CURVEE -~ TR
2022 4 8 1

S S S NS I VA
REMOTE SENSING TECHNOLOGY AND APPLICATION

Vol.37

No.4
Aug.2022

5] A #& X : Liu Liyang, Yang Xueqin, Chen Xiuzhi, ez al. The Application of Microwave Temperature—Vegetation
Drought Index (MTVDI) based on the AMSR-E in Amazon Basin[J].Remote Sensing Technology and Application,
2022,37(4):961-970.[ X447 , 4 25 25 BRi&ia L 55 T AMSR-E (9 0l 5L B2 Rl T S48 B i I [T ). 3 Jke R
5, 2022, 37(4):961-970. ]

DOI:10.11873/j.issn.1004-0323.2022.4.09611

E T AMSR-E WK in EHE#® T 88N H
— LI B 5 R AR R B

X FLA I T BT RS S, TR R P A R R
(LPBFFIRT MR FZHZA, TR T M 510640;
2. B G HEEMNFE IR AEERE(N), &R M 511458;
P LKRFRAHFER, ] A& %k 519082;
4.7 AAEAFR;SMNBEFE, R M 5100705
5. 9 BAFRAF, T 100049)

BE:AHRFFRATHAAZTH LG RABELRAMETAGE T TREL T I8, {2255
T K EHaKE 76T FEn— A2 E b, AT Liud 2017 F42 & 69 k8 E—
A AL T F 45 4 (Microwave Temperature—Vegetation Drought Index, MTVDI) , 2t I & 35k % 3% 47 7
2003—2008 5 K B+ 18] A 7 &9 F F 8wl , 5F R A 48 Fe K R JE £ (Vapor Pressure Deficit, VPD) | #4 /R
% F F 45 # (Palmer Drought Severity Index, PDSI) | & 3 3 F /K 4% & ( Terrestrial Water Storage,
TWS) & % 7K % 5 #: (Climatological Water Deficit, CWD)*f MTVDI # 47 %3E . 2 R &9 .5 T
EAFRE@mE ,MTVDI S VPD (R=0.72) /= CWD (R=-0.57) M X & 2 % 125 TWS f=

PDSIAg #4355, B4h L MTVDIAE S B IFRA T LHMRE FFHENT DL,

x 8
thE 4K S . P426.616; TP79

1 5 =

. By b 2 BR AR B0 B A o5 4 BR B B B i
W34 R AE S R EE ML, EEK,
HT T 4 Bk AR A bR, A s oK S EF BE n 5 01
Th3gh L BH SR B . TR AR E
R B AR ) A I R A S S R T R R B S
B AR T R R f T a2 2T R
18 AE Y 22O Tl S K A 2 T O AT RAL AL A 2k
5 A P SR 9 A o it K (H LA S ) 2 S oM

Y #s B HA :2021-08-11; f&1T H#3:2022-07-07
ESWE HK AR R4 w15 H (31971458 ,41971275).

WO RE AR T FREEGTFEMN, R LA FYRTE
XHEkFRERD A

MEHS :1004-0323(2022)04-0961-10

J6AVERIRE 1T B, DT 52 Wi A B B B BE 0. i
K T BE RS 4x sk AU AR Al A RO AR A ER L
EFRMWAEE . KOG, BRI b b X A g T R
TSI P AR I 3 H kAR K 2 Y B D
BRI NEE,

A 18 B AR AT KR T B r 8 %
T E AT g3 Ry ol o v R B R A i R
Xof A B B O 35 A IR R PR AT 23 A, A 2 M R B AR
B, WA — b AE 8% 5 %% (Normalized Difference Vege-
tation Index, NDVI)"'" i # Ik 4 5 $ (Vegetation

EZ B A XAL A (1992— ), 53, s MO, W35 4, 328 IS 0k 38 SO0 1 5 28 )k T 52 R 9 . E-mail: liuliyang18@mails.ucas.

ac.cn

BIRAEE AT EF(1998— ), Lo, PUNIZR BN, WL F ek, 322 A S 18 IRy A= 25

<Jf 5T . E-mail: yangxueqin20@mails.ucas.ac.cn



962

37 &

Condition Index, VCI)"™ ™ | i - 4 #% 48 %% ( Anoma-
ly Vegetation Index, AVI)"™"45 205 vk AR B
Pl &, 2 A B OE R 2 B T B a0 A KOk
o M5 & A MPAE 5 18— e B b nl a4
P2 Ik TR Z MR A, SR B K
a2 A Y XA R . Tl
2 Z BB =% UL KAKRERKMNE
Mg DT 5 03 O A 3 R A A BTE T R
I 5 T B A — 0 0 S BR A Bl G o X -
BEOK 3 04 W R0 43 BT, Eh b S K R S WA AR R
(K 53 REEAR 25 o AH LU O 27 A TR | Tl gl A% Jak 4 LA
G KA 45 AL AR AL S, i A S OE )=, B
AWM T bR Bbrpyae 1. AEREEOERE,
AT T 22 45 A TG 0 S AR, TIOB F A RE 58 2 5 B %
R Bk R KRR I T K
2 AR I N B A T T SO WL I A A RE U
43 BT 0 3th H S AR 0 SR AR 48] fn R i K R
A B 4 Bk TR UL 4 S BE 7 il (ESA CCI Soll
Moisture ) 7 # 5 5 2k 77 bR b X6 A A 5080 .
2 i R 5 SO R4S AR R R YT T R S
b b, DX A Sy A ff A A S A 1 A

B0 U B — A B T 5 45 £ (Microwave Tem-
perature-Vegetation Drought Index, MTVDI) H Liu
SR 2017 AR AR I ZAR RO RS T WS T @
Bt @ B A TR A M BROULI R 4 T
BB B S i 0 41 4 4R I (Advanced Microwave

Scanning Radiometer for the Earth Observing Sys-
tem, AMSR-E) , B i & — A 9 T 545 80 ( Temper-
ature-Vegetation Drought Index, TVDI) i¥ ¥ Jr 1
5 3 R AR 25, e A TR AR AR B T 5
TRE

N T 3RO A R Sy 3 R D R ik i
JRTC 1k 2 385 1 T 0 4% 00 ek )2 g kA AR T MT -
VDT X ME B ifb £ H 2 AR AR 2003 4F 2 2010 4F 19+
FLAR OO HEAT I, AR5 D 3h Sk AR AR T 5 3R
PEASACRRAE . [RIE SR ] 4 b T S48 45 < i KRR
# (Vapor Pressure Deficit, VPD)"" [l /R 2k T 5 45
# (Palmer Drought Severity Index, PDSI)"™ | i 3
iR JK fif B ( Terrestrial Water Storage, TWS) Al
K 4 UK 4y 5 Bt (Climatological Water Deficit,
CWD)' 3% MTVDI #47 %iE , %8 58 MTVDI 1E W
i BT T G AR AT T 5 W AT R

2 PR R E &

21 WMRERHBR

5% DX AL 5 W Eh 3 i B b T 3 AR MOBE 5 b
X CE 1), R s 8 AN 58, LAEL PG Sy rpors 3 X8, A6 5B
FZR 1) 76 O vk J 2 8 98 B R L R IR L 2= N
EITANG () = AT o BTE) NS A N U/ S R S |
W, PRXANEWANEE, FENE R ZHF4
B ARAM OB 2 = R 25—30 m, P K &
i S % B e 2 . E B T, I b Bl

B1 #REREE
Fig.1 Study area



54 4

XN AL 5 - 5 F AMSR — E 09 S5 15 B #9152 48 B0 v 963

2 AR KR AR 2 R B AR AR AT SR L AT BT,
A 2T 27— 28 C AR R K i 295 2 100 mm '
22 HERRSHEmRLE
2.2.1 AMSR—E ## 5 ma

5 47 NASA XF i WL T2 2 Aqua B #) AM-
SR-E % & 2% 5% A Hb K BH [8) 20 038, X T4F 2 b
DX G 3o 5% B ) 4390k 12 30 1 132307, B T i s
DXCAb 75 A 30 9 5K 0 B () o AT DL 4 R 5 — IR,
DL 54 1) B 30 1 43 A R 2K S T R I
AMSR-EA 6.9 GHz,10.7 GHz,18.7 GHz.23.8 GHz,
36.5 GHz Fi1 89.0 GHz 3t 6 4~ 4 B , B A /K% 1
(H) A 5 A (V) 75 Rl £k 5 =00 AR Liu 55 (19
WFSE A SO 28 18] 23 3 38 0.257 i [R] 43 3 R
SRR BT B IR EE (Brightness Temperature, Th)
B o FRATT A b 3K AE K A8 A (Earth Vegeta-
tion Atmosphere Model, EVA) X} 8 d& #E 47 1 faj 5. K
SAGIE™, SR 5 S 18 Njoku %™ 1y 5 1% 25 Bk =2 2] 5t
Bt + 4t (Radio Frequency Influence, RFI) f 1% JC .
i J5 TR A5 A B S IR B 7 S BE T T MT VDI
= A
2.2.2 HtuHE

(1) Palmer T 28 %t (PDSI) . Palmer T 24§
#(Palmer Drought Severity Index)""f J}y % & i i
AT BERA R R, E &8 2 AT
EPENT . PDSTAY I AE AN 6B 43 ) 26 1F 5 0 i
AT RO, APFFE K A Terraclimate %%
P 4R 19 0.5° 25 [a] 43 BE S 1) PDST H $dla =

(2) AR EZ (VPD) ., VPD(Vapor Pres-
sure Deficit) J2 5 76 47 & i B2 T 1 K IR s 5 52 bR
KV Z )i 22, o m KA TR R B, B =
S TR R R OB R R W] s TR R R
W AR ) T 521 B0 B A AR, AR BESE S ] Yuan
ST, R 0.125°%5 [8] 43 B R ) ERA-Inter-
im 4 35 VPD,

(3) AR5 EH(CWD), CWD(Climatolog-
ical Water Deficit) R 1E Hh 2% 78 # i (E) #F# K i (P)
1) BRAE BL, E 8T B 0 T A G Hb XY T
FLEF 2 RRAEH AR5 Ok H CRUNCEP £
P 4 () B K B s (PO T CWD it 5

W&, cwD,.,-E,+P,<0

. CwD,=CWD,,-E,+P, (1)

#50 : CWD,=0
Hodr.CWD, hn H K58, T — H

(CWD,.1) 7K 43 77 it 5 24 7 K &t (P,) 5 28 i it
(Eo) Y2 (E R AT, A R AF5E 48 L 78 W 2 3Eh b X
H 2B E LR 100 mm™ ) J ik, R T CWD
(1R85 Sk T, A BIE 5 P A 28 i (B 3% 58
100 mm'*,

(4) Ffisth s F/KfiEH (TWS) ., TWS(Terrestri-
al Water Storage) {83 T XJ o T fifi /K & 1) T H 28 &
R B TWS fH B K 3R 75 B K& i 2 K&
BERAE MR K i 1 A% Ak DT[] 22 2% A Rk T 32
- HEAK Ay o AR . AR B SE R K B GRACE
REC _vO3 #5448 (%) 25 [8] 43 HE % Ry 0.5 TWS H B
(GSFC-MSWEP TWS)"*",

3 MTVDI 8 #g#

MTVDI 55 i 7 an B 2 fi s, i %, A 4
Liu %5 B2 53 59 3647 T b 3% L BE (Surface tem-
perature, Ts) R i (22 20 (2) ) A0 5 — 1k 48 # 45
I 2 1 (Microwave Normalized Difference Vege-
tation Index, MNDVI) (A 2(3)) .
Ts=6.134x 10°( Thyg, - 278.818)° +
9.934 x10°%(Thyy -216.029)" —
0.353 Thgey + 349.582 (2)
o s Thygy Thyg F1 Thyyy 43 5152 18.7 GHz 7K -
fbse i, 23.8 GHz 3 B Ak 5 i Al 89.0 GHz 3 1
WAL SE I
MNDVI1=-0.231 xIn( MPDl,;;)-0.578 (3)
Ho: MPDIL, h 23.8 GHz 1 Bl 8 1 £k 22 5= 48 %%
(Microwave Polarization Difference Index, MPDI) ,
HoE LF
Thby - Thy
MPDI = m (4)
Forp: Thy ATy, 70 ) 6 71 40 5 A0 3 1 3 AR AL 52
T KB A5 U
5, T R R RO E T, MTDVI
(e SR
Ts-TSmin

MTVDI= ———— 5

Tsmax - TSmin ( )
TSmn=a: X MNDVI +b, (6)
TSmax = a2 X MNDVI + b, (7)

Horp : MTVDI Ok S i FE - FE o+ 546 85, Ts 20
FEH I i F R, MIND VT2 300 01— A A % 46 %
a, F by S W 01 B R TN AEE | a, A 6, 2 T30 LR
FEIE , T, F T, 2 45 E MND VT Y f K Fl /)y
o ZRIRFE (Ts) WA .



964

=3
528
prad
%_

37 &

B2 MTVDIt &R
Fig. 2 Flowchart of MTVDI calculation
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Fig.3 The schematic diagram of temperature-vegetation index triangular space

A T) - 5 SR T o AR L G Tt i 1A 4 B
MG R T DL 558 X 51 G0 B A 2

R 2= 5 M s, BV 5 ) b T R T ST LG O i
W, TRBEE NG, HE 9 A A I A P g



54 4

XAl % . BT AMSR— E %) f0 i 7 8 A T 52 38 00 2 FH 965

figt, o AR A AR B0 3 2R 32 o E S DX AR B A1 e R
AL VS T R s sh £ (K 5) o HIRE X
LB AR, e EE A& 5 RN 2 /K X
(E5) o [, MR A ] — 25 2% 1y 2 45 Mk AR AL ] AR
WS P ETR HETRREY AT
o3 W, JU LA R T BOR R R T 5 2 (] EE 4 Y B f
N EARACRRE

4 TEEFEHEATEEEES ST
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Fig.5 Spatial pattern of MTVDI seasonality over Amazon basin
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Fig. 6 Seasonality of MTVDI, PDSI, CWD, TWS, and VPD in Amazon basin
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Fig. 8 The spatial pattern of the correlation between seasonality of MTVDI and seasonality of vegetation growth
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Abstract: The Amazon basin, dominated by tropical evergreen broad—leaved forests, has frequently encoun-

tered drought stress due to the global climate change. The implementation of long—term regional drought moni-

toring in such areas has always been a serious issue. In this paper, we conducted a long—term drought monitor-

ing of the Amazon basin from 2003 to 2008 based on the Microwave Temperature—Vegetation Drought Index
(MTVDI) proposed by Liu et al. in 2017. And the MTVDI was evaluated by using Vapor Pressure Deficit
(VPD), Palmer Drought Severity Index (PDSI), Terrestrial Water Storage (TWS) and Climatological Wa-
ter Deficit (CWD). The results show that: For the whole study area, MT VDI is strongly associated with VPD

and CWD (Pearson R are 0.72 and 0.57, respectively). In contrast, weak correlations exist between MTVDI

and TWS, CWD. In general, MTVDI has well capacity to monitor drought dynamics in Amazon.

Key words: Microwave Temperature—Vegetation Drought Index ; Drought monitoring ; Amazon Basin; Season-

al drought



