Agriculture and Forestry Journal
Vol. 4, Issue 2, pp. 63-70, December, 2020
E-ISSN 2602-5795
Published by university of Tlemcen - ALGERIA

Available online at:
http://ojs.urttemcen.dz/index.php/AFJ/

Open 8 Access

Characterizing Forest Cover Changes Based on Satél Images cum Forest

Dependents’ Data

Nasradeen A. H. GADALLAH?, Abdelnasir HANO?, Yousif YAGOUB*

"Department of Forest Conservation and Protectianyly of Forestry, University of Khartoum, KhartouNorth 13314, Sudan
PDesrtification and Desert Cultivation Studies Ing#, University of Khartoum, Khartoum North 133%tdan

*Corresponding Author: naouofk@gmail.com

ARTICLE INFO

ABSTRACT

Article history:

Received: 23 April 2020
Accepted after corrections
23 July 2020

Keywords:

Land use,

land cover,

forests’ dependents needs,
geospatial techniques,

Wad Al-Bashir forest.

While the reliable and consistent information orefds dynamic as well as communities living inthei
vicinities are fundamental to sustain their socomexnic and environmental benefits, these infornmatio
are lacking in Wad Al-Bashir Forest (WF) area tlogated in Sennar State of Sudan. Thus, this study
assessed the land use/land cover (LU/LC) changesfatests’ dependents needs (FDNs) as well as
forestland-related-activities (FRAs) using geospatechniques alongside key informant interview
(K1) cum structured questionnaire, respectivelyr Bssessing the LU/LC, Landsat images of the years
1985, 2001 and 2017 have been downloaded and adalyging ArcMap 2015 and ERDAS 2015
software, where supervised classification was afplith GPS points verification. While the
assessment of FDNs and FRAs has done by which §domdents and 5 key informants were
questioned and interviewed through random and inposampling respectively, and subsequently,
descriptive analysis was carried out using SPSSulReof LU/LC have shown considerable changes
during the two study periods, where 2001 made aiderable forest cover (72.2%) compared to 1985
and 2017 (63.8% and 58% respectively), whereas 20tdmpasses vast farmland area (38%) than
1985 and 2001 which have been driven by some FDNdsRRAs. The major FDNs were needs for
energy sources, farmland, building materials, amdhals fodder respectively, while the main FRAs
were crop farming inside forestland, illegal treesting as well as uncontrolled grazing. Decisiyely
conducting a small scale LU/LC detection (like WW)ll give a genuine status of forest cover asl wel
as the real FDNs and FRAs of the peoples livinthéwvicinity of the forest areas, and hence, thidys
recommends this method for further studies esggdial establishing a baseline for forest monitgrin
and policymaking purposes.

1. Introduction

Quantifying the extent of forest and changehi@ amount of forest areas is key to ensure thatogpiate
management practices and policies are in placeaiatain the array of ecosystem services providefbbgsts
(Coulston et al., 2014)orests in the arid lands cover more than 1lohilhectares and their trees tend to be
integral and essential parts of the ecosystemraditibnal food systems where forests dependefitseimces are
being consideredFAO, 2016 Milton, 2015 Pretzsch, 2005)These resources are fluctuating in their trees’
cover and eco-functions, especially in desert'slbdng countries such as Sudan. Therefore, reliaftetimely
information on their land use/land cover (LU/LCatsis, as well as activities associated with theivadnic, are
fundamental to address their socioeconomic andr@mviental benefits in general and their sustaiitghih
particular(Coulston et al., 20tMohamed et al., 2016)

Land use and forests are intricately linkedhdov and where people live and sustain themsgl&estya et
al., 2015) Generally, forests are known as one of the nmgbrtant resources on the earth planet plays aglivo
role in the progress of human civilizatiofWang et al., 2012)A forest is widely defined as a biotic community
predominated by trees and woody vegetation whictparadically changingFAO/FRA, 2015) These woody
vegetations are significantly taller, greater, thicland deeper than other vegetation types andabneover a
large aregFAO/FRA, 2015 Grebner et al.,, 20313Macdicken et al., 2018Nestoby, 1989)Globally, forests
cover approximately 26.2% of the world, with 45.8%d_atin America and the Caribbean, 35% of East/ssid
the Pacific, and 35% of the European Union. Northefica accounts only for 6.8% of the world’s fosastile
Africa has even less 5.7%Keenan et al., 2015)n this regard, forest cover in Sudan is repottede 1.9
hectares, accounting for only 10.3% of the cousttghd ared~AO, 2015 Gadallah, 2018)

Forestry studies have always been an alivectapd with the advent of satellite remote sensiagetmade
unprecedented development that alleviated the amms$ttime of gathering the LU/LC daf#/ang et al., 2012)

Although LU/LC are often used interchangeably immfe detection studies, their actual meanings aite g
distinct (Roy et al., 2002)Land cover refers to the surface cover on theaurgfowhether vegetation, urban
infrastructure, water or other, while land use desdhe purpose of land reserves such as recreatiluiife
habitat, agriculturéArfat, 201Q Morales-barquero et al., 2013dentifying, delineating and mapping of LU/LC
is a key for global monitoring studies, resourcenagement, and planning activities, because it bstels the
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baseline from which monitoring activities (changseattion) can be performed, and provides the graaver
information for the baseline thematic mgp¢hassan, 2010)

As indicated byWolfersberger and Delacote (2013)U/LC mapping and subsequently monitoring the
changes from year to year are partaking to ecasystestainability, because these changes havingn#isant
influences on the ecosystem with impact on bioveisity, soil degradation and ability of biologicystems to
support human needs and venerability to climatid aocioeconomic changelander et al., 2008)
Understanding these surface processes and prepibBrimpact on the environment and food producigsiem
is necessary for militating against the continuoegative impact of these changgszana et al., 2015)

Normally, forests are continuously changing, wheltange is known as an alteration in the surfacepooents
of the vegetation cover or as a spectral/spatialement of a vegetation entity over tirffedthke et al., 2013)
However, the rate of these changes can be eitle@anatic and/or abrupt, as exemplified by large-stade
logging; or with natural origins resulting froméds, insects, and disease epideniiacDicken, 2015)In this
respect, forest cover in Sudan has witnessed cenadite changes in the last decades as reportedrig raports
(FAO, 2015 Gadallah, 2018)FAO (2015) stated that the annual forest cover change betd880 and 2015
accounted for -0.8%. While the global data setanedt cover changes was lately published and maadyf
available for each countrfKeenan et al., 20155ong et al., 2018)this data has been criticized for lack of
accuracies in distinctive vegetation types at treall scale. Eventhough, it remains a respectedcsafrforest
cover information for areas where local data isesely lacking. Wad Al-Bashir forest, for instanég,an area
for which very little spatially explicit forest cev information is available especially in recentatdes. Yet, this
dryland forest is undergoing a dramatic rate ot$ordegradation and deforestation through illegtctive
logging, uncontrolled grazing, slash-and-burn agtice. Also, underground water and soil propertiave
greatly affected by these activities as reportepléthora of literaturéLewis & Liljedahl, 2010 Sulieman et al.,
2018 UNCCD, 2009) These activities may have resulted in relatiwdifuse and small-scale changes in the
area’s LU/LC. Unfortunately, we do not know how rhu&/ad Al-Bashir forests’ area is changing and wdrat
forest dependents’ needs that related to thesegekaiihus, this study attempted to assess andhadprest's
cover as well as LU/LC changes using remote senaimy GIS in relation to the needs and activitieghef
communities in the vicinity of the study area.

2. Materials and Methods

2.1. Study Area

Wad Al-Bashir Forest lays in the southwesteant pf Gedaref State which is located in the easpart of
Sudan (Figure 1).
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Figure 1. Study Area (Wad Al-Bashir Forest in Gedaref Stdt8udan)

As reported widely the agriculture was and #tié backbone of the economic activity, followegdlivestock
raising and forest products tradi(@lover, 2005) The area is located in the semi-arid zone, witinreer rains
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and warm winter. Its climate is characterized byrémodal rainfall pattern ranging from 400 to 80@Gnm
(Glover, 2005) Temperature is very high in summer and mild inte#i, the average daily maximum temperature
ranges from 25° to 40° (Sudan Metrological Corporation, 2018)

Specifically, Wad Al-Bashir forest is positiahbetween Al-Hawata and Al-Mafaza areas at theitodg of
3436 36 "E - 380 37 E and latitude 18 30 "N -1319 33 "N, with an area of 3,468 ha. As reported by
Harison and Jackson (195&he vegetation map of Sudan shows this areaeirzdime of low rainfall woodland
savanna on clay. According to this report, Wad AkBir forest is located near the transition betweenmain
vegetation types of low-rainfall woodland savanma aday: Acacia mellifera thorn land and Acacia deya
Balanites aegyptiaca woodlarfdarison and Jackson, 1958)herefore, this area has been selected due to its
geographical position in Sudan’s dry regions catg@s one of class two (moderately desertifiedjeStavhich
had a fairly good vegetative cover but, currenthe land has undergone serious degradation asoiraht
mechanized farming, extensive woodcutting and @varing are over mining land resour¢@DC/UNDP,
2006) For this study, two methods were applied: gedapichniques as well as the social survey foheyang
remote sensing and socio-economic data respectively

2.2. Detecting land Use/Land Cover Changes

For identifying the LU/LC changes, remotely set data were used, where satellite images haweohorm
the Landsat sensors. These images were clear ofl dover and freely downloaded from the United &tat
Geological Survey website (GloVis) at the path @2 land row 51. Consequently, four Landsat image® we
used with spatial resolution 30 m (Table 1), wheamdsat 5, Landsat 7 (ETM) and Landsat 8 (OLI_TIRS)
images were downloaded for years 1985, 2001 and@ B&dpectively. Landsat images were selected palypos
because of their geographical cover ability ando@rmal availability.

Table 1.Landsat Images that Used in LULC Determinatiorhef $tudy Area

Satellite/Sensor Pass/Raw Acquisition Date Spectral Bands
Landsat5 TM 172/51 14/3/1985 1,2,3,4
Landsat 7 ETM 172/51 06/01/2001 2,34,5
Landsat 8 OLI/TIR 172/51 02/01/2017 2,3,5,7

SourceG(oVis, 1985; 2001; 2017

The analysis step and for processing the gatéthages, ERDAS Imagine 2015 and ArcMap 10.5veanfe
were used with the aid of Microsoft Excel 2016, evhivas used in computing the areas of land usdaamtl
cover changes showing their percentages and chaWgenrdingly, Image calibration, geometrical and
atmospheric correction were completed; as welhgsrlstacking and composite bands tool to conterbands
(2, 3, and 4 for TM, and 2, 3, 4 for ETM and 3,rtl& for OLI_TIRS) for each year into a single-layie
(preprocessing and enhancement). Then, sub-scemesclipped. Afterward, Normalized Difference Vegain
Index (NDVI) for the Landsat TM, ETM and OLITIRS &ges was examined, in an attempt to identify thesto
cover. Next, Supervised classification where thexiktam Likelihood Classifier was applied for the L@
classification of acquired Landsat images of 198601 and 2017. Lastly, the accuracy assessment was
systematically performed for each image; the reswdtealed that the overall accuracy and kappdiciesits
represented for each classified image were grézder75% for all images.

2.3. Assessing Forest Dependents’ Needs and ThedstAssociated Activities

The determination of forest dependents’ nedaisgawith their forest’s related activities was doited using
a socioeconomic survey by which key informant witaws (Kll), as well as a structured questionnaieye
carried out. Consequently, 61 respondents and 5ikd@ymants were questioned and interviewed through
purposive sampling to the community leaders, Nonheaders, leaders of farmers union, and foresioperd as
key informants. Whereas random sampling was coeduébr questioning households using a structured
questionnaire; it examined the history of Wad AkBia forest; in terms of its past and current tre@ger, direct
and indirect benefits as well as these communi®sce of income, energy sources among other aesvi
inside the forest area. The analysis of the satash which was obtained from Kll and the questiarenavere
first coded before using the SPSS software (ver&bh for the statistical analysis, where the desiue
statistics were used to describe frequencies ofctmd variables in percentages. The summary of the
methodology and research procedure has depicteigjume 2.
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Figure 2. Schematic representation of the research methogolog

3. Results and Discussion

3.1. Land Use/Land Cover Changes

Worldwide, LULC changes are reported to be agnthe most persistent and important sources ofntece
alterations of the Earth’s land surfaflenai et al., 2018 Matteucci et al., 2016)Thus, their identification
establishes the baseline from which monitoringvétets (change detection) can be performed, andiges the
ground cover information for baseline thematic mdpghis study, and as depicted in figure 3, and tb the
human and environmental factors, LU/LC have witedssonsiderable changes during the two study period
(1985-2001 & 2001-2017). It's clearly showed th@02 had considerable forest cover (72.2%) comp#red
1985 and 2017 (63.8% and 58% respectively), whe2843 encompasses vast farmland area (38%) thak 198
and 2001. Specifically, the annual forest coves lostween 2001 and 2017 was estimated at 0.87%T étde
2). In this line, in a study conducted Byafat (2010)stated that the LU/LC changes could take placetdue
numerous factors like; deforestation, flooding,| ®mbsion, unplanned urban and agricultural exmansihe
same study pointed out the changes of LU/LC inipagr, to a long period under different environran
political, demographic, and socioeconomic condgjomhich they often vary and have a direct impacpeople
living in the neat to the forest.
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Figure 3. LU/LC Classes in Wad Al-Bashir Forest in 1985, 201id 2017

According to the findings, these changes amerations have been driven by anthropogenic aetsvithat
create disturbances and alter the normal cycleegétation greenness in the study area. For instaescerding
to the information gathered for the questionnaind Kll as well as RS result, the LU/LC has witnesgeeat
changes during the study periods. The 2001 expmtervast forest area, which was due to the sound
management activities that directed by refugeesctdtl areas project; which funded by Higher Cominnisef
Refugees of United Nation (UNHCR) and United Nasi®udano-Sahelian Office (UNSO). Subsequently, Wad
Al-Bashir forest management has shifted FNC in 20@Here the degradation had commenced. On the other
hand, the year 2017 encompasses vast farmland #r@aghe previous years, which reported as dutheo
conversion of vast area to the farmlands under'w/leatled Taungya system (Table 2) .

Table 2. LU/LC Classes and their Area in percentage for 12861 and 2017

2017 2001 1985
Classes Area(ha) % Area(ha) % Area(ha) %
Forest-Cover 2004.7 58.0 2489.8 72.2 2205 63.8
Farmland 1324.4 38.3 891.8 25.9 209.4 6.1
Bare land 125.3 3.6 65.8 1.9 1039.6 30.1
Total 3454.4 100 3447.5 100.4 3453.9 100

3.2. Forest Dependents’ Source of Income and Hweiest-Associated Activities

The geography, culture and social patternshefgeoples are limiting factors towards any natueaburce
(Gadallah, 2018)Thus, studies conducted in the same State statdédthe agriculture is a pillar of Gadaref
State’s economy, alongside with animal husbandhéntraditional seasonal transhumance patterrvilage
livestock raisingGlover, 2005 Hemida, 2016)where most of the farmers grew the principal feomps such as
sorghum and sesame. Similarly, this study's finslisigowed how the neighboring communities are linkeithe
forestland and have been using the forestland air thistinguished activities (Figure 4, A) whereoab50%
were using the forestland for farming and graziogppses.
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Moreover, the major jobs of the respondents werd18 farmers and 40% supplemented their income from
animals rearing. Only a small percent (11.8%) hetvgaged to trade work, while very view of themdcted to

the civil service employment (see Figure 4,B). Thain reasons for communities-forestland engageraent
fertile soail for crop farming as well as land faraging purposes which could deteriorate foresesfatothing

has been done to control and curtail these int¢ives) because these communities’ lives are stickhese
forests(Hlaing et al., 2017)
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Figure 4. Uses of forestland by Respondents (A) and thes (&)

3.3. Forest Dependents’ Needs in Relation to F@egradation

Based on the socio-economic survey's resultstnod the respondents affirmed the existence oédbor
degradation due to the rampant forest dependeatzisnand activities. For instance, energy, buildiagerials,
fodder, and other non-wood forest products argathered and collected from the forestland. Acealgi in
recent times, Wad Al-Bashir forest has been suffefiom severe deforestation due to a complex afapcial,
economic and political factors. The directs caumesight from questionnaires and Kll outcomes iniddarge
areas which have been cleared and converted toanizetd farms inside and in the forest frontier veheeoples
are seeking for farmland. Other reasons stood Hefurest degradation, were illegal cutting to megtfuel
wood and building materials demands. Firewood ahdrapal were the main sources of energy for the
respondents which were reported as important sedorecooking fuel (see Figure 5, A). Most of thelfwood
was collected from the forest. Hence, despite thel kconditions in the area and the alarming thodfat
degradation/desertification, local people still @ygressure on natural forests and planted fR&DC/UNDP,
2006)

e o 1% 1am 1
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[ Agricultural Expansion
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WPest & Diseases

Energy Source

W Fire wood
1 Gas
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Figure 5. Energy sources (A) and major causes of forest &ukgion (B)

4. Conclusion and Recommendations

This study assessed the land use land covergelain association with the forest’ dependentstdseand
forestland-related-activities. Thus, the study ¢oded that there were sizeable LU/LC changes dutiagb-
2017 with different trends and percentages. Théwmmges and alterations have been driven by dependen
activities such as crop farming inside forestland the illegal trees cutting. The major forestg)eledent needs
were energy, building material and grazing purpoesgeish all have a role in forest degradation anego cover
changes. Conducting a small scale LU/LC detectidihgive a truthful status of forest cover as wadl the real
forests dependents’ needs and forestland-relatiddties by peoples living in the vicinity of theirfested areas,
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and hence, this study recommends this method fheu studies especially for founding a baseline tfe
monitoring and policymaking purposes.
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