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ABSTRACT

Desertification and land degradatiarecausinga serious environmental problem in Mongplia
with climatechangeand human activitilseingmajorcontributors to the lahdegradationThis
study was aimed to assess land degradatand desertificatiorusing the remotely sensed
NormalizedDifference Vegetationndex (NDVI)time seriesandthe amount oprecipitation
GIS and satistical analysswereusedto estimae thetrend ofthe annual average NDMbr
June, July and Augu$tom 2006 to 2016Moreover,analyses were conducted to identifie
effects @ precipitationvariaion and human activitiesn the trend ofNDVI. The Mongolian
real steppe subzomneas selected asstudysite since theareais vulnerableto desertification
The sudy resuls revealanincreasing trendh NDVI valuesin 86.54% of thetotal study area
andadecreasing trenith NDVI values in135% from2006 to 20160verall,135% ofthetotal
areaor a2,923.4sg.km areahas beeiffected by desertificatio.he human impact zone dha
a higher declining trend thahe no impactzone. There waa positive moderate correlation
between changea precipitation andhe NDVI trendin thestudy area. Thetudy indicates that
theeffects of pecipitation variancen the changsin thetrend of theNDVI resulted frommore
than human activities the study area
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1. INTRODUCTION

Mongoliais a Central Asian landlocked country locatetietween Russia and Chiaad its
territory coversl1,566,000 sq. km. The Mongolian plateau is characterized bgntinental
climate and an arid, particularly vulnerableecosysten{Eckert et al. 2015)The Mongolian
territory is dividedinto six naturalzones alpine, mountain taiga, forest steppe, stefpahi
anddesert(Dash et al. 2003)The steppe zones the largest natural zone of Mongohehich
accountdor 34.2%of thetotal areaThe geppe zonés dividedinto threesubzonesmeadow
steppe, real steppe aadd steppelLand degradatin and @sertificationaffect thewhole area

of the steppe zondDash et al. 2003)The deppe zones defined asan arid area with
precipitation lower than 256m per year(Dash et al. 2003)The aid area is vulnerable to
changesn the climate,and human activities and land degradation proces$sggpenmore
rapidly in this aredFAO and LADA 207). The decreas biodiversity and loss of vegetation

in the Gobi and steppe zonésconsidered one of the main indicators of desertification. These
factors make th&obi and steppe zones more vulnerable and prone to land degradation, and
human actiities and climate variations can trigger further vegetation cover loss and
desertification(Dash et al. 2003J-or thesereasos, the real steppe subzone located in the east
part of Mongolia was selectddr thestudy site

The UNCCD definition ofdesertification island degradation in arid, serairid and dry sub
humid areas resulting from various factors, including climatic variations and human activities
(UNCCD 2013) Early detection and observation of lathelgradation ishe main challengef
scientists and policymakefsligginbottom & Symeonakis 2014)t is betterand easieto
prevent or minimize land degradation than to restore degraded sextifa® land.Remote
sensing methodare the main choicdor the development cn environmental monitoring
systembecause of its availability tapid overview over large regions radatively low cost
(Higginbottom & Symeonakis 2014Yhe nost frequently usedsatellite earth observation
datasetis the NDVI (Normalized DfferenceVegetationindex) The NDVI is the estimated
result ofremote sensing measuremethiat indicate greenness of the vegetatich gatterns of
green biomasgForkel et al. 2013)The NDVI is selectedasone of thebiophysicalindicatos
of land degradatiomassessmenin arid area (FAO & LADA 2007). Mongolian and
internationalscientists havegreedthat long-term decline ofvegetationcoveris a sign of
desertification(Dash et al. 2003; Lantieri, as cited in FAO & LADA 2007)

Climate variation and human activities are accelerating lagadatbon processes arthe
effect arerapidly expandingn arid area (Dash et al. 2003)Climate variation isa primary
impactthat affects environmental changeas the steppe zon€Dash et al. 2003)The most
important climatic parameten the land degradation assessmentdoflandsis precipitation
(FAO & LADA 2007). Land condition and desertification impact can be estimated by
comparison between NDVI series and the rainfall s€tiastieri, as cited in FAO & LADA
2007) Therefore precipitation and NDVHata were selecteasmain indicatos for the study
In addition to climate variationg@s mentioned beforleuman activities highlycontributeto
desertificationGrazing mining, cultivation and other land conversimactised byiumars are
consideredprincipal caugs of land degradation and desertificatigMlOFA 2015) These
activities intensify desertificatiom thedryland of MongoligDash et al. 2003Mongolia has
five typesof pastoral livestock: gost sheep, attle, horse and camed. In 2017, the total
numberof livestockhad reached 61 milliorfNationalStatisticalOffice of Mongolia 2017)and
this growthin livestock numbes has led to land degradatiqVang & Batkhishig 2014)
Overgrazinghas affected biodiversity andhe loss of some indenous specie§Wang &
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Batkhishig 2014) Moreover,there arelarge mining industrieslocated in the dry zones of
Mongolia andthey impactthe ecosystem othe surroundinglry areasheavily (Dash et al.
2003) This study was conductedto assessg the response of vegetag cover to human
adivities andto identify human activities whiclkontributedto loss of vegetate cover.

Scientific research papers commomgview complex methosl which combinestatistical and
ecological framework using NDVI datan the assessment of land degradatiomd an
desertificationRecently many researchetsave beemsing statistical analysis for NDVI time
series to detect land degradationthgtrend sign of NDVI andhe precipitation amount. For
example, Gacet al. (2013)usedthe Pearson correlation coefficie to predict longerm
variation of NPP (net primary productiva) the Tibetan PlatealAlso, Zhanget al. (2013) and
Bai & Dent (2007)used statisticadnalyse method on NDVI values for assessirntgedecline
and regeneration of vegetatioaver.

This study aimedto assesdand degradation and desertificatiosing trends in NDVI and
identifying the response t@recipitationvariance and human activitiebhe complex method
of GIS and statistical analysegas conductedto identify trends in vegetationcover using
remotely sensedDVI andprecipitationtime serieslatafrom June, July and Augugom 2006

to 2016 Statisticaland spatiahnalysng methodsvereused forestimatingthe linear trendin
NDVI andamount ofprecipitation The aitcome of thisstudy can be used to predict future
trends of decline and regeneration of the vegetation covke study area

1.1 Project effects andimportance for land condition assessment

Assessment of land condition the initial process ofland managemenplannng and
implementing mitigatiormeasures of land degradatiokccurate andeaktime information
about land condition isritical for land managerand policymakerso develop a proper policy
and land management plan. Furthermore, & important to increas awareness about
desertification and land degradation among the decisionmakers and (ubtitute of
GeoecologyMongolian Academy of Science 2014)

Even though land restoration measures are included in land management plans, most regions of
Mongolia are affected by desertification and land degradaiMNEGDT 2012). Land
management sector officials and land officers are usually fadauk of information abouhe

land conditionThe law on land of Mongjia includes provisiors for land condition assessment
measure identified as“monitoring of land quality andcharacteristics (Law on Land
Mongolia 2002. According to this égal provision every 5yeas officials organize land
characteristic and quality monitoring measutesd managemeaictionsatall administration

levels have been conductedased on tbseland monitoring data. Butdetermining land
condition hasrequired much cost, time and labour. Therefore, frequency and time of land
degradation monitoring is loAgrm (5 years)andusuallymeansstate officials using outdated
monitoring data for land management plannifigus there isaneed tantroduceasimple and
costeffectivemethod that can be used in annual land condition monitassgssmenRemote
sensing measurements can be one of the candidatéhe assessmerih land condition,in

addition to existing monitoring measurg$ligginbottom & Symeonakis 2@). The nain
advantage of remotgensing measurement is the possibiiityanalyse a large areaanshort

time. On theother handit is impossible to useemote sensing to measure some attributes of
land in detail Therefore, land officials need to ddepanew complex method to assess land
condition combining field survey data and remote sensing measurements. The remote sensing
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data analyses can be validated by geographic data and field surveying measurements. This study

and other similar studiesncontribut to develojng time and cossaving,easy, aneffective

land condition monitoring methods based on remotely sensed earth observation data analyses

validated by field surveying and geographical data.
1.2 Goal and objectives

Overall goal: To asses land degradation and desertification usiagds of NDVI time series
andidentifying the effectsof humanadivities andprecipitation variation

Specific objectives:

1 To estimate trends iannual average NDVI and annual averageumulategbrecipitaton
for June, July and August from 2006 to 2016.

1 Toidentify the effects of human activities and precipitation varialoleshe NDVItrend

2. METH OD OF STUDY
2.1 Study area

Location: The dudy areds locatedin theeastpart of Mongolia; theelevaton ranges between
604 - 1,555m above sea level armbversa total areaof 21,735.9sqg.km. The ste is located
across theerritory of Erdenetsagaan sodwf the Sukhbaataaimag andMatad,theKhalkhgol
soum ofDornod aimagand borders with China in thewth andnorth respectivelyThe study
area belongs to the real steppe subzone of Mongolian qfeijgpé& andFigure?2).

(a)
Figurel. View of real steppesulzone landscapé€a) Landscape of southern paftthe study
area (b) Landscape of northepartof the study aregPhotosia) T. Bekhe (b) N. Motsumoto)

1 Mongolia has a4evel of administration unit; Soum is the third level of administration unit, like a district

2« Ai mag” is the secondary level administration unit
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Natural zones of Mongolia

Legend Ecosystem of steppe Ecosystem of Gobi Ecosystem of desert steppe
D Study site Alpine - Meadow steppe - Desert steppe - Steppe desert
- Lake - Mountain taiga - Real steppe - Semi desert I ' Real desert
|:| Aimag boundary - Forest steppe Dry steppe Hyperarid desert

Kilometers
0 95 190 380 570 760

Figure2. Mongolia is divided into six natural zondsachnaturalzoneis divided into different subzonescordingto its ecosystenfeatures and
altitude.The ied lineindicatesgheboundary othestudy area.
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Land use: The land use ahestudy areaan bedividedinto two differentsectionsdepending
on human influenceunder human influence andth no human impact The soutlkernpart of
the area is under high presstn@m human activitiesit hasa substantial numbesf livestock
and 14 mining sites currentlyunder operationin the nortlern partthere is asmall number of
livestock andt5300haof croplands|in the midlle part thereis aspecial protected area without
any disturbancby humanactivities(Figure3). These partsnakethe study area unique place
thatallows assessient ofhow the human activitiesaveaffected the vegetation covein the
steppe zoneThe nain land use types causing pressurehelandin the study area aggazing
andtrack roads (Figure 4). The areas under pasturiagtivitiesinclude ares around water
pointsandherdes S e a s 0 wietea sabstantiab number of animatsowd Moreover,
peopleusedirt roadsin their everyday activitiedue tothe factthere isno paved road in the
study area. Dirt roads are easily broken unldeeffects of water and wind inagt and vehicles
create new trackalong the old roadesulting in theormationand expansionf the multiple
dirt roadsin the study aredn addition mining activitiescaug theformationand expansionf
dirt roacs. Additionally, thespecial protectkarea located in the centatrd soutkrnpart of the
study areaxouldbe used aareference area ttompareareasaffected byhuman influence.

N
crimatkan LAND USE IN REAL STEPPE SUBZONE 6
S
Bayantumgen
2
Bulgan |
% Kn
— “.
Matad
Legend
% Season_camp
g River
Sukhbaatar ARSI — Road
o @)j‘ 00! S Cropland
LN~ Area: 21735.09 sq.km [ Study area boundary
o B [ Administration boundary
~/ 7% Lake
Erdene a%n% Special protected area
S Nature Reserves
\{\ <. Strictly Protected Areas
Asgat o St e g
** = Mining license status
= 72, Exploration area
& Il Vining area

Elevation

oy 4188 m

Darigang Kilometers ]
0 25 50 100 150 200 533 m
Esri, HERE, Delorme, Mapmyindia, ® OpenStreetMap contributors, and the GIS user community

Figure3. Land use of study area. Total area of study area is 21735.k sfjhe elevation of
thestudy area gradually incressfrom north to south.
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(b)
Figure4. (a) Land use around water poinfs) Expansion of road impact zon@2hotos: (a)
https://www.mofa.gov.mn/new/cache/widgetkit/gallery/40/00001893241de83.jpg  (b)
http://resource.24tsag.mn/24ggahoto/2013/9/845304d 74 7afle3e/465a9de2030ac65boriginal

-ipg)

Climate features: The climate ofthe Mongolian steppeoneis very variabledue tohigh
variatiors in temperaturelow precipitationand strong winsl(Dash et al. 2003)T'he gowing
seasolin Mongolia is very shorfrom May to Augustandthehighest temperatuseand highest
precipitation occur from June to AugusFidure 5). Figure 5 shows the Khalkhgol
met eor ol ogi c,ahichislbcatediwithim the studyaatea

100 25

90 20
T 80 15
E 70 éo %
5 60 0 5
T 50 @
= S @
2 40 10 &
o Ve
o 30 -15 @
o 20 -20

10 25

0 30

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

mmmm Precipitation (mm) ==@=Temperature (°C)

Figure5. Monthly average precipitation and monthly average temperatu¢balkhgol soum
(Data fromthe Mongolian NationalAgency forMeteorology andnvironmentMonitoring)

2.2 Datasets utilized

The temporal coverage of the stuagps 11 years from 2006 to 2016. The remotely sensed
NDVI and precipitation dataf June, July and Augusgtere collectedor that period

Normalized difference vegetation indeXNDVI): This study analyskdata from theviODIS
satellite’ s MOD13A3 NDVI fdraatperiodoof 1L ydanstrlke, July
MOD13A3 vegetation index product the Terra MODIS version 6 NDVI dataset which

referred tothe continuity indexfrom the National Oceanic and Atmospheric Administration
Advanced Very High Resolution Radiometer (NOAWHRR) (Solano et al. 2010MODIS

NDVI is calculatel following theformula:


https://www.mofa.gov.mn/new/cache/widgetkit/gallery/40/00001891-e45241de83.jpg
http://resource.24tsag.mn/24tsag/photo/2013/9/845304d747af1e3e/465a9de2030ac65boriginal.jpg
http://resource.24tsag.mn/24tsag/photo/2013/9/845304d747af1e3e/465a9de2030ac65boriginal.jpg
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MOD13A3 NDVI datavalues rangdrom -2000— 10000with a scale factoof 0.0001 The

lower valuegbelow1000 representvater bodies, snovbarren landrockand sand. The higher

values (above 1000) representegetationcover such asshrubs grasslandsand forest.

MOD13 A3 NDYVpataldesdludicn $s ks andthe temporal resolution is monthly.
MOD13A3 dataare a global vegetation datasspanningthree decadef~orkel et al. 2013)

which allowstheuseof long-term analyses of landoverin large ares(Ustin et al. 2009)This
studyfocused omuite a large area anthe MOD13A3 daasetwascompatible for this study

The dataare open and reely accesslbbe f r om USGS’ s eolpditalsutveyd St at
homepage: earthexplorer.usgs.gov (More detailed information is included in Appendix I).

Precipitation data: The distribution ofthe weather station network is very spam®eross
Mongolia. Thestudy areas located acrostheterritory of three soums and each soum dnaes
weather statiomonitoring changein theweatherThese weather statioestimatehemonthly
precipitationdatafor the whole area otachsoum, whichis inadequatéo generége a spatial
distribution of monthly precipitationwith closeapproximaion of scale and accurady the
NDVI dataset In order to estimate spatial distributiontbe amount oprecipitationdensely
distributed precipitation daaeneededThereforeremotely sensegrecipitation data derived
from TRMM’ ¢Tropical rainfall measuring missiomyere acquiredo estimatethe annual
averageaccumulategrecipitationfor June, July and August from 2006 to 20061997 the
TRMM mission wagointly launched byNASA (National AeronauticsSpace Agency)and
JAXA (JapaneséerospacdxplorationAgency)to studythe climate factorsof precipitation
and weatherTRMM’ sonthly precipitation 3B438latawere collected for this studWulti-
satellite precipitatio3B43 datagive themonthlyprecipitationestimated byhe Microwave IR
gaugeon a global scalecombining two monthstartsfrom 1998(Huffman 2016) The gatial
resolution of this product B0.25x0.25 grid andthetemporal resolution is month{{duffman
2016) It presentghe monthly averageprecipitationin mm/hour per pixel ofthe 0.25x0.25’
grid. 3B43 precipitation datecan bedownloadedwith the format NetCDFf r om NASA’ s
precipitation measurement missiongPMM) homepage: https:/pmm.nasa.gov/data
access/downloadéMore detailed information is included in Appendix I)

Vector data: The vector data includeads,settlement areas and hemler s e dosatiam a |

points wells, rivers and streamsvithin the selected aredhe data aguired were from the
“Nationalmi f i ed | and t er rwhichdas peern devglopedtne Agericooh ” da't
Land Administrationand Land Management, Geodesy and Cartography

2.3 Data analyse

NDVI trend analyses. Recently many scientifipapershavebeen publishedelated to the
vegetatve cover analysesnostly used statistical analyses for estimatimgtrend in NDV1

Thereare somestudiesusng the Pearson correlation coefficietd calculatethe relationship
betweerthe NDVI variablesand its tme durationin a specific part othe Mongolian Plateau
(Gao et al. 2013; Zhang et al. 2013he Pearson correlation coefficient is useaneasure
linear relationship betwedwo quantitative and continuous variables. In this sthdyearson
correlation cefficient wasused for investigating correlatiobgtweenthe total annual NDVI
values for a selected area aritle sequence of the given tinme Piao & Fang (200Rusedthe
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Pearson correlation to predibtie long-term trend of Net primary product (NBRs shownn

thefollowing formula: '
Bha(dy W(Q &
Bg@l(db (lFB%al("Q d—z a1

Lo

wheren represents sequential yearepresentshe NDVI value in thei year, Gis the mean
value of NDVI in the multiyear andF the average value of tliensecutiverears equal ton(+
1)/2 (Gao et al. 2013)rheresult of this analys has been showas theestimated positive and
negative valuedor eachof the pixels (22043)hat indicatean ascending andr descending
lineartrendwithin the given period

Precipitation trend analyses. Precipitation data ianalysedy the same method ake NDVI
trend analys presente@bove. Butn this casex representshe averageannualaccumulated
precipitationfor June, July and Augush the ith year,and wis the mean value of total
precipitationfor themultiyear(Gao et al. 2013)I'he resulof this analys shows the estimated
positive and negative values that indiditeascending and descendiimgeartrendfor eachof
the 22043 pixelsof total precipitation within the given periqéao et al. 2013)After that
calculaton of thePearson correlation coefficientgere usedor identifying the relationship
NDVI andtherainfall time serie®verthell-year periodlf thecorrelaton coefficient result is
larger than O it represerdpositivecorrelationand lower than Janegativecorrelation between
two variablegTong et al. 2017)Pearson correlation coefficient formula:

BG (o GH(Gn @
B5 (G 637 Br(Gn @7

()

whereryy representshe correlationof two variablesx andy, x is the gowing season NDVof
the i year y is the precipitation time seriesy and & are the mean valseof NDVI and
precipitation, in the growing season from 2€BL6(Tong et al. 2017)

Human activity spatial distribution analyses: Sanderson et al. (2002)eveloped human
influence index calculating procedures. Yheere createthdicatingspatial buffer zones from

2 to 15 km in each category of area under human influence and giving specific scores for
different zones depeimy on distance from thebjects ofhuman influencgSanderson et al.
2002) MoreoverGao et al. (2013nd other reseaners created 10 different buffer zones from
human impact zoneshere thedistance between each zone ikml. These studies and other
similar studies regarding human footprirsst specifiedsizesof buffer zons from human
activities taking into accoungpecific characteristics of the study area and resolution of the
data.In this study aredhere wereseveral typsof human activiesand these activities can be
classified into two main categorieagricultural and infrastructural activities. Agricultural
activities include cropland, herder camps, lakes, water points, rivers and straachs
infrastructuralactivities includesettlement areas, roads and minifige buffer zonesvere
determined by thempact zonesmentioned aboveln the study site, sparsdistribution of
population in vast areanda relatively flat topograpy are characteristicshat haveaffecied
human land use and livestock grazing. For example, herders herd their livasteokote
distancs from their seasonal camps and they chobs& tamp locations near to the road and
water points and rivers in summer tin@@onsideringthe above factors anthe resolution of
NDVI data, we created three buffer zones from human acavityefollowing distances: 2 km

11



UNU Land Restoration Training Programme

(high impact zone), 4 km (mean impact zone) and 10 km (low impact zone) fr@nly one
buffer zonewascreatedwith al km distance zone from cropland ahe mining areadepends
on the specification of land us&hen we carried outoverlay analyses to combir¢DVI
ascending and desndingtrendvaluesandvarious human impaaones taeneratéhe spatial
distribution ofNDVI trendson each humammpact bufferzone(Gao et al. 2013)

2.4 Data processing

ArcGl S 10.3.1 program’s Spat iadCorewersioh tpast
were used for the data processing. The statistical analysesconductedn MS Excel 2016
and SAS Enterprise Guide 7.1.

NDVI data: The annual average NDVI values were calculated frdm monthly NDVI
MOD13A3 datafor June, July and Agust for the period of 2006 to 2016. Then eactyddr
NDVI mean valuesvereextracted from each pixel within the study afeathe 22043 points
for thenext analyses. The dear annual average NDVI trenéscalculatedusing thePearson
correlation codfcient for each yedr annual mean valudsr the22043 pointsusing MS Excel
2016. A significance test was conductedfor the correlation coefficient othe NDVI trend
analysaeto identifytheprobability value (p valueAfter that spatial distributios of theNDVI
trend imagewere generated usinige spatial analyst tool.

Precipitation data: TRMM 3b43 surface precipitation daftam the TRMM satellite witha

0.2% grid resolutiorwereimportedusingnetCDFformat and clipped accordingtg conform

tothe border study area. In order to estinthéxorrelation betweethetrend in NDVI andhe

precipitation amount, the spatial resolution of these twosdtgshould behe same. In doing
so, we changethe spatial resolution ofhe TRMM precipitation @ta froma 0.25 grid to 1

km, usingthe resample tool othe raster processing. After thawe calculaed the average
accumulategbrecipitationfor the3 montts (June, July, Augustlsingtheraster calculator tool
and produimg its spatial distribution image. Then iges were extractefdr the total 22043
poink t o generate each year’
of precipitation The 1tyearlinear trend of precipitatiomvas calculatedusing thePearson
correlation coefficient formal on each yearsverageaccumulatedorecipitation value of
22043 points.After that a two-tailed significance test was conducted the correlation
coefficient ofthe NDVI trend analyss to identifythe probability value (p value)

Vector data processiig: Human influence specific buffer zonegrecreated 2 km, 4 km and
10 km from roads, settlement areas, wells, springs, rivers and stnetmmsthe study area.
The buffer zonesvereconverted into raster format withkin resolution.The dfect of human

activities onthe NDVI trendwere defined through identifyintihe spatial distribution of the

decreasing and increasing trend the NDVI values among the human impact buffer zones

with different distancgof 2 km, 4 km, 10 km from the human activitiesgngsoverlay analys.

3. RESULTS
3.1 Trends in annual average NDVI

Summary statistel analyss were conducted to estimatiee 11-year annuabhverage NDVI
values before analysirtge multi-year trend Appendix 2).Overthe 11yeas dynamic change

12
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in the annwal average NDVI valuetended to increase in given perisdbut therewas no
significant increas or decreas in trends inany given period(Figure 6). The increasing
trendline exceedtheline for thetotal averagérom themiddle of thewhole period Figure6).

NDVI trend y = 80.204x + 4103.
5000 R2=0.1136

o 5000
4000
3000
2000
1000

NDVI valu

0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year
mmm NDVI ——Average ——Linear (NDVI)

Figure6. 11-year (20062016) trend in annual average ND\t June, July and August

Figure7 showsthespatial distribution otheNDVI trend calculateavith aPearson correlation
coefficientfor the 22,043 points (x; y). Most othe increased trerslwere observed irthe
southern partwhereas thand decreased trend&remostly observed ithe northern part of
thestudy aredFigure7). The maximumincreasing tren® valuewas0.86(p < 0.001)(p value
calculatedusingtwo-tailed T test)andthe minimum decreasing trerd valuewas-0.54 (p <
0.1). The distibution oftheincreasing NDVI trend occupie86.5% 18810.52 sqgkm) of the
total stug area andhedecreasing trend 158 (2,923.4sq.km) (Tablel).

Table 1. Spatial distribution percgage of NDVI trend values.

Area (sq. Percentagef

km) total area (%)
Increasing trend 18810.52 86.54
Decreasing trend 2923.37 13.45
Total 21735.09 100.00

13
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11-year trend in NDVI

- Moderately decreasing
d Decreasin
';”",'oh ,,a“' ?
T3, o I:l Increasing
= . .
’1' Ij Moderately increasing
X - Significantly increasing
a-

0 125 25 50 75 100

e e || oM eters

Figure7. Pearson correlation coefficiens N D V R valuesspatifiedthefollowing classes
moderately decreasing trend R vawas-0.54 (p < 0.9) - -0.4 (p < 0.2)decreasing0.4 (p <

0.2 —0 (p < 0.9) moderatelyincreasing).4 (p > 02) - 0.6 (p> 0.05, significantly increasing
0.6(p < 0.05)- 0.83(p < 0001)

3.2 Trends in annualaccumulatedprecipitation of study area

The 11-year annuahccumulategbrecipitationfor June, July andugustwascalculated before
analysingfor the multi-year trend Appendix 3. As shown inFigure8, the 1tyear dynamic
changeaverageannualaccumulategbrecipitationtendedto increase ithe given period Also,
there were some significant change in the graphs which show high variance of annual
accumulategbrecipitationin thegiven peiod (Figure8). The ncreasing trendline exceedithe
line for thetotal average fronthe middle of thewhole periodwhich was same result athe
NDVI linear trend
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Figure8. Dynamic chagein 11-year trends in average annaacumulategrecipitationfor
June, July and August.
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Figure9. Spatial distribution ol 1-year trends in average annaatumulategbrecipitationfor
June, July and Augusthe estimation iult ofthe precigtation trend shows that 99/&of the
study area hdhanincreasing tren@énd0.4% a decreasing trend
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Figure 9 shows the spatial distribution of the precipitation trend calculated with the Rearso
correlation coefficient for the 22,043 points (x; y). Precipitation in the study area tended to
increase during the 11 years. The maximum increasing trend R value was 0.7 (p < 0.001), and
the minimum decreasing trend R value w91 (p < 0.9).

The pecipitation trendhad ahighervariance hanthe NDVI variation but generallyhe trend
varianceof 2 variatiors lookedsimilar over thel1-yearperiod Eigurel10).

6000 350
5000 300
250 E
8 4000 c
S 200 -8
< 3000 s
2 150 &
Z 2000 D
100 o~
1000 50
0 0
2004 2006 2008 2010 2012 2014 2016 2018
Year

Mean value of NDVI —@— Mean value of total precipitation

Figure10. Comparison ofinnual average NDVI and annaaicumulategbrecipitation of given
period

3.3 Spatial distribution of human activities

The spatial distribution of human impact buffer zones created fronthe following human
activities:herder camps, water points, lakegers, settlement areas and rodegyrell). The
total area ofhestudy site high impact zorveas30.1% (6§542.3 sgkm), medium impact zone
22.6% (4912.1 sgkm), low impact zone 18.9% (#)1.4 sqkm) and nompact zone 28%
(6,177.1 sqkm).

The NDVI decreasing trend values were distributed over 16.28% of the high impact zone and

9.1% of the no impact zon&gble 2). The percentage of the area with a decreasing vend
NDVI gradually decreased from the high impact zone to the no impact Egueg12).
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Figurell Spatial distribution of human impact zones classifigdhefollowing: severely 62
km, moderately 24 km, slightly 410 km.

Table 2. Percentage ofpatial distribution oflecreasingNDVI trend in human impact zones.

High impact Medium Low impact No impact
Human impact zone zone impact zone zone zone
Decreasindgrend % 16.28 15.79 12.69 9.09
Percentage in total study area % 30.21 22.49 18.95 28.35
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Figurel2. Percentage ofpatial distribution of decreasing NDVI trend in human impact zones.
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3.4 Impacts of human activities on NDVI trerd

As shown inTable3, in the impact zones from roads and settlement areld®VI| decreasing
trendwasobservedor 18.96% ofthetotal area othe2 km buffer zone, ithe4 km buffer zone
21.77% and inhe 10 km buffer zone 22.81%espectively The impact zone of roadsdwore
decreasing trend values than settlement areas.

Table 3. Percentagef NDVI decreasingrends in impact zones of settlement areas and roads.

Buffer zone distare (km) 2 4 10

Urban aregd%) 10.26 11.54 13.33
Road ared%) 18.16 19.30 15.84
Total percentage decreasing trends 18.96 21.77 22.81

As shown inTable4, in the impact zones from grazing activiti®8.5% increased andl1.5%
decreasedOverall the increasing NDVI trend occupie85.23% ofthe total grazing impact
zone andhedecreasing trend 17.03%.

Table 4. Percentage ofpatial distribution of NDVIdecreasindrends in impact zongsom
grazing activities.

Buffer zone distance (km) 2 4 10

Herders cam%) 10.58 17.66 15.99
Wells and spring§%) 12.66 16.78 14.59
Rivers and strean{%o) 6.65 7.58 10.45
Lakes and pond@b) 20.48 19.78 21.58
Total percentage 11.5 15.22 15.38

In the 1 km buffer zones from croplan8?.1% of the total area ha& a detectble decreamg
trend inNDVI (Table5). Therewereno NDVI declining trend observedn the impact zones
from mining activities

Table 5. Percentagef NDVI decreasingrend distribution in the impact zones of cropland and
mining activities

Cropland (Ikm distance Mining (1 km distance
buffer) buffer)

Decreasingrend (%) 321 0.00

Other human activity factors

Figurel3 showsthe percentage of values of negative trenddhetotal area of 410 km impact
zone.Most ofthedecreasing trersbbserved irthearea aroundropland andakes and porsl
wasabout 20% othetotal areaof theimpact zones.
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Figurel3. Percentage of decreasing trend distribution in different impact zones.

The distribution otheNDVI trend valuesn the nampact zonesshowedthefollowing resuls:
in natural reerves100%increasing trengtrictly protected aregincreasing tren89.63% and
decreasing trend0.37%; borderline ares, increasing tren®3.92%, decreasy trend 6.08%
(Table6).

Table 6. NDVI trend in theno human influenceones

Natural reserves  Strictly protected areas  Borderline areas
(area: 3911.72 sq.km (area: 572.02 sq.km) (area: 6279.67 sq.km

Decreasingrend (%) 0 104 6.1

State special needs areas

3.5 Effects of precpitation and human activity on NDVI trend s

Correlation coefficierd were calculatedfor the NDVI trends, precipitation trend and human
impact zonego identify the effects of precipitation and human activiti@sthe NDVI trend.

The spatl distribution otheNDVI trend, precipitation trend and index of human impact zones
wasused for calculatinghe correlation matrix Table7). As shown in the correlation matrix,
the spatial distribution othe NDVI trend was positive and moderately correlatedith the
spatial distribution ofhe precipitation trend and positilait weakly correlatedavith the spatial
distribution of human activities.

Figure 14 shows the distribution of correlation coefficierstfor NDVI and precipitation (for

June, July and August) from 2006 to 2016. Mosthefstrong positive correlation R valsie
were0.94 (p < 0.001)thelowest R value0.38 (p < 0.2).

Table 7. Correltion matrixof three variables.

Parameter Trend of NDVI Trend of precipitation Human influence
Trend of NDVI 1 0.35 0.05
Trend of precipitation 0.35 1 0.06
Human influence 0.05 0.06 1
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Correlation coefficient (r value)
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|| Weak positive: 0 (p < 0.9) - 0.4 (p < 0.2)
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Figure 14. Correlation coefficientof annual average NDVI and annual accumulated
precipitation (for June, July and August) from 2006 to 2016. Correlation coeffafi&idVI

and Precipitation R values specifige following classesweak negtive R valuevasabove-
0.38 (p = 0.2) te0.1, weak positive 0 (p < 0.9)0.4 (p < 0.2), moderate positive 0.4 (p > 0.2)
- 0.6 (p > 0.05), strong positive 0.6 (p < 0.09)94 (p < 0.001).

4. DISCUSSION

The spatial distribution adhe NDVI trend shows that inl1-yearperiod13.5%o0f thetotal area
has a decreasing trendr'he \egetation cover declinfer the long term is defined as a sigh
desertificationLantieri, as cited in FAO and LADA 2007} canthereforebe concluded that
13.9% (2,923.4sq. km area) of the total study areeas affected bythe potentialimpact of
desertificationA significant negative trend was not detected in the shwelg.only aweak and
moderatty negative trend0.54 p < 0.09)--0.1 (p < 09) wasdetectedor thegiven period

The variationsin the average annual NDVI values and average dnageumulated
precipitation trend reswdt show similar dispersion Kigure 10). Land condition and
desertification impact can be estimated by comparison between NDVI series and the rainfall
series(FAO and LADA 2007) The correlation matrix revead thatthe spatial distribution of
NDVI trendwasmoderatelypositive(R=0.35, p<0.001) correlatedth the spatial distribution
of the precipitaion trend andveakly positive (R=0.05, p<0.001) correlatasith the spatial
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distribution of human activitiesBut the map of the spatial distribution ofthe correlation
coefficiens between annual average NDVI and annual accumulated preapitatthe given
period revealeda different result.For examplea strong correlation(R>0.6, p<0.05) was
observedfor most of the study areaspecially in the southnd centrgparts, and weak and
moderatecorrelatons wereobservedn the northern pa(Figurel4). Other factors influencing
changes irthe vegetation covdresidesprecipitation such as human activities, strong wsnd
and temperature variationsccurredin the areas whemeak and moderate correlat®owere
observedAlso, inthe area whera strong positive correlatiowas observedregetation cover
changewas highly dependenbn variation inprecipitation Overall both @mparison resust
provethatthere is an obvious correlation between spatial distribution of the NDVI trend and
the precipitation trend. Thelimate variation is a primary impact that affects environmental
changesn theArid steppe zone of Mongoli@ash et al. 2003)

The vegetation covdras been changed varioustiepending on thdifferentland use types.
Vegetation cover declinmostly occurred within the areas around lakes and croplaritie
study areaT h e “sPecaalt en e e Waschoserasee@esentativef thenoimpact zoms
to comparenactive human impact zongth andanoimpactz one. I n t he *“ State
areathe lowest NDVI decreasing trendias observed. In dethithe natural reserved area
increasing trendaccounted fol00%of the areaand 89.66 of the special protected arel the
overall result,the highest percentage (16843 of the NDVI decreasing trenevasobservedn
thehigh impact zonerad thelowest percentag®(1%) of thedecreasing trendiasobserved in
theno impact zone. Taresuls of thiscomparisorreveakedthe percentage ofhe decreasing
trend gradually decreasing fratme high impact zone tthe noimpact zone which showghat
humanactivitiescanaffectvegetatiorand lead t@hanges ivegetatve coverin different ways

Climate variation and human activities are accelerating land degradation proces#les and
effects are rapidlyincreasingin arid area (Dash et al. 2003)The significanly increasing
precipitation trend observed in the nevtiestern part ofhe study areanay bebecause of the
influenceof the big lake (Buir) near to this are&igure9). The ®mbined effects ohuman
activities and precipitation variations are affegthe vegetation cover in the steppe zoiés
precipitation factoappersto beaffecting the decline of the vegetation cover more than human
activity, according to the results of this studg addition to precipitationstrong windg and

high variationin temperatureare major climatic factos impactingland degradation antthe
fragile ecosystem othe steppe zonéDash et al. 2003)These climatic factors need to be
consideredn further stuéeson land degradation.

4.1 Limitation s

Despite promising rests there are some limitations to the datasets that were used in this
research and the methodologies appliegdmotely sensed datauvea common limitation
corcerningatmospheric, clouds, anisotropic and spectral effects which #fgequaity of the
resuls. For this studythe geometriaesolutionof MODIS NDVI dataalso influencedhe
accuracy othestudy.Especially, NDVI dataesolutionwas partially coarse to identify NDVI
changes around small objects such as settlemers angbherder campsA total of 320
meteorological stationsrecurrently under operation Mongolia Butin thestudy areathere
areonly two meteorological statioria existencewhich is insufficient tointerpolatespatial
distribution of rainfallin such a large area. TRMMs  rsatellite monthly datprovided the
availability to generate spatial distribution tfe amount ofprecipitation However, in
estimating the relationship between rainfall and NDVI data, there may be erroesl caus
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spatial resolution differences. The methodho$ studywasnot able to fully represertotal
impacts which causdand degradation and desertificatiorthesteppe area. In the steppe zone,
therearevarious impacwhich affectthe changen vegetatve cover, such as a wind speed and
temperature variationAlso, the NDVI is a remotely sensetheasurement of visible green
patches of vegetatiorather than ambsolute indicalr of vegetation biomass. Thusirther
studesstill needto use proper indicators capaloteindicaing plant biomass such as climatic
factors, NDVI, EVI (Enhanced vegetation index) and NPP (Net primary productiVitg).
methodology of this study can be used to identify trends inreamptely sensed biophysical
indicators of land degradation using any scale of time series d#ddétonally, it is possible
to conduct analyseusing time series data of NDVI and rainfall which cotlex entire year
period to identify changes wther seasons.

5. CONCLUSIONS

The studywasaimed to identify effects of precipitation variation and human activities on the
decline of vegetatie cover.Pearson correlation analysvasused to identifythe linear trend

of precipitation and NDVI vaance ovethe 11-year period from 2006 to 2016. The dispersion
of degeasingrend values of NDVI occupies B3 of the study area which medhat for the
2,9234 sg. km areathere is thepotential impact of land degradatianThe percentageof
decreasing trenth NDVI among the human impazones shoedthat therehas beem certain
impact of human activity othe change irvegetation coverThe precipitation variancénas
moderately and human activities weakly aféeithe vegetation cover changi the south and
centre part of the study artree precipitation factor dominatithe vegedtion cover changén

the north partof the research aremeak and moderateorrelationwas observed. Thisieans
therearemore facors which affecthe vegetation cover chang€he variationin precipitation
leads to increaskvulnerability of the steppe zone tiesertification. Bottfactors haveheir
own effects on the decline of the NDWend, but the precipitation famthas a larger impact
than human activities on the change of vegetation cover oé#ihsteppesulzone For further
development of the methodoloijys necessarto considemore biophysical indicatos plant
biomass and also other climatic andpographic parameterandto prolong theobservation
period and increasthe accuracy of the datasefverall this methodgives opportunity to
conductarelatively quick estimationfdhe situation iralarge areaAlso, this methods suitable

to idertify regionswhere land degradation is a considerable problem.
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APPENDICES

Appendix |. Detailed informatiofrom remotely sensed NDVI, precipitation data and vedtda.

Dataset name Definition Source Temporal Type Spatial Temporal Scale
coverage resolution resolution  factor &
unit
MODIS Normalizel Difference
Vegetation Index (NDVI)
MODIS Monthly complements NOAA's (National ~ Monthly NDVI data
satell average oceanic and atmospheric of June, July and
MOD13A3 vegetation index  administration) Advanced Very  August in periodfom HDF 1km monthly 0.0001
NDVI data High-Resolution Radiometer 20062016.
(AVHRR) NDVI products
homepage: earthexplorer.usgs.go
TRMM mission was jointly launche
, by NASA (National aeronautics
TRMM' s
. . space agency) and JAXA (Japane: S
(Tropical rainfall Monthly . Monthly precipitation
measuring average aerospacexploration agency) data of June, July anc 0.25x0.2%
o . LS USGS's (United ; ' NetCDF R monthly mm/hour
mission) multi precipitation survey) August in period from grid
satel |l i1 amount h i 20062016.
data omepage:
https://pmm.nasa.gov/data
access/downloads/trmm
Land use data.
(Herders
Unified land seasonal ALAGAC (Agency of Land
territory location, well, administration, geodesy and 2012 shp (Shape file) 1:100 000
registration data  river, stream, cartography)
spring, road,

urban area etc.)
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Appendix Il. Statisti@al summarytestof 22,043 points shomg mean, maximum, minimum
value and, standard deviation and standard error-ge&ld (20062016) annual average value
of NDVI variables of June, July and August in studyear

Year Mean Std Dev Std Error Minimum Maximum
2006 4240.98 1064.96 7.17 1877 8661
2007 2958.37 901.46 6.07 1452 7482
2008 5291.42 836.91 5.64 2409 8261
2009 4194.74 872.15 5.87 1838 7789
2010 4162.72 1020.8 6.88 1862 7873
2011 4964.84 600.19 4.04 2667 7794
2012 5456.67 739.77 4.98 1999 8562
2013 5112.96 790.3 5.32 2484 8403
2014 5307.07 703.89 474 2148 8289
2015 5018.59 762.72 5.14 278 8492
2016 3721.83 964.67 6.5 1684 8266

Appendix lll. Statisti@al summary of total 22043 points shio\ mean, maximum, minimum
value andstandard deviation and standard error ofyéar (20062016) annuahccumulated
total precipitatiorduringJune, July and August in study area.

Year Mean (mm) Std Dev Std Error Minimum Maximum
(mm) (mm)
2006 14929 26.3 0.18 91.44 265.53
2007 125.94 61.26 0.41 57.1 307.45
2008 225.61 29.48 0.2 179.54 420.3
2009 212.66 46.52 0.31 141.37 395.66
2010 106.94 29.39 0.2 69.77 276.1
2011 228.93 54.56 0.37 154.14 390.33
2012 289.13 31.58 0.21 193.67 484.1
2013 30167 66.03 0.44 204.76 556.31
2014 220.99 44.47 0.3 168.12 490.08
2015 217.08 39.77 0.27 145.21 486.73
2016 140.29 26.69 0.18 87.09 407.54
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