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Retrieval of leaf area index for different grasslands in Inner Mongolia prairie

using remote sensing data
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Abstract; Leaf area index (LAl), defined as one half of the total green leaf area per unit ground surface area, is a crucial
parameter of vegetation structure. It provides key quantitative information on the exchange of mass, energy, and momentum
between the atmosphere and the land surface. lts retrieval is an important research focus in remote sensing of vegetation.
LAI of grasslands in Hulunbuir prairie and Xilinhot prairie in Inner Mongolia was acquired using the LAl 2000 instrument
from June 21 to 26 and June 28 to July 3, 2010, respectively. Six vegetation indices including Simple Ratio ( SR),
Reduced Simple Ratio (RSR) , Normalized Difference Vegetation Index ( NDVI) , Soil Adjusted Vegetation Index (SAVI) ,
Atmospherically Resistant Vegetation Index (ARVI) , and Enhanced Vegetation Index ( EVI) obtained from Landsat-5 T™M
data were correlated with measured LAI. LAl retrieved from TM data was then used as a benchmark for assessing the
accuracy of MODIS LAI products. The measured LAl values of grasslands over the two study areas range from 0.46 to 4. 06
in Hulunbuir and from 0. 65 to 4. 70 in Xilinhot. The average LAl value in Hulunbuir is 1.81, 11% higher than that in
Xilinhot (1.63). Since grasses in these areas are short, we dug a small trench at each measurement location to place the
LAI 2000 sensor head at the same level as the soil surface to ensure the total LAl is included in the measurement. Results

show that RSR has the highest correlation with LA/ in the two grasslands, with R* equal to 0. 628 and 0. 728, respectively.
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The Root Mean Square Error ( RMSE) values of estimated LAl from RSR are 0. 512 and 0. 490, respectively. RSR
outperforms other VIs more obviously at lower LAI. Validation using 15 measured LAl values ( not used in algorithm
development) in both Hulunbuir and Xilinhot shows that RSR-derived LAl can capture 70% of LAl variations. Combined
with the surface reflectance images of the grassland, the formulae LAI = 0. 764 xRSR™” and LAl = 0. 462xRSR+0. 582
were developed to generate LAl maps at 30 m resolution for the Hulunbuir and Xilinhot study areas. The retrieved LAl is
lower in Xilinhot than in Hulunbuir. LAl values in the mountainous areas at these two locations are significantly
overestimated using the RSR based inversion model when compared with ground measurements. The overestimation exceeds
1.0 in several areas with large topographical variations. This may be caused by the topographical sensitivity of RSR.
Although RSR has an advantage in retrieving LAl over flat regions, its application to grassland in the mountains requires
further study. The level of agreement between MODIS LAl and LAI retrieved using TM data differs in these two study areas,
with R’ equal to 0. 566 and 0.323 in Hulunbuir and Xilinhot, respectively. The average of the MODIS LAI is higher in
Hulunbuir and lower in Xilinhot than the corresponding TM LAI. The inconsistency of MODIS LAl in comparison with TM
LAI derived based on ground measurements in these two study areas suggests the need to carry out MODIS LA[ validation

over more grassland areas.

Key Words: leaf area index of grassland; vegetation index; LAl 2000 ; Inner Mongolia prairie
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Fig.1 The sketch map of the two study areas and field survey points in Inner Mongolia prairie
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Fig. 2 Sketch map of quadrat and LAI measurement point setting in plots
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Fig.3 The correlation of LAI of grassland with vegetation indices in Xilinhot study area
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Fig.4 The correlation of LAI of grassland with vegetation indices in Hulunbuir study area

PIANIE S DX A R 28 7 55 K A D) R I S SR AR B I 225 8 T R B0 A R AE A48 BRSNS [R) 2 R
Bl LAT (035 FIE B P FIERE X 73 MREAR G IRFE— AT /00T 76 6 FAE#FRE0h , RSR 5 1AT 1Y) R* T
ATKE] 0,621, HUCK SR(R*=0.532) , iflkh NDVI(R®=0.502) (/€15) , %] RSR TS LAL I, BAT X5
S IS R B S RN R R e s, AT DA FH T R ] DX B Bl LAT A5 e in g b3 A [ 22 g v
JLILH X N R FE B, RSR Al B ARAR LAT O RE A T TR gE 5,

2.3 LA A AR IR

I LT & B, RSR 75 PR NBIFSE X AR ik Bl LAT 4 B AR 5, 1 A 6 i A 70 g ] e
FIFHABREA LA LAT WL G X 3T RSR T A RU HEA T T 9000, 5 5 a3 3 iR, S0 iE4ds At
BEAU R LAT foe/IME UL A58 A K | foe A0 BH S /N TS I0AE Qe P48 DUJR B9 1X, 15 S 0 A A
LAT Wt K AEA 3. 18, A RUE S LA A RAE AN 2. 38 FEPFAS DL IR FIAR AR A AR A 550 ) LAT s ofe
50510 0,431 F10. 432, 17T LI ECHE B AR 2243 58 0. 576 F10. 624, P IARSEHELAR B LAT i FEIIK T X0 %
Wi, PG E) LAT SEXEAEPEAE DUJR A 1. 80 , 5 WA BCHE AR 25 ; ZE B MRI 0 1. 34, U UL £5 405 i) °F- 2 1
PRAIK 0. 19 5 4 PHANIIFFE IX I B Al — e R BORN SG UE IS, B BUAG 518 LAL P35 R 1. 67, HOULI £ 4 &5 0. 12, 45
RIGESE LAL /) RMSE K 0. 405—0. 477 At 3K BE R 69. 78% —T73.59% ,iF IAEZS DA EAR ZE A KT 31% i T
SRR T FH P 5% oty ) 32 A T
2.4 WFFEIXHLHL LAT (25 18] 53 A RFAE

BEOTIFE X B L) b 26 S SRR, 20 B2 FH LAT = 0.764xRSR™ I LAI= 0.462xRSR + 0. 582 4= i

http ; //www. ecologica. cn



5166 £ A ¥ W 31 5
5 .
5 y=0.346x+0.204 5 y = 0.360256% y=21.1x - 0.489
R2=0532 RZ = 0.502 * . R2=0.529 . .
4| RVMSE=05%9e¢ 4 RMSE = 0.624 ¢ et RMSE = 0.601 »
3 3
7 = <
3 3 =
2 2
1 F 1t
0 : , s A : ; 0 - ; -
2 4 6 8 10 0.4 05 0.6 0.7 058 0.07 011 0.15 0.19
R NDVI EVI
51 y=7960x- 0.730 5 y = 3.678x0681 5 y = 1.006x0543
R2=0.517 R2 = 0.506 R2=0.621 *
4| RMSE=0608 N 4 RMSE = 0.624 * . 4 RMSE=0563 ¢ v
3 3t
S g
2t 2L
1 1t
0 s . ) s s .0 .
0.2 03 0.4 05 015 0.30 0.45 0.60 0 2 4 6 8
savi ARVI RR

B 5 BFEERRMGHREFBIARE SENNERGEEN LA SEFEERZBEXXR

Fig.5 The correlations between the LAI of grassland and vegetation indices based on the total measured samples of the two study areas
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Table 3 Comparison of estimated LAl calculated using inversion model based on RSR and measured LAl
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