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Characteristics of propagation from meteorological drought to hydrological drought in Southwest China // SHI
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China; 3. Hydrology Bureau of Ministry of Water Resources, Beijing 100053, China)

Abstract: To study the characteristics of propagation from meteorological drought to hydrological drought in Southwest
China, observation data of 101 meteorological stations and monthly runoff data of 8 hydrological stations in Southwest China
from 1968 to 2017 were used to calculate standardized precipitation evapotranspiration index ( SPEI) and standardized
runoff index (SRI). The drought response time ( DRT) was determined based on the Pearson correlation coefficient
(PCC) , which was used to identify, pool and exclude the drought events combined with the run theory. The linear drought
propagation model was constructed and the trigger thresholds of propagation from meteorological drought to hydrological
drought in part of the basins of Southwest China were determined. The results indicate that the DRT in Southwest China is
2-7 months and the sensitivity distribution of hydrological drought is consistent with the drought translation rate of
meteorological drought. The duration of hydrological drought event is longer in the basins with smaller propagation threshold
of drought intensity.
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Table 1 Classification of drought grade on SPEI and SRI

1 TR SPEI SRI

1 T > -0.5 > -0.5

2 7R >-1.0~-0.5 >-1.0~-0.5
3 LR >-1.5~-1.0 >-1.5~-1.0
4 mE >-2.0~-1.5 >-2.0~-1.5
5 5 <-2.0 <-2.0
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Fig.2 Schematic diagram of drought events identifying,
pooling and excluding process

PN T RS 5, AR B o 1 T 5% 00 17 B[] %o

REHKSCT R FAHTITR , W TR

FAF BTV ECA A %K ST S R A H i 5

M 87 P ) 2232 K SC SRR A A Z (8] Fir kAR Y

SETRF, MBI BT R T R4

fiF, ST LM T AL R

3 ER55h

3.1 TEEHE5

R T R85 R R A U T 23,
[N EaR: A RS oA I R A IS e 78 AR IR 18 A o = @15
Tt | T A I A AT O A M A R T L O sk
ARG 5 57 IR 68 IR 36 TR .60 IR .68 UK.
62 UK .59 KA1 66 K, &K SCT 5 31 % .30 K18
W28 YK .43 YK .31 YK .43 F138 Wk, £l &
SR G T AR 2 s,

- 51 -



R2 TEEHHME FREHTRHEE

Table 2 The drought characteristic value of drought events after pooling and excluding
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Fig.3 Box chart of drought characteristics of

drought events after excluding
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Table 4 Statistics of drought characteristics of

drought events after matching
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Table 5 Drought translation rate of meteorolgical drougt

and sensitivity of hydrological drought

WO N/R O NJ/RON /RN, /T, T,
gt L 31 57 45 23 0.79 0.74
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=S 38 66 38 23 0.58  0.60
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Table 6 The fitting equations of drought

characteristics in each basin

TEAHE W
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JG ML y=1.6238x-1.2771 0.96 0.98
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= L y=1.1951x+1.5257 0.75 0.90
e ﬁ%ﬁ* y=1.1325x+0.9118  0.69 0.75
R OBE y=0.8795x+1.2386  0.64 0.85
T y=0.9814x+1.6476  0.64 0.65
FE M y=1.2195x+0.5316  0.76 0.82
B y=0.8875x+1.9375  0.58 0.80
Jt VWL y=1.8557x-2.6052  0.97 0.98
VLih#s  y=1.7373x-1.6888  0.95 0.98
= L y=1.6812x+0.3990  0.56 0.93
T ﬁ%{ﬁ y=1.1743x+1.1836  0.60 0.61
® BE y=0.9719x+1.0113  0.67 0.94
T y=1.4182x-0.0839  0.67 0.77
M y=1.7732x-1.1394  0.73 0.82
7B y=1.1857x+1.2140  0.73 0.80
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Table 7 Drought duration and propagation threshold

of drought intensity in each basin
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R 2.82 -0.60

.54 .

EXIHUIN, RV G 520 o A B {E 80/ N T, 7K
SCHRFE I A, P, 78 5ER] AR fih %k SCT
SRR, K SO A T 7 A BN

4 %&£ g

=A

a. TipHIX AL T RF T2 Da AT 2
FURE SN B K S R T R 5
B AT R0 B R AR A Sy oy B B B, K ST 2
JREMR TR TR, BT BRI AT
T PR F A7 2257, 7K S S X A4 1 5 A i g B[]
A7 BH S 9 25 551, VY g e DX 52 7 B[] 22
h2~7H,

b. PURIHLXOK SCT RHURE M 58 T 5
FERE RN — B, KAV X KR+ R 5
RIEBCHK T2, AR AR TRARIET
Sk, TV VL R = Ao Rt
Tl AR OB AN AT BT
FIRHE R BIE 9 0.34 H.1.58 H.2.72 A,
2.04 H2.11 A2.62 A.1.75 Af2.82 A, 531
FEAERRBIE 9 4 1.67 .1.26 .0.06, —0.58 ., —=0.52,
0.41.0.92 F1 -0.60, 4541 SERAFALH% R E (T
B R B E A+ R R AR BE) KL T 5
FERE5R Al B M v B XK SRR T 5
(I R G 2R SR IOK SCT R R T RS2

SE

[ 1] ZHOU Lihua, YANG Guojing. Ecological economic
problems and development patterns of the arid inland river
basin in Northwest China[J]. Ambio: A Journal of the
Human Environment,2006,35(6) :316-318.

[ 2] fFiouk, im N0 b )5 T Ak i JLAS RGE ). <

53858 5%, 2002, 7 (1) :22-29. (FU Congbin, WEN

Gang. Several issues on aridification in the Northern China

[J]. Climatic and Environmental Research,2002,7 (1)

22-29. (in Chinese) )

OBASI G O P. WMO’s role in the international decade for

natural disaster reduction [ J ]. Bulletin of the American

Meteorological Society,1994,75(9) :1655-1661.

SRS RETLAR sk, 45 P b X i R /K T 5B 25

BREBR IR T RS m N[ T]. KRR,

2022,38 (1):3442. (SU Xiaoling, CHU Jiangdong,

ZHANG Te, et al. Spatio-temporal evolution trend of

—
w
[

—
~
i

groundwater drought and its dynamic response to
meteorological drought in Northwest China [ J]. Water
Resources Protection,2022,38(1) :34-42. (in Chinese) )
RS, 7 AR 3. T 1961—2009 4IRS (LML HE 43
B[] Tl K 5 24 (AR BHS2AR) , 2011,39(6) -
595-601. ( HAO Zhenchun, SUN Legiang. Analysis of
temperature changes in China from 1961 to 2009 [ ] ].

—
W
[



[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Journal of Hohai University ( Natural Sciences) ,2011,39
(6) :595-601. (in Chinese) )

FRIGE AR R, FALF, 55, 1960—2010 48 [2 P p
WX DR T R BRI AT [T ] AR,
2014,72 (2):266-276. ( LI Yunjie, REN Fumin, LI
Yiping, et al. A study of the characteristics of the
southwestern China regional meteorological drought events
during 1960-2010[ J]. Acta Meteorologica Sinica,2014,72
(2) :266-276. (in Chinese) )

REF,BIH, , %F. ZR G T 595 50 5% o e
[J] KA, 2021 ,37 (1) :36-45. (WU Zhiyong,
CHENG Dandan, HE Hai, et al. Research progress of
composite drought index [ J ] . Water Resources
Protection,2021,37(1) :36-45. (in Chinese) )

SN, I, /5 5. AT 2009—2014 AEFFEEER R
IR TR BN G [ 1] K BT AR 37,2018, 34
(3):22-29. (RONG Yanshu, GONG Lin, LU Shoude.
Analysis on characteristics and causes of persistent
meteorological and hydrological drought in Yunnan from
2009 to 2014 [ J]. Water Resources Protection, 2018, 34
(3) :22-29. (in Chinese) )

SUN Shanlei, LI Qingqing, LI Jinjian, et al. Revisiting the
evolution of the 2009-2011 meteorological drought over
Southwest China [ J]. Journal of Hydrology, 2019, 568 .
385-402.

MISHRA A K,SINGH V P. A review of drought concepts
[J]. Journal of Hydrology,2010,391(1/2) :202-216.
W, T AN AR, T 50038 Kol S Oy it ik
[J]. ALK AR, 2011,29(5) :37-39. (GU Yachao,
YU Liwu, DAI Qing. Overview on drought classification
and its normal methods [ J ]. Water Resources &
Hydropower of Northeast China,2011,29(5) :37-39. (in
Chinese) )

I, XEE R B4 B TR 5K T
TR A AR S AL OC AR [T K BRI, 2022, 38
(3):87-95. (ZHENG Lihong, LIU Yi, REN Liliang, et
al.  Spatio-temporal characteristics and  propagation
relationship of meteorological drought and hydrological
drought in the Yellow River Basin[ J]. Water Resources
Protection 2022 ,38(3) :87-95. (in Chinese) )

DING Yibo, XU Jiatun, WANG Xiaowen, et al. Propagation
of meteorological to hydrological drought for different
climate regions in China [ J ]. Journal of Environmental
Management,2021,283 :111980.

HUANG Shengzhi, LI Pei, HUANG Qiang, et al. The
propagation from meteorological to hydrological drought
and its potential influence factors [ J ]. Journal of
Hydrology ,2017,547 . 184-195.

BARKER L J, HANNAFORD J, CHIVERTON A, et al.
From meteorological to hydrological drought using
standardised indicators [ J ]. Hydrology and Earth System
Sciences ,2016,20(6) :2483-2505.

EAR, K, 2 RF A LT SPEL Y PH I L IX G 53 a

TR R AE T[] ARG ,2014,29(6) -
1003-1016. ( WANG Dong, ZHANG Bo, AN Meiling, et
al. Temporal and spatial distributions of drought in
Southwest China over the past 53 years based on
standardized precipitation evapotranspiration index [ J ].
Journal of Natural Resources,2014,29 (6) :1003-1016.
(in Chinese) )
[17] 3% Faa i, X8k, 5. FTARuEfb iRk T 45 20
POYTIR IR T S0Pl [0 ). K BE IR AR 47,2021 ,37 (1) :46-
52. ( YUAN Fei, ZHANG Yigqi, LIU Yi, et al. Drought
assessment of Xijiang River Basin based on standardized
Palmer drought index [ J]. Water Resources Protection,
2021,37(1) :46-52. (in Chinese) )
(18] A, A PR, & BRI AL TR 5K T 5
KHRYE 7 H [J]. 7K BE PR AR 47,2022, 38 (3) :80-86. (SHI
Peng, ZHAN Huijie, QU Simin, et al. Correlation analysis
of meteorological and hydrological droughts in Yellow
River source region [J]. Water Resources Protection,
2022 ,38(3) :80-86. (in Chinese) )
ETO6, B R JT Rk, 4. BT SPEL 193 ) i Bl T 5
2 AR SRR 73 AT [ 0] K BEIRAR 37,2020,
36 (3):8-13. (WANG Weiguang, HUANG Yin, XING

Wangqiu, et al. Analysis of spatial and temporal evolution

(19

[

characteristics and circulation causes of drought in Haihe
River Basin based on SPEI [ J ]. Water Resources
Protection ,2020,36(3) :8-13. (in Chinese) )

X, ok B G PR, A RN HL X 2009—2013 4R 5
15 BEERT A By 2w [T ] I R 2 AR (AR BL
fR), 2016, 44 (3 ). 246-251. ( LIU Jintao, ZHANG
Zhongming, CHEN Jing, et al. Drought severity in Xuzhou

—
[\
(=)

[

City during period from 2009 to 2013 and its influence on
agriculture [ J ]. Journal of Hohai University ( Natural
Sciences ) ,2016,44(3) :246-251. (in Chinese) )

EKER 2] IR AT, 55 BT SPEL IS T R E T 54F
EBARBINZR T[T ]. KRR LR R, 2022,42(5)
28-36. ( CAO Yonggiang, LI Kexin, REN Bo, et al.

Characteristics and driving factors analysis of meteorological

(21

[

drought in Liaoning Province based on SPEI [J]. Advances
in Science and Technology of Water Resources,2022,42(5) .
28-36. (in Chinese) )

VICENTE-SERRANO S M, BEGUERIA S, LOPEZ-
MORENO ] I. A multiscalar drought index sensitive to

global ~ warming: the  standardized  precipitation

—
N
\S]

[

evapotranspiration index[ J ]. Journal of Climate,2010,23
(7):1696-1718.
[23] LIU Yaqing, MU Yong, CHEN Keyu, et al. Daily activity
feature selection in smart homes based on pearson
correlation coefficient [ J ]. Neural Processing Letters,
2020,51(2) :1771-1787.
SATTAR M N, LEE J Y,SHIN J Y, et al. Probabilistic

characteristics of drought propagation from meteorological

[24

[

to hydrological drought in South Korea [ J]. Water

Resources Management: An International  Journal-

- 55 .



[25

[26]

[27

Published for the European Water Resources Association
(EWRA) ,2019,33(7) :2439-2452.
] GUO Yi, HUANG Shengzhi, HUANG Qiang,

Propagation thresholds of meteorological drought for

et al.

triggering hydrological drought at various levels [ J ].
Science of the Total Environment,2020,712:136502.

B A R0, 2 N A VLR IX 2 RO R ST Rk
AE B AR A 0 157 [ ) ] {09 2 2 4 (A AR BE A
2021,49 (6) :515-520. ( XIAO Zuxiang, ZHU Shuang,
LUO Xiangang, et al. Multi-scale hydrological drought
characteristics and vegetation responses in the Three-
Journal of Hohai University

49 (6): 515-520.

River-Source Region [ ] ].
(' Natural Sciences ), 2021,
Chinese) )

ZERIK, B, ESCAe, % IR BIS AT Copula pREHE
THTEEEBKA MM TREXERS

(in

[

[28]

[29]

M5 2016,30(6) :77-82. (LI Tianshui, WANG Shun,
ZHUANG Wenhua,et al. Application of the theory of run
and Copula function to the joint distribution of two-
dimension drought variables [ J ]. Journal of Arid Land
Resources and Environment, 2016, 30 (6 ) : 77-82. (in
Chinese) )

ELTAHIR E A B,YEH P J F. On the asymmetric response
of aquifer water level to floods and droughts in Illinois
[J]. Water 1999, 35 (4):
1199-1217.

PETERS E,TORFS P J J F, VAN LANEN H A ], et al.
Propagation of drought through groundwater;

Resources Research,

a new
approach using linear reservoir theory [ J ]. Hydrological
Processes ,2003,17(15) :3023-3040.

(WicH H491:2022-01-16 - 2l : g AAG)

S G G WG S GG GG S G S G G G G W G S G G W G G O SO G P WP G S SO Sy

(L% 14 W)

[26

[27

[28

[29

[30] AEH= FgE .

] EHE&, A5, 2], A BT SO A Y L X 5 B
B REIIEM T IELT]. KFDK BB R 2022 ,42
(5):58-63. ( WANG Xiaoxin, CEN Weijun, YAN
Chengming, et al. Cloud model evaluation method of
levee safety in mountain area based on improved weighting
[J1.
Resources, 2022 ,42(5) :58-63. (in Chinese) )

] A ks AR AKHIE WA i b S d Ak )5 25 0F
5[ 1], KFI2EH7 2008 ,39 (4) :440447. (ZUO Qiting,
ZHANG Yun, LIN Ping. Index system and quantification

Advances in Science and Technology of Water

Journal of
Hydraulic Engineering, 2008, 39 (4 ). 440-447.
Chinese) )

] AR SE, H AFHE, 45 JE T MIKE FLOOD %)
JE IR N B3 SR 3T [ 0] K AR LR 2022 ,42
(1):33-39. (FU Chun, FU Yaozong, XIAO Cunyan, et
al. Analysis of urban waterlogging resilience based on
MIKE FLOOD model in Yingtan City[J].
Science and Technology of Water Resources,
(1) :33-39. (in Chinese) )

1 X, 30, XUTTHE, . K U TR 19 2 54X
P A7 1 B ST BE R [ 3] T3 R 2244l (A 4R
BRI ) ,2021,49(6) :483-491. (LIU Yongwei, WANG

Wen, LIU Yuanbo, et al. Advances in multi-source data

method for human-water harmony [ J ].

(in

Advances in

2022, 42

assimilation approach and application in simulation and
Journal of Hohai
49 (6) :483-491.

forecast of hydrological model [ ] ].
University ( Natural Sciences), 2021,
(in Chinese) )

g - Jrik
BReg AL, 2016.

- REAIMI. 2 AR dba.

[31] moiyss, grbk A7 ). sehr BT K B8 I 22 4R i 5 A

ERFGE[ )], KRR E A ,2019,50(1) :73-80. (GAO
HE Xinlin, YANG Guang.

multidimensional critical regulation of water resources in

Fuzhang, Study on

- 56 -

(3

Karamay [ J ]. Water
Engineering, 2019,50(1) :73-80. (in Chinese) )
ZHAO Fubao, WU Yiping, YAO Yingying,

Predicting the climate change impacts on water-carbon

Resources and  Hydropower

et al.

coupling cycles for a loess hilly-gully watershed [ J ].
Journal of Hydrology, 2020, 581 124388.
] K RIS, DAL 35 R KR AR Y B i K

SRR 2 AR AR R [ J ], W VAR L 244, 2021,33(6) .
974-983. ( ZHANG Huiyun, QIN Lijie, JIA Li.

Temporal and spatial characteristics of carbon footprint
and water footprint in rice production in Jilin Province
[J1. 2021,33(6):
974-983. (in Chinese) )

JeHEE IR, SR A LTI R K B
T P R AR B S HE SR [ ) ] KRR R EAR,
2019,50(8) :52-57. (ZUO Qiting, HAN Suying, HAN
Chunhui,
allocation-regulation model of water resources in Xinjiang
region based on RS [ J]. Water
Hydropower Engineering, 2019, 50 ( 8 ). 52-57.
Chinese) )

VA SR TERRR. B A E RS TT ZR B K A X
DX R AR 1] AKRIZE 35 ,2022,40(2) 1 74-78.
(TANG Yongsheng, ZHANG Zhitong, WANG Yonglu.

Construction and development path of zero-carbon national

Acta Agriculturae Zhejiangensis,

et al. Research frame of adaptive utilization

Resources and

(in

[

water parks under carbon neutrality target [ J]. Journal of
Economics of Water Resources, 2022 ,40(2) :74-78. (in
Chinese) )

6] AFs. NOKR R M IEA I K A A R LM [T].
IKBEPEAR P, 2022,38 (1) :1-6. (ZUO Qiting. Basic

principles and theoretical system of human-water

relationship discipline [ J ].

2022,38(1) :1-6. (in Chinese) )

(Wiki H 191 .2022-09-21

Water Resources Protection,

S )



