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Fig. 1 Schematic diagram of Datong River basin
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Tab.1 Adjusted IHA indicator system table
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Fig.2 Changes of mean monthly precipitation and mean monthly discharge in the upper and middle reaches of Datong River before and after 1997
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Tab. 2 The first group of IHA index evaluation results
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Tab. 3 The second group IHA index evaluation results
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Tab. 4 The third group IHA index evaluation results
B i/d N Bfi/d N N
[HA$EF5 —— —— FR AR /% IKSCRE S E 1% AR
AL ARG TRR R

AP S5/ IMELH B i) 33.0 26.0 -212 255 60.5 -5.3 ik
AR R KA H B (] 208.0 199.0 43 193.3 223.0 -10.3 ik

BRI A TR d, AR B A B D — AP 2 R B AR A, e o Bt B R — K

+ 1070+ KX KK &R



FEESe, % ET IHA-RVA B A#ET EHBAXTEE L

x5 BIRFKHRBITMER

Tab. 5 Evaluation results of high and low pulse times
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Tab. 6 Evaluation results of high and low pulse duration
HE/d [ {H/d
THA$E R AR/ % IR SCAE 1% AR
AR RAR 5 TRR B
AR bk i 7 49.0 7.0 —85.7 14.0 87.0 -50.1 H
TR ik s 5.8 7.0 21.7 4.0 8.8 -242 i

Fe AV i 14 728 A 32 B TR R R AR A AR
A TR A28 37 O 2R BT, TRGRTT 5 7 059 Wk 4 e b (i 35,
AR DD 24.1%, £ 2 RIG MR 305 32 A8,
BB R A B0, K B3GR JE ATR R
- BEK D T K AR A A S 2, T bk e
i, A A, R R Sk X A P27, TR
I8 K KR RN A VR 5 2 K, P 1 il DX N 2 R 2
JZTF K, UREE 2T K HE RN 25 0 T8 A — 2 A I b,

i HAN =3,
234 RETMAKTERAE

TR TR RN A YRR A B e L 7
IR 8. 1997 4 J5, LA T B3 F i Ik 4
AT R, BEIEE N, AR AR 518 27.3%, 27.3%
6%, MUZ MY )E TSR, B, TR
14 15.8%, i BN 0.8%.

x7 LEAERMTHEETMER

Tab. 7 Evaluation results of rising rate and falling rate
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Tab. 8 Evaluation result of number of reversals
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Tab. 9 Five groups of indicators and overall hydrological change at Gadatan/Qingshizui Station
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Analysis of hydrological rhythm change based on IHA-RVA method
in the upper and middle reaches of Datong River

KANG Zexuan, WANG Fang, LIU Yang, ZUO Junkang
( State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water

Resources and Hydropower Research, Beijing 100038, China )

Abstract: River hydrological rhythm reflects the dynamic changes in natural characteristics of water flow and is the
key element of the river ecosystem. Recently, the rapid warming of the Qinghai Tibet Plateau has changed the
hydrological rhythm of rivers to a certain extent. There is a national aquatic germplasm reserve in Datong River, and
the Qilian Mountain area where it is located has an increase of 2.3 “C cumulative temperature. Therefore, exploring
the changes in hydrological rhythm in the upper and middle reaches of Datong River under climate change has great
significance and can play a supporting role in the ecological protection and water resources management of Datong
River.

There is evidence of the temperature rise rate on the Qinghai Tibet Plateau in the late 1990s. The data of
meteorological stations around the upper and middle reaches of Datong River show that the average annual
temperature increase rate after 1997 is 10 times before 1997. With the rapid increase in temperature, the relationship
between frozen soil, glaciers, and rainfall runoff in Datong River basin has significantly changed. Based on the IHA-
RVA method, the abrupt change time of rapid climate warming in the region in 1997 was selected as the dividing
point. A total of 32 indicators were selected to analyze the runoff process in 1960-1996 and 1997-2016 for Gadatan /
Qingshizui hydrological station. The principal component analysis method was used to remove redundant indicators,
and 8 representative indicators were selected to calculate the overall hydrological change.

The results show that: (1) April and October are the months of ice melting and freezing, which are directly
affected by climate change. The change degree of median flow is 26.3% and 15.8%, respectively, belonging to slight
change. The annual minimum flow of 30 d is representative of the annual minimum flow (1 d, 3 d, 7 d, and 90 d)
and the median flow in dry season months. The change is significant, and the change degree reaches 100%. (2) The
annual average maximum flow in 7 d is representative of the annual average multi-day maximum flow (1 d, 3 d, 30 d,
and 90 d). The median value of the maximum flow in 7 d, and is unchanged, but the probability of falling increases
between 25% and 75%, and the degree of change reaches 47%, which is a moderate change. The occurrence time of
the annual maximum value, i.e. the occurrence time of the annual extreme flow, is averagely advanced by 7 to 9 d,
which is a low change. (3) The number of low pulses is equivalent to the number of flow processes below 75% of
the frequency, which is reduced from 2 to 1, and the duration is reduced from 49 d to 7 d. The change degree of the
number and duration of low pulses is 29.8% and 50.1%, belonging to low and moderate change. The duration of a
high pulse is equivalent to the duration of the flow process which is 25% higher than the frequency, increasing from
an average of 5.8 d to 7 d, and the degree of change is 24.1%, which belongs to a low degree of change. The rising
rate represents the change rate of flow change. The change rate slows down and low-degree changes occur. (4) The
overall hydrological change degree of the upper and middle reaches of Datong River is 43%, indicating that the
overall change degree of the upper and middle reaches under the influence of climate change has reached a medium
level. With the expansion of the melting area, the transformation of water on the frozen layer and water in the frozen

layer intensifies the change in the runoff process.

Key words: Datong River; climate change; hydrological rhythm; IHA; principal component analysis; hydrological

change degree
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