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Abstract: To quickly and accurately obtain the leaf water content of plants, an important evaluation indicator
for evaluating the plant water status, a sensitivity analysis with the PROSPECT Model was performed using the
traditional sensitivity analysis method and the EFAST  (Extended Fourier Amplitude Sensitivity Test) method.
Then, the spectral water indexes with a high sensitivity were selected. Using 8 deciduous broadleaf tree species
as the research samples, 1 494 spectral data as input data, an equivalent water thickness estimation model was
established and validated based on the ground equivalent water thickness and spectral data. Results showed
that EFAST was more sensitive than the traditional sensitivity analysis method in quantifying characteristics of
various biochemical parameters. The sensitive wavelength of leaf equivalent water thickness (lgyr) was in the
range of 900-2 500 nm, but in the same range, spectral reflectance was also affected by leaf structure and dry
matter content. Among the eight spectral water indexes selected, moisture stress index (/yg), normalized differ-
ence infrared index (Iypi), and normalized difference water index (Ixpwien) effectively increased sensitivity to
lpwr- Validation results based on measured data showed that prediction accuracy of Inpwiswo and Iyy estimation
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models were better than other indexes. Therefore, among the spectral water indexes selected for this study, Iy
wiisto and Iypn were the best indexes for estimating leaf equivalent water thickness at the scale of the plant leaf;
whereas, normalized difference water index (Ixpwiw) and simple ratio water index (lspy) were suitable for in-
version of leaf equivalent water thickness in the areas with lower moisture. The research demonstrated that E-
FAST method has significant value in guiding modification for localization of model parameters. [Ch, 3 fig. 5
tab. 28 ref. ]
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Figure 1 Spectral changes caused by parameter variations of PROSPECT model

Bl 1o & 28 5 0 6 I R e 2 A T WL B, RP 400~800 nm, i R R B A R
SIS ZT A0 R U 20 A BV B SR AL o I AL R T 5 A R I B R
700~2 500 nm, - HSEROK IR RE RN 90 052 e ko mT U0 o D B S i R B gk, HL S LR R S PR A ST 4T A R
LT AN B, I A REOK R B T2 R R (14 6 T % B A 900~2 500 nm., FE X B B Y, 6% S R BE
S HCIEL 1 348 R sk /) o
22 MARBHHBREEENT

KT AT A SO G G R A R, AR
K EFAST Jrik b AT T & R US55 Z 00
RRE S AT E AT HL B2 . 984 PROSPECT BERI A
SHGU B E NS0, IR EFAST RAE A5 8
1 494 21 BRI 5 A S B0ORE AR (EFAST 3250000 R RE IR BUK
T ZRAK65 M4 RASO, KRG
PROSPECT #i %!, JLFSHAEABE 1 494 % i

0 L\ A J 1 1 |
BodE, B #E Simlab 844 A X A 45 2R 31T Monte 400 800 1200 1600 2000 2400
Carlo HEHL R BUSAE AT A/mm o
2 55 T 48 PROSPECT #5760 451 1 3K 1) 4 B2 ot AR — B AR R R

e ~ . wr vy Figure 2 First order indices of leaf spectral reflectance to leaf
HEAT A R AU S BT B 4 S . B2 e B P

characteristics



872 TN 3 N = o= R 2019 410 H 20 H

HAWIEAFTR, FRGADSEOT IR 45 R oTek R R, o] DU RS R G s 5 30 B ik A Ak
SRR . — B SURIE RUR FIEE T 100%, 31X 2 W AR A6y 1 () S ff 8 Mk AN 2 T 2 502 18] 4 |
TERBIEM . B 2 BR7E 400~750 nm 3 By, AU H 25 5 282 Cy, g, ko No 78 750~
1200 nm P& BN, SGiERR FEEZ N A C, 52m, b N o1k 2 & m ik 90% 2 47, C, 1 SR BE AR
FFTE 8%~9% . TE P 900 nm kb, BT LLWLEE B Lpw T 46 X A5 70 iy s 25 SR 7= 2B f2 i, FEAE K 1 440,
1 920 F1 2 500 nm &b H 5Tk 5 2N 00 . X —PEBGEEN , L 5 FESTEER , A0 C. TN WAE—&
FREE bz AL I A5 2 o PR, Oh TR AR Lo MOAEE, NIZEE A AL B B AE B N R CL
S/ ME . HRYE RIS R, 7E 750~1 200 nm FEBEHN, L BBURFERUDN, Gl O R E 82 N
Wi, LR LIS 900~2 500 nm i B2 45 IS N A1 C,, (52, LATK B4R & X Lo SRR (9 H 1 o
2.3 HEHKDIEHB BT

RTRFEX 2 MW BEF AL GRS AR, ARSI T 8 B H TR )2 AR SOK S e R, X 8
Tl 4 7K 20 B ¥R 2 2% ol BRI e D B 2 S B DA U sk I — T SR . 7% I B B Lo SRR
JERAR A BB, Gn 820 F1 860 nm I &K BEH Lewe BURY BB, G 1 240, 1 600, 1 640 F12 130 nm,
iy F S G 1 340~1 450, 1 780~2 000 F1 2 350~2 500 nm i B 2 A 22 7K 75 e 7 5% 0 458 K 114
BB, BT LAASHIE 5 76 2 PR AR Bl 4 B0 A 25 Rk S i B o ASHIF 9 ik B 1 LR B K o0 38 B0 AR T
AXIFR2,

®2 HEHEAKSEHHTELAR

Table 2 Equation of water content spectral indices

18 K4 AN 2% 3k
JK 43 B30 35 %% (moisiture stress index, MSI) Lywi=R 160/ R0 [20]
17§ B 7K 4348 5 (simple ratio water index, SRWI) Tsewi=R g6/ R 1210 [21]
H— 1k 22 T 20488 %0 (normalized difference infrared index, NDII) Loni=(Rsa—R 1600/ (R oo+ R 160) [22]
H— 1k 2= 57K 43 45 %k (normalized difference water index, NDWI,,y) Lowina= (Rsso—R 1210)/ (Rt R 120) [23]
H— 1k 2% 55 7K 43 #6 %X (normalized difference water index, NDWT,g) Downer= (Rso—R 160)/ (Rssot R 1610) [24]
T —1k 2= 5K 43 $58 (normalized difference water index, NDWl,5) Towiiz= (Rsg—R130)/ (Rt Ror) [24]
5 —Ab £ P BT 548 0 (normalized multi-band drought index, NMDI) L= Ry~ (RiguRoro) [25]

Ryt (Risi—Ra130)

A ERAE W 7K 4348 L (global vegetation moisture index, GVMI) Towwi= Egg:g} ;;ég;gﬁgg;i [26]
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Table 4  Sensitivity analysis of vegetation water content indices to [y, N and C,,
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Table 5 Spectral index statistical regression model and its evaluation indexes
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