it Feisk Ofl CHEH USDAHL —74 K374 Eu 0|
RE#Y BrEH

Application of USDAHL-74 Watershed Model to a Long
Term Runoff Analysis in the Mountainous Watershed
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Summary

Due to their wide range of application, deterministic comprehensive hydrologic models

using digital computers have been developed in all countries of the world and researches
are being undertaken for their appropriate applications. The aim of this study has been
to demonstrate the practical implementation of a physically based distributed hydrologic
model, the USDAHL-74 model and to investigate its ability to simulate the long term
estimate of water balance quantities in a Korean mountainous watershed. Application
of the model to Dochuk watershed indicates the following results.

1.

Since the USDAHL-74 model includes all the major components of the hydrologic cycle
in agricultural watersheds, thus is comprehnsive, the model seems to have a wide range
of application from the fact that simulation results obtained are not only runoff volum-
es in various time units but theéir spatial variation as well as even soil moisture within
the watershed.

. An approximate calibration to determine the parameter values in the model using

various data obtained from Dochuk watershed shows that the simulation error of yearly
runoff volume is only 0.6 % and a correlation coefficient between observed daily runoff
volume and simulated one is 0.91 in all calibrated period.

As a verification test of the model, runoff volumes are simulated using 1986 year data
without changing the parameter. values determined by 1985 year data. The tests show
that the USDAHL-74 model is a flexible tool and that realistic production to simulate
the long term estimate of runoff in Korean mountainous watershed could be obtained
using only a short period of calibration.

. Despite of the encouraging results, there still remain minor problems concerning the

practical application of the model to improve the result of simulations. Some of these
are the small descrepancies between observed and simulated daily runoff volume ap—
peared in the vicinity of peaks and the recession of the daily hydrographs and the
model performance for the frozen ground and melting process in the model.
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5. Although the use of parameter with physical significance and the ability to improve
calibrations on the basis of physical reasoning represents .advantages in the simulation
for ungaged watersheds, further researches are needed to use the USDAHL-74 model

to simulate runoff in' ungaged watersheds.
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Table-1. Physiographical characteristics of
Dochuk Watershed

" Characteristics Values | Units
Total catchment area 5.89 knd
Length of the longest stream | 3.3 km
Boundary length 1t km
Distance to the center 1.9 km
Highest elevation + 644 m
Lowest elevation +110 m
Mean elevation of the stream +255 m
Shape factor 0.54
Stream density 0.0015
Mean slope of the stream 1/11
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Table-2. Main and subroutine programs of USD
AHL-74 model and their function

Program
name

Function

USDAHL

DATA

NDAYS

ETCALC

EVAP

INFIL

INIT

LANUSE

OUTPUT

PARAMS

ROUTE

SUBSUR

SUMRY
STAT

main program that calls subrouti-
nes and prints storm hydrograph

prepares break point input data of
rainfall and snow for use in the mo-
del by melting increments labeled S
for snow as functions of tempera-

ture, rain and vegetation,

calculates the interval between br-
eak points,

calcultes evapotranspiration using

the equation ET=GI *K+EP for po-
tential zone ET, from which actual
ET is calculated as an exponential

function of soil moisture

calculates evaporation directly from
the free water and on soil

calculates the volume of infiltration
into a zone and the amount of pre-
cipitation excess of a zone, from
which overland flows are routed for
each increment between break points

initializes all values

reads, writes and calculates values
which describe the vegetative factor
of the watershed.

calculates 24 hours of routing inter-
vals and prints standard daily
summary.

reads and writes all the input
parameters and initializes some values,

calculates the rate of flow at the
end of the time period by channel
routing,

calculates recovery from the top
soil by lateral flow and downward
seepage and routes seepage through
the series of layers calculating la-
teral and downward flow for each
layer of soil

prints annual output.

calculates statistics of simulation
results,




BES TEEE $20% $ 25 19875 6/

BRI BRI S HTFK BEhol] i Lae
%+ MAdsked LR A8 o] £EE  F9l
Zo|c} 19

USDAHL-74 #H] 7| L4q 5L #
W gRlo|=H A HE o)l Aolrh
LR yge 2 Wy Mgl doives £
4L ABEHE BA8ln glomg 49
REBE XA 23 HEH KB+ B oo
2 ¥wlolvlzl fiike] 1i3E, +HUFIR, MRS
o] ul&dt 9L T FolA  Hiskslel et
o] BERIAY, ZERGAY BRE 2e¥ F Al Ho
gonz SEpERio 2 43¢ 4 Qloh =3t
USDAHL -74#8- EF%¥E, {FY, ES o
3wl HEME TSl glo=e B
WHE KO8 EEEAC A4 T2E 7HA

ar gt}

2. mEe| 1

USDAHL ~748#8-2 JLH K ERc 2
A e i B, REHE mERE P Al
W BES, HTK 5 KXEERS A & 33
S of zFE gk webs R I
Ezzads 1370 F22aP0R T4
slow 1 325 Fig.2¢} 3 #47e {2
2o gt 9 3 A5 Table-20l4 A
A1 wpe} el

ERio 2o ANk ZA Vol fitdslel
wl e}, Hi%h KR, BEFHEEE BRTER
B Solch wuzlebd el #IY, M, i, 8
B, cascadingF4, THFIHE 5 HHEANA Lo
U e sbx kLR K & 93-S v|AE 2
Bolok, olR29 siebd el HPE, TIEE, -
Eﬁ&%i Y BYAA So= ¥H o

g 4+ govt olelze] AA o+ dv et
nﬂ ElE 25 AE Fdle] odojok dhep E 27
o] 2A4sle}lu et oF 4370, B Aslelu el 4
MR T vk 7 shejul el gt =pAIRE R#S
BEH e USDAHL -74 #Ho) #E 6
E M) Al AR gtk
R e B Hhsle HRE 137k=18 #
KBl 9o =i AY A upc} A HI
}L—’fﬂjﬁ° RRE, ARHE AEES RY
B, &E fFtola oiR-Ee] A¥Ar K E H
41 5“545 = ol el =3 kel
s R Zke Baste HPAYIES
v}, B ASHBRe ANERZA st

& ﬁi -'lN Gl

fr fo

3o B u°

3

B # o opx

2@

+ EH%E AR IR st 2 dHe] tEE
Krihigol W zt8st e 41

3. @R MR TR

R BREHT KRS REXSE & 0151
e B BEZ ADEA, BERS BN
9f TR EE gt b2 (1A 98t B A
EgoT éJr%isJ o] BRiEC 2 3=}

MELT=C- (T—THAW) - (1.0-0.5X VEG)

o714 MELT=tti&fEol 46 A M5 R (m)
T=AR FHREC)
THAW=iSEo] 4| 2= = RE(T)
VEG= it e S] SN F Ml
P=H K& (m)
C=1#

BRI A 8] WK ES BB E (Class
A pan), WAERES KE, 1 KEESS)
SREBZ A ok (2K o] vebd Ak

ET=GI:K-P : {{S—SA) /JAWC}* «-ereveev (2)

o 714 ET= y7E 755 e (nm/day)

— ity EE S REB(%)
S=-tifEe) & g% '
SA=tHie| AR
K= G/t 3375 & (nm/day)
AWC=7RE ol ko) PEKTTHERE  Z2pd
x=AWC/G

53 il Al o] BFEHE-S (3)K3h 2 Hol-

tanskel]l ol A=, ()X acl I FH

el BLERC 2 A GI@ #HRste 4oz
A BERES FHHTC
f=a - Spidfg-ceermmermr (3)
F=GL: @+ SLtfg emmnrnrreemmmnrninnnnienns (4)

714 | = @HHE (mm/hr)
a —HRMEMERE HY
Sa =%+ 9 HHZEHRE (om)
fo =RHRERE
BERS 29slE Bl wFERfHEA et
v, RS ERHEReE vehiE o
o) (5)k3 2o}

714 q, = HiZH (mm/hr)
n =322 Ao =2 RE
ova— HiE, HARY HEAEd =2
REX



STOP
YES

DONE

SUMRY

YES

LAS
DAY YR, OR
DATA ENCOUN;
TERED

SAVE
MONTHLY
SUMMARY

OUTPUT

Lot fietgoll w3k USDAHL - 74 sk SCHERN | BHA Sr7 s

START

|[RAYS AND DATA
SET REFERENCE
.VALUES

—_—
INITIALIZE AR-

INITIALIZE ACCUMU-

LATIONS FOR ONE
DELTA TIME

NO INITIALIZE
YEARLY >
VALUES
NO

INCREMENT
TIM]-%J)LOOP

L

DETERMINE WEEK
NUMBER FOR THE
YEAR

Te—.
SET ET &
IS THE YES JEVAP FOR]
WEEKLY TEMP IME IN-
<28 CREMENT
ZERO
NO
ETCALC
A
EVAP
SUBSUR
INFIL
HAVE
ALL ZONES NO INCREMENT
BEEN CALCU- ZONE INDEX
LATED
YES

A

PRINT

OUTPUT
INTERVAL

CALCULATE
TIME, VOL,
RATE AND CFSf

CONVERT BREAK-
POINT TIME VALUES
TO ROUTING INTER-
VALS

INCREMENT
ROUTE LOOP

YES

ROUTE

PRINT
STORM
OUTPUT

NO

<

<

Fig. 2. Flow Chart of USDAHL-74 Model




HMEE T EEE H20% F2% 19874 6

EI S BETHS HiRe A HRTT
B 13 rEH RS A=t Ak
FrBA AL (6)R s 2o

S=m, - q— (g/ova) R (6)

714 me= IS BB HARGREE A 1
el Bk ASTHRRE ek derth

TN BER 2 ARM EK #7R
B o fhiees et B4 £
B o] HEMS Kol e (T4 9
a8 FREeksleh

SUBPUT,,,=t- C- (G—

o714 SUBPUT—th&%02 3] ¢5& o

L=%%
t =B 185
C=#Hd3I=%

G =H|IIK RrigHE

N. e 3 £

1. m2toEl WIE

USDAHL—74##-& ol Al il 48317
SMAE A 2] AF slepeleltE 2A
sk ach-g WIEARS Edte L 2h¢ B3
ofof ek kel W EM N BEEE WMHE
Apele] zbolE glol= HEL2 HFel sHAT
2% slelelel S WA 1 g AP
BiRE 23t

Fiaher ulke}zro] USDAHL—74#Rle] 4 L&

e

7k Fad ANdL HHE Holoh & Ml
WS BA 9eS n 3 HiKslebl el
o] I MIBHAA H—3HA HES KBS &
KB FERS JFAE mEeR S5EEH
AL watcl X BigolAs WEE, L#ES
H, THFAES S o] &3l tHANE, 4 W
T3 4 e R TESkgel Fig 3
HFE 52 AES Ve S gleh

USDAHL—74&#e] sjelle}l= vl & 2 ¥
b BolE s AR AR R S iR

lo

N

o

fo Hr B ff X

EQZONE 1
B4 ZONE 2
@ .ZONE 3
CIZONE 4
N

o

——
0 250 700m

Fig. 3. Hydrelogic zones of Dochuk Watershed

Table. 3. Watershed and soil parameters for Dochuk Watershed

para-

zone zZone

description unit

meter 1 2 3 4

PCZON percent area of a zone % 44.0 39.5 11.2 5.3
SL slope of a zone in percent % 51.0 28.6 21.0 120
OVL overland flow length of a zone m 177.0 169.0 174.0 114.0
FC final rate of infiltration after prolonged wetting mm/hr  12.0 6.0 6.0 6.0
TOPD  depth of top soil mm 150 150 150 200
SOILD  depth of aerated soil mm 500 700 700 1500
Gi storage drained by gravity (top soil) % 29.2  29.2 292 29.2
G2 " (deep soil) % 29.2 153 153 29.2
AWCI storage drained by evapotranspiration(top soil) % 153 153 153 153
AWC2 " (deep soil) % 15.3 241 241 153
CVOL!  maximum volume of cracking(top soil) % 0.0 0.0 0.0 0.0
CVOL2 ” (deep soil) % 0.0 0.0 0.0 0.0
WPPI wilting point of layer 1 % 7.6 7.6 7.6 7.6
WPP2 ” 2 % 7.6 12.7 12.7 7.6
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Table-4. Routing parameters for Dochuk Watershed

para- P Ot it regime
escription uni
meter P 1 2 3 4
QMAX maximum rate of lateral outflow from a zone flow regime mm/hr 2.850 0.525 0.345 0.064
M flow regime routing coefficient hr 20 75 120 850
CM channel routing coefficent hr 6.86
Table-5. Cascading parameters for Dochuk Watershed
para- L . zone
d t t
meter escription uni ] P 3 2
PCAS percent of overland flow which cascades the succeeding % 100.0  52.9 47.5 —
zone
LOC direction of flow that does not cascade sequentially - - ALLU CHAN -
but goes to alluvium or channel
PBAS percent subsurface flow from zones above alluvium % 70.0
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Table-6, Land use parameters for Dochuk Watershed

a-
par description unit orops
meter RICE CORN PASTURE JAPOAK PINENUT PINE OAK PAULOWSE
A basal area of vegatation used as
an index of surface connected - 0.8 0.2 0.4 1.0 1.0 1.0 1.0 1.0
porosity
VD depression storage mm 30.0 1.27 1.27 1.27 1.27 .27 1.27 1.27
ETEP  ratio of maximum ET to maximum
0.58 0.54 0.50 0.90 0.81 0.72 0.90 0.72
EP for a crop
ROOTD depth of root for crops mm 400 300 500 700 800 1000 1500 1000
TU upper limit of cardinal temperature € 14.85 1575 13.50 15.75 15.75 16.65 18.0 18.0
TL lower limit of cardinal temperature T 10.0 10.0 10.0 5.0 0.0 0.0 5.0 5.0
THAW  temperature at which snowmelts
. T A
begin
GR flow rate of ground water mn/hr 0.0

recharge
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Table-7. Monthly summary and statistical result of calibration test for Dochuk Watershed(1985)

month rain+ melt ET EVAP observed simulated absolute relative
(mm) (‘mm) ( mm) runoff runoff error error
{mm) (mm) (mm) (%)

6 97.1 66.7 1.4 22.9 25.6 2.8 12.1

7 169.0 43.6 2.6 102.3 79.7 —22.6 —22.0

8 249.9 41.9 8.2 183.0 186.8 3.8 2.1

9 158.7 45.8 2.0 110.8 110.2 — 0.6 — 0.5

10 257.8 33.7 4.4 200.0 228.3 28.3 "14.2

1 87.3 9.2 2.5 49.4 47.5 — 1.9 — 3.9
12 38.0 5.0 1.6 39.4 3.40 — 53 —13.6
Total 1057.8 245.8 22.6 707.7 712.2 4.5 — 0.6




3+ USDAHL —74 #ils

50 ¥ y T — 0
= %)OE
Tl —O_bservgtion K
E F - ‘Simulation c
2 &
£t
° | R=0.86
>
= 20
°
c -
=
« 10r
0 Y e [\\ A B
Jan . Feb. Mar. Apr. May, Jun.
T T T 8 €
B tt 00
Taob — Observauoﬂ %
E L -+ Simulation €
g 3o} R=086 o
2
2+
220k
2
é1o[
Jul . Aug. Sep. Oct. Nov. Dec.

Fig.5. Comparison between observed and sim-
ulated daily runoff volume for the ver-
ification period(1986)

2| HBRME R=0.8602 Bol4E Ad +
3o} USDAHL-74 #Re] RIMH BAKE S -2
EESS &+ ok

2y RAAFHHEES SERE0RHE
BAbele] ZRE vebd €S 4Hud 3l
= RN KR el HEAHES RRRRkE} of
Zb o 3A BEEREE A7) A2 LREKI (R
AR BRI HEERA M EER ol R
7t As epebo 2= KOCHAR S ZENE S
Aol A ck2izt apolst Hrle Aol Fa Halo

= Az g

53 3¥E~44Y Sy Gk A= BRI A
2] lolA HERBEL MHEELS ofF 48 IS
el oot ERMGHESELL A4 & 3
< eI gl o]l kol &3 MBS
ol Ao g Aztsel F 2 Rl B Ao
£F 9 BHPE T8I A ggroe=z o
ool gt WIES EL3 kA X dw Aol ME
HRIEt el AU EER A o3 HBARRE 7T Hot
A XEEec 2 g5t w2l R
03k 2 RS LR BEEEDS oS Fol7)
SHAE 422 oS gL solelrt AASHE
2 A A iRe] —FE 9% slelolEr
fHiE-S B ety Hasiold A HbuE
E A =Fofok &lo|r}, ubobizl Au EoF
3l ks Aol et el ey Ao 4=
ek

Table-8-> MK = AWML A5 o
TR 2L AES Jep o gle=dl EH R
HHES EANE 830.0mm, EEEHEAME  803.5mm
EA I zole —26.5mm(AFH ¢ 2} 3.2%) o] &
e ARIE 2 3hE 4 d 34,5960 42
Apolg vER I glow ole] wigl ol AR
HIEBRE Lhlell 4 ol 5-ghubel el a8 6~
12 AFeloll 4= HBIE Aol ozl 20% o]5he) A
2 2}olE JehRE Qrh o]ite] Axtr RBo}
4 USDAHL-74 sk L #me e-2lvie} (U
Mol oNR; MR BIWEAC 2 4 e

BIRRE o) A S4eg o & goh w3

Table-8, Monthly summary and statistical result of verification test for Dochuk Watershed(1986)

month rain+ melt ET EVAP ovserved simulated absolute relative
( mm) (mm) (mm) runoff runoff error error
| (m) (1) (nm) (%)
1 0.0 1.5 . 0.0 1.4 1.3 — 0.2 —10.7
2 30.9 7.0 0.1 8.8 5.8 — 3.0 —34.2
3 45.3 19.0 1.2 45.4 13.8 —31.6 —69.7
4 56.9 12.1 0.3 32.0 16.2 —15.8 —49.3
5 77.6 88.2 0.5 34.1 18.4 —15.8 —46.2
é 131.7 61.4 1.3 33.1 26.6 — 6.4 —19.5
7 307.2 39.3 4.2 190.1 188.1 — 2.0 — 1.1
8 350.6 50.6 10.4 225.3 257.7 32.5 14.4
Q 129.1 56.4 5.7 122.5 151.1 28.6 23.3
10 85.0 22.9 0.6 59.9 52.7 — 7.2 —12.0
11 34.2 5.7 0.2 39.0 38.1 — 0.9 — 2.2
12 27.7 3.0 0.1 38.4 33.7 — 4.6 —12.1
Totel 1276.2 407.1 24.6 830.0 B803.5 —26.5 — 3.2




& EAL WiEsteleete] 7 Ao NE
o] slep bl RERTRES WERAIMHEES AV
derme B e AR &7t SAset
Hoos BERKBEEHERS AA 2 FA2
gl A7E KI5l o] 81 d-&o] s
sk,

Jeivt £ sAS REHEIRIES] i ER Rl
E gAAos olgsten HiKe S4o] A=
o o iAo REABIEA Nsked BRAR
B-s A Alsle] WlEstebulel ol il BR
thrt LS ojok FA e o] AL Fome] B
FeaRm ol v},

V. % &

FEMES o] &3t BEERT LB MIBK SRS
10| wEEE 92 FIRtEDE AlAZAT
ol A tlfo] ol % BHEESHAV, BEEEx ERE
B Y8t AF AT APFA ek

2 Piges USDAHL-7488S @B KX
Rz 9 FE5AH s d8 ggTsh
32 B4R MRAERABRKENA 4 245
KXRGERE o] &35k ASsieldllels #HE
sl R FILBMEETS BEste $-2ivet
(Lt el 4 o] 2842 Bast o2 o
3} o ARG i)

1. USDAHL-74 @SKSERS BN
ol Ao} 8 KHEFARS o el fEE R,
sEY, ALt BEERC R 855
AKXRE 7HE BB ALY HEE otviel ZER
(R vl 2 FES stobd ¢ glow fif
K75 A 7= ABFIEK CEE#
Rlolu 2 [ EHFME7 ol =l Al4lo] 8h
3ok

2. HERRREKRER gl 4 1985w 5ol =
MR, BKE PHRER FHARHEE A=
of piikel i, M, ML AEE o] &3
USDAHL -74 ##Hlo] slelmels AAINT #H
Esh i mlel MHIE 2RI ER A HEEEs
B HmLEEHE <tolo MRt~ R=
0.9124 EEe fo4-8 vebllz ek

3. 1985yl dlo|ekz FHIEH stelulelE #H7A
akx] or3 1ol 2 19861 ®l o] el o] AJJ5Hod 1986
1S AmEERS ReudA Ast
W7 B RS 830.0mm, BEEEEAS

803.5mmz A A —FE YT HfHERA
8} okz}zke] AHRAFEEE 0.86.2% 4 USDAHL-
74 o] S-vlvke} |LtthiiiRe] BMImL B
BAFHEe] 3ot aAskE o o §
E2t87t rAFEdl R Bl A1) A7k o)
3 AEY st dF AR Amsgch

4. BRSO HiEABdAA Jeld BRIBERE
B B4 ARLEREA )Y el M
ol B KIHEMMES 2k sEsA FEskd
KRS ZHE| R Azl E =) ekghed o
AwEok gl siul 3ol o3t HEEEA 0] |
g Aol 2 FRe] v Ao= Al o
o] Jiia e Hrael HEMES) HFEol 9T

oo rr J'il

5. & R TAsielelelrl HEM HES
AU glow Ky REFHE Holn2 if
HE RS AocE Bt fel e
Aen Yz o v|A FHdd LA
2 o]g3}t7] A A= MIE=tete ete] FBILE
A% AT e A=l

2 # X M

1. ASAE. 1982. Hydrologic Modeling of Small
Watersheds, Monograph No.5 of ASAE, pp.
417-420.

2. Bengtson, R. L., F. R. Crow, and A. D.
Nicks. 1980. Calibrating the USDAHL
Hydrologic Model on Grassland Watershed,
ASAE paper No.79~2039.

3. Bloomfield, P. H.,, D. H. Pilgrim, and K.
K. Watson. 1981. The Infiltration—Soil Water
Storge Relationship at a Point in Watershed
Modeling, Water Resources Research 17(2
), pp.370~376.

4. Comer, G. H and W. H. Henson. 1976. An
Optimization technique Adapted to USDAHL-
74 Revised Model of Watershed Hydro-
logy, Water Resources Bulletin 12(1), pp.
139~146.

5. Crow, F. R.,, W. O. Ree, S. B. Loesch, and
M. D. Paine. 1977. Evaluating Components
of the USDAHL Hydrology Model Applied
to Grassland Watersheds, Trans. of ASAE
20(4), pp.692~696.



10.

11.

12.

13.

14.

15.

it skl ojst USDAHL —74 iR SCER o RAAMH Fbiam

. Crow, F. R, T. Ghermazien, and R. L.

Bengtson. 1980. Application of the US-
DAHL-74 Hydrology Model to Grassland
Watershed ASAE Paper No.78~2066.

. England C. B and H. N. Holtan. 1969.

Geomorphic Grouping of Soils in Watershed
Engineering, Jour. Hydrology 7, pp.217~2
25.

. England C. B. 1975a. Soil Moisture Acc-

ounting Component of the USDAHL-74
Model of Watershed Hydrology, Water Re-
sources Bulletin 11(3), pp.559~569.

. England C. B. 1975b. Root Depth as a

Sensitive Parameter in a Deterministic
Model, Water Resources Bulletin 11(5), pp.
1046~1051.

England C. B. 1977. Modeling Soil Water
Hydrology Under a Post Oak (Quercus Ste-
late Wangenh) Shortleaf Pine (Pinus Echinata
Mill) Stand in East Texas, Water Resource
Research 13(3), pp.683~686.

Fisher, G. T., J. E. Ayars, H. N. Holtan,
and D. L. Nelson. 1979. USDAHL-74 Model
as a Planning Tool, ASAE Paper No.77~4
045.

Hanson, C. L. 1977. Evaluation of the Com—
ponents of the USDAHL-74 Model of Wa-
tershed Hydrology, ASAE Paper No.77~2
533.

Holtan, H. N and N. C. Lopez. 1971. US-
DAHL-74 Model of Watershed Hydrology,
Technical Bulletin No.1435, USDA ARS.
Holtan, H. N., G. J. Stiltner, W. H. Henson,
and N, C. Lopez. 1975. USDAHL~74 Revis—
ed Model of Watershed Hydrology. Tech-
nical Bulletin No.1518, USDA, ARS.
Holtan, H. N and M. Yaramanoglu. 1977

16.

17.

18.

19.

20.

21.

22.

23.

24.

. A User’s Manual for the University of
Maryland Version of the U.S. Department
of Agriculture Hydrograph Laboratory Model
of Wstershed Hydrology, Miscellaneous Pub—
lication No0.918, The Maryland Agricultural
Experiment Station.
Langford K. H. and J. L. McGuinness. 1
976. A Comparison of Modeling and Statis—
tical Evaluation of Hydrologic Change, Water
Resources Research 12(6), pp.1322~1324.
Langford K. H and J. L. McGuinness. 19
76. Using a Mathematical Model to Assess
the Hydrologic Effects of Land-Use Change,
ARS-NC-31, USDA.
Molnau, M. and K. H. Yoo. 1977. Appli-
cation of Runoff Models to Palouse Water—
shed, ASAE Paper No.77~2048.
Pathak, C. S., T. Ghermaien, and F. R.
Crow. 1983. The Effect of Land Use Para—
meters on Runoff Simulation by USDAHL
Hydrology Model, Trans. of ASAE 26(1),
pp.148~152.
Pathak, C. S,, F. R. Crow, and R. L. Ben-
gtson. 1984, Comparative Performance of
Two Runoff Models of Grassland Water-
shed, Trans. of ASAE 27(2), pp.397~406.
USDA,SCS. 1964. Hydrology. SCS National
Engineering Handbook, Sect. 4, ch. 1~10,
17, 21.
HEME, =fh, EE®. 1985. HHE#E
EHERNRE, ALK BX BEMAEHEN
& BKER, BiR:.
HME, S PHE. 1986, HIHEHTE
BEERER(), ALK BX BEMEEM
FEEY, BKED, BERA.
BAREEE 1972, BELIER SUE



