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Time series Analysis of Land Cover Change and Surface Temperature
in Tuul-Basin, Mongolia Using Landsat Satellite Image
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Abstract

In this study analysis the status of land cover change and land degradation of Tuul-Basin in Mongolia by using the
Landsat satellite images that was taken in year of 1990, 2001 and 2011 respectively in the summer at the time of
great growth of green plants. Analysis of the land cover change during time series data in Tuul-Basin, Mongolia and
NDVI (Normalized Difference Vegetation Index), SAVI (Soil-Adjusted Vegetation Index) and LST (Land Surface
Temperature) algorithm are used respectively. As a result shows, there was a decrease of forest and green area and
increase of dry and fallow land in the study area. It was be considered as trends to be a land degradation. In
addition, there was high correlation between LST and vegetation index. The land cover change or vitality of
vegetation which is taken in study area can be closely related to the temperature of the surface.
Keywords : Landsat TM, NDVI, SAVI, LST
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Figure 1. Location map of the study area

File Date LT513202719| LT513202720 | LT513202720
- 90260XXX03| 01242BJCO00 | 11254IKR00
Spacecraft ID|LANDSAT 5| LANDSAT 5 |LANDSAT 5
Sensor  ID ™ ™ ™
Cloud  Cover 0 0 0
Image Quality 9 9 9
Date 2015-09-17 2001-08-30 2001-08-30
Earth-sun 1.00512 1.00969 1.00672
distance
Sun_Elevation 39.357 46.837 43.921
Sun Azimuth 144.476 145.466 151.707
4 l0400E 105°00°E 106"00°E
- - =z i =
2 L2
: :
= =z
1 £
& : %
Sy .? i i
106°00°E



Landsat 94948 ©] 83 Z&F Tuul-Basin |99 EX|yEH3} 2 A FL%

)

[ Landsat satellite image
v
Geometric
Co-registration

Conversion of DN to
Rad\'ance

Band 1-5, 7 Band 6

Atmospheric Correctlon by

Conversion of Radiance to
COsT mode\

Surface Temperature

Reflectance

Calculation of Vegetation
Index

[ Conversion of Radiance to }

N DVI

(Normalized (soil-Adjusted
Ditference

Vegetation Index) Vegetation Index)
——— ————

‘ }‘ Time-Series Analysis of F

Land Cover Change

SAVI

Time Series Analysis of
Surface Temperature Change

Figure 2. Processing flowchart used in this study
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Table 2. NDVI range of land cover classification

Class Normative range of NDVI
Forest 05~ 1
Grass land 0.38 ~ 0.5
Open shrub 0.3 ~ 0.38
Dry steppe 0.22 ~ 0.3
Fallow land 0.15 ~ 0.22
Barren land 0~ 0.15
Water 0~ -1
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Figure 3. Result of (a) NDVI, (b) SAVI, and (¢) LST map of each year
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Table 3. SAVI range of land cover classification

Class Normative range of SAVI
Forest 032 ~ 1
Grass land 0.23 ~ 0.32
Open_shrub 0.18 ~ 0.23
Dry steppe 0.15 ~ 0.18
Fallow land 0.11 ~ 0.15
Barren land 0.02 ~ 0.11
Water 0.02 ~ -1
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Table 4. Result NDVI of land cover classification for 1

Az == -

z7173

990, 2001 and 2011

Land cover 1990 2001 2011 Change of
classification 1990-2011
Area(km?) % Area(km?) % Area(km?) % (km?) (%)
Forest 331.50 2.9 156.99 1.4 171.10 1.5 -160.40 -14
Grass land 415381 364 872.90 7.7 212247 186 -2031.34 -17.8
Open. sh 4863.59 42.6 3077.39  27.0 5007.09 439 143.51 1.3
Dry steppe 169249 14.8 5578.90  48.9 3468.34 304 1775.86 15.6
Fallow land 295.60 2.6 1621.00 14.2 600.98 5.3 305.38 2.7
Barren land 42.07 0.4 91.51 0.8 3152 03 -10.55 -0.1
Water 30.94 0.3 11.30 0.1 849 0.1 -22.45 -0.2
Table 5. Result SAVI of land cover classification for 1990, 2001 and 2011
Land cover 1990 2001 2011 Change of 1990-2011
classification Area(km?) % Area(km?) % Area(km?) % (km?) (%)

Forest 192.49 1.7 121.13 1.1 119.89 1.1 -72.59 -0.6
Grass land 3426.06 30.0 827.76 7.3 2050.78 18.0 -1375.28 -12.1
Open. sh 5404.54 474 3850.83 33.7 5250.41 46.0 -154.13 -1.4
Dry steppe 1649.66 14.5 4049.46  35.5 2663.06 23.3 1013.39 8.9
Fallow land 525.06 4.6 225745 19.8 1165.19 10.2 640.13 5.6
Barren land 174.12 1.5 289.67 2.5 150.23 1.3 -23.89 -0.2
Water 38.06 0.3 13.71 0.1 10.43 0.1 -27.62 -0.2
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Table 6. Accuracy assessment for land cover by NDVI in 1990, 2001 and 2011

M

Land cover 1990
class Forest Grass Openshrub ~ Dry steppe  Fallow land Barren land Water
Forest 100 7 0 0 0 0 0
Grass 0 92 3 0 0 0 0
Open shrub 0 2 91 0 0 0 0
Dry steppe 0 0 6 95 0 0 0
Fallow 0 0 0 4 94 11 0
Barren 0 0 0 0 5 76 2
Water 0 0 0 0 1 13 98
Total 100 100 100 100 100 100 100
Kappa statistic:0.88
Land cover 2001
class Forest Grass Openshrub ~ Dry steppe  Fallow land Barren land Water
Forest 100 6 0 0 0 0 0
Grass 0 94 6 0 0 0 0
Open shrub 0 0 94 6 0 0 0
Dry steppe 0 0 0 90 0 0 0
Fallow 0 0 0 4 97 22 0
Barren 0 0 0 0 3 72 2
Water 0 0 0 0 0 6 98
Total 100 100 100 100 100 100 100
Kappa statistic:0.89
Land cover 2011
class Forest Grass Openshrub ~ Dry steppe  Fallow land Barren land Water
Forest 100 6 0 0 0 0 0
Grass 0 94 6 0 0 0 0
Open shrub 0 0 92 1 0 0 0
Dry steppe 0 0 3 93 0 0 0
Fallow 0 0 0 6 96 5 0
Barren 0 0 0 0 4 85 1
Water 0 0 0 0 0 10 99
Total 100 100 100 100 100 100 100
Kappa statistic:0.89
Table 7. Accuracy assessment for land cover by SAVI in 1990, 2001 and 2011
Land cover 1990
class Forest Grass Openshrub ~ Dry steppe F?;L(;W Barren land Water
Forest 100 6 0 0 0 0 0
Grass 0 92 5 0 0 0 0
Open shrub 0 2 91 0 0 0 0
Dry steppe 0 0 4 96 1 0 0
Fallow 0 0 0 4 92 2 0
Barren 0 0 0 0 7 96 2
Water 0 0 0 0 0 2 98
Total 100 100 100 100 100 100 100

Kappa statistic:0.89
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2001
Land cover Fallow
class Forest Grass Openshrub ~ Dry steppe land Barren land Water
Forest 100 6 0 0 0 0 0
Grass 0 94 7 0 0 0 0
Open shrub 0 0 93 0 0 0 0
Dry steppe 0 0 0 98 0 0 0
Fallow 0 0 0 2 98 9 0
Barren 0 0 0 0 2 91 1
Water 0 0 0 0 0 0 99
Total 100 100 100 100 100 100 100
Kappa statistic:0.94
2011
Land cover
class Forest Grass Openshrub ~ Dry steppe F?;L‘;W Barren land Water
Forest 100 6 0 0 0 0 0
Grass 0 94 6 0 0 0 0
Open shrub 0 0 93 0 0 0 0
Dry steppe 0 0 1 95 0 0 0
Fallow 0 0 0 5 95 0 0
Barren 0 0 0 5 97 0
Water 0 0 0 0 0 3 100
Total 100 100 100 100 100 100 100
Kappa statistic:0.94
Table 8. Linear correlation of LST for each land cover classification
Year  Index/Class Forest Grass Openshrub  Dry steppe  Fallowland  Barrenland Water
1990 LST-NDVI -0.2484 0.2621 -0.3262 -0.111 -0.5758 -0.103 0.434
LST-SAVI 0.012 0.2465 -0.2582 -0.2878 -0.8026 -0.2375 0.388
2001 LST-NDVI -0.407 -0.4282 -0.7532 -0.3201 -0.3638 -0.0797 0.770
LST-SAVI -0.2442 -0.0411 -0.7215 -0.29 -0.4144 -0.1102 0.760
2011 LST-NDVI -0.3838 -0.0138 -0.2873 -0.2797 0.4843 -0.376 0.809
LST-SAVI 0.5347 0.0895 -0.3477 -0.3029 0.7267 -0.1957 0.829
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Table 9. Statistics of NDVI, SAVI, LST for each year

Statistics
Data ave. ave. ave. .
NDVI SAVI LST Correlation

NDVI - SAVI 0.924

1990 036 0.046 391 LST - NDVI 0.829
LST - SAVI 0.977
NDVI - SAVI 0.937

2001  0.29 0.038 6.62 LST - NDVI 0.925
LST - SAVI 0.995
NDVI - SAVI 0.924

2011  0.33 0.042 5.83 LST - NDVI 0.845
LST - SAVI 0.985
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