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Abstract. Operation of cascade reservoirs has become a main factor in human activities. In order to quantitatively evaluate the
change of hydrological situation in downstream rivers caused by the operation of reservoirs ( groups) , based on the traditional RVA
method, a modified evaluation method of hydrological change was proposed. The Yichang—Datong reach of the Yangize River,
which was greatly affected by cascade reservoirs, was taken as a typical research area, and hydrological situation at each station be-
fore and after the operation of reservoirs was analyzed. The results showed that the overall change degree of hydrological situation at
Yichang Station increased by 8% , which was a high change degree, and that of Datong Station decreased by 12% , which was a low
change degree, comparing with the traditional RVA method. The change occurred at the Yichang—Datong station was accorded with
the law of gradually weaken influences by the reservoirs. The influence of reservoirs ( groups) was mainly manifested in the accu-

mulation of abundant water and the replenishment of dry water. Comparing with the traditional RVA method, values of 18 indexes
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produced by the modified hydrological change degree method was larger, which could better reflect the influence of cascade reser-
voir operation on the downstream hydrological situation. This study could provide technical supports for the follow-up study on the
hydrological situation analysis of the basin affected by reservoir operation and the ecological operation of the basin reservoirs.

Keywords: Reservoir operation; modified hydrological change degree; overall hydrological change degree; hydrological situation;

middle reaches of the Yangize River
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Fig.1 Schematic overview of the river network in the middle and lower reaches of the Yangtze River
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Tab.3 Changes in hydrological change degree at each station
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Fig.4 Proportion of different change degree in each group of indicators
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Fig.5 Hydrological change degree results of each index at each station

16% 5 AR ALE BT o5 LU BIFE L o 13% ~31% . 51558 RVA SR LG, SOk i 7K SR BE vk v i B il i 8 AL
e o PGS O, T T 2% il o AL A BE T o 49 22 /)

AT LRATA R, A SCHR H 8 b PR K SRR BE AN O i AR 8 RVA 3 B RE 2 LR R K P2 sz A7 % b 1 i K
SCIHHBIRA

4 gt

N AT TR GOK BB AT RN IR SO R I 20, AR SCHR Y Bk R K SCRICAE BE i, FF ARV B —
JGE T BOAWFTER G, WESE T K BB AT XYL R WK SCHE kR e A5 B LR 4518

1) 258 RVA 51X K P (BE) Ss AT RIS B9S2 K SCR S HEAT 3# , s 7 15 04 5200 28 90 WE A2 7K 126 A
B RO AL 5 A SO L 2 AR, X ARG 5 A% SC7%5 BB K 2R 181 38 B2 WAL i i R AR U o, X [ —
P B R S (52 2 A ) FIRSR Ui ek R 97, 418 1 B AR /K SOOI BE V5 B T /K RSB AT LA HAB R 3R T4
WHFE X IO T2 SRR W], T BR 1258 RVA SR RN RE UL BEAS MR Y IR , SOt B0 K SCROUIE BE 1A 45 2RO
E-SUNCibEY il 2 il NES YRS E T b B2 W S S e A U

2) ACHE 0 7K SCISOAE JBE T B RE 7 LS 90 /I P28 2 =AM B9 98] 28 AT, -5 /DN R i TR B A 4 2 A
SRR bR DN 72 B AT 43 B LS 5 Wt ) 7K SRR JE 36 PO A L % il ) A JBE DA T0% , A it e A
30% , PRI K SCul AR BEAE 33% ~67% AR BE Y I 2 (1], S BUAT AR o v AR AL BE AR, BT Tl /K Stk
AR B P AR R, AT LU A PR A M T Dok 53 ) LA



648 J. Lake Sei. (#ia#+5) ,2025,37(2)

BB — R K SOOI T Kok —— R K SO REY

—— fE5RVATE —— fE5RVATL
1

N WGk SO e
BRI gk K T rvat

1
32 2 3

K 6 ARIJ7 kB4 /X L

Fig.6 Comparison of results calculated by different methods

O =7
DU s
o 2D K SO

100 . o (SRt 5
—o— fEHRVALL -
e WK IR AR AAAAAE
80 - . % Za=
‘ s 80 ZIEIZIZIEN=
S 601 i SISIZIE
= 60 :& 60 = =
S k) = —
= 40 2 40 on
i
20F & 200
0 RN ol RN ENERR AR IR .:::‘
0 L L L - 2 DL E DD
HE OB B W0 ki S FF RN P
7 & AR 8 AR Iy A [ AE A BT o Le 3]
Fig.7 Each station’s overall change degree Fig.8 Proportion of different methods

with different change degree



HA R — APt 0 B ALK B E AT M K R R R kAR P (R G KA k) A 649

5 Bftx

[ T UL e F R (DOL: 10.18307/2025.0244)

6 2% 3k

[1]

[3]

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Guo WX, Li Y, Zhuo ZY et al. Impact assessment of Three Gorges Reservoir on hydrological regimes in the middle and lower reaches of

Yangtze River. Water Power, 2019, 45(5) : 22-27. [ #§3CiHk, 25, s 5245, =K BEXH L o R el ik SCIE$SE AL, K71

KHL, 2019, 45(5) : 22-27.]

Zhang X, Dong ZC, Gupta H et al. Impact of the Three Gorges Dam on the hydrology and ecology of the Yangtze River. Water, 2016, 8

(12): 590. DOI: 10.3390/w8120590.

Richter B, Baumgartner J, Wigington R et al. How much water does a river need? Freshwater Biology, 1997, 37(1) . 231-249. DOI. 10.

1046/j.1365-2427.1997.00153.x.

Duan WX, Guo SL, Wang J et al. Impact of cascaded reservoirs group on flow regime in the middle and lower reaches of the Yangtze River.

Water, 2016, 8(6) : 218. DOI; 10.3390/w8060218.

Zhang HB, Wang YM, Huang Q et al. Effects of reservoir engineering based on RVA upon river flow regime. Journal of Xi’an University of

Technology, 2008, 24(3) : 262-267. [ fkiltif, T X, BIRAF. 5T RVA Bk T RN K SCRAF S RITAN . 75241 TR

2F4R, 2008, 24(3) ; 262-267.]

Wang HX, Ma YC, Yang H et al. Quantitative evaluation of the impact of climate change and human activities on Jialing River runoff chan-

ges in the past 60 years, China. Journal of Water and Climate Change, 2023, 14(2) ; 590-609. DOI: 10.2166/wcc.2023.452.

Guo Q, Meng YK, Fan LF et al. Study on ecological water level variation of Poyang Lake based on IHA and RVA method in recent years.

Resources and Environment in the Yangtze Basin, 2019, 28(7) ; 1691-1701. DOI; 10.11870/cjlyzyyhj201907019. [ 5%, Focr], #tjp

G, BT THA/RVA J5 (9 U2 AF SR AR BH A 25 K 28 9% RILIRB IR 5 5058, 2019, 28(7) : 1691-1701. ]

Zhang ZG, Jin Y, Li KF et al. RVA method-based study on river ecological baseflow hydrograph. Water Resources and Hydropower Engineer-

ing, 2017, 48(9) ; 155-160. [ #K&)™, 5%, 23055, BT RVA WL a9 i AL S 5 BT, KRR B R, 2017, 48(9) :

155-160. ]

Cai WJ, Yin JX, Wang H. Influence of operation of Three Gorges Reservoir on flow regime in mid-lower reaches of Yangtze River. Yangtze

River, 2012, 43(5) : 22-25. [53CH, RIRE, F05. WK BIZ 1T UL R UK SO i, AR, 2012, 43(5):

22-25.]

Chen CL. Analysis on changes of eco-hydrological regime in Dongjiadang Hydrological Station of Hudu River based on THA-RVA method.

Hunan Hydro & Power, 2022, (4) ; 53-55. [ &, F£T IHA-RVA ¥E 5 5 P9 52 B4 K SO A 25K SO 38 A0 20 4. 1598 2k F1l 7k

i, 2022,(4): 53-55.]

Ma MM, Ai P, Bian SZ et al. Hydrological regime impact analysis of Yichang Station based on range of variability approach. Water Resources

and Power, 2018, 36(3) : 14-17. [ B4k, S0, UHPT4F. BT R SE FITA A BB vl /K SCRE 2 2047, K HLBB IR, 2018,

36(3): 14-17.]

Guo WX, Zhou HT, Jiao XY et al. Analysis of alterations of the hydrological situation and causes of river runoff in the Min River, China.

Water, 2022, 14(7) : 1093. DOI; 10.3390/w14071093.

Dong YT, Wang SY, Mu XM et al. Assessment on impact of ecological management on runoff evolution based on I[HA-RVA method. Re-

search of Soil and Water Conservation, 2023, 30(2) ; 193-200. [ # EM, TAUR, B4R, T THA-RVA TLA9AE A T4 PN A2

AR TER . K AT, 2023, 30(2) : 193-200. ]

Li Y, Zhao L, Zhang Z et al. Research on the hydrological variation law of the dawen river, a tributary of the lower Yellow River. Agrono-

my, 2022, 12(7) : 1719. DOI: 10.3390/agronomy12071719.

Xu MY, Su L. Study of hydrological regime in Zoige Wetland Based on IHA-RVA Method. Yellow River, 2023, 45(4) ; 35-39,101. [ ]
-, JRM. BT THA-RVA 87 K S i MK SCIEAIETE . AN REA, 2023, 45(4) : 35-39,101. ]

Zuo Q, Liang S. Effects of dams on river flow regime based on IHA/RVA. Proceedings of the International Association of Hydrological Sci-

ences, 2015, 368 275-280. DOI: 10.5194/piahs-368-275-2015.

Chen DW, Chen XH, Li C et al. Research on accumulated effect of hydraulic structures on river regime alteration based on RAV method: A

case study of Dongjiang River Basin. Journal of China Hydrology, 2011, 31(2) ; 54-57. [ Bit5 A, BRIEZ:, ZRIN4E. JLTF RAV B:a9 /K

AR 7K SO S0 1 BB W —— AR VLI A 1. 7K 3C, 2011, 31(2) : 54-57.]

Gao MH. Research on the hydrological regime of the Gaoyao section in the lower reaches of Xijiang River by IHA/RVA method. Pearl River,

2022, 43(9) : 69-77, 97. [ wffAE. FF IHA/RVA P VGV i B BOK SCRE#AFIT. NIRRT, 2022, 43(9) : 69-77, 97.]

Wang HX, Ma YC, Hong FT et al. Evolution of water-sediment situation and attribution analysis in the Upper Yangtze River, China. Water,




650

[20]

(21]

[22]

(23]

(24]

[27]

(28]

[29]

[30]

J. Lake Sci. (38 #3) ,2025,37(2)

2023, 15(3): 574. DOI: 10.3390/w15030574.

Zhang RQ, Liu JG, Mao GQ et al. Flow regime alterations of upper Heihe River based on improved RVA. Arid Zone Research, 2021, 38
(1): 29-38. DOI: 10.13866/].a2r.2021.01.04. [ FKANGR, XIRME, §H R 5T EGE RVA SEE B FHACOE S8 . T%
X5, 2021, 38(1) : 29-38. ]

IRABITLARIZE 51 25, 2023 AERTLIIOK TARERS VA REIZ AT 30 KRR R & B 2s, 2023.

Xing L, Zhang DD, Li S. Influence of Three Gorges Reservoir on flood regime of mid-lower reaches of Yangtze River. Water Resources and
Power, 2019, 37(9) : 44-46. [T, 5KA4¢, 220, =Wk BRIBTAIL PR BBt A R . K s IRALE, 2019, 37(9) .
44-46. ]

Zhang Q, Singh VP, Chen XH. Influence of Three Gorges Dam on stream flow and sediment load of the middle Yangtze River, China. Sto-
chastic Environmental Research and Risk Assessment, 2012, 26(4) : 569-579. DOI: 10.1007/s00477-011-0466-8.

Huang Y, Yao SM, Lu JY. Impact of TGP operation on the hydrologic regime in the downstream main channel of the dam. Journal of Yan-
gtze River Scientific Research Institute, 2011, 28(7) . 76-81. [ #Bt, WhALW], /G, =kok iz XU T AT i K SO %
WABTSE. KICRHEBEBEdR, 2011, 28(7) : 76-81. ]

Moriasi DN, Arnold JG, Van Liew MW et al. Model evaluation guidelines for systematic quantification of accuracy in watershed simulations.
Transactions of the ASABE , 2007, 50(3) : 885-900. DOI. 10.13031/2013.23153.

Nash JE, Sutcliffe JV. River flow forecasting through conceptual models part I—A discussion of principles. Journal of Hydrology, 1970, 10
(3): 282-290. DOI: 10.1016/0022-1694(70)90255-6.

Dole WP, Jackson DL, Rosenblatt JI et al. Relative error and variability in blood flow measurements with radiolabeled microspheres. The A-
merican Journal of Physiology, 1982, 243(3) : 371-378. DOI: 10.1152/ajpheart.1982.243.3. H371.

Richter BD, Baumgartner JV, Powell J et al. A method for assessing hydrologic alteration within ecosystems. Conservation Biology, 1996,
10(4): 1163-1174. DOI: 10.1046/j.1523-1739.1996.10041163.x.

Richter BD, Baumgartner JV, Braun DP et al. A spatial assessment of hydrologic alteration within a river network. Regulated Rivers: Re-
search & Management, 1998, 14(4) : 329-340. DOI: 10.1002/( SICI) 1099-1646(199807/08) 14: 4329: AID-RRR505>3.0.CO;2-E.
Liu GH, Zhu JX, Xiong MY et al. Assessment of hydrological regime alteration and ecological flow at Meigang Station of Xinjiang River.
Journal of China Hydrology, 2016, 36(1) : 51-57. [ XISt4E, Aehita, ARAMHEAE. ST /ESGMETE (RVA) B fEVIK SCHUL B A= 450
W5, K3, 2016, 36(1) : 51-57.]



E

S

el
HE

P

#ER
[CE

_  /

bysy,

I 75%

Iyso,
I,

15%

—

U [
Ty, 17
b, { D, b5y,
T ,=100%
Liss, o
75%
:
Iso, L7s0,
17<ﬂ,f ’
sy,
a) b) c)
IZS% IZS% I’Zﬂu; [25%
D,=0%
Iy, "
Lsi - I
D,=100% 75% I
L, 75%
sz =% [ Ise,
d) e) )

BEFPET T oSt iR K SRR BE Dy T SRR
Attached Fig.I Calculation flow of the improved hydrological alteration degree D»





