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Abstract: Inflowing rivers are the main pathways for external nutrient inputs to lakes. Changes in nitrogen (N) and phosphorus
(P) fluxes directly affect lake eutrophication and the risk of algal blooms. To accurately evaluate pollutant export characteristics
and driving mechanisms of typical inflow rivers in the Chaohu Basin, this study selected the Hangbu River, the largest tributary
of Lake Chaohu, as the research object. Using hydrological and water quality data from 2019 to 2024 at four monitoring stations
along the river (Yaojiahe in the upstream, Hekou Bridge in the midstream, Sanhe Town Bridge in the mid-downstream, and
Beizhadukou in the downstream), this study estimated nutrient fluxes and their long-term trends using the period-average flux
method, the LOADEST model, and the WRTDS model. The period-average flux method has a simple calculation process but
relatively large estimation errors. In comparison, the LOADEST model is more applicable to the Chaohu Basin and shows much
higher consistency with observed daily fluxes than the WRTDS model. The results show that the LOADEST model performs best
under conditions with continuous discharge data and relatively sparse water quality measurements, with R2 values from 0.89 to
0.97 and NSE values from 0.84 to 0.98, supporting the stable reconstruction of continuous nutrient flux sequences. The TN and
TP fluxes estimated by the LOADEST model show clear temporal and spatial variability. At the lake inlet section, the wet season
from May to September contributes 68 to 77% of annual TN flux and 72 to 81% of annual TP flux. A single storm event (61.8
mm of rainfall) can contribute up to 74% and 77% of the monthly TN and TP fluxes, respectively, reflecting a typical pulse-driven
nutrient export pattern. Spatially, TN and TP fluxes gradually increase from upstream to downstream. The annual TN and TP
fluxes at the Beizhadukou section reach 4.24x106 kg N per year and 2.25x105 kg P per year, which are 10 to 17 times the upstream
values. Trend decomposition analysis shows that the lake-entering TN flux has continuously increased over the past five years,
while the TP flux shows a slight decreasing trend. This finding indicates sustained nitrogen accumulation and temporary relief of
phosphorus export in the study area. After removing the influence of discharge variation, these trends remain stable, with flow-
normalized change rates of approximately 0.68 t month-1 for TN and -0.06 t month-1 for TP. Overall, variations in nutrient fluxes
are co-driven by hydrological processes and human activities. Intense rainfall events enhance the input of agricultural and urban
pollutants, thereby increasing nutrient loads in downstream river sections. This study provides a scientific basis for external load
evaluation, pollution control, and algal bloom risk management in the Chaohu Basin.

Keywords: Lake Chaohu Basin; pollutant flux; LOADEST; WRTDS; Hangbu River; flux estimation.
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Fig.1 Location of the Hangbu River Basin and distribution of monitoring sites.
1.2 BURSRIRES AT

W T T A 30 2 A RE K SO KSR B A K SCEICHE K LSRR AR gt 28 s e W T 9 7K SC
H s, WA NEH o ANFSE S B SR TR REPR SE 2024 FALE,
FRIEIAT R MR il 5508 2021~2024 48, o T Ui = BT KOst s R0 T i b IR 13m0 4 25 2019~2024 4F
oo, BRI OO sS4, KR I S 55K SCE Bt S . R, eI O K W 1 2D f
TSP K SC E h W A5, DRCR P 2R 1 5 30T 32 T Y SR ) K A N AR ] O KR K = A
B3 B PIAN K SC B Eh M s OB RIS AET ) AR H R B i S8 2B, & Syl A7 i 1k
WML BB SR, WSS AN TR AT WAL TR T, AT M o TE R B
PSR B eI CHEBE 6km),  HLIAT KM WTHI AL T sl ROV X AT, BRI bk a8 i ] 3 ABL R A i I T
SKIX B H KIS FE o /K BRI B\ T RIS Nz H, R F R aRE A% (TN A
MG (TPY. AKFHEAR TS R (b RK R 2 451D (GB 3838-2002) K ALE J7ikbr#l (GB
11894-89. GB 11893-89) 4T3,

FEEC AL ER Y B, 0 S0 WA e B HEAT IS AT DG 5 e B (AR A o BT AN BRI RS . SRR AR
SURAE WA ) SR E S, SR BRI 2 5 I R A AT BB AN B, BIEHIRE
5 A8 KBRS N, MG — R IR AR S . ARSI R R, 4SBTk R A
SR TR BB 7 — ST R
1.3 BEHESRHIE

TS R IB RS E O AT A R 2N BOEEMEIE. Zo0800 37 (LOADEST) AN [a]
9% (WRTDS), HAk#iTF.



1.3.1 BB B4 5 2k I BOB 244 55 2 B 2455 i 28k B 7. HIEAR AN
C; Q; (1
1

n
L=>
i=

oo L Wies B BB, CONER 1 BB ST IR, O OB 1B BRI RIOK B, n MRS B
KL,

T EIE G T Z 8K ORI AU BRI R AR 3. AR, AVHE TOESIK X
Hdm xR A S R, AR FIE A SRR MK R 208 B Fox B ZI R i &, BT K. KELEA
JUE A RFERE R, IR RIFIEE . Z R DA U ME I SR A 57K 5K &, #E DL
ZH = K A R R AR U 5 R 1 A I I R A, DRI BE Al RS . BRIL, A 0% A D B o s s S oF
TGRSR, %A RE T 554 LOADEST. WRTDS S8 5 3% (R Ak S 45 Sk AT 0 Eb, AR08
BRI A E S P S W ZE I
1.3.2 Load Estimator (LOADEST) LOADEST (Load Estimator) 7% iy 25 [E #i T2/ (USGS) JF K,
FFEREES:, KTURFE BHUI 2 AF b S0 s i@ U0, B 3@ F TR T R

Ny

InL(t) =ag+ » a; X;(t) +¢ 2)
0 ]Zl J ]

b, LOOABRR U4, a0 F1 a ML RHL, X () RUE . WA RFE SRR R, Ny R R
i, e MR Z .

LOADEST WEZ MH7EEA (WE D, Wi, ME5FRETFRARAS. B
Akaike {5 BHEN (AIC) X Schwarz 5 BERAEN] (SPPC) HBhifILE R M IR ESHAGHTE L,
LOADEST 2t KAl TH (MLE). B R A BIEAMTH (AMLE) M/ hxt iz (LAD) =FJ5 .
BT IR =S HUEE T 5 BENA KR, N TS ER NG, AT TR AL B oA T
(AMLE) &5,

%% 1 LOADEST #420 py B (a1 )5 77 #2772 50
Tab.1 Built-in regression equation forms of the LOADEST model.
T 5 [l AR

1 a, + a,lnQ

2 ay +a;InQ + a, In Q2

3 ay, + a,InQ + a, dtime

4 ay + a,In Q + a, sin(2rdtime) + a; cos(2m dtime)
5 ag +a;InQ + a,In Q% + a; dtime
6
7
8

a, + a;InQ + a, In Q% + a; sin(2n dtime) + a, cos(2m dtime)
ay + a,InQ + a, sin(2rdtime) + a; cos(2n dtime) + a, dtime
a, + a;InQ + a, In Q% + a; sin(2n dtime) + a, cos(2n dtime) + a5 dtime

9 a, + a;InQ + a, In Q% + a; sin(2ndtime) + a, cos(2m dtime) + as dtime + a4 dtime?
10 ay, +a,per +a,InQ + a;InQ per

11 a, +a;per +a,InQ + a;InQ per + a,In Q% + a5 In Q? per

99 I EE XL

e RrP per FoRFAMIT, H TR E IR K EAEEAE N I FETTEAR AL .
1.3.3 WRTDS WRTDS (Weighted Regressions on Time, Discharge, and Season) &7 35 [ 3th Jii i & =)
(USGS) T 2010 4, 2 —FhEET I EIE RIS I7E, T [EI R ik B2 - 00 R 1 ) TE) AR Ak 5
TR . BRI — OB A
InC = By + B1(t) + BoInQ + B3 sin(2aT) + B, cos(2nT) + ¢ 3)
H, CRHIKE (mg LD, QAHMRE (m® s, THRRIE (FBEHRSEDRD, po-ps ABEI 55 EF
AN EE R, AT
T it SRR IR I S50 LV AR IR AT AT B P 41, P (S 15 B H B4E 4. WRTDS A%
RERE T EIR ST 1k (flow-normalized) 3B, UM BRFEFRZIRNE 0T #3730 i RE I .



134 BB R % 51058 RS FIERMEEER AR WIERAE, AT RIE N EEE X LOADEST 1
WRTDS AT T %€ 559 1F . LOADEST #A%E i Py B W2 Fh m13 7 12 B shim ik s e, JErEfE
JiTREER JE AR B A R BEIE R P41 WRTDS #5784 UL T FCER A B Bl T HESE, R0 R Wl it = 5 7K o 4
PR R RIS — PR H s

TERERYIRAE RS, SR /K BTIE H SRAE 240K B SAR BE 55 68 RESRAE H 24 R /K & ) SRR TH AR B ¥ H i
RS EE, HH SRS R HiBEE — IR, XS ERE H RS R dE s fE R R
7o
14 RS *
141 BA#E e =N ARBRLE S L nE S E G, A SCRATGE 2L (RD. I 8E AR
4 (Nash-Sutcliffe Efficiency, NSE) FRFEMAKF (p{H) FHTHaIR IS Rt 1T 476 L

P A (R?) [RBVBAYh SE 5 S F s S (R PEAE OGRR R, HBUATEREDY 0~1, #dEin 1 R
BRI H G RO BRLF T, AR RS (NSE) F T B A Sl i A8 e M T I Re 70, (B %
1 RN LR AR, 0 RN IETY 5 UL BB T AR AR Y, SR U 2R AR Y T e Sy 22, W
K (pfED RARE t A S de s B4 A 45 B 5 WMME < R A SS B E ME. 24 p<0.05 B, A B RYfh B
SRS WIME F B A 24 p<0.001 B, AR IA 31 vy i 3 /K F B9,
142 3 REF E04 AUEARFEFMEMZME. BEBNZER, ACRABEZET 25 (One-
way ANOVA), LLifmi/rHiEENEL R, FHAEMNATE, MRANYESSHFLERELRER, B
ZEMEKPRENa=0.05. 2 ANOVA ZER, #— KA Tukey HSD FH /Gt r M LLiR, ¥R
HHONEBETRER, UENEIZE RN,
1.4.3 STL £ -# #5M% NRRPURMRIRE . BHE =K S =, ASCRH STL (Seasonal-
Trend decomposition using Loess) FiEX} 2019~2024 5= N3 L i) B B il i /7 53k T /- fR ). STL 36T
LOESS “Fif, fesriadpsktt. JE-PRas i TR i ds . = 55z =5y, HnZas.

Xe =T+ S+ R, 4)

H, X AW, ToRKIEHBI, SCAZETI RATRED.

FESEIE R, EARH A BRSO A, IR I A [ 5 BRI I R AR, Bk
Bo-ES “HREREIRS)” B

Eikth, %5t AEGIEZEAN F (tmonth™), WEAN Q (m’s!), My AR,

Fr=aQc+B+¢& (5)

H, a5 HEARE, e A BRI ELNETTIRE MR Z 00

AT UL A ZE e A0 5 BRI R 2R VE R A S5 BE B2 7 51, HERTIRZE P FIREAT STL /A%, $REUEHR L
Tev A¥IZENTMES:, LR E BN ZER . AR IER M, A3 Fi 5 O BIENERZERT
TEHEAT T2 Wiard, DAIGIUFEZR 1 o] 9 Be 0% % )l B i BB ia % . SR ER, TRERRIH RN
RGNV ZE . RN, Xk ZFERERA AT RSN S, (TEBERNRIRA, DoEE R E A ECT R
H, RAAEGHEBATREFENHN 12 (), HEEAHEEST, DRSS R,

2R

2.1 {RBNS VL SR ENERE

AT MINEHERE . SERR S R 45 =N T RGOV AN [F) 5 1 R03E P S5 R B 3R L

LOADEST RIS WS MW CRy#m OO o R =3 . RugdbmiE ) X+ TN A1 TP
M EERESTMAEE S —H. HRERT RD AT 0.89~0.97, PfFaE RE (NSED N
0.84~0.98, i p<0.001 BEMERL, REWEIFHEIARBERE FHEETIHERE, THERKE
MrEgRdl mioe nT RN G e (B 2). M2, WRTDS BLEX W R2 4 0.32~0.78, NSE A-
0.05~0.56, HHIPERR. BEARHIEKIIEBE SFBIM 510 FEWMMERFE—S (A7E8 S R
B BIWGRIBT (B 3D,



17.5{ (a) Lig-TN

o] (B} iR

7
o
=
c
2

s
0 - ® R?=0.893 R?=0.942
25 :’ NSE =0.915 NSE =0.981

’ p<0.001 p=<0.001
00
00 25 50 75 100 125 15.0 175 05 06
1) R TN ® td) b Fue TP

?M]

o

=

g

=30

=

Zw

&

&

a

<<

(=]

S

[ ]
e
A2 =0.958 \_.’ R?=0.970
NSE = 0.842 05 L NSE = 0.864
p<0.001 i p<0.001
20 30 40 ) 05 1.0 1.5 20 25

1401 (e) Fis-TN () FieTP

£

=

R? = 0.966 R?=0.956
NSE =0.911 NSE=0.975
p=0.001 p=0.001
0 20 an i 80 100 120 140 2 3 4 5 6
IR W ton N d=1) WG (ton P d~1)

P62 LOADEST #284 [ RUBEIE Al 550 55 1 00308 e (1 9RBE < I YL ) O Ll (ot 23300 A i s o AT R BT TN TP)
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Fig.4 Comparison of annual total nitrogen (TN) and total phosphorus (TP) fluxes at different sections of the Hangbu River.
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TR AR ISR A 2 A DL SR B T4 5 55 DX 2 M

LA T AR SR AR A R 22 R R, TN E Ll (1843 kg km? yr!), il ARG T Hh R AN
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kg k2 yr!)o SR BRIy A m A Ry e N R R REE RS R R, R
HREE LN ASKESI B INE M 1 W A5 5 BRI (R 3).
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AR, HIERLRSIEIN, TR Y ) 2 (8] AR AR

H1 T Wil Y IR AR RIS U 5 2024 48, Hilfeli] HORHE N 2021-2024 4, R
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L EEEERIRFF— 2.

3 HURARIRA R BLE & (TN) 588 (TP) Sl st (ZEMHbRfERS 2024 FHPED
Tab.3 Annual flux and export intensity of total nitrogen(TN) and total phosphorus(TP) in different sections of the Hangbu River Basin

(multi-year mean + standard deviation and typical year 2024)

sl 1B Bk A E1 KA LS PN Jb w1
frE st/ iz AR N
W& (kgNyr) - 1,048,044+314,544  2,080,022+1,315,748  4,237,778+1,739,081
iR (kg Nkm2yr!) - 672202 1,033+653 1,004+412
i (kgPyr!) - 23,342+6,562 81,241+45,094 224,961+122,735
HrtHBRE (kg Pkm2yr!) - 15+4 40+22 53429
HAIEG (2024 45) JBE (kg N/a) 251,718 1,059,062 3,925,059 5,549,277
HIIEEGY (2024 4F) % B
(ke N k2 /) 1,843 679 1,948 1,315
HAIEEG (2024 ) B (kgP/a) 20,725 27,803 127,231 205,127
HIEEGY (2024 4F) % B
(kg P ka2 /) 152 18 63 49
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2019-2024 4[A], Brigie TN M TP @& S EL R RERD, ROUH MK HAIRSRFE. A
ARERNKE, i@ EBEE; RiE i@ s K-r ST, [FiH B S s,
VLI H R R 5 5 2 N AR R AT S e, A bR s Rz (B S B 6). fEETRE L,
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BETR. BEZF (6~8 A) NEEHHIEMEN, TN A% 950 ton month!, TP H¥J%] 68 ton month!, 43
Al A EEE N 43%F 40%. HREIRZ, KEAFRMK. Tukey IR REKHETZREE (p<0.05),
BEHHMZFWE R ARG (B 7E 8, EFERRE L, K 7HME 8 ERT 2019-2024 F% H £ TN Al
TP JEEREFRAEM, 2020 FF1 2024 FHEEREFG, TN M TP BERT/KE (2021, 2023 4) &l
70%~90%. F /KB EIRNE PTIEFIKEN 4~6 5, WRKGEALL 2 £, U0HH B Y 98X 77 b H ik 3)
HAESERFCER (-7 K 8. —MENT, FKEEMRMA LB EEE, HbT AR
Mo B RO AR R B, N IANIE EEROR,  TEXT & (0 7 3 BT A R A AT LU ST, AR AT Y
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Tab.4 Comparison of total nitrogen (TN) and total phosphorus (TP) export intensities among typical river basins
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