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The Applicability of Different Methods for Retrieving
Leaf Area Index of Forests in Red Soil Hilly Regions

CHEN Chong' ZHU Yan4un' LI XianHfeng® JU Wei-min'

(1. Internationl Institute for Earth System Sciences Nanjing University Nanjing 210093 China; 2. Jian-
gxi Province Meteorological Information Centre Nanchang 330046 China)

Abstract: Based on field measurements of forest leaf area index ( LAI) and concurrent landsat TM data
a high resolution map of forest LAI for Taihe County Jiangxi Province was produced. Based on this map the
quality of LAI inversed using the method based on 4-scale geometrical optical model and MODIS LAI was as—
sessed. It was found that noticeable difference exists between MODIS LAI and LAI inversed using the method
based on the 4-scale model with a R* value of 0.312 5. The means of LAI inversed using the method based
on the 4-scale model and MODIS LAI are 14.0% and 11.7% lower than that of TM LAI at 1 km resolution
respectively. In areas with low LAI values MODIS LAI is higher than TM LAI while LAI inversed using the
method based on the 4-scale model is lower than TM LAI. In areas with high LAI values ( LAl >6.0) both
MODIS LAI and LAI inversed using the method based on the 4-scale model are lower than TM LAI. Especial-
ly MODIS LAI is 34. 1% lower compared with TM LAIL
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2 Tab.1 Vegetation indices used in this study
2.1 LAI o
Vegetation index Formula
2.1.1 LAI
SR NIR/R
NDVI (NIR —R) /( NIR +R)
SR( ) NDVI( RSR SRx 1-(SWIR-SWIR,,) /( SWIR,, —SWIR,,)
) \RSR( SAVI (NIR=R) /(NIR+R+L) x(1+1)
) .SAVI( EVI (NIR -R) /( NIR +6R -7.5B)
) EVI( B.R.NIR.SWIR NN . L
) 5 (1 0.5 SWIR,, SWIR,,,
LAL B R NIR and SWIR are reflectance in the blue red near infrared and short

LAI

wave infrared bands. L is the soil adjustment factor normally assigned a constant

of 0.5. SWIR,,, SWIR

are the maximum and minimum values of the SWIR reflectance.

min
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2.1.2 LAl LAI
LAT LAI
LAI o Deng °
4 - LAI BRDF LAI
o 4 - LAI,
LAL; =figse( SR X fyror( 6, 6, ¢)) (1)
LAL; =fig rse( SR X foror( 6, 6, @) x (1 _pS\“RfSWIR_BRDF( 61}_0‘ e _pSWIR(min)) ) (2)
PSWIR(max) ~ PSWIR( min)
SR.RSR ; f LE_SR ‘f LE_RSR 4 -
SR RSR LAIE Soror Sfewmsror  BRDF o 0, 0,
P ' Pswir » PSWIR( max) “PSWIR( min)
’,
LAI :
LAT =LAI, /0 (3)
0 o
RSR LAI N !
(2) LAI; o
2.2
2.2.1 LAI 2008 7 25 27
47 TRAC LAI 09:00 16:30

30 m x30 m ™

2.2.2 Landsat -5 TM
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2.2.3 MODIS
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2.2.4 MODIS
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Fig. 1 The study area and sampling sites ( red dots)

at which LAI was measured
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LAIL. MODIS LAI 50% 500
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3
3.1 LAI
5 LAI ( 2). SR\NDVI RSR LAI
SAVI  EVI LAl o
NDVI  LAI R = 2 LAI
0.681 1 SR R?> =0.593 8: Tab.2 Models for empirically estimating LAI based on
SAVI LAI R2 different vegetation indices
0.514 5, LAI R?
=0. 028 4¢’ ¥ 7NV Vegetation index Formula Coefficient of determination
LAT. SR y = 0.187 8% 0.593 8
LAI NDVI y = 0.028 4¢7 757 0.681 1
LAI RSR y = 0.488¢" 7" 0.577 3
NDVI LAI SAVI y = 17.749x — 3.599 2 0.514 5
° EVI y = 37.706x - 2.758 6 0.560 7
Yy X
A A A y represents LAI and x indicates vegetation index.
LAI
(LAI =0.028 477 7NDVI)
30 m LAIT
( 2)s
LAI
LAI 2.0~5.0
LAI
5.0 LAI 2 ™ 30 m
7.0, Tian . ( )
2003 5 Fig.2 The LAI map of forests at 30 m resolution generated using the TM
LAl 3.0~6.0 remote sensing data ( the white colored areas are non — forested areas)
3.2 MODIS LAI
(2) MODIS 500 m LAI 3 o LAI
LAI 5.0 8.0;
LAT 2.5-~5.0; 7 N
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Fig.3 A map of LAI at 500 m resolution inversed
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. ® 3
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Fig.4 Comparison of 500 m LAI inversed using the MODIS reflectance
° data with TM LAI ( The dashed line is the 1: 1 line.)

(a) TM 1 km LAL; (b) MODIS 1 km LAL (c) 4- Ikm LAI.
(a) TM 1m LAI; (b) MODIS 1km LAI;, (¢) LAI inversed using the method based on the 4 —scale geometric optical model.
5 1 km
Fig.5 Maps of 1 km LAI in Taihe county
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Fig.6  Comparison of MODIS LAI (a) and LAI inversed in this study (b) with TM LAI
at 1 km resolution ( The dashed line is the 1: 1 line)
3 MODIS LAI LAI TM LAI
Tab.3 Statistics of TM LAI MODIS LAI and LAI inversed in this study at 1 km resolution
LAI LAI range
Leaf area index 0~2 2 ~4 4~6 >6
AverageTM 1 km TM 1 km LAI 1.76 2.92 4.78 7.10 3.84
4 1 km
1 km LAI inversed using 4 scale model 120 2.63 4.63 >4 330
MODIS 1 km MODIS 1 km LAI 1.86 2.99 4.20 4.87 3.39
4
TRAC LAI ™
LAI LAI MODIS LAI
4 - LAI o
(1) NDVI  LAI 47 LAI LAI
LATI =0.028 4" 7NV,
(2) 4 — LAT TM LAI 500 m 1 km
R’ 0.424 4 0.478 8. LAI T™ LAI
14% - LAI T™ LAI 0-~2 6.0 o
(3) MODIS LAl TM LAI 1 km R* 0.3125.
MODIS LAI 3.39 TM LAI 11.7% » TM LAI 4.0
MODIS LAI ; T™ LAI 4.0 MODIS LAI T™ LAI
T™M LAI 6.0 MODIS LAI TM LAI 31.4% .

1 Chen J M Black T A. Defining leaf area index for non —flat leaves J .Plant Cell and Environment 1992 15(4) :421-429.
( 552 )



552 . 33

breeding and genetics of forest trees. Proceedings of QFRI/CRC — SPF Symposium Noosa Queensland Australia 2000: 27-43.

4 ) F, J. 2008 21(3) :314319.
F, J . 2010 23

(1) :2530.

6 ) 3 SSR J.
2008 28(5) :2831 41.

7 F, J
2008 32(4) :3741.

8 . Pilodyn J. 2008 30(4) : 741.

9 . J. 2008 44(7) :2328.

10 WU Shi — jun XU Jian — min LI Guang — you et al. Use of the pilodyn for assessing wood properties in standing trees of Eu—
calyptus clones J . Journal of Forestry Research 2010 21( 1) : 68-72.

11 . Pilodyn J. 2009 22(1):
79-83.

12 . Pilodyn J. 2008 21( 6) : 72-76.

13 . J. 2008 44(7) :23-28.

14 . M . : 1985:282-464.

15 . SAS M . : 2001:268278.

16 . M . : 2005: 15 -21.

17 . C . : 1990:215218.

2 Chen ] M Cihlar J. Retrieving leaf area index of boreal conifer forests using Landsat TM images J . Remote Sensing of En—
vironment 1996 55(2) :153462.

3 Sellers P J Dickinson R E Randall D A et al Modeling the exchanges of energy water and carbon between continents
and the atmosphere J . Science 1997 275(5299) :502-509.

J. 2003 3:58-62.

Tang S Chen J M Zhu Q et al. LAI inversion algorithm based on directional reflectance kernels J . Journal of Environ—
mental Management 2007 85( 3) : 638-648.

6 Justice C O Townshend ] R G Vermote E F et al. An overview of MODIS land data processing and product status J . Re—
mote Sensing of Environment 2002 83( 1 -2) :345.

7 . MODIS J. 2005 4 22-27.

8 Deng ' Chen ] M Plummer S et al Algorithm for global leaf area index retrieval using satellite imagery J . IEEE Trans—
actions on Geoscience and Remote Sensing of Environment 2006 44( 8) :2219-2229.

9 Pisek J] Chen ] M Deng F. Assessment of a global leaf area index product from SPOT —4 vegetation data over selected sites
in Canada J . Canadian Journal of Remote Sensing 2007 33(4) :341-358.

10 Liu R ChenJ M LiuJ etal Application of a new leaf area index algorithm to China’ s landmass using MODIS data for
carbon cycle research J . Journal of Environmental Management 2007 85( 3) : 649-658.

11 Brown L] Chen J M Leblanc S G et al. A shortwave infrared modification to the simple ratio for LAI retrieval in boreal
forests: an image and model analysis J . Remote Sensing of Environment 2000 71:16-25.

12 Vermote E F Tanre” D Deuze’ J L. et al Second simulation of the satellite signal in the solar spectrum 6S: an over—
view J .IEEE Transactions on Geoscience and Remote Sensing of Environment 1997 35( 3) : 675-686.

13 Tian Q LuoZ Chen J M etal Retrieving leaf area index for coniferous forest in Xinguo County China with ETM ¥ ima-
ges J . Journal of Environmental Management 2007 85(3) : 624-627.



