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ABSTRACT

This study presentdetection ofvegetation change in Orkh soumMongolia using Landsat

8 Operational Land Imageand Landsab Thematic Mapper imagdsom 2010 and 2015
Normalized Difference Vegetation IndéXDVI) image classification techniques and change
detection processes were appli@dhe aim of this sty was therefore t@ssess the land
degradatiorbased reduction in the amount of green plant materihle vegetatve coverand

to find if there isa correlation between vegetation cover change with landtyse and soil
texture The \egetatiornvaluewas divided into six classfrom Highly DenseVegetation to No
Vegetation.The results show thahé¢ Less Vegetation clabsisincreased by 11% and Less
Moderate andloderate vegetation classdecreased by 13ahd27.8% respectively Highly
Dense Vegetation decreased by 11. BiDVIvallehe set
changed negativelyrhe loamy soils NDVI hdincreased by 10 pixefalues.This means that
somemeadowvegetaibn coverhadchanged positivg. NDVI Valuesfor sandy clay loamy
and loamy sand soil @haddecreased more than 20 pixelues, indicatingloss ofvegetatve
cover.
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1. INTRODUCTION

Mongoliahasan areaof 1,565 million km?. Thelandscape features high and low mourgain

hills and plataus. The northern and westg@aut of the countrjravehigh mountainswhereas

the south and southeast parts are steppes and arid areas (Tsegmid¥8i&).Mongolia is
characterized by a harsh climate and sparse plant cover, which contribute to low fertility of the
soil (Avaadorj 1998).

Since the 1990s when the political systeraragied from socialism to capitalism, tthemestic
animal population increased 455 times, especiallyne goat populationvhichincreased from
less than 5.0 million to 20Million (Wang et al2017).

The traditional method of land use foasture wasuited to protecthe soil from erosion. But
in the past 50 years, large areehas been converted to cropland and cultivatisrpartof
agricultural development (Avaadorj & Baasandorj 2007).

Mongolia has 126 million hectares of pastuae,well as6.2 million hectares of bluffs and
gullies thatare not suitablefor pasture, 3.0 million hectares of sand covered areas, and 20.5
million hectares of saline soil areas in arid desert. According to this estimation (Avaadorj &
Badrakh 2007), only 76.5% or 961@llion hectres of total pastureland area emerently used

for pasture.

Several research projects have tleath remote sensing and mappimgMongolia, including
mapping the forest cover and estimating its chaimgehe foreststeppe ecologicatone
(Ariunzul 2008).The rmangeland vegetation statetbé steppe ecological zone in Mongolia was
assessedisingremote sensingdpy Adiyasuren(1989),and theagricultural area in Mongolilay
Dorjjantsan (1975)A method formaking anatural resource map uagi remote sensing in
Mongoliawas developed b$aandar(1985). Erdenetuya (2009)ied to assess and classify
national land cover and pasture degteaeby using high resolution satellite data.

In the desertification atlasf Mongolia, the factors of fad degradation andesertification
(Mandakh et al2015) are estimatdohsed ordesertification researchlatural factorsaccount
for 56% and human factofer 44% of the resultsn heavily or very heavily desert areas.

My individual research projeds part ofthe Ecological and_and Use IssuesProject (2017
2019), funded btheMinistry of Education, Culture, and Science, which is an ongoing research
study in Mongolia. The Orkhon soum was chosen for this study as it is representative of
multiple lard uses.

Land degradatiofollowing the increase the number olivestock and overgrazirig a serious
problem.Importantly,Orkhon soumnis the site omost of the land usedr vegetable and fruit
production in the nation. My research results tteerebre be useful for local scale decision
making andand useplanning.

My research focused on estimating land degradatiased on satellite images, which is
influenced and degraded by overgrazing alsé onvariousland uses in an agricultural area in
Mongolia.
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An overall goal:

My aim wasto asess the land degradatitwased reduction in the amount of green plant
materialin the of vegetatve cover, and to find if there isa correlation betweeany change in
vegetatve cover with land use type and soil texture

Thespecificobjectivescan be listed as

1. Learningconstructive methods, which can be used to estimate land degradation
2. Producingmaps of vegetation cover from two different yeassng NDVI (2010, 2015)
3. Detecting the changegith NDVI betweertwo years (200, 2015)

4. Correlation between NDVI and soil textuaadpasture type

5. Comparing and analyzirthe map results

2. MATERIALS AND METHOD S

2.1. Study areaand land use

2.1.1 Description of study area

The research site is located the northern part of Mon(faltyal), which is situated ithesteppe
zone(NationalAtlasof theMongolianPeoplel990) The soum center is located at the northern

part of its territory which is located between the Shariin Gol Rivetta@rkhon River. Here,
farmers mostly plant vegetables and potatoes for housebntimptio(IGG 2016).

\ & =
- @
£ 1:20,000,000
g
¢ R
Legend : Legend
[ ] soum boundary / @  Soum center
7 ——— Province boundary Q7 =g | J Orkhon soum
B. “_—— 1:800,000 C. v 1:260,000

Figure 1.Map of Mongolia (A)highlighting the DarkhatJul province (B) where the research
site in Orkhon soum (C) is located
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The elevatiors are between800-1200 metersabove sea level (IGG 2010). Thimate
conditiors arevery harsh antlavefour seasons. The average temperatudanuary, which is
the coldest season,%9.9C (Fig.2). The average temperature in July, which is the warmest
season, is 22¢8. The aveage annual precipitation is 34320 millimetres (National
Meteorological Agency 2016).

Figure 2 Annual and monthhaverage temperatufeC) and precipitation (mm) in the period

19842016 Source:Information and Research Institute of Meteorology, Hydrology and
Environment
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The dominant windis from thenorth andwest and northweséas in other parts d¥longolia.
The frequencies from the north are 28,horthwest 18% and northeast 13%%. In the study
areatheannual mean wind speed isILB m/secThe averagevind speed is 3-B.5 m/sec in
April and May, whichare thedriest months.

2.1.2Soils

In this area, most dfistribution ofsoil types differs betweernthe north andsouthsides of the
mountain.Chestnut soils are most common (Table 1). Soil textures in the research area are
classified asandyloam, loamy and sandglay loam (Fig.3). Thesal thicknessdiffers in the
valleysfrom that inthe mountains (Avaadorj 2014).

Table 1. Soil types in Orkhorsoum

Soil types Area, ha Percent
Kastanozem 46 0.1
Mountain chestnut soil 12664 286
Chestnut soil 20831 47.1
Meadow soll 9744 220
Alluvial meadow soil 936 2.1
Total 44221 100

The main soil texture classes accordingh®USDA system (Foth 1978hiOrkhon soum are
presented in dble 2.About636i s sandy <c¢cl ayFliga®m)(SCL) soil
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- Table 2. Classification of soil texture Soil
percentage btextures

Soil texture Area, ha Percent
Loamy sand 13581 30.7
Sandy clay loam 27716 62.6
Loamy 2924 6.6
Total 44221 100

The croplands and cultivated landave chestnut
soils and meadow soils. They deated mostlyn
thevalleys andneadowdetween the mountasn

Legend

Texture
| Loamy
Loamy sand

" 1:400 000 NN Soncy cloyloom

2.1.3Land use

Orkhon soum has registered 39 typé differentland use in 2015.and utilization type is
divided into 6 mairclassifications in Mongolia. Figt shows the land usaap for Orkhon
soum.

N L I —— 1170000 | Figure 4 Land use type of Orkhon
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Annualland inventory is reported to the government based on this classifidatibrs report,
the total territorycoveredis 44221ha,87.1%of the total territorybeingagricultural landsn

Orkhon soumThe res(Fig.5) is used for settlement, transportation, forest and weateurees
and special need@®dministration ofLand Affairs, Construction,Geodesy andCartography
2015).

3.2% 4 105

0.9%
4.7%

0.0%

Agriculture
Cities, villages and other settlementntg

Transportation networks
Forest resources
Water resources

EEEEEE

Land for special needs

Figureb. Land use type classificatian Orkhon soum2015

Approximately 8% of the total agricultuddand is used for pasture, 8% used for hay and
5% for cultivationThe resis uncultivated land and @®is used for buildingfor agriculture
needqFig.6). There are bald mountain pasture, steppe pasture atahd/eteadow pasture in
Orkhon soum.

Pasture

Hayland
Cultivation
Uncultivated land

Buildings for agriculture

Figure6. Classificationof agricultural landin Orkhon soum2015

Pastureuse Herderfamily movemeninto the aredas increased sin@905. Fig.7 shows the
livestock population dynamics. Since 2010, she@mbers haveecreased buiattle numbers
haveincreasedPasture Carrying Capaciyas assesseatcordingo themethod byTserendash
(2000. The results show thatarrying capacitywas exceeded bgver 3 times the normal
grazing pressur@GG 2016)
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Figure7. Number of livestock in Orkhon soufmom 1994to 2015 Parkhan Statistic2015.
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2.2 Methods

The assessment laind degradation ancthange irnvegetatve cover in Orkhon soum was done
using the software ArcGIS (10.3) for data analyBise analysisvascarried out as follows:

a. Vegetation map baseaxh normalized difference vegetation ind&stimaing the vegetation
cover on two satellite image34dble 4) by usingNormalizedDifference Vegetationindex

(NDVI). This methodvas initially proposedby Rouseet al (1974) NDVI is derived from the
ratio Red (R) and Near Infrared (NIR)Jhe Red band is Ban@ for Landsats, Band4 for

Landsai8. NIR is Band4 for Landsats and Bancb for Landsas.

Table 4. Description of datasets uskxt NDVI calculatiors.

Data type Date Path/Row Bands andresolution Producer
Landsat TM 23rd of August2010 132/025 Bands3&4, 30 m USGS
Landsat OLI 21nd of August2015 132/025 Bands 4&5, 30 m USGS

The NDVI is the most commonly used indaxdhasa measurement scale ranging freinto

+1. Negative values represent aggetated surfaces, whereas values close to 1 have very
dense vegetatiofioan et al2013) The different formulas ofArcGIS can be usetb calculate

and display NDVI. Usingheformula belowNDVI values range from 0 to 200 (rather than

to 1)

The NDVI formula Keranenret al.2014)is:

"EAR & =M +100+100 Where: NIR i Near infrared
Ee m R i Red
b. Change detectionDetection of bange involves the use of multitemporal data sets to
distingui areas of land car change between dates of imag@ediesand et al. 2008 A

change detectiomapwascreated bythe Image Analysis toah ArcGIS from NDVI values
between 2010 and 2015.

c. Correlation with soil texture and land clasghe Tabulate Area tooin ArcGISwas used to
find the correlation between change detectisail textureand land classThe tool calculated
crosstabulated areas between two datasets and outpaitsble.

A detailed description of the woflow used for NDVI analysis and change detection is
shown in Fig8.

NDVI 2010
Image
2010 e
Landsat TM | | ks
andsa Image NDVI Image classification/
Landsat OLI subset calculation Change detection
A >
2015 /" o
NDVI 2015 Tabulate by soil class
Image and pasture type

Figure8. Flow chartof methodology
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3. RESUWL TS AND DISCUSSION

3.1 Vegetationcover change

These maps (Fig) showthe vegetation basesh NDVI values from 2010 and 2015The
NDVI values aredivided into six classesas describedy Nath B (2014). Thee are:No
Vegetation(105.8109.2), Less Vegetatiorf109.2122.9, LessModerateVegetation(122.9
131.3, Moderate Vegetatioi(131.3138.5, Dense Vegetatior(138.5145.9, Highly Dense
Vegetation(145.29.

N .
, 7 NDVI 2010 M . NDVI 2015
- ] L. y‘.\” /‘J 77

z

o
7
o
Legend Legend
NDVI Value NDVI Value

|: No Vegetation (< 109.2)
[ Less Vegetation (109.1- 117) [[_] Less Vegetation (109.1 - 117)

Ll Al “, / |:] Less-Moderate Vegetation (117.1 - 124) :] Less-Moderate Vegetation (117.1 - 124)
5§ v

G No Vegetation (< 109.2)

&J @ e :l Moderate Vegetation (124.1 - 134) X :I Moderate Vegetation (124.1 - 134)
el e - Dense Vegetation (134.1 - 145.2) - Dense Vegetation (134.1 - 145.2)

- Highly Dense Vegetation (145.1 < ) - Highly Dense Vegetation (145.1 < )

1:350,000" 1:350000
Figure9. Vegetation maps for Orkhon soum2010 and 2015

The two year®f NDVI values are summarized in TableThe ninimum value increased by
18.2 andhemaximum value decreaség 17.6.

Table 5. The NDVI valuesand the changdsetweer?010and 205.

NDVI value 2010 NDVI 2015 NDVI Changes
Minimum 58.8 77.0 18.2
Maximum 172.6 155.0 -17.6
Mean 132.2 117.9 -14.3
Standard deviation 10.8 8.0

In Fig.10 we can seleow theNDVI pixel values changed between two years. In 2010, most
pixel values were between 1283 whereas 2015 most pixel valueserebetween 1094.21.

10
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2010 and 2015 NDVI Comparison
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Figure10. Graphfor NDVI pixel valuesin 2010 and 2015.

In Fig. 11 we can sethatthe Less Vegetation pixel values were 24in 2010, but 2015 #n
percenagebecame 64%. The LesdModerate andModerateVegetation decreased by 13.8
27.8%. This thatmeans mosotf thearea conveed from less moderate and moderatd_&ss
Vegetation. Even Highly Dense Vegetation decreased by4l1.3

NDVI Change 2010 and 2015

350000 321149
- 300000
E 250000 226800
S 200000
_§_< 150000 89292 111040
o 1(5)8888 58224 42510 362123104 57864
0 54_487814 . m . 1937
No VegetationLess VegetatiorLess Moderate Moderate Dense High Dense
Vegetation Vegetation Vegetation Vegetation
Pixel Value

= 2010 NDVI =2015 NDVI

Figurel1l. Graph for NDVI Pixel values in 2010 and 2015.
3.2. Vegetation cover change and sd#xture.
The differet NDVI valuesin 2010 and 201%ere compared tsoil texture (Figl2). It can be

concludel thatthe areasconvertedfrom Dense Vegetation and Moderate Vegetation to Less
Vegetationwereprimarily in loamy sand arsa

11
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NDVI 2010
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Figurel2. Vegetation mapased NDVI valuand soil texture.

Here we can see (Table 6) thiaeé NDVI meanvaluefor loamy sand hdidecreased by 13.9, by

11.7 in loamy sojland by 14.1 in sandy clay loam soil.

Table 6. NDVI pixel values categorized by soil texture

Soil texture NDVI value 2010 2015 Change
Minimum 72.0 77.0 +5
Loamy sand Maximum 172.0 152.0 -20
Mean 129.8 115.9 -13.9
Standard deviation 7.8 5.0
Minimum 63.0 86.0 +23
Loamy soi Maximum 171.0 153.0 -18
Mean 134.7 123.0 -11.7
Standard deviation 16.3 10.8
Minimum 61.0 86.0 +25
Sandy clay loa Maximum 172.0 155.0 -17
Mean 132.4 118.3 -14.1
Standard deviation 11.0 8.5

3.3Vegetation cover change and landlass

The differences betwedhe NDVI valuesfor 2010 and 2015 werttabulated by land use type
and pasture tymeaspresented in Figl3. Theresults showd thatthe vegetationcovervalue

wasconverted from Dense Vegetation and Moderate Vegetation to Less Vegetatieadaw
and steppe pastige

12
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Figure B. Vegetation map based NDVI valaed landpastureype.

Table 7. NDVI pixel values categorized by land and pasture type.

Land and pasture type NDVI value 2010 2015 Change
Minimum 116.0 111.0 -5
Forest Maximum 169.0 145.0 -24
Mean 145.0 124.7 -20.3
Standard deviation 14.4 8.7
Minimum 75.0 98.0 23
Bald mountairpasture Maximum 172.0 155.0 -17
Mean 129.6 116.3 -13.3
Standard deviation 8.7 4.2
Minimum 72.0 78.0 6
Steppe pasture Maximum 170.0 153.0 -17
Mean 129.4 114.9 -14.5
Standard deviation 6.8 4.3
Minimum 58.0 84.0 26
Maximum 172.0 155.0 -17
Meadow wetlandpasture Mean 1379 1254 125
Standard deviation 15.6 10.7
Minimum 66.0 89.0 23
. Maximum 169.0 154.0 -15
Cultivated land Mean 134.1 1215 126
Standard deviation 12.6 8.8
Minimum 101.0 106.0 5
Settlement area Maximum 170.0 152.0 -18
Mean 140.5 127.6 -12.9
Standard deviation 12.8 8.5
Minimum 72.0 77.0 5
Maximum 160.0 136.0 -24
Lake and water body Mean 111.9 109.0] 2.9
Standard deviation 20.1 11.2

13
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We can see in Table 7 that the ND¥éan value for forest area decreased by 20.3, for meadow
and steppe pasture decreased by 17.0, and for bald mountain pasture decreased by 13.3.

3.4Vegetation cover change detection

Changedetection of the differences inDVI valuesfrom 2010to 2015wasascertaine@ndis
shown in Fig.14 and Figl15. To investigate theorrelation between chge detectiorby soll

texturethe results areshownin Fig. 14.

The NDVI for the loamy soils increased by 10 pixel valudss means that in some of the
meadow aresthe vegetation cover dancreased. Sandy clay loamy and loamy sand soikarea
decreased more than 20 pixel valuadicating a loss of vegetativever.

N

/ Change detection
+ by soil texture
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Figure 4. Change detection between 2015 to 2010aagrthph showing the change in

correlationwith soil texture
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The mapin Fig 15 shows change detection betwékatwo years by land use and pasture type.
This shows that forest and settlement area NDVI values demreased by more than 20 pixel
values, indicatingloss ofvegetatve cover Lake and meadow area NDVI increased, trel
pixel value for cultivated land increased probably because of differentstgbeplanted
vegetables.

Figure B. Change detection between 2015 to 2840a graph showing the change in
correlation tdand class, pasture type
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