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Abstract: Non-point source ( NPS) pollution has hecome a major threat to watershed environment and security in recent
decades. The occurrence and transport of NPS pollution include several dynamic processes which are characterized by
randomness, complexity, uncertainty, etc. Existing monitoring network is not sufficient to accurately evaluate the
contribution of NPS pollution and understand the underlying mechanisms. Efficient and sound assessment tools are needed to
facilitate preventing and controlling NPS pollution. Nowadays many watershed models become increasingly popular to

simulate, predict, and analyze NPS pollution processes and assist in decision makings for integrated watershed management.
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HSPF (Hydrological Simulation Program-FORTRAN) is one of the most comprehensive and flexible NPS models around the
world. It has been developed and maintained mainly by the U.S. Environment Protection Agency and is highly recommended
in flood—control planning and operations, water quality planning and management, conservation practices evaluation, etc.
The HSPF model conceptualizes a watershed system into surface, soil, and stream segments to simulate the continuous,
storm event, or steady—state behavior of both hydrologic and water quality processes in natural or manmade water systems.
The model has proven its ability to be used with reasonable accuracy in diverse hydrologic regimes, which leads to its broad
application worldwide. The research and practice of the HSPF model applied to watersheds in China have expanded rapidly
in recent years, but the model is also facing challenges in terms of localization for model theory and parameters, refinement
during the model setup process, and uncertainty embedded in the simulated results. Therefore, this paper focused on the
research progress of the HSPF model in NPS pollution modeling and control by reviewing existing relative papers. The
conceptualization principles of the HSPF model to simulate NPS pollution was first described. This was followed by extensive
reviews of the modeling methods and application in changing environment, as well as the ideas and methods for parameter
identification, uncertainty analysis, control measures evaluation and total emission control. The extended development of
HSPF model under the modern environmental modeling situation was also summarized. PyHSPF and HSP’® as two
representatives were specifically discussed in their improvement in compiling environment, data management, dynamic
representation of watershed properties, parallel computing, and Application Program Interface. The suggested developments
in future studies include; localization model improvement for China’s watershed characteristics, large —scale refinement
modeling to cope with the fine regulatory services of the river chief system, coupling with big data statistics and artificial

intelligence for crossfeed ensemble modeling.

Key Words: non-point source; watershed hydrologic model; HSPF; HSP’; climate change; uncertainty; best

management practice
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EEXT HSPF BRI SN T sh 35, 9 B b S A 4 R S it i . T HOK SCS B0 & R PUR PF HSPExp ™
ZJ5 XK T %3 BB R HSPExp+ %" JE38 i T Y8 Vb R 2 SR B 0 T 3 R 2 1 UE 2 8 . Mohamad*"
FIF HSPExp+XT HSPF 2R 7E Ty PU L. Johor River [ilfpiiidsl i3 =TT T 28 Bk, I LA PPl 1T 5
15 Yyt AR AR AR IE it I S A Rz, B 404 ok 8 22 1 B 3l 38 HOR B F T HSPF B2 (1) 7K SC
BOUBTSE, RN & N2 B2 PEST #2 5 + J AR P JEHE T Gauss-Marquardt-Levenberg 88075 | fiff PR ) J2&
BRI S BB TR B T ARt e /N e ) @, th T PEST #4E M 5% H kA E R B b AR MR 7E [
PR g A 2 1) AR ) 4E HSPF R R I 5T rh i B4 M iy F sho R, B
Zuli FFE 2 BARFE W T oK, ARG 9 SR 1) A S C HE ST 38t £ 53015 ( Non-dominant sort genetic algorithm-II,
NSGA-IT) "B I F HSPF BLAUK CSHOAR AT P, M TE SR % 5%  NSCA-TT 25T Pareto LRI
(RS (8 P AR SR 5 O R HER ik, TR A 22 B bR sRERE DRI A A . Xie 2500 &1 X 428 S ISF 0] e 510 (4 45 1 5
ST = BARREL, AL NSGA-IT X 34 22 #5540 [ W9 3 BB 40L R 1 HSPF B BUK SCSEAG B HEAT T Xt
Xie il Lian" """ 28 SC=AN7K SCUk I S ASLADURULI (E (9 2409 A1 80% SR B0 22 B eR 8, R F NSGA-TT X HSPF #
RUK SCSE S BUE ST TR A%

BB T HSPF BAUK TS50 [ 2h 2% e s IR % A BR , 3552 T Bl Aok ot A 20 st Fi 202
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il 7B N P %, AR 78 22 AT K B S A T T i 55 TR K B 24 A B3 . T EETE R Y J2 HSPF B
B B ZH AR 2 2 2 i B SRR L S L 28 I A B SR S 80U T, a2 )=y FR TR
H 23 BRI SR BT S H “ S ULl AR AT R B G R B H 5 SE B i 00 O 22 R I L, oK
SR BIFFEINAE F 22508 1 i A% b 7 43 Rl S TRV FH 2 1 & KA MAE I (5 B, DLPRUE T IR 75 el 45 R ]
FEME,
32 ABEMESHY

B THT TS A AL Bk B 22 b R 55 T K BRI AE B TS ey i i | AR ARMEE S R, AU 2 SR 0 AT S
[F) R R XUISS: [P R 32 DG o FH T I N KA B B A6 W Bk Ak 2 aoh A8 s T B I A2 0 TR TS e W e 8 B AL RN
T K JBK 2l 5 4 v BE AR L M AR 0 52 A L T D Sl %o 3o e L e 75 3 AR A Bl — B A B8 7 A, AR
JoT b SR L R ) — T R S A 3 2 R AR AL A SR A e . 36 I B K H B i (Total
Maximum Daily Load , TMDL) $1%1] i) EAAR S o BRI A2 T 22 Ay i 0T AL, R AN SRS TSI &5 SR 43 e 71 o
DN 251 2 AL 2 SRR s P, DA R AR A A B A e S XU ) 1 AR G, AN A B T Ry AL
AN PEAA AR s ) T LA 58] v VR T S B R 0 A s P DU RBE G ol =28, BB 580 i A e 85 H) A g
TEHER
321 ZHORHENE

TS R 1 2 O A M R A UK SO R BURIHR T . 1992 4F Beven Al Binley ™" IA Ry 7ERE 1
IKSCRAFRAFAE S 52 [FRL” (equifinality) BRGE, RIRERI S5 32 S8 & N 4G 5, AN 6] 1 S 800 & T RE SR
Fe AR R ORI AR AR R 7 A 94 B RN DA 33X o 2 IO 2 P 1) S L 3 fBL SR AN i 5 PR VP A ( Generalized
Likelihood Uncertainty Estimation, GLUE ) J5 ¥ 8 9 007 2% & 1 3, J5 22832 T i oK e A v, HSPR
MERI A4S 25 TR IEAE S BN E Py 45 DLUE RS . GLUE Jy i 7 o FH s 75 15 A5 76 2 8000 S 56 43 A A
TIPS B AEAUBOR 1R R K, B 5 X SR AT R O S S 40, 45 5 (LR oR B30 (B LA S S 802 A
SRBLEE , e 2R S 1 J5 3 53 A DL BRARSEAUL 28 SR i A o PR IX R, HSPF RS AL 7K SC S B0 S8 50 43 A1 38 4%
TBRAR h H1 5 43 A R = 1 43 A, TN A 8803 2R 800 6 B Ay O e A 400 45 SR ) (UK pR ) K SCS Bz )
SR BYAHICIC AR (BIANF J2 T 3ERUE S K i 5 1R AR BN R E UHCOCR , B2 BIERUE Sk 5T
IR K R B B IEM 6 R) il id GLUE J7 ik (4 07 A B i TEZK UL 4L J7 T, Roostaee 1 Deng
e R AR PR AR A v 35 A A T o 9 AR 5 HSPF SR S B0 A A8 MR AT T #R I, Mishra
SEUS A GLUE J7 355 % K AT Bl A i 1 of il A B — R BE TR S BUM A 2 e b AT T 1A Ak, Xie
AU R T R I R T TR S Y BRRRAE M T — R G B TS Y TE R R R T AL SRR A LR
BRSO RS, FHLAPPAS HSPF ARS8 b 2 00 i 18] A ol 18 I e VM A AL AN e 1 . X Ui A 1 B
AN HSPF AL SECANH E S PN AR BRI T R St e, (HAE R —Fh< £ D117 ( pseudo Bayesian)
T AR X GLUE Y — BRI 1 B8, A A 4G ARGE T2 S0 )™ SCALER ek B8 108 ORI A R0 2 802l
M FIWTE S | 2 FESEUR R/ A RS RN S5 RN B B ST R IR ST 2 g DL 7 348 1Y
LR BFEE SRR 1% ( Markov chain Monte Carlo, MCMC ) J5 5 8 J& F T 1 Y5 75 e R 0 S 5O S8 VR AT i 59
— M7, MCMC 75 ¥ B ] )R 5 S0 s B SO e 30 oA (B 5 SCAL 3 BEADA DR 2238 0 A1 114 7™ 4% AR
SR PREI, ML T 2R ST I FATHY Markov S8 RS0 0] 3l S8CH A lRE BALRDGS BE PP | AS I8 BE R AR AR
7R d Markov SEUCSK, SCBLRA SR S IR ORR BTt BiA 2 & X Hid GLUE 7535 H1 MCMC J5 25 0 H]
T HSPF AERIPEAS KA B S EU RN E P, 4550 3R B 8 R M S 805 56070 A 5 BAUAS T s M DX TR] AR B
{H GLUE J5 & T BV e 3 i I B, 1 MCMC 7 iR T B0 2 I R IR 8L x He 25 St B Ty
A A K SRR Fp g R RIS R T 2 B MCMC g U 1 B 805 56 HA W iR B0  EL AT LA
HER 0 S BN E VEDTIR X TREBL SR E R . 5 RTE SRR E S I AT, Markov (1938 R A
RENEET, BIANE A8 12 F T IR B0 Y 22 43 i#E 4k 1 36 N Metropolis 574 ( Differential evolution adaptive
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metropolis, DREAM ) LA X H G i) DREAM, B30 | LG ZHEIF AT HRERE F1, B 38 1 i 48 245 KRy
12 45 MCMC J7 ¥kt GLUE J7 ¥kl B s o S B0 20 A, HL OB SRl o B U i B B0
5 B AR B 2 B AR 1 MCMC 73k 1 A DLAREE L T35 T HSPF AR A [ TR 15 G i qplit 58 v

VAT B BE HSPF #5584 (1) S 8O 58 PRI IE 22 48 vh /K SO, XK SR D S BRI 9E LR e =
i1 T HSPF SR K RS BRIE AR Z 6 BT nTTE K £ iR A0 A5 2 Bm 22 ol B, I % oAl i
U GLASE IR I X6 33K o 22 48 RN A AR S O P I S T 1k 3 [l I 5 Kol HSPF A58 B 4 b il 55
T VRS Y P R A S B R 8
322 HIAANHEE

FE T AT DEM 2 1 PR 75 YLASE48L 0 G Bt i AR . 14 HSPF ALK UG, Wang 25 1% A — 3 B ASH & M
SALEE AR VeV B R BG YT EAT — 2 AP R, 1 25 AR At 1 YR Y5 A R B A S 9 45 SR
B R R O R BT LA v R i PO g T P DA TR A T LA R R 2 | 4 X T
VRS Y SR (AR PO 23 SR SR A K R A A O 398 o0 T il 190 50 R 3 T 4R 5 A R 4 i) S S 1
A, DT 1o 78 T A0 T 5 S B 0L P 06, (L TR il o 0 2 1R 22 0 B e A et 388 3] 7 3 3k B 4L . HISPF A7
TE BASINS - {5 H gt | BRI FH A A2 I 3 7 35028 R 22 10 3 50 3t Bl R R 2 3 B 4 7 DE JRE , (EL 1 52 2% b
TR, v RE T B R R RE Wk 1) A O RN R (L AR . Huo 45 R F A5 B RS B0 0 ik, OF
P25 SR T R BRI 2 J5 Ol HSPF ASETRLA: J 1 A W 0 A KU | A EU s 00 28 288 22 1T TR G 5 T % A T 23 (1] 5 Jo
PEAGS AR L 8 T AR AL T 5, IRA, SR 20 A A R 5 A B A 0 B ML 22 B R M), 1) 338 2070 D)
BRI AT X, DX 73 R RO B a5 51 A BEATL AR 2 1 57 FEHLBTELF 513K 5 T HSPF BRI AR Il . 12
B R K = i T B T I 2S SRR AT R A 56 2 A T T RS B A L Solakian %5 3T b i
1o 28 A SRR S UL DU R ST T = A TR B UK ™ i (TRMM , CRMORPH 1 PERSIANN) 1Y 22 5, I3 1o
HSPF A5 144 536 T AL B T 0 AR PR it BRI U VD IR N it SRl O 2 W0, 0BT 17 3 b B2 i 76 AR [1)
BB 2 i) R R 2 ] g 284k

DEM HH8 43 BB 25 4 B 3K T3 3 9 458 0 3 O B AR E 2 00 B 5, 08 T 40728 1 R 6 2 M e A 1
HHISHIA . DEM Ed8 53 9507 SR 1 AN R T X e 38K SR T Y 5 YRS 40) 1) = 22 5 b & FE i A F 5T Hh 4%
FNFR O £ X} HSPF #8| Roostaee F1 Deng 7' BYBIFSE 4 BE 24 DEM B5 /0 #E5AE 3.5 m 2 100 m [X [A] 45
AR, i3S 28 4 [X. P4 A2 R0 A R U, ) A7 B () R R R 22 ] JE 3K 509% 5 1T 26 305 FEE BB NS 49 L1 X, 3 ol iy A
AN SE PERT AR RS M AR 3 /N . Wang 2503 58 55X DEM HibRS B8 #6475 RAEFREL 30 m %8 480 m 1Y 16 Fil
PR PGSR R V5 Y X DEM 23 BE AR A0 B BB A AT A 9 25 31 e A 7R %) A e 2k RN 2 1)
AP SZ AN 8 PR IR 5 K, LR T X2 L A AR 2 PR R, X 2B DEM Ba S A A9 A B G P A2 3 -
T VRS R oL i e o ELA A R R
323 SiMAHRENE

Bl XA IR 28 b (AN 52 AT R 1) 2 R A A AL 0 02, BRIV IINASLSF- 34 Z A 7R 2 TR DAk /> BRSSPy T
T PP FEME AL A JE 3 B AN R M AR A BROZE L B A A rh s Sy S 00 Lk = W B S, I Aok DL
AR RS- 4] ( Bayesian model averaging, BMA) 05117 S A R FH T Y TS Y B B S R AN E MEPE I ST 1%
D E R A T AR, B S i e, Wang 2517 7E 3R [ BRI BT T HSPF BEEIRE IR £ 15
YA PE B RS SWAT BEAEIUAT GWLEF AU IR A BMA J5 ik X 2R 45 b4 1 DL 30 A S
¥y, %07 AR T 0d > HSPF A58 Je SWAT #5570 s R0l Ul T e (4 45 R AN 52 1 3l aed 8 DX i) A 9 8
T kst WA 1) 7 2 2R A AN s Tk T A R e TR (e 1 T A, s A R o ML B e R ) R i A
5 SR AR 0 VB R S A AN P — Ry 1 (EEE ST HSPF ASERY A A DG AT . BAR HSPF 70
LA S ERYE BB 12 AT, B O 0 4 g o e i B S A B iR A BT i s a) ol e T 3 IX s ETR
9, KR K B8 FAE 2 1 HSPF 578 1 R R ol 5 2 08 3 FoR 15 5t BT 0 7K HH s R R K 11
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BB AT, AW HSPF B R R 250 HE AT 1 Beik , 7B Y PR A QRS b 5 LA T XT38 5 B2 AT Dirac delta
BRI LARAE /KA FH A HEZK R A A, R 1 X /K A DX 1Y) HSPF-paddy AR 1420 KR T
HAETH R R A S R, IR AU 28 SR A FH B RUBE A R 73 81 130 E 7

4 HSPF #HAFEHEIBETEEEDHONA

4.1 BMPs Fil LIDs &R AR

/35 PREE it ( Best management practices, BMPs ) FIMIKSZ I H & ( Low impact developments practices, LIDs)
Je: BB RS A RO s T V55 e ) B R BOR SRR T BE 7 . s S B I R S s R, T R R R
Al BMPs Fl LIDs A9 75 Qe Wyl e, TR TS i AR 5 FH A PPk T2 BIF93 2% 35 38 w5 ok PSS AU vh g 4 it
DA AR ok R Tt DAL 2 5000 O =X, e AR R o 2 BMPs T LIDs S i 9155 55 1 X HAgOR BEA T A8 400 4 47
AR TR UL AF 50 TSI b SR B 00 S 6 EL AT 5 R ) S e AN 5T BMIPs T LIDs (14 52 it B0 G 38 A 3 b |
FHR] /N X453 3 3 T 5 A AL, T /N RUBE T B PP 45 SR A 2 T ORI i Bl R A B T3
AT P it 1) RUBE 800, 81 T V55 A A A T 5 i P R e LA SR 47

B0 BRI , HSPF AR i) SPEC-ACTION REHe AT F T IPAl ORI iz g T e '8
N AN BRI ] S ] A 7 58 S AR T Bh 17 5%, RS SL S Bt /D i A A B A A TR
T K BB A8OE . B0 TR AT , HSPF BERSH N T BMPRAC Ak HT AT ) 325 LA TR BMP 5§
LID $ifl (A FEAB BI85k P TR UTTE M | 58 20 % s ) 6 T T T I SO 2T e ) R RN Risal
AU SR FHZ AR AR T A FH AP g Sy B T st A SRR R X U B AR R B (O IR . (H BMPRAC
R b B B RSO AL A WM | HORBE RO R 52 R vR 5 Y bR 45 2 R R 52 T
WABCR B 28 S Bt . A EGZ T PR R it D S 000 2 — o R AL AL, 5 ik, T LA S 43 45 TR TS LA
AR B (W 25 R RESE | ) PSSR XS e ) 30 % A R il ik B 0 DAk 485t 14075 S W Ml s . ) 407 17 D
Tl BMPs (e | 55 i FiAE Ao BRI B el T ) %o T80 058 75 0 P ) o 52 R i L, 4 6 i 7 dt ST 1
2E R85 HSPF BERISEOCHK , DU 1 =08 2 IX /NGt o Dt it o T 9 260t 1 e A M s g . {HU2:
X R A AR P A 7 5 HSPE BERLES & i BF s 0 M 2 SWAT BRI 7R 1% 7 In) E BA T2 [
JO7FF GRS o 3k A 2 ) B B pR 0 1) Y A S AR DL R N 2 B B BRI 258 . Arabi 25 IR RGUR
T SWAT BEAIPEAl M A8 4 15 it 1 ok FE AU 7 12 5 56 R B MUK BT IR 7 BE 7 2011 4E 448 1 BT SWAT K
B PSS T s £ TR TP LIDs 8RB SWAT-LID FE bt gl ifF & 5 | i3 8622 35 A FF 58 48 56 F1 sl
WA BT SWAT AR %A A k) B . X F HSPF AR UG, &5 SWAT #E ARG 1R £ 3l 2 4b | 6045
TR IT A RE AL DL FR 2R RN G4 IR BRI T 45 SWAT S5 H A H I 75 Y BRI i I 8 22
TERE T PEAG B T A A Fin S8, 4 R T HSPF A i R4 E A U IF A BMPs I LIDs 97K BT 0200
4.2 PR A

TSRS R B TS e s R R AR TEK B HE R AT | 3850 7% TR A S 2 T SR FUK A4 F g
PRI $5 K5 G i, % 45 BT T LWL V5 Y ) O AT AT C O L SRR OK IR B
PRAYPLEAESE [E TMDL i) WK HESEHE 4 b LU, O BB e 3% B 2N ) 922k

15 Y e e A ) 2L B A i A X 55 e HE OGS AR AR K TR A B4 5 M S5k T 5 YA R U] ] ST 3
TR Sy -ne 3 G 25, I B -2 3t | T Y575 Yo aE o Ak T /K B /K 2l 0 45 22 £ B 40 ik 15 G i HE i #2 . HSPF
PR E 2 241 98 [ 5L TMDL 1R A9 HEZAAR Y I HE Cannon River , Chesapeake Bay Moosy Creek 55 221~ Jik
TFI T sl g nT AT P ST A2 gk 25087 AN, HSPF 550 (0 AN G 1 X 35 e i i 3 o] 1) 5 o .k F
%, Mishra %57 X432 T HSPF A5 ) BEHLAS B 52 1 FOAJAS B8 52 e, R FH 19 A 52 R 3% B ALASE 8L 19 Oy
AL T KA R TS e s h 0 S 5 /%S . Ahmadisharaf Fil Benham "**'4%4 GLUE J5 3 #1 HSPF R 5
T T T KT H AR XU 0 I AT TR T G D S AN AE AR, DA TE ) A0 ) SEURS PPA 1 45 75 L U A A [] 1 0 Lt
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B R V5 Gy AR AR . 50— T TR SRR, DL L Lk 0 SRR T % v 0 i R 2 T A i
FE N [v) 233 i) B0 By e 42 o) SS9 58 A 550 i Tk, HSPF ASE AR L 4 R 356 (99 1T Y8 V5 e A5 40L
SR PG BE T, RRASASTALLTS Yy Dt it 26 AN [ RUBE R A BRBE AL 5 , PRt w55 00 Ak 3wl T EL R A 7
G, IR AR IR U A B AR S 75 e s s il . 78328 San Antonio River s P 1) 221380 B4
1, HSPF #5RUAEA AL T. B SARA Load Reduction Tool A1 SARA Enhanced BMP Tool HI454 T RS T 1% XAy
V5 L 1 gk A A FREL R Y . SARA Load Reduction Tool T E.A] Ak 43 Tt AS [ DX 35k (14 95 G A7 g 1) v o ,SARA
Enhanced BMP Tool FJ 85 #5 il i it AL AL TC B (Fh2S Bt iz 8 55 ) DUR OR 53T 19 175 % 1 fif 1 o s 75 LA 52
L, HSPF RIS [R) 75 S8 il e AR Sk A R A A O B S ity . R B 1l LAk ) e it 2 i) i ' et
] R 2 BB RS 2 PRI, Xie 25058 05 HSPF RERL A S BOR I & M5 | ARSI AL BC B f b, 78 2 Fhok
FTiB AR EAGACE T TR T R RPN - AN 2 PR A - R A C B A — IR A 9, A 5 LB Bk DG i
TR S T U A /NS Gy o o 4 1] A R S S

5 FRHT HSPF {EEIRYIE

B AR TSR PR L5545 B B i 1) SR 11 SR, 5 B W4 3l T K B B 25 65 A B B Ak )
BEAL KRR R BRI B AR BT B AR B T 1], M AR S IREE IR TN TR KA KR
B S W I B 1) R 2 s | O A B o Ay RO S BT I8 A S5 ) S s AL | T T RS e U AT S TR
WS T YR T AR R R A AL & A S BN 5 IR 55 7 R i A 5B HSPF A5 7E B B 14 5 1 fof 1)
A5 W BASINS -5, FRAR BASINS - & 48 Jl 1 1208 A8 1 i A 5080 Ak #1458 AR T 1 e 45 2R /s 4 T g (1
BASINS 1 K& EE P 42 0 72 H Visual Basic 6 4%, X 54K Windows ¥LTE 1Y =9 T & - 5 Visual. Net
FARFHZS, HIFABETE Windows IAMOERE RS (U025 Unix R40) Fiafr!™ . XEAMEHE L5 T HSPF
AU F B A 0 R385 P DL AR BART- G T EYE . XS T HSPF AAUAR B AR WA (9 IR A RS AR AR £
B T Kt Fortran 77 151% , WAFE B 24 H Ak, B8 =™ (0 AT A 22, — e R B L BRI T2 2 ) 4
P TR . HSPF BEHLIA 1T % OB A SO WDM SCUE 772 o) R, HLB R i 75 235 W] HSPF
WERVGEE PR B 2 FRE R, P 38 % 208 B BASINS “F & H A9 4H2F 40 WDMUtL SARA Timeseries Utility 5545
E T HI TS, DLkl HSPF R [ 1k il RRAE -5 B AL PR BEASL0L BR A ml A2 o F0 o il v AR
1E & HSPF #ERI iR 75 & JE A 5 10]

FETE B BT & @ AL PR BB AT 5 R, HSPF BERIfE AN [R] 2 35 R AR B 9 2 [R] %% 75
TARR] TIEMAIR S, PyHSPF™ B i FLAY LTS | PyHSPF J& L) Python i 5 A% O BT IR B5 S 65 4R b 524 |
‘BUTZ8 T HSPF version 12.2 HK FK BUALALLEY pREZE , FIFH Python BE4% T PRERAE | Ui il & M A oK Sl A5 s
IFREE TR BAE AL B S8 H 3% MR AE D)9 Python B FIZE S 2 7+ HSPF 3 AU A 40124
RO MR A AR DL RN g AR D & BRI T ZAE R, tkAh, HSP? (Hydrologic Simulation
Program-Python ) U8 HSPF AL Python WRASBE A & , x5 AL FH] Python 41 | HSPF 1A 4%.00 1)
RERLH , fiff 1 B5 - 5 B A7 SC I HDEFS A7fif FNise 5 AR ) A A R s H8 8508 , R I 22 H.2X8 Web [ Jupyter
Notebook FlI JupyterLab 441 HSP* (T % FH AIPME" | HSP R Y ity =5 B0 347 T AR R 5 Fg A4 QAL it
BT REBAE RGO WDM SCUFR AR 3958 1 Uil | R A5 s e P R A S 85 1 Bl A8 3R 38, AT
ARFHPRE 2 M AR SR WK s 1% 5, BRI TS5 CPU/GPU A4 m i IR B e 45, mAR
HSP* #5781 1 b F AT & B B, © A3 B9 ) ) FH S B A 7 g S0 S /DN S8 US40 1 9T 3 KM A 1 Wk 2 14

28 Al A
6 HSPF #ENKZRENEKEE
S\ HSPF A 0 % J DA 1A A | k2] 80 4R F & S5 & T3 &R AL R . Bl an4> HSPF
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BT IR 26 [ A8 B AR D T UK B R 245 I AT TMDL 1R B T H 22— BARZE R [ 4 1)
DB A AR AL O Y R 2R NP5 4 2 B RK Bk B2 A B4, B4 Ik 55 T K
A VEL U A R IR TS L A R MR TR, AT LA HSPF #5780 75 30 [ E S MR s 5 R A 7 R &
JEANSZ S, SAF HSPF BB ELAG T 2RI A (B Sy BOR SR AEAE 1% 22 R BR A, 4 o T Y75 e A 4L 10
BT L AR ) 5 S 5 3 T TR D 2 A ok A S P A el g S o I A 3K st B BN B R TR
AFNEHE XAk HSPF MRIAY %& JR i) K 28, S 3 A R nl LA E 06 LR LA o i

(1) BERIA M AL . HSPF B AR O FE 23K B A 20 sy iy g T, (EDREE X R g 5t an sk
SEAAMCHF IRy BOB R A B OS5 T A, I8 A L DA S 43 Tk T A B T L B A AR T T i K 3R 8
A W T AR, (0 HSPF BT K B B UL~ 75 S A D REAR e b o, ) 1D AR 2 A 2K 0%
TP TER [ AR RGN R WK TR, 78 TR S SR X 4405 WL, 4T it HSPF A8 ) 40U Ak 28 BR O+l &
U, PIAEARSR NS X RERE (N 5, BRI S PR i R i B o 285k | a0 e o i D e i e | sl
A H AR AR $E T HSPF AR AU AE F [ Vi a8 A 5 A

(2) RREERGANEA , HSPF AR O 7R R R Ji s (#1140 166, 000 km® [ Chespeake Bay) ' 3K 1% T i
TR FH (AR R AU [l A 5 % R B AT AN RS B2 L AR TR I S O 15 5 R, 1 BT i R 43 1
SEBATIBUX R R S5 il 0 XU TR 4 A8 2L, 31530 8 e RS B0 A A SR e B AR 2 Kt #s . X F HSPR
BERIT 5, KON BN AR I T R B R JE T Python B9 2 B FIIE AT 144 AL 40 PyCUDA F1
Numba A LAY pyHSPF BEIH HSP A3 Z5 ) | Kol i I AT 28 M 0 = TSR BE K A3 B T HSPF A5 7
R B J 8 1o A

(3) N T RE A Y B REE AT, 24 BTk A BT I sl i U A2 o 17 22 WL 9 ek 22 JLART 4 44
K, SRR R B N TR AR AL T, vl #5 Bh e HSPF 455750 I o 4 i A 88 i A LA % 22 4 188 550 1 3 o
FAHRIANEL, AME G X U I R A A5 B, SR AT g N T RE SR vk SR AU R AR 1 BT A2 e 4 9 K
SR T IE, Xt T HSPF BRI 7 , AR 74045 A KRB G 58 Re 8k, ST e Rl ba i, B
T 4 I LB T 18 Y55 G A R0 5 00 K P
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