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Development of a Cell-based Long-term Hydrologic Model
Using Geographic Information System(1l)

- Data Construction and Model Application -
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Chung, Ha Woo -Chol, Jin Yong -Kim, Dae Sik
Summary

A CELTHYM(CEIll-based Long-Term HYdrologic Model), a pre-processor and a post-
processor that can be integrated with geographic information system(GIS) were devel-
oped to predict the stream flow of the small watershed. The CELTHYM was calibrated
and verified with measured runoff data at the WS#1 and WS 3 that are testing water-

sheds of Seoul Nat’l Univ., dept. of agricultural engineering, in Ansan city, Kyunggi

province, South Korea. The results of tests are in good agreement with measured data

and usable for other application, but the component of direct runoff and water balance

on paddy fields need more study.
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Table-1. Summary of runoff data used and
weather data measuring station for
model application

Weather data | Runoff data period and used
Wateshed . . — —
measuring station|  Calibration Verification
Bawal W1 Suwon 1986(4.1~9.30) [1987(4. 1~9.30)
0
- WS#3 Suwon 1986(4.1~9.30) (1988(3.13~9.30)

Table-2. Watershed characteristics

Characteristics Watershed

WSH#1 | WS#3
Areas(ha) 275 480
Stream length(km) 3.83 3.85
Shape facter 0.19 0.32
Relief ratio(m/m) 0.021| 0.113
Channel slope(m/km) 13.77 | 314
Channel frequency 0.36 1.45
(No. of channel/km?)
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Table-3. Map source and extracted data

Map Data source | Scale | Vectormap | Grid data

Topographic| National 1:25,000{ Contour DEM

map Geographic Land cover/use | Landuse
Institute

Soil map | National Plant |1:25,000( Soil Soil texture
Environmental characteristics | Drainage
Institute condition

Effective soll
depth

Table-4. DEM and grid data description

Number of grid| Grid size | Number | Number

Watershed
alershe withdata [(Ax,Ay)| of col. of row

WS#1 3053 30m 91 85
WS#3 1892 50m 53 68

el
FFRaAq
#9734
249 A4
3 A

Fig. 1. Location map of Banwol watershed
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Fig. 2. Digital map construction procedure
in GIS
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Table-5. CELTHYM calibration result

Total runoff Runoff of no rainfall days Runoff of rainfall days

Watershed R2 E2 RMSE R2? E? RMSE R2 E2 RMSE

WS#1 0.578 -0.172 3.278 0.728 0.686 0.683 0.521 -0.512 5.550

WS#3 0.710 0.709 2.721 0.836 0.829 1.101 0.651 0.651 4415

Runoff(mm)

Watershed Rainfall Total runoff Runoff of no rainfall days| Runoff of rainfall days ET
(mm) Obs. Sim. Obs. Sim. Obs. Sim. (mm)

WS#1 720.60 275.20 | 326.670 83.73 79.18 191.47 247.49 398.98
WS#3 720.60 382.14 | 319.70 136.17 104.311 245.98 215.39 374.91
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Table-6. CELTHYM verification result

Total runoff Runoff of no rainfall days Runoff of rainfall days
Watershed
R? E? RMSE R2 E2 RMSE R2 E? RMSE
WS#1 0.398 -6.625 9.694 0.663 -0.595 1.482 0.300 -8.451 16.525
WS#3 0.922 0.908 2.229 0.958 0.781 1.399 0.928 0.917 3.475
Runoff (mm)
Rainfall Total runoff Runoff of no rainfall days| Runoff of rainfall days ET
Watershed - - -
(mm) Obs. Sim. Obs. Sim. Obs. Sim. (mm)
WS#1 1205.90 | 320.17 | 817.97 101.34 181.80 218.83 636.17 402.03
WSH#3 1205.90 | 380.565 | 339.115 77.231 49.24 303.33 289.87 417.37
2 LA N N o " I
Faaan T
= o} = 40}
2 60} £ 6ot
‘s 80 ‘s 8ot
2 100 = 100
5 5
T z 1
E 3 3t
I s \ £l
L e W AT | I N LT T
0 0
120 ~ 10
§1gg E 30
Z 60 & 20
=40 = )
5 EI
80 90
70 s Observed - 80 = Observed
60k Simulated 2 70 Simulated
= 40 g
g % E
= 20 .
0 f \
0 L 1 |
73 93 113 133 153 173 193 213 233 253 92 112 132 152 172 192 212 232 252 272
Time(Julian dale) Time(Julian date)

Fig. 5. Observed and simulated runoff of model
verification results in Banwol WS#1
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Table-7. Comparision of runoff for CN cal-
culation methods in Banwol WS #1

SCS N Total Rgnoff of no 3unoff of
. runoff |rainfall days|rainfall days
calculation method.
(mm) | (mm) (mm)
Observed 32017 | 101.337 218.830
Adjust with soil moisture| 817.97 | 181.808 636.167
SCSCN 817591 209.74 607.851
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Table-8. Comparision of R?, E? and RMSE for CN calculation methods in Banwol WS#1

SCS CN Total runoff Runoff of no rainfall days Runoff of rainfall days
calculation method,| R? E2 RMSE R2 E2 RMSE R2 E2 RMSE
Adjust w/ SM 0.398 | -6.625 | 9.694 0.663 -0.595 1.482 0.300 -8.451 | 16.525
SCS CN 0.390 | -6.711 | 9.749 0.578 | -2.021 2.040 0.301 -8.426 | 16.504
2. ojglz EM Table-9. Comparision of runoff for CN cal-
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culation method in Banwol WS#3

tal [Runoff of f
S0S CN Total gno of no I.{unoffo
i runoff |rainfall days[rainfall days
calculation method.
(mm) | (mm) (mm)
Observed 380.57 | 77.23 303.33
Adjust with soil moisture| 339.12 49,24 289.87
SCS CN 33791 | 4832 289.59
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Table-10. Comparision of R2, E2 and RMSE for CN calculation method in Banwol WS#3
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SCS CN Total runoff Runoff of no rainfall days Runoff of rainfall days
calculation method.| R? E? RMSE R? E2 RMSE R2 E? RMSE
Adjust w/ SM 0.922 | 0.908 | 2.229 0.958 0.781 1.399 0.928 0.917 3.475
SCS CN 0.910 | 0.899 | 2.329 0.953 0.767 1.442 0.916 0.909 3.650
Tz FuH AEY $99 FEugs U 120 —=— Change of K_—— Change of 51C]
. 400
Bhi7) A% 23 59 AE=2 48" £
. E
Atk Wt s 2ol AoE olgstd N
eAENT ARGt Y &) e .
AEE Bore + Ug RAoldh odWE BY Tl | 1]
=
o & a7old AR CELTHYMS AA¥ gl ¥ .
% Ko} STCol st 2o, 280 - R AT
. . -1 -08 -06 -0.4-0.255511E-1702 04 06 08 1
%%‘;, '?‘7&'?"0&9] ‘F’r%‘ao*, 7&‘?’%9’] ‘TQT%FT)]:-Q- Change rate of parameter
2 Bagle ztzte] sl W4 PGS Fig. 9. Sensitivity analysis for total runoff
B AAFEDA e G AEE D F
A= sk oUE BHe FH2AF F 3 a0 (o Chonge of K_— Ghonge of 9T0)
. N o]
*Ye] &%, F A5de] FEF dEd = 280 S
F& 495 JEpd v WSH3e B3ZFR ? 260 > < /r/-/
o thated AAIEH. g 20
:
E
(2]

F4aae AU WE JUES Fi.
9sh Rk WARS Kol de SHE% @
she Kol gkel 0.0001 oj4elH 2 @ate
JEniA ot Kol walel te & &%l
dss £79 Aoz wuuled, @A
4 STCe s A= STC2] Z7le) sl F
$2%o] waHez gave dthid %
232 opAs STOA My Wgd Ae
% % Agte

L 2o RER

Aede] &% o oEs K9
STCe| ovlx £4 A Fig. 103 Zoh
ARbs Kol disire Ko Frte] sty
Bede fExe vHder Frlsgedy
STCel dalM e whsldot. ole K71 &
FE 714 fE2A4Y F7 71A FEd JA

3
(=3
<

/

-1 -0.8 -0.6 -04-0.255511E-170.2 0.4 0.6 0.8
Change rate of parameter

—
3
(=]

Fig. 10. Sensitivity analysis for total runoff
of rainfall days

13

glol ueht #9de f23d Fuiel I
& vAE A& ¢ 4 gew, STCH
g AF o] APz st
AR gl Z7kstel AgHEel AA et

Bo Fo

ch. 2L r&dd

FA8-de 24 dis s Ko
STCe vz &4 Aues Fig 113 2o
g Ko Frtell tidte] T34 f
252 v Eigon STCY taiA% HA
v st oy 1 93 Y= Kol v}
o A Yeigoh ole 71A &4 Ft

=

=
=2 =
A

to

%
2=
T

3

@

KN
=

—61—



23832 A39W A2z 19973 44

—
N
<

E \\lj— Change of K —— Change of STC]
%110 ——
-
3 100 N \\
= N~
) 90
—

C \
= 80 \ R
S AN
E o ™
3
B 60

-1 -0.8 -0.6 -0.4 -0.255511E-170.2 04 0.6 08 1

Change rate of parameter
Fig. 11. Sensitivity analysis for total runoff
of no rainfall days

o W& 7IAFE SRl K7t 25
de] oz wAEE Fol Fvista o
Jq @We NA fFEAY BAZ FALLY &
e #age ¢ 5 doH, STCH 2+
2 EY AF Y] AR A% FA
EAo 2 BE 3l ake]l HA L3t 7
A f&ol FHA JHedE B Frh

A=, s Ke 714 #2339 J34%
232 AFHoz 2AY ¢ Y& WhES
2A o9 F7e B4 %&EFE FVM
ARG 3D FEHS 1A
Zde= & H3E X ¥ AL &
t}. whdd] STCE o9 F717t ER
ZUAA ALY FEF
2= AANFIER A
< ¥ 5 U ole
F9 FEe) HL 29
23o] HAFA AEdA F&
o, STC/l /%%, ARFES,
z4% 8 wi/EF

2

Ao

L.

L

o 4 oy ob

-

o]

&
3
el
7]

o

4

¢

2~ 0) =

TR

V. 29 3 #E

Aol A §2% 232 Ask] APYR
Nadez BE 328 £99 AUt o
AHREE ol§ 8] FEFE FHY 5

o) -
AR

AAE 7162 23 CELTHYM(CEIl-based
Long-Term HYdrologic Model) 3}, o] 2#9]
ddg AL 9 AAE Ax", 2R
g9 A& 33 FHg A2de eI
ok e 28 A= A widF 9
ANFHS WSH#1, WSH3AA HEAHE A
Estgon, 2748 goshd ogn 2o

1. %" A7142238 CELTHYME 1986
Q49 19 HE 949 307X &% A
BE o] &3l 7IAFEY F2&K} EY
FEAFAF(STO)E HAFYLH, Ke
WS#1, WS#3d4 052 2A=T, STC
= WS#1d 4= 0.6, WSH#39ME 182 B
A A

2. CELTHYME 4¥Hd WS#1d] i3ty
1987 449 19 ¥ 99 30d7nA 9 F&F
g olg3le AAE Ay, R2 E? RMSEZL
0.398, -6.625, 9.6942 AA=HUeH, T34
olo] &A= R? E?, RMSEZ} 0.663, -
0.595, 1.4822 741*&-‘4_04 E3ede f&%
& Aede §2Fd Hste Hay 7 Rz
By ste] & & F Ak Y WSH3e of
aled 1988'd 3¢ 139 RE 9€9 3097X ¢
£33 o3 FAY A, R? EL
RMSE7} 0.922, 0.908, 2.2292 AAE}Le
W, BYA Bt} £& AHE 249 FAG. @
2} CELTHYMS WS#3 §93} o] =9
Exol 4 Bl go] H3 4ol B &9 4
§d9] A7 K AN vny AFHR
98 E Aoz Yig 5 AU

3. 2 d79A sigg CELTHYMS 7y
W9l Ko} STCo) disted dulz £4& 4
A& AR, K7t 45 73999 f&%
A3 2994 f23FL FEle BEE
e E8ERdE uRsAe  4fey,
STCE gol F718 +5 #&3] 843 7
A3t TR FE%, T4 &%
o] % st} webA STC7p CELT-

A~
44
&

g



AYAFRA2H S o] &8 A7 HER Y ML)

HYMs} 99 ot Rizetn a3 vz
T 4 ¢ F AR

4. 0|8} o] AYAHAAHE o]§T 3
AR des] B HERde fEE, o] B
€ o) &3 A% A8 A -FHY
Mdste H&3 A3, FE%E
2 Ads F3oH, aFHoz §9 FE
o 374 £¥ & H4E & Udd 23y
AR FeFe] A= 2o WY =9 5
2 59 BAHE BYsolol & RoE AR
Hlen, GISet §3-aAde Fad #e
APYEA 2R Tl 9 5 UL Aolrh

A2

2 DR

2

2B ak

=

Ao

_1'1

I'

. 1YF,1989,4 79 B7IHE 45 A
oy FERRPY LA o
ALeHe] =&

A, e 9, 1993, FAEEF o
€ =348 A8 D/B FEHATF
(I, AT, FA2AFFA

=R, 1991, EGFEAFN oF A &
2% 79 2%, Aedda dAEY =2

CHEy, 1984, AFY FEEFY Qe
&) -89 F4-, ¥FFFEIA,
Vol.26(2), pp.125-132

. AEke, olAA, olds, AME, FXL,
1995, FoA&AHe FAUA A Adg
A AFRAI~H #E, 3= GIS
8}3) %], Vol.3(1), pp.39-46

. HE,1996, AP RAI2HE o) 83 F
NNFE 2y g @ dF, Agdg
o ALY =83

. Bergstr m, S, 1995, The HBV Model,

Computer Models of Watershed Hydrol-

ogy, Ed. Singh, V. P.,, Water Resources

Publication, pp.452

Grayson, R. B., G. Bloschl, and 1. D.

10.

11

12.

13.

14.

Moore, 1995, Distributed Parameter
Hydrologic Modelling using Vector Eleva-
tion Data:THALES and TAPWS-C,
Computer Models of Watershed Hydrol-
ogy, ed. Singh, V. P., Water Resources

Publications, pp.669-696

. Moore, I. D., J. C. Gallant, L. Guerra,

and J. D. Kalma, 1993, Modelling the
spatial wvariability of hydrological pro-
cesses using GIS, HydroGIS 93: Applica-
tion of Geographic Information System 1n
Hydrology and Water Resources,JAHS
Publ. no. 211, pp.161-169

Nash, J. E, and J. V. Sutcliffe, 1970,
River flow forecasting through conceptual
models Part 1 - A discussion of principles,
J. of Hydrology, Vol.10, pp.282-230
Refsgaard, J. C. and B. Storm, 1995,
MIKE SHE, Computer Models of Water-
shed Hydrology, ed. Singh, V. P., Water
Resources Publications, pp.809-846
Romanowicz, R., and K, Beven, J. Freer,
and R. Moore, 1993, TOPMODEL as an
application module within WIS, Hydro GIS
93: Application of Geographic Information
System in Hydrology and Water Reso-
urces, IAHS Publ no. 211, pp.211-223
Van Deursen, W. P. A., and J. C. J.
Kwadijk, 1993, RHINEFLOW.an inte-
grated GIS water balance model for the
river Rhine, HydroGIS 93: Application of
Geographic Information System in Hydr-
ology and Water Resources,JAHS Publ.
no. 211, pp.507-518

Zang, H., and C.T. Haan, 1990, Hydorl-
ogic modeling with GIS, ASAE, Vol.6(4).

(H=LXt: 19964 118 142)



