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Analysis of Impacts of Land Cover Change on Runoff Using HSPF Model
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Abstract

The objective of this study is to estimate the impacts of land cover change on the runoff behavior
using Hydrologic Simulation Program-Fortran (HSPF) model and Landsat images. Land cover maps
were prepared using three every ten years from 1980 to 2000 of the upper watershed (258 k') of
Gyeongan stream. Hydrologic parameters of HSPF were calibrated using observed data (1999 - 2000)
and validated using observed data (2001, 2003) at Gyeongan gauge station. The simulation results
showed that runoff volume and peak rate increased as 15.0 ki forest areas decreased and 19.3 ko'
urban areas increased for 20 years land use changes. The runoff volume showed a higher rate of
increase in wet year (2003, 1709.4 mm) than in dry vear (2001, 871.2 mm). The peak runoff increased
13.3 % in normal year (2000, 1257.3 mm) because the year has the highest rain intensity (241.3
mm/hr) among the test years. The runoff volume of a dry season and a wet season (May -
September) in normal year 2000 increased 4.4 % and decreased 8.1 %, respectively.

keywords : HSPF, runoff behavior, Landsat, land cover, urbanization

Q X

o

=Y

2 A 54L& HSPF 233 Landsat 9785 ©l&ste EX|g5 Wl wtE F&9 ¥gg 243 Aol
EAIEEE e @Es AFR@sskmel st 108 @92 3709 EXTEE(1980, 1990, 200002 4]
A AR HAdE 19995 200089 AAFAESAe AEE AMS L, S
20014 % 20039] AEE AHE3IRIYE EXOERE QJEAER ¢ fEWsle] 2o Ad 20d et A 2k
(150 k¢t =44 F7H193 kol wet FR/-E&F3 AFFrede] S7sldth FR&%e 592003, 1709.4mm) 2
Z4A2001, 871.2mm)e] A7 212 06%, 1.0%9] F7F-S Btk AF4ES 200032 HNA$H=
241 3mm/hr ZA00A 133%9 F71e B, Aarlsl viasrg 7R3 %
2000 AFEEANA 24t 44% Z7FeF 81% AR P 2 dEE 5yt

ofi
R

ofy F¥

Bl

0]

MM ROl : HSPF, R&71S, Landsat, EX|Tlg, TAISt

« AFORL qE AGALDATE AN
Graduate Student, Dept. of Rural Engrg., Univ., Seoul 143-701, Korea
s AR ety AGANBATR} vl
Doctoral Student, Dept. of Rural Engrg., Univ., Seoul 143-701, Korea
s AT ARDATIING AH DN 2R BRAF Fas
Associate Professor, Dept. of Civil & Env. System Engrg., Konkuk Univ., Seoul 143-701, Korea
Corresponding author. Tel.! +82-2-450-3749, (e-mail: kimsj@konkuk.ac kr)

E38% H6HE 20054E 64 495



ge 4592 AT 2718 EgEge ny
Be SAAFANE FUHT EAGEY A0 B

5 1l

T ek O 27 3R F4ES A7 Aatke 1)

A1 TH Trimble, 1997; Bledsoe$} Watson, 2001). %=

AlghE AEEZHY Rz JgE wx) wE A%
o

Q O I O P =) E..O L
e 49 58 Eo5a, AR Aae A4

Aol The BAH G FAH0)N XH o] B

o,
2
1
rl

o
19

AM & B s e AR
A5 BFARE o]

e 5240

Yo o
do &
28
=
ft
o
oy
i
0
=
i
e
b
_O‘L
&

e

o
mi &
ol
ol
of
i 0
tlo o
o o
o
ST
0 19
e
o
ox o

X
(2
-
2 1o
4
Q_l;
2
td
o
o,
®
&
= 4
fio

e

HAE ®oh TAF
Az el §7) AFE 2RPL o] gateior Tt
Z9le] A9 w=Ags} shale 5% £E9) v
e 2AG Ao AFrt dg D] vk
Donigian $(1995)& o g 4k dFEae] e
setslr) glatel AAT R fARE S AAdated, th
& A gelo] 02 9 Br189. Brun® Band
(2000)= HSPF R&& olgate] 77, @Al EXo|
& AvE) e s HAste) TraES JARE B
2 BEREAG) g g 2 vebd b ok
Wicklein® Schiffer (2002)+= HSPF 2382 0|43}
Z 28t Reedy Creck 2ol Ex|o]g2] Wstr}

K29 S vAE GRe B b e w4, of

496

of o HFFfo] WImY/solA 139%6mY/s2 F7he
o2 FAFEAY Im 5(2003)& HSPF 288 o] &
sto] W AYols Polecat Creek -fejollA] weje] thek
& BEANE Aeled W3 sHSAS Bolskck
T A3} A 12048ha A Gl 50%9F 100% 7L S
the MR 2HEES 42%, 87% F7FFAL, A
& 22, 42% 715 JERTh Sule) AT AT
2wl Az 2180030 FRAFYe) Exjol g
871 SAREol HAE A%

4
flr Fo

4
NA FAZ} Askal AR Dol 4.4%004 8.0%
Fhgol weh A5l 1Tni’s S/ 1A

HSPF (Hydrologic Simulation Program-Fortran)Z A}
43t FREFY FAFREDTS 2ZsAdh
HSPF= AR¥HAEF 5577, Asks #32
ol g} BFAYH A o] EA}
17} vlH e AYe] A

409
B2 0@FPAL FAHoR YHn QE
3

I
b %
v o nt ot

T % 4
e

ox 2 o
Nox

14
o &
e
s
)
T2
S o
£
(Lo
o}ﬁmN
2 e

N,
%
N
Jo H
ofjv 2 koo mo
SRR
ME 32 et
oS >

E‘LO"
Ho
k

O

18

Reach shts] dlojoj T4d s Ed9e] a2
AEL BEE & TN FYL @ FrolA o)

AAU FEL o] FEOE Uty 1). FEeH
4h8 ¢](Hydrologic Response Units ; HRUs)Z 7+$-
o} Zuter e 7|4 gExEe AT AREFS E
¥ Az e A A s QAtSe] ZREH|o] ek

[e]
o7} ol Foj AT AR FEL FF Ao 2

i

o4 o
n

A
A

BEKAEREEHIE



Precipitation

ET
Interception ]
Storage Overland
i Flow

Surface
Detention

Storage

St
orage \ ET
Upper Zo

v

»| interflow Interflow
Storage Outflow

EY

b 4
Lower Zone Storage }—T

Active
Inactive Grg;:gg\;:tar
Groundwater

3% 1. HSPF 23| 7hex

el 24 HRUS| S8A8(RAE s80lv $EE, A
7 E5)E 499 o Rl g HJ%%% QE}‘H
A At} 28k AlAE-E Storage Routi

Wave) o2 239K Johnson F, 2003).

2 £ oo
fir °
] E. ol
oy
moe -
o
o f;
Z o '
PURSORS
® &L 2L o
flo rlo 1 R
gg ox
e 2
=) El
£ =2
>
)
= )
§ :
=1 Y
ful ?o
o >
T
° e

6.4k Zoﬂxi BTz oF 4HH =7}t
| FEEA fYolth 9 g

e oF dkmeld, AT
oF 258ko] 1L, FrEAG2 9

o
£
fm
2
o
oo

o Lo
E
o
N

I
o
ox
i
o
12
o
(g o
2
rlo rﬁ

41 EX|H =

ATIEA AN aw 7| EdszAle EX|y
BEZ olgaigch EATREE 198047 E 109 @
7 2 Aoz grix] dERow UyolAd glon
’\]Z_]'Q] ?iﬁl‘oﬂ Lq_a]r E/K]X]7]’ ‘{,‘_—0]] I‘q;lﬂ % ].3—}_3‘: Zﬂ%
g3t ¢ JrHad 3)

H38% 6% 20054 64

4

Simutated
Streamflow

S=
o Ry — e

=
‘;\* — N
. o — 4y
: & SURJL
O 2 o4 7o
42 J|1&, =& A=
AFAEE FRETFEA LA AFshe Aty =
BEE AMESIYTE ASARE A JAARE A
FALS 2NN BEFEoR oF 20km Holzl o) Ak
09 A9 7IARAEE o] gdlg ey o\ NTRE
Ao X A FeA] = L2 HFEHBZ 204 FHA
ZoF o 30km "WolRl U7 BZA] ABE ALR
sttt 7dAtEd s dF e °é—4?<1£‘: ol&d
25, 50| AEEYeH, dARES WDMutl Z&
I (Hummel 5, 2001)8 AFR3She] Algh9)E A8t

497



19804 EXNSE 19904 EXNES

Aom A5 FE WEL FuE R $47) 2
Aert goms melale] ojest 4EES et

o

=

5. 8% %

Chew %, 19012 EdiZ Azt B4 usictn A
U7 E 248 Atk A
Ad Axe T d BEY
(Lower zone nominal scil moisture storage @ LZSN),
AE-¢l2H(Index to infiltration capacity : INFILT)$} =]
e AA AEE YeEh e 1A= (Variable ground-
water recession ' KVARY,‘ Base groundwater recession
AGWRC), Huy/Hd S1xHRatio of
max/mean infiltration capacities :- INFILD), E%+
WEol zjggke]] )k 21AHUpper zone nominal soil
moisture storage : UZSN), A EF ZEWHo] g
Maming Al Manning’s N (roughness)for overland
flow : NSUR), 57t /2 S Interflow recession
INTFW), &3t
recession parameter : IRC)ES FHEFH HAFHE
7_}-

e uashe WAE $4S AASRA 2 QA

AFs HE

parameter :

498

=
m$z
(3]

ol S H14>
00 > > 20z 12
=]

ME Tz b

20004 EXINISS

a7 3. Wed EX|nss

et HAE 10%5E 100%2 oA Rg= B4
A Adbe 19 49 2o

FRET Aol P F 9T vAlE v
E 10%Y mek 100%2] 2kel7b 224960109 LZSN<t
179%%1 UZSNolglom, 66%<1 INFILT®} 3.4%%!
AGWRCE A9 wifisEe FHE2] talid
196o]8te] mmigh F&= vk A, 4 A=

il

4 Yeld INFILTZF 78 2 932 v3oen,
208%<] INTFWS] f3% ZA Yepsdrt oo 7z}
I2AH5-E oy Afrae] 93¢ vAe S

21g 4+ et INFILD9F NSURE 2%°)3ke] =}
o1& YehllH &S 7AA Kdhe Ao2 #45HU
U= fA0) wiel BAE wiAHge] #e X1

zAste] AAHY FEINS vk, e
INFILT¢} INFILW 28|32 AGWRC, IRC,
KVARY th4l 7le] v e 2gste] 443t

fromln o
il
BN
oX.
o
2
&
o
2
Z
A=)
S
wn
Z,
o
—n
2
=

o

A %S BAF T mAgos LZSN UZSN
S oA zAte] HAEGIS g Ao ¥AS
AN

B4 Avs a9 59 2k ddd e adzZe

BEAEFESHYE



r 12,500 ¢ —o—LZSN
12,000 —-o--INFILT
— - —KVARY
& 11,500
£ & AGWRC
gll(:) 11,000
o —-=— INFILD
10,500
—A—UZSN
10000 —o—NSUR
9,500 —¢— INTFW
10% 20% 30% 40% 50% 60% 70% 80% 0%  100%
SAPN A ---+---IRC
(@) oIXIgtel Bl Wz ExaF At
990 —o—LZSN
890 —-o--INFILT
s ™ — - —KVARY
690 N
= o —8—AGWRC
?)JI(:) 590 >
U a9 . --m— INFILD
i -
390 hy —A—UZSN
.,
290 el - —6— NSUR
S
190 i L 1 1 I -9 INTFW
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
il PN --+---IRC
[
b) ¢IAgre| Helf e MsRE 2o
ag 4. gizt: B2
x 1. 7€ o7iHs 2 Zo
. Im % |Moore ¥ |Chew % | Laroche % |Engelmann| 4 %
|7 e Q. Z A A3
s i VBB o | o) | asen | (99 | = (2002) | (2004)
Lower zone nominal
LZSN soil moisture 6.0 3.0 4.3-5.8 49 5 14.2 5 4
storage(in)
Index to infiltration | 0.0047- | 0004~ | 005-
INFILT | 0 ity tin/hr) 016 | 0.00-037| "o e 002 o017 0.23 0.04 0.08
AGWRC | Base groundwater | g0 | 59 695 | 088091 | 0098 0.98 0.9 0.99 0.98
recession(day )
Upper zone nominal 001
UZSN soil moisture 1128 0.01 0.35-1.0 02 0,06 0.76 0.7 0.15
storage(in) ’
INTRw | Interflow recession | oo 3-10 1.0-1.7 1 0.75-1 9.83 05 1.28
parameter
re | Interflow recession |0 |4 g5 | 9305 06 06-0.8 0 05 05
parameter{day )
H38% W6 20054 6 499




ESD..||||r||-xy|||.||r-.||q 250
5 0k | -
oo 200 ’
N T T T T T T T T T T T T T T T T T T T T _
+SIMULATED z
200 —— OBSERVED J ﬁ 150 .
B | . % .
% £ 100 LKL
g 100 - - 2 88 i
] (e} . ’, 0:0 . .
sof - 50 o '.‘°
0 ) I I I | J I Z-I- | I P N | 114| | N I Y ?
I FMAM J J A S ONDIJFMJRMJ J A S0 HD 0 : : . :
1999 2000 0 50 100 150 200 250
DATE Simulated Runoff{cms)
(@) 280 w2 REZFd|0 b) #& &8 &7
ag 5. 23 Znt
E 60 T | EE— —— N T T | E— L 250 .
5 30L -
[F T || P N S T N S l.l llll;._‘ A R 200
400 T T T T T T T T T T ¢
+ SIMULATED 3 . .
nw:—omnmm J éﬁo_ .
Ezw- 1 = t.
B L §1oo . ‘3'
160 _ g S
‘é 8 ‘S".’o
80 |- 4 -
0 i L 1 1 | 1 1 1 1 st
3 F M A M 3 1 A s 0 N D 0 . : :
2001 0 50 100 150 200 250
DATE Simulated Runoff(cms)
(a) 250l Wz REF | b & 45 &1
a8 6. 45 Zxt
Ro|x¢} AZXE vlug Aoy, gt e R . =AA7} 64kmol A 257k AAH Al s 7.5%
Aot AEA ] FHBAE ER Dgjzo|c) B A Z718 vbHo|) AF A 98 158 Tknoll A 143 1kn2. A A
I 2928 8&(Nash and Suicliffe, 1970)2 0.86, RMSE wAe s 58% 7t A4S g Bk
B 7783/s S YERAT, A9} A&7} 111 HAel B2y A & dERiS e uiZiHsEe TR
o9 ZHsh= AS & F Atk Aol A W72 271(2000, 2001, 2003)HE EX
Az Ade 19 63 2 B4 TeiEe) vprbA & 2711980, 1990, 2000:) 7 WEA7IHA 19
2 7 g adxe molAs 45AF ad Aol  weld AEWdE woaaA stk @4l 2001
W, aw 2z woxel AZA ARWAL UB U @4 lZmmel, #WEUL 20004
W ot AZS 2000dH 20039 F AAEE A 1257.3mm, F5EL 20039 1709.4mmel ok, 372
ATk 20024 BE AR BHU] ALSY ol BB ExwaE B, 2, F4de) g
o As A3k 2001de] disiM 2EESS 080, B Az o9 73 gk 2oy ExuBzziol
RMSEE 1280m”/sS vetdlon 2003d¢] thaixe= ERFE A 2 E A9A1Y fEL ST
2 F4e 079, RMSEE 9.38m’/sS UEHTh at3, A e ZadheE Ao woHit) o
olmetaol die camol ma E BREFo] Z7lH Al RAX AN AF}
0 Fdol 7 A gelol B Wk w29k B S AEFEF] Frheby] WRoln, Bl 7

500

HEKEREEHLE



i 2. EX| n& 93}

- 1980 19904 2000
= ft % kot % kot %
T 0.5 0.2 0.6 0.2 0.5 0.2
SAA 6.4 25 13.0 5.0 25.7 10.0
=] 2.1 0.8 7.4 29 8.4 3.2
4 0.0 0.0 0.0 0.0 2.1 0.8
Z4] 8.3 3.2 23.5 9.1 27.8 10.8
2 158.1 613 146.8 56.9 143.1 555
= 82.5 32.0 66.6 25.8 50.4 195
A 2579 100 297.9 100 2579 100
ﬁ o001 Ztanyy | WS ——1980¢
------- 1990 o 20004
100 —r — - —mﬂT. R 0
( [ %% { 100
i |
- 10 ‘{4 3 1 o 200
”ﬁ I L% Xﬁ M 4 300 E
o ~ N ‘ ;!"il?
i } 4 400 2
ok 1 N
{ 4 500
4 600
0 . : : - - : : . 700
[v] ® 3 [¢23 [ [0 [¢3 ® 10 " 2

100
~ 10
E
o
L
oy
o ‘ ‘ (
o®. ¥ o§ o osa  osd o ey cod  tod 1@ ed
_ o ]
b) EXjmE Halol e HedA 752l
2003 E4 | EEmUS —— 19804
------- 1990 o 20004
100 L] rlll g Tﬁrlvv vv——r’& — T 0
100
% ‘&%@g\\}) 200
o . LU -
= lﬁ .,K;%\{{? sooé
; NGt P
K 400 ¥
&y R
500
800
0 : — 700
oY e o otE 5”@ oY OB e e 108 1E 12wl
L
(c) EX|T[E B3| e S5EA FEF d{w
a8 7. EX|uE #Hilo e 49 75 Wt

384 HO6HE 20054 6H

501



2 3 EXEE Tdd izd REHE SE4E4
(22l : mm)
EAEE [1980 [ 1990 [ 2000 | @ [ 1980 | 1990 [ 2000 | wsx [ 1980 [ 1990 | 2000 | ®l &
7% %(mm) 871.2° 1257.3° 1709.4°
HP 727k
AdETs 76.2 2413 1194
(mm/hr)
FHEY 0.6% 0.8% 1.0%
687.8 | 6897 | 6916 | _ 11003810074 |1011.2| .  |13282 | 1334513413 | _
(mm) =7t ol z7}
A5 Y 9.7% 133% 70%
ST 339 | 363 [ 372 | W0 | 804 | 873 | 91 | 7| 587 | 611 | 628 | U
(m”/sec) : Z7} =7} =5}
7] 2.8% 4.4% 2.1%
.- 4444 | 4505 | 4869 | 0 | 6927 | 7078 | 7234 | 0 | 9594 | 9697 | 9797 |
& ¥(mm) =7k 7t 7t
4571 37% 8.1% 19%
omum | 204 | 292|247 | 07| 3112 | 2096 | 2878 | 7| 3638 | 3648 | 3616 | ]
2001 74, P 2000 Ak, © 2003 A
49 AFFVE AR EO] hse) FIHoR 6. 22 U =
AR HEo] Z27] wEol . e
o o mamyy 2 9TE 49 Aol 5% wsia) we 3
it o =) . NE= — 2 €] . _ -
oletol o b mer T ot 1o o N6E S4E Fotstast 20d Sl 370l 2498
Aol AW FHEY, BTHED A8 AR g pgetel melg gsih Azl AR5 4
SE= o =walako H ] 1215 A
ETI RRRARAS FEAN ARG 2T e gz we fERgd wsE 302 5 9
FHEFS ZAFdQoord), HadEood), F59d 9. B oltie] PeS gerstH choal 2tt
= = o ;]COEIZ.LO___71—L&E S V4 _ - -
(OB WE oI, BERTE A DEAN ) zpwy nam mgess pand s &
L FFE UEhd Y fEFolth. TREFS 5o 4o melst 2 o HSPF 28 ALedl
_ A == 1= AT — o=
Ao BT 2 A Aeatdnh 44 24 o Aok folo] EATE W] G2 F70E
= - - O vl ! ALY — 7o
Fge 7 458 595E 999 FhEgelr, vl e e sols
o= T U9 AR
= Z 0 Z=gro = x}2= = =
s e ST S AR 2. AWPelA AAG B RAREAP] 2
R FhEEE e 8 EATEE 349 oA BEL ANPAE,
1980 %-E] 200097k 2047 FHEFe 21 Aehs e BE o] SEARE 2759l
o il LA I A= =] AR
158 kel 4] 1431k 105% Zha:sh £417 9] 4u) %7 : o
linld 1B Ll 1055 WS EAA BN e pa wn g9 04 S0 B8
G wREG el A aoneae o) Avatel HE AHLZSNH B350 §5el
687.8mmelA  691.6mm=  3.8mm(0.6%) F7H8IaL Romate] ta ARNUZSN)O] 44 w7 Lhel
20000l = 7.4mm(0.8%), 200303 131mm(1.0%) % ow Am/AE A5 1S AKINFILD)S
A", o T LR
7¥eATk. AT 20010l = 33m’/s(9.7%), 20001 45 5290 f¢ Maming ANSURS B
- < 3 = T 2w A pad LA {
A 10TmB/s(133%), 2008890 41m/5(70%) 71 sor Zlemae) Ase AL AL T 4
ol vl Ad=rl w2 2000800 7 wol 718t q101ch
AN . .
ol 2= o Zaro =
‘*E}'ffﬂoﬂ e 2001»?:1; 122053’“((2281/;)) 4 BES HAY F7 RLELS 073, RMSEE
2000650 30.7mm(4.4%), 2008100 20.3mm(2.1% Em7se Gehin, SelAs AZAe] HAAc
Al 497} ATlel HlE AL ulgsTlele 086 Liehde A= A% BAELe 041
L 8 = S = B &) = S = R . y
A BHEXzjd] = S}AFA A5 -
ux]o E‘I‘TX]—P’] 07}'01] Lq"j/}’ 570 ]oﬂ 7] 1‘IT€ RMSE= 22.9m3/s% QE}EE\E, Eﬂﬂg} %_7_(]9]
o] Baste] A4EEODOE 87mm(37%), B A 0898 Ltehaet
SgHAlTZ Vod=sw AT
= B 19), E5A0)0lE 7. . i
(2000)9] _u34mm(81é), T (2003)}\] 7.2mm 5 ExEEe ME f3c] EHe SEFE ©
(199 Z-a5Th Helahs 200049} 5ol 2t A1e] Sosl Abelel gl e wob QA
p] S QLA fm it DY o= T« LY =
ZJ’- 4.4% %7}9+ 81% Qii 7}—10} = @ﬂ% E?,:},E} [oR=4 2_7}—5‘}.‘: 71ErS Eo]l: ghy H]/H_/T"_.y']o _ﬁ_
— o 1 0o = oo, (o]
2He ot AFE HAT 1 olfE HAS
71l FEFE 7IAFEA ZIdsted ERFASG

502

FBEKER

LERNE



o] goldsE ARl Holx AsirgA ol

AolAWA 714 & o] i) wielth

ZAle| 2

¥ Aeld Abg EX]EJE‘:
& @A RAREA e

=

>.

]
W, Be)e W) FRAR A28 Prototype 7
B Ab FhAle] Agtulel] o] ATEHAS.

jud

=
AxgE, wol, A, #¥ZF (2003). “WMS HEC-1
o] 83 ok HYFAAZL AFHH FF

g, oI, dAS, P8, FHT Q0B). "2

[e] 5
A gl ma 5}%T§E‘iﬂ 247 shExjzlde

whely 213 (2003). 1=
Aolgyigle] wWE [FEEAT R stE
200344 FAIstEO s wEEEE, pp. 1-9.

o] (2002). “WMS HEC-1 23& o] &3 Zekd

9
w

i
i3
o N
red
o
&
=
Jo
18
lo,

9] g FEvs 247 AIstn AAL =7
Bledsoe, BP., and Watson, C.C. (2001). “Effects of
urbanization on channel instability.” Journal of

the American Water Resources Association Vol,
37, No. 2, pp. 255-270.

Bicknell, BR. Imhoff, J.C, Kitte, JL. Jr., Jobes,
TH, and Donigan, AS, Jr. (2001). “Hyrdologic
Simulation Program - Fotran (HSPF) User's
Manual for Version 127 Environmental Pro-
tection Agency, National Exposure Research
Laboratory, Athens, GA

Brun, SE, and Band, LE. (2000).

runoff behavior in an urbanizing watershed.”

“Simulating

Computer, Environment and Urban Systems, Vol.
24, pp. 5-22.
Chew, C.Y., Moore LW., and Smith R.H. (1991).
“Hydrological simulation of tennessee’s north
reelfoot creek watershed.” Journal of Water
Pollution Control Federation, Vol. 63, pp. 10-16

H384 H6HE 20054 6H

Donigian, A.S., Bicknell, B.R., and Linker, L.C.
(1995). “Regional assessment of nutrient loadings
from agriculture and resulting water quality in
the Chesapeake Bay area. International Sympo-
sium on Water Quality Modeling.” ASAE, pp.
294-302.

Dow, CL., and DeWalle, DR. (2000).
evaporation and bowen ration on urbanizing

in Eastern United States.” Water
Resources Research Vol. 36, No. 7, pp. 1835~
1843.

Engelmann, C.Y., Ward, A.D., Christy A.D., and Bair
ES. (2002). “Application of the BASIN database
and NPSM model on a small Ohio watershed.”
Journal of the American Water Resources
Association, Vol. 38, pp. 289-200.

Im, S.J., Brannan, KM, and Mostaghimi, S. (2003).

quality
impacts in an urbanizing watershed.” Journal of
the American Water Resources Association, Vol
39, pp. 1465-1479.

Hummel, P, Kittle, J.Jr., Gray, M. (2001). “WDMUtil
User’'s Manual.” Water United States Environ-
mental Protection Agency

Johnson, ML.S., Coon, WF., Mehta, V.K,, Steenhuis,

TS, Brooks, ES., and Boll, J. (2003). “Appli-

&, -
Trends in

watersheds

“Simulating  hydrologic and  water

cation of two hydrologic models with different
runoff mechanisms to a hillslope dominated
watershed in the northeastern US: a comparison
of HSPF and SMR.” Journal of Hydrology, Vol.
284, pp. 57-76
Jordan, TE., Correll, DL, and Weller, D.E. (1997).
“Relating nutrient discharged from watersheds to
streamflow  variability.” Water

33, No. 11, pp.

land use and

Resources Research Vol.
2579-2590.

Laroche, AM., Gallichand J., Lagace, R. and Pesant
A. (1996). “Simulation Atrazine Transport with
HSPF in an Agricultural Watershed.” Journal of
Water Environmental Engineering, Vol. 22, No.
7, pp.622-630.

Moore, L.W., Matheny, H., Tyree, T. Sabatini, D,
and Klaine, S.J. (1988). “Agricultural Runoff
Modeling in a Small West Tennessee Watershed.”

503



Journal of Water Control Federation, Vol. 60, pp.
242-249

Nash, J. E, and Sutcliffe, J. V. (1970). “River flow
forecasting through conceptual models. Part 1: A
discussion of principles.” Journal of Hydrology,
Vol. 10, pp. 282-290.

Trimble, SW. (1997). “Contribution of stream
channel erosion to sediment yield from an

urbanizing watershed.” Science Vol. 278, No. 21,

504

pp. 1442-1444,

Wicklein, SM, and Schiffer, D.M. (2002). “Simula-
tion of runoff and water quality for 1990 and
2008 land-use conditions in the Reedy Creek
watershed.” East-Central Florida US. Geological

Survey Water-Resources Investigations Report
02-4018, Allahassee, Florida.

(=¥ 5:05-03/745:2005.1.8/ A AHEE:2005.05.26)

BEKEREEHLE



