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Load estimation and source variation analysis of nitrogen and phosphorus for the Yuqiao reservoir watershed
based on the GWLF model

LI Ze-1i', LUO Na'?, SU De-yue’, GAO Kai", ZHAO Xing—hua'?, MEI Peng—yu', ZHANG Zhen'

(1. Tianjin Eco—Environmental Monitoring Center, Tianjin 300191, China; 2. Tianjin Tianbin Ruicheng Environmental Technology
Engineering Co., Ltd, Tianjin 300191, China; 3. Yuqgiao Reservoir Administration of Diversion Project in Tianjin City, Tianjin 301900,
China)

Abstract: The input of exogenous nitrogen and phosphorus is one of the primary reasons for the escalating eutrophication issues of the
Yugiao reservoir. The GWLF model was used to study the change of nitrogen and phosphorus pollution loads in the Yuqiao reservoir
watershed since the implementation of the "Action Plan for Prevention and Control of Water Pollution". The model simulated the
hydrological water yield in the watershed, estimated the nutrient loads by multiplying the simulated streamflow at the subbasin outlet by the
observed total nitrogen (TN) and phosphorus (TP) concentration data at the same site, and analyzed the source and change of the TN and
TP loads from 2016 to 2017. Results showed that the average annual TN and TP loads of the Yugqiao reservoir watershed from 2016 to 2017
were 2 574.6 t and 94.6 t, respectively. The contribution of water diversion from the Luanhe River, upstream incoming rivers, runoff around

the reservoir, and atmospheric precipitation to the TN load accounted for 27.9%, 46.8%, 17.3%, and 8.0%, respectively. For the TP load,
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the aforementioned contributing factors accounted for 66.3%, 17.3%, 13.6%, and 2.8%, respectively. Compared with that of 2016, the TN

load in the watershed increased by 35.6%, primarily because of the increase of the TN concentration of water diverted from the Luanhe

River by 239% and the increase of the water yield in the watershed of upstream incoming rivers by 11.4% in 2017. The TP load in the

watershed decreased by 74.0%, primarily because of the decrease of the TP concentration of water diverted from the Luanhe River and the

upstream incoming rivers by 87.8% and 71.0%, respectively. The water environmental management department of the Yugqiao reservoir

watershed should strengthen the prevention and control of TN source pollution and simultaneously divert water from the Luanhe River

during periods of low nitrogen and phosphorus concentrations to reduce the input of the TN and TP loads.

Keywords: Yugiao reservoir; nitrogen; phosphorus; GWLFE model; load estimation; source apportionment
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Figure 1 Sketch map of river network and subbasins in Yuqiao reservoir watershed
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Table 1 Original data source for nitrogen and phosphorus pollution load estimation in Yuqiao reservoir watershed
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Table 2 Evaluation standard of model performance levels and results based on monthly runoff simulation

15 H Items PERESESR Performance levels R? NSE PBIAS
PEM R IER e[S/ 0.75<R<1 0.75<NSE<I | PBIAS | <10%
L 0.65<R*<0.75 0.65<NSE<0.75 10%< | PBIAS | <15%
A NHE 0.50<R*<0.65 0.50<NSE<0.65 15%< | PBIAS | <25%
AR R<0.50 NSE<0.50 | PBIAS |>25%
R el 0.78 0.76 -5.4%
Loan L b 0.76 0.71 0.4%
AL I AR b 0.77 0.76 -3.4%
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Figure 2 Precipitation process and runoff fitting diagram of Shuipingkou subbasin
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Table 3 Estimation results of water yield and nitrogen and phosphorus load of Yuqiao reservoir from 2016 to 2017

ek iz PR Water yield/10° t BATNA S TP/
Transmitting channels 20164 20174 HJ{i Mean 20164 20174 I9fHMean  20164F 20174 {4 Mean
eI K 19 136.7 13 441.5 16 289.1 444.1 991.8 718.0 1133 12.1 62.7
a0 75434 8 406.2 7974.8 589.8 710.8 650.3 11.8 5.68 8.74
E20) 51327 5531.7 53322 192.9 364.5 278.7 7.53 5.77 6.65
iG] 31622 3560.5 3361.4 283.0 268.1 275.6 1.09 0.95 1.02
JE JH 2K 4205.7 3656.2 3931.0 246.0 213.9 230.0 13.1 11.4 123
JE JR T K 1462.7 15547 1508.7 209.2 222.3 215.8 0.59 0.62 0.61
KAAREIK 5635.0 4 889.6 5262.3 220.9 191.7 206.3 2.82 2.44 2.63
ASG I N 15838.3 17 498.4 16 668.4 1065.7 1343.4 1204.6 20.4 12.4 16.4
BE /N T 11303.4 10 100.5 10 702.0 676.1 627.9 652.0 16.5 14.5 15.5
At 46 278.4 41 040.4 43 659.5 2185.9 2963.1 2574.6 150.2 39.0 94.6
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Table 4 Comparison of nitrogen and phosphorus load based on

management perspective of Yuqiao reservoir

k] X X
T HRIR B W TN % JABE 5 L TP/%
Pollutant

source  20104F 20164F 20174 20104 20164 20174
FIASEAKIE  30.6 20.3 335 20.5 75.4 31.1
ABRWHIE  55.5 48.8 45.3 41.0 13.6 31.8

BN 13.9 30.9 212 38.6 11.0 37.1

22 ERERIBETU D

R AT 32K TR i L [F5E AR A R
JE JE b 3R KT 7KORI R SR K S5 85 PN TR LR 97 AT
Bf, 2016 4 F11 2017 45 ZU vk B B AR ], L 67 oy it A8
b 3 A AR R K BRI, 2016 4F I B8 B R K Bl
675.6 mm, 2017 4£H 637.7 mm, FEIF 9 5.6% , 2017 4£
5 N IR AT e AT KT 2016 4F . X 2016—2017
ARG IR K YT BRI T A A R 7 ey AR b
TP HTan T .
2.2.1 5lEERKIG YA 1k

5 1 U I 7K A A 7K A ) e R K TS G 1 g
ME 4TI LLE H 51 EEZK TP e B i 2016 4F ) i
[ 0.74 mg- L7 B 2 B % 2017 419 0.09 mg - L™, F&
i 87.8% . [RI&T, A K K 1 2016 4: (1 H .5 .6 A
ZADK 19142 m® FREF] 20174 (6 A 8 H 9 HZ
Y 13442 m®, FFET 29.8%., 7K Ak i () 2 [A)
T R AS TP G ff f 2016 4519 113.3 ¢ F &5 2017 4
FR 12,1 t, B IR 5 3K 89.3% , it S 46 4 5| R I /K T2
MR 75.4% FRER31.1% i B RN, %k
R 20164E 11 H—20174E5 7 B mdbd Kt

http://www.aed.org.cn



ZEFEMN,E . ETFOVLFERENTFHR/KERB R AR AERRRT KRR

2021418

I 1 A 52 1K BT T K P 9 9 O
SRR IR 79 687 /1 FR K BT K HE S8
HEW) L R

8r - TN 112
- TP 7£ -
~ - —1 Kig Water yield xE
~ 6f 109 &
RN ﬁ( =
i E L
ET z
=S 4f 106 %
23 :
= =
®E=
ﬂgiéig ok A’/’A— 10.3 mj
) =
1T,
0 0

\Y ) © © > O
%0\6/0 mQ\()/Q ’LQ\6/Q @Q\f\/g fLQ\'\/Q ’),Q\(\/Q

AFIE (4E-H ) Time(year—-month)
B4 2016—2017 5| FRIAKEMFTRY IR ELN
Figure 4 Comparison of water diversion and pollutant

concentration in Luanhe River from 2016 to 2017

=}

(98]

S
1

0.24

o
=
T

77K & Water yield/10° m®
o
o

0.06

SRIMT, 51 PR IR ZK TN 071 fof ANREE S T o W 285 AL &
NG EPE K TN ¥R B i 2016 58] 19 2.18 mg- L™ FJF
#2017 4£19 7.39 mg- L', B4 0E 239% , % o] fE &t T
JE K3 8—9 H IEAE TRIY | 1 Hsf B 3 T 30 358 i Y55
AP A 2017 AR R KK BB 2016 4F R R T
29.8% , {HLH 7K H TN Ve B2 (1) T R 28 ) 7K /Kt 1 Bk i
AAETR , S 3 2017 4E5 | BERZK TN fy A £ far 452 2016
BT 123.3%.

222 ABRIIETE Y AR 1k

YRIAT BT T 3 R TR S Y 3 1 R K
PR AR AT HOKE . BT S A A ALY
AT 55 G i, B0 DL VDT - 35t 35k A 461 43 B TN TP 72
far 784k . VBT FIE 2017 4R iR 2016 4F ETL T
11.4%., W 5A[LIE L2017 4E V0 4% A TPk FE T
% F 2016 4%, -3¢ J 11 0.238 mg - L' R[5 0.069
mg L, TR T 71.0%, B3 T TP ¥ BE 1 B s 46 7 O o

[ 20164 O 2017 4%

o0

12 1

A TN/ (mg-17)

O 20164 -@- 20174F

B TP/ (mg- L)
[}
[o)}

-0 20164 -@- 20174F

7TH 87 97
A 14 Month

1A 28 3A 4A sH eA

104 11H 124 lﬁJ{E

E5 2016—2017 Fib A FRE~RERABRETL
Figure 5 Comparison of water yield and TN, TP concentration in Shahe River from 2016 to 2017

http://'www.aed.org.cn



KA FREMEFH-E385 -5 14

() FH R AR AL TR, AH ST I (145 2017 4F TP 17 107 45 2016
HERFE T 51.9%. 2017 4E V0 45 H TN ik 5 2016
AEAH B B K, B E B 9.95 mg - LN [
9.29 mg- L™, FFET 6.6% ,{HH F 2017 47 i &2 1Y T+
R 5 TN ¥R B 119 o4 s A A B K, A 3 I i 45 2017 4F
TN 742 2016 4F_E T+ T 20.5%.

2016 AFHEBL N4 (1) BUM 21T O F ol A
R R 1) AR A AME I PR SO UK A R T v
OIS T S/ RS R/ B s D AR LI 1= 0 5 132 R Al
TP 45 T8 A% 46 b A1 Y (1 240 2 (b R /K PR35 o
AR ME) (GB 3838—2002) M 28 /K Jit R, {H i T
TN Ve B i RO A B AR ZR | SRR BRI ) B A
R TSR AR BT B 8 FUK = R0 AR A AT T
IKHE 0 R R AR ZE 5 38 2L K R T st A B AR KA
OB S N RA R I 7 WK = 1

3 it

(1) GWLF B T # 7K T du K SRR ¢
Ifo 2016—2017 4 F Hf K S i 3k A 25 7= i i 29 4.4
¢ m®, Ho 5 EREAK BTk 5 37.3%, 3 A AT 3 5T
1R 38.2% , JE JA 77 i AR AU /K 3 o 24.5% 3 43 VA
g 2 574.6 v, A5 EJEHAK GTRk & 27.9%,3 kA
BRIl DTk 46.8% , A 77 i R SRk 2 i 25.3% 5
AR DR 94.6 v, A 5| ERIE K BTk & HE 66.3%,
3 2 AT BTHR 17.3% , JE J& 72 3 A0 R AR K 3 oy
16.4%.

(2)5 2016 4 EE , 2017 =T M 7K J2E I 38 i 170
T T 74.0% , 252 i F 5 IR K A S ] 37 6
Tl B 24 S o (R 43 310 87.8% F71.0%) o8&
T, 4 3t Bl B R A fr S I T 35.6% , 3 02 Fh 5 1 R
KB KR T (381 239% ) LA K A B30 777
I (WA TR 11.4%) T2

(3) T 7K B 0 3 Wl 75 e B 458 A T — 22 3K
R ABEETE YA N R B T B0 5 I A5 U
5B ia SR R B BRI R T /K PR /K i 1 A
R, LSR5 e f g

S 3k

(1] 5K, A I, BN . 5K S5 F) A8 fS e T4 K A BT B A 5
W o A 5 A 25 KA B (0. 98098 B2, 2020, 32(2) £ 370-379.
ZHANG Chen, SONG Di—di, LIAN Tie—hui. The influences of the wa-
ter diversion structure change on total phosphorus retention and impli-
cation for ecological flows in Yuqiao reservoir, Tianjin[J]. Journal of

Lake Sciences, 2020, 32(2) :370-379.
— 70 —

(2] T8, WHAT, TR, 55 . T K& B IR AP K 25 18] 3 A R F
SR KB K TR, 2014, 25(1) : 1-6. XU Yuan, XIE Ru-
qin, LU Wei, et al. Study on eutrophication evaluation and spatial dis-
tribution characteristics of Yugqiao reservoir[J]. Journal of Water Re-
sources and Water Engineering, 2014, 25(1):1-6.

[3] Wang J N, Yan W ], Chen N W, et al. Modeled long—term changes of
DIN: DIP ratio in the Changjiang River in relation to Chl-a and DO
concentrations in adjacent estuary[]]. Estuarine, Coastal and Shelf Sci-
ence, 2015, 166:153-160.

[4] f] g e, ERTER, FART . AR KA 23R o 5 A BRI R R K
B IS, R A A, 2019, 25(14) 1 121-123. HE Wei-
yuan, WANG Li—wei, WANG Chun~li. Study on the relationship be-
tween chlorophyll a and nitrogen and phosphorus concentration and eu-
trophication in different water bodies|J|. Anhui Agriculture Science Bul-
letin, 2019, 25(14):121-123.

(5] F5RTE, B2, TH, 55 . AR R bl 5 W i oK A s St
FEHE ()] A 9T WETE, 2017, 7(Z4) :36-40. WANG Xiao—xuan,
CAO Yan-zhi, DING Ying, et al. Research progress in the control of ni-
trogen and phosphorus nutrients and the management of cyanobacterial
bloom in lakes[J]. Journal of Agriculiural Catastrophology, 2017, 7
(74) :36-40.

[6] 2, EHME, b, 4 . R IBTT /KK 25 A8 A RAAE T T il 1K
FMELT]. /KB PR, 2020, 36(2) :65-72. WU Tao, WANG Jian-bo,
YANG Jie, et al. Spatio—temporal characteristics of water quality in Da-
heiting reservoir and downstream water transfer strategy[J]. Water Re-
sources Protection, 2020, 36(2) :65-72.

[7] &5 . BRIFE BALAA T Ss Sk T G Biia B i Al g —1L
GIEAHE AR KIS B Biiif e 1] b E AR A K AR, 2018(2)
60-63. GE Li—ting. The construction of transhoundary water pollution
control model from the perspective of collaborative governance : Taking
the prevention and control of water pollution of Luan River to Tianjin
project as an example[]]. China Rural Water and Hydropower, 2018
(2):60-63.

[8] SR DKo, JlWNE, EAEFE, 55 . 51 HEHR A TS Y TR K K IR EE Y
SR (1], K BEUR GRS, 2014, 30(6) : 35-39. ZHANG Qing- qiang,
ZHOU Chao—hui, WANG Xu-—dan, et al. Effects of water pollutants
from Luanhe Tianjin water diversion on water environment of Yuqiao
reservoirJ]. Water Resources Protection, 2014, 30(6) :35-39.

(91 255 . FHRA KIS O AP TAERITR[D]. A FIEA W, 2020(1) -
133-135, 138. YAO Nan. Preliminary study on water environment pro-
tection of Yugqiao reservoir|J]. Technical Supervision in Water Resources,
2020(1):133-135, 138.

[10] FAFAEE, F0F, KA S . A I £ 1 BRI KK 2R /K S5 5 0 43 AT
[J]. # WK F, 2017(5) : 14-15, 26. WANG Bai-mei, WANG Qian,
ZHANG Rui-hao. Analysis of the influence of cage fish cleaning on
the water quality of Pan—da reservoir[J]. Haihe Water Resources, 2017
(5):14-15, 26.

(U] X, S, sk, 55 . o [ AR s UTS Y SR i ST 52 R 5 7
16 6] B3] 7K Bl 22 9E &, 2015, 26 (3) : 432-442. LIU Zhuang,
CHAO Jian—ying, ZHANG Li, et al. Current status and problems of

non—point source pollution load calculation in China[]]. Advances in

http://www.aed.org.cn



FEANF

< E T CWLF #8Y 1 F Rk B 38 S s 5 far 1 B R Sk R 2 4L A

2021418

Water Science, 2015, 26(3) :432-442.

[12] B . AR RUITS R GG S T7 i BT L)), PRI 5 ), 2008, 27
(4):9-13. ZHAO Lei. Research on methods of estimating the load of
the non—point source pollution[J]. Environmental Science Survey,
2008,27(4):9-13.

[13] HHTAL, 2R, SRIE A, 45 . BT GWLF R B i Jag 1 20 07 A A6
L5 Y W AT )], K BRSOk TR, 2014, 25(3) 1 19-23.
DU Xin-zhong, LI Xu—-yong, ZHANG Wang-shou, et al. Simulation
of total nitrogen load in watershed and analysis of pollution source
based on GWLF model[J]. Journal of Water Resources & Water Engi-
neering, 2014, 25(3) : 19-23.

[14] 5KA S, AR eI, FAAME . W03 R AR 75 e B A R0 T 75 L U
fi BT [0, 7K A3 5 K FIRHE, 2018, 16(4) - 120-127. ZHANG
Rui-hao, ZHU Long—ji, WANG Bai—mei. Simulation of characteristic
pollutant load and analysis of pollution source in Liuhe River basin[J].
South — to=North Water Transfers and Water Science & Technology,
2018, 16(4) :120-127.

[15] VoA . SE TS G B R B (GWILF) 119 S 55 B 52 B F 5%

D]. Kt B FF K2, 2014:56-67. SHA Jian. The study on General
Watershed Load Function (GWLF) model for algorithmic improve-
ment and practical application[D]. Tianjin: Nankai University, 2014:
56-67.

[16] AR, 8264, MEMB T, 45 . T /K 20 i 8 B K BOAR 55 75
TR, K AL S5 K FIREE, 2020, 18(3) :142-150. LI Ze-
li, ZHAO Xing—hua, MEI Peng—yu, et al. Water quality evaluation
and pollution load estimation of the ditch around the Yuqiao reservoir
[J]. South—to—North Water Transfers and Water Science & Technology,
2020, 18(3) : 142-150.

[17 7"?5 SRATLR, PV . T SWAT A5 TR (1 1 U 988 7 ol D5 R

15 YT WA R, 2013, 25(2) :236-242. LI Shuang, ZHANG
Zu—lu, SUN Yuan—yuan. Simulation of non—point source pollution of
nitrogen and phosphorus in Lake Nansi watershed using SWAT model
[J]. Journal of Lake Sciences, 2013, 25(2) :236-242.

[18] Haith D A, Shoenaker L L. Generalized watershed loading functions
for stream flow nutrients[J]. Journal of the American Water Resources
Association, 1987, 23(3) :471-478.

[19] Sha J, Liu M, Wang D, et al. Application of the ReNuMa model in the

http://'www.aed.org.cn

Shahe River watershed: Tools for watershed environmental manage-
ment|J]. Journal of Environmental Management, 2013, 124 :40-50.
[20] Hong B, Swaney D P. Regional nutrient management (ReNuMa) mod-
el, Version 2. 2. 1 User’s manual[R]. Ithaca, New York: Cornell Uni-

versity, 2013.

[21] Moriasi D, Arnold J, Van Liew M, et al. Model evaluation guidelines
for systematic quantification of accuracy in watershed simulations|J].
Transactions of the ASABE, 2007, 50(3) : 885-900.

[22] 453, A3, EHRAS, 25 . 2009—2018 45 A A A UL R U R AE
X HCAIFZE (] P8R 24 5T, 2020, 33(1) £ 122-129. NIU Yong,
NIU Yuan, WANG Lin—jie, et al. Comparative study on nitrogen and
phosphorus characteristics of atmospheric wet deposition in Lake Tai-
hu from 2009 to 2018[J]. Research of Environmental Sciences, 2020, 33
(1):122-129.

[23] 4T, Fi4 sk, Tk, BT SWATAEIR 0 Pl 3 ol 52 505 YA
[J]. #EW KA, 2017(5) : 53-56. XU Ning, GAO Jin—qiang, WANG
Qian. Simulation of non—point source pollution in Zhouhe River basin
based on SWAT model[J]. Haihe Water Resources, 2017(5) :53-56.

[24] KEE, BEB, = AN . THERK K IS A1 55 Y o3 Bt B SR BE L 4P v
SN, GRS AR, 2014, 20(Z1) : 101-105, 144. ZHANG Hui,
LIANG Qiong, GAO Ru—tai. Analysis on treatment solutions on exter-
nal pollution at water source of Yuqiao reservoir[J]. Anhui Agricultur-
al Science Bulletin, 2014, 20(Z1) :101-105, 144.

[25] J7 . W 510K Bl a ki 575 e AR ADLBE 58 D], Jb e« i AR
K2, 2002:73-81. WAN Chao. Study on the simulation of the non—
point source pollution in the upstream watershed of the Panjiakou res-
ervoir[D]. Beijing: Tsinghua University, 2002:73-81.

[26] # 1A%, SKIEEHE . PR 2017 45 7 71 6 H 28 M A 4347 (7). 30
JKH, 2018(5) :20-23. ZHAI Wei-dong, ZHANG Hai-ying. Analy-
sis on the causes of rainstorm in Luanhe River basin on July 6, 2017
[J]. Haihe Water Resources, 2018(5) :20-23.

[27] 2 R, BREE, R, 55 . RME A IR KR B TS et T itk
JE). 4k %8 5 3R B 4 4], 2016, 33(1) :1-9. LUO Liang—guo,
CHEN Chong—juan, ZHAO Tian-cheng, et al. Progress on phytoreme-
diation of drainage water N and P pollution in farmland drainage
ditches: A review[J]. Journal of Agricultural Resources and Environ-

ment, 2016, 33(1):1-9.



