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Fig. 1 Typical vegetation drought occurrence scene
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Fig. 2 Drought—causing factor monitoring methods
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Fig. 3 Schematic diagrams of feature space in optical and thermal remote sensing (RED and NIR are spectral bands of red and near—

infrared. LST and FVC are land surface tempeature and fractional vegetation coverage. Ta is the near surface air temperature )
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Fig. 4 Vegetation condition monitoring methods
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Fig. 5 Remote sensing comprehensive monitoring methods
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B Z, L VeeDRI (i HIfE &% T ) M
QuickDRI Cifi ¥R & T 5) 8 AR ERLE S
IR, RERS RS B N T A BCIRBL L Bk
IR, EARSEA B SRR, BRI T
BAFRYA T, A" SRR R T R R I Y
AL

3 KEEEMPEL

31 XE#E

W EIRBEFE I RE, AT 5 R AT Y
BXEK, HERBEEEmE WHak” “%5
" R CERER” 3 RTT KR

(1) Kk, “faanfe” A =5 1l Mk e w4 £
B, AEas ) ff B LR 30 B S B R e s (] 23 B R Y
TR, H RS RO | N s B
RO 691 548 AN IR DAL SR AL SRl . AR
(] A 1 2 S0 B R 0% i T e S A 15 5 X = 5
SRR € N S PN PRSI /(o ey 7 SIS I &2l

BTG BRI R

(2) Gt “Giae” WA EE T RiE
MBI, % RSG5 RN SR T (3R
JRMRYZE IR BER TR . RSB
AROL CREBEEREE . W . DGR AE) LR
SMHRAS IR EE (RIS . IR BT AL 2> 22 3
W), HAR ISR R R G Ao
Rk, MEIRBT R G RS

(3) Hfiefe. “Hhef” I P—SHUBE
A2 SR P T R T A SRR i
S R B O T 5 30 35 BL S AR S0
{51 - SRR R BBOR BE o i 7 D0 5 D £k D B
AL SRR P T R AHIE S 3. 2K
FHFSRUSK TGS, LR EHT
PRI KRR T AR, DR A
SR 25 MDA o

SR, AR T S R RS AN L 4R
G B e AR A IE B B R T B V2
e
32 EEHM&

(1) A BT 5295 50 SORRAE S 2 1) 38 J8 s 1] 43
HERAT SRR . i [R] FAT SR 5, M LA A2 R
20 L ) P T 5K

DL SR R, 2218046 T e [ AT A A — sk
A VR R A RV R A A, H A [H) A R GE TR
1—36 km 7247, {H2 Jay 3R ik FH e R 11+ 5
Wi, FEAETT R WK R FE R, MR H A
[E] 43 34T 0 Lt JE B RUBE A 1 . 93 1
A B 1 25 () 3 BERA R AN GE . T 5 e #2
{8 A A A T B Y T A ) 2 i 5 Dy s [
WP (B 0 et 2 AR, PR R K g sk ] B2 2
DhEEEER . R AL, YR a4 e A s
I H A A A R G RO 2000 4F B4, KEZE AR
304, ESA CCI A% 380 B H5 Hin 42 il 1) 5 B M ek 17
304, (HIHZS [ HERBM . FAERZ RS
B, WORREIT LA AR (Sun A1 Xu, 2021). FLL
T REE G MR B 1), 55 [ b BT A JR) USGS &
A (1) VegDRI A Quick DRI, I &= KAl AL £
#R & A i) VegDRI-Canada . DA J 7 [ 2% 35 #5 A9
ISDI, HZs (8] 20 BRI 0 1 km, X LU HT B R
JEE - (RS 20 Ak W AR 5 5K
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Table 1 Typical remote sensing soil moisture dataset
R 2T HER IR i B E= BTN
ESA Climate Change Initiative (CCI) Soil Moisture dataset 0.25° 1d 1978 4E—20194F (Liu%,2011)
AMSR-E (Advanced Microwave Scanning Radiometer for EOS) 25 km 1d 2002 4F—20114F:
AMSR2 (Advanced Microwave Scanning Radiometer 2) 25 km 1d 2012 4FE—
ASCAT (Advanced Scatterometer) 25 km 1d 2007 4F— (Sun%,2019)
SMOS (Soil Moisture and Ocean Salinity ) 50 km 1—3d 2010 4FE—
SMAP (Soil Moisture Active Passive) 36 km 1—3d 2015 4F—
AFR 1 km S HER MR HOK R 1 km 2—34d 2000 4E—2020 4F (Zheng %% ,2023)
FT Rz TR FY-3BHdli i 4k H R + 50K -4 4 36 km 1d 20104F—20194F (Yao%§,2023)
BEF AMSR-E Fl AMSR2 (14 1 45k H -+ 5605 B Hdha 4 36 km 1d 2002 4E—2021 4F (Yao%:,2021)
LTl SOOI R 1 ke 3P B R B 4 SMCTLO 1 km 1d 2000 4E—20204F (Li%%,2022)
1982 4E—2020 4 4x [ 3% F -3 [ B 48 0.25° 1 month 1982 4E—2020 4F (Sun 1 Xu,2021)
1 km A PERE H 4 KSR 0K BlE4E 1 km 1d 2003 4F—20194F (Song %,2022)
%?%Iﬁ%ﬂmm%ﬁfgéﬁﬁgﬁﬁﬁ I 1 ko i1 3 £ 158 . 14 2000 F—2020 4F (Han % .2023)
FET AT GE(AD 1Y L3N EE (CASM) i 4R 25 km 3d 2002 4E—20204E  (Skulovich Fl Gentine,2023)
o X B 2 B A 782 R H B 0.25° Imonth  18504E—21004F (Feng5%,2022)
] 1993 4F—2018 4F/NAZ Al RS2 b 1 km H 387K 73 K 42 1 km 1d 1993 4-—2018 4F- (Cheng % ,2023)
rFE 2002 4E—2018 4F A N 0.05° 20 # + 50K 05 4 0.05° I month  20024E—20184F (Meng%,2021)
AR AL R R R 0.25° 1d 1989 4E—2021 4 (Hu%:,2023)
(2) LA T 508 Rk A W R A A AR H JE SR AR R W DA RN R L KO R 9L

LRI T AR AR TR R, IR REA R K 4326
P . UUISIRER R Iebn, ML 2451k
M P R

6 FErn 1 HEY T 5 A BB Be i s o Pl L
W& T 5 e A TCRIA . s EIR, MY e
E PN AL S BE AR AR T RO R R, SRS A
REEAYIMEK TR M RRE RN KRBT
P VL K it 1 5 7% SEAE Y KW (Choat 55, 2018) ;
AL T B i /DN TR) oA A 2 T B B = 1 A
PRI D, DT 5 OB el 2 008 1 S T
WG 25 0 T R A B i R BUE YOk Iy . K
Fe LR EE EFE AR 5% 284k (Gerhards 4F, 2019).
AEBRGRIE b, Sun 5 (2023)  Dhvh Rk X
WM FEXS S, LA X AT T LR A R S
WLOUOGRE L KSR R R R BN T R
Jofh e BRI . BESEAE IR DT (1) BiRMEHdE
O T 58 i BUBHE AR A T B R . 7R
el 8 XK. AR XRS5 (2) ikl
PR HO T 538 0 BRI R TR S AR
BOAHYK o 5 H AR EO MO 7 8 8 B pl 4

IS4
w

O S AR BT BRI e R P AR O
R 5 E C 0Ny R &2 W T B LR AR
HHE S (pre—symptomatic detection) , o # Ui B &
A LAY T 55 ) B AR A BT 538 1 BE
(pre—visual detection) (Neinavaz 5, 2021). {HJE,
A T B LA AR AETE AR N T A
BE A6 AR, BN QuickDRI A 48 1 4 i 25 9 SVI,
VegDRI{X 5 i 2% & 2 1 PASG A1 SOSA. K 1 5 /il
AT 58 B b S T R A R R, Rk AR A O
JRIREE | KAr BT S TR

SR, T AR R SEOUL I ) 1 A R AR B R B
RAWRE, TR EBIR G B T b e o0
A WO 2 R AR M, A A e )2 TR R
TR A i I T R T R Y R R oK . B
TRHL, B AEWOE ) o) il R B, AR
M. 2. 2. D AEZBITZ 0 R
AR BRI (Zhan %5, 2013), Hrp & Bk
INLL DI S AL AR BE A W] IR 4T 221 S B O
SR H AL TR AT Ah g JEEs , 1 40 Landsat
ETM+/TIRS. MODIS. AVHRR %, i M LA i /2
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Z MBI T K . 200k 2R FE AL A ik B ]
NN RS E AU BB E NN NTEZ T Bi= N Fip 2
TERE R A A DG, e LA E AR B 7 ) i R A
L I A 75 2L 22 I 8] 5 1) B AL A IR, SR
] 1L 2 T 32 1 e R A8 fh sl R e b, X T AN [
RO RYRTIUR =N A WG I A o N5/ 51 <A E [ -
M 21870/ 2 53 HE AR B MR A 0 48 I AR JT b
TELRE SR 7 e LA AE A X 34 5 0 b 3% 1
(R Ad &, 2021). %L, A YOS REE
B AR, K2 HOl T e R AL S ik
AL SR, L E A A0 A . 2 ek
At s Ay R, MELUA PR IR B R RS L K
L P A e 22 O B e, R b TG il R T R R
AW I 8 7 FH R R

AR Bk

=

. 1t

/:L

) z

i R S .

L <A

; T BE g

K o RRESHE &
24 %

TEFRaEm

K6 AT Fma ik Bon BB ORIET Choat 45,2018)
Fig. 6 Schematic diagrams of plant drought response stage
(Reproduced from Choat et al., 2018)

FAh, TR R IR R, AR U
Y2 TE S S BGIRAS F IR, N TR 18 R
-5 AR IO B 6L 2 Ve PR TR LA IR, AV
PR NS TR T AR TR T R RCR AR L AU
WS AE a8, mfEiE— e, HATo A7 —L
G A 8 2V AR TR B T R SR A B O vk, R
SRNEREE . AIUEG MR 3K (Sun
Fl Zhao, 2022), &K 2 HH A 128 B LST Fl
FVC AR HE . e 8O B, PSR 3is & R4 5
O T s A ISR . A S S R AR
P55 LST N FVC 548, ok 25 [ o st fa] | (448 & fn
PLE, BRRGOEZ AR PR . X
73R KR Y DX S A 5 s B EL A AR 5 A AR
SUA S BIE 5 X 8/) Be A7 A 2 08 22 1) T 3 AR 1tk
BHBER, A BEE R AT A5 24 POS B E .
HERAHMA NG RIEMHLL, Bk

I T 8K N 1 o 3X 27 v R M 3R g
OV TR BRSSOy R RV R S A v G
AR, S R ORI ST R R A
. Sun %5 (2020a) F| ] Priestley—Taylor 23 4
TV PO b i v AGE R, B S AL Priestley-
Taylor S 1.26, AL Priestley=Taylor S5
0, MIMHE S5 2R A R AR . 4R
M, HES TR TR AR Z AT, Bl
ARILTEL MR AR R, JF H A5 2R
IR A v 8 A5 X LA RV AR U S8, AP e 5T
RCRMLFE AW SEE M, Rk — 58 .

(3) B2 . G KU RIOLR
B 5 R A 0w R R S A R, A T
TR AR A W A TR Y S ST i = A 7 B AR )
LR, MDA R BE Ak I T Y K

WHTprR, MR . KR . 96
S RV B S w R B R R R O A
MR BLIE bR . FEHEMNTE WA T e+ 5
Jil i B REURE (Sun, 2017, 2023; Yoshida %5,
2015; XIFERE 45, 2017). 2RI, HEBCRALHEARXT
52 T 0 o R A AR A R) L) L RO ] A
KM ERVTREAAAEE 22 570 SR, A BFIE R
FE A 2850 7 R DR 0 X S A 1 7 R i o R A
UL FL A N, AT TR R A WA R
STz Y PR ) 2 R B 48 5 . N, VHI,
VDI, SDCI. SDI%FZ54 W I A5E 28U ) FH 45 A A
S By T2 B A 4 BT AF O AR B 2R A M 45 2R
VegDRI. QuickDRI. ISDI 44 % F] 1] CART #L %%
) AT B ZR A WIS R b ATT 20 T AR
Febrxt T R A 22 5. Bz, R
— RO 2 IR E . S KU KRTOLR
B S A 0w R, O S e RS
TR 2% ) Sk A T 2 18 RS A WA A

4 MRS

41 BANBERINZEIEIPERTESEE
B ERRERAHER

DA SR RO ], I 2 ) o B R
)Py 51| 3 S5 A R A 2 J2= MR = 4 S0 B8 Xl
ERRBEZ o Akl N E R | IR E
PR L BHRVEBCEAR | 248 2 S R S5 1Y
K, MEHIBEIR g ) B 2R 5 H 2
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A TR s . JC ML |« b TS
MR . ARSI 4, 45 A 2 A R
] 7 51) - 0 M, AR 7 OR G AR 7 (]
SrEEE AT 40 AR BT R . 15 d T SER R
L e T R R AR R R R AE . BN, AE
P AR 2 4 9800 ) S 3 7 1T, Babaeian 4 (2021)
I 22 538 AU RN A s AR PLaR 2 2 Bk, disr
TH)Z LEER A . ASE (2022) 456 1L
PERLRY Hydrus—1D FIEE 7 2] 515 ConvISTM, 4
FETARZE 00 AR B, UL T L R
F2f SRR A A s B ME . SRR BRI S
] 43 PRI T I I, SunE (2020b) BE& T —Fh
MLRRAE R 3= S A9 s R BB R 77k, Sun 55
(2022) Wit T HLHBIR 52 S BIRUE & 19 10k +
P A R SR, BB A ML EELAR Y K 2 5] A
R R ROR L T 80— BB R 4521, [al R
VA T HLBRASE TR 55 2% SRR 5 1) B34

42 ETHAMEHEEXNEREERERER
7%

FAE 1970448, A 1k e J2 18 88 5 6wt ok kB
A 5 a8 U0 W w0 Y pE X R
D WA W I SO R, SR, AR R e T
G b A b DI RIS S 1 B
E LB 1 JBRE b 20 EE A N T, A
TET DRI AME BAEAE “HE B e 2 T B 2 3 ]
RV A TR R A R A R AR R
B A e 2 R T 3 R R U AR K 2 A Ay
TE T [ IR S AL B, R ¥ AR T B
Wit IR A Ett, WELREER,
S H A S Z KB EF ) . R FEAAE pE)E
B SR R AR AR A, X R Y A R T R
JRRZE A W B TR 5 A A% A e 2 R S
PEERE, B2, AT TR A E AL
0t ) e 2 L B S R R AR TSR O i E DL
TR BRI K

ok Al F) ] Sun (2016) 4F 4% i AY LST/FVC
PR BRI 25 [, S WL Fig. 3 (d), 4B
56 2 T SR R IR O . ELAOR AR g e R
i1 P B 1) P A IR s A TR O A T 30 S M 2 R
ARV —1b, AR A2 B A B SO ) e S R T
Hk, BRI G0 soRk i tikgs,
P SLE . B E LA A TR E NS, R

FEML TS G A BORES Beh JE A5 X A 3k i
P, IR RS MZOR, 2E— 20 s P [ BeBR IE
LS T ARA TR fe, R B
ARG HTOR . BT RIS . AR
— R R R, BT R BB IE A,
T B R Sl B e Ve TR, AR BUEHOE )2
TR S AR bR o P o B 2 A X e i 25 TR A X
g —Fofr, 3 oA R A 0 1 e S AR B 2 0 1Y)
DAY Sk S TR 1 = W T RS A i R &2 352
R I LA AR DO R AR AR, LLS B0 ] £
B s, RIMHEPCIRS R Hr .

43 WHTEMENRESRELINESES
sy

WNEGATIE , A £ W IS R O 22 filf ] i 5
B IE R BE SRR ARG 2 S,
HX Z S 2002 i pY AL AR A BERE T A X T3
JEAE A TR TE —E AN R Z b . i, Xu 5§
(2023) VPl T 24T 4 Ff 32 2R BE 2 S HE SR TE Al
Lig T 54 Boh g ), A2 45 EEDNN
(Entity Embedding Deep Neural Network ), 1D-CNN
(One—dimensional Convolutional Neural Network) ,
GRU (Gated Recurrent Unit) , LI & SAM (Self-
Attention Mechanism) . FFE 45 R, RELS
BLaS 2 S FOEA IR BAT B i PERE, LLEEDNN 2
BRI = A ERER A . W
K (Xuf§, 2023). R0, HEHOW T 5P
PLAFE— @M, IR I MG AIE R 2L S
PR, DUABARAS 45 2 00 W BB R . ROk
ARAVAOHESOE Z M E . % L K MPOERT
5 aE gy AR, FEMCERRL A AT R
M 7 RS IR B A 2] T 5 R I A
B il n, f# A PINN (Physics—informed Neural
Network ) 5T U 249 o i) il 28 (0 248 SR AR BT 8L %
5 LA M IS AL A DAy PR Al T A B0 2 T 2ol R
254005 1 B A 45 SR AT A AR i N R AR S
o % ffi il DeepCTRL (Deep Neural Networks with
Controllable Rule Representations) #4411, #41%
FE T FARRE R ) Data encoder 138 T FH 8 1 i/
FLH Y Rule encoder 4 fith &5 73 il i A7 25 . 2,
3 3k AR A R IR A S B, SRR
P A 2 ek B S ) T R SR DAY, O
JE Tt 23 A HAN A P A Y L
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5 45 &

T T SR R M DR P Ty R RE Y
BORRFAR A U T, J B4 52 95 1) E 24
ARFBeo ARSCRYERFE RGeS, K HATHIHE
B TR S 7 R O SR T
CHIBOIR DI AR RRLE S I 3Ok,
LRk THFFE IR . BIFE K B R R S 1) 25
“REAL” . “LREeA” R CERER” JrmkE, H
BRI T R RGN, A S R
HER RS B S I U

SR, 4 BT A AP B T 7% 228 SR A D) 5 AR AT T o
W (1) BT3RS 50 E
SRS 8] o3 e AR AT IR BORL . I TR] R S ATS AR B
(2) BUA AT 50 R 2r A I DA BT T AR A
THIERBE AR AR, R REA BRI %
e DIRGREIS RIS (3) MPOEREE .
ZRIE . KR LA R S H X S A B i R AR
AR SE I, BT T SR R R A M IR )
AT Ve LIRS E AT R (e

BB RN 7 > BERL 45 5 A 1 T 5 2 6 i
2RO HERIRTHEOR | BT P BOBR AR 2 AY
ek J L R S R O vk AR R AL
TR IBE =7 ) 005 1) 288 SRR M A TR e o b 3 1)
BIA TR, ERE—SRAN .
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Remote sensing of vegetation drought: Research progress

SUN Hao',GAO Jinhua',YAN Tingting’, HU Keke',XU Zhenheng', WANG Yunjia',
MENG Jian',ZHAO Zhiyu1

1.College of Geoscience and Surveying Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China;
2.Ningxia Institute of Remote Sensing Survey, Yinchuan 750021, China

Abstract: Drought has been a serious threat to Chinese food and ecological security. Satellite remote sensing has unique technical
advantages in vegetation drought monitoring and early warning, and it is an important means to further improve the defense ability of
drought disaster in most countries including China. Based on the perspective of drought disaster system, this paper firstly divided the remote
sensing monitoring methods of vegetation drought into three categories: drought-causing factor monitoring method, vegetation condition
monitoring method, and comprehensive monitoring method. For the first category, the degree of drought was expressed mainly by
measuring the degree of abnormality of the drought-causing factor, which usually utilizes a long time series of drought-causing factor data
(i.e., rainfall, soil moisture, air temperature, evapotranspiration, etc.), and calculates the degree of deviation from normal for the evaluation
period by taking the average state of the same period of many years as the normal state. For the second category, the degree of drought was
mainly measured by the anomaly degree of vegetation condition under drought stress, where the vegetation condition includes vegetation
greenness indexes, vegetation moisture indexes, vegetation fluorescence indexes, and vegetation temperature indexes. The comprehensive
monitoring method mainly measures the degree of vegetation drought by integrating drought-causing factors, vegetation conditions, and
environmental parameters (e.g., land cover type, agriculture irrigation, ecoregion, soil hydraulic parameters, etc.). After reviewing the
current research status, we found that: (1) the overall development trend in the remote sensing of vegetation drought is ‘refinement’,
‘integration’, and ‘intelligence’, which means that the future remote sensing monitoring methods should be more faster, more sensitive,
higher resolution, more comprehensive, smarter and so on; (2) The main challenges are: the remote sensing spatial resolution of vegetation
drought background and characteristic parameters is still coarse, and the time series is still short and delayed. The existing vegetation
drought remote sensing comprehensive monitoring models do not yet effectively integrate water, fluorescence, and temperature anomaly
indicators. The response of vegetation canopy temperature, greenness, water, and fluorescence anomalies to drought stress has not been fully
understood, and the establishment of existing drought remote sensing comprehensive monitoring models lacks the constraints or guidance of
vegetation response laws to drought stress. (3) Future research directions include: Inversion and quality improvement of vegetation drought
parameters with couple of mechanism model and learning model, vegetation canopy temperature anomaly detection technology based on
two-stage trapezoidal model, and comprehensive monitoring model based on vegetation drought response law guiding deep learning
algorithm. This study is helpful to break through the key technical bottleneck of drought remote sensing monitoring and accurately serve the
needs of national disaster prevention and mitigation and ecological civilization construction.

Key words: remote sensing, vegetation drought, soil moisture, canopy temperature, fluorescence anomaly, comprehensive monitoring, deep
learning
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