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Water quality evaluation and spatiotemporal variation characteristics of Guanting Reservoir / YANG Rongjin',
WANG Yizhuo®, LI Xiuhong®, ZHANG Yi’, SUN Meiying® ( 1. Institute of Water Ecology and Environment, Chinese
Research Academy of Environmental Sciences, Beijing 100012, China; 2. College of Global Change and Earth System
Science , Beijing Normal University , Beijing 100875, China)

Abstract: In view of the lack of two-dimensional holistic spatiotemporal dynamic analysis of water quality evaluation of the
Guanting Reservoir, the monitoring data of seven pollutant indicators from seven sections of the Guanting Reservoir from
2010 to 2017 were selected to carry out the water quality evaluation and investigate spatiotemporal variation characteristics
of the water quality of the Guanting Reservoir using the principal component analysis method, inverse distance weight
method, and Spearman rank correlation coefficient method. Results show that organic pollution and reducible pollution
coexisted in the water environment, and the eutrophication caused by nitrogen and phosphorus was the most important
pollution problem in the current state. The water pollution of the Guanting Reservoir had obvious regional characteristics,
with the water quality being better in the outlet area and being worse near the inflow area, and the water quality of the
Guanting Reservoir was better in the flood season than in the non-flood season. The overall water quality of the Guanting
Reservoir fluctuated greatly from 2010 to 2017, and the interannual variation of the water quality of each section showed
different trends. It is suggested to implement regional water quality management, reduce nitrogen and phosphorus pollutants
in the upstream while increasing the amount of water into the reservoir, and expand the artificial wetland in the reservoir
area.
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Fig.1 Guanting Reservoir location and monitoring sections
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Table 1 Eigenvalue and variance contribution rate

of principal components

EWSFT FHEE ETURER/ % R IrEEmER %
1 3.121 44.579 44.579
2 1. 603 22.907 67. 486
3 1. 020 14.574 82. 060
4 0.585 8.363 90. 423
5 0.341 4.871 95.294
6 0.238 3.396 98. 690
7 0. 092 1.310 100. 000
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Table 2 Principal component load matrix

and score coefficient matrix
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MOE 0.863 -0.255 -0.102 0.410 -0.198 -0.206
MW 0.833  0.235 -0.042 0.355  0.100 -0.226
& & 0791  0.115 0.431 0.258 -0.047 0.210
pHfi -0.059  0.894 -0.016 -0.079  0.564 -0.145
fe il
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e

2.2 KRZTETWEEE

F R AEL A AR S TR R B e S
o iE—20 0 45 T A ) R GRS ZE A 32 B A3 bR
B DT B REE A VEM Y o MRS [R] Ui i 2010—
2017 AFEIUH S54RI A 32 00 28 B A5 o Y ME, IRk BiE
GB 3838—83( H F /K S [T f5t b v ) v B2 1) O ok
TANTE YR PRI 5 K BT m A, 456 oo
WS B AL A K B PR F, T35 B T K %
KT AEH KA 1 2R F< -0.746; 11 2%

- 137 -



-0.746 < F < - 0.543; M 2%%: - 0.543 < F <
—-0.182;IV: -0.182 < F<0.339; V2£.0.339 <
F<1.132, 48 /K 5T 55 9% 5 2 br o, R B T
ArcGIS () IDW FH {15 25 JT 7K PR K it 28 [H] A2 4k
WE 2 Jis , 2K 0 45 G [R) B A e o 1 AR an 3%
3 iR o

N ." ol
\ \
| <
(a) &4F (b)
o K2
- ]
®m I
oo
— Y
\ v Y
q 0 5 10 km
(e) JETRIA

B2 EFKERERMEAKRZEENL
Fig.2 Spatial variation of water quality for different

periods in Guanting Reservoir
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Table 3 Area statistics of five water quality grades in

different periods of 2010—2017 in Guanting Reservoir

unit. km?
IR LA A AR
1 2.32 0.01 1.80
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Fig.3 Change of area with water quality reaching
level-1I standard from 2010 to 2017
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Table 4 Spearman rank correlation coefficients for
comprehensive scores of principal components and

water quality variation trend for different sections
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TR B4 2010 4FA47 LT H . R, =
0. 05 i, i FHE g 0. 738 , 2% Wi il REAH G R B /N T
e SEL, RAE A T2 A B8 3 0 25 B 45 70 (6 5 1) 1]
P31 JC i A O, BEBTK SRR AR R 32 H AR R0
b, 5 32 NN TR it M 07 BOR A 2, 7K
AB R AT ATRE AR

i 4 al g, /SR W K BRAEFFAEV |V 28,
ARG R 2 A E WA 2011 4R15 50 R
T 8 AFfR RAH 1. 55, K Bk B e 2% 5 A 2011 4FJR K
s e, i VKB g IV 260K 5 /S Wi 321845
SMEAE 2015—2016 4420 1T /NIEEE b I+ IR T R, K
JRAERFAE VoK o T T K 5 32 o A fEAE Al
L/ CSHARL, A 2011 4F R A E IS B
P fE 0. 92 J TG T ke, KB V K EE IV K,
X5 2010 4R 5 520t ) AR AR E B 2 TRRA O, 72\
SRR DB TR e I N A S S 9
BRI K BRI, i 52 R DA A K 5 A T KR £ 38
SPEOX 2 ADWTHEIK BT S . PR L T K o —
FLAL TV IOKPRERE, A 2010 4F E R A5 0{H 1k
FUERAE 1. 70 J& , HARIMEAE 0. 45 ~ 1. 17 [a] 3,
SRS TR H, 3 55 DK IRT A PR R S it A I 18
ETRA K. FEXAK 10008 43 | O KB & I
1018 + 1 3R B I /K Jit 25 & 19 73 B 3 3h B/, Wb
1018 + 1B 1K S5 32 W /KT A K B IR 50K, K
JEAE L L IV 2K A i FRAELE Rl N 3 805 7Kk 10008 7R 3%
55 W KA R TR 4 00T PR IX v, 7K BT A 2 7 T
FR LA DX AL AR BOIR DL RE AT 3 A

- 139 -



AT DX 3l B SR A e 5 o OB T 100 1) 3 B o A5 A (ELFE
2012 AR B e /ME - 1,12, F 2016 4F 35 3] e KAE
-0.63, MikgEdTr T 25K,

3 & i

a. ERr AT R SO E T K K R ) O B
P79 SRR BE MR B /IR A 5 L e VAL
pH E R RRER AR B I . BT R K 3RS
LRGBS ] ERA LTS G 5 ATE 55 Qe OF 77, KR s
B IR 1 K TR 9 S B R K )RR

b. BT KK R 25 28 SR, 25 1)L AL
B b YT IR DX A 7K 5 4 1 T 2 DX
KI5 s BRI A B X 15 et T2 EOR IR, 15 B A
AP DIOR B UAR, S BUR K BT . B[R]
bR R TRIBI K AL AR TRIYI K 5, 158 B K
RAM TSR IWAEPR ALK , 25 W
AT 7 S5 2 B R AN TR LA, A28 XS T T 7K 5 i P ]
S Rl O NIISY Sy 5 Ui SRR L R
J2E DX Sl T K S B 18] A2 AR A X R E o 2010—2017
AR AR B O R Je kIR T, (0 2 2017 AR5 A7 AE
33. 5% IK AN IEBRIX I o

c. MRAEE T K AR A K B PPAN 45 2R 5 Inp =S
ARACARHAE , S SCSEtE 7r DXA B, L Uit DX ] I S X
A At FH R B G , DBl A2 8 75 4, [
R KA i, 412 v 7K B ORI T 5%, 3 R 2 UK
i, A O R X 5 ey 5 L] T ] 0 SR K
SR WK IR SR D RE , IR T e . AR
SEHUK BT AR5 TR T AT TR T T K
e WA AR A5 IR 55 DI RE, g bt A &
JR55 3 s I FHOK T

SE Lk

[1]GUXJ,XUE D J,CAI H X, et al. Feature analysis and

comparison on ecological risk of eutrophication in lakes

and reservoir in Taoge River [ J ]. Environmental

Monitoring & Forewarning,2011,3(3) :13-17.

XUFH. WK R B SR AR PP SR FE [ D ] AR -

PO R, 2015,

[3 ] i, ¥, A Wl . 2002—2017 4F45 55 /K JE Je A PR T
TR BRI A A ma P 2R [ ] #7455 T2, 2019, 37
(10):206-210. ( WU Min, GUO Fei, YANG Mingru.

—
\S)
[

Water quality correlation analysis and influencing factors
in the Shenwo Reservoir and its joint rivers during 2002-
2017[ J]. Environmental Engineering,2019,37(10) ;206-
210. (in Chinese) )

[ 4 ] BORDALO A A, TEIXEIRA R, WIEBE W J. A water

quality index applied to an international shared river

- 140 -

basin: the case of the Douro Rive [ J ]. Environmental
Management ,2006,38(6) :910-920.

SARF], 5KOK B 2R, A BT KR A PERT I 7K 5T 2 4
PRVPAY 5 AR REAE S A [T ] rb B PR 8 L 2020, 36
(1):65-74. (PENG Fuli,ZHANG Yongyong, LI Qian, et

al. Multi-index evaluation and evolution characteristic

—
9}
[

analysis of water quality at inlet section of Guanting
Reservoir[ J ]. Environmental Monitoring in China, 2020,
36(1) :65-74. (in Chinese) )

[ 6] miRBL #2407, . BT KE LI /K 5 25 6]
s ongeit o pr (1] A4, 2019,17 (1) : 106-
111. ( GAO Xingqi, DONG Zhi, LI Lingjun, et al.
Multivariate statistical analysis on spatial variability of
water quality in Guanting Reservoir upstream rivers[ J ].
Wetland Science,2019,17(1) :106-111. (in Chinese) )

[ 7 ] RS TR BRI G PP IR TE s K I 7K
Wb AT AL ST BT K PR BN R LT ] A
AT, 2014 ,45 (32 F1) 2) : 81-83. ( YANG Dajie, XIE
Jianzhi. Application of fuzzy comprehensive evaluation
method in water quality evaluation of surface water
sources: a case study of Guanting Reservoir in Beijing
[J]. Yangtze River, 2014, 45 ( Sup2 ): 81-83. (in
Chinese) )

[ 8 ] B RN, W BT 7K K B 8K 23 A 55 8 3 i
[J]. JEE /K% ,2009(2) :30-32. ( YANG Dajie, XU Lei.
Analysis and trend prediction of water quality in Guanting
Reservoir [ J ]. Beijing Water, 2009 (2 ): 30-32. (in
Chinese) )

[ 9] Body, ik— 2T 2L, 45 QIR ACE TR AR S EE L

il B Iy sUHESE b A K [T ). AR A5 22 9%, 2019, 35

(12): 134-138. ( YANG Rongjin, ZHANG Yi, LI

Xiuhong, et al. Innovation of ecological compensation

mechanism in Yongding River Basin to promote the

coordinated development of Beijing, Tianjin and Hebei

[J]. Ecological Economy,2019,35 (12):134-138. (in

Chinese) )

LT I R A W AR RS B T A

FrEsE (], s el =3k R, 2012,31(5) : 617-624.

(LI Mingsheng, ZHANG Jianhui, LIANG Nian, et al.

Comparisons of some common methods for water

[10

[

environment assessment[ J]. Progress in Geography,2012,
31(5) :617-624. (in Chinese) )

JE B, AR AR R T 22 onge it i PG 2 T i i K
BREA Bim G PR A A [0 ] K BT AR 9,2020,36 (2)
79-84. (ZHOU Ji, GUAN Weisheng, FU Lintao. Water

quality assessment and pollution source analysis of Xi’an

—
—
—_

[

river based on multivariate statistics[ J ]. Water Resources
Protection,2020,36(2) :79-84. (in Chinese) )

(12] 77, fp 22 30, 5 ML I X H R 3 2 5
oA FHAS IR B I AF5E[ 0] a0 K 4 (AR B2
i), 2020, 48 (2): 163-170. ( WANG Guangbo, XU



[14]

[15]

[16]

Cuilan, HUANG Rui, et al. Research on driving forces of
reclamation dynamics and land use change in coastal areas
of Jiangsu Province [ J ]. Journal of Hohai University
(' Natural Sciences ), 2020, 48 (2 ). 163-170.
Chinese) )

PINEFS B, BOL R A5 LT3 M (RS0 (Y B 5%
g 5 2K R 2 RS 8] o A IR T [T ] VTR 22 B
#%,2017, 34 (3):30-34. ( SUN Huiling, LIAO Zebo,
DUAN Lizeng,et al. Spatial distribution regularity of water

(in

quality parameters of Yangzong Lake in summer based on
spatial interpolation algorithm [ J ]. Journal of Yangtze
River Scientific Research Institute,2017,34 (3) :30-34.
(in Chinese) )

R 22 7 S AR K B A 7K ST S AL 150 AF
FELD ] BN 7 K ,2017.

By, Fi, EAROR, 5. 58T E M 0 M i Spearman
FRAH G R BOE AR AT WK B B b i R I LT ] 2R
¥ T R, 2019, 37 (8): 76-80. ( YANG Pan, LU Lu,
WANG Jibao,et al. Analysis of water quality trend in the
main stream of the Yangtze River based on principal
component analysis [ J ]. Environmental Engineering,
2019,37(8) :76-80. (in Chinese) )
TLFR IERAE BRI, A5 B 111K R K Rl AR
kS K R [T ] K B8 PR AR 4, 2019, 35 (2) - 3743
(WANG Yilin, SU Chengjia, CHEN Xiaohong, et al.
Change trend and cause of salt tide in Modaomen Channel
during dry seasons[ J]. Water Resources Protection,2019,
35(2) :3743. (in Chinese) )

TICWS, HotTy, R KT L S A e R
DXCIEs $2 B [ ] 9 R 22 2 4 (A AR B 2 hi) ,
2017, 45 (1): 14-21. ( WANG Wenpeng, CHEN
Yuanfang, LIU Bo. Regional climatic trend analysis in
upper Yangize River with consideration of both temporal
and spatial correlation [ J ]. Journal of Hohai University

('Natural Sciences) ,2017,45(1) :14-21. (in Chinese) )

(E#% 134 W)
[22] HAN Longxi, JI Hong, HUO Fei, et al. A new modeling

approach to mnon-point source pollution load spatial
distribution for plain river network in China[ J]. Food Journal
of Agriculture & Environment,2013,11(1) ;928-932.

AR, 250 T, VL. 25 BT Y U0 BE AL A2 f i S8
TR AL B [T ], KBk )i, 2006,17(3) :317-
322. (LIN Gaosong, LI Shiyu, JIANG Feng. Optimization
of waste load allocation with stochastic pollutant discharge
in a tidal river basin[ J]. Advances in Water Science,

2006,17(3) :317-322. (in Chinese) )

24 5K AR, B2 FE . IR R Bl A5 K PR A AR i

TKSCRARRTFE [T ], i E AR KR KL, 2017, (3)

(18] VERAE. UM T T+ TAF 32 B SRk K PR35 5 R B

(19

[21

[22

[

[

[

[

[

[

WFELD]. HUM - TR ,2018.

AR, W et i R R R e [T ] it i
5%,2007(6) :86-90. (FU Deyin. Exploring the statistical
test system of factor analysis [ J ]. Statistical Research,
2007(6) :86-90. (in Chinese) )

K. SPSSIL GEit i () (M. dest: b
HUA H LT T R, 2002 :190-193.

SHRESTHA S, KAZAMA F, NAKAMURA T. Use of
principal component analysis, factor analysis and
discriminant analysis to evaluate spatial and temporal
variations in water quality of the Mekong River [ ] ].
Journal of Hydroinformatics,2008,10(1) :43-56.

XMBTE, BT R e, 4. SE AR BEK B P4 A
TSRV ] KB IR 47, 2020,36 (4) :40-46 (LIU
Xiuying, HUANG Gongxue ,ZHENG Zhihong, et al. Water
quality evaluation and pollution source apportionment to
Zhengzhou section of Jialu River [ J]. Water Resources
Protection ,2020,36(4) :40-46. (in Chinese) )
BT A A AR T R A3 A e L X
TE B B TR e [T ] AR 7K F K
. ,2019(11) :104-109. ( LTAO Ning, LI Hong, LI Jia, et
al. Eutrophication evaluation of typical river reservoirs in
based on
component analysis [ J ]. China Rural Water
Hydropower,2019(11) ;104-109. (in Chinese) )
2V . BT /R IR OK 75 e X SRS
JFE LR R, 2011

JE MR, iR R T AR AR MK B4R A A I R
[T R 22 4 ( F AR BE=A R ,2019,47 (1) 20-
25. (ZHOU Mi, CHEN Longzan, MA Zhen. Study on the

comprehensive evaluating system of water quality based on

southwest  mountainous — areas principal

and

D]. AK

variable weight[ J]. Journal of Hohai University ( Natural
Sciences) ,2019,47(1) :20-25. (in Chinese) )
(Wi B 197:2020-07-22 4l qoi o)

75-80. ( ZHANG Jian, FU Yicheng, HAN Huiling.
Hydrological condition design for the dynamic calculation
of water environmental capacity (WEC) in Huntai River
watershed[ J]. China Rural Water and Hydropower,2017,
(3) :75-80. (in Chinese) )

SRAE L, . BE T OB IS IR LT T /K BT AR 1 7K B
BRI AT ] KBRS K TR 524z, 2016, 27
(4). 81-87. ( HAN Xinliu, PANG Yong. Water
environment capacity calculation based on water quality
standards at Wumu section in the Grand Canal [ J].
Journal of Water Resources & Water Engineering, 2016,
27(4) :81-87. (in Chinese) )

(s B 199:2021-04-21 G oo )

- 141 -



