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Abstract: The study of drought in the water source area and receiving area of the
middle route project of South-to-North Water Diversion Project is of great significance
for the water resource scheduling and operation management of the project. Based on
the NCEP-NCAR reanalysis data and the daily average temperature, precipitation, and
meteorological drought composite index of all meteorological stations in the water
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source area and receiving area of middle route project of South-to-North Water
Diversion Project from 1961 to 2023, this article conducts identification and evaluation
of regional drought processes in water source area and water receiving area. The results
show that the annual values of drought days in the water source area and receiving area
are 101 d and 114 d, respectively, showing an overall spatial distribution characteristic
of "more in the middle and less at both ends". The northern part of Henan and the
southern part of Hebei in the water receiving area are high-value areas for drought days.
The number of drought days in most of the water source areas, most of the water
receiving areas in Henan, and eastern Hebei is increasing, while the number of drought
days in most of the water receiving areas in northern, western, and southern Hebei,
Beijing, and Tianjin is decreasing. Using the dynamic regional drought process
identification method, a total of 97 regional drought processes have been identified in
the study area since 1961. Using the percentile method to divide the intensity index of
regional drought processes, threshold values corresponding to different intensity levels
are obtained, and a total of 4 "extremely strong", 15 "strong", 30 "relatively strong",
and 48 "moderate" regional drought processes occur in the study area. The strongest
three regional drought processes occurred in 1968, 2001, and 1997, and the differences
in circulation characteristics led to significant differences in the spatial and temporal
distribution of drought days and the proportion of drought stations at different levels
among the three processes. Among the 97 regional drought processes in the study area,
54.6% are caused by drought in the water source area but not in the water receiving
area, which is beneficial for engineering water diversion. At the same time, in some
years, the entire region is uniformly dry or the water source area is dry while the water
receiving area is not dry, which is not conducive to engineering water diversion.
Therefore, water resource scheduling of the middle route project of South-to-North
Water Diversion Project needs to carry out targeted water diversion work based on the
actual situation.

Key words: regional drought process, identification, assessment, meteorological
drought composite index, middle route project of South-to-North Water Diversion
Project
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Fig.1 Distribution of digital elevation model and meteorological stations in the study area
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Fig.2 Inter-annual variation of drought days in (a) water source area and (b) water receiving area

from 1961 to 2023
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Fig.3 Spatial distribution of annual drought days in the study area from 1961 to 2023
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Fig.4 Distribution of trend coefficients of drought days in the study area from 1961 to 2023
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Fig.5 Frequency distribution of duration days of regional drought processes from 1961 to 2023
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Table 2 Threshold corresponding to each drought process comprehensive intensity level in the study area
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Fig.6 Daily variation of the number of drought stations and comprehensive intensity at different levels of
historical typical regional drought processes
(a)from 2 March to 5 October 1968, (b) from 23 March to 13 October 2001,
(c) from 17 April to 10 November 1997
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Fig.7 Spatial distribution of drought days at different levels of historical typical regional drought processes
(a) from 2 March to 5 October 1968, (b) from 23 March to 13 October 2001, (c) from 17 April to 10
November 1997

EEE 3 TR AT IR 44T, R NCEP-NCAR F43#r %0kl 45 H 850 hPa A1 500
hPa AL AR EY (B 8). FHEEEY (K9 MK (F10). &RER, 3 R TFE~EN
HRE FAETLEMZER], 1968 FEAFFTIX PEI 850 hPa 7 7E B W AICE S m # bty BEAS
DX 450052 21 S 1 P AR, o S KU DX KR SR A LB 2 /K XA BE 4, S BUKIR XA R 1
AKX F-5; 2001 FE0F X I 57 8 B ARAN B G, AXAE AR R T 850 hPa B EAEAEARAL A
SH, TERERAEMTEEFEEZ 850 hPa 1 500 hPa HAL T 58 FUUSTIRH], XA & e A
FHTRREA: 1997 FHHFX AR LT A AL R 4], AFT KA %, H
850 hPa ZR VK #fi b X B o Fi e 45l W 0 XA AE B S 0 R UT R i, ASRIRZKI RS
B SR BT B S S8 T XK T R .



1968-3-2 1968-10-5 2001-3-23 2001-10-13 1997-4-17 1997-11-10

850hPa mpf ?1
1&% ®
2
3%
30
2
18
12
6
0
"
12
18
24
20
36
2
48
%
8
7
0
@
3
2
12
3
12
24
38
48
0
72
.
%
1002 190 L L 100E 1208 140E 160E 100E 1208 140E 160E

B8 Py sk g bk T AR 1Y Cai~er) 850 hPa il (ao~c2) 500 hPa fL3AEIEEY) (Se(tisk, Haf:
gpm) M HBE (Y, HAL: gpm)
(@) 1968 3 H2HAE 10 A 5H, (b) 200143 A23 HE 10 A 13 H, (¢) 1997 %
4 1THEN A 10H
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Fig.9 Vertical velocity (contour, unit: Pa/s) and its anomaly ( colored, unit: Pa/s) under (ai~c1) 850 hPa and
(az~c2) 500 hPa of historical typical regional drought processes
(a) from 2 March to 5 October 1968, (b) from 23 March to 13 October 2001, (c) from 17 April
to 10 November 1997
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Fig.10  (ai~c1) 850 hPaand (ax~c2) 500 hPa wind anomaly of historical typical regional drought processes
(a) from 2 March to 5 October 1968, (b) from 23 March to 13 October 2001, (¢) from 17 April to
10 November 1997
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