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Influencing factors of ecological drought in Nenjiang River Basin and its spatial

and temporal evolution pattern
PANG Jinfeng, MEN Baohui *

College of Water Resources and Hydropower Engineering, North China Electric Power University, Beijing 102206, China

Abstract; In the past few decades, the wetlands in the Nenjiang River basin have shrunk significantly, with serious soil
salinization and frequent droughts, posing a severe threat to ecological security, water environment safety, and socio-
economic sustainable development. Consequently, these issues have presented a serious challenge to the ecosystem in the
Nenjiang River basin, resulting in a significant impact on the ecological balance. To gain a better understanding of the
impacts of drought on ecosystems in the Nenjiang River Basin, this study analyzed the spatial and temporal evolution of
ecological drought in the Nenjiang River Basin from 1980—2017 using the standardized ecological water deficit index
(SEWDI) combined with the rotated empirical orthogonal function, cumulative sum, and Pearson correlation analysis, and
extracted ecological drought characteristics using the runs theory. The findings revealed the following: Firstly, the
correlation coefficients between ecological drought and the influencing factors ranked as relative humidity > normalized
difference vegetation index>runoff> precipitation>temperature. The correlation coefficients of ecological drought and relative
humidity were the largest and greater than 0.5, showing significant correlation, while the correlation coefficients of the rest
of the factors were less than 0.5, showing a low degree of correlation. Secondly, from the change curve of the standardized

ecological water deficit index, the alternation of wet and dry from 1980 to 1999 showed periodicity, and the ecological
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drought was dominated by mild and moderate drought, with a general trend of intensification; The extreme drought and
extreme wet events occurred frequently from 2000 to 2017, but with an overall mitigating trend. The cumulative sum analysis
revealed that 1980—1995 was the ecological normal fluctuation period of ecological dry and wet status in the Nenjiang River
basin, 1996—2009 was the ecological dry period, and 2012—2017 was the ecological wet period. Thirdly, the drought
duration, severity and intensity characteristics of ecological droughts show large differences in different spatial
compartments. The ecological drought duration and intensity showed that the southwest part of the basin was more severe,
with a higher risk of long-term drought, while the north part of the basin was more drought-intensive, and was more
susceptible to a single, more severe short-term drought. Therefore, since different regions experience varying degrees of
ecological impact from drought, it is necessary to tailor drought mitigation measures to the specific characteristics and needs
of each region. Consequently, this approach will enhance the effectiveness of ecological system protection and ensure the

sustainable development of the respective areas.

Key Words: ecological drought; cumulative sum; rotated empirical orthogonal function; Nenjiang River Basin;

drought evolution
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Fig.1 Distribution of Vegetation Types and regional overview of the Nenjiang River Basin

1.2 HdlsilcsR Sak

ARSI 1980—2017 4F 2m KU 2m AR IELIE WK AR X BEFIR BH AR S A8 Btk 11 7 Rl v
RS TR A0 ( ECMWE) B ERAS B MR 4E (hitps : // cds. climate. copernicus. eu/ ) , 721 F X 2R 3 {H 2%
W2 TR S BER G5 — 4 0.1°%0.1° . ASSCRFHAY 1980 4F 1990 42000 4F- 2010 4F 30m A & + 1l A 19—
ARAEAAEEC NDVI Edl LA S h [ 100 3 A4 28 3 25 [0 43 A B8 ke I8 T v R 27 B o IR R B B2 5 5l vh g
(https://www.resdc.cn/) o A SR 1980—2017 AF4BR i i 52 b 28 Wi & B ) S U6 T 1 52 75 e S5 Rk 75
P&+ (hitp ://data.tpde.ac.en/ ) | JRURZS [H]43HER A 0.25°%0.25°  WERMESG(E G 0 98 M 0.1°%x0.1°,
1.3 Wk

ARWE5EE TR PR HEACAE AR BOKFE 80 SEWDL, JF 3153 H 50K 30 RZ 1A 1Y Pearson A5G &%, HK
R A8 e 2ty 25305 1F 58 PRERC TR T A5 28 Ay 1) 2 1) 235 R 43 A0 X BV 3k i A 793 X, 43 7 45 43 X R SEWDI JF 91 i
AEBRASALFRIE S AR e #s . BT SEWDL JP41 A R 1 0 5 sl Vi A5 100 | AR 5% 1 SRR R it Ze i )
SEWDI A 3 7 55 500 sl 0 108 09 R G2 4t | DA TTT B 375 W6 1 B 31 B T3 =7 () S

http ; //www.ecologica.cn



13 44 Ve A5 - RO U SR AR 25 S i DR 3R L 25 B A A Sy 5649

1.3.1 A S TR
FrUEA A A BIK $5 %0 ( standardized ecological water deficit index, SEWDI) f&5&Ffifi M A= 25 R G0 H R # (It 75
K ALY S A 25T SR B AR EL T, SR A A SEPRAR K B R AP A S R Gk i R A ST KRS
ERRGMKEZ ZB/AESREHOKE, AT,
EWD=EWC-EWR (1)
A, EWD fCERABHKE , mm; EWC AARATFIKE , mm; EWR [URARTKE ,mm,
MREIRA ERE S5 RAAZ(FAO) M X, 78 3K 73 Fh 7 s HU3E XA ) A K 38028 % TCBR il i b v
AT AERTRKETERUE E P F0R WM ZE UL . AWF9ER T FAO- 56 HE7 I SAAEY) R AR T AR B
KR P R 2% 2580k ET, 2R 1 FAO-56 #7711 Penman—Monteith 3115, 2% Jiang &' 19#F
5%, A4 NDVI B S R B H 4 KRR P AR Al A KA o A K P T — 4 A AR R I AR K
S —AH o UL NDVI AR KW H B &4 6 A RIA SCHUE AR 3 B ERK AT
R4 A AR S—7 AL ERKEBRN8—9 A, iHEAXMT .,
EWR =k, x ET, (2)

900
0408A(Rn - C) + ’)/muz(e3 - ea)

ET, = 3
0 A +y(1 +0.34u,) (3)

k, =k, + [0.04(u, - 2) - 0.004(RH,, - 45) ] (g) “
Ak A R FAO-56 BISE ) I 4 SEFT QBT A HIRUKIURIZRRIBER R,
PP M) m ™ 0756 A B M m™ 757 2m AP C 5, 2m AR /e,
WA KRR, kPase, HEEPRKIAE  kPase e, R FIAKIRIEZE  kPayr AR H L, kPa/°C . RH,, A AHXS T
B h R RRTS
SEWDI H550T R4 4P bR 2% bR 1M K 25 HUR H B SPEL,

F1 ESTREEZUSHRAE
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Fig.2 Interannual variability of SEWDI and hydrometeorological factors in the Nenjiang River Basin
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Table 2 Variance contribution of the first four modes after decomposition of the SEWDI series
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Fig.4 Spatial distribution of the first 4 modal load vectors and regional division in the Nenjiang River Basin
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Fig.5 Interannual variation of SEWDI in four subregions of the Nenjiang River Basin at monthly time scales
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Fig.6 Interannual variation of SEWDI in four subregions of the Nenjiang River Basin at annual time scales
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Fig.8 Spatial distribution of ecological drought characteristics in the Nenjiang River Basin
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Fig.9 Proportion of changes in ecological drought characteristics in the Nenjiang River Basin before and after 2000
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