire behavior is largely influenced by environméifdators such as vegetation type,
fuel load, seasonal weather, fuel moisture, windl tapography (Cochrane 2009;
DeBano et al. 1998). While fires predate the apgeas of humans (Scott 2000), there is
little doubt that people have significantly influest specific aspects of fire regimes
across all continents except Antarctica, and thdtrapogenic fires dominate over fires
induced by lightning in many natural ecosystemsn@/at al. 2007), even in remote areas
(Mollicone et al. 2006; Pausas & Keeley 2009; Veskgvet al. 2002) and particularly in
Africa (Sheuyange et al. 2005; Verlinden & LaamaB6@6). Efforts to differentiate and
rank the human and natural drivers of fire varmaacurring within a particular

landscape are conducted through extensive field\jamgassa & Oba 2007; Sheuyange



et al. 2005) and the use of various modeling tesqpies — often with data derived from
satellite remote sensing systems (Aldersley 2Gl1; Archibald et al. 2009; Bucini &
Hanan 2007; Forsyth & van Wilgen 2008; Serneel.€2007). A careful analysis of
these studies makes it clear that the relative rtapoe of various drivers is location-

specific and scale-dependent (Aldersley et al. 20afis 2005; Sheuyange et al. 2005).

Increasingly, anthropogenic fires occurring throogtha range of human-related
activities and settings are modifying the natuaaldscape with important implications for
societies (Guyette et al. 2002) and biodiversitgrégesh 2009; Gregory et al. 2010).
People influence fire directly through the frequen€ignitions (Senici et al. 2010) and
indirectly through changes in land use (Saundea$ 4991) and land management
policies (Heyerdahl et al. 2001). Land cover typa be an important indicator of where
fires are more likely to occur and spread, andrdesition from one land cover type to
another (e.g. grassland to wooded savanna) oftecides with changes in the fire
regime (Finch & Marchant 2011; Gillson & Ekblom Z)0There is also an increased
risk of accidental fires due to changes in landarselandscape fragmentation, which
can expose forests and woodlands to fire (Cocheaak 1999; Csiszar et al. 2004). In
developing countries, biomass burning is used faargety of reasons including clearing
land for agriculture, control of pests, insects ameds, preservation of pastureland,
game hunting, energy production for cooking andihgacharcoal production, and

various religious and aesthetic purposes (Crutzéméreae 1990).

The interplay of human activity with fire and veggdn is complex, varying across

time and space (Guyette et al. 2002) and involnumgerous location — specific,



interdependent variables. As such, there is noausally agreed up relationship between
fire and human population. For example, populatiensities fewer than 10 peoplefkm
were found to be positively related with activefaounts, whereas densities higher than
10 people/krhwere associated with fewer fires (Archibald e2809). Other studies
show a variation in the relationship between find aopulation density during different
stages of human settlement and cultural developf@antette et al. 2002). Research
conducted in California similarly indicated thaetlnk between population density and
fire frequency is not linear (Syphard et al. 208yphard et al. 2008) and studies in
Mediterranean ecosystems revealed there is a tenisagssociation between higher
population densities and fire regardless of diffiees between land cover types, natural
fire regimes or overall population up to an intedia¢ée density, where fires tended to
peak (Syphard et al. 2009). Exogenous human-refatg#drs such as war and migration
influence the stability of the fire regime (Guyegteal. 2002); yet we could find no
studies that specifically examined how abrupt clearig population due to war impacted

fire location and number of fires.

The objective of this study was to determine iftshn human populations caused by
the presence or absence of conflict influenceddatévity in the Imatong/Agoro
Mountain region where conflict — followed by a metiof peace — has been the primary
cause of abrupt changes in human population dyrsaomdoth the South Sudan and
northern Uganda sides of the border. To addressothective, we compared multi-scale
remote sensing data and population informatiorréeide insights into the linkage
between observed changes in fire counts and lotatid anthropogenic processes

involving the migration of Internally Displaced Rae (IDPs) and refugees during two



distinct periods. Although some fires in this asee likely ignited by lightning strikes, it
is widely agreed that most fires are started bydmsrin Africa (Sheuyange et al. 2005;
Verlinden & Laamanen 2006), especially during theseason when storms producing
lightning are absent. The same has been documemtdte Imatong region (Friis &
Vollesen 2005; Jackson 1956; Sommerlatte & Somrtterl®90). Based on this
underlying assumption, we hypothesize that chamgtége location and number of fire
counts in this area will predominantly be a funatad the population density, and that
this relationship will be positive in areas of Ipepulation densities and negative in areas
with high population densities (Archibald et al02). The results of this study are
important given current pressing conservation aacetbpment priorities for the region
and this type of analysis could prove useful fonrtaring change in other impoverished
and war-torn regions lacking resources for ‘onghmund’ fire monitoring and

management.

3.3 Background

The Imatong/Agoro Massif extends along both sidesroughly 45 km border
between South Sudan and Uganda (Figure 3-1). The thain ethnic groups inhabiting
the South Sudan side of the border are the Actin@il.ango, and the Latuka. While the
Acholi are mainly farmers with few livestock, tharigo and Latuka practice some form
of agro-pastoralism with varying degrees of livektboldings ranging from 3-5 cattle
and 6-19 goats for poor families to 21-40 cattld 45-60 goats for better-off families
(Muchomba & Sharp 2006). The Ugandan side of thiddrds part of what is known

commonly as “Acholiland,” named after the predomingthnic group. Subsistence



agriculture is the main economic activity here &l vand people keep livestock such as
cattle, goats, sheep and chicken, though livestockbers have been in decline
throughout Kitgum District (where the study aredosated) due in large part to disease

and diminishing rangeland (NEMA 2007).
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Figure 3-1: Imatong Mountains and surrounding Areaincluding the Dongotana
Hills and the Agoro Ago Forest Reserve in Northerrdganda. ICFR is the Imatong
Central Forest Reserve and AFR is the Agoro-Agu Fast Reserve. The background
image used to make this map is a Landsat MSS p184t&acquired 03 February, 1973
(band 1=R, band 3=G, band 2=B) draped over a hillskide image created using hole-
filed SRTM data v. 4 downloaded from the CIAT-CSlwebsite
(http://srtm.csi.cgiar.org).



Both of these areas experienced a period of comdlilowed by peace, albeit owing
to different causes and with opposite impacts andmumigration patterns. In South
Sudan, the conflict was related to the decades-tongwar between the North and
South, that resulted in an estimated 4 million ldispd people and 2 million killed
(Haynes 2007). In addition to the North/South wvilae, Imatong Mountain area was
impacted by the terrorist activities of the Lor&ssistance Army (LRA), who sought
refuge in the montane forest until 2005 when thelyranently left the area. (Schomerus
2008a). Since the January 2005 Comprehensive Pegeement (CPA) and departure
of the LRA, many people have been returning to B&utdan including to the Imatong

Mountain region (Kanani 2006).

Repatriation statistics vary depending on how & @re acquired and reported. In
Southern Sudan, there was a roughly five-fold iaseein returning population between
2006 and 2007 (Figures 3-2 and 3-3). This was dypait to the spontaneous return of
some 60,000 refugees from the Adjumani area oftidont Uganda (not located in the
study area) that same year (UNHCR Steps up Voluapatriation to Southern Sudan

(2008, March 16)Sudan VisionRetrieved fromhttp://news.sudanvisiondaily.cojrand

may also have been driven by a desire to be coumtind 2008 census. Similarly, there
was an increase in returns between 2008 and 20R6ly-the beginning of an inflow of

Southern Sudanese in anticipation of the Janualy Referendum on Independence.

In Uganda, the conflict was also due to the pres@fithe LRA; however, the effect
on the IDP population was reversed. More than 36gm of the northern Ugandan

population was internally displaced as a resuthefconflict between Ugandan



government forces (Ugandan Peoples Defense Fold®DF) and the LRA, which

began in 1988 (Madden & Ross 2009). In 1996, theegoment forced people to move
into camps as part of its “protected villages” ppliMany of these camps were located in
Kitgum district, which encompasses the Agoro-Ageeaon the Uganda side of the study
area. This policy was later reversed in 2006 dumpwovements in the security situation,
so that by the end of 2009, about 1.4 of the 118amilDPs had left the camps in

northern Uganda (IDMC fact sheet — www.internalpthsement.org) (Figure 3-4). In

terms of repatriations, Kitgum District in northddganda (where the Agoro-Agu Forest
Reserve is located) has witnessed a steady decliDds since 2006. The study area
includes three IDP camps — Agoro, Potika A andkadB — which similarly recorded a

reduction in the number of individuals living th€fégure 3-5).
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Figure 3-2: Repatriations to Southern Sudan (Sou United Nations High
Commissioner for Refugees (UNHCR) Statistical Datadse).
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Figure 3-3: Repatriations to Southern Sudan (Sou International Organization
for Migration (IOM) Return Fact Sheet Summary and Internal Displacement
Monitoring Centre (IDMC)).
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Figure 3-4. Population of IDP camps in Kitgum Distict, northern Uganda, where
the study area is located [Source: The World Foodriegramme (WFP)].
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Figure 3-5: Population of main IDP camps in northen Uganda study area [Source:
The United Nations High Commissioner for RefugeesJNHCR)].



3.4 Methods

3.4.1 Study area

The Imatong Mountains are located on the South iSuddganda border between
3°40’ and 4°20’ North latitude and 32°30’ and 33°E@st longitude (Figure 3-1). The
mountains rise abruptly from the surrounding pl&00 m above sea level (a.s.l.) to the
highest point in South Sudan — Mt. Kinyeti (3184am.l.). These mountains are
comprised of crystalline basement rocks. The suailsin the Imatong Central Forest
Reserve (ICFR) — formally delineated in 1952 andecimg an area of 1,032 Km are
somewhat acidic and range from shallow skeletds$ sm the escarpment to deeply
developed red brown loam soils in the valleys (Samiatte & Sommerlatte 1990). The
vegetation is in large part a function of elevatiand has been described as consisting of
several zones, including 1) the lowland and tramsizone (1000 — 1800 meters) where
KhayaandChlorophoraspecies are typical, 2) the lower montane zon8(q182400
meters) with closed forests dominated®igaandPodocarpusspecies interspersed with
grassland on hill tops, 3) the higher montane 1@84680-2900 meters) with open forest
dominated byPodocarpusandDombeyaspecies, and 4) the Ericaceous zone (over 2900
meters) with heather shrubs and open vegetation Néordwijk 1984). The distribution
of forest types is also controlled by precipitatismich increases with altitude and from
east to west (Sommerlatte & Sommerlatte 1990).0¢mrforestry projects in the Imatong
Mountains over the years resulted in the elimimatbsome natural forest, which were
replaced by pine and eucalyptus plantations (Jegtkah. 1977). Though overgrown due

to lack of management, these introduced speciestilrpresent, as are remnants of tea



plantations. A small portion of the mountain arggerds over the border with Uganda in
what is known as Agoro-Agu Forest Reserve. Withualinal ranges of 1100 to 2700 m
a.s.l., this area covers 236 kplus a small 18 kfmenclave within the reserve itself.
According to a 1993 survey by the Ugandan Ford3apartment, the forest within the
reserve is used for building poles (primarily bampdoney, bush meat and medicinal

plants (Davenport & Howard 1996).

Two main settlements located in the study rego8auth Sudan are Labone and
Katire (Figure 3-6). Labone was an IDP camp esthbli in the mid-1990s for members
of the Bor Dinka tribe that were relocated fromtler north following inter-tribal
fighting (Dowden, R. (1994, February 10). Attack¢es Sudan Refugees to Flee Camp.

The IndependenRetrieved fronhttp://www.independent.co.uk/Katire is a large

village located at the end of a major road fromrbgd orit that provides access to the
ICFR. As such, Katire has served as an importamy @oint for timber and other
development projects throughout the years. Accgrtbran unofficial local enumerator

in April 2009, Katire is comprised of approximat&900 people. Census data from 2008
obtained from the South Sudan National Bureau atiSics (NBS) in November 2011

lists the populations of these settlements as 5Kafire) and 12,832 (Labone).
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Figure 3-6: Study area for fire analysis. The unddying land cover image was
created using a pre-existing MODIS land cover dataroduct (MCD12Q1) from
2008 (Friedl et al. 2002) at 500 meter resolutiotJTM 36N Datum, WGS-84).

The impact of fire on vegetation in the Imatorgaot fully understood due to the
lack of recorded observations; however, it is ctlat fire is the primary tool used by
local villagers to clear land, hunt, promote gréash for grazing, collect honey, provide
security around settlements and huts, and to tiads through the forest and bush (Friis
& Vollesen 2005; Sommerlatte & Sommerlatte 1990)géneral, fires originate in and
around settlement areas and spread outward, apétbelso set by hunters and honey

collectors along paths within the forested areasg&@mann et al. 2009). Figure 3-7



shows a tree that was felled after it was burnezsiioke out bees for honey collection.

The photo was taken during a 2009 expedition taegeon.

Figure 3-7: Photo of a tree in the ICFR showing eéfcts of using fire for honey
collection. This photo was taken during a trip to he Konoro forest, located to the
east of Katire at approximately 32°50°'46” E longitude and 4°2'6.622” N latitude at
an elevation of approximately 1,500 m (Photographatlected by V. Gorsevski).

Because the fires are uncontrolled and occur iasangth few barriers and strong dry
season winds, they have the potential to spreatkiguand cover large areas. While other
factors likely influence vegetation type in theiptaarea surrounding the mountain such
as underlying environmental factors and herbivérg,is believed to be a major factor in
producing savannah woodland instead of closed tf@gfess & Vollesen 2005; Jackson
1956). Topography is an important factor in theeagrof fires and those occurring within

the forested areas of the reserve can burn quaidyfiercely uphill during the dry



season, creating ‘bowls’ within closed forest (Frk1956). In addition, there are many
‘mountain meadows’ within the reserve that are naaned by fires which mainly occur
during the dry season from November to April (F&i¥ollesen 2005). Fires occurring
early in the season do relatively little damageilevate fires, involving dry biomass of
up to 3m tall grasses, can burn several hundrearedilometers (Friis & Vollesen

2005).

3.4.2 Technical Approach

For this study, the region was divided into sewgnegions, shown in Figure 3-6 and
discussed in detail in Section 3.4.3 below. Firevélg was determined by analyzing
satellite information products. Satellite remotasseg data were also used to map
vegetation cover and to assess inter-annual vamgin precipitation. These data
products, as well as gridded population data ddriv@n country-level population
statistics, were imported into a Geographic InfdioraSystem (GIS) for analysis. The
study was carried out for periods of conflict inddn (2002 through early 2005) and non-
conflict (late 2005 through April 2011), which coides roughly with the departure of
the LRA from Northern Uganda and the closure of famps in Northern Uganda. The
fire activity data used for this study corresponttethe beginning and end of the dry
season for South Sudan and northern Uganda (Nowvereril), when fires are most
likely to occur. By focusing on the dry season nhentve also minimize the possibility
of including fires ignited by lightning strikes nsie they tend to be associated with early
wet-season thunderstorms (Frost 1999; Roy et 8B8RFigure 3-8 shows all MODIS

active fire detections occurring during the drysseafor both war and post-war years.



Figure 3-8: Active fires for war and post-war yeas for 7 sub-regions in the study
area. The MODIS dataset (MCD14ML) datasets were obined from UMD
researchers working for the Fire Information for Resource Management System
(FIRMS) program. Figure 3-8 was created by separatig active fires first by season
and then by geographical region. For more informaion on the MCD14ML data
product, see (Giglio 2010).



3.4.3 Data

A variety of data sets were used for this studyb{@8-1). Active fire data were
obtained from the MODIS sensor on board the NASAHE@bserving System (EOS)
satellites, Terra and Aqua, which combined provaile active fire observations (two in
the morning and two in the evening) for most landaces (Davies et al. 2009). The
MODIS active fire algorithm uses multiple channelsletect thermal anomalies on a
per-pixel basis (Justice et al. 2002b) so thattaated “hotspot” represents the center of a
1 km pixel containing one or more actively burnfirgs (Davies et al. 2009; Giglio et al.
2003). However, because Terra was launched in Deeet®99 and Aqua in May 2002,
inter-annual comparison of fires must take intooaict a potential undercounting of fires
during the years of Terra only. For this studypeplete dataset (MCD14ML) was
obtained from the University of Maryland FIRMS (ThRee Information for Resource

Management System) program (ftp://fuoco.geog.umy.edpecifically, we used datasets

for South Sudan and northern Uganda beginning meNter 2002 through April 2011

to avoid a “Terra only” data bias.

So far, there has been limited research comparingedl area and active fire products
(Roy et al. 2008). In general, burned area prodaietsnost useful for studies focusing on
changes in biomass and carbon emissions (Roy &Hets@009). Previous analyses
have indicated that the currently available buraesh product (MCD45A1) is less likely
to detect smaller-sized burns (Boschetti et al8208uch as those that occur in the
Imatong study region, due in part to the low regotubias — defined as bias resulting

from the difference in spatial resolution betwere fand coarse resolution data sets



(Boschetti et al. 2004). Studies have shown thatlias results in significant
underestimation of the amount of burned area iasavéth fine-scale seasonal-mosaic
burning regimes (Laris 2005). Other studies conmggaictive fire products to the burned
area approach also point out that the latter temdsdercount fires obscured by forest
canopy including in woody savanna ecosystems (&daroet al. 2008). On the other
hand, cloud cover is known to limit active fire eetions (Hawbaker et al. 2008; Justice
et al. 2002a; Roy et al. 2005), potentially resgltin an undercounting of fires in some
cases. However, an analysis of numerous modersdtution satellite images (Landsat
TM and ETM+) for the study area for multiple yedtsing the dry season months
(mainly December — February) (Gorsevski et al. 2D)rdicates that clouds over the
Imatong Mountains generally form over the montasrests in higher elevations where
fires are least likely to occur due to the inaci®elty of the area to people; therefore, the
potential undercounting of active fires would benimal compared to the potential for

low resolution bias.

Land cover data were acquired from the MODIS 508ndlIcover data product
(MCD12Q1 v05), which incorporates five differenbthcover classification schemes
using a supervised decision-tree classificatiorho{Fried| et al. 2002). Of these
schemes, the University of Maryland classificatiaas selected because the classes were
most closely representative of those found in thdysregion. Each of the eight datasets
representing years 2002 to 2008 (the latest yegpribduct is available) was re-projected
from sinusoidal to UTM 36N Datum WGS-84 for compdiiy with other datasets. It
was necessary to use the MODIS pre-existing landrodlassification because although

higher resolution satellite images are availabbduiding from SPOT (Satellite pour



I'Observation de la Terre) and ASTER (Advanced $pacne Thermal Emission and
Reflection Radiometer), none included the largedgiarea and some contained areas

obscured by cloud cover.

Rainfall data were obtained from the NASA/JAXA (dapAerospace Exploration
Agency) Tropical Rainfall Measuring Mission (TRMMyhich monitors rain structure,
rate and distribution in tropical and subtropieions. These data were aggregated to
monthly precipitation to further examine changeslimate patterns for the study region.
The TRMM 3B43 data product used for this analyss/jaes gridded precipitation
estimates on a calendar month temporal resolutidreg0.25 x 0.25 degree spatial
resolution. The data were derived by combining3eurly merged high-quality/IR
(infrared) estimates with the monthly accumulatdéich@te Assessment and Monitoring
System (CAMS) or Global Precipitation Climatologgr@re (GPCC) rain gauge analysis

(Huffman et al. 2007).



Table 3-1: Datasets and their attributes used fofire analysis.

Spatial Temporal Parameter of Data Source
Resolution  Resolution Interest
MODIS Aqua / 500 m Yearly Land cover LP DAAC
Terra MCD12Q1
WIST
MODIS Aqua / 1km Daily (four Active fires FIRMS / University of
Terra overpasses) Maryland
MCD14ML
TRMM .25 degree x Monthly Rainfall NASA/JAXA
.25 degree
SPOT 5m 02-05-2006 Land cover (to SPOT Image
validate MODIS LC Corporation
classification)
CIESEN GPW 2.5arc 2005 and Population density SEDAC
v3 minutes 2010
GIS-compatible  N/A N/A Location of settlement UNJLC, UNSIG
shapefiles and reserves
Population data  N/A 2005 to 2010  Repatriations to UNHCR, WFP, IOM
for Sudan and Southern Sudan and
Uganda changes in IDP camp
population in Northern
Uganda

The study area was then divided into seven geograpbas of interest for
comparison (Figure 3-6he ICFR and the Agoro-Agu Forest Reserve weretale
because of their clear delineation as conservaéiserves, indicating intent to provide
these areas some degree of ecological protecti@m (Ethe boundaries have not been
respected in practice due to war and pressing hitanzm needs). A 5 km buffer area
around each of the reserves were used as a segac@aphic region since many
previous studies have shown that areas adjacestablished PAs are often subject to

extensive land use activities from that are naivedid in the PAs (Curran et al. 2004;



DeFries et al. 2005; Hansen & DeFries 2007). Tleeafis 5 km buffer allowed me to
examine whether fire activities were higher in #ihea immediately adjacent to the PAs
compared to within the PAs. The Dongotana Hillsenvecluded in the analysis because
this area shares a similar montane ecosystem aradife recent aerial overflights
indicated that areas of the forest were beingzetliby people from nearby towns and
villages. These overflights took place over a tvay-geriod using a small high wing
aircraft (Cessna 206). At this time, a log of theghtt track was recorded using a handheld
GPS on a one-second time setting. The survey zemered on the main massif and
within 10 km of the massif and was restricted tat8d&Gudan only. To achieve
representative coverage, surveys were conducted &ttudinal bands and each quarter
of a degree cell was visited. The reconnaissangiets$l were flown at various speeds and
altitude due to the mountainous terrain with aversigeeds at approximately 145 km/hr
and at a height of 500 — 700 feet above groundpiditographs were then geo-
referenced using the GPS track log. Finally, tre@asisurrounding Labone and Katire
were selected to represent the larger human settlisnm the study area. The extent of
Labone and Katire were defined using GIS-basedpmtatas supplied by the United
Nations Joint Logistics Commission (UNJLC) assurtele the center of the

town/village, with the 10-km buffer radiating owbi this location.

3.4.4 Fire and Land Cover Type

To determine the relationship between fire and lkemer type, the MODIS 1 km

active fire data points were restricted to thesigson months (November to April) and

separated by year and the geographic areas (F3g8)el selected the dry season months



because a review of several years of MODIS actreediata, conversations with experts
during fieldwork that took place in April 2009, aadeview of the literature specific to
this area (Friis & Vollesen 2005; Sommerlatte & Soenlatte 1990) indicated that these
were the months when fires were most likely to ogcuhis area. An analysis of the
MODIS hotspot data showed in fact that very fewdioccur during the wet season

months.

The following procedure was used to examine thieiémice of land cover type on fire
activity. First, the MODIS land cover datasets wexported into a GIS (ArcMAP 9.3)
and aggregated from 14 categories into the follgviiwe simplified land-cover classes:
(1) forest (including the evergreen needleleaf larddleaf and deciduous needleleaf and
broadleaf and mixed forest categories); (2) woayaana and closed and open
shrubland, (3) savanna and grassland and barrgpacsely vegetated; (4) croplands, and
(5) urban and built up. Ultimately, the urban amdthup category was removed since it
comprised a negligible amount of total land covéhin the study region. The MODIS
land cover classification was compared with a higgolution (5m) image acquired by
the SPOT (Satellite pour I'Observation de la Tesaggllite sensor in 2006 for validation
purposes. Next, the active fire data points wetergected with the corresponding year of
the MODIS land cover classification in a GIS, usspgtial analysis tools to determine
the relationship between land cover type and fitesdy. The results were normalized by

area for comparison.

3.4.5 Precipitation



Inter-annual variations in precipitation could ughce fire activities in several ways.
First, as vegetation growth is controlled by préaijon, variations in fire activity can be
controlled by variations in fuel availability, witbwer levels of fire activity following
low levels of precipitation in the period priorfice activity. On the other hand,
precipitation during the fire season controls fuelisture, with higher levels of fire

activity being expected during low levels of pretpon during the fire season.

To normalize for the possible effects of inter-amntariations in precipitation on fire
activity, we created a precipitation mask for thedg area for the entire period the data
were available (1998 to 2011) and calculated aenagnthly precipitation from the
TRMM data. These monthly values were separatedti@dollowing categories: the two,
four, and six months of the wet season immedigigty to the dry season, the dry
season itself, and the entire year, for a totdivef separate groupings. The average
TRMM rainfall amounts for these periods for eachrywere correlated to total fire
counts for each of the major land cover types &aasl, woodland, forest and cropland)
using statistical analysis tools in Microsoft Exd@ased on the results, a regression
analysis was performed for each category usingtéeipitation data showing the
strongest correlation with fire activity for ea@nd cover type in order to develop a

rainfall/fire count adjustment coefficient.

The only significant linear correlation that wasifia ( < 0.0]) in this analysis was
between burn counts in woodland areas for the geerainfall during the dry season.
The linear relationship between rainfall and fioceiiet was used to normalize annual fire

counts only in woodland areas. The result of tlismalization was an increase in fire



counts during low fire years, and a decrease endaunts in high fire years. The
adjusted woodland fire activity counts were thembmed with the unadjusted fire
counts for the other land cover types to createamdrpost-war averages for the seven

distinct geographic regions.

3.4.6 Fire and Population Density
| calculated mean population density for 2005 adti02using the CIESEN Gridded
Population of the World (GPWv3) data (CIESEN 20f@)each of the 7 sub-regions in
South Sudan and northern Uganda. These two datesdmroughly with the end of the
war (2005) and five years post war (2010), provgdancontrolled experiment to
determine the effects of population density witle factivity. After confining the
population data to the study area, we comparedchden population density value for

each of the 7 sub-regions with the correspondiegipitation-adjusted active fire data.

3.5 Results

3.5.1 Precipitation Adjustments

The results from using TRMM data to adjust the @ioeints are shown below. As an
example, Figure 3-9 shows the comparison betweiiredae counts in woodland areas
and precipitation during the dry season and Figui® shows the difference between

actual vs. normalized fire counts in woodland arghsre a correlation was found.



Figure 3-9: Comparison between active fire count woodland areas and
precipitation during the dry season. The R value of 0.41 shows a negative
relationship between rain and fire within this land cover type during the dry season
months — that is, fewer fire counts with increasedainfall. No significant linear
correlation was found between active fire counts ahprecipitation in other land
cover types.



Figure 3-10: Difference between actual vs. normaled fire counts in woodland
areas where a significant correlation was found beteen active fires and
precipitation. The result of this normalization wasan increase in low fire years, and
a decrease in fire counts in high fire years.

3.5.2 General Fire Trends

Overall, fire activity on the northern Uganda saddéhe study area was greater than
that on the South Sudan side both during and efteflict. In South Sudan, fire activity
remained relatively constant with values rangirgrfr0.10 to 0.19 fires per KiThe last
year fire season on record (2010/2011) recordedititeest number of fires for the South
Sudan series — other post-war increases in fireiggobccurred during the 2005/2006 and
2007/2008 fire seasons (Figure 3-11). In Ugandea,clounts were highest during the
2002/2003 and 2007/2008 dry seasons, after wmoh tihey steadily decreased until the

2010/2011 fire season, which saw another spikeercounts. (Figure 3-11).



Figure 3-11: Summary of fire counts in South Sudamand northern Uganda per knt.
Each year (e.g. 2002 — 2003) represents the dry sea only (November to April)
when fires are most prevalent.

3.5.3 Fire and Land Cover Type

The land cover classification accuracy assessnimented the MODIS land cover
classification has an overall accuracy of 77.5% akappa Coefficient of 0.649 (Table

3- 2). The highest percent of error occurred betwgrassland and woodland.



Table 3-2: Validation of MODIS land cover classification usingbm imagery
acquired from SPOT satellite sensor. We used 50 pus for each of the three
classes — forest, grassland, and woodland — basedabstratified random sample

technique.

Observed Class
Total Commission

Forest Grassland Woodland (percent)
= Forest 41 1 3 45 8.89
£ 4 Grassland 2 15 4 21 28.57
S & Wwoodland 7 8 30 45 33.33
a Total 50 24 37 111
Omission 18.00 37.50 18.92

(percent)

Overall Accuracy = 77.5%
Kappa Coefficient = 0.649

The average area of land cover type in the Soutlaisstudy area as compared to the
northern Uganda study area (using 2005 land coata) dhdicates that the percentage of
woodland vs. grassland is larger in the South Sstizay area than in the northern
Uganda study area, and that forests in general mgalkelarger percentage of total area

on the South Sudan side (Table 3-3).



Table 3-3: Comparison of land cover types for SoutlBsudan and northern Uganda study
area for 2005 using MODIS land cover product (MCD181) at 500 m resolution.

South Sudan Uganda
Surface % of S. As a Surface % of N. As a
area in Sudan percentage | areain Uganda percentage
km? study area | of the total km? study area | of the total
area area
Forest 715 30% 23% 20 3% 1%
Woodland 1191 50% 39% 256 38% 8%
Grassland 430 18% 14% 395 58% 12%
Cropland 58 2% 2% 9 1% 0%
TOTAL 2394 100% 78% 680 100% 21%

Results comparing fire activity and land cover typdicate that on the South Sudan
side of the border, there was generally limited &ctivity in forested areas. In contrast,
fires in woodlands were consistently high, partelyl during the five most recent years
when fire activity in this land cover type was gegadhan in any other type. Cropland
fires in South Sudan were highest in 2002/2003asal in 2005/2006, but otherwise
fires in this land cover type tended to be minikagjure 3-12). In Northern Uganda, a
significant spike in forest fires occurred durig 2005/2006 fire season compared with
other years, particularly the preceding year whefines occurred in this land cover type.
(Figure 3-13. The number of grassland fires in northern Ugamds generally consistent

across war and post-war years, averaging 0.27gEe&nt over the entire time series.



Fires in the cropland land cover type were mucldign the post-war years, particularly

the 2009/2010 fire season.

Figure 3-12: Fire activity and land cover type in he South Sudan side of the study
area. Forest fires are minimal, while fires in woothnds tend to remain relatively
consistent each year.



Figure 3-13: Fire activity and land cover type in he northern Uganda side of the
study area. While fires occurring in the grasslancand woodland land cover types
are generally constant, fires in cropland and foresvary from year to year, with the
largest spike in forest fires occurring during the2005/2006 fire season. .

3.5.4 War vs. Post-War Fire Counts

A comparison of war and post-war fire activity hetdifferent geographical areas
shows that following the signing of the peace agrea in 2005, overall fire activity
decreased for all areas except for the settlenoératire and Labone, (Figure 3-14).
The increase in Labone is likely due to populafod land use shifts resulting from the

departure of the Dinka IDPs and the resulting b native Acholi returning from



Uganda, though further research is needed to cantpareffects of differing land use

practices on fire patterns between these two tgbalips.

The ICFR and the Dongotana Hills had the lowestdictivity in South Sudan. The
buffer areas surrounding both the ICFR and the &kperienced higher fire activity than
the ICFR and AFR themselves, which may reflectiémelency of people to settle around
the forest edge in order to have access to timtdnan-timber resources therein. This
also shows that human activities are having lessampact within the ICFR than

outside its borders.

Figure 3-14: War vs. post-war fire activity for all land cover types in each of the 7
sub-regions. Fire activity decreased in all areasgst-war with the exception of
Katire and Labone, each of which saw a slight upticin fires. The error bars used in
this and all subsequent graphs depict the standarerror, calculated by dividing the
standard deviation of the series by the square roaif the sample size.



When war and post-war fire activity is comparedwiite three main land cover types,
the trends are somewhat different. For grasslaldareas in both the South Sudan and
northern Uganda study areas see a decrease inittigen of fires occurring in this land
cover type (Figure 3-15), with the exception of Agd\gu, where fire counts are roughly
equal. Grassland fires drop precipitously in Katokowing the war. The majority of the
increase in post war fires in Katire and Laboneuo®x in woodland areas. There is also
a small increase in fire counts in the ICFR for dlands (Figure 3-16). Fire counts in
forested areas are relatively low in number, whida ¢xception of the Agoro-Agu buffer
where war and post-war fires are much higher thahe AFR itself, perhaps reflecting
the area’s inaccessibility. In contrast to the AbtRfer, forest fires in the ICFR buffer
decrease during the post-war years. (Figure 3@rgpland fires increase in Ago-Agu
and its buffer following the war, possibly indigagithat once the IDP camps were
closed, people were allowed to settle in the anebcaltivate freely without fear of being

attacked by LRA soldiers.



Figure 3-15: War vs. post-war fire activity in thegrassland land cover type. Fires in
grasslands decrease post-war in all areas of analysexcept for in Agoro-Agu where
they remain relatively constant.

Figure 3-16: War vs. post-war fire activity in thewoodland land cover type. Fires in
woodlands increased in Katire and Labone in South&lan, as well as within the
ICFR, post-war. In all other areas, woodland firesdecreased or stayed the same

following the end of the war



Figure 3-17: War vs. post-war fire activity in theforest land cover type. Fires in
forests made up a relatively small portion of overtfire activity except for within

the two forest reserve buffer areas, where they skaed opposite trends, increasing in
Agoro-Agu buffer and decreasing in the ICFR bufferafter the war.

Figure 3-18: War vs. post-war fire activity in cropand land cover type. Fires
decrease precipitously in the ICFR, its buffer anKatire, and increase in all areas of

northern Uganda following the war’s end.



3.5.5 Fire and Population Density

General population trends for the 7 sub-regionwéen 2005 and 2011 are shown
below in Figure 3-18. According to results usindeSEN data, population density has
increased in all of the 7 sub-regions of the staisda. This would be expected in South
Sudan, where people have been returning sincenthefehe war. In northern Uganda,
the earlier figures (see Figs 3-4 and 3-5) clesiigw that people are leaving the IDP
camps; however, with population density increasmigoth Agoro-Agu and its buffer
according to the CIESEN data, it is possible tleigbe are still living in the general area
— perhaps in nearby villages — and without secaatycerns related to the LRA, are able
to move more freely into the Agoro-Agu Forest Reset his conclusion cannot be
corroborated, however, and requires additionatifwelrk to verify that population
densities are in fact increasing since the CIESEtd thay not adequately reflect
population changes in areas where significant @i displacement has occurred since

the last enumeration (Deichmann et al. 2001).



Figure 3-19: Population density for each of the 7ub-regions (2005 and 2010) using
CIESEN gridded population of the world (GPW v3) datbase. CIESEN data are
presented in raster grids at 2.5 arc minutes per de. Estimates are derived using
country specific census data for two recent popul&n estimates to compute an
average annual population growth rate.

There was no significant correlation between pdputedensity and total fire counts
for all regions for both years, but a positive etation between population and total fire
counts for the savannah grasslands cover tyfre @R 1,p < 0.004). These correlations
were higher when the two years were compared iddally (R’ = .75,p < 0.001for

2005 and R=0.86,p < 0.001for 2010) as shown in Figure 3-19 below.



Figure 3-20: Population density and fire counts fograssland savannas show a
positive correlation for 2005 (R = 0.75) and 2010 (R= 0.86). No significant
correlation was found between population density athfire counts in other land
cover types.

3.6 Discussion

The time-series plots in Figures 3-11, 3-12 an@®ksent the evolution of fire
activity over time in both the South Sudan andmem Uganda study. Several
international organizations monitor the return igssl and spontaneous) of refugees,
IDPs, and migrants. While exact numbers for eatbgoay are unknown, in general the
flow of returnees to South Sudan has been gradaetiglerating since the signing of the
CPA in 2005, with returns peaking in 2007 (Pantwi@t al. 2008). In northern Uganda,
IDP populations in Kitgum District in Northern Ug#a have been steadily decreasing
over the last decade, however, overall populatemsdies also appear to be rising in both

Agoro-Agu and its buffer.



Differences in spatial scale along with temporgklanake it difficult to definitively
link trends in fire activity to changes in humarpptation patterns. However, two
possible explanations for the slight rise in fiothaty in 2005 and 2007 in the Imatong
region of South Sudan are a) the expulsion of fRA kround this time causing some to
return to their villages, and b) an increase inrtheber of people returning to the area in
anticipation of the 8 Population and Housing Census in 2008. The stightin fire
activity in the 2009/2010 dry season may be duadeased returnees in anticipation of
the 2011 Referendum on Independence. In conthessteady decline in fire activity in
the Agoro-Agu region of northern Uganda from 2002910 may be due to the gradual
departure of IDPs from camps in this area followangessation in attacks by the LRA.
The recent upsurge in fires in northern Ugand&ih021011 and the fact that they mainly
occurred in croplands may indicate that people leftathe camp are resettling in nearby
villages and using fire to clear land for cropsjathithey were unable to do during the
‘protected villages’ campaign. The CIESEN data shitivat population density for
Agoro-Agu and its buffer have substantially inceshbetween 2005 and 2010 (roughly
doubling from 20 to 40 people/Kn possibly indicating an increase in fragmentesl fu
beds that comes with higher populations (Archikeldl. 2009; Guyette et al. 2002;
Syphard et al. 2009) and/or perhaps reflecting geaim the use of fire — for example,
the improved security situation may make burnirguad IDP camps to improve

visibility no longer necessary.

Overall, the results of the population density/aivity analysis indicate that for the
entire South Sudan study area, population densdyfiee activity are inversely related —

that is, as population density increases slightynf9 — 10 people/kfibetween 2005 and



2010, fire activity goes down. The same relatiopgtulds for the AFR and its buffer in
northern Uganda, where densities are much higler 89 people/krd). When taken
separately, however, the larger settlements ofr&aind Labone show an increase in both
population density and fire during this time peridtie positive relationship between fire
and population density requires further investmathowever, one possible explanation
is that population growth within these two areae®ulting in an outward expansion of
settlements into woodland areas where fuel is {ilénEor Labone, a change in the
predominant tribe occupying the area (from pasisirBlinka to agro-pastoralist Acholi)

might account for differing land use practices h@sg in an increase in fire ignitions.

Comparing average fire activity during and post-slaows that fires have generally
decreased for all areas except woodlands in thehS&udan study area. This is most
likely because the higher population areas aretdoceloser to woodlands than any other
land cover type in general in South Sudan, versuthern Uganda where the proportion
of woodland and grassland near camps and villagesughly equal. In comparison, fires
in forested areas and cropland are noticeably fewikely for the same reason. That is,
while people set fires in forests for hunting ameéy collection, this occurs on a limited
basis due to the rugged terrain. It is also tra¢ some of the smaller fires may not be
picked up by the MODIS sensor — particularly ifytteecur underneath heavy tree
canopy and/or are short-lived. During the war y&aSouth Sudan, people who fled to
the forests rather than leave the area may havetirtheir use of fire in order to remain
hidden — this includes members of the LRA who warawn to have their camp in the
montane forests of the Imatong Mountains in théye4100s, thus accounting for the low

number of fires.



Notably, fire activity in the ICFR buffer area isegter than that of the larger village
and town, perhaps indicating that people haveesk#ttound the forest area to make use
of forest and non-forest resources during timdsatfi war and peacetime. In the Agoro-
Agu area, fire activity largely declines after 200%ll land cover types except in the
forest and cropland land cover types. This mayueetd shifting population and land use

practices away from camps and into villages locatesder to the Agoro-Agu Reserve.

The underlying premise of this study is that Sudas at war from 1983 to 2005 and
has been at peace since the signing of the CPannaly 2005. However, this is clearly
an oversimplification that assumes that the ewmtnantry (the largest in Africa) is either
completely embroiled in conflict or entirely at peaAs with all conflicts, the actual
battles are localized and occur at a specific time place. Therefore, although Sudan
was officially entangled in civil war, actual fighgy and the resulting displacement
occurred in certain areas at varying times with plex results in terms of the impact on
populations and land use patterns. Similarly, gtarn of IDPs and refugees is not
instantaneous, making the 2005 cut-off date somewurraalistic. Despite this, given the
relatively short period of time within which sudrde shifts in population occurred in a
continuous ecosystem, this area offered an ideal tarconduct such an analysis on

anthropogenic fire.

3.7 Conclusion

As with other studies, this research has foundexad that people are associated with

the frequency and spatial distribution of fire, pits variations in fire history, land-use



history and socio-economic and political conditigRsasad et al. 2008; Syphard et al.
2007; Verlinden & Laamanen 2006). Whether in a beindr peace zone, this type of
research can lend insight into the causes and gaasees of anthropogenic fires with
important implications for conservation and lané ptanning and management. In the
Imatong Mountain region of South Sudan, creatindyemforcing laws designed to
manage fires, in concert with regulations pertartimhunting, forestry and agriculture,
are critical if the existing and highly-biodiversavland and montane forests are to be
preserved. This is particularly urgent given thgang and expected increase in human
populations during a time of welcome peace andlgtaim the region. Similarly, in
northern Uganda, efforts should be taken to subdgsseintegrate IDPs that encourage
self-sufficiency based on agriculture that canauasturrent and future generations in the

foreseeable future.

In the absence of fine-scale, time-series dataopuilation numbers, satellite-derived
fire products - combined with land cover type andrse population trends - can provide
insight into land use patterns of human populati@esause of the decades-long conflict,
reliable and complete household-level data wereanailable for this study. As an
alternative, population density can allow for simpbmparisons among and between
geographical areas. However, it is important teerbat population density alone does
not give any reliable indication of the impact @fople on the land since there are as
many examples in mountainous regions where théaethip between population
density and deforestation is positive, as thereegeenples where this relationship is
negative (Templeton & Scherr 1997). In additiore ttata used in this analysis was based

on national census data, which is often questi@ald future projections that do not



take into account abrupt population increases oredses resulting from conflict
(Deichmann et al. 2001). Despite these limitatioam$he case of the Imatong Mountain
region in South Sudan and the adjacent Agoro-Agestaarea of northern Uganda,
results from this analysis indicate that geneeaids in fire activity were consistent with
changes in populations impacted by conflict. Idgdhis analysis should be
supplemented with qualitative analysis involvintgiwviews/questionnaires focusing on
history of population movements and land use chapger time to verify and expand
upon the results. Future studies in this area maghmine the relative importance of
other non-anthropogenic factors such as topographbyinclude the potential impacts of

climate change and its impact on fire ignition axtent.



4 Human Dimensions of Land Use and Land Cover Changeelated to
Civil Unrest in the Imatong Mountains of South Suda®

4.1 Summary

Civil unrest disrupts not only the lives of peoipl¢he area, but also the environment
in ways not well understood. Armed conflict genlgraas a negative impact on the
immediate environment; however, the absence oflpelye to war can be beneficial to
local ecosystems and wildlife. Lack of accessw@azone during conflict makes it
difficult to gather primary data on the effectscofflict in real time. Satellite imagery
has been used successfully to document changées temdscape during and after war;
however additional information is needed to expkhai@ underlying drivers of these
observed changes in land use and land cover. Terstehd how human decisions and
actions during war and peace impact land use ar$istience practices, we combined
results from key informant interviews with obseivag made from remotely-sensed
satellite imagery and compared expected results fndings in seven major thematic
areas. In the high biodiversity region of the ImagdMountains in South Sudan, we
discovered that while some people fled the areanduhe various conflicts, many others
escaped to higher ground to live off the resousneslable from the forest. Earlier
studies indicated that the impact on forest cowgirdy and after the war were minimal
in the Imatong Mountains, and extensive in the bg&ongotana Hills. Discussions with
local inhabitants confirmed these findings and jed further explanation for how
migration and land use patterns impacted foresec@and wildlife in this volatile region.

4.2 Introduction

The field of ‘land change science’ seeks to undesthe human and environmental
dynamics that give rise to changed land uses anersin terms of type, magnitude and

location (Rindfuss et al. 2004). Numerous advahea® been made in this field using

Submitted taJournal of Human Ecolog§Gorsevski et al. 2012a, in review).



and combining a variety of approaches across nhltiizciplines in both the social and
physical sciences. In addition to the socio-ecoraand biophysical drivers of change, it
is important to account for the specific human-emwnent conditions within which

these drivers operate (Lambin et al. 2001). Warekample, is recognized as one of
many underlying causes behind tropical deforesigtizeist & Lambin 2002). Over 90%
of the major armed conflicts between 1950 and 28firred within countries

containing biodiversity hotspots and more than &%ially occurred within a hotspot
(Hanson et al. 2009). The Imatong Mountain regioBouth Sudan is part of the Eastern
Afromontane ‘biodiversity hotspot’ (as identifiegt Eonservation International) due to
the numerous species of plants found here, mamhmh are endemic to the region (see

http://www.biodiversityhotspots.orgnd has also provided the backdrop to several

ongoing armed conflicts over the past few decades.

Lack of reliable data and danger inherent in ezomae necessitates the use of various
methods, including the use of spaceborne imagdrgsd data alone, however, cannot
explain the individual decisions that ultimatelyvgrchanges in land use. Previous
studies have used satellite remote sensing to prashianges in forest in the Imatong
Mountains and neighboring Agoro-Agu forest resemnveorthern Uganda (Gorsevski et
al. 2012c) and similarly to link changes in firdigity to coarse-scale population trends
in this region (Gorsevski et al. 2012b). We buitdtbese earlier efforts by recording
local impressions of war and its effects, and bygaring various interpretations of
satellite-derived land cover imagery in order tplexe the nuances behind the

overarching premise that the Sudan civil war causass out-migration of people, and



that this trend was later reversed following tlemsig of the Comprehensive Peace

Agreement (CPA) in 2005.

Information on human inhabitants is lacking foe imatong Mountain region. While
it is widely accepted that millions of people I8ftidan during its two main civil wars
(1956 to 1972 and 1983 to 2005), there is littmord of current and historic human
migration and land use patterns in this specifigae, as the few humanitarian
organizations working here were forced to evacdateng the conflicts. Because of the
region’s close proximity to northern Uganda as vaslthe shared ethnic identity of a
portion of the population (the Acholi), a reasomadssumption would be that most
people fled across the border to safety. If thisanbe case, one would expect to see the
resulting impact on the natural landscape in tmenfof abandoned agricultural plots and
regeneration of natural vegetation, as has beemudsinated in other war-torn regions
(Witmer 2008). Conversely, if people remained i@ #inea, the opposite might occur (e.qg.

increased deforestation in order to meet basicsndedng wartime).

In this paper we present the results of a studyittvestigates issues related to war,
land use and the environment by focusing on thedngaMountains and nearby
Dongotana Hills — located in the State of Easteqndforia on the border with northern
Uganda, where people living in and around the tsre®re deeply affected by several
ongoing conflicts. Using information from interviewvith local inhabitants and
government officials who were shown a satellitegmaf the forest cover of the region,

we explored how people were impacted by the Sudénsar and other concurrent



conflicts, and how decisions related to these attsfhave affected land use practices and

forest cover over time.

4.3 Conflict and the Environment

Evidence from the current and previous centuridgates that across the globe,
armed conflicts have a negative impact on the ahanvironment to some degree,
including adverse effects on wildlife habitat, winia turn causes changes to biodiversity
(Hanson et al. 2009). Recent examples include dhebing of Kuwaiti oil wells in the
early 1990s which resulted in extensive near-tarmater and land pollution (El-
Gamily 2007) and changes in surface sediment anghotogical features leading to
land-surface degradation over the long term (Kodil&8az 1998; Pearce 1995).
Intentional and widespread defoliation of foregje@ttion using herbicidal chemical
agents occurred during the Vietham War to denytsang to the National Liberation
Front (FNL) (Westing 1971). More recently, chemidafoliants have been used in the
so-called “war on drugs” in Columbia to eradicabe@a production with the unintended
consequence of destroying adjacent forestland (iM&gs Delamater 2006). Wars often
lead to a breakdown of law and order, allowing @asifactions to appropriate control of
natural resources such as timber and wildlife talftheir war effort (Baral & Heinen
2005; McNeely 2003). In developing countries, whageple tend to be more directly
dependent on natural resources for their livelirsoamad where democratic institutions are
not always established (Kanyamibwa 1998), studae® Ishown that wars can greatly
amplify existing threats to the environment thaeatly existed during peacetime (Glew

& Hudson 2007). Numerous examples of past and ptesaflicts demonstrate the



negative impact of war on the environment and adlibersity (Hanson et al. 2009) —
such that a new term “warfare ecology” — has lm@ned to encompass this growing

field of study (Machlis & Hanson 2008).

And yet there are cases where conflict has beemdfto have a negligible or even
positive effect on the environment through the fation of a buffer or “no-go zone.”
Here, the absence of human activity allows foroedin of vegetation as well as reduces
hunting pressure on wildlife (Joshi 2006; KaimowdtZaune 2003; Kim 1997; Martin &
Szuter 1999; Nietschmann 1990; Robinson & Suthdr002). The most frequently
cited example of this phenomenon is the demilieatizone (DMZ) between North and
South Korea where the absence of humans resutiedtfre war’s diplomatic solution.
The 2.5 mile wide, 155 mile long stretch of landhin the DMZ has provided a haven
for wildlife, particularly migratory birds (Brady@®8; Kim 1997). Another example is
the resurgence of leopards, bears and other waloiilammu and Kashmir (India) due to
local inhabitants’ fear of being caught in exchangetween militants and security forces
(Joshi 2006). As the above examples demonstraenpact of a conflict on a region’s
ecology is location-specific and depends on a tualé of inter-related factors. And
finally, it must be noted that the impact of wad&r military activities on an area can be
interpreted differently depending on perspectiva. &xample, while many tout the
pristine, natural landscape of the island of VegjuPuerto Rico since much of it was
converted into a wildlife refuge in 2003 when theitdd States Navy ended bombing and
military exercises, others still view it as a dgepbntaminated dumping ground (Davis et

al. 2007).



One important consequence of conflict on the laape that can be felt during and
often long after the war ends involves abrupt @mndd scale movements of human
populations. This produces either an absence gilpa@o a formerly populated area due
to their having fled the conflict or converselyc@centration of people in ‘safe havens’
such as internally displaced persons (IDP) andyesficamps. There is general agreement
that emigration reduces land-use pressure at thm@nd increases pressure at the
destination (Hugo 1996). The burden of additioredgde can result in deforestation, and
land degradation (Allan 1987; Biswas & Tortajada#Qz 1996; Ghimire 1994; Hugo
1996; Sato et al. 2000) due to a dramatic increaee demand for resources following
the creation of settlements (Martin 2005). For eglanthe flood of refugees from Darfur
to Chad in recent years put a severe strain omalagsources such as water and
firewood, and competition between refugees andaited community led to violent
attacks, particularly on women (Bauer 2006). Siryilahe end of the Rwandan civil war
in 1994 caused 1.5 to 2 million people to movenmDemocratic Republic of Congo
(then Zaire) resulting in the destruction of ovB0 knt of forest in the Virunga National
Park by refugees (Draulans & Van Krunkelsven 20@2nflicts over natural resource
use between host and refugee communities alwags fglkce within complex political-
ecological landscapes of war (Martin 2005) and ltkewise important to note that the
impact of refugees on the environment relies lesthe sheer number of people involved
than the political-economic processes which infageaccess to land which govern its

use. (Black & Sessay 1997).

The return of refugees and IDPs following war’sl @an similarly lead to increases in

intensive use and contestation of resources suldndsand timber for the rebuilding of



infrastructure, planting of crops, and use of pas{Robinson & Sutherland 2002; Unruh
2002). Akagera National Park in Rwanda, for examipdes been largely decimated by the
influx of cattle following the return of refugee®i Uganda and elsewhere (Hintjens
2006). When a conflict ends, environmental consitiens are often a low priority
compared with the need to rebuild infrastructure gne economy, although in some
cases — such as in Uganda and Mozambique — imppey making following war
actually led to greater community participatiomatural resource management
(Vanasselt 2003). The lingering effects of war atso dictate where people settle. For
example, the presence or absence of landminesecarsignificant factor in where

people choose to rebuild their communities andtpeops (Oppong & Kalipeni 2005).

Because of the inherent danger and inaccessibilityar zones, it is often difficult
for researchers to gather primary information @l tene. In response, some have used
remotely-sensed satellite imagery to detect chatmt®e landscape or land use prior to,
during, and after the war (Gorsevski et al. 20Rdhakar & Bui 2008; Witmer 2008).
While results of remote sensing analysis are auiseid cost-effective means of
identifying land cover types and change over tiinis,only through direct interaction
with the populace that one can begin to underdstiamdomplex ways in which people are
influenced by conflict and how they in turn makeid®ns that impact land use, land
cover, and subsistence resources during and adftermvthis case, products derived from
remotely-sensed satellite imagery can provide plagia context within which people
discuss their experiences and locate areas oesitas a springboard for discussion

(Rindfuss & Stern 1998).



4.4 Study Area

The Imatong Mountains and nearby Dongotana HillSauth Sudan are located at
the South Sudan — Uganda border between 3°40" & Morth latitude and 32°30’ and
33°10’ East longitude. The boundaries of the stgdyon were selected to include the
Imatong Central Forest Reserve (ICFR) and the DamgoHills located to the northeast
of the Reserve. The ICFR spans 1,032 @ommerlatte & Sommerlatte 1990) and the
forested area of the Dongotana Hills is approxifyat& knf. The ICFR was named a
forest reserve in 1952 (Sommerlatte & Sommerla@@0); however, actual management

and law enforcement have been lacking as a conseeu the civil war (Figure 4-1).

Figure 4-1: Study Area including the Imatong Centrd Forest Reserve (ICFR) and
nearby Dongotana Hills — both in South Sudan nearte border with northern
Uganda. The baseline satellite image is at 57 meseresolution in true color such
that green represents vegetated areas. The image svaken in February, during the
middle of the dry season.



The mountains form a northern continuation ofup¢hrusts as part of the great East
African mountain systems (Chipp 1929). Altitudeghe study region vary from 568 m
to 3172 m above sea level (A.S.L.). The mountagrsist of granitic crystalline rocks,
most of which are folded and foliated and soilgédy fall within the following four
categories: (1) dark cracking clays, (2) non-cragldlays, (3) red loam and ironstone
soils, and (4) hill or mountains soils. Major vegjain types range frolbizia-
Terminaliawoodlands and savannas in the lowland zorgrita thickets in the
Ericaceous zone. The forests, woodlands and graisstand to reflect differences in
elevation, climate, soil conditions and past laed (Jackson 1956). The vegetation is
divided into three major vegetation zones accordngltitude and vegetation

associations (Table 4-1).

Table 4-1: Vegetation zones and associations in theFR (adapted from
Sommerlatte and Sommerlatte, 1990).

Zone Area Vegetation Association Phytogeographical
(km.) Region
Lowland (<1,800 m.) 234] Lowland woodland Sudano-BGasian
90 Lowland and Intermediate forest Guineo-Congolian
14 | Oxytenantherdamboo thicket Sudano-Gambesian
Montane 49 Montane grasslands Afromontane

(1,800 m. —2,900 m.] 85 | veroniabush thicket

29 | Hageniawoodland

184 | Albizia forest

298 | MixedPodocarpudorest

Alpine (>2,900 m.) 2 | Erica shrub thicket Afro-Alpine




As indicated in Table 4-1, a large portion of I8&R is comprised of lower and
upper montane forests which are characterizeddéwpthburrence dPodocarpus
milanjianus interspersed with a number of other tree andshpecies as well as
montane grasslands and bare rock (Jackson 195€0e e also three major areas of
lowland rain forest at Lotti, Talanga and Labond #rese are not or only partially
included in the ICFR (Jackson 1953). Of the lowlémm@sts, only the Lotti forest
remains largely intact (Figure 4-1). Most people lon the lower slopes and foothills
(between 700 and 1,500 meters); between 1,500 800 Pheters, there are generally
small clustered groupings of households with aBeli® huts per settlement connected to

each other through an extensive network of foogpéBrossmann et al. 2009).

Although the forests of the Dongotana Hills araikir in structure and composition
to those of the ICFR, the area has never formabnkdeclared as a conservation reserve.
The closest large town, Ikotos, is located roudlilykm due south of the forested area of
the Dongotana Hills (Figure 4-1), with an estimgpegulation of 20,242 in 2007
including small villages surrounding the town (UNRQO0O7b). This area saw relatively
little fighting during most of the Sudan civil whetween the Sudan People’s Liberation
Army (SPLA) and the Government of Sudan (GoS) uhegllate 1980s when the SPLA
entered the area and caused many of the primaaitgd people to flee to IDP camps in
GoS-controlled areas such as Torit, Juba and Kiertor else to refugee camps in
Uganda and Kenya (Ochan 2007). Though many pe@ple teturned, insecurity

remains due to inter-tribal cattle raiding and bagdKanani 2006).



Administratively, the Imatong Mountains and Dorayad Hills are located in the State
of Eastern Equatoria, whose capital city is Tonidl ashich is comprised of 7 counties, of
which the study area spans two (Magwe and Ikoidd.main tribes in the study region
are the Acholi, the Lango, and the Latuka — eacklo€h have their own distinct sub-
tribes. While the Acholi are mainly farmers witlwféivestock, the Lango and Latuka
practice some form of agro-pastoralism with varyilegrees of livestock holdings
ranging from 3-5 cattle and 6-19 goats for poorifi@nto 21-40 cattle and 45-60 goats
for better-off families (Muchomba & Sharp 2006).dddition, the town of Labone was
an IDP camp beginning in the mid-1990s for some besof the Bor Dinka tribe that
were relocated from further north following inteistl fighting (Dowden, R. (1994,
February 10). Attack Forces Sudan Refugees toCdeep.The IndependenRetrieved

from http://www.independent.co.uk/(Figure 4-2).




Figure 4-2: Equatoria County and the main tribes fand in the study area including
the Acholi, Lango and Latuka. Background image isrue color Landsat MSS image
(57m resolution). Tribal groups based on a map praded by the United Nations
Sudan Information Gateway (www.unsudanig.org).

The Sudan civil war, which began in 1955 and endexD05 (with a 10 year period
of peace between 1972 to 1983), resulted in amestd 2 million dead and 4 million
displaced people (Haynes 2007). Many of the digalgeople fled north to the suburbs
of Khartoum, and to the transition zone betweerimand south Sudan (Duffield 2002),
or to refugee camps in neighboring Kenya, Ugandd,Ethiopia (UNHCR 2007a).
Beginning around the time of the January 2005 Ceimgmsive Peace Agreement (CPA)

until and following the July 2011 independence otith Sudan, former IDPs and



refugees have been migrating back to Southern awdSouth Sudan. The International
Displacement Monitoring Centre (IDMC) estimates thetween January 2005 and
December 2009, approximately 2 million people me#grto Southern Sudan, Abyei and

Southern Kordofan (IDMC 2011).

In the Imatong Mountains region, no publically éasale information exists on
wartime migration numbers and patterns. Data obthfrom the South Sudan National
Bureau of Statistics (NBS) indicates that for thére State of Eastern Equatoria, total
population was 906,126 in 2008. This number wawéérfrom the Fifth Population
Census carried out from April o May 6" though the results have been widely
decried as having under-enumerated Southern Swuel@desgony 2011). The South
Sudan Relief and Rehabilitation Commission (SSR&®) the IOM (International
Organization for Migration) estimate that since Brmber 2010, approximately 5,560
people have returned to Eastern Equatoria andathatditional 24,000 are expected to
return in the near future (personal communicatidh ilohn Odongi Simon from the
SSRRC in Torit, South Sudan on November 17, 204 Tpmparison of population data
for Equatoria State, which no longer exists butahincludes today’s Eastern, Central
and Western Equatoria (Figure 4-2), using data fii@enpopulation censuses shows that
the number of people in this greater area has giynéollowed wartime patterns with
increases during periods of peace (1973 to 1988)edtuctions during wartime (1956 to
1973). The period 1993 to 2008 includes both war@eace since the CPA was signed in
2005; therefore, the increase likely reflects thigesin IDP and refugee returns during
the period 2005 to 2008 (Table 4-2). It must beeddhat these data have been called into

guestion based under-enumeration in the South V¥ariaty of reasons, not least of which



was the ongoing conflict. For a complete overvidwhe Sudan censuses and a critique

of each census’s shortcomings, see Mangony 2011.

Table 4-2: Population data for Equatoria State. Daa are taken from censuses
conducted for each of the years listed below; howex, the accuracy of the data has
been called into question as a result of either pocoverage or deliberate scaling
down of population based on unrealistic assumptiondangony 2011).

Population Rate of Growth (percent)
Equatoria 1956 1973 1983 1993 2008 1956-1973- | 1983- | 1993-
State 1973 | 1983 | 1993 | 2008
889,136 758,412 1,478,000 1,150,222 2,628,747 -1.86.4 -2.5 5.2

In addition to the official census data, humaistaagencies and others record
migration patterns — particularly those relatedetoigees and IDPs. While some of these
showed trends in migration for the whole of South®udan or even at the State and
County level, no fine-scale, multi-temporal dataevavailable for our study region. Data
from the 2008 census obtained directly from the Nigficated that approximately
73,549 people were living in the area at this tiPxrevious reports record 30,000 people
living in villages scattered around the boundaok&the ICFR (Sommerlatte &
Sommerlatte 1990); but this figure does not incltidetowns and villages located to the
southeast closer to the Dongotana Hills. Cleadypubation trends are difficult to
substantiate and compare due to wide disparityatd that comes from variances in

spatial boundaries and temporal scales.



45 Methods

In order to balance conservation and developmeotifees in the Imatong
Mountains, where data and information requiredésiource planning are largely
lacking, future land use planning will likely inqmrate some form of participatory
planning (including mapping), as these methods h@&eeme standard practice and are
often required by donor organizations such as tled& Environment Facility (GEF) and
World Bank (Diamond et al. 2004; Ericson 2006). Tise of images generated by
geographic information systems (GIS) in participgtmapping is becoming widespread.
Many herald this technology as an effective wagarhbining disparate sources of
information in an interactive setting that emphasibhuman activity in addition to
biological and physical processes (Bunch & Dudy206@4) and promoting good
governance (McCall 2003). Others, however, hatechsome pitfalls associated with a
participatory approach including the incompatililitith overarching conservation
objectives (Ericson 2006). The main focus of gtigly was not to test the merits of a
participatory approach to conservation, but ratberse spatial data and satellite images
as a launching pad to initiate discussions of tehcal movements within a war-torn
region and to understand better how their presahfature use of the forest and

surrounding land relates to observed changes thdawer.

This study was conducted from 2009 to 2011 anakmétion was compiled from
literature sources, field observations and keyrmfant interviews. Early interactions
with guides and direct observations that took phaeng initial field work conducted in

April 2009 to validate satellite imagery providedtical information regarding events



that took place in the region during and aftentlae. A one-day focus group interview
session with key informants from the Imatong Mourgaook place in the town of Torit
on November 16, 2011. Because of logistics andifighdonstraints, we used an
availability sample approach to select key infortedar the one-day session. As such,
most of the key informants resided in Torit andeveriginally from a smaller
geographical subset of the larger study area; hewdveir migration patterns during and
after the war extended throughout the larger arelading travel across the border into
northern Uganda. Informants from the one-day inéensessions were largely from the

Lango tribal group.

Each participants was shown a map (Figure 4-&efmatong Mountain region that
was created using a GIS with a SPOT (Satellite POservation de la Terre) 5 meter
image in false color composite as the basis ofithp. The ICFR boundaries and the
border with Uganda were included on the map, ag wejor settlements. The settlement
data were obtained from publically-available Gl$addes on the Internet, supplied by
the United Nations groups working in South Sudan

(http://www.unsudanig.org/new_gateway/maps/index}phpe ICFR and the Agoro-

Agu Forest Reserve boundaries were obtained frenWitdlife Conservation Society
(WCS) Southern Sudan Programme. These shapefilesaverlaid onto the satellite

imagery using ArcGIS 9.3. (Figure 4-3).



Figure 4-3: Satellite image shown to interview grop participants. Apart from the
oval indicating the primary origin of most inhabitants, the image is the document
shown to each participant (in paper form) [color dsplay: red = channel 1, green =
channel 2, blue = channel 3].

The one-day focus group interview session wasrdecbusing a portable digital
audio recorder and later transcribed and supplesdesith notes taken during the event.
The interviews were recorded in the local dialedth a translator present to convey
information in English. Prior to and after the amhey session, government officials and
other experts were interviewed independently. imftion obtained through these
informal interviews was recorded manually and withihve assistance of a translator as
English was the dominant language. These informaate selected using an availability
sampling approach, which despite limitations relatewide generalizability, was

effective in locating people with first-hand knowge about this lesser-known region.



The information from each source was then codedrding to a set of categories
using the open source software WEFT QDA freelylabé on the Internet

(http://www.pressure.to/qda/The selected categories encapsulate the magoras and

perceptions of the discussion and they are aswsllin alphabetical order):

Boundaries

Fire

Forest use and wildlife
Future challenges
Ikotos

Labone

Land use and land cover change
LRA and UPDF
Pre-war happenings
Post-war migration
War-time migration

The results from the analyses of the data basedes® categories were then
condensed into the seven following major topicstiedepth analysis and further
discussion: 1) the nature of conflict, 2) conflactd migration, 3) land use, 4) fire, 5)
impacts on forests, 6) impacts on wildlife, anact@hcerns about the future. These results

were compared with pre-interview expectations egldb conflict and the environment.

4.6 Results

Based on our interactions with people with in-ddptbwledge of the Imatong
Mountain region, we discovered many nuances wipeet to conflict, including how
insecurity due to war forced people to change tlaeid use practices. Table 4-3
compares our expectations based on previous stiadibe results from the interviews

and observations. Sections 4.6.1 — 4.6.4 providatgr detail for each major topic.



Table 4-3: Summary of expectations vs. observatioricom interviews related to seven main categoriesetated to
conflict and land use in one sub-area of the greatématong Mountain study region.

Category

Expectations based on results from previou
studies and other general perceptions

Observations based on interviews with
key informants

Explanations / Notes

The
Nature of
Conflict

There were two major conflicts — the
north/south Sudan civil war and the LRA
insurgency.

There were conflicts within factions of
the Southern army and complex

allegiances. Tribal conflicts continued
during the war and in the present day.

Tribal allegiances and ethni
identity play an important
role in all of the conflicts
described by participants.

Conflict
and
Migration

Most people fled the Imatong Mountains to ¢
to camps in Uganda.

dn fact many people stayed in the
mountains and hid from the various
military groups and insurgents. Some
people remain there today because the
don't believe the war has ended.

Mountains have historically
offered refuge during times
of conflict — both in Sudan
yand elsewhere (Babikir
1988).

Land Use

People ceased all forms of cultivationrgur
the war because they either fled or were hid
Now with peace, they have begun cultivation
again.

This was generally true in the Imatongy
ndpough they were able to grow beans @
small plots. In nearby Dongotana Hills,
people cultivated during the war since
this area was held by the SPLA who

allowed it.

,Post-war issues related to

nland tenure are complex andg
require additional fieldwork.
Despite reports to the
contrary for other parts of th
Imatongs (e.g. Labone),
participants maintained that
there were no conflicts
related to land ownership.

D

Fire

People use fire primarily for honey collectior
poaching, cooking, heating, clearing for
agriculture.

discussions with local inhabitants.

This was confirmed by observations arjdThe results also confirmed

that few fires were ignited by
lightning and that fire was af
important aspect of
community life. People
wanted government help to
control fires to prevent
burning the forest.




Impacts
on Forest

Post-2005 would result in significant forest
loss as people returned to the region to rebd
communities.

Forest loss post 2005 is said to be
ilchinimal. This is confirmed by previous
analysis using remotely sensed satellit
imagery.

Return to the area has beer]
minimal due to lack of

b schools and health facilities
Many people have moved tqg
Torit and other large towns.
Also, the people place a gre
value on the forest and don’
wish to see large forestry

Forest cover loss around the Dongotana Hill
was due to the relative accessibility of the
forests compared with the Imatongs..

5 This was partially true; however, becal

an IDP camp, there were no restriction
on using the forests and surrounding
land.

this was held by the SPLA and there wp
P

%]rojects resume. The forest
Sthust be “blessed” by a
ﬁandlord in order to be cut

land can be cultivated. Thog
who stayed in the forest or
returned to nearby villages
are not doing extensive
damage.

down and so he decides whht

Impact
on
Wildlife

Wildlife would largely be decimated due to tleThis was confirmed; however, there w4
bwidespread agreement that poaching Wasssistance from the

presence of fire arms and inability to cultivat|
freely in the mountains.

negative and therefore done in secret.

sMany people wanted

government in stopping
poaching.

Concerns
about the
Future

People were anxious to develop the land in
order to bring in revenue and create jobs.

Informants wanted government

and were wary of any plans to develop
the forest without their consent. There
was also a lot of support for organizing
community members to educate them
about the hazards of poaching and

assistance to build schools and hospit

Plantations have been blam
I$or altering the flow of water
| and causing flooding, which
may be a major reason for
I hesitation to start new
development projects.

uncontrolled fire.




4.6.1 The Nature of Conflict

Throughout the interview session, it became dleatrthe people of the Imatong
Mountain region were victim to not just one butifeeparate conflicts — some of which
are ongoing and others that have ended but areipedcto be ongoing. First, there was
the North-South civil war, which contributed to engral feeling of fear and insecurity
and which caused many to flee to neighboring ceemtSecond, the split that occurred
within the main Southern faction — the SPLA or Shets Peoples Liberation Army —
primarily between the predominant tribes, the Nared the Dinka, had consequences for
the people of the Imatongs. Third was the presehtiee Ugandan Lord’s Resistance
Army (LRA), a ragtag militia of men and boys withigins in northern Uganda that have
kidnapped and killed thousands of people in theorefEichstaedt 2009). The LRA first
crossed into Southern Sudan in the early 1990$anthlly established a presence in
Sudan in 1993-1994 at the invitation of the govezntnin Khartoum (Schomerus 2008a).
In 2002, the governments of Uganda and Sudan a¢pestbw the Uganda People’s
Defense Force (UPDF) to establish bases within Stalpursue the LRA as part of
Operation Iron Fist (Ochan 2009). Despite theiemated purpose, many believe the
UPDF was largely ineffective and accuse the grdupraing their guns on the civilian
population and destroying the area including cgttnees in the forest (Ochan 2009).
This was the same year (2002) of a vicious attgcthé LRA against villagers in Katire
(or Katiri) at the base of the Imatongs when anreted 520 people were killed
(Schomerus 2008a), causing many more to flee teplauch as lkotos. The LRA left

Eastern Equatoria in 2007, leading to an incre@aseturnees — mainly to towns which



are believed by many to be safer than villagesesithe LRA are still at large and no
formal agreement has been signed to stop hostiliBehomerus 2008a). Other armed
groups active in the Imatong Mountains during thige include the Equatorian Defense
Force (EDF), which was a militia group formed wilie aim of defending the local
inhabitants during the period 1995 to 2004, andcWhilso had a base in Katire
(Schomerus 2007). The EDF and the LRA often fosgle by side in the 1990s though
the relationship deteriorated as early as 1997 wihehRA attacked Equatorian civilians
(Schomerus 2008b). Finally, inter-tribal rivalrieentinue post-2005 — mainly between
the Lango people of the eastern slope and the haiekple of the plains between the
Imatongs and the Dongotana Hills. This conflict hesulted in cattle rustling and
violence between communities — made worse as & ddhe prevalence of small arms

among the population.

4.6.2 Conflict and Migration

As a result of these different but related cotsglienany people fled from their homes
and villages. However, discussions with the lonfdimants revealed that the forest
mountain landscape provided many with sanctuaryrevheople were not only able to
escape notice, but also supported themselves thiouigting, gathering of forest
products, and limited cultivation. In order to puoe goods such as salt, oil, soap and
clothes, some people travel to markets day in Ugaratle bushmeat and honey, and risk
meeting the LRA along the paths that crossed thédooWhile the mountains provided a

safe haven from the direct impacts of conflictklat healthcare during resulted in



numerous deaths. In addition, children were unehi® to school as it was not safe to

travel.

While many people have returned to their villageto nearby towns, we discovered
that some people remain in the forest at presaneshey do not believe that the conflict
has ended or else they fear future violence fropnramber of sources, even if they
don’t understand the origin of the wars in thetfpimce. Many of the key informants
echoed the sentiment that people were severelsnaized by the violence they had
witnessed and insisted on holding on to their weamtould war break out again. At the
same time, many people who fled to larger town$ siscTorit and Ikotos as well as the
Ugandan and Kenyan refugee camps began returnthgitovillages after the 2005 CPA
and the subsequent departure of the LRA, and hagerbfarming. Although the
respondents stressed that their communities weyeaate with one another, reports on
the Lango community in 2006 indicate that at l@aisially there was tension between
and within communities related to land and propengiuding how to best reintegrate
returnees. In the Lango tradition, for examplegespn should live where his or her
parents are buried (Kanani 2006) so that many pe@plirning from Uganda and
elsewhere have come into conflict with those whao ta&en up residence in their former

homes.

4.6.3 Land Use

Interview participants reiterated the fact thatimg the war, many people living in
and around the mountains did not want to be seédnhenefore did not clear lands to

practice extensive cultivation. During this timleey mostly grew beans on small plots,



harvested honey, raised chickens and poached bashNwv with peace, they can
cultivate freely and rather than cross the bordeyatto Uganda along undeveloped
paths, they can use the newly graded road fronréadiTorit to transport their items for
sale or to buy necessary goods. Major crops cuyreultivated include cassava, maize,
sweet potatoes, bananas, sugar cane, paw pawsamndrcabbage. Observations during
fieldwork in 2009 indicate that people practiceftag cultivation using so-called “slash

and burn” agricultural techniques (Figure 4-4).

Figure 4-4: Photo depicting typical "slash and burri cultivation techniques used in
and around the study area. This photo was taken ne&.ohotulo village, located at
approximately 4°0’58” North latitude and 32°49’37” East longitude near the village
of Katire (shown in Figures 4-1 and 4-2) Photograplby V. Gorsevski.



A major challenge in South Sudan in general ha®twith securing land and
property since those who have come back want atodksir former plots, which in
many cases have since been occupied by IDPs. keandet issues are complex in South
Sudan and beyond the scope of this paper; howgveimportant to note the role of the
landlord who was referred to on several occasignaterview participants as the person
who must ‘bless’ the land before it can be cultadhtEach State in South Sudan is
comprised of smaller administrative units includ{frpm largest to smallest) county,
Payam, Boma, and village. A Boma has one or marellbrds’ depending on its size.
The landlord, along with the Boma Chief, addre$aed allocation and conflicts at the
Boma level (Shanmugaratnam 2010). Interview padits repeatedly stressed the lack
of conflict among community members with respedatal tenure in their immediate
area; however, reports from other parts of theystuda such as Labone, where the Bor
Dinka IDPs largely replaced the indigenous Achalilicate that this issue is still quite

volatile (Shanmugaratnam 2010).

4.6.4 Fire

Previous studies used satellite remote sensiegdamine frequency and patterns of
fire activity in and around the Imatongs during afier the war and found that fire
frequency and location generally matched coarske-$caman population trends in both
South Sudan and the neighboring Agoro-Agu ForeseRe in northern Uganda
(Gorsevski et al. 2012b). Key informants corrobedahe importance of land-
management fire in the Imatongs and that fire ediextensively for cultivation, honey

collection and by poachers. This last categorygnitions was thought to be responsible



for fires that burn uncontrollably — often into tfogests — causing extensive damage.
There was no mention of the use of fire to prongpéen flush for grazing, as was
observed by Sommerlatte and Sommerlatte (199®eate 1980s and which occurs
extensively in other parts of South Sudan amongipaiastoral communities who own
large numbers of cattle. During the colonial periearly burning was practiced to
encourage tree regeneration and discourage gré&sesnerlatte & Sommerlatte 1990)
and perimeter areas were burnt around the forssetve to prevent fires from entering
(Grossmann et al. 2009); however, during the wagfedrts to promote responsible fire
management, including the creation of fire brealse ceased. Many informants
stressed the need to mobilize people and the gmanto help prevent excessive use of
fire — including an end to poaching, which occurthim the forest interior so that fires
resulting from this practice have the unintendei@ gffect of destroying much of the

natural forest.

4.6.5 Impacts on Forests

Land use associated with conflict had several ingpaw the forest cover in the study
region. Different areas experienced abandonmefures$t plantations, regrowth of

forests, and increases in deforestation.

Before the re-ignition of the Sudan second ciar\{1983 — 2005), several
international aid agencies and investor groups danttee area to exploit the forestry
potential and to undertake development projectsekample, forest plantations that had
been planted during British colonial rule and slyaafter Independence in 1955 were

expanded so that by 1982 the total plantation @eaprised of pine, cypress and



eucalyptus trees at the expense of natural fonest)between 750 to780 hectares
(Grossmann et al. 2009). During this time, theighitame to Katire and nearby Gilo to
build huts and houses and improve the roads tothefgport timber and materials. They
installed a saw mill in Katire, where timber wag¢ and then transported to Juba by the
Imatong Mountain Forestry Development Company, Whised the timber to make
houses and furniture. Finished goods were eithdrisQJuba or taken to Khartoum. At
this time, many local people were employed by thadB, and schooling was provided
for children; therefore the population of the regexpanded along with employment and
education opportunities. However, at least oneikByrmant worked on the forest
plantation during this time and informed us thahimdsight, the British project was
detrimental to the ecosystem as some of the theg¢svere cut were very big (they took 7
days to cut with a power saw) and the new speded too much water at the expense of
the Kinyeti river. Research corroborates this gahabservation that both Eucalyptus and
Cypress trees, which have been widely plantedheraieveloping countries as a means
of countering deforestation, are water and nutriigtensive (Fritzsche et al. 2006; Shiva

& Bandyopadhyay 1989).

Results using a change detection analysis of relgneénsed satellite imagery
previously showed forest recovery in parts of timatong Mountains during the war —
particularly near the former Talanga Tea Plantataod significant forest encroachment
in the Dongotana Hills during the same period ak ageafter the war (Gorsevski et al.

2012c) (Figure 4-5).



Figure 4-5: Results from previous forest cover chage analysis. Areas of green
indicate forest regrowth while areas of red indicag forest disturbance. Overall,
there is little change — particularly in the montare forests, with the exception of the
Dongotana Hills, where extensive destruction of thiorest has been verified with
aerial photography. (The images in Figure 5 are mdtied from previously published
research — see Gorsevski et al. 2012).

The Dongotana Hills share a similar ecology to tfahe Imatong Mountains;
however, the area is substantially smaller at witly 21 knf of forested area and at
lower elevations, the forests are generally mooesaible. According to key informants,
wartime realities were in large part responsibletiie different effects of conflicts on

forested areas. While people in and around thedngast had either fled or were hiding in



the dense mountain forests, the areas around thgdiema Hills were heavily populated
due to the presence of IDPs in the lkotos and Moraaramps. Despite many security
issues, the occupants of these camps were mor¢oafioéely cultivate land to grow food.
The SPLA were in lIkotos and despite intense fightihvarious times, the Sudan Armed
Forces (SAF) never took control of Ikotos so thdtieation was possible. Post-war
cultivation and encroachment of the forested aras @bserved near the Dongotana Hills
during aerial overflights that took place in Jay2009. In contrast, these same flights
revealed large tracts of intact montane foreste@gnmatong Mountains. (Figures 4-6a
and 4-6b). In addition, an abandoned base cankely lused by the LRA — is shown in
Figure 4-6c¢, confirming local informant claims thlagey used the mountains as a hideout.
Figure 4-6d shows a typical settlement pattern treaheavily populated area of Labone.
Here, people from the Dinka tribe previously livimgBor (approximately 200 miles
north) were displaced during the war due to heahtihg between different factions of
the SPLA — first to Ame camp and then to Labonegani1994 (Dowden, R. (1994,
February 10). Attack Forces Sudan Refugees toCdeep.The IndependenRetrieved
from http://www.independent.co.uk/). Formerly theh®li people lived in Labone and
while some of them stayed, others left the areatlae returned after the Peace
Agreement when many of the Dinka had also migrateth. Unlike the largely pastorial
Acholi, the Dinka rely heavily on cattle for théiwelihood, and much of the social and
political system of the Dinka tribe is centereduard cattle and their use (Lako 1985).

While no first-hand information was available falone, it is likely that the



implications for land use are great given the neddnsive grazing area.

Figure 4-6: Photographs from the study region illugating: (a) intact montane
forests from the Imatong Mountains — mainly consishg of the species Podocarpus
latifolius occurring in the upper montane area; (b)area cleared in the Dongotana
Hills — likely for fuelwood and/or construction material; (c) LRA basecamp in a
clearing in the otherwise dense montane forest; an@) huts scattered near the town
of Labone, previously home to an IDP camp for membys of the Bor Dinka tribe.
(photos a, b and c are aerial photographs by V. Gsevski; image d is a screenshot
taken from Google Earth).

As mentioned previously, of all the lowland forest the Imatong Mountain region,
only the Lotti forest remains largely intact. Tinkeirviews revealed that this was because
the Labone lowland forest was located near the hadDP camp; therefore, much of the

wood was harvested for fuelwood and constructiorontrast, the Lotti forest was



discovered by WCS field staff to be largely intdating 2009 fieldwork (personal
communication with Falk Grossmann, Wildlife Consgion Society, Southern Sudan
Programme). Subsequent research revealed thatagarilyternational agreements
prevented interference with the natural vegetadiofauna in Lotti, whereas Talanga was
allowed to be exploited for timber (Jackson 19%8¥cussions with one expert informant
revealed that a tse tse fly outbreak that causeddtioli people to leave the area around
the Lotti forests may be a plausible explanatianafby it remained largely undamaged;
further research verified that this occurred beft829 but more up-to-date information
could not be found (Chipp 1929). More recently diog roads have been developed
leading to the northern end of the forest raiseay that these lowland forests will also

soon disappear (Grossmann et al. 2009).

4.6.6 Impacts on Wildlife

Conflict generally has two impacts on wildlife -etk are indirect impacts via
changes to forest cover and fire activities (asceted in the previous two sections), and
a direct impact through hunting. Previous studegelprovided detailed accounts of
various animals that have historically been founthe Imatong mountains including
elephants, buffalos, bushbuck, greater kudu, bigstdpiker, klipspringer, leopards, a
wide variety of small mammals such as porcupind,rarmerous birds including several
endemic to the region (Jackson 1953; Jackson & CMI&0). Interviews with informants
including wildlife experts confirmed observationgthe Wildlife Conservation Society
(WCS) Southern Sudan programme that many of theigeads are no longer present

(such as elephants and leopards) and that othelnsasuthe blue monkey are still present,



but rare since they were hunted by all partiesrduaind after the war’s end. One expert
said that hyrax, klipspringer, porcupines, bushbarett duikers, and Greater Kudu were
still present in the Dongotana Hills. Informantsaatonfirmed that poaching is still
widespread and uncontrolled and that the poaclsersraps and largely work in small
groups or individually without consent from thegar community. Figure 4-7 shows
photos of snares and traps used to catch aninsalgelaas a poacher’s station. These

photos were taken during fieldwork in January 2009.

Figure 4-7: Evidence of poaching in the Imatong Montains including (a) a snare,
generally made from wire, nylon or vine and often esulting in waste of animals who
are left to decay upon being trapped; (b) a trap -smaller drop traps are used to
catch rodents and birds, whereas larger pit traps e used to catch bushbuck and
bushpig; and (c) a poacher’s station. (photos takehy V. Gorsevski during 2009
fieldwork. Information about hunting methods from Grossmann et al. 2009).



Results from earlier studies using satellite imggerd from discussions with local
inhabitants and government officials confirm thataintended consequence of the
conflict was reduced pressure on the forests — fritlagers but also from planned
expansion of large-scale forestry projects. Orother hand, the impact of war on
wildlife appears to have been largely detrimenitates many of the species previously
reported as being present in this region, sucheghants, buffalo and leopards (to name
a few), are believed to have been extirpated (@Gnass et al. 2009). According to key
informants, the widespread availability of fireararsl the lack of enforcement of
wildlife protection laws have meant a continuatadnllegal poaching. Other studies have
found that the legacy of conflict continues aftes tvar is over (Loucks et al. 2009) and it
appears that this in the absence of governmentgnigon, this may also be the case in

the Imatong Mountains.

4.6.7 Concerns about the Future

During the one-day focus group interviews, nealllyhe participants discussed the
need for government assistance to build infrastinect mainly schools and health care
facilities — in order for people to resettle in tewand villages in and around the Imatong
Mountains. Many people have decided to stay intTarlkotos for this reason and are
waiting for assistance from the government befbey imove back. There was also a
general feeling that the people need to organizengnthemselves to make specific
demands and prevent any attempts by outsiderstootthe forest and its associated
resources. Capacity building and outreach withenabmmunity was also mentioned as

ways in which to prevent poaching and to train pedép build fire lines. Because of the



war, many people are traumatized and have turnbdawy drinking, which remains a

problem.

Finally, a recurring outcome of the November 20it&érviews was the high value
people place on the forest and associated forsstirees such as wildlife and non-forest
products. There was a plea by many informantsttieaforest be preserved in general,
and specifically for government assistance in sadedjng it from use by outsiders. There
was overwhelming agreement that the community knmess how to manage the forest
and that people needed to mobilize to prevent dertsifrom cutting trees without

consent from the local inhabitants.

4.7 Discussion

As the results outlined in Section 5 illustrates butcome of the one-day information
session led to several general observations almiitthe past and current state of the
forests, people and wildlife in the Imatong reg{eammarized in Table 4-3). While
some of these results confirmed existing expegctatiothers uncovered additional or
even contradictory information. For example, prigworts and observations regarding the
use of fire and problems controlling its spreadenlargely confirmed by key informants.
On the other hand, the complexity of the conflmtsurring within the Imatongs in terms
of the number and type and impact on people’s aetsg0 stay or go was largely
unexpected and offered intriguing new insights alnaw these decisions affected land
use, including impacts on the forest. Discussidss eonfirmed the results of prior land
cover mapping using remotely sensed satellite imyagyg highlighting minimal loss of

forest within the Imatong montane forest and extenforest loss around the Dongotana



Hills. At the same time, the socio-political corteithin which these changes occurred
(e.g. the existence of IDP camps around the Dongathlls and control by the SPLA)
provided additional insight into the cause andaféé¢ war on the environment. And
finally, the discussions led to additional quessitimat can only be adequately addressed
with further qualitative research. For exampleeegsh using satellite imagery shows a
regrowth of forest near Labone following the warweell as an increase in fire activity
(Gorsevski et al. 2012c). A better understandinBioka-Acholi migration and land use
patterns both during and after the war is needédlipexplain the dynamics behind

these observations.

The interview session also highlighted issuededlto the participatory process
itself. One important observation had to do witlubaaries — in particular, the boundary
of the now-defunct ICFR, which was included on itinegp, as well as the international
boundary between South Sudan and Uganda. Whilemewobjected to the ICFR
boundary, there was some confusion as to whatribs ftepresented and some hesitation
in placing one’s village with respect to the praogecarea. Other researchers have found
that unintended consequences can arise from gEatory mapping exercises —
particularly with respect to where boundaries aeswth — since it forces people to
confront latent issues related to land tenure #aB2). Related to this was the fact that
informants repeatedly corrected the names anditotsalisted on the map, which was
created using publically available United Nationp@ied data, and clearly in need of

revision.



While the interview participants repeatedly steesthe lack of conflict within their
Lango community, they also differentiated themsglivem the other primary ethnic
groups — the Acholi and the Latuka — the lattewbich they had accused of cattle
rustling. In addition, other reports show that ghiertension among some members of the
Lango community related to where a person wennguhe war. For example, when the
SPLA took over the lkotos area in 1988, civiliaither went to IDP camps in GOS-
controlled areas including Torit, Juba and Khartpwiile others fled to refugee camps
or hid in the nearby hills creating tension betwterse who left and those who stayed

(Kanani 2006). People who stayed behind often axttisose who left of being traitors.

| also noticed that the interview participants evrgely comprised of men and that a
few of the younger men refused to speak during then,” as did the sole woman in the
group. Future efforts to engage the community shtake care to represent better both
males and females, since women and men differaimn kmowledge and use of forest

resources (Agarwal 2000; Kalibo & Medley 2007).

The lack of women and members from the other tred@minant tribes living in the
area (the Acholi and Latuka) highlights one of th&or shortcomings of using the
availability sampling design discussed in the S&cti.5. As mentioned, this approach
was employed due to logistics and funding constsain the absence of these
constraints, a preferred method would be a steatifandom sampling approach to ensure
that members of each of three main ethnic groupsnatuded in the discussion. Ideally,

interview sessions would be held in each of theghmain South Sudanese sub-regions of



the study (e.g. Katire, Labone, Ikotos — near tbaddtana Hills) in order to learn more

about land use practices specific to these areas.

4.8 Conclusion

Numerous studies have attempted to ‘link peopté pixels’ by supplementing data
derived from remotely sensed satellite imagery withlitative information obtained
through interviews, focus groups and other meams (i3 et al. 2005; Entwisle et al.
2005; Laris 2011; Moran & Brondizio 1998; Songeakt2009). While few would argue
the benefits of using a multi-disciplinary approashe major challenge inherent in
relating geospatial technologies with qualitatiatadhas to do with differences in
temporal and spatial scales (McCusker & Weiner 2008 specifically the exclusion of
local studies when seeking to explain trends aaegisnal scales (Turner 1999). Some
even contend that the use of satellite imageryadigtteinforces, rather than reduces, the
contentiousness of landscape change claims duedmgdnt interpretations of the same
data and imagery (Robbins 2003). This was evidanhd our interview session to a
limited extent given the discrepancies in place @amd location. The fact that our group
came from one distinct area comprised of the sahmecegroup likely minimized tension

that might have materialized if all tribes from @&s the region were represented.

The impact of conflict on forest cover follows @eplex path beset with many
decisions along the way. That is, the presencéserace of conflict causes individuals
and communities to make decisions relative to tveii-being. These decisions in turn
impact how resources are used and the overall mhgrat human activities have on the

landscape. Over time, changes in land use practare$eave a lasting imprint on land



cover. These patterns can sometimes be observegl desia derived from satellite remote
sensing. In this respect, rather than be viewdte%nd point,” satellite remote sensing
can be extremely useful in providing the entry péan discussions with local inhabitants
to understand better how their decisions are linki#d coarse-scale observations.
However, in order to effectively ‘link people wighxels,’ it is necessary to combine
guantitative satellite data with qualitative resdathat effectively explains the decisions
that they made as a result of war and how thessides result in perceptible changes in

the landscape.

This research was designed to gather and anaftaeod human perceptions and
activities related to conflict in the Imatong Moaint region of South Sudan as a means
of building on previous results that relied almestlusively on satellite remote sensing
data. My work with collaborators in this region icates that the impact of the various
conflicts during the 1983 — 2005 timeframe had mixesults for the local ecology. On
one hand, | found that much of the Imatong Mountarests remain intact due to a
reduction in population numbers and limited culiiva due to the war, with the
exception of the Labone area and surrounding losvfarest which witnessed an influx
of IDPs in the 1990s as discussed in Section 5:5h@ other hand, wildlife was
diminished since local inhabitants who stayed enftirest, as well as militia groups that
used the forest as a base from which to launchlkattelied on bushmeat for survival. In
contrast, the results from the satellite remotesisgnanalysis indicate that the Dongotana
Hills were heavily encroached upon both during after the war and discussions with

local inhabitants and experts help to explain theeulying political and military realities



that allowed this area to be transformed througheimsed human settlement and

cultivation.

My findings help to explain the processes undagythe time-series patterns
observed with satellite imagery with regards te#bmgain and forest loss through a more
complete understanding of local decision-makingesses in the face of several
conflicts. It must be noted, however, that thiggtwas conducted on a very minimal
scale and did not include all groups residing id around the mountain. In the future, a
triangulated approach that incorporates additiomethods and a more complete
representation of ethnic groups, including both med women, would avoid distortion
by favoring one group over another and lead to mptamal policy recommendations

(Ericson 2006).



5 Conclusions, Policy Implications and Next Steps

5.1 Summary

The three individual studies in this dissertaiimtegrate remote sensing and interview
data to address the research questions presenBetttion 1.2 related to the impacts of
war on land use and land cover in the Imatong Maianegion of South Sudan and

northern Uganda.

Section 2 of this dissertation entitled “Analysighe Impacts of Armed Conflict on
the Eastern Afromontane Forest Region on the Sutgmda Border Using
Multitemporal Landsat Imagery” compared spatial serdporal trends in forest cover
gain and loss across three specific areas — eaghiolfi are comprised of similar
montane forest vegetation but which experienceerdinht aspects of various inter-related
armed conflicts. | used Landsat TM and ETM+ imageryepresent “war” and “post-
war” periods and applied the Disturbance Index wdtfogy to compare changes in
forest cover change. | found that within the ICE$elf, there was very little change in the
net rate of forest cover, in contrast to the ne@bggotana Hills, which experienced
relatively high rates of disturbance both durind after the war. Across the border in
northern Uganda, the rate of forest recovery wgbkdriin the second period,

corresponding to the time during which people bdgawing the IDP camps.

Section 3 of this dissertation entitled “MappingtAropogenic Fires During Periods
of Conflict and Peace in South Sudan and Northegarnda using MODIS Active Fire
Data” characterized the spatial and temporal aitteib of anthropogenic fire in the same

cross-border region and compared results with eeseale population trends across



different land cover types. | discovered that ollefize activity corresponded to broad-
scale human population trends on both sides dbdinger. On the South Sudan side, for
example, year-to-year fluctuations in IDP and refigeturnees resemble the large annual
variability in fire counts, whereas fire activity the northern Uganda side steadily
decreases over time, largely corresponding to théugl reductions in IDP camp
populations. | also found that there was a reduadticactive fire counts in all of the sub-
regions for both South Sudan and northern Ugandh,tixe exception of the woodland
land cover type in two of the larger settlementsabone and Katire — where returnees

are more likely to resettle following war.

Section 4 of this dissertation entitled “Human Bmsions of Land Use and Land
Cover Change Related to Civil Unrest in the Imatbayntains of South Sudan”
explored the underlying causes of different lanel patterns during and after war and
related this information to observed changes iedbcover by integrating satellite remote
sensing data with information derived from intewsewith local people. In doing so, |
discovered many nuances to my previously held gagieas about how variations in
population associated with conflict affected larsé in and around the Imatong
Mountains and Dongotana Hills during and afterilae. For example, the underlying
expectation that most people fled the area duriagwas challenged by first-hand
testimony that many people opted to stay in thedband hide instead. Other previously-
held beliefs were confirmed such as the widespusadf fire and the main reasons it is
used by villagers. This portion of the researchaultged the value of using a multi-
disciplinary approach to examine changes in laredaunsl land cover to either corroborate

or contradict previously-held expectations.



5.2 Future Research

While tropical montane forests are priority areasdonservation, in many regions
they also support high human population densifies. Government of Southern Sudan
(GoSS) has recognized the importance of the Imaltbmgntains and their conservation
in the South Sudan Wildlife and Protected Aread0|2003), which specifically
underlines the importance of conserving the montarest of the Imatong massif. At the
same time, people who fled during the Sudan Civar\&fe returning to the area and
depend heavily on the land and forest to meet thesic needs. As a result, great effort
will be needed to balance conservation and devetopriorities effectively for this
region. Research conducted as part of this digsmrtand the methods developed can
help inform the development of an integrated lagel plan; however additional
information is needed to improve our understandipe complex landscape. There are
several areas of research that are suggestedrtoefianalysis. Table 5-1 presents these

recommended areas of current and future potemisalarch.



Table 5-1: Summary of current and potential futureresearch in the Imatong Mountains and surrounding &ea.

In the absence of fine-scale, time series populataia, 1. Extend the fire season data (2000 to 2011) by uBamnga only fire

there is potential to examine the existing fireadat hotspots.
different ways and in greater detail to gain nesight 2. Revise existing analysis using Terra/Aqua datanbiltt the following
into trends across regions and land cover types to modifications:
challenge or reinforce existing conclusions fromiah - Only look at high confidence fires
fire research. - Adjust for cloudiness levels
Count active fire detections in adjacent pixelsubsequent dates as 1
single fire

Look only at daytime fires
Examine spatial patterns of fires by doing an asialfor spatial
proximity of fires with the idea that anthropogefires would be more
clustered than natural fires
- Repeat analysis without the precipitation adjustmen
The qualitative interviews that form the basishad t - Use 2008 census data to examine household conguoiti one year

‘human dimensions’ paper submitted to HE are a good only within the S. Sudan study area. Combine thik digitized, high
start; however, the paper could be strengtheneal by resolution satellite imagery of key areas to uradertspatial analysis
more thorough investigation of household showing the relationship between household sizd@ration to different
characteristics and location vis-a-vis arable land the land cover types.

forest.

Conclusions from the forest cover change and fire  Conduct additional analysis specific to this area:

sections of this dissertation raised additionalstjoes -  Acquire and analyze high resolution, time-serigslbi@ imagery to map
regarding land use patterns in Labone during aistl pc settlements, burned area, other possible indicafdieman activities.
war but little information was available about - Conduct additional fieldwork to interview past gmésent inhabitants of
population shifts that might influence satellitedtled the area from both of the predominant tribal groipiska and Acholi).
observations.

The same is true for land cover and fire pattanrtaé  Conduct additional analysis specific to this area:

Agoro-Agu region of northern Uganda where limited - Acquire and analyze high resolution, time-serigslbi@ imagery to map
funding and institutional support made it impossitd settlements, burned area, other possible indicafdiaman activities.
fully investigate population trends and land use - Conduct additional fieldwork to interview past gmeésent inhabitants of
activities in this area. the area — both IDPs and non-IDPs.

With the end of the war, there is a need to coitfiem  Continue to work with WCS and the GOSS to use lgateémote sensing
conservation/development needs of the area vis-a-vi and GIS to inform the land use plans for the area.

land use planning, policy development and

implementation re wildlife, forestry, wildfires,cet




5.3 Policy Implications and Next Steps

In the absence of renewed conflict, it is likddat human activity will continue to
increase in and around the Imatong Mountains iniegryears as a result of improved
security, as well as the favorable climate andsdoilind in the area. This assumption was
confirmed by local aid agencies and governmentials charged with addressing the
current and anticipated future influx of returniiPs and refugees. According to local
inhabitants, whether or not people decide to settnd around the forests or
permanently reside in larger nearby towns depeargely on the extent to which the
government delivers on promises to build and stetfibols and health facilities, and

specificallywherethese services are located.

Other areas of East Africa with similar ecosysténas have seen an increase in
human settlements and have also experienced asgbc@version of the forests for
agriculture, as well as large-scale timber extogrcin recent years. African tropical
mountains in particular have among the highest [ajom densities on the continent
because they generally wetter and/or more relisédesons allowing for the establishment
of permanent agricultural systems (Burgess etG7a). This high concentration of rural
people has in many cases led to dire consequeactsfenvironment itself and for
those who depend heavily on natural resources@r éveryday survival. For example,
in the Kenyan Mau Forest — the largest block of tape forest in East Africa —
deforestation, along with climate change, has edténe quantity, quality and time
distribution of water from the Mara River with segémplications for people and

animals living downstream (Blackie & Robinson 20Dijas 2011; Mango et al. 2010).



The Imatong Mountains are similarly an importantavaatchment area, supplying
people and wildlife of Eastern Equatoria with cati water supplies throughout the year.
Major modifications to the forests in the Imatongsuld have repercussions for

downstream communities as well as wildlife in ngaBlandingalo National Park (BNP).

Recent feasibility studies conducted by Italiad &mhinese companies to develop a
hydroelectric power station to harness energy filoenKinyeti River for nearby towns
(Verhoeven 2011) raise the specter of large-scaldifinations to the ecosystem and
should be monitored carefully. Widespread changéznd use and land cover in the
Imatongs would also likely be detrimental to theaés biodiversity. Globally, habitat
loss is believed to be the greatest threat to beydity (Brooks et al. 2002; Chapin et al.
2000; Cincotta & Wisnewski 2000; Pimm et al. 1988Ja et al. 2000). This is certainly
the case in the nearby Eastern Arc Mountains okaaia, where high levels of
endemism have been documented (Burgess et al. g@bwhere forest loss has
occurred at high rates — 80% total loss in histdriorest area and 25% of forests have
been lost since 1955 (Hall et al. 2009). As diseddbroughout this dissertation, the
Imatong Mountains are included in the Afromontamediversity hotspot’ making them
susceptible to high levels of loss resulting froeficdestation. One method of curtailing
deforestation to conserve biodiversity is through éstablishment of protected areas,
which despite only covering about 12.5% of the [Eartotal land surface have been
found to be effective in keeping land intact (Dekret al. 2005), though other studies
have found that the overall effectiveness of aguteid area depends on a variety of

factors such as the economic status of peoplegli@ound the park (Wright et al. 2007).



In the Imatongs, there is a unique opportunitgreate a protected area in the higher
elevation montane forest, which is almost entiretgct due to low levels of human
activity as a result of people either fleeing thesaor hiding in the forest during the war.
Evidence for this was revealed in the Results geaif Chapters 2 and 3 on land cover
change and anthropogenic fires, and visually cordd during 2009 aerial overflights.
Results and observations similarly reveal thahefthree lowland forests, only the Lotti
forest remains largely undamaged (Figs 2-2 and #hdugh for how long is uncertain
given its close proximity to towns and villageglve area. Steps should be taken to
conserve this remaining lowland forest, which makgshe northernmost part of the
Guineo — Congolian rainforest complex (Table 2+ig has been shown in other areas to

have high levels of biodiversity contained ther@Waltert et al. 2005).

Results from fieldwork in the area indicate tltsally, a protected area within the
Imatongs would encompass biological communitiels imcendemic species of restricted
range, that contain community types under — repteslen other protected areas, that
support threatened species, and that contain res®of potential use to people such as
valuable ecosystem services that are easily urabet$ty the public (Primack 2006).
Because of the decades-long war, however, speataga support this level of detailed
analysis are lacking. Based on discussions withl lindormants and the results from the
2009 reconnaissance surveys within ten major fdrlesks of larger mammals
conducted by WCS, it is clear that excessive poacturing and after the war has led to
a decline in previously present animals such afalmfleopards and elephants. This is
not unique to the Imatongs and has occurred thrmuigBouth Sudan where experts

maintain that a “faunal holocaust” occurred dutiing war due to widespread shooting of



animals for meat, ivory, horns and skins (perseoaimunication, Philip Winter, Rift
Valley Institute). Fortunately, some species inlthatongs such as duikers, bushbucks
and bush pigs are still present and could conciivaisover and even thrive if protected

from illegal hunting (Grossmann et al. 2009).

In addition to wildlife conservation, future plafts the Imatong region should
consider whether or not currently defunct forestmgjects will be revitalized. Field
surveys in 2009 involved several employees from@b&8S Ministry of Agriculture and
Forestry (MAF) who measured the current extentsaate of existing Cypress, Pine and
Eucalyptus plantations. Results from these suriraisated that approximately 7.5 km
of plantation species still exist, although thegsrare in poor shape after over twenty
years of neglect and falling prey to fires, windbland insect damage (Grossmann et al.
2009). Rehabilitation of these plantations wouldstraertainly provide South Sudan with
much needed timber for construction and give a bimohe local economy through
employment and the development of secondary markéethe same time, however,
some within the local community have expressed eonfor the ecological damage
caused by the non-indigenous species (as discusSattion 4.6.5), and the
infrastructure needed to undertake these projedgs ifew roads, housing for workers,
etc.) could lead to additional, unplanned defotesteas has been the case in other parts
of the world (Arima et al. 2005; De Ledn 2009; MoiE093). Clearly, future
development of forestry projects must take greed tambalance local and national

development benefits with short and long-term egickl consequences.



As discussed in Section 4.6, many of the communiynbers interviewed want to
prevent destruction of the forests and are lookmmgssistance from local authorities to
help them in this endeavor. While it is unclear hhegresentative this sentiment is of the
greater Imatong community, where people may hafferdnt viewpoints regarding the
fate of the forests, it raises the question ofetkient to which local people are included in
conservation and development plans for the Imateggn. The integration of local
knowledge for environmental management is a coetoal issue that has practically
seen mixed results (Oldekop et al. 2010). The Gs@ditional ecological knowledge
(TEK) alongside scientific knowledge as part ofreager community-based conservation
program (commonly known as CBNRM or community-laasatural resource
management, or CBC — community-based conservairdiGDP — Integrated
Conservation and Development Project) has beeneddwy many as an effective,
bottom-up method to conserve biodiversity (Berk@84 Berkes et al. 2000; Horwich &
Lyon 2007). On the other hand, failure to show fpicatresults (Chapin 2004) as well as
the long and arduous process often necessary evaoctonsensus among stakeholders
(Sayer & Campbell 2004), has led to critiques of fgarticipatory technique in recent
years in favor of renewed use of protected aressetkclude local communities from

them and their management (Sanderson & Redford)2004

While an exclusionary approach may be appealinggavoidance of a prolonged
and potentially contentious process, the rapidssamdewhat unpredictable influx of
people to the area, the pressing development ri#ete local community, and the
uncertainty of the future with respect to overtdbdlity of the country, the region, and

the climate, suggests that the use of scienceedi@msiderations alone to create a



protected area will not be sustainable in the lamg Future plans will require innovative
conservation strategies that incorporate alteragigrspectives as previous efforts have
shown that there is often no single ‘best plan’ddandscape and therefore multiple
scenarios need to be assessed (Peterson et a). EO0&is reason, the participatory
planning process begun as part of Chapter 4 offibgertation could be continued and
expanded upon to include people from all ethnicigsopresent in the area that represent
long-term residents, recent returnees, and culib#d, as well as government and civic
leaders to develop an integrated land use plarstdehs to strike a balance between

conservation and development objectives.

In addition to resolving the location and extehpitected areas and plantations, the
development of possible future scenarios for corsgiEm planning should take into
account the underlying processes driving land asdand cover change — such as the
widespread use of fire and land conversion foraiion. As seen in Sections 3 and 4 of
this dissertation, anthropogenic fire is widespraad uncontrolled, and can quickly
spread into the forest, damaging large areas ¢f hatural and plantation forests.
Observations during a 2009 field visit were congdrby key informants in 2011 that in
general, there is a lack of awareness by locatiseopotential negative impacts of

widespread burning.



Figure 5-1: The burning of a maturePodocarpus milanjianugree by local guides in
April 2009 to clear the area, despite the fact thathe trees were immediately
adjacent to a field that was ideal for setting up amp. (Photograph by V. Gorsevski).

In order to minimize the negative impact of fireghe Imatongs, laws should be
developed and enforced that encourage early buamdghe creation of fire breaks in
certain areas to prevent the spread of fire intedied areas. These laws should be part of
a greater effort to educate community members atheutonsequences of uncontrolled

fire, as recommended by key informants during tbhgdinber 2011 interviews.

As seen in Section 4 of this dissertation, margppesupport themselves by farming
and often produce extra crops for sale in localkeigt As security is no longer an issue
and people can freely cultivate in and around thatbngs, it is likely that farming will

expand in future years with potentially deletericoasequences for nearby forests,



unless steps are taken to encourage farming tascbsitpat are less destructive to the
natural landscape. As a result, conservation ptansinould assess different cultivation
options, such crop diversification, which has bsleown to increase resilience as well as
providing economic benefits (Lin 2011). One typalnfersification in agricultural
systems is known as agroforestry, where treesrabshare used within agricultural
systems, and which has seen various levels of ss@e failure depending on the
specific circumstances (Frohlich 2011; Russell.e2@10). This and other options might
be explored for the Imatong region as a way to egkithe needs of a growing population

without putting undue pressure of the forests.

The research presented in this dissertation detnades the value of combining
remote sensing data with information obtained fiotarviews with local inhabitants to
investigate questions about land use and land athasrge during times of war and
peace. This study is the first to examine changédsrest cover in this cross-border
region experiencing different, but related conflicthe results highlight how conflict
impacts decisions related to land use and howirthisrn affects the local ecology. From
a practical perspective, research begun undedi$ggrtation can be used in concert with
other data to help develop an integrated land lesetpat incorporates conservation and

development priorities.



ACLED
AFR
ARD
ASTER
BNP
CAMS
CBC
CGIAR
Cl

CIAT
CIESEN
CcC
CBNRM
CPA
CRS
CSlI
DEPHA
DRC

DI

EDF
ENVI
EOS
ETM
FAO

List of Acronyms

Armed Conflict Location and Event Data

Agoro-Agu Forest Reserve

Associates in Rural Development

Advanced Spaceborne Thermal Emission anc:&tefh Radiometer
Bandingalo National Park

Climate Assessment and Monitoring System
Community-based Conservation

Consultative Group on International AgricuillResearch
Conservation International

Centro Internacional de Agricultura Tropical

Center for International Earth Science Imfation Network
Cubic Convolution

Community-Based Natural Resource Management
Comprehensive Peace Agreement

Catholic Relief Services

Consortium for Spatial Information

Data Exchange Platform for the Horn of Africa
Democratic Republic of Congo

Disturbance Index

Equatorian Defense Force

Environment for Visualizing Images

Earth Observing System

Enhanced Thematic Mapper

Food and Agriculture Organization



FEWS
FIRMS
FNL
FSO
GEF
GIS
GLCF
GPS
GLOVIS
GLS
GoS
GoSS
GPCC
GPW
ICDP
ICFR
IDMC
IDP
IJRS
IOM

IR

IRIN
ISODATA
JAXA
JLC
LDC
LPDAAC

Famine Early Warning System

Fire Information for Resource Management 8yst
National Liberation Front

Front-Seat Observer

Global Environment Facility

Geographic Information System

Global Land Cover Facility

Global Positioning System

Global Visualization Viewer

Global Land Survey

Government of Sudan

Government of South Sudan

Global Precipitation Climatology Centre
Gridded Population of the World
Integrated Conservation and Development Etoje
Imatong Central Forest Reserve

Internal Displacement Monitoring Centre
Internally Displaced Person

International Journal of Remote Sensing
International Organization for Migration
Infrared

Integrated Regional Information Networks
Iterative Self-Organizing Data Analysis
Japan Aerospace Exploration Agency
Joint Logistics Commission

Least Developed Country

Land Processes Distributed Active Archiven@a



LPGS
LRA
MODIS
NASA
NBS
MAF
NEMA
NESSF
NDVI
NGO
OCHA
RSE
SAF
SEDAC
SIM
SNID
SPLA
SPLM
SPOT
SRRA
SRTM
SSRRC
SSCCSE
TEK
™
TRMM
UMD

Level 1 Product Generation System
Lord’s Resistance Army
Moderate Resolution Imaging Spectroradiometer
National Aeronautics and Space Administration
National Bureau of Statistics
Ministry of Agriculture and Forestry
National Environment Management Authority (iganda)
NAS Earth and Space Science Fellowship
Normalized Difference Vegetation Index
Nongovernmental Organization
Office for the Coordination of Humanitariarfféirs
Remote Sensing of Environment
Sudan Armed Forces
Socioeconomic Data and Applications Center
Sudan Interagency Mapping
Sudan National Immunization Days
Sudan People’s Liberation Army
Sudan People’s Liberation Movement
Satellite pour I'Observation de la Terre
Sudan Relief and Rehabilitation Association
Shuttle Radar Topography Mission

South Sudan Relief and Rehabilitation Comamss

Southern Sudan Center for Census, StatstitEvaluation

Traditional Ecological Knowledge
Thematic Mapper
Tropical Rainfall Measuring Mission

University of Maryland



UNHCR
UNJLC
UNMIS
UNSIG
UPDF
USGS
USAID
WCS
WFP
WIST
WRS

United Nations High Commissioner for Refugees
United Nations Joint Logistics Centre

United Nations Mission in Sudan

United Nations Sudan Information Gateway
Ugandan Peoples Defense Force

United States Geological Survey

United States Agency for International Deyetent
Wildlife Conservation Society

World Food Programme

Warehouse Inventory Search Tool

Worldwide Reference System



PRAYER FOR THE REPUBLIC OF SOUTH SUDAN

God of Mercies,

we thank you for your great love for us.

We ask you to guide all our leaders

in the process of nation building,

grant them your wisdom, compassion and fortitude.

Loving God,
give us courage to reject resentment
as well as ethnic conflicts.

Through the intercession of St. Josephine Bakhita
help us to overcome hurt, hostility and bitternassur hearts
so that we become reconciled citizens of our neema

Renew in us the will for honest and hard work
and bring us closer to you in the spirit of seryice
unity and lasting peace.

Loving God, we pray for our heroes,
our martyrs and all innocent people
who died during the long years of war.

We pray in thanksgiving for all those
who stood with us in solidarity
To bring about peace.

Unite us from every tribe, tongue and people.
Send your Holy Spirit upon us
And may your Will be done in us.

God, bless our new nation;

bless the Republic of South Sudan,
bless also the Republic of Sudan.
In Jesus’ name. Amen.

by Anonymous
(transcribed from a prayer card commonly found tilgreout offices in South Sudan
following Independence in July 2011)

" Josephine Bakhita (c. 1869 — 8 February 1947)av@sdanese-born former slave who became a Roman
Catholic Canossian nun in Italy, living and workitingre for 45 years. In 2000, she was declareihalsa
the Roman Catholic Churchtfp://en.wikipedia.org/wiki/Josephine _Bakhitsccessed on May 6, 2012).
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