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Remote sensing monitoring upon the grass production in China
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Abstract Using MODIS remote sensing data and ground truth data we conducted a thorough investigation to the
productivity of grasslands in China for the year 2005. The Normalized Difference Vegetation Index NDVI  was first
computed from the MODIS data. Then the data from the NDVI images were used to correlate to the grass yield data from the
ground sampling campaigns. Six regional models were accordingly established from the correlation for estimation of grass
production in the six main types of steppes in China. The main results from the estimation could be summarized as follows
1 High grass productivity in 2005 was obtained in the following 3 regions the grassland covering Hulunbuir Xilinhaote
and the western Daxinganling the region including the eastern Qinghai the northwestern Sichuan and the mid-southern

Gansu and the northwestern Xinjiang region. 2  Total hay output of the grasslands in China amounted to 294213.9

863 2006AA107242
2006-02-12 2006-09-15
1957 ~ . E-mail xubin@ mail. caas. net. cn

17

Foundation item This work was financially supported by Ministry of Science and Technology 863 Project China No.2006AA107242 and Ministry of
Agriculture Remote Sensing Monitoring of Grassland Project China
Received date 2006-02-12 Accepted date 2006-09-15

Biography XU Bin Ph.D. Professor mainly engaged in remote sensing of grassland. E-mail xubin@ mail. caas. net. cn



406 27

thousand tons in 2005 with an average yield of 829.67 kg/hm’. 3 The following seven provinces were the largest grass
producers in China Inner Mongolia Qinghai Xinjiang Sichuan Tibet Heilongjiang and Gansu. For example Inner
Mongolia produced 60370. 82 thousand tons of hay in 2005 hence became the no. 1 grass producer of China. 4 Among
the steppes types the following five had the largest grass production Alpine meadow Temperate steppe Low-land
meadow Temperate meadow steppe and Montane meadow with total production accounting for 62. 2% of China. 5

Grass production of the entire China in August 2005 remained at the same level as that in August 2004. However the
situations of major grassland provinces were different grass production in both Qinghai and Gansu in 2005 increased
9.02% and 3.63% respectively when compared with that in 2004. The grass production in Inner Mongolia decreased 3%

while the production in Tibet Xinjiang and Sichuan remains unchanged when compared to that in 2004. These results were

very important for grassland administration pasture grazing and grassland ecosystem studies in China.
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Table 1 Division of the grassland for model establishment

Six regions Provinces

I Northeast temperate semi-humid meadow Heilongjiang Liaoning Jilin
Steppe Region and east part of Inner Mongolia

I Inner Mongolia-Gansu-Ningxia Main part of Inner-Mongolia Gansu

temperate semi-arid steppe and desert steppe region

i} North China Warm Temperate

Semi-humid Semi-arid warm temperate shrub herbosa region

v South west wubtropical humid tropical

shrub herbosa region

and Ningxia
Hebei

Shanxi and Shaanxi

Most part of Sichuan
Chongqing Yunnan Guizhou and Guangxi

\% Xinjiang Temperate Warm L
. . Xinjiang
temperate arid desert and montane steppe region
inghai Tibet and Abazh
A\l Qinghai-Tibet Plateau alpine steppe region . Qinghai - Tibet an Aot
Sichuan
® the same below
2 NDVI

Table 2 Statistical model between fresh grass yield and NDVI for the 6 regions

F
Six regions Modeling types Cl::flfill:it F Sf;iicam Numbers

I Unitary linear Y = 11611.31 NDVI - 2563. 8 0.621 186. 54
Power Y = 9335.68 NDVI!- ™ 0. 640 206. 69 299

Exponential Y = 385.362 *S13NDVI 0.651 218.37

|| Unitary linear Y =6381.86NDVI — 521.52 0.748 434.33
Power Y = 4714.38 NDVI"-#? 0.670 278.21 342

Exponential Y = 193.585 et 984INDVI 0. 669 322.51

I} Unitary linear Y = 19013 NDVI - 4161.6 0.699 203. 00
Power Y = 18377 NDVI* %3 0.784 338.37 214

Exponential Y = 408.4 ¢*678NDVI 0.778 326.15

I\ Unitary linear Y = 22913 NDVI - 8031.5 0.499 107.96
Power Y = 21399 NDVI**% 0.616 198.51 327

Exponential Y = 159.8 494NV 0.612 193.96

\ Unitary linear Y = 9566.8 NDVI — 764.87 0.672 161.42
Power Y = 5913.6 NDVI"-! 0.702 190.56 198

Exponential Y = 409.91 909NV 0.718 208.33

VI Unitary linear Y = 14259 NDVI - 4383.3 0.653 199.51
Power Y = 10698 NDVI*!* 0.741 327.31 272

Exponential Y = 225.42 ¢H 436880V 0.753 352.80
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80% Table 3 Estimation accuracy of the 6 region models
%
810
80% I Y = 385.362 &8N0V 81 78
I Y = 193.585 *oMINDVI 77 65
m Y = 18377 NDVI* ¥ 80 57
9% \% Y = 21399 NDVI*** 81 75
1% v Y = 400,91 ¢3NV 79 40
389 VI Y = 225.42 H4308NDVI 80 67
1.4
2005 8 MODIS
13
1.5
GIS 1:100
2005 8 2004
2
2.1 2005
2.1.1 2005
2005 3
1
2.1.2
2005 8 7 4
7 72.8%
2.1.3
93784.25 t
29421.39 t 829. 67kg/hm’ 1500kg/hm’

300kg/hm’
300 ~ 1500kg/hm’
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Table 4 Difference of grass yield among the provinces in 2005
km? t t kg/ hm?

Province Grassland area Fresh grass yield Dry grass yield Dry grass single yield
Beijing 3555.00 3356958.79 1050593. 02 2955.25
Tianjin 662.00 501395.90 151708. 39 2291.67
Hebei 42628.00 34830783.34 10978679. 35 2575.46
Shanxi 38250.00 25733995. 82 8053010. 27 2105.36
Inner Mongolia 796106. 00 190764312. 37 60370822. 11 758.33
Liaoning 12314.00 7224761.70 2192307.23 1780. 34
Jilin 33165.00 16906543. 20 5043332.78 1520. 68
Heilongjiang 78222.00 50832906. 00 14708578. 48 1880. 36
Jiangsu 1141.00 562550. 81 172415.22 1511.09
Zhejiang 4437.00 2674629.79 836405. 41 1885.07
Anhui 7280. 00 3706130. 81 1157997. 16 1590. 66
Fujian 4493.00 2687799. 37 840599. 32 1870.91
Jiangxi 13929. 00 7260206. 59 2264222.38 1625.55
Shandong 10204. 00 6976807. 88 2137048. 54 2094. 32
Henan 15578.00 10319761.99 3213469.72 2062. 83
Hubei 25853.00 17016370. 00 5275000. 69 2040. 38
Hunan 22329.00 12575942.90 2783889. 89 1246.76
Guangdong 7065. 00 3233960. 00 1009015.91 1428.19
Guangxi 32258.00 15860914. 20 4956467. 87 1536.51
Hainan 4393.00 2901920.51 910708. 41 2073.09
Chongqing 12129.00 8105303.90 2513548.82 2072.35
Sichuan 186267.00 88439264. 80 26866583. 96 1442.37
Guizhou 19871.00 12017599. 60 3746128.52 1885.22
Yunnan 104274. 00 37177595. 80 11548667. 39 1107.53
Xizang 811328.00 82113299.57 26480217.49 326.38
Shannxi 38250.00 25733995.82 8053010. 27 2105.36
Gansu 188794. 00 43541034.55 13787363.00 730.29
Qinghai 417099. 00 114732293. 80 36270488. 64 869.59
Ningxia 30109.00 3706378. 00 1265578. 64 420.33
Xinjiang 584174.00 106347084. 10 35576000. 82 609. 00
Total of China 3546157.00 937842501.91 294213859. 69 829.67

2.2 2005 2004
2.2.1 2005 2004
Vv V
= Yieldyy, - Yieldy,, / Yield,, x 100 v V < —50% 2005
2004 -50% <V < -5% 2005 2004
5% <V < 5% 2005 2004 5% <V < 50% 2005 2004
50% <V 2005 2004
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Table 5 Annual change of grass yield in all provinces between 2005 and 2004
2004 t 2005 t t %
Province The yield of hay in 2004  The yield of hay in 2005 Absolute change of hay Relative change rate

Beijing 1085533.00 1050593. 02 -34939.98 -3.22
Tianjin 139488. 18 151708.39 12220.21 8.76
Hebei 11533516.97 10978679. 35 -554837.63 -4.81
Shanxi 8198077.32 8053010.27 - 145067. 05 -1.77

Inner Mongolia 62212766. 32 60370822. 11 -1841944.21 -2.96
Liaoning 2190162.22 2192307.23 2145.01 0.10
Jilin 4844587.11 5043332.78 198745. 67 4.10

Heilongjiang 14818732.96 14708578.48 -110154.48 -0.74
Jiangsu 147426.90 172415.22 24988.31 16.95
Zhejiang 1010102. 04 836405. 41 - 173696. 63 -17.20
Anhui 1446186. 19 1157997. 16 -288189.03 -19.93
Fujian 952379.63 840599. 32 -111780.30 -11.74
Jiangxi 2446442.51 2264222.38 -182220.13 -7.45
Shandong 2280067.78 2137048.54 -143019.24 -6.27
Henan 3708031.56 3213469.72 —-494561. 84 -13.34
Hubei 6102334.77 5275000. 69 -827334.08 -13.56
Hunan 4695240. 89 2783889. 89 -1911351.00 -40.71
Guangdong 1235324.91 1009015.91 -226308.99 -18.32
Guangxi 5948927. 19 4956467. 87 -992459.32 -16.68
Hainan 714975. 16 910708. 41 195733.25 27.38
Chongging 2806582. 06 2513548.82 -293033.24 -10.44
Sichuan 26910663. 54 26866583.96 -44079.58 -0.16
Guizhou 4110915.91 3746128.52 -364787.39 -8.87
Yunnan 15203313.57 11548667. 39 -3654646. 18 -24.04
Xizang 26691081.24 26480217.49 -210863.75 -0.79
Shannxi 8198077.32 8053010.27 - 145067. 05 -1.77
Gansu 13304267.01 13787363. 00 483095.99 3.63
Qinghai 33268281.43 36270488. 64 3002207.21 9.02
Ningxia 1458573.95 1265578. 64 -192995.31 -13.23
Xinjiang 35522950. 52 35576000. 82 53050. 30 0.15

Total of China 303185010. 15 294213859. 69 -8971150. 46 -2.96
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2005 2004 128645km’ 3.52% 5
35.55% 24. 17% 29. 63%
7.14%
47.55%
25.33% 27.12%
52% 21.32% 26%
45.28% 40.29%
14.44%
2.2.3
2005 8 2004 7 4
7 58.4% 44% 12 2004
91% 2005

3

1 12005 3

2 2005 29421.39 t 829. 67kg/hm’

3 2005 7

6037.08 t 15.17 t
4 5
5 62.2%

5 2005 8 2004

2 9.02% 3.63% 3% 3
2004 128645km’ 3.52% 5
35.55% 24.17% 29.63% 7.14%
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