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Abstract

The combined input of non-point sources and urban sewage discharge significantly exacerbates the
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risk of eutrophication in river basins. Taking the Huntai River Basin as an example, the SWAT model
was applied to simulate and analyze the temporal and spatial distribution characteristics of non-
point source nitrogen and phosphorus pollution in the basin. The research results indicate that: (1)
The R? and Ens values of the SWAT model during the calibration and validation periods are both
greater than 0.7, suggesting that the model has high applicability in the study area. (2) Temporal
distribution: From 2010 to 2022, the overall loads of total nitrogen (TN) and total phosphorus (TP)
showed a downward trend, and the intra-annual variation was characterized by “high during the
flood season and low during the non-flood season”. (3) Spatial distribution: The high-value areas of
TN and TP are mainly distributed in the upper and middle reaches and around the reservoir area,
while the loads in the downstream area are relatively low. Further analysis shows that land-use
changes have a significant impact on nitrogen and phosphorus output: cultivated land and construc-
tion land are the main “source areas” of nitrogen and phosphorus output in the basin, while forest
land, grassland, and water areas function as “sink areas”, effectively reducing non-point source pol-
lution. This study reveals the temporal and spatial patterns and driving mechanisms of non-point
source nitrogen and phosphorus pollution in the Huntai River Basin, providing a scientific basis for
water environment management in the basin.
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FEAERAEAZ AN RGBSR AT 5 N, 3E RS e (NPS) 2 A AR A 7 A X 7K AR5 G 1)
BRI —, WIRIBK IS B AR O R . R EE Yt A OO AR, RO R TS G ] G
AR RER. BEEFRVRRAEKE, PEEEFML KEHUK . KRS R[] 4
55 s Gl A s o, AROWIR R BEHERC  a E EE ) 45% 0L 2], RERESI T A
TKIREE % 4 1) B 2L g

Ak RUUETS G B A 5 A2 T e AE B 9 B T AR P B R AR IR BOE PR RS, A E AR E RSk
BENTI S W AKPESEKAR, HAVESK V2 BRI A DS 35 (I 723 S Sl M SRR [3] [4]. 4%05
IR @ VER] 73 3T B S A Y, I b R TR S Y i R N R, R ESRIE AR AR RS
2t B EFREARMY CLRCR R AR TR K . 5 T s RS Je AR b, R AR TS e B A DL I S = Ak,
LG KA G T B LA SEIAT R, X AR A AE A TRS G F7UAT R I 28 20 A i R O TR B 50
PRI ETHR[5].

BAT, JE ARG R il 7k E AR H R E0E . AREANE SR, Hrh, YRR
B A RS BOAAE f R IR K SRR . Je Vi ts B BT i A id 12, o A 78 T B [6]. fEAX
Z YR g, SWAT (Soil and Water Assessment Tool). HSPF (Hydrological Simulation Program-Fortran)-.
SWMM (Storm Water Management Model) %54 132 B Ttk SC 5K B . A KREFT LY, SWAT
R ORI A 2% S8 TR S I P tis 10 0d A A8 T s U5 Bt 70 v BAT B0 w] S T A i
Romagnoli Z5[7]7EF#E %E Carcarafia Ji] i 3841 ] SWAT BRI T &5 YL i ke 5THR X ; Busteed 25[8]
FE L Wister WA E 1 ARG S0 HE SUES G4 3 3ER: Huang ZF[9148H, Iy ik 5 &4
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LR E IR TN 5 TP ff i, 1 St 2F 25 W 2 58 Tt B 85 5 280 Jss Je fder s Li S5[10] 8 TR S =5
FE GGG SO L ZR 48 2030 AR AR ARG RS A SR, P 1 A AR SRR AR SR ALL R R T T

VIR IBAE N I At ) B T X 3, 7R R EDRR A 32 7= DRI AR 25 B B i 1 v o 408 DGty o I 4
K, PRBEE RN E T LR DL IR T A AR IR, X G SR AR G 1) i H
IR, O KBRS A S KRG A R B . R, MRl e R AR SRS R
GUVERE FAN B PR, JCH R AERE T BENL G 8 SRS 25 A& R A T TR E A 2 RT3,
KSR SWAT 8L, filiG 7 s bR & 5K SR GUE B, 0V RIS AR SO8 0B 57 fif (1 B 25 V5
ARRHE AT AU T, SRR H U S 2w L], o XK R 58 8 BERT L b R S = DA SR
ESREENS £ L
2. RS HHEKIR
2.1. WRXESR

LTIV RIRT KR T30 7 8 ARkt FRVRIRT 5 ORI AR =20 XA, VR RO KD
W, BEVENEHE. SRS B RN TR 40°F 42°, KL 122°F 124° 2 7], & T AR
WAMEX, FERKEEERE 6 HE 9 H, Fhrshi®, BFEWmmAs. NS IERE, F
ORI A A A 52 30 R 2R 1) P b A DR RS Ry, AR 2 e i AR, BB, PE W A
GNP IEH X (W 1) RIS EE S ME R E st LA E B, AR LERE. &
IKPE R BRR AL R T A K AR R &« I R AR s, BRI Al V& i AR R AR
ACHIRSME S . (E LRI FH T, 3 R0 22 AR MR B R0, e DX AR A RIS B AL
e TR RN I I T AR B Db o AT AR R AT
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Figure 1. Overview map of the study area
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AW TR EE G LR R B . B SR SR R R . K SR B EE L S PLUS A58 8 3k 5 DR 22 2508
1 ) s SRR T 2000~2023 A A ] 4 B 4 1 78 55 255 4E (China Land Cover Dataset, CLCD) /3 ##%K4
30m, AR IR EA . B, ARH. BEARHL. Bdb. KL UKE . R, @A (E 2).
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Figure 2. Distribution of soil types in Huntai River
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Figure 3. Distribution of land use types in Huntai River
3. R LRI A XB ST

3. MIRFA=*E
3.1. SWAT 1&#H

SWAT %4 (Soil and Water Assessment Tool) i & [ A&V 4Ot 57 J7 (USDA-ARS) TF K, & —FhE T
PR AR AR R R A RS YA, T B T K SRR . SR Vb RS K AR A5 RS Y S R L
PPAN[LL]o SWAT AR FLAR 45 i FE2 ANVAT U I 28 K i 8 R o0 A TAS TFias, b — DR T LR 28, 1
AR FE RFAE 4143 S~ 7K SC i ¥ 5t (Hydrologic Response Unit, HRU), AT H& T i 8 4 25 18] 5 Joi 2
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R AE ST FBEIEIA 2 SWAT BEAUIEAT IE U5 BB AL O FR T, R4, BN b, S
S 2 AR . FRH S R AR IR S T KT RS KR S AR AR SR B
o U 3= AR S b e AR 5 Y8 VDB R A 7 3 E N KA. (T otal Nitrogen, TN)FILEL % (Total Phosphorus,
TP) g Tt A A :

TN =N, + N + Ny, (1)

lat

TP = Psurf + Psed (2)

Kb, TNAREAE, Ny, MILEERTOR, N MIREE, Ny, il AR, TP A
S, P, AHREBRNBE SR, P, RIS R

3.2. SWAT =& 93E

RS DL S AT I (] 1 B 2008~2022 4F, —3k 15 F4ds, LA RJE#HT, 76 SWAT BB
E 2008~2010 “E AT, FIAVRIPHIFR I 2010 45 1 H 1 H~2013 4£ 12 A 31 H, KiEHI A 2014
F£1H1H~2022 412 A 31 H. SFRIHEAN 2.593 x 10*km?, %5 T-ifiik 183 4~ SWAT #ER A )
ZINIK SC B BTG (HRU) BRI 23 2 W K R B2 R0 380 P 48300 25 b 8 DA R U 6 Ay RIS UL o ZEASTIE 9T P R i £
BT 45 SR ORE RS, R RN TR A A A BE A HRU, 5 R . 38 SR TRRI8 R 11 B 1t
SEN 10%, He&RI5rH 2158 AN/ K ST B FLA (HRU) .

3.3. IERIEHIEMA

3.3.1. miREH

VERITIIS A Tl s 5 V5 KA BE T 434 T2 o AEARE Y Fh i S IR EL A3 TR) 20, AT e AR 4 5 HE
JECIRAE RS A B SE PRt BEAL B, 4 43 0 VA I 20 B A T e A A . BT 2008~2022 AEFR
BRI S Gert Rk, RIS B N SR H 3575 e HE R R, DA SR ER i SWAT B8 £
VRIS, SEE AR TS Y 67 a7 L8 B[R] A 25 8] 48 B L O HERR 2 RN

3.3.2. ERIRITHR

Ak mRTE Qe B ERIE T AR « R ATETG K B & IR IR R RS . 7E SWAT A
Hh, HLE 3 K ST R B G (HRU) SIS ) 43 i S ARl . AR08 BRAOHE (W B e 1R T (3L
TRGHESE) , ZFFNEESEE HRUs.

VEARIT R DR KON, R EEREE TR, AKHDLRZKRAE . BRI E
T: (1) KK 4% 70kg/ha. 4l 22.5kg/ha. JR#&E 100kg/ha; (2) /KFH: 4% 70kg/ha. 4l 35 kg/ha.
PR 2 100 kg/hao FoAt =l £S5 Yo S tar 00 ) FH 28 L AN 12 B N B 8 00 A 2 s IR B PR A A 5
FH LA 27 RS 5K S5 /K5 I R HAR A B .

3.4. RBVRE DK KHE

AR T 58 LA IR UE SR FH RS 5 AN 7 PR T2 PP (SWAT-CUP) H1 11 7 51 AN 58 M 404 55092 (SUFI-2) %
SWAT AU FEATRHERNIGAIE . SUFI-2 Bid2 — b+ S U@ A A0 T3 9%, )32 N K SCRE L ) 2
R EG A EVE T HIEA BRI E X~ DMECRRWIIE S Ea L, AN 2 JOs s, 5
RELER SWIMEAR AT X, IR R Z L WSO, AT — M EEAVERE N . B
2, SUFI-2 Skl i 280 (iSRRI Z5 SR I ANt e PEVE Bl EAT 2R 5 PP 04, B e AL I i i S
B B A E VG . ZINER A S & S BRI S A ETE DT, JeHIE T B R T
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BRI HE oK

KHFFKFH SWAT-CUP H1 1[5 F1 A 8 ME UL & 5925 (SUFI1-2) %) SWAT A B AT A HEFIEGHIE . 7EAR
R g SRR R, O T VEAS IR BN S5 R A HERA M ST SR, SRA T 1 & (R?) AN Nash-Sutcliffe
(Ens) KM I H Guit-fiabs, Hat 8 I7iE:

R2—-1_ - ZiN:iMzi _ii )2 — ©)
Zi:l(Mi _Mi) Zizl(si _Si)
E :l_ZZ(Mi——Si)Z 4
" s

K, M, S, 4 BIZEEOIIME R, M, AS, 4350 F s MLIIME RS M 1 T2 . SR R2AN Ens 2%
HABCRFIBEAURI B, 2 R?2>0.6. Ens> 0.6 USRS, WHIEsCfE; R?>0.75. En>0.75 K
BRI S [11] [12].

4. RS
4.1. SWAT BB S ¥R E SE

BIE T I AL T2 AT i R B ks B T ARy g AR DA S D I R B R S BRI
R Hor, B ZEu P ) AV K X g 1 RIS A T AR, B LIRS FEE L S IR A 2
IKSCoRAE B o T 30 5 N HDER BT o BEAL, 75 FEul 5 3 B J8 i 3 B 4 HA /K SN %,
eSO RGeS B K SO SRR, R RIS e SR AL 1 08 S i Bt S 4

£ SWAT-CUP V& L, B S E AT 1 280U b, R0 11 S g RAA &
FHHMI KRB S AL, W 2RISR, B BRI RE X, JF R A E
B HRIERAENSHA G, HTREREE 1),

Table 1. Sensitivity parameters and calibration range of the SWAT model in Huntai River Basin
= 1 OEXARE SWAT REH M SHIAR EESEE

SRR 24 T X ZHGEH
CN2 rh ST ST FRAR AR 2 2 35~98
ALPHA_BF TR IR 0~1
GWQMN FEU AR I R/ R K 0~5000
- ESCO TR R AMER T 0.47~1.47
GW-DELAY R KA R R 90~400
SLSUBBSN K 10~150
REVAPMN ZER TIAN Ry Bt /N K AL 0~500
CANMX WEBHERE KA R 0~100
SPCON Ve RS L MR 2 R 0.0001~0.01
e SPEXP e s J7 TR EL 1~1.5
CH_K2 IEZIE R A 0.01~500

U 4 R S P, DUFH G S B i AR AR UL T T R B I B ) — BE . AERGE WA,
R E R BU(RY)EIILF] 0.80, 9 R R E(Ens) 7079079 0.79 A10.80; FELRIEM], R2 20752714 0.81 A
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0.82, Ens 220537314 0.80 F11 0.85, Hryb 4Ll /71T » T4 FH L5 15 ZE P 3t 55 75 2 5 #H O H YD 24540 R 7
>4 0.80 1 0.83, Ens RE535104 0.79 F1 0.81; FEIGIEHA, PHuGAAT R2 254 0.82, Ens 2%004 0.81
0.80.

BARSRE, SWAT HEEIERR- S Rl b 5 se il 3ds BA Rl o B, JCHLAE RGN B
NI UERF, ARZK AR E Bt B A R ke M . IX R SWAT FABUAETLIH 5 B D g b Rl i B
IR MR RE, U B ARV AR K 7K SC 5 YR b ok R A 400w B A 5 i 0o Y P A ] S
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Figure 4. Calibration and validation results of the Huntai River runoff rate
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Figure 5. Calibration and validation results of mud content in Huntai River
[ 5. FEXARIDERE SHIELR

4.2. BRI BEIETE 5T HHE

(1) Fhrietl

2010~2022 FVEXIHAFES) TN TP AFE M 840 WL 6. S5 5 EoR: 2010~2022 4F, VR Ia Z4
(TN) 5 S5 (TP 4 HE = BAA 2 R FFES, HEME IR Z R . TN HH 2010 4147 2.3 x 10 t [ &
2022 4[] 1.5 x 10*t, RiTFFlEIL 34.8%. B BLERAE, 2010~2013 45 TN ¥ 8.7%, ARLHi4%; 2013~2018
SEREIRIE 2 14.3%; 2018~2022 4F T [ AR, Jk/b 2 16.7%. TP 4t &M i 2010 411 410t [ % 2022
fEM 320 t, BT RENR 22%. FiH, 2010~2013 4F T BF 4.9%, 2013~2018 4-F%iE 10.3%, 2018~2022 44k
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Figure 7. Monthly average TN and TP loads in the Huntai River Basin
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Figure 8. Spatial distribution of total nitrogen and total phosphorus over the years
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Figure 9. Contribution rate of each land use type to nitrogen and phosphorus output
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R PFA R FH AR A U AR, S B ES) TN TP AR (b B R I DO AS 78 i 18 (G 5 49
63. 122. 176)FAT TN 2). 455 EH, 2010~2022 4F i), & Tt & REA %, Ak
8 22 S B R . 7 49 STk, e S S AR K 2 Sl e 19.9% 1 10.0%. 12X S b AN A 1
FHH T AR 43 3R % 4.4%F0 2.33%, FRHLIE N 1.6%, MR A 4 25 A, BB FRAK T BB . 63
ST TN TP Hithi 78 FREZ) 7.8%, 325 THHHLAE K 4.66% 5 MMy 5K 2.01% . 122 570380 PR Ak
HuE N 4.24%. BHR/> 5.96%, TN Al TP 434 447 43 ) T B& 10.03%5 5.96%, ik — B ENIEAEZS LY
SRIIETH AR . ABXIT S, 176 5 i E R %, TN A TP §ifi sl L2 10%. ZIXEHt i 5k
4.03%. MM/ 4.35%, FECEBERIEIGIN, SCOARIET SR g ) S AR

g5 b, LRSS S MK S B2 A B T AR U A s RS e, R e T2 s G R . R
DA BN AR O AR B R, BB IE Rk, DAR T X SR IR T &

Table 2. Proportion and changes in land use area of sub-basins with significant variations

F2 TUWRAEMFRETFIALREA SR T

o g DO Ry ey TR i
2010 2022 1% 2010 2022 1%
b 51.1 46.7 4.4 HEHh 52.44 47.78 4.66
hzS:i 0 1.6 -1.6 R 0.02 2.03 -2.01
49 = Bl 0 0.06 —0.06 63 & 81} 0.01 0.94 -0.93
—19.9% Kk 10.48 9.7 0.78 —7.80% K 3.24 3 0.24
WL 3841 40.74 -2.33 WML 4427 46.25 -1.98
AF FH 0 1.2 -1.2 KA 0.01 0 0.01
boimii 41.6 35.64 5.96 Hith 55.85 59.88 -4.03
Hitth 52.83 57.07 -4.24 Wit 23.75 19.4 4.35
122 & B 0.19 0.23 -0.04 176 & i 1.03 0.89 0.14
—10.03% ieC 0.33 0.95 -0.62 +10% KAk 0.47 0.25 0.22
AW 5.04 5.41 -0.37 jeisdathil 18 18.8 -0.8
KA FHH 001 0.7 -0.69 AT H i 0.9 0.78 0.12
5. ¥ig

5.1. RIS 7R4HIES T3t F A FBt A0 STk

2010~2022 4, i3 TN 55 TP fnth S A R R, AR E gD T TN T 8 J i Hid 40%, TP T
7 H 30%, REUIFFEW - R R b A B S ER . FRE, ZHHE iR EX . T
K7, TN BIE{EIX L TP mfE Bt TEX L. 456 LA Tk, Bty 2oR0E, 2
VM TP M DTIR I s PRI 5 B DTHRACAR, A4S0 35 R MR R o AP b 73 A1 25 4R 1 DX e A P B A
re R B L, KA RO L OSBRSS (B AT LR AE) S I 1 AR g XU,
o) 3R RS 2 [13]; I _EHE R o5 AR, IR, FESR PR KB REE SR AT T, R
WAL FF) S Bt e AR IR A2 b Rt N KA, ANTATRE N 17 7K AR S0t S ar XUz [14] [15]. 80 JH Mg 5k 22 W 6
FEINUR BT G o X RN A7 A KR A AIE KM, FERE RIS, Bttt
FHENTF[16]. MRBTAETRAIRTTI . B3 K UIRER R . "R AT 15K &S S Rt A
KA, JUHAE R R N Sy B2, RETIE R RO . AEARAEMIX, AR SR R
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SRBE DX I e, AT 55 0 BB A2 5 I M AR ARG BE[18]. AR il B il AL 22, =
23k 13 AT AN Y B AE SIS, S0) B i A R T R A R LIRS 2 AT P REALIR[19] o A Bt 2 2 T
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SUFI-2. GLUE %)X 40l 45 SRBEAT B AR BEVEAl, AT B TR AR iU s RORE ) v 54 15 ke g [21]
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