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Leaf Area Index Inversion of Winter Wheat Using
RADARSAT-2 Data and Modified Water-cloud Model

TAO Liangliang''* , LI Jing'* , JIANG Jinbao’ ,CHEN Xi'"* ,CAI Qingkong’
(1. State Key Laboratory of Earth Surface Processes and Resource Ecology,Beijing Normal University,
Beijing 100875,China; 2. Key Laboratory of Environmental Change and Natural Disaster, Beijing Normal
University, Beijing 100875,China; 3. College of Geosciences and Surveying Engineering,

China University of Mining and Technology, Beijing 100083, China)

Abstract ;: The inversion of vegetation parameters using microwave remote sensing is usually affected by
the heterogeneous distribution of vegetation,sparse vegetation cover and the influence from bare soil,
which leads to the unsatisfactory results in parameter estimation for agricultural applications. In this
study,in order to solve the problem of surface vegetation parameters retrieval using microwave remote
sensing ,a modified water-cloud model was developed to retrieve leaf area index (ILAD) by adding vege-
tation coverage and the direct effect of bare soil on the total backscatter coefficients, which gave full
consideration to the distribution of vegetation coverage. The modified model was validated between the
simulated backscatter coefficients and measurements based on ground observations and RADARSAT-2
data in China. Consequently,a look-up table algorithm was applied to calculate the value of vegetation

water content and retrieve LAI according to the linear relationship between the vegetation water con-
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tent and LAIL Results indicated that the modified model was more sensitive to the vegetation condition
and the estimation accuracy was higher than that of water-cloud model. The R* and RMSE were 0. 850
and 0. 739 dB in HH polarization,0. 918 and 1. 475 dB in V'V polarization,respectively. Meanwhile, the
modified model could effectively distinguish the scattering influences produced by the vegetation cover
and bare soil component on the backscatter coefficients. The accuracy of LAI retrieval was significantly
high with the R* and RMSE of 0. 841 and 0. 233. This method provides support to estimate the LAI of
winter wheat using radar data in a wide range.

Key words: Water-cloud model; RADARSAT-2; Leaf area index; Vegetation coverage; Vegetation

water content; Backscatter coefficient

(leaf area index, LAD) ) 0. 64 0. 065, Inoue
’ (0] N ’
, . LAI s
\ trsl LAT C HH
LAI , , L HH
N N (] ’ o
LAI . , brsl - Syoray [
(SAR) ,
. . LAI )
. . 0. 82, Beriaux ¥
o , C \'A%
,LAI . s s LAI
- 3 RMSE 0. 26, 0. 56, Kweon
LAI L1
, LAT , )
) RMSE 1.5
) , , dB,
\ , LAI o s
(Water- , 2014
cloud model, WCM) , Attema Ulaby RADARSAT-2
1978 L, . , ,
JLAI, (ool - Ulaby [ LAI
LAI LAI , LAI .
, LAI 0.5 )
8.6,13.0,17.0 35.6 GHz , 1
LAI o 1.1
Prevot - C X , .

LAI N N ,



+ 238 - 36
( DR 34. 1°~ 4.9, (TDR) 7.6
34.5°, 107. 8°~108. 3°, 34 000 cm s 112,
km*, 431 ~563 m, ,
13 C, . 636.1~663.9 mm, , 8.2% ~58.3%.,
’ 107 0 )
11 5—6 180 d o
2014 3 28 3 30 105 °C 48 h. .
’ ’ 2 m .
. \LAI, 0~10 cm '
. ., LAI LI-COR o
LAI2000 , 1. 2~ °
zll]'n"*ﬁ'[l"li 107°50"0"E 107° 55" 0"E 108°0 0"E 108° 5’ 0"E 108" 10" 0"E 108° 15' 0"E 108°20"0"E =
g A |Z
/.I-—" :
§ 101'45'1;"1! 107'50"0'11 10’."55.'0"13 108'0"0"13 108°5'0"E 108° 16’0"E 1os'is'0”E 108"20'0"E e
1
Fig. 1 Study area as well as close- and long-range photos of winter wheat
1.2
107°58'0"E 108°0°0"E 108°2"0"E 108°4"0"E 108°6'0"E 108°8'0"E 108° 10" 0"E
2014 3 29 e S e B
RADARSAT-2 . s
27°, 8 m, §
5.405 GHz, 25 km, RADARSAT-2 .

Next ESA SAR Toolbox

(NEST,version 5. 0. 16)

N

, Enhanced Lee E
: z
5X5, 20 TS0 VR 1820 10°40E 1086 0B 088 0E 10810 0'E
° 2 ’ 0—2:4_8 Kilometers
’ o
2 2014 3 29 RADARSAT-2
b
Fig.2 False color RGB composition of RADARSAT-2
Landsat-8 , 16 d,
image acquired on March 29,2014
185 km, 30 m, 2014

b

W I0N WIE0N WIB0N AN WRON WHON

0'N 34200

0N 3418



2 : RADARSAT-2 e 239 -
o t— 2 oo ne __
3 24 , Landsat-8 . ai’ml:ﬁexp(—Zkfsz ) S| I | W' (—2k,,0)
2 n=1 n
T L= @) fexp(— 2k )+ (B LE, (—k, 0
ENVI 5.0
+ fo (ky0) 1} (5)
' ) pq HH VV SW
’ ok, = ko cosOs fo ;
2 2.2
2.1 '
,HH \YAY
’ 09 = F(Myegy s My + 55 1) (6)
’ m, o p
’ . H V .S
’ Ny, .
[18] f19] | >
. . RADARSAT-2
O'Q:m :O‘gcg _|_ ')’“ G?oil ( 1 )
, Levenberg-Marquardt
Cog=A ¢ My * cos 0 (1—9") (2)
g (—2B 0 (3) A b
“=exp(— * My * SEC
v ‘ A B 1, (6)
O‘gan \Ugcg O‘Soil
37 s A ’
;B 3 Mg
;0 0
1
[20-237 Table 1 Estimated values of structural parameters
) Ann Bun Avy Byy
’ Value —24. 367 2.755 —31.619 1.589
: LAI .
Goun = Sveg (Greg TV 00 ) T (1= fuegdovon (4) LAI ’
(DPM) LAI C 3,
s fux=(NDVI=NDVI,;,)/(NDVI,,, —ND- or
Vi) NDVI Landat-8 51 LX)
®
;NDVImin NDVImax 4r

’

(Integrated Equation Model,IEM)
, Fung A K B4

, HH VV

MRS LAI

y=5.666x+0.087

R*=0.853

0 1 1 1 1 ]

0 02 04 06 08 10
A KE

Vegetation water content/(kg * m™*)

3
Fig.3 Linear relationship between LAI

and vegetation water content



e 240 36

0. 853,
. 2/3
, LAI ’ /
b b
3.1
) 4 .
b
m 0 0
& N 2 :
g P 2 —54
ﬂ'a —5 . .g
%5 : R E —10] o
i =]
= 0 o
Bz —104 &35 —157 8
=% = A0
=3 %' 12 3 —20
% g —1s o ?%925?0'004 é E 25 yTO(.)87gx—0.754
" —0. =S 25 X R*=0.585
EE P ‘ RMSE=1.156 dB a3 ) RMSE=1.383 dB
g —207r ; g —30+—— . r : .
= —20 —15 —10 -5 0 é —30—25 —20—15—10 —5 0O
= S 1 FF 1 B R M SE ) e R R A A
Measured backscatter coefficient /dB Measured backscatter coefficient /dB
8 o g2 0
2 ¢ E sl d
HE s B .
WG 8 —10-
&o é‘ o
B2y . By
EE 10 ig —151
17} 171
L] o . & 904
§§ —15 . f £;i6235533+3'501 g E 20 y71.328+4.824
c 52 > . R™=0.739
ﬂg RMSE=0.918 dB ?EI: —251 .- RMSE=1.475 dB
g g0k ‘ £
] —20 —15 —10 —5 0 ] —30—25 —20—15—10 —5 0
0 B S5 1) A R S e 6 S 1) FHCAT 2R B
Measured backscatter coefficient /dB Measured backscatter coefficient /dB
'cl:HH ;b:VV ;C:HH ;d:VV

a:original model in HH polarization; b:original model in VV polarization; c:modified model in HH polarization; d:modified model
with HH polarization
4
Fig. 4 Comparison between measured and simulated backscatter coefficients

calculated by the modified and original water-cloud model and validation

0. 668 . :D
0. 850, RMSE 1. 156 dB ,
0.918 dB, VV ,

. 16)

’ 30 m,
, ;@  Landsat-8

.HH VA% )
HH \'AY



2 : RADARSAT-2

o 241 -

s (6)
s LAI

, LAI o 5 ,

LAI
s LAI
, 0. 841, RMSE
0. 233,

LAI o

6
5 s ’
- .
2
£
3
‘E 24 S0 y=0.764x+0.816
= R*=0.841
= 11 .- RMSE=0.233
&

0+ !

0 1 2 3 4 5 6
S LAI Measured LAI
5 RADARSAT-2 LAI
Fig.5 LAI retrieval from RADARSAT-2

data and validation

s RADAR-
SAT-2

HH VA%
, LAI
LAI ,

0.841,RMSE 0. 233, .

(1] ;

[ .2011,27(3) :220-224.
Liu R Y.Wang J H, Yang G J.et al. Comparison of ground-
based LAl measuring methods on winter wheat [J]. Transac-
tions of the Chinese Society of Agricultural Engineering ,
2011,27(3) :220-224.

[2]Thorp K R, Wang G, West A L, et al. Estimating crop bio-
physical properties from remote sensing data by inverting
linked radiative transfer and ecophysiological models [J]. Re-
mote Sensing of Environment ,2012,124:224-233.

[3] , . , HJ-1-A/BCCD2

[Jl. ,2012,28(10) :172-176.
Zhao H,Pei Z Y,Ma S J,et al. Retrieving leaf area index of
winter wheat using HJ-1-A/B CCD2 data [J]. Transactionsof
the Chinese Society of Agricultural Engineering, 2012, 28
(10):172-176.

[4] ) , ,

0. ,2012, 45
(17) .3486-3496.
Li X C,Xu X G,Bao Y S, et al. Retrieving LAI of winter
wheat based on sensitive vegetation index by the segmentation
method [J7]. Scientia Agricultura Sinica +2012,45(17) ; 3486-
3496.

[5]Attema E P W, Ulaby F T. Vegetation modeled as a water
cloud [J]. Radio Science ,1978,13(2) :357-364.

[6]Ulaby F T, Allen C T,Eger G,et al. Relating the microwave
backscattering coefficient to leaf area index [ J]. Remote Sens-
ing of Environment +1984,14(1) ;113-133.

[7]Prevot L,Champion I, Guyot G. Estimating surface soil mois-
ture and leaf area index of a wheat canopy using a dual-fre-
quency (C and X bands) scatter meter [ J|. Remote Sensing o f
Environment ,1993,46(3) :331-3309.

[8]Taconet O, Vidal-Madjar D, Emblanch C, ez al. Taking into ac-
count vegetation effects to estimate soil moisture from C-band
radar measurements [ J]. Remote Sensing of Environment .,
1996,56(1) :52-56.

[9] Champion I, Prevot L, Guyot G. Generalized semi-empirical
modeling of wheat radar response [ J]. International Journal
of Remote Sensing ,2000,21(9) :1945-1951.

[10]Inoue Y,Kurosu T,Maeno H,et al. Season-long daily meas-
urements of multifrequency (Ka,Ku,X,C,and L) and full-
polarization backscatter signatures over paddy rice field and
their relationship with biological variables [ J]. Remote Sens-
ing of Environment »2002,81(2) :194-204.

[11] Svoray T, Shoshany M. SAR-based estimation of areal
aboveground biomass (AAB) of herbaceous vegetation in the
semi-arid zone:a modification of the water-cloud model [J].
International Journal of Remote Sensing ., 2002, 23 (19).
4089-4100.

[12]Svoray T.Shoshany M. Herbaceous biomass retrieval in hab-
itats of complex composition: A model merging SAR images
with unmixed Landsat TM data [J]. IEEE Transactions on
Geoscience and Remote Sensing ,2003,41(7):1592-1601.



. 242 -

36

[13]Beriaux E, Lucau-Danila C, Auquiere E, ez al. Multiyear inde-
pendent validation of the water cloud model for retrieving
maize leaf area index from SAR time series [ J]. International
Journal of Remote Sensing ,2013,34(12) :4156-4181.

[14]Kweon S K, Oh Y. A modified water-cloud model with leaf
angle parameters for microwave backscattering {rom agricul-
tural fields [J]. IEEE Transactions on Geoscience and Re-
mote Sensing ,2015,53(5) :2802-2809.

[15]Xing M, Quan X, Li X,et al. An extended approach for bio-
mass estimation in a mixed vegetation area using ASAR and
TM data [JJ. Photogrammetric Engineering & Remote
Sensing ,2014,80(5) :429-438.

[16] . [Jl.

,2004,40(11) :226-228.

Wang G. A semiautomatic soil roughness measure system
based on human-computer interaction [ J]. Computer Engi-
neering and Applications,2004,40(11) :226-228.

[17] , , .
Ll 22010 (5):959-973.
Zhou P,Ding J L, Wang F, et al. Retrieval methods of soil
water content in vegetation covering areas based on multi-
source remote sensing data [ J]. Journal of Remote Sensing .
2010,14(5):959-973.

[18] , , s . EN-
VISAT-ASAR ~ MODIS 0l

,2008,26(3) :39-43.

Liu W X, Liu X L,Wang J,et al. Remote sensing retrieval of
soil moisture using ENVISAT-ASAR and MODIS images in
vegetated areas of Huanan [J]. Agricultural Research in the
Arid Areas,2008,26(3) :39-43.

[19]Bindlish R,Barros A P. Parameterization of vegetation back-
scatter in radar-based, soil moisture estimation [ J]. Remote
Sensing of Environment ,2001,76(1) :130-137.

[20]Moran M S, Vidal A, Troufleau D,et al. Ku-and C-band SAR
for discriminating agricultural crop and soil conditions [J].
IEEE Transactions on Geoscience and Remote Sensing ,
1998,36(1) :265-272.

[21]Champion 1, Prevot L, Guyot G. Generalized semi-empirical
modelling of wheat radar response [ J]. International J ournal
of Remote Sensing ,2000,21(9) :1945-1951.

[22]Graham A J,Harris R. Estimating crop and waveband specif-
ic water cloud model parameters using a theoretical backscat-
ter model [J]. International Journal of Remote Sensing .
2002,23(23):5129-5133.

[23]Inoue Y,Kurosu T,Maeno H,et al. Season-long daily meas-
urements of multifrequency (Ka,Ku,X,C,and L) and full-
polarization backscatter signatures over paddy rice field and
their relationship with biological variables [ J]. Remote Sens-
ing of Environment ,2002,81(2) :194-204.

[24]Fung A K, Li Z,Chen K S. Backscattering from a randomly
rough dielectric surface [ J]. IEEE Transactions on Geosci-

ence and Remote Sensing +1992,30(2) :356-369.

10000000000 000000000 00000 000> 00> 00> 0000 0> 00> 000> 00000

2016

( »

( » . ( )
, o ( . . . ) . .
( y o v 7 7, §
» (CABD , ( ) (CA) ., { ) (CSA), { »
(AD . { ) (JS . { ) (I0) M )
o 3 10
§ » s s 30. 00 , 360 . :CN61-1359/8S, : 1009~
1041, s :52-66, B
s 114798,
:029-87082642(
3 ( » ;712100
http://www. tcrop. net;http://mlzwxb. alljournals. ac. cn/( . .

)



