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A Study on PRMS Applicability for Korean River Basin
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Abstract

The objective of this study is to evaluate the applicability and simulation capability of PRMS,
developed by U.S. Geological Survey, over the seven multi-purpose dam watersheds in Korea. The
basic concepts of model components and their parameters are investigated for the evaluation of model
applicability and the possibility of model parameter estimation is suggested based on the data
availibility. For model parameter estimation, some parameters are directly estimated from measurable
basin characteristics, but the others are estimated by Rosenbrock’s automatic optimization scheme.
The results show that the simulated flows from the model were very close to the observed ones.
Although the default values for snowmelt model parameter are used, the results from snowmelt
simulation is also acceptable. The model shows that the simulation capability is not sensitive to the
basin size, however, according to increasing basin area, simulation characteristics are close to those
for lumped model rather than semi-distributed model.

keywords : PRMS, Continuous rainfall-runoff model, MMS
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2. PRMS(Precipitation-Runoff Modeling
System) 23 J{4

PRMS(Leavesley et al, 1983)= 1o]= USGS(US.
Geological Survey)old 73 ngoz ZAHYZEZH
(deterministic) 2&olv && 2% (semi-distributed) &
golr}, 1996 =) 7EE MMS(Modular Modeling
System) HA-& T3t FAAEAE OE F IS
7} 715 Ee] EEHE o] ALEXxF e 7F
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-
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o}t AE7HA] FH el PRMS E&E o]-gsle] 284 Ay EokEe X ZE(recharge zone)¥ d1H-%
o Hrleh 2 AFAAS(RAT AATF 2002 T3 (lower zone) &% ?%Q%Eﬂ, FEZAME Aret &
2 5, 2003 ALY widE, 2003)0] ARy BF o) A5 93 &l FdEm TLH Fitol o
ol 27 wjzjWre] tigt HE/L FEFon HEFH ZasEd vE) shi-EoiAe SRl ARt
G Aol TzhHel BAS s Ra WA Yl sdvh AREe] EYSEAT FE7I0WAe wA 4
of B 7o PRVMS mEe He4 B4E s o oe) Axufdel wAse, B3l AY B5
$H 2 0|23} wiAso] B Avinm 5ol & 278 ¥e WA A8kEH 5 ground-water
ZrolnAe Byl reservoin) 2 G UE 2L SHFEe] A {fd#HE 23
i 3 YAz} X E3HA A (subsurface reservoir)®2 f
2.1 PRMS 289 o|2 - o=
det. AFsAFANME AXSGEH AstreAT
PRMS R8& #9& A4, 24, 1%, A4%E,  Azel §3¢ o], AsgAselE Ase
EYEY, J9RL SO AP Sl TRV &F  §23 Ase JAGCE B AR F33
Ao o] AFdd FANTE AR g AR A FHES, AstiERe Feol HRUANA Q) sk
o zalAe Adsel 4 afdd £ wg  fEdes agud.
o #g oo 259 weow AN olHF &
oo OE R U_'o . 0%(; drj R Unit, ol 2.1.1 713} 734 (Temperature and Precipitation)
= FiAroN 0logic Response i (5] -
:n;U)EE}T E; ;RMS 217?530 g}mUapio Zpae 2 Hel - A 7IEARE 71GA5LF HRUSS) &
- - FECAE T g2 oee zand. dxd dHuled 99
deln WAool UF 4 199 FEFOE B
o}, Fig. 12 HRUOIAM S /dA FoF2cd A /1EE Ea (Ul SIS 0800 4 FROWE AL
§__ . . e 7 RLAE LA i o, =
5 ‘& RO T ), 78Rtz el AT FACH & oh
2RE Yehd el A fedeRe Aed L
=3l
ArleArsh A5y L BFRAFARI DIFHAE CoT
BFEAFART G Aol 2T WA AN . o
YU — ISt
Ak A5 A0 Uk 299 Bz TR T = 7| 1ot Sy )
A40) ola) AR UAzt Lol ELaA ¥
Agd A TR o8] AlARTE Azl A =
q ]’ oT o = ] ' E]' 1 0:17]/\1 hm o ng j:]:‘r_?-_l. (ft)% Ista el
o] gom A A4 Ao FIHT 492 7 e .
Alp= A0 = A
S ASAE TG BARE Dasn gy ] RIS HEhiT 1,8 HRUS A
w9 AXURES PAAG BB BRGAGy  F ANEE TAD I BAATE, £, E 1A
Eroxdon FRIW BESAAGMNE BESAS 7H2(1,000ft 3ol tigt &= WIE)E SdTh
Ao AFRL 29 A ARAGES HPAUE
Evapotranspiration 'tehp%LZture Precipitation raﬁ%‘ggn
1 Evaporation " Inter ¢ Goan
Sublimation - l' .
Throughfall
— \ Snowpack Evaporation
Sublimation g
Snown{s‘lt T Surface runoff
Impervious-zone
reservoir
Evaporation Surface runoff
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Transpiration
Ground-water Soilzonajexcess " Subsurface ¢ Subsurface  Subsurface
rechargel recharge reservoir flow
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reservoir’ Ground-water flow
lGround water sink ! Streamflow
¥
Fig. 1. Flow diagram of the PRMS conceptual model
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A7l T, Tope Hi-HAA7Reln T =

dF 7)) o] xRt} 2 AL BE g A4

2 Aets koW, PMIX & 8T 25

o] H|&S FAslE dERAA S| EFFS 2A

Al NN 97 WA wAgkaL gt
2.1.2 " 4E A3 (Solar Radiation)

e EAL S wulEAL (shortwave  radiation)<
aHs g9z Py, 9 lad E caH)E
A&l HRUO ateEe wabEabelS,, )2 Ea.
D Axtact

S,,,d—[s, ﬂdp—[m’i]/ma/pzoos @)
7l
A7 S, = BE GEAE £ ALY guBA

Hly)e YERASL,  yadpl = HRUS ABAF- BARE
A (radiation plane)oll Wlal AT A BlFEAL
Fy), pl = TBEAN dAEE A A FEALT
W), radl T HEFl FAEE AL Ak @
AL =AML golth

AR 91L& AF GHEARRS AHAskE W
e ZUASe Hure #AE ol&ste W
(Leaf and Brink, 1973)3 &#d=e} il - HA7]L
2k2] #AE o] &= W (Thompson, 1976)°] STt

2.1.3 Ad(Interception)

a7t Ao 2 FEE gl XHolM wAsH
Aol oJgh zpeto] WA £ E P2 A4l
e Add F& AT FFFOE Eq. 5ol o3
Alxte

Pn: [PX(]-—Dcoy)]+(PthmfallXDcov) (5)

A71M p = AAd HEEEE, p, e 44
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2.14 §4(Snowmelt)
A AP 2T 124]
U A=A (energy balance)?] #AZ o
HRUY #4422 ¥33 ofZoz 7
Aol FHA 3~5cm AEo|al I}EFL ;:;%——s}
A A ®Z\7A o]tk PRMS &
o}¢] oA WZHenergy exchange) 2 E%h% SR
09 €4 %(heat conduction)& §le ALz 7%
SR AgHde] Qe B¢ Ao o) M=
5 zvﬂo] -}Lx%g}u:] /stgzq/ao] A 73_% et x__}
4 9ol gald FHHAY 4 4otk HA o

of 97} WeE A%, B9E B AYE 9L 4
XoN
=

l-f\l

b Z_P—19_ 1’43% ol

Aol et A ol TEHY Qi FRFS 243}
A Dot olw HA 2%7F 0C o]dteld, v|2 ALH

GEe HHo 255 AFAA 2=t 0CT7HA] 4
otAl Aok ol Mol Hid %l-‘fr HY PR
% (free-water holding capacity)& T3}, o] g%
ZHSAEH o] FASHA Ak Emd 2=7F 0T
o £gdled 2ed dFRg 2 A9 $4 HE
AAHARE A7 dgoR

iy

71E A ’.?6}71151 257} 0T
PRI

2.1.5 AAZFw2HPotential Evapotranspiration)
PRMS =% doA ZAFLNHHPE)E Aibste

wHosE ¥ 1}57} Ae Ae ol&sla, #EFA
27} 9& 79 Hamon WH(19%61) 1Y 4 Jensen-

Haise #3(1963)& ol&ste] HAZ TS AT
o} AA| e Zahner(1967)7F AAgE B2
e 1% Py o83t FEETh Egs. (6) and
(1) 747t Hamon 3% 74 Jensen-Haise W<

R Folth,

PE = hacoef> radpl®, ., * vdsat ©)

sunhrs

1714 hacoef= Hamon® AT, yadp]
= 1247 992 Aese b dEARke etk
vdsat{e/m) = A =(absolute humi- dity) 24 5
ol oMo dYAHT d7] Fe A

FE7NEE=
Yebdtt  ydsars Federer and Lash (1978)7} #|¢t&
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Aoz Ak ¢ Qi
PE = jhecoef<(T ,, — jhcoef 1) %S oy D

o714 jhcoef% YA golH, Tm% g t7)2o]
3, jheoef = HRUS £=AE S, 5 Bl%EA}

Z(in/day)& VERICH

2.1.6 E%5%(Soil-moisture)

EgZEo] AHFHFL EZ(active soil profile)oll A
o FUHFY FEFY ARA ALt EYF] Zol
= HRU| &Ajsks A Ae] Ha 2ziololn, B
9o Hurle 4B A5 (maximum available water—
holding capacity)& E¥¥o] w& FHu)H5field
capacity) ¥ Al &% (wilting point)&] 2t=A FA €t
HAYEFEe A2 EYo] sk F 1~3Yo] A}
WA )3T So] FEo o WA G AT
EdrEdEgeln
o] EggEddelth. At Anwel =
ol AR, JFEFE B a5
I S B FEFES 23T

=

Aok A E8H5A

r

FA R fear

2.1.7 AXxAKZ(Surface Runoff)

A FFEL FE7199HA(runoff contributing area)
N3 (Dickenson and Whitely, 1970; Hewlett and
Nutter, 1970)& AHE-3tH, A EHFE2H SRS <4T%
(Pl F&714RAN( CAE #ste] A +5
71o{HHu]= HRUS W2l gt AZHFE9] 7]o
HWAH 24 QLA A(Eq. (8) Ev v E A A(
9)og Aakgt)

g

A=Ay +H(CA e —CA i (G2E)] ®)

AN CA .., CAp2 Hdh- Ha $E7)in ]
T, SMR, = A¥Eel AuFREAS,

AR Ao th

W
¢

CA = smidx__ coefx10 (smidx _exp x SMx0.5P ) ©)

1=

A7V smidx__coefS smidx_expT WAREEH
of Agolm, GUE BBHS] BAFENFTIE
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2.1.8 A%3H1%(Subsurface Flow)
AZFATA R Y EXF ANAFHG #)
trAlsAe] dAd e 248 As 2y
2 T AsFAFARY FER FEET A
L3t FAd e SFHREH SSPHE Eqg (10022,
AsprAFA 2] FE( SSGE Ea. IDE A4kt

olt

o

SSF = (ssrevef_ inxSTO) + (ssrcoef _sqg<STO?) (10)

A7 ssycoef lin ssrcoef _sg© AE3IF B
g g uAdgEH Ao, sTOE A EIATA
A F#olot,

SSG= ssi2aw_rater| —L0—— | wmwen  (19)

s$P2gw__max
A7 ssgw_ratet ssgw expT AFEIAF
A A A3 AFARY 28-S FAS Y AMREE
7-'"5[\*013’_, Sgﬂgw__n]ax"(f‘ A FEAFA A A8k
ALA R o5 7Hed Aol

2.1.9 A35-FZ(Groundwater Flow)

AR PR Y Al2E AYAFAE 7P X
spArA Y AR ZARE E AAGnke o3
AaEed, AseEAFAdA  BAste JAGTE
(GWe % Fa (129 2o 29T guflon
coef= 71AFEE ARtElr] g Askr FHA 0]
3, GSTOE AFATA ) ARtk

GW= gwflow__ coef* GSTO (12)
22 PRMS D&l o7t =4

MMS(Modular Modeling System; Leavesley et al.,
199%6a,b) B2l PRMS E&& o83ty dFEEE
& A9 FATEL Artolt BjEEA R A AE
el wek oA Zols glou oF 1047 Axe
22 oyidEs Aol g7k o] FelA Edoly
AFAFHTE eSS A A FEEAd 9

FE A HFES o TR Axolth IuilA

PRVMS E8$ H§A 35% w30 #ug Msse
eghe 48T gom, 71& nANFES 1Ed|
92 AFewe s Boh gURd wrse 3
geedel A AAsel na Ashe wFel Fo
D2 7uge HEAE 2o S 2 YHE 1)
A7) ghor, WFBAF AARFES BPHE )8
sto] AgEE ek olde WEES AP A,
EQRE, ALDFE, AXRE, ARERE) B
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B2E AYECEEE JHE)RFE FHo] slEET,
AZH FE2NA EFFHA s EXAYERE o] &3

F28 ¢ Jdok EYrEEd HTEd EYEs)
ARE(EE YAEE o8t 343U AFfH o
Table 114 AAlE vifdsEs HHsistozH
U fF9olA fFEEME 9T 5 Atk

PRMS R¥oA = GIS AR E ©]&-3te] HRUE A
Aela BREUFES 24317 9135 Weasel(Leavesley
et al, 199%6a) ZZIHL o]f-3lr}l I} WeaselS
o]-g3te] HRUZ 788 29 YF B2 HRUZF A4
B3 AA fdnii xpolzk AT & ok Bg Ay
4 Q000 ATl 9H HRUS 8§ T7/HIAR
frEdde] vxje= gdo]l A glenz A4 {F4&
23ty HAE HRUZ TE3H= 3lo] Fasit)

uw}
HoOB dTdE FAAUgAEge ERG9S
A

%
o

Ao A= PRMS 2o AHE48 Hrskr] ¢
A

s Sfela 7149l B0l olFeiAT Jer]

upsh o) 75ee] 9] 37)
9es M3tk 2 #99 HRU & f9a 4ol
g e = (149a%mel 17, feiEel v}
A 2 EFAfolG6L8mME W2 TEAAT. &
o WEEIE £YFRGol 91514mE MY B
Ak feo] HTIME A1 Rokeh BEAAE 2%
Whool HIT%E VY FAANE BIoH, T gL
FEARGo] 4230%2 ek 2 el thel A
do) FSAEG} AHPRALE TSGR, AYA
290 DEM, £9%, EAN%E, J9es Sl 4
R RS E FEeed Beatdn

Chungju

Guesan

Hapcheon

ey Mg Ay 2713
smidx_coef Bt 719 d @A) A 0.010
smidx_exp ERrEs 7lojdd fA2le] R 0.30
SSTZ2gW_exp AP FRNA ASEATARY] FU4F A Sl X 1.00
ssr2gw_rate A FZBAFANA ASEATARY] 9% ARk $igt Ak 0.005
ssrcoef_lin A FaA TR e R fEF ALE A% A8 AF 0.08
ssrcoef._sq AEAFRA SR FEH AMRS AT vidE Al 0.15
soil2gw_max A FA R T2 BEYER Azt 0.01
gwflow_coef AeppAeAl] AsREe Akl Y% Al 0.03
hamon_coef FAZEE AE] 9% Hamond] Al 0.0055
Table 2. General information for the selected study area
At 676.73 6 112.79 357.37 36.87 44.41
=okd 149.42 1 149.42 915.14 32.62 1286 |
e 2,694.36 11 249.94 650.54 45.97 61.90
T4 6,661.58 49 135.95 609.06 34.89 103.14
otEd 1,590.72 11 114.61 557.30 42.39 111.09
¢l 3l 1,367.74 11 124.34 394.67 40.35 18.30
ERak 928.94 8 116.12 504.60 34.87 20.03
F) FALETA B A 2~ " (www.wamis.co.kr)
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o 7ol el A

& AN Ak AR FANA 4
32”“7“3#%—" Ejé’,' E_‘l -"’]' "IT ]10
BAS7E 080 oo e AREE Yehhch 5
ANREENN BRe) AuARSE 28] 9 8 A% oksd aEa FARNE FELH A
s FaLole) 7hea ERUS ERSE VI7He I} 6% ols), AFAFTLAT} 2%6mnyday o)), 5F
BA7Zre 2 HAAgtojol tokdt AN tig 44 B84 AF7t 070 o) Bo g BEFol SHA =
3 o asE F9T  odrh oleld de mAstel  osiith W mgdRde §ELHAI o
AAARZIFE A 2 AgUes T2 O B 11%Z i 2 2ols Bgou yux] EARNAE
A7) el s BEA 9} vlmste] w/ASFES F g3 232 Jepdioh f9ER gfEsE 2y
Aom AAZAE 276 24 a R @ A3 #EXE 2 s o Jehgon, A
2 JYi2 FHEste] #=Hd i dEAHS HESIY HAAME =2 AFAS eI
t} AFAFRZHE FA7FsE AHFES 3-8 Fig. 32 7z} f99] HAATE XFo2 FoAES
@, geln] ASsd] g AMaNe Aedd oAE YEOR nelw RYESS 9 Ao g
BsIith PRMS 23] vl HAshe 94 2 o] nagrIze @A) ma) dekd Rolth 2o
#1492 Hamons| €¥ASE wAst] WA & A mz vish Lol nAY|) g AAAFAL
2l ¥4 E4XE 953 Rosenbrock WY Z|Eo 2 okAE RoAAE Holuw e A& 4 T
(Rosenbrock, 1960)% A-83te} HASE Fastart. Aot AA7TANE FFURAS BFAFELA
Table 3& ¥4 2 HA47|e] gk FAXE Hepbd (444mm/day)7} Ta EL ARE Bola glovt
Aotk B Ax wE FAdN ABAF 084 o1, WA §ISelNE FuAG) BRAFLANN B
52y w875 069 o, FEAlw LAt 310m/day ©] F od¥ 43E wolm gtk o4& PRMS E¥ol
S BEAd gl e WY BAt 24 RE AEHodd uud PHHOE FELAL 3
A% AAgANM 10% olstz JERtE, GEaS g ¢ deE AL Uiy Fig. 42 A7) FE0A &
o A A} WAHNNE FEEHOA 296 olUlE B 2% Z4v)e wolsde By dd d33 A
Fgo] TRk #EFS 2oslc BAY o f3 2ogom =A% golH, olldl B3t A
Table 3. Statistical results for both model calibration and verification periods
T A =gd e =49 e 3} ghdd
VE(%) 3.76 -6.03 1.94 4.28 0.31 1.92 -1.63
B A 7h RMSE(mn/day) 3.10 255 2.83 2.29 2.23 2.70 194
erie ME 0.69 0.85 0.82 0.80 0.76 0.77 0.88
CORR-C 0.84 0.92 0.91 0.90 0.87 0.88 0.94
VE(%) -11.32 11.46 -4.28 -2.79 0.95 -5.45 5.42
A 77+ RMSE(nn/day) 2.91 2.24 2.96 4.44 2.44 2.56 2.02
Beri ME 0.79 0.78 0.84 0.72 0.70 0.64 0.80
CORR-C 0.90 0.89 0.92 0.85 0.85 0.80 0.90
F) 2 EHLAHVE) = 100x(5S,- X0/ 0, 4714 0 #&5/F, St AR
PEAF2LARMSE) = ¥ 2(0,-8)%n, 4714 ne AESE.
2% BEAAFME) = [ (00"~ (0~ S)/E (0,0, 711 0% #5fFel 3.
ABAL(CORR-C) = SS,/VSS<55,, 21714 SS, = TH0,~ 0XS;~$), $S,= T 0,-0)° 55, = 2(5,-35)°
° | © Model Efficiency ’ | © Model Efficiency Onrememenanan
E [ I e E 3 —_ CQ
] % ] ;
(@)
g 2 — O g 2 — Q)
] T T T T 1 T T T o T T T T T T T T
0.5 0.6 o-(;ORR-(g.B 0.9 1 0.5 0.6 ugoRR.(‘:ls 0.9 1
(calibration) (verification)
Fig. 3. Comparison of statistical results for model calibration and verification periods
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