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Dynamic water environment capacity of urban river network for water environment improvement // ZHANG
Wanshun'**, LI Lin', PENG Hong’, ZHANG Xiao', XIA Han', ZHANG Zigian' ( 1. School of Resource and
Environmental Sciences, Wuhan University, Wuhan 430072, China; 2. State Key Laboratory of Water Resources and
Hydropower Engineering Science, Wuhan University, Wuhan 430072, China; 3. China Institute of Development Strategy and
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Abstract; In order to master the variation law of dynamic water environmental capacity of urban river network, a “air-
ground-water” integrated calculation model of dynamic water environmental capacity of urban river network was constructed.
Taking Jinshan Lake Basin in Huizhou City, Guangdong, Hong Kong and Macao Great Bay Area as a typical area, the
dynamic water environmental capacity of COD and TP in Jinshan Lake Basin in 2017 was quantitatively calculated. The
results show that the relative errors of calibration and verification of flow, COD and TP concentrations simulated by the
model are within 14.04% . In 2017, the overall water environmental capacity of COD and TP in Jinshan Lake Basin
increased first and then decreased, which was significantly affected by rainfall. The daily capacity variations range of COD
and TP were 238. 55 ~3027.49 kg/d and 3. 73 ~58. 02 kg/d, respectively. The water environment capacity in dry season
is small and negatively correlated with rainfall. The water environmental capacity increases obviously in heavy rain or
rainstorm period in wet season. The COD capacity is negatively correlated with rainfall in moderate and light rain period,
and the TP is the opposite. Ensuring ecological base flow can significantly improve the problem of insufficient capacity, and the
dynamic ecological flow guarantee has an obvious effect on improving the water quality compliance rate of Jinshan Lake Basin.
Key words: dynamic water environmental capacity ; urban river network ; ecological flow; water environment improvement ;

Jinshan Lake Basin; Guangdong, Hong Kong and Macao Great Bay Area
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Fig.1 Distribution of river system and verification
sections in the Jinshan Lake Basin
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Fig.2 Schematic diagram of water environment

capacity accounting principle
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Table 1 Point source load of rivers in the Jinshan Lake Basin
w7 COD R TR
Ky T (m> +d™") (kg-d™") (kg-d™)
5 1,2 330. 05 115.52 1. 65
6 3,4 330. 05 69.72 2.54
N 7 5 165. 02 18. 01 0.02

il 8 6,7 347.33 2.22 0.01
12 135 143. 42 15. 64 0.37
13 136 693.79 35.47 0. 88
21 77,78 ,80 43.2 6.48 0. 88

WK 22 79,81 ~93 2042.5 179. 19 5.03
23 94 ~ 106 3552.77 276. 48 5.24
24 107,108 501. 12 175. 39 2.51
27 121 158. 11 55.34 0.79
28 61,62,76 62.21 26.09 0.31

BRI 33 ~39,41,
33 42.74.75 230. 69 32.49 0.38
34 40,43 ~55 199. 58 90. 18 0.91
35 56 ~60 101. 09 1.02 0.76
45 9,10 79. 49 27.82 0.4
46 11,12,14,15 419.9 77. 85 0. 89
47 13,16 ~27 3031.78 277. 47 0.69

SEFEAM 48 28 92.45 42.72 0.46
52 32 65. 66 22.98 0.33
53 30 65. 66 22.98 0.33
61 31 96. 77 61.95 0.34

2.3.4 FEBRETHKEK

A SCHRAIE 2017 4R 4433 H 8 8K G BT
KIS, I AR E BB K SRR, KOG
TR BT E K 317 AN 6] DL RS G IR &
DT e 1Y STRR R ECR R, PRk, DL 2017 4E 1 A
L H R, 2% 5 YL IR0 o1k RECINER 2 s .

£2 201751 A1 BEITENESEERKRE

Table 2 Contribution coefficient of pollution

source of each caculated section of 1* January, 2017

bE N T 5 5 COD Timk A% TP 5Tk R AL
5 0.001325 0. 024 880
6 0. 002021 0.014225
1L 7 0. 004086 0. 036743
8 0.010122 0. 046233
12 0. 004 864 0.219250
21 0. 000289 0. 046 200
TTRIK 22 0. 000709 0. 062279
23 0. 000106 0. 152669
24 0. 000037 0.020514
28 0. 000025 0.016 840
KT 33 0. 007274 0.592 824
34 0.001436 0.117615
35 0.001013 0. 058093
45 0. 000505 0. 031540
46 0. 000761 0. 080062
47 0. 001782 0.729772
SEWE A 48 0. 000355 0.033316
52 0.000116 0. 024366
53 0. 000125 0.011040
61 0. 000030 0. 014620
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Fig.6 Environmental capacity and non-point source load in typical dry season and wet season
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Table 3 Pearson correlation coefficient of rainfall, non-point source load and water environmental capacity
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Fig.7 Capacity change of each river after

adding ecological base flow
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Fig.8 Dynamics and average process of supplementary
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A4 L] i A B T S e &, 23 il g it DL g
FEAbTE AR AT A B K AR O R R b e A S
iR FIRANFEARAE T COD A TP K BTikbrat, KAb
FAAF T, 4 i COD T TP 7K BT 3K AR AL K
10. 149% F1 2. 47% , LA 2l 28533 7 547 4 2K I 42 13
COD Al TP /K JFik bR 4 7531 i 35 2 T+ 2 92. 05% Al
96. 71% ,~F-H4h K B 1 &L T, COD FI TP 7K J5 ik A
IR THZ 91.78% Hl 80. 82% , T #h K it A
FRBEPE R B LA K B A AR A (EAH [R] A A K BT 3k
PRABFETHRCRA M i R o v DR bk 7
IPRRAET B SRS R, Wb K8 75 7 3 S 4D
A RREERN BN 10. 64% , FWITK IR LA SR
PGB TAR, 5 W L AR TR /K SCRIK B £k
PR, DA 2 B b 70 AR A0 o, DR Bt i of 21 25 ik

A R KT B A UK RS R R T
TR RAA
4 % i

a. 2017 4E4: 111 3k COD 4P K A BT 25 5
611.93 tVa, % H 3% 13 Fl b 238.55 ~3027.49 kg/d,
TP & AE KR AN 4. 13 Va, % H I s JE R
3.73 ~58.02 kg/d,

b. 4 USSR K IR R m RN, H50%
AR BAAH G OC FR 5 7K T 25 ek I e T A i B A8
NN RN RS Sl R B N AN L R
COD JKIRBE 45 & 5 B 7K & 2 11 AH 5, TP K IR IR 25
5K R IEA

. PRBRAE S I R P 0 s 4 (LI O K 3R
BEAE TN R A R)E , 4 4 3l A AR 2 Ik £ O B X 7K T

- 173 -



ISR AR TR I 2
S HK:

(1] Ewy, A, XRS5, Sl K08 2 38 A48 B Xk 58 73 B
[J]. KFI2£4] ,2021,52 (1) : 1-9. (WANG Hao, WANG
Jia, LIU Jiahong et al. Analysis of urban water cycle

&

\5

evolution and countermeasures [ J |. Journal of Hydraulic
Engineering,2021,52(1) :1-9. (in Chinese) )

KA B R, 5 05 R, S ST K R 48 G IR LT 5T
[J]. /K #EUEAR4H,2021,37 (1) ; 14-19. (ZHANG Xiang,
LIAO Chenyang, WEI Fangliang, et al. Research on the
nexus model of urban water system[ J]. Water Resources
Protection,2021,37(1) :14-19. (in Chinese) )

TS , PINFE]. S TIT AR A K S AR I S iR 9T 45
RIJ]. A 2FH,2021,41 (1) :13-26. (HAO Lu, SUN

Ge. Impact of urbanization on watershed ecohydrological

—
\S}
[

—
w
[

processes ; progresses and perspectives[ J]. Acta Ecologica

Sinica,2020,41(1) :13-26. (iin Chinese) )
[ 4] WERYE, e AR, 5. JE T 480 ShREHHR B Tl
T A 2 AR RN [ ] KR 241k ,2018,49
(11):1357-1368. (CHU Junying, YAN Denghua, ZHOU
Zuhao, et al. Ecological flow calculation in urban rivers
and lakes base on synthesized ecosystem service function
identification; model and application [ J ]. Journal of
Hydraulic Engineering, 2018, 49 (11 ). 1357-1368. (in
Chinese) )
FEREAR, BT, 4 e I BN A T g A 2K
PLFIAE 250 B S O ik [ ] K BRI AR 4, 2021, 37
(1): 140-144. ( HUA Zulin, DONG Yueyang, CHU

Kejian. Calculation method of ecological water level and

—
9}
[

discharge in highly artificial urban river [ J ]. Water

Resources Protection, 2021, 37 (1 ). 140-144. ( in

Chinese) )
[ 6] XUPY, F4E, ¥ 4ee, 55, JET ARMA A i) 7K 3R 45 7K
FITRBPUENSE )] KB ,2019,35(1) :52-
55. (LIU Dan, WANG Xuan, ZENG Weihua, et al.
Research on overload warning of water environment
carrying capacity based on ARMA model [ J]. Water
Resources Protection,2019,35(1) :52-55. (in Chinese) )
BRI, A, XV E e 48 BB TR T BOK IR R 2
w[J]. A& ¥R, 2018, 38 (24) : 8955-8963. ( JIN

Tiantian, LU Min, LIU Guohua,et al. Water environmental

—
=
I

capacity of Lhasa River in urban sections and its
influencing factors [ J ]. Acta Ecologica Sinica, 2018, 38
(24) :8955-8963. (in Chinese) )

[ 8 ] Ak, kil R, 45, BT MIKE 11 B 5 VL5
e TR B s SR I AT (V] ARG
#2,2017,32(8) :1422-1432. ( XIONG Hongbin, ZHANG
Sisi, KUANG Wu, et al. Environment capacity of the
Guohe River in the water transfer project from Yangize
River to Huaihe River based on a MIKE 11 model [ J].
Journal of Natural Resources,2017,32(8) :1422-1432.
(in Chinese) )

174 -

[ 9] WALE, FEEEE, B, 5. 518\ AR BUK A 3h 2
PORIRF AL ] BRI R 27412, 2016,36 (10)
3848-3855. ( FENG Lizhong, PEI Guoxia, LYU Xinge, et
al. Dynamic water environment capacity of the intake of
the water diversion project from the Yellow River to
Huhhot [ J ]. Acta Scientiae Circumstantiae, 2016, 36
(10) :3848-3855. (in Chinese) )

EALDR, WRB, SRR, 45 1 J0T [0 il DX K PRI A DL B
TGP T]. KB IR, 2016,32(2) 1 111-118.
(GUAN Yiging, CHEN Yue, ZHANG Danrong, et al.

Aquatic environmental simulation and pollutant load

—
—_
=)

s

calculation in plain river networks[ J]. Water Resources
Protection,2016,32(2) :111-118. (in Chinese) )

W RFE , 200, R, 55 B T IR BT IR TS G 5
PRI LD B B[] AR, 2020,
51(7):52-57. (SHEN Shijia, PENG Hong, XIA Han, et

al. Study on total pollutant control in middle-lower

(11

[

Hanjiang River based on environment quality baseline
[J]. Yangtze River,2020,51(7) :52-57. (in Chinese) )

PN RRAEDT , 5 T i TR 3 B K BRI A i
HEMIE ()], KA 24, 2019,50 (12) ; 1454-1466.
(SUN Dongmei,CHENG Yafang, FENG Ping, et al. Study

on dynamic water environmental capacity of mainstream of

—
—_
NS}

[

Haihe River in flood season [ J]. Journal of Hydraulic

Engineering ,2019,50(12) ;1454-1466. (in Chinese) )
[13] P , 3 53 HET o 5 i T 8D /K B A8 P 8 g ] 0 ek
SKERBE B R KV BRAR 2018 .,34(5) - 7680, (QU
Yiging, PANG Yong. Water environmental capacity of
Chengnan River Basin based on water quality standard of
Longwangmiao Section [ J ]. Water Resources Protection,
2018,34(5) :76-80. (in Chinese) )
FRITI, . sk B KA SR BAE R = -6 &
B[] K A 24,2021, 52 (2) : 142-149. ( ZHANG
Wanshun, WANG Hao. Cloud platform and application of

watershed water environment and aquatic ecology

—
—_
B~

i

intelligent management [ J |. Journal of Hydraulic
Engineering,2021,52(2) ;:142-149. (in Chinese) )

[IS] B EhA, SROTIO, Foice , 5. R IX K FRETRIRY 2 48
g J]. ARKIT,2017,48(3) :19-22. ( XIA Jingjing,
ZHANG Wanshun, WANG Yonggui, et al. Construction of
water environment model system for TGP reservoir area
[J]. Yangtze River,2017,48(3) :19-22. (in Chinese) ).

[16] WANG Y G,ZHANG W S,ZHAO Y X, et al. Modelling
water quality and quantity with the influence of inter-basin
water diversion projects and cascade reservoirs in the
middle-lower Hanjiang River [ J]. Journal of Hydrology,
2016,541 :1348-1362.

[17] BEREE, 5K T, Pt , 55 W19E -] RORE & 7K 3l 71 7K 5t
FERIHFFE [T ] KA K R 2 A 5T Be 27 412, 2011, 9
(1):53-58. (ZHAO Yanxin, ZHANG Wanshun, TANG
Yi,et al. Numerical study of coupled one-dimensional and
two-dimensional hydrodynamic and water quality model for
complex lake and river networks regions [ J]. Journal of

China Institute of Water Resources and Hydropower



[18]

[20]

[22]

Research,2011,9(1) :53-58. (in Chinese) )

VRAEH, A, TR SF. AT TR A T 3T IR K R
BRBATFE ()] v AR A K F K L, 2020 (12) £ 101-
105. ( TU Huawei, WANG Li, ZHANG Xiao, et al.
the lake
environment under the impact of river network[ J ]. China
Rural Water and Hydropower, 2020 (12) ; 101-105. (in
Chinese) )

FRIpeaHe , 5K T, A i it , 45 2% W X e 7K 3l g Rk
B mmss [J]. AR KIT,2016,47 (9): 17-21.
(ZHENG Xiaoyan,ZHANG Wanshun,XU Gaohong, et al.
Study on impact of storm on hydrodynamic and water
quality of Liangzi Lake[ J]. Yangtze River,2016,47(9)
17-21. (in Chinese) )

XU , 32 3003, Al [l A, 45, Rk T 7K JBT-T G I e 1o 5¢
RPN K IR BE A& R IS [T ] K3l 1240
FEE kR A $8,2011,26(6) :652-659. (LIU Xiaobo,
PENG Wenqi, HE Guojian, et al. Study on environmental

Research on restoration of urban water

carrying capacity of Fuxian Lake based on the response of
water quality to pollution load [ J]. Chinese Journal of
Hydrodynamics,2011,26(6) :652-659. (in Chinese) )
O XIBENE, 2308 , 55 HRAOK PR A i 357 12
Mo 5 e B [ ) ] JK B~ B i, 2014 ,25 (3 ) : 451463.
(DONG Fei, LIU Xiaobo,PENG Wenqi, et al. Calculation
methods of water environmental capacity of surface waters :
review and prospect [ J ]. Advances in Water Science,
2014,25(3) :451-463. (in Chinese) )

BRI, R, WRAR A=, A5 SR DX bR k22
D e o A R A A S PR R KT AR A B0 X SR F O

(E#% 166 )

[22]

[23]

[24]

[25]

RN, R, Jil , 4. /IR K I T i i 2R 4 S 2
TRRETE XS K Vb P42 At s 7 KL [T ] 7K 27412, 2020, 51
(9):1121-1130. ( SONG Jie, YI Yujun, ZHOU Yang, et
al. Response of river plankton and bacterial community
distribution to environmental factors under the influence of
water and sediment regulation of Xiaolangdi Reservoir,
Yellow River[ J]. Journal of Hydraulic Engineering,2020,
51(9) :1121-1130. (in Chinese) )
Be)HE B R DY AF B R AR S RO DA
WEE[T]. AR #2021, 43 (7) : 100-103. ( LOU
Guangyan,GE Lei, HUANG Yufang, et al. Evaluation on
the effect of ecological regulation in the Lower Yellow
River[ J ]. Yellow River, 2021, 43 (7): 100-103. (in
Chinese) )

T At BLER AR, A5 JRK IR VDRI B0 1 BT
IRESH AT ], EDK PR ,2017,24(5) :953-962.
(CHEN Ning, YANG Yanyan, WEI Zhenhua, et al.
Composition and distribution of fishery resources before
and after the water and sediment discharge regulation in
the Yellow River estuary[ J]. Journal of Fishery Sciences
of China,2017,24(5) :953-962. (in Chinese) )

XUBA A A, 509X, 2. 2015 45§ 7K 38 70 39 6] 35 T

[23

[24

[25

[26

]

[

]

(-

[J]. 388 5 Al 540 % & ,2020,45(3) .86-89. (HUANG
Baoyuan, LU Xianyan, CHEN Tongsheng, et al. Study on
the the

development of economy and high level protection of

countermeasures of promoting high-quality
ecological environment in Guangdong-Hong Kong-Macao
Greater Bay Area [ J]. Environment and Sustainable
Development,2020,45(3) :86-89. (in Chinese) )

TU M C, PATRICIA S. Modeling pollutant buildup and
washoff parameters for SWMM based on land use in a
semiarid urban watershed [ J ]. Water, Air, and Soil
Pollution,2018,229(4) :121-136.

ChEFAE AR AR T ST SWMM AR R B4 ik i 1A 5
RS g R A AT (0] K O kA4 4, 2017, 36
(11):62-72. ( MA Menghua, LI Jiake, DENG Chenning.
Analysis of urban waterlogging and pollution load based on
SWMM model[ J ]. Journal of Hydroelectric Engineering,
2017,36(11) :62-72. (in Chinese) )

4 PN VTR A A A R I A A T A S A
il ARz E [ 1] KB URPR 4, 2020,36(2) :92-96. (LI
Yang, SUN Chong, LIU Hanxi. Supervision of river
ecological flow and verification of control objectives in
Fujian Province[ J]. Water Resources Protection,2020,36
(2):92-96. (in Chinese) )

FEME. N TR SCHREE ST [ ] T AK K L, 2004
(5): 73-75. ( YAN Bin. Analysis on hydrological
characteristics of Huizhou City [ J]. Guangdong Water
Resources and Hydropower, 2004 (5 ). 73-75. (in
Chinese) )

(Wi H #99:2021-01-20 G F£35)

RIFURL Ph R HRS R [l R 2 B A [T ] o e B
Bl2£,2019,39(7) :3009-3017. (LIU Ming, YANG Yadi,
BI Naishuang, et al. Variations of Pb and its stable isotopic
composition of suspended particles in the Yellow River
during water-sediment regulation scheme period in 2015
[J]. China Environmental Science,2019,39 (7) :3009-
3017. (in Chinese) )

[26] BAOLIGAO B Y, XU F G, CHEN X R, et al. Acute

[27

[28

[29

[

]

[

impacts of reservoir sediment flushing on fishes in the
Yellow River[ J]. Journal of Hydro-environment Research,
2016,13:26-35.
BT KRR Y B IR A B 2. KR T B R
[M]. K& A0 TREHOR iR, 1986 :53-61.
TR AT 238, /D 22 25 )1 K B AT A 4%
RGN S A S VR BE [ M ] K < 3l 7K A s A
2012 :360-364.
XU, T 338, JkJ5age , 4. BT )1 A2 3 R 0 B 18
[J]. 7K Fl 2442, 2020,51 (6) :631-641. (LIU Xiaoyan,
WANG Ruiling,ZHANG Yuanfeng, et al. Threshold of the
runoff utilization of the Yellow River [ J]. Journal of
Hydraulic Engineering, 2020, 51 (6 ): 631-641. ( in
Chinese) )

(ke H #1:2021-07-27 4l Av = F))

- 175 -



