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Datong River basin
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Tab. 1 Description of the hydrologically-based environmental flow methods used in the study
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Tab. 2 Percentage of river ecological water demand at the three control stations
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Fig. 4 Comparison of environmental flows of different hydrologically-based methods
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Fig. 5 Annual mean water resources utilization of the Datong River under different scenarios
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Fig.9 Annual guarantee rate of river ecological water demand at the three control stations under different scenarios
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7 FE G K W A5 LA B e el A 2 PR R e o
JER)E SR, AR SCLARE ] L 45 A 9] O e T 3 A 25
i K AR P K UL, B E 45BN

KHIT 9 R K SCA 07 i, T T 12 FEAS
[ iy R S A A . SRR, AR A9 A S iR
T 3 A% S AL O s ) T 7 A 14 4 PN AR AR RRAE

* 926 KX KFR

R 3 Y 3 T P AR S R T AR RN (R A <K
E<TEAL) | T AW | R R T T AR A AR K
ST 1.6210~14.54 4 m*, 2.46 /0~22.04 /. m’
F12.8842~25.46 12 m’, HIJLL Qo Qs LAFAE AT
KA KK, Tennant 3 (10% ) AT K & .

PAASIR) A A it i ik R AE R 2B, LAad 26 60 4F7K
SCit B AR WEE 4l SRS A IR BIRE oK ) &



KA, % FRITIRAE ST AL KA R

L K GEUR A L AR A ORI A5 224 B H A 9 A5t
Wi 075G 2R o 465 SR B, R Tl 3 Bk B R e 5
AR AR AR TR K R IR BRSO R, R T T I A
RRBESFEETAKEZHBHIEHLKER, 3
TG | K T RELAE N T 6.66 17~13.16 {2t
7 I 2 A I AR T Y 23.19%~45.6%, Hh g R
R ZAEE MR K AT 2.2512~8.81 12 m’, 5
MM AR T 7.8%~30.5%
HETZHIRRMESR, R TH A, Rit, 2
& 3 AW RAE A H A S TR AR R T 4558
FEH, T A0 W R W T 328 A1 A 2SO R PR B SR A T
25%~100%, =3 Wi A F 0~100%, 3 /BT & H 4=
25 i R R 1 R B R VU K U, U AR
KA T B R K R B K, b i A A I AR
FERAF T UiE, RITS A >R >

5% 30k

(1] Aoy, VT, v 0 A WK & %5 TR 5 E 50K
W B 5T 0], R K AL A 5 KRB (e S0),
2022, 20(4): 757-764. DOIL: 10.13476/j.cnki.nsbdgk.
2022.0077.

(2] ZE3E, BAMG. BT ool no Il AR SRR S 08 5 A
AU PR B AR D], KA, 2022(7): 11-15.
DOI: 10.3969/j.issn.1000-1123.2022.07.015.

(3] ZcHome, AL, 2530, A5 RS m kAL TR
R FE ZOK MBS ZR (1. P IEKoR], 2021(11): 22-
24.21. DOI: 10.3969/j.issn.1000-1123.2021.11.026.

[4] THARME R E. A global perspective on environmen-
tal flow assessment: emerging trends in the develop-
ment and application of environmental flow method-
ologies for rivers[J]. River Research and Applica-
tions, 2003, 19(5/6): 397-441. DOI: 10.1002/rra.736.

[5] YIN D Q, LI X, WANG F, et al. Water-energy-
ecosystem nexus modeling using multi-objective, non-
linear programming in a regulated river: Exploring
tradeoffs among environmental flows, cascaded small
hydropower, and inter-basin water diversion
projects.[J]. Journal of Environmental Management,
2022, 308: 114582. DOI: 10.1016/j.jenvman.2022.
114582.

(6] Z=Jsibe, BESCAR, BCpii, S5 BT 1am fhin i) A A i
A P R R B S 0 SR (0] b 1 KR,
2020(15): 12-14. DOI: 10.3969/j.issn.1000-1123.
2020.15.006.

(7] B, 230R, sKRECE, 5. 1 s N B AR SR
A JURR K S 2 LAVR B i CLBC ) L. e
K AL 5 K A FHE, 2019, 17(2): 75-80. DOL: 10.
13476/j.cnki.nsbdqk.2019.0036.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Sk, WO, STE S, 5. T KX A
K 4 YR K LA 1 7 vk [CL//88 S T vh EDK S
IR CHE. 2008: 521-526.
WOCHR, #AE, DI, 45 FETREAKI A /K BRI AR
e ) SIS SR K A T K VR B
Bc 412, 2020, 37(9): 8-12,17. DOI: 10.11988/ckyyb.
20191464.
XUFETR, XIHr, B, 45, TR IR R G0 Fiak
PERTRE K ICIHE RS S3 B (0] /KB IR, 2020,
36(6): 99-105. DOL: 10.3880/j.issn.1004-6933.2020.
06.016.
F s, TR, PVIE M), 5. B T/K R Z H bR B
507 5 3] K B IR 4, 2023, 39(2): 101-
108,124. DOI: 10.3880/j.issn.1004-6933.2023.02.013.
WEiE 2, e, MRIG X, A5, )RS A A
P EEAIESE 11 - P AT Sl A 2500 B2 S e 55 10 [0,
IR, 2022, 53(1): 11-19. DOT: 10.13243/j.cnki.
s1xb.20210260.
/0, KR/INEE, TEA, A AT K B TR -RE TR -
WEMPRLLI]. KRR, 2017, 28(5): 681-
690. DOI: 10.14042/j.cnki.32.1309.2017.05.005.
A, B0, SRR, 45 FRB A RS E
LS Oetb s (], i E RR e e 4, 2021, 35(4):
504-509. DOI: 10.16262/j.cnki.1000-8217.2021.04.
002.
SI'Y, LI X, YIN D Q, et al. Evaluating and optimiz-
ing the operation of the hydropower system in the
Upper Yellow River: A general LINGO-based inte-
grated framework[J]. Plos One, 2018, 13(1):
€0191483. DOI: 10.1371/journal.pone.0191483.
T2, X7, R, & KR E-REE-EE RS
IR ST R [J]. HhEREL 2= HERE, 2021, 36(7): 684-
693. DOIL: 10.11867/j.issn.1001-8166.2021.073.
Wi, BRoR AR, BAatE. 25 A A8 T it K R AR A R
BRI R (7], 7K T3 A HL 271, 2011, 30(5): 248-
256.
FRESH, 05, X145, I inr L A i v A8 K 4K s P
FoE oA U], s Kb 5ok R B (b3 50),
2021,19(1):103-110, 167.DOI: 10.13476/j.cnki.nsbd
qk.2021.0010.
T35, EREK, FESN, 55, K 0] A 42 37 56 R 9
7 5K G R A BT (0] rh KRR R
FFE B A4, 2021, 19(4): 361-370. DOI: 10.13244/j.
cnki.jiwhr.20200107.
FREEESE, T35, X147, . T THA-RVATE Y K
K SRR AR LT KB IR S KRR (
), 2022, 20(6): 1065-1075. DOI: 10.13476/j.cn-
ki.nsbdgk.2022.0105.
ZEML, I, RS PR H - KR R AR R
WEFE [CL/r ER R 23, S K HIZ: G 2s. il K
F2 2220202 RAE S SCARSE — 40, wh EIZKRIZK

KX KRE R 2927


https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0077
https://doi.org/10.3969/j.issn.1000-1123.2022.07.015
https://doi.org/10.3969/j.issn.1000-1123.2022.07.015
https://doi.org/10.3969/j.issn.1000-1123.2021.11.026
https://doi.org/10.3969/j.issn.1000-1123.2021.11.026
https://doi.org/10.1002/rra.736
https://doi.org/10.1002/rra.736
https://doi.org/10.1002/rra.736
https://doi.org/10.1002/rra.736
https://doi.org/10.1016/j.jenvman.2022.114582
https://doi.org/10.1016/j.jenvman.2022.114582
https://doi.org/10.1016/j.jenvman.2022.114582
https://doi.org/10.3969/j.issn.1000-1123.2020.15.006
https://doi.org/10.3969/j.issn.1000-1123.2020.15.006
https://doi.org/10.3969/j.issn.1000-1123.2020.15.006
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0036
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0036
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0036
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0036
https://doi.org/10.11988/ckyyb.20191464
https://doi.org/10.11988/ckyyb.20191464
https://doi.org/10.11988/ckyyb.20191464
https://doi.org/10.11988/ckyyb.20191464
https://doi.org/10.3880/j.issn.1004-6933.2020.06.016
https://doi.org/10.3880/j.issn.1004-6933.2020.06.016
https://doi.org/10.3880/j.issn.1004-6933.2020.06.016
https://doi.org/10.3880/j.issn.1004-6933.2023.02.013
https://doi.org/10.3880/j.issn.1004-6933.2023.02.013
https://doi.org/10.13243/j.cnki.slxb.20210260
https://doi.org/10.13243/j.cnki.slxb.20210260
https://doi.org/10.13243/j.cnki.slxb.20210260
https://doi.org/10.14042/j.cnki.32.1309.2017.05.005
https://doi.org/10.14042/j.cnki.32.1309.2017.05.005
https://doi.org/10.16262/j.cnki.1000-8217.2021.04.002
https://doi.org/10.16262/j.cnki.1000-8217.2021.04.002
https://doi.org/10.16262/j.cnki.1000-8217.2021.04.002
https://doi.org/10.1371/journal.pone.0191483
https://doi.org/10.1371/journal.pone.0191483
https://doi.org/10.11867/j.issn.1001-8166.2021.073
https://doi.org/10.11867/j.issn.1001-8166.2021.073
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0010
https://doi.org/10.13244/j.cnki.jiwhr.20200107
https://doi.org/10.13244/j.cnki.jiwhr.20200107
https://doi.org/10.13244/j.cnki.jiwhr.20200107
https://doi.org/10.13244/j.cnki.jiwhr.20200107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0105

21 % B5H #@AAES ARABHCEEO

2023 £ 10 A

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

HHR# T, 2020: 103-113.DOI:10.26914/c.cnkihy.2020.

069784.

B, FHi, 2)H BRI A SR 518
SR KA 2, 2017, 38(6): 11-18.
DOTI: 10.15928/j.1674-3075.2017.06.002.

WALL 25, RS ] Ay Sk K H il it s 5 28 O (0.
T FRIE, 2008, 18(3): 113-116,122. DOIL: 10.3969/
j.issn.1007-2454.2008.03.007.

W, A, KA, &5, 5 R P ST I AT
DR A] 7K A AR S IR )52 W SO 5 (D], oK AR 2577
Z43k, 2012, 33(1): 32-36. DOI: 10.3969/j.issn.1003-
1278.2012.01.007.

TRAERE, FIF, R, S B RPREIK B TRET
FELEZSIREE RN [T]. RGPS, 2011, 27(5): 88-
91. DOI: 10.3969/j.issn.1004-6933.2011.05.020.
JEEAE, BN, E05, 5 RE BT R K
KD AR L], KR4, 2007, 38(3): 267-
273. DOLI: 10.3321/j.issn:0559-9350.2007.03.003.
TENNANT D L. Instreamflow regimens for fish,
wildlife, recreation and related enviromental re-
source[J]. Fisheries, 1976, 1(4): 6-10. DOI: 10.1577/
1548-8446(1976)001<0006:IFRFFW>2.0.CO;2.
THME, FRosr, ). BT 2Rk S ks
G B AR B (0] AL K24 (A SRR
2FHR), 2013, 49(Z1): 175-179.

R, MR, A, G LT R L i TE T
ARG I, £l TR 244, 2011, 27(10):
154-159.DOI: 10.3969/j.issn.1002-6819.2011.10.027.
GAUUPP F, HALL J, DADSON S. The role of stor-
age capacity in coping with intra-and inter-annual
water variability in large river basins[J]. Environ-
mental Research Letters, 2015, 10(12): 125001.
DOTI: 10.1088/1748-9326/10/12/125001.

KURIQI A, PINHEIRO AN, SORDO-WARD A,
et al. Flow regime aspects in determining environ-
mental flows and maximising energy production at

run-of-river hydropower plants[J]. Applied Energy,

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

2019, 256: 113980. DOI: 10.1016/j.apenergy.2019.
113980.

PASTOR A V, LUDWIG F, BIEMANS H, et al. Ac-
counting for environmental flow requirements in
global water assessments[J]. Hydrology and Earth
System Sciences, 2014, 18(12): 5041-5059. DOI: 10.
5194/hess-18-5041-2014,2014.

WEHLR, DURREL, TR, JT i A TR /K B4R N e
A iH L] KA 27 4, 2013, 44(1): 119-126.
DOI: 10.13243/j.cnki.slxb.2013.01.005.

T, 435, Bk, 55, B0 NI e/ VE S
g K ST (0], KR4z, 2002(10): 1-7.
DOI: 10.3321/j.issn:0559-9350.2002.10.001.

e 5B, WA, B, FL RO TR AR I R RS
B [T, mK AL S KRB (Th3E30), 2020,
18(4):8-16.DOI: 10.13476/j.cnki.nsbdqk.2020.0069.
SIOA . AR AR LA R R AT (1] rp 2K,
2020(15):20-25.DOI:10.3969/j.issn.1000-1123.2020.
15.008.

WL, PURLL. Y] 3 T A S 5 K AR B A
JEE i 2 FEAE R AT [0]. KR 241, 2015,46(3): 280-
290. DOI: 10.13243/j.cnki.slxb.2015.03.004.

TR, e, BRER, S BT AESEIER)T AR
B IK BT SR LR 230 (0] B K AL S5 K AR
%, 2013,11(5): 11-15, 98. DOIL: 10.3724/SP.J.1201.
2013.05011.

H/INRRE, BELTT, 15k . BT ik Tennant 511972
K L A I N A A PR K AT (D] R KA I
5K FI B, 2015,13(4): 681-685,690. DOL: 10.
13476/j.cnki.nsbdqk.2015.04.016.
KR K B RFARIE ST, 77 1 KR K Sl 5
THOFFEBe. 75 14 5] U I8 TR AL R i 4 [R].
2003.

B K GHR AP BB B T4 5 ORI K
SR TR ISR A 45 [R]. 2009.

HEA T IRUHE TR MR, FA 5 RUHE
TARK BRI S A SRR 7% [R]. 2016.

Study on the water transfer scale considering the constraint of river ecological

water demand
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( 1. State Key Laboratory of Plateau Ecology and Agriculture, School of Civil Engineering, Qinghai University, Xining 810016, China; 2. State Key

Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research, Beijing 100038,

China; 3. Center of Construction Management & Quality Safety Supervision, Ministry of Water Resources, Beijing 100038, China; 4. College of Land

Science and Technology, China Agricultural University, Beijing 100193, China )

Abstract: The construction of a regional water network is a crucial measure to address complex water problems

such as the uneven spatial and temporal distribution of water resources, while to achieve the goal of ecological

protection and high-quality development. The water network, mainly consisting of water transfer and storage
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projects, has changed the pattern of water resources and the eco-hydrological processes of rivers, and has adverse
impacts on the ecological environment. The Datong River basin is abundant in water resources and has great
potential for hydropower. The three major water transfer projects (from Datong River to Qinwangchuan basin, from
Datong River to Jinchang City, and from Datong River to Huangshui River basin) in this region have made great
contributions to the economic and social development of the Xining-Lanzhou City cluster. Given that the Datong
River basin includes environmentally sensitive areas such as the upper reaches of the Yellow River Reserve and the
Qilian Mountain National Park, ensuring ecological safety is important. Unfortunately, some early projects failed to
adequately consider environmental protection requirements at the planning stage, resulting in significant changes in
river hydrology, including reduced river flows, deteriorating water quality, and declining biodiversity.

On the basis of comprehensive understanding of the eco-hydrological conditions, the characteristics of water
transfer and hydropower projects, and the current situation of water resources utilization in the Datong River basin,
three key control sections (Qingshizui, Tiantang, and Xiangtang) were determined. Nine widely used hydrologically-
based methods were employed to calculate 12 ecological flow processes at the three sections, which were considered
in the water resource allocation of the Datong River basin. Furthermore, the Water-Energy-Ecosystem (WEE)
Nexus model, which was developed based on multi-objective and nonlinear programming, was used to optimize and
compare the operations of different water diversion and storage projects as well as the corresponding ecological
flow guarantee rate under 12 different ecological flow processes, with the past 60-year hydrological series as the
model input.

The following conclusions can be drawn. (1) The ecological flows were increased from upstream to downstream
along the Datong River (Qingshizui<Tiantang<Xiangtang). The annual ecological water demands of the Qingshizui,
Tiantang, and Xiangtang sections ranged from 0.162 billion to 1.454 billion m’, 0.246 billion to 2.204 billion m’,
and 0.288 billion to 2.546 billion m’, respectively. The annual ecological water demand of the Q,,_Qs, method was
the highest, while that of the Tennant method (10%) was the lowest. (2) There was a significant negative correlation
between total water resource utilization of the river basin and annual ecological water demand, whereas there was a
significant positive correlation between total power generation of the hydropower system and annual ecological
water demand. The annual average water diversion amount of the three projects ranged from 0.666 billion to 1.316
billion m’, accounting for 23.1% to 45.6% of the annual average runoff of the river basin. The annual average water
transfer amount from the Datong River to the Huangshui River basin ranged from 225 million to 881 million m’,
accounting for 7.8% to 30.5% of the annual average runoff of the river basin. (3) The annual ecological flow
guarantee rate for Qingshizui and Tiantang sections ranged from 25% to 100%, while that for Xiangtang section
ranged from 0% to 100%. The monthly ecological flow guarantee rate for the three sections was higher during non-
flood season than flood season. The ecological flow guarantee rate was higher in the upstream than in the
downstream, resulting from the inter-basin water transfer and local water withdrawal along the Datong River.

This study takes into account the dual objectives of ecological environmental protection and social and economic

development, and provides technical support for reasonably determining the water transfer scale.

Key words: ecological flow; hydrologically-based method; water-energy-ecosystem nexus; water transfer scale;

Datong River
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