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Sensitivity Analysis of Hydrological and Water Quality Parameters of HSPF Model

LUO Chuan, LI Zhao—fu", XI Qing, PAN Jian—jun

(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract : Model sensitivity analysis measures the variability of output variables caused by perturbations in parameter values and input data.

It is important for parameter selection, model calibration, and model improvement. As one of the integrated watershed model, HSPF ( Hydro—
logical Simulation Program—Fortran ) model has a lot of parameters related to the physical characteristics of local watershed. In order to as—
certain the sensitive parameters for hydrology and water quality simulation of HSPF model, a typical small watershed in the Taihu Lake hilly

region was used as a case study. Perturbation method was employed to evaluate the sensitivity of parameters of hydrology, sediment and N

and P transportation modules. It was found that seven of 17 selected parameters in the hydrology module were sensitive. The sensitive level

of UZSN, INFILT, and AGWRC was Type III, while that of LZSN, DEEPFR, INTFW, and IRC Type II. Of nine parameters for the pervious
surface of sediment, the sensitive level of KSER, KGER and JGER was Type IlI, and JSER Type IV. Among the four parameters for impervi-
ous surface, the sensitive level of KEIM, JEIM and ACCSDP was Type Ill. The reach parameters KSAND and EXPSND had Type Il sensi-

tivity, while TAUCS and TAUCD had Type II sensitivity. In selected 23 parameters for nitrogen simulation module, WSQOP, SQOLIM,

MON-GRND -CONC were Type IV, KATM20 and MON-IFLW -CONC Type I, and TCNIT, PHYSET and MALGR Type Il sensitive.

Phosphorus module had 12 parameters, of which MON-GRND-CONC was Type Il and MON-POTFW, MON-IFLW-CONC, MALGR, and
PHYSET Type Il sensitive parameters. These results would be useful for selection of sensitive parameters for hydrology and water quality

simulation used for HSPF model, especially for small hilly watersheds in the Taihu Lake area.
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Table 1 Sensitivity analysis of flow parameters

[RE 24 SR L iy o p— S A R B ) TR
LZSN BUEM T LRZEE] in 3~8 2~15 -0.07 I
INFILT TS ER in-h™! 0.01~0.25 0.001~0.500 0.23 Il
LSUR 9 T 18 7 S 45 39 T K ft 200~500 100~700 -0.005 I
SLSUR I3 T 7 PS4 — 0.01~0.15 0.001~0.300 0.003 I
AGWRC KR AL d? 0.92~0.99 0.850~0.999 0.69 m
INFEXP AB IR EL — 2 1~3 -0.002 I
INFILD  HRBEREN S5V B ERIMLE — 2 1~3 -0.04 I
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Table 2 Sensitivity analysis of sediment parameters
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Table 3 Sensitivity analysis of TN parameters
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DENOXT SAARAE 5 L 1 i A e B mg- L' >0 0 I
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Table 4 Sensitivity analysis of P parameters
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N Z— R R AP BN AT sl Bl 2415
TESEBR BB T RES BN K U AT
HEA PRS0 285 S 5 LA 2 1] % EL DA PP AR AL A R
B RE TR SCRE AL 2ok B 2800k M s R, Ry i
PSR I BE A IR, XA S B T U A3 B 2
TR, SRR HTREA BOR A S AL,
VB D AN R P S O R () 5 0, DT 12 o AL 1) A
BEE o H /K SO SR o B T a8l
ST \RSA 74 (GLUE Jyk&s .y T4 g 1l
ST PB4 B 7 vk W N R L i 2 G A
KRR L TR S T T 43 H7 5 i R A=)
K P 73 % AnnAGNPS A58 it 7K SCoK Bt 25500
TPAT R T X 25 R i KIS 8. %
TN AR AE B REIRS B A A 3 AR S

R ZEITA T S E B, AR
i (QH]_Q)/QI:
o & (PurP)100
- n—1

K .S HSEAARPURIE ; P P 535085 i i+ 1 IR
THESH TR T 5355 Q) 508 5 BRI i t0 45
F 30000 23N i+ YO AR S5 5  n
THERE

HR 8 SRR 11 = 41K, I 275 4 0 46 PO Rk
HMIEAT T IR 432 :0<1S1<0.05 AR ( 1 );0.05<
1S1<0.2 — R (11 );0.2<ISI<1.0 &% (1M ) ;1S1=
1.0 B BERBURR(IV )

#HR5iTiE

2.1 HSPF EEZRRRSHHBRETTER
U BRADUR K SBURADL Y LAl 3T S P T B AL

2

B B FRIR IR SOK BT R ) S8, A SCR TR
N T iE A I T R ALY e S B0 i e
FIRRRNE TR IR R 1,

SIFTEE R R A T NS EOT BRI AR At
FEA B 52m , B A48 )02 INFILT ,UZSN .DEEPFR
AGWRC . LZSN . INTFW .IRC, F:H INFILT . AGWRC.,
UZSN sk 5k W2 . INFILT 25200 -+ 58k 4343
BC ) S EL, B A Tl 36 o TR e A8 B AR 0 (L
VA G K R B L], #2755 INFILT 7] DX
Yok /U i st L 8 5% 3 1T 8 e T R 7 A T 2 3R
BEARR I 2 7™ A T 22 s v i FJE DA . AGWRC J2:
TAGRAGE R, 6 5 Hb KR K AR BT S
(3 K HECE S 24 h BTAOHEBCE W HU(E, SN
IR K R S AR A e LR A R |
FEHF A I UZSN 5 LZSN HbFHHE LK HbTE
X AN ZFEA S, I BB 2= AR ki ARk, UZSN
RIS D2 EKERMZE LR XS
SRk T A A 2L, UZSN e ARG D) 34 in 35 1T 3 . LZSN
DEEPFR . INTFW IRC g% 5]k 11 2%, LZSN 5[
AR IR IR A G, B LZSN B &0
T ERE K B LTk AN R TR AR,
R IR, ] Z IRERIS, DEEPFR 7R # T 7K H
TP EA R ZH T KRB, HAE MR sk
INTFW 2 e 58 8 B /K 08 At Bk 38 i 10 2R 5,
BT INTEW {8 (5 b g i, 98/ DY 11 3 , 76 S0K i
ARG O b m e a, BE I N Z e, IRC
FE g AR TP B LR B AR
WA 2 T Y 0 R R 1 4 1) i B (AR 7K X358 ) oA 5 il
KA, INTFW F1IRC 76 H iR R A 5 &
SAER



2000

RAIMERF 217 EIRRE T R

ANHURSHOT 8 - LSUR \SLSUR %HZ X A2 i il
MG, ATRERE T e BRI R K,
T AR Y A F S A 155 . BASETP S RIS %L,
A A8 T H V] 3 e e 2 o e e, DRI i i 78
AR, F3 BASETP 2 ¥4 42 i &2 5% W i 55 -
CEPSC i1 CEPT JpJ& AN EURSHL, 7R & L R FE )
WIS RS T, AR P AR B 2 R A R A 3 N
BIFRA>HA3/N . LZETP 8500 T 3228 K
I, X FA TR HR A TR R RN R A B AR T R A

S T X AR 3L 2 ) RS MR BT , R G LZETP R

A S SRR E ST i 45 SR AR5 3] 7 ASx b
TR AR A B R S, S B ATE AT
AR RS2 & I — 2k O Hax st
FEAN [) DX 355 1 R P AR S B F SR 30U T R
TP ABERAZE SR L X LB B 4 B AL RUAR I S 4K
TR AT BT A 350 | A RO 40428 T 5 50 sk
ANBE A A A L. BeAh, BTN R
BASETP .CEPSC 25§ Uik , th 5 WFFEPHA F UZSN
SRR B TR L5 AT SR AE AR ZER A RS
FESEFEIZ N, AT RE S B AN R I A R iy 22 Sk
SR, X — S Lin MR85 Tt AR p A
T30 FE Diaz—Ramirez™ [0} 5 o & BLIRRARE DL K
ok RN S5 A (R Sk 2 [, s S 480 +— 2 IR,
FEAR A AU E S B st , HAth 55 H Y3 ey
TEAn B TE s S S A R 2 S i, R 2
AR SE, BAERBIERSE BRI 2 A 174
Mo X T DX AR A L e B ik, i ek = [
AR AR, R BT 428 I RS BT LU
% AHAAN TS S BB B T B R
2.2 HSPF {2ER D SEBURES T ER

YV AASAEL F 175 7K i TR AN 325 7K Ml T R S A
A, RS BT A AR BV S0 Uk
SRR 2,

A HTEE T LA - A6 5 K T A R, KSER |
KGER JGER U9 51|k M 2, JSER #0251y IV
2. KSER EHiRJe v miil il FE 1 S8, B2 S Wil
R BT B | R R B SRR S I R LE S
YERIRIZ%0. KGER R Vb wpil iy F2 R0, & 02 e e
T U0 DB v 4y 5 H SR K U A R S AR I S B
JSER 1 JGER 4351 Jy DL _F W62 B0k 7 Jr #2136 0
HARSHON A HUENE S50, I KRER JRER %, B 1]
VERVD 43 85 5 PR RS 485, HOAN U J5 R A]

RESE R VD 1Y 43 B i 5 i A8 e Vb 1 e AT b I
R, FEERREFIGAYIN IR TEANE K0 TH
K U S8 KEIM JEIM  ACCSDP, L A5Us2% 5]
#6 A I, KEIM J2 Sz B3 B | [ AR50 2R $50RTRS 26 46
RIATERM AR5, 2B BUETE R 0.05~5, JEIM
SRR R AR IR B ST AR ) Z MG R K
JEIM M{H 2 S BT R R i 1 $E s, — Mk JEIM B
{H7E 1~2.5 i, ACCSDP J&— /MR g5 125, 1
HRBEE 1t 52 40475 ACCSDP R, st 4202 [ AH
KSCHRASRAT HAR, & 722103 Bl — A 0.000 25~
0.05. ZETAiE A He , KSAND 1 EXPSND A I 25 ek
B, XEMWATFHEREMAEEMNSE . TAUCS #
TAUCD fUggon o 125, T EE=RUe v AR
5%, B e v Ok £ il ST 8 w] i 4y b
H i K YN A1 TAU B )7 513545 . XFF TAUCS, #
SUNliA (ERU P ES7 S E: D) /| I (A =R S a2 SR il
PG ;% F TAUCD , #8 2: AR DU AS e AR SR AR AR T 1t
HRIA IR, MAABURSEL, TR TR
77 iR BRI SO 7 0 RN ST R AR I R TG

RSy 590 D375 7K M THT AN 385 7K 1 1T LA K I 38 X e
VIS T T BN A 8T, A28 e v 45
e oA M BURSEL, e BRSPS AR
e pi (i F i S 808 — 30, FE— UL R A 3l 43 ot
T HSPF BB HUSAE S A R0 o BIFR 25 Rkt
T ARV VD S BB E4 S0 E,
RN T I L DA L BB /N A R 4 . Ak,
VeV SEBEBGA W AR AR DCIE BT , ant
FE DX AN 5 A AN 375 7K H T DU A 7 b R e BCe v i3 K
FEH DL S TS S BGHEA T 53T
2.3 HSPF =BG EWMH RS HH RS TER

HSPF AT RE BB A ZE R, BA N
Pl A R A AR HESR R SR LA LA
RN B 32 T T AT Ao 2 S S A R B R
PRI SR R K DL RS AL RS S — B
AN oSBT 25 R 3% 3,

MR 3 g R Al LUE Y WSQOP . SQOLIM,
MON -GRND —CONC ,MON —-IFLW —CONC ,KATM20 ,
TCNIT .PHYSET .MALGR & § Wi i% i 48, TN (Total
Nitrogen ) 4L 72 19 G 8 2 4. Hoth , WSQOP,
SQOLIM F1 MON-GRND-CONC 3k IV 2 s 2 %k
WSQOP 5 SQOLIM = %2 % it 4 4 flj2% 1fi %+ TAM
(Total Ammonia ) A%E, MON-GRND-CONC 3 1
il b 7K H TN (v BE SR S i A2 3 v TN Ak A



% )5 HSPF BORK SOK S AR 5B 2001

MON -IFLW —CONC 5 KATM20 7 I 2 i )RR & %%,
PHYSET 1 MALGR A Il 28 f5US 58, AKAR P i
YRR BT BRA I sl 2 N JE 2R b i S B2
5%, XASSEC BRI ) 5 SR TR
A (FE N SCBES U Bt 2 R R 3 ) . H
REBFCHAHIRSEL, o KADAM KDSAM 43 il #%
il A F VeV S UTTE D WL BT S B O &R, T
RARD W M AEJR VD S DI0E Y Ll , XA S B0 AR
U 280, KDNI KAM KNI, KNO,20 . KNO20 %5
SR NG SR . HER D LRSS R
NERE AR G0 KAM, X S8 A A PLA N 24k
i, BARBUR T A VLA, (HK IR i BB R 2 25
M, DA G X AN S R A U S50 7E Lin 5709
WFFE R 5 DA B AL S 506 TN #8547 T R,
I HAR T8 g Uk 4s

2.4 HSPF {RBVBERHH RIS HBRESITER

IR AR VDI B A A SR AL 3 FE
AR, FLrp I g AR 0% ELBIARAIG , A MLAS B 32 22
FEETAEYRN, DRt 3= 2R ARG B S i ToHL i
BESHIBIER AT 25 R L3 4,

% 4 25 3w MON -GRND —~CONC .MON —
POTFW ,MON —IFLW ~CONC \MALGR .PHYSET /& 5%
M 55 8 4 2% 9 S A HUL B 1 G B S . b, MON-
GRND-CONC 2 Il 2552 %k, MON-POTFW ,MON-
IFLW-CONC \MALGR .PHYSET J& Il 28RS %4, [A]
REISE P2 KDSP KADP KIMP KMP & A4
SR, o KDSP 1 KADP J2 43 51135 Wl e i 5 1%
BREVE RO S5, T BB F T K AR i R A0 R 2 W R A
VEVPSETTTE W) () F 10, Vs i Sy LU AR AR, F L
XA AL T — A PHRRE X PSS HO T
T A I T B RN A B S B RICR . KIMP AT
KMP 33X — Xf Z 807 1 4 A LB F1 I HLBE /) 706 24 2ot
2, BT KRR A AL & b, DR A LB S
TeAILEE AR AL T AN BB XS (7 K EL A7) %) g o6 Al it ™ A
HH S T A TR 2 AL R B W, X — X S48
[FRE A BURIES B, 73 o0, T TeHLBE AR A
F R 278, SQOLIM \ 10Q \AOQC S Hn] LI Z
W, B R AN RS

H iS¢ F HSPF BERL % R FH b, X A B USRS
BOwiTie s, i T HSPF B8 g i 5 2% R 41
PLRE, A BB — BRI XE s R, AR MEAS 35y
KR4S R AR P e 5 A S BN IO BAEC
R o ASCRHPL s oMt B B R i S5

AT TIRER T2 IR K SO i 0 (9 R 4 3=
B, HX R SR 0 M BT TRV RE O R £ A G Y
WA S HASCH R BHEUE SR

3 it

ATHGER T T8 53 B 1 S ECBURE S A
e, LA AR FHT L 3 S 56 X, X HSPF 8570 7K SCK
(ISHGHAT T 0T A LU T 4598

(DXL R K1) 7 AMEURSE: LZSN
UZSN . INFILT AGWRC .DEEPFR . INTFW IRC,H:H,
INFILT . AGWRC ,UZSN = I 2% f &% 2 %% ,LZSN .,
DEEPFR . INTFW . IRC 7 I 28558k

(2)Ue Vb I RS B0 A6 3B K H T B3R KSER
KGER . JGER JSER sk Z: 4k, Hirh JSER #Us gy
BIIRE] T IVIS, HAy 3 4 h M2RBURS B fEAN B K
Hi T B B, KEIM JEIM \ACCSDP Sk sk M 2 %5 FLf
TR R R 25 78 307 3B % B ,KSAND .EXPSND
TAUCS . TAUCD J s 2%, Hrh KSAND EXP-
SND 4 M 28U S %, TAUCS . TAUCD Sy 1T 2t
.

(3)7K J B AU S 8 : MON-GRND-CONC .MON —
IFLW-CONC .PHYSET H1 MALGR %4 B 142 40 4%
AR . X T AL, WSQOP (SQOLIM /s 4%
WA IV, TCNIT &2 I 2K 60550, KATM20 2 I 2K 4%
SR B AL, LRSS R T [RIAE X &
UK 4 S0, MON-POTFW 1> 11 28 e

(W78 L5 ST H A Sk T ' HSPF A5 7K SC
IR T AR USRS B I — 2 WS,
X T I JR 340 1l XA 22 AR L B e /N Btk A 7
IR SR AR B S RO UL A 5 B

SE k-

(18T 52, S, PMER, 55, IR E s P55 YUBBURHFY - DA il

RG] HFREFST, 2005, 24(4) : 549-558.
XING Ke-xia, GUO Huai—cheng, SUN Yan—feng, et al. Simulation of
non—point source pollution in watershed scale: The case of application
in Dianchi Lake Basin[J]. Geographical Research, 2005, 24(4):549-
558.

[2] Crawford N H, Linsley R K. Digital simulation in hydrology: Stanford
watershed model IV[D]. Stanford University : Technical Report, 1966,
No. 39.

[3] Johnston M S, Coon W F, Mehta V K. Application of two hydrologic
models with different runoff mechanisms to a hillslope dominated water—
shed in the Northeastern US: A comparison of HSPF and SMR([]]. Jour—
nal of Hydrology, 2003, 284(1-4).57-76.



2002

RAIMERF 217 EIRRE T R

[4] Mishra A, Kar S, Raghuwanshi N S. Modeling nonpoint source pollutant
Losses from a small watershed using HSPF model[]]. Journal of Envi—
ronmental Engineering-Asce, 2009, 135(2):92-100.

[5] Im S, Brannan K M, Mostaghimi S. Simulating hydrologic and water
quality impacts in an urbanizing watershed1[J]. JAWRA Journal of the
American Water Resources Association, 2003, 39(6):1465-1479.

[6] Ribarova I, Ninov P, Cooper D. Modeling nutrient pollution during a first
flood event using HSPF software : Iskar River case study, Bulgaria[J].
Ecological Modelling, 2008, 211(1-2) :241-246.

[7] Liu Z, Tong S T Y. Using HSPF to model the hydrologic and water quali—
ty impacts of Riparian Land—Use change in a small watershed[]]. Jour—
nal of Environmental Informatics, 2011, 17(1):1-14.

[8] BEJRIG. HET HSPF A7 )l i g sl s U535 Y s 9E (D). bt -
AR R A, 2009:13-17.

XUE Yi-feng. Simulation of non—point source pollution on the basin of
Chaohe River by HSPF Model[D]. Beijing : Capital Normal University,
2009:13-17.
[9] SEIEZE, AR, 4 7K, 5%, JET HSPF A ATL oA =K SCRBERI A
B[] KITRFBE Bedik, 2011, 28(09) . 57-63.
DONG Yan—jun, DENG Jia—quan, LI Jie, et al. Distributed hydrological
model for Dongjiang watershed based on HSPF Model[]]. Journal of
Yangtze River Scientific Research Institute, 2011, 28(09):57-63.
[10] 5K 18, & FL3E, oM, 5. BT HSPF K a1 R R A8 K 3] i ok
FERIR AT, BRBERL 2431, 2012, 32(4) :856-864.
ZHANG Heng, ZENG Fan—tang, FANG Huai-yang, et al. Estimating
nonpoint pollution loading from the Danshui catchment based on HSPF
and regression model[J]. Acta Scientiae Circumstantiae, 2012, 32(4 ).
856-864.

[U1] R Skl s U S Qe B Ay L S A E MDY D). dbst
#RIHL A, 2011:9-15.
LI Ming—tao. Comparision and uncertainty analysis of non—point source
model in the BASIN of Chao River|D]. Beijing: Capital Normal Univer—
sity, 2011:9-15.

[12] B4R, 5T B . SWAT BRI S HUUIEME 0T SR T 5 X 3
#,2010,33(1):8-15.
HUANG Qing—hua, ZHANG Wan—chang. Application and parameters
sensitivity analysis of SWAT model[J]. Arid Land Geography, 2010, 33
(1):8-15.

[13] Z=JR &, XILLE, 2% . HSPF /K SOK BRI FH B 7T £53R ). 3
BiRle#, 2012, 33(7):2217-2223.
LI Zhao—fu, LIU Hong—yu, LI Yan. Review on HSPF model for simula—
tion of hydrology and water quality processes|J]. Environmental Science,
2012, 33(7).:2217-2223.

[14] % g BT HSPF B /K SOK BT FRLBIFST : LA e HT i Jak
D] YL : B ARl K, 2013:27-28.
LI Yan. Study on hydrology and water quality process simulation based
on HSPF model : A case study in Zhongtianhe River watershed[D].
Jiangsu : Nanjing Agricultural University, 2013.27-28.

[15] BRI, IR, T S7.06, 45, BT HSPF R ) K Pl i i A i et
HEU[T]. R 58K, 2009, 32(10) : 103-107.
XUE Yi-feng, WANG Xiao—yan, WANG Li—feng, et al. Runoff simula—
tion on watershed of dage river by HSPF model[]]. Environmental Sci—
cience & Technology, 2009, 32(10):103-107.

(161X Aill. 3T+ BASINS/HSPF £ # i) 5 i Rl 25 DX Hl N AR B SIF R -
VUEE PR AR SEH T 58 A D). PR . PYRE R4, 2009:7-12.

LIU Xian. Simulation research of groundwater in karst valley based on
BASINS/HSPF model: A case study of the Qingmuguan subterranean
stream of Chongqing[D]. Chongqing: Southwest University, 2009 7-12.

[17] Chung E S, Park K, Lee K S. The relative impacts of climate change
and urbanization on the hydrological response of a Korean urban water—
shed[]J]. Hydrological Processes, 2011, 25(4 ) : 544-560.

[18] Rosenberg E A, Keys P W, Booth D B, et al. Precipitation extremes and
the impacts of climate change on stormwater infrastructure in Washing—
ton State[J]. Climatic Change, 2010, 102(1-2):319-349.

[19] Mishra A, Kar S, Singh V P. Determination of runoff and sediment yield
from a small watershed in sub-humid subtropics using the HSPF model[J].
Hydrological Processes, 2007, 21(22):3035-3045.

[20] #EHEAE, 2% A, KRV WE . I 3K SCK SRS 4 ¢4 (HSPF ) 1 FH 4
TM]. AR« LRt AL, 20092 165-220.

DONG Yan—jun, LI Jie, ZHENG Jiang-li. Watershed hydrology and water
quality simulation software (HSPF) application guide[M]. Zhengzhou :
The Yellow River Water Conservancy Press, 2009 : 165-220.

[21] £, B T, B, % 2340 0K ORI S0 E Rk
AT A AR BEIRAAR, 2007, 22(4) :649-655.

WANG Zhong—gen, XIA Jun, LIU Chang-ming, et al. Comments on
sensitivity analysis, calibration of distributed hydrological model[J].
Journal of Natural Resources, 2007, 22(4) : 649-655.

[22] Wi 2xl, TR, XS B TR R SR R TR U
RAKIT, 2010, 41(1):25-28.

BO Hui—juan, DONG Xiao—hua, DENG Xia, et al. Local sensitivity
analysis on parameters of Xin’ anjiang model[J]. Yangtze River,
2010, 41(1):25-28.

2317 PR ARE, B I S BT 07 )5 8 AnnAGNPS 4%
FUIR SOK BB EBUEAE S BT ()]. REERL2E, 2014, 35(5) :152-159.
XI Qing, LI Zhao—fu, LUO Chuan, et al. Sensitivity Analysis of An—
nAGNPS model’s hydrology and water quality parameters based on the

FE A A

perturbation analysis method[J]. Environmental Science, 2014, 35(5)
152-159.

[24] 2 e, 2IKE, B PR, HSPF £ JAR U2 BB 43 Hr L s 70
I FATERFSEL]. PR, 2013, 34(6):2139-2145.

LI Yan, LI Zhao—fu, XI Qing. Parameter sensitivity analysis of runoff
simulation and model adaptability research based on HSPF[J]. Envi—
ronmental Science, 2013, 34(6):2139-2145.

[25] Skahill B E, Baggett J S, Frankenstein S, et al. More efficient PEST
compatible model independent model calibration[J]. Environmental
Modelling & Software, 2009, 24(4).:517-529.

[26] Diaz—Ramirez, Jairo N. Sensitivity of simulating hydrologic processes to
gauge and radar rainfall data in subtropical coastal catchments[J]. Wa—
ter Resources Management, 2012,26(12):3515-3538.

[27] Mohamoud Y M. Enhancing hydrological simulation program-FOR —
TRAN model channel hydraulic representation[J]. Journal of the Amer—
ican Water Resources Association, 2007, 43(5):1280-1292.

[28] Mitsova—Boneva. Exploring the variability in suspended sediment yield
using BASINS—HSPF and probabilistic modeling; Implications for land
use planning[J]. Journal of Environmental Informatics, 2007, 9(1):
29-40.



