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Fig.1 Flowchart describing the assimilation experiments

procedures for turbulent fluxes estimation
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(a) Bondville, H[A] (b) Bondville, 7% [a]

M 2 AT LLF HAE H A 2 A3 S GOES Hhy
TR RE 5 S0 v R RE Y U i R B (RY) 4 il oh
0.89 F1 0.93, Bk T & Al 1y 0.97. & v fis 22 (A
(Bias) ¥ 28 IE 5, 16 B GOES [ 8 1) b 3% 1 & 3 3
e T o R S LR S R 2 e T R
341, kG BE J7 1T - GOES {1 H ] i 3% i B ( Bondville
% RMSE 24 2.30 K, ARM _SGP_Main ¥4 RMSE W
1. 66 K) {i F 7% [ ( Bondville 3 RMSE Jy 2.41 K,

(¢) ARM_SGP_Main, H [d]

(d) ARM_SGP_Main, % |f]

ARM_SGP_Main 3§ RMSE 2 1.69 K) . fE 4 B 5%
R SR 2 Ak R H B S R 3 AR R 2
RMSE iy ¥{6 (RMSE Jy 2 K) 1 Sy WL 15 22 31 )i H]
e 92 By [F] A 15 v
3.2 EHIRE

ARSCAE 1.2.2 45 v 32 3] i B iR 22 40 4% LST
E, Fl Cyuy, By ADVAR HpfR 878 B 19 5% 22 J2 LU R
KAETETRARG T, i H A8 B HR 22 U oy 22



LR

XUFRAR 45 . HeT GOES 40 7055 29 5 AL 73 Y b 2 K $A0i 4k i 55 241

TUHAT ST o PR b 15 22 e AR M ek 50 0T I Y 5%
I EHH Q, .0, M Q.. BEXRED T 21
B 2 0 W ME Y, 38R 2 58 3 R LRI 5T N A
AR . AU TE— D RAAE D (10 d) T 4%
A1 22 3G ] ROBE B A [a] S B0 22 A 3 5 IR )
E2 S 1 S ke A A B 4 SR H R I ) RS Ry
30 min {2 I A 5 22 P O 22 EAT IR A0 AT, 1
EHARE P r 2B 0 ~ 9 K*, AL il
LK1 Q, R Q. LA K H A1 46 32 17 2 B0 | 4 5%
a2, K3 FRnEE Q, AL AT R R R R
JE 2 0E P U7 LR 22 RMSE 2814k
3 PR R LST AYRLPLES R 1) RMSE
WA R 22 P J7 26 WY 15 R T IR ) L T LR 22 B O 22 E
05 1 &bzl iy RMSE T [ o Wl W o [m] i 72 Jd
TR LA R B T A A Y 1R 25 P T
14

1.2

—_
(=)

LST RMSE/K
=
=]

0.6
04
0.2
0 2 4 6 8 10
s 22/K3

()

220 3 1 [{9IF %] RMSE [5] T B 3 FE B B, (H2
Wit A TR 2 2 1) 39 K, Sl BAG A ) RMSE 22 fb s
et AR AL I AN S, 1 T ROE R 9 RMSE 20 i 35 %
TR IZHIIG KRB S ETL. L3 % IELL LR O, 12 [F)
Tl gs g s i Ui 22 Q, 2 K7
R2 RESTTHNBEERE
Tab.2 Settings for the parameters in data

assimilation system

2 Lixv K

IR E BR2E VN 2%

P/ (m?K-sT) i e A 1 000
ES B 0.6 0.25
Cin W% RBE 5% 0.004 9.0x10°°
Em K? i 2 L RE AR R 22 0-~9
&, K? i 2 I B XN R 2 2
T K HWRBEVGRE =T 29 5
Ty K + 4 290

100
~ 90 —— L
‘
£ 30 ——
2 \—?",o’—’"/.l.
27
<
z 60
= 0
)
%

30

20 '

0 2 4 6 8 10
YIS

(b)

Pl 3 BEAER 22 Uy 22546 (0 ~ 9 K*) AR5 ik 1) RMSE 45
Fig.3  Assimilation results of the retrieved LST RMSE with increasing model errors from 0 to 9 K*
(a) HWIZRE  (b) BHGEE H AEHGE R Ly,

3.3 REMHE

A ICXE 2006 AR AW ER T (4 HE9 A) W
SRl Yl G T PR e e D AR S s R
I [A] P J A S PR A T RO i 8 (R A S o e
B 55 ot a5 DN 11 A R R AT X EE L B R A A3 A
Y77 MR 22 (RMSE) 515 S PF f [7) AL 52 10 20 22 4
bro wh SR A R B A I 3,

% 3 Bondville, ARM_SGP_Main it HE L & R

Tab.3 Summary of data assimilation results at

Bondyville and ARM_SGP_Main sites

. FEAEL Byl DHGEE G E
i A AR ) . A
(2006 44 ~9 A) i#ZE  /Wem > /Wem™?
RMSEl  68.69 80. 18
Bondville 6291
RMSE2  42.31 52.87
RMSEl  72.98 79. 05
ARM_SGP_Main 7132
RMSE2  50. 64 57.30
1 : RMSED R f5 7 45 5 119 3 5 L i3 25 ; RMSE2 IR [A] fk 25 2%
M T MR R 2

MF 3 AT LUA Y, SRR S R A B, R 4
Ja S B RS AR 2 A a5 A 3 T R R 22

68.69 W/m’F1 72. 98 W/m’ 43 B &A% 342. 31 W/m’
1 50.64 W/m®, V8 Ah FORS BE A9 B 5 AR IR 22
80.18 W/m’ fl 79.05 W/m’ [% & 52.87 W/m’ H
57.30 W/m®, BT &, 764 14 A K ZE Y 4t [
b5 138 1] 45 3 — o 0 .

4 FE 5 43 514 Bondville 5 ARM_SGP_Main
il 1 R FE S BRGS0 ] Ak 45 SR B ]
G IR o 75 3 T L TR e A e S T A
U B T KR A 0% 2k, Bl 4 B Bondville
2006 4E4(5 155 K F 45 185 K, 8 5 ##: ARM_SGP_
Main 35 (955 130 K345 160 K, M B[] ¢ 41 [&
AT DL b 3 I 2 1% 78 A T 5 e A AR o) 7K A
B4k 3o TR 4k 5 #4438 5 A9 RMSE ( Bondville %
41.17 W/m’ ,ARM_SGP_Main Jy 34.42 W/m’) W&k
F i & 19 RMSE ( Bondville % 49.96 W/m”,
ARM_SGP_Main 7 39.30 W/m”) . Vi [l {k 2 55 %t
PG B AL TR A TR GE R A, O TR
WIE L R G s A a5 i Uk 3 Gs 47 i
Xf 7K #48 BEAf 1 (Bondville 3 2 | # #4 08 £ RMSE



242 gk Bl ¥

2014 4

3 55.23 W/m’ ,70.98 W/m’, ARM _SGP _Main 4
B O HGE & RMSE 5 57.89 W/m’ .65.46 W/m’)
AHEG , 280 b 3R 08 B2 [8) 46 S5 00 488 =0T 7K $4GE o Aik it
EGE R

320 —=— [ R —— WG

315 Iy :

310 ; TEY ¥
5(305 cARARRNT : A Tl AARS
mE 300[A 111 i LA ]
% 295Ht A ¥ SR LR Ry
f;,;, AR ATV IS AR G\ i 4
= 285 ¢ \ Y )

280 %

27553 160 165 170 175 180 185
BECIG

600
D —=— SR LR
g 400
% 300
i
= 200
=z 100
=1
=0

-100
155 160 165 170 175 180 185
H ol

600
500 | —a— [ R =R
g 400t

-2

155 160 165 170 175 180 185
F0ird

Kl 4 Bondville 3l £ b 33l 52 | i 2 Bk A
VPG A 1Y W) A 4
Fig.4 Comparisons between estimated results and ground
measurements for surface temperature (upper) , sensible heat

flux (mid) , and latent heat flux (lower) at Bondville site

4 itig

IR BT AN B T A 2 45 55 2 AR AR
G R 45 4 9 2% Jf 7 ot 72 (70 1k 2R 46, o I B 1)
GOES #1 2 Ji J¥ [7] 1k 7 3% & G5 v, [7) it A1) 1 59 249 3K
7 B (R A5, % B8 T A% Il T A X R A A Y R
A8 VE BB R S8, 0 R 8 R 25 0O J A AR
M BR B, 8T A A X b R | R ARG A A
i 1Al B A

S R PATIR S Dok F £ S E (7]
(1) 38 2t 3 2 HE AT () AR 6, 0 o e 2R K 2 (4 1 B
9 1) KR B8 H IR 2 B 2 A - [ AL A M 2 3R (1
JiiiR2% RMSE [ % | K £ 47) Ml lL T GOES % i
{1 3t 22 6L B (HCHS 5 AR 25 RMSE 290 2 K ) o i 42
LK AR bl T R 57 52 AT I AL A 2 IR
() 3 113 1 [ Dy 290 K, LA 400 1 b 39 Uk 32 34
MR 2 RMSE 10 K Z24) W@ W 2. FAkJ5 i
B W IGE A A5 R 5 A Ok 7 B Y B 0
P B 45 SR LG, O BT R A 0 GRS AR 0
(F-¥) RMSE T [ 26 W/m?) & T & #4519 42 7

320 —o— LA R —— WA LR

310 STRLEYY 2
305 4 HESEESRR S

130 135 140 145 150 155 160
H/d

T 500 —— LA R —— WL R

130 135 140 145 150 155 160

Hid
600 ‘
o 500 o LR e WL
£ 400 l
Eﬂé 300 1338888 L it
E 200 T ! ) .
= ool kit iy hi IEHERIEY
#m o ‘ :
005135 10 s 150 155160
H353/d
K5  ARM_SGP_Main uf i 3th 323 B | 2 K0 Bt A
T HRGE = 1Y A Ak 245

Fig.5 Comparisons between estimated results and ground
measurements for surface temperature (upper) , sensible
heat flux (mid) , and latent heat flux (lower) at
ARM_SGP_Main site
i B (7 RMSE TR 22 W/m®) o MDA b 45 5 xt
Fo b mT DA A, A BIF £ A i ok AR AR K
23U FE ORG B RARE S T K G = ) e —
I, 7E N F h GOES #ib 3R I BE 1) S T8N B85 8 =g, %o [

b ZR G K FAGE 1 1Al T R R .

W58 Ho6F GOES Hb 3% i FE 1 S e ok F2 gk A7 1 ™
& 1 5 B 5 ) (48 10 bit (9 GVAR %04, R A
1 km 1 4 km Z085 40 B 3000, W 2258 18 5250 bk =
M55 ) o BRHTE RER 4316 LK, GOES Sz i 1)
b2 U E BT T M v 3 S A R RE . SR, H
T 2 X8 b 0 B A WL Ty O [, 2% 25 5 B0 w22
)77 A o AER R RUBE b - T 3 B8R 5 AT A ) 9 B[]
43R (30 min) |, {H 1 iz 38 114 33 1B A2 9 B {17
b T 3 45 2 B I BE R 30 min YRS (4 OF- B E 7
B ROFE I : GOES S i () M 3% il B Q3R 78 [ &
1 km x 1 km 8% 4 km x4 km, [ 35 55 5200 (0 Ho 2% 35
R R+ LT ok B, 78 5 2 i 2 25 &
lml Al i H 2 T 5 S8 I RS 2 18] A B i 22 3R
7, B 4 #F Bondville ¥k () 156,160,161 F1 165 d
(E 4),H1 ARM_SGP_Main 3§y 154 155 #1156 d
(I 5) , IRl Ak e B b 2 i 2 5 5 il B2 AR 22 29 5 K,
WAL, H T Rl e AR M T A BRI R



LR

XUFRR S . He T COES B4 155 2 U8 70 1Ay 3 32 K Al 4 A 5

243

PRI AR OGS 5005 22 AR ME HE B A6 53, AR A T oAt [
PCF 3, 55 29 SR 4 DU 2 78 93 5 95 7R B 12 v SR O ) I
BB A 09 2 K075 R Ao 7 nT — s R
FETHE REAT W o SR, 55 249 R % J7 ¥k UL [l AL
i B B2 R 25 1 L S AR, X2 B0 SR e
A T 20T T BIF 5 1 2 B B S e R . A, i
T A B A AR — A PR A R AR AR e X
A SR A 4R T G IR X DR IR 3 30 R ) 90 e L ) 13
B R 5 M ol T AR AR U R GEIR 2R o ZE BT
& B R AL AP, JE I8 DR O ae AR A AU 14 e 22 38
TR SRS B TR R AT A R AR 1 i 3
55 SN BE A A 22 S WO AT RE . BT T 5 =2, 78 il 10 K
P Al A R Ge v 46 i 2 0 WL 3% 2 3 ] the 5 T [
REER . LT — 2 1 AR 2 X X e AR A, 42

HH B S8 2 4 [ A SR s AT 5
5 HRiE

) FH 585 249 SR 014 DU 24 A2 3 7 12, i T 5 AR A 5K
A IR 22 AR 2 M0 Wy B S AT R o,
A o8 B, LR AR TR S i B K GOES
J 38 F) b  JLBE 55 3ty UL I R R Hh X B, A 2
WGt 7k, X AR &R G 00 W R 22 BEAT T BE .
M 2o 45 il T e R AR 2, S K A R T A ol
Bl AL R GE . ML R Al 45 5 1 48 7 AR 22 X R 48
BEATPRSE I (R 2 2R AT I 8 Bt 0 P AR SO 57
(1) 553 249 SR DU 245725 5 ol T K000 ) 4 D 3k 9 R AT 4 A O
At

Bastiaanssen W G M, Menenti M, Feddes R A, et al. A remote sensing surface energy balance algorithm for land ( SEBAL)-1.

Hydrology and Earth System

Review on estimation of land surface radiation and energy budgets from ground

IEEE Journal of Selected Topics in Applied Earth Observations and

Wang Kaicun, Zhou Xiuji, Li Weiliang, et al. Using satellite remotely sensed data to retrieve sensible and latent heat fluxes: a

Boni G, Entekhabi D, Castelli F. Land data assimilation with satellite measurements for the estimation of surface energy balance

Caparrini F, Castelli F, Entekhabi D. Mapping of land-atmosphere heat fluxes and surface parameters with remote sensing data

Caparrini F, Castelli F, Entekhabi D. Estimation of surface turbulent fluxes through assimilation of radiometric surface temperature

Kustas W, Anderson M. Advances in thermal infrared remote sensing for land surface modeling[ J]. Agricultural and Forest

Ma H Y, Huang J X, Zhu D H, et al. Estimating regional winter wheat yield by assimilation of time series of HJ-1 CCD into

Liang Shunlin. Advances in land remote sensing: system, modeling, inversion and application [ M]. New York: Springen,

Norman J M, Kustas W P, Prueger J] H, et al. Surface flux estimation using radiometric temperature; a dual temperature-

Advances in Water Resources,

Qin J, Liang S L, Liu R G, et al. A weak-constraint-based data assimilation scheme for estimating surface turbulent fluxes[ J].

Xu T R, Liang S L., Liu S M. Estimating turbulent fluxes through assimilation of geostationary operational environmental satellites

Bateni S M, Liang S. Estimating surface energy fluxes using a dual-source data assimilation approach adjoined to the heat diffusion

Kalman R E. A new approach to linear filtering and prediction problems[ J]. Journal of Basic Engineering, 1960, 82 34 ~45.

Evensen G. The ensemble Kalman filter; theoretical formulation and practical implementation[ J]. Ocean Dynamics, 2003, 53

2 £ X
1
Formulation[ J]. Journal of Hydrology, 1998, 213(1 ~4) . 198 ~212.
2 Su Z. The surface energy balance system ( SEBS) for estimation of turbulent heat fluxes[]].
Sciences, 2002, 6(1) : 85 ~99.
3 Liang S L., Wang K C, Zhang X T, et al.
measurement, remote sensing and model simulations [ J].
Remote Sensing, 2010, 3(3) . 225 ~240.
4 EIFAEJHFE AL % R TR R RGBS R Bl R IR 2R IR [T ] shIRRE R, 2005,20(1) 42 ~48.
review[ J]. Advances in Earth Science, 2005, 20(1) :42 ~48. (in Chinese)
5
components and surface control on evaporation[ J]. Water Resources Research, 2001, 37(6): 1713 ~1 722.
6
[J]. Boundary-Layer Meteorology, 2003, 107(3) : 605 ~633.
7
sequences[ J|. Journal of Hydrometeorology, 2004, 5(1); 145 ~159.
8
Meteorology, 2009, 149(12) . 2071 ~2 081.
9
WOFOST-ACRM model[ J]. Mathematical and Computer Modelling, 2013, 58(3 ~4) . 753 ~764.
10
2008.
11
difference method to minimize measurement errors[ J ]. Water Resources Research, 2000, 36(8): 2263 ~2 274.
12 Kumar P, Kaleita A L. Assimilation of near-surface temperature using extended Kalman filter[ J].
2003, 26(1) : 79 ~93.
13
IEEE Geoscience and Remote Sensing Letters, 2007, 4(4) . 649 ~653.
14
data using ensemble Kalman filter[ J]. Journal of Geophysical Research: Atmospheres, 2011, 116(D9).
15
equation[ J]. Journal of Geophysical Research-Atmospheres, 2012, 117(D17).
16
17
(4): 343 ~367.
18 Annan J D, Hargreaves J C. Efficient parameter estimation for a highly chaotic system[ J].

Tellus Series a-Dynamic Meteorology



244

VA1 A S R 20144

19
20

21
22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37
38

39

and Oceanography, 2004, 56(5) : 520 ~526.

Kivman G A. Sequential parameter estimation for stochastic systems[J]. Nonlinear Processes In Geophysics, 2003, 10(3) : 253 ~259.
Sasaki Y. Numerical variational analysis with weak constraint and application to surface analysis of severe storm gust[ J] .
Monthly Weather Review, 1970, 98(12) . 899.

Derber J C. A variational continuous assimilation technique[ J] . Monthly Weather Review, 1989, 117(11) . 2 437 ~2 446.

Xu L, Daley R. Towards a true 4-dimensional data assimilation algorithm: application of a cycling representer algorithm to a
simple transport problem[ J]. Tellus Series a-Dynamic Meteorology and Oceanography, 2000, 52(2) . 109 ~ 128.

Uboldi F, Kamachi M. Time-space weak-constraint data assimilation for nonlinear models [ J ]. Tellus Series a-Dynamic
Meteorology and Oceanography, 2000, 52(4) . 412 ~421.

Natvik L J, Eknes M, Evensen G. A weak constraint inverse for a zero-dimensional marine ecosystem model[ J]. Journal of
Marine Systems, 2001, 28(1 ~2) . 19 ~44.

Kivman G A. Weak constraint data assimilation for tides in the Arctic Ocean[ J]. Progress In Oceanography, 1997, 40(1 ~4) .
179 ~196.

Bhumralkar C M. Numerical experiments on computation of ground surface-temperature in an atmospheric general circulation
model[ J]. Journal of Applied Meteorology, 1975, 14(7) . 1246 ~1 258.

Lewis ] M. The use of adjoint equations to solve a variational adjustment problem with advective constraints[ J]. Tellus Series a-
Dynamic Meteorology And Oceanography, 1985, 37(4) : 309 ~322.

Ledimet F X, Talagrand O. Variational algorithms for analysis and assimilation of meteorological observations—theoretical aspects
[J]. Tellus Series a-Dynamic Meteorology And Oceanography, 1986, 38(2) . 97 ~110.

Crago R, Brutsaert W. Daytime evaporation and the self-preservation of the evaporative fraction and the Bowen ratio[ J]. Journal
of Hydrology, 1996, 178(1 ~4) . 241 ~255.

Crago R D. Conservation and variability of the evaporative fraction during the daytime[J]. Journal of Hydrology, 1996, 180(1 ~4):
173 ~194.

Andrei N. Accelerated conjugate gradient algorithm with finite difference Hessian/vector product approximation for unconstrained
optimization[ J]. Journal of Computational and Applied Mathematics, 2009, 230(2) : 570 ~582.

Andrei N. Accelerated scaled memoryless BFGS preconditioned conjugate gradient algorithm for unconstrained optimization[ J].
European Journal of Operational Research, 2010, 204(3) . 410 ~420.

Goeckede M, Rebmann C, Foken T. A combination of quality assessment tools for eddy covariance measurements with footprint
modelling for the characterisation of complex sites[ J]. Agricultural and Forest Meteorology, 2004, 127(3 ~4) . 175 ~ 188.

Sun D L, Pinker R T, Basara J] B. Land surface temperature estimation from the next generation of Geostationary Operational
Environmental Satellites; GOES M-Q[J]. Journal of Applied Meteorology, 2004, 43(2): 363 ~372.

Pinker R T, Sun D L., Hung M P, et al. Evaluation of satellite estimates of land surface temperature from GOES over the United
States[ J|. Journal of Applied Meteorology and Climatology, 2009, 48(1): 167 ~180.

BRI, AR, TR R R[] Bl R B i, 1999,22(3) « 381 ~386.

Gao Zhiqiu, Su Zhongbo, Wang Jiemin, et al. Study on roughness lengths, neutral drag coefficients and bulk transfer coefficients
over nansha islands sea[ J]. Journal of Nanjing Institute of Meteorology,1999,22(3) :381 ~386. (in Chinese)
DS, kAT AR M. — A RS PR R I [ T]. P ERN (D 5 ERERL ), 2007,37(5) : 698 ~704.
K, HE . 7E NCEP GDAS [l fk MSG F1 GOES ¥RL[J]. KRB, 2012,35(4) : 385 ~390.

Zhu Tong, Weng Fuzhong. Assimilation of MSG and GOES data in the NCEP GDAS[ J]. Transactions of Atmospheric Sciences,
2012,35(4) :385 ~390. (in Chinese)

TR, T 2. 5 I BE R AR A B ) BRIk RO SE [ T]. w4, 2004,23(3) ¢ 305 ~312.

Zhang Qiang, Wei Guoan. Experimental study on bulk drag and transfer coefficients over Gobi[ J]. Platean Meteorology, 2004,
23(3):305 ~312. (in Chinese)

Estimating of Land Surface Turbulent Fluxes Based on
Weak Constraint Variational Method and GOES Data

Liu Xiangge' Huang Jianxi' Qin Jun® Wang Pengxin' Xu Tongren’
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
2. Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Betjing 100101, China
3. State Key Laboratory of Remote Sensing Science, Beijing Normal University, Beijing 100875, China)

Abstract: A land surface temperature data assimilation scheme was developed on weak-constraint



LR XUFRR S . He T COES B4 155 2 U8 70 1Ay 3 32 K Al 4 A 5 245

viarational method and simple land surface model,which is mainly used to improve the estimation of the
turbulent heat fluxes by assimilating geostationary operational environmental satellite ( GOES) retrieved
land surface temperature ( LST). A variational data assimilation scheme was developed based on the
weak-constraint concept. It can estimate both state variables and model unspecified parameters together,
which is depend on the building of the cost function. The objective of the variational method is to
minimize the cost function to seek the most optimal control variables and accurately estimate sensible heat
and latent heat. The GOES LST is compared with the ground measured LST, and the root mean square
error (RMSE ) was taken as the observation error. The scheme was tested and validated based on
measurements in two mainly observation sites of Ameriflux. Results indicate that data assimilation method
improves the estimation of surface temperature, sensible heat flux and latent heat flux. The RMSE of
estimated LST is around to 1K in both sites. Meantime, the average RMSE of estimated sensible heat and
latent heat dropped to 22 W/m” and 26 W/m® respectively. It is a promising way to improve the
estimation of turbulent heat fluxes by assimilating GOES LST into land surface model.

Key words: Sensible and latent heat  Weak-constraint variational method ~GOES  Land surface

temperature retrieval Simple land surface model Data assimilation

(L#E%E 258 1)

Correlation between Wilting Index of Plant Morphology Defined by
2DFT Spectrum and Micro-environmental Factors

Zhao Yandong' Rong Fei' Liu Shengbo' Martin Kraft' Qi Jiandong’
(1. School of Technology, Beijing Forestry University, Beijing 100083 , China
2. School of Information, Beijing Forestry University, Beijing 100083, China
3. Thuenen Institute of Agricultural Technology, Braunschweig 38116, Germany)

Abstract. Wilting is one of life features of plants responding to drought stress. Early identification of
plant wilting is of importance for effective use of water in crop production. For this purpose, a laser
scanner based on the principle of triangulation project was used to obtain 3D images of plants and the DC
component of 2DFT was extracted as a wilting index. Four species, including zucchini, gourd, pumpkin
and okra, were tested. The experimental results demonstrated that this index could identify the early
wilting for each species and has a good linear correlation with the wilting degrees (R* >0.82). In
addition, the statistical models of multiple linear regression, which relates the wilting index to D,,, and
the solar effective radiation, was proposed; and it can be used as the qualitative index of plant water
deficit stress degree.

Key words: Plants Wilting Two-dimensional Fourier-transform Micro environment



