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Abstract: The repercussions of climate change, in conjunction with the functioning of hydraulic projects, have resulted in

substantial alterations to the water cycle within the Three Gorges Reservoir area. The Three Gorges Reservoir area has
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experienced recurrent seasonal droughts in recent years. A comprehensive analysis of the evolution characteristics and driving
mechanisms of seasonal agricultural drought in this region is imperative for formulating a systematic response to agricultural
droughts. This analysis should be coupled with a quantitative determination of yield reduction thresholds under current drought
defence conditions. Firstly, the spatiotemporal evolution of seasonal agricultural drought in the reservoir area from 1982 to
2022 was investigated, based on the Standardized Soil Moisture Index (SSMI). Furthermore, additional analyses were
conducted using Path Analysis to explore key driving factors. Furthermore, drought return periods and representative drought
years were determined using Copula theory, and historical typical drought scenarios were extracted. On this basis, effective
rainfall was introduced to improve the parameters of the Jensen model, considering losses due to evaporation, interception, and
runoff. A novel methodology has been proposed for the calculation of drought-induced crop yield reduction thresholds under
both historical and current drought scenarios, with the improved Jensen model serving as the underlying framework. This
approach is particularly pertinent in the context of the recurrence of historically typical drought conditions. The results
demonstrated that agricultural droughts in the Three Gorges Reservoir area intensified between 1982 and 2022, exhibiting
significant spatiotemporal variability. The tail section of the reservoir was identified as the area most susceptible to high-
frequency drought, while the middle reaches were characterised by long-duration, high-intensity, and severe droughts. In a
similar fashion, the upper reaches were susceptible to extreme, protracted droughts. Subsequent analysis indicated that future
agricultural droughts in the reservoir area were anticipated to diminish on a global scale. The primary factor contributing to
summer-fall droughts was precipitation, while potential evapotranspiration emerged as the directly influenced factor for winter-
spring consecutive droughts. Finally, within the context of the prevailing water conservancy defense conditions, drought-
induced crop yield reduction thresholds for return periods of 2, 5, 10, 20, and 50 years were calculated to be 1.23%, 5.12%,
8.13%, 15.44%, and 22.32%, respectively. The findings of this study provide a robust technical foundation for the development
of drought-resilient water resource planning, scheduling of drought replenishment, and scenario-based water management in the
Three Gorges Reservoir area.

Keywords: Agricultural Drought; Standardized Soil Moisture Index (SSMI); Improved Jensen model; Drought-Induced Crop
Yield Reduction Threshold; Three Gorges Reservoir Area
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Fig. 1 Schematic map of the geographic location of the Three Gorges Reservoir Area
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Tab. 2 Drought events identified by SSMI at different scales
) S S e g REERRHTR (TH
PR LRI e SoMIs SoMIs SSMIL2

1990 T T T T
1992 T T F F
1995 F F F F
1997 T T F F
2001 F T T F
2004 F F F F
HRF 2006 T T T T
2009 T T F T
2011 T T T F
2013 T T T T
2014 F T T T
2017 T T T T
2022 T T T T
1983-1984 F T F F
1998-1999 T T F F
XHIER 2008-2009 T T T T
2016-2017 T T T T
2021-2022 F T T F
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Fig. 6 Spatial distribution of agricultural drought characteristics in the Three Gorges Reservoir Area
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Fig. 7 Drought return period for each district and county in the Three Gorges Reservoir Area
32 R FREREER
B1O0F R X AR T T SRR, IR OK . JEEE . FEAETR AL (NDVID . 3878 28 B 55 D0 B s ) [
R, BTN, A EXRUREARR . ZFERWERIATIRA, Wk 3 ML 4 .
3 X E AR B IR EN E R I AT

Tab. 3 Pathway analysis of driving factors for summer and fall drought in the reservoir basin

o, N— B BEIE R REL T 2 o
MmRETF HEEERRN ok L% BEANE  NOVI 3R R B M
FE K 0.43 0.12 0.17 0.06 0.35
b=y 0.34 -0.09 031 0.27 -0.67
VIR ZEHIUR 0.09 0.03 0.8 0.07 0.18
NDVI 0.02 0.00 0.01 0.01 0.03

AR E X AR IR B AR OB IR W AEZRRIUR . NDVIL B KA A it P R AR
REREARFPHER . H, RN SSMI I EZIES REUR K, v 043, 2 HEALH M E R RH R
7, EMEEEERECN 034, HMEHN RS, H-0.67, FEIENEIEEEEURKS NDVI RN
SSMI. KRB, 27 PN Kk il ERNRE . KA TR .

R A PE XIS AFRE R R EF @R

Tab. 4 Pathway analysis of driving factors for winter and spring consecutive drought in the reservoir basin

o e [ iR R NI
MWET  HEERRH PR Kk BE  NDVI EIERERE Y (ol
TEIEZERUK 1.46 -130 -1.35 -0.98 -3.63

Rk 0.68 0.61 058 043 1.62

B 0.67 0.62 057 0.52 1.71

NDVI 0.07 0.05 0.04 0.05 0.14
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JE XA 4 A K SR B B R AR OB AE 2R HIUR . Bk REE & NDVI. Jorr, PR 28 HIUR I B2
WEAK, AN 146, RESMMAFERNRBER, Xh5XRITE, FREBESET 7R HhX &%
HER BB FARENE . BRI NDVI XA O IRl i i R EUBOR, RIS 3
MR B E IR, Bl X RS FRE R A

3IURBFEZ G T HE AR FREENE R R~ HE
331 FRFaAF R LLGILX O], dbX e X BB KB, R R+ 5 R Ay ™ 5 1
HulX . 1982-2022 SEIAIILALE 24 35T 5, TR M BER RSN, EEeEBUIHEIL 2. 5. 20, 40, 70
FEINFREM, 25 IR T2, 5 A58 e X HAR X 2+ 57 R4,
5t X F MR E
Tab. 5 Identification of typical drought years in Yubei District
TR FRAE u v o Fuov) TRIMENE TRAHNE EIY TRMARE

3 5.95 031 071 0.29 2000.4 2000.6 2.3 2000
6 5.62 0.68 0.69 0.64 1999.7 1999.12 52 1999
9 14.77 0.89 0.96 0.91 2010.11 2011.7 20.3 2011
14 14.93 0.99 0.96 0.95 2013.3 2014.4 41.2 2013
13 20.25 0.98 0.99 0.97 2006.6 2007.6 733 2006

FE: us VIR RN AT RN RGO REL F (U, v) JFus vAE copula A 2T

3.3.2 AR5 fp S E T A4 B o8 T Rt RS Jensen AR, DL 2020 A NPUIRAE, RIS K S
b (FLEMRD BURBIEA&LE T4t TR, BEBURE S SEMER T HUKE,; MIERHNESS
E A BN A W . HIAFHKERESEET HUKE, Dotk E. mdtXIURpE %
PEF D7 s ML A B A AR R R i 4 IR K 6 R .

6 WAL X IARBI 25 10 T ST 5L E I 1 3 SR R R 080 43 AT
Tab. 6 Analysis of drought-induced yield reduction of dominant crops under current defense conditions and
typical drought recurrence in Yubei District

KRAEPIRATR  Zrcma _PIRETE 00

FEf o EI

(G AP (GNP it i)
2000 2 91.72 13.55 14.77 5.45
1999 5 96.84 15.25 15.75 7.83
2011 20 63.02 18.34 29.11 26.55
2013 40 60.87 19.61 32.22 28.61
2006 70 77.99 27.94 35.87 33.74

HIR 6 A&l BURBTMIAMET, WdbCRAD 15 (2000 E4A1) 2 4F—IBIEY R R Ry
545%. 5 fF—i (1999 fFHLAL) [ By H Y 7.83%, 20 F—i (2011 AR B R RN
26.55%, 40 4F—ifi (2013 4FHLTH) [H 7 Y 28.61%, 70 4F—ifl (2006 4F L) R RN
33.74%. 5T RERLER A G AIF 2 R OBONART,  BBURB R RPN T 24
RGBSR 2R AR, SRRV, FEBCRKHM TRER A, Po s g 2 S 5 R R 5
WRA R, il — DI UER AT St $iE ) A BRI 480 2% R A0 1R 52 6k 0 ¥ mT AT B 2
inp

IR, ) R DX R A X B A R R, SR Jensen MR, RUHSLR X EURAAEAEY
A A BT R SRR L R R A, i L X B IUROK R R R R, TR EIUN S E
YIRS A e R R (E8), B X B A AR R EE 0.7 L.
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Appendix Table 1: Copula Function of the Two-Dimensional Joint Distribution of Drought Duration and Drought

Intensity in Each District and County

X & BREERM CopulaZ#0 RMSE AIC BIC
Gumbel 334 010 -11357 -112.35
ER Frank 12.70 0.08  -122.10 -120.89
Clayton 3.17 011  -108.82 -107.60
Gumbel 2.99 0.09  -12419 -122.90
A Frank 10.74 0.08  -134.07 -132.77
Clayton 2.09 011  -114.81 -11351
Gumbel 2.52 011  -123.00 -121.67
Pl Erank 7.93 0.09  -13314 -131.81
Clayton 2.15 011  -11959 -118.26
Gumbel 2.51 011  -131.77 -130.34
FapE Erank 9.82 010  -141.73 -140.29
Clayton 1.56 014  -120.69 -119.25
Gumbel 2.39 0.12 9465  -93.51
Jidl Erank 10.49 010  -104.74 -103.60
Clayton 2.87 0.11 9737 -96.23
Gumbel 2.48 011  -12477 -12341
FEHE Frank 8.00 010  -13227 -13091
Clayton 1.39 013  -116.10 -114.73
Gumbel 2.36 0.11 9921  -98.08
FEM Erank 9.47 0.09  -107.96 -106.83
Clayton 2.89 011  -100.08 -98.95
Gumbel 2.40 010  -13584 -134.44
ate] Erank 9.43 0.08  -150.53 -149.13
Clayton 2.10 010  -132.37 -130.97
Jbfs Gumbel 1.90 0.07  -147.33 -145.99
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XE A Copulaz#i6 RMSE  AIC BIC

Frank 6.21 0.06 -15262 -151.29

Clayton 1.21 0.08  -140.22 -138.88

Gumbel 2.24 013  -11859 -117.19

bAoA Frank 7.40 011  -12866 -127.25
Clayton 2.08 013  -117.82 -116.42

Gumbel 1.95 011  -125.01 -123.64

YL Frank 6.90 0.09  -13847 -137.11
Clayton 1.41 012  -11854 -117.17

Gumbel 3.15 0.08  -12433 -123.12

VhEEHN Erank 11.60 0.06  -13492 -133.70
Clayton 3.62 0.08 -126.38 -125.16

Gumbel 2.36 011  -111.70 -110.44

A Erank 7.45 0.09  -12216 -120.91
Clayton 2.21 011  -11230 -111.05

Gumbel 2.67 011  -106.78 -105.57

ALl Erank 9.69 0.09  -11528 -114.06
Clayton 2.06 0.13  -100.89  -99.67

Gumbel 2.89 0.09 -11585 -114.63

MRIR Erank 10.56 0.08  -124.42 -123.20
Clayton 2.76 010  -112.39 -111.17

Gumbel 2.35 0.12  -13510 -133.63

i Erank 7.48 0.10  -14481 -143.35
Clayton 1.62 0.12  -130.43 -128.96

Gumbel 2.64 0.10  -109.90 -108.72

el Erank 9.34 0.08 -117.64 -116.46
Clayton 2.34 0.10  -106.27 -105.09

Gumbel 2.66 0.09  -11401 -112.83

=P Erank 10.02 0.07  -12569 -12451
Clayton 231 0.09  -110.07 -108.89

Gumbel 2.56 010 -112.00 -110.78

K Erank 10.16 0.08  -12243 -121.21
Clayton 1.66 012  -102.48 -101.26

Gumbel 2.41 012  -109.22 -107.97

M Erank 9.29 010 -11859 -117.34
Clayton 2.21 012  -107.52 -106.27

Gumbel 2.82 0.11 8473  -83.74

= Frank 12.75 0.09 -94.18 -93.19
Clayton 3.28 0.11 -86.49  -85.50

Gumbel 234 0.09 -12496 -123.70

ik Frank 8.27 0.07  -136.32 -135.07
Clayton 2.19 0.09  -12421 -122.95

Gumbel 2.45 0.07 -13819 -136.90

JUEHE Frank 7.88 0.06  -149.90 -148.61
Clayton 2.56 0.08 -136.06  -134.77

Gumbel 2.30 011  -10866 -107.44

M Frank 9.40 009  -119.79 -11857
Clayton 1.95 011  -106.32 -105.10

B 2 & X ELIUIRGE (2020 45) RAED)IEFPTHAR

Appendix Table 2: Current Year (2020) Crop Sowing Area in Each District and County
BPITHX RAEHEEM IR (TAHD

FREX 82.406

Ml 395

H A 4851
AR 109.19
FiMIX 167.503
FFIH X 169.38
N =& 150.99
Rl B 131.73
JAIIE=S 85.825
AR EL 93.386
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R IX 178.277

X 0
KEAKX 0
TLBIX 0.87
WERHIX 5.796
FUlEHIX 7.413
MK 2.38
. JehE X 18.61
R kX 41.66
ERE X 63.567
KX 81.27
YL X 150.666
HFEX 75.13
FHE 100.1
R 75.106
AHEEFEERE 91.15
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