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

- Pre and Post Processor Development -
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Summary

A CELTHYM(CEll-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 a small agricultural watershed. Three kinds of routines,
that are watershed boundary extraction routine(WBER), curve number calculation rou-
tine(CNR) and maximum available soil moisture calculation routine(MASR) composed
pre-processor that was nicely interfaced with CELTHYM and GIS. Two kinds of routines,
grapher and map composer composed post-processor that was well adapted CELTHYM
output to chart making and GIS map making. The developed pre-post processor was use-
ful for the GIS integration and spatial comprehension of the CELTHYM output.
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o] g oIni2), LM E FF/3E
A, w4 WEY 2 Y, 9 B £
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9 AR 47142 28 CELTHYM(CEI-
based Long-Term HYdrologic Model)& A
ARAIAH 23 2 A 9] Jheds
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T EHY T 3 foto] st F
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Fig. 1. Example of ASCII data of grid map

, ARAY), A% 9% o BAMEE A
A #AE2 F99 X, YHIER, Ao £40]
e BE9 k(nodata) Fol g9 &y
(header)ol} Egtsjoio} Ftt. 8o} LEe 7
AANEE AA FHEANAN F9, FH T
el & o AR X HEE AN
o o]&EH AR AEE Fig. 13 o
Aztel & A 4o g2 UL A%
35 el AaE FxIA P B9 %&
AP £ JE=H 5o 9l

2. }ze Xz

7}. DEM

F2ge] ehte nsd B8 &34 7|
Bol W3E FAHo2 FAKE PRE X

1% 29 (Digital Elevation Model, DEM) o]
g} gith. DEMS] i1xg o8 71x] $goes
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regular Network)o 2@ ®83t &, o]z Ry
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AR 2FE FAsIAof @) low-pass fil-
tering-& 38 W35 (flow direction) S A A st
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2 H78a FARY 3I=AE AEE 3
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ZA e Aoltt. ole} 2ol filteringdt A&

Map digitized

- Scanning — Vector — Attribute input
- Digitizing — Attribute input

Lattice (DEM)

FLOWDIRECTION

Sink filling

Fig. 2. Algorithm of error free DEM prepa-
ration procedure
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Sip=MAX(AEL/Dist") «-eeeeeer (1)

oA AEL-L wriu}skzie] 1% 3}, Dist
& W EEzte] Agloltt. Dist’ & iz #
g3 X, Ykl whet 4 (2), (3)e= AL
2l

Dist’=1xDist(X, Y direction) -+ (2)

Dist” =1.414216 x Dist(diagonal direction)
................................................ (3)

71X Diste F 2} 224 e]t.
A=MAX(S) +reerrerrererrereuuniiirnerannens 4)

o714 Ay North(N), South(S), East
(E), West(W), North East(NE), North
West(NW), South East(SE) Zg]x South
West(SW) &} o) 87) Wgko g R
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B d7dHe 2799 d /2% F3&
- f8k AR EA 2R FE F2E /9
o] AFAAL A 7EAEE o] &3 FF
FE FHE + Jdv 448 PKE =¥
CELTHYM(CEll-based Long-Term HYdro-
logic Model) & /A &3lgct. =3 CELTHYM
& AYPEAI2EH AA &2 & A FA
A2 U2 foe) AYAGE 22
AR e T 4 UAES FARARE 7
g, &34 & (Curve Number, CN)#A A
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HA 2] Al2#(Pre-processor)& 7§43t ,
RS U 43F EUSED, TR
% 5o 24 R U st e
zU2sE AYY + AL 2AT Y]
(grapher)¢} A% 2 7] (map composer)E
TAE FA g A 2= (Post-processor)& 74
Wt ot

CELTHYM, Axelrl2d, A8 A|l2¥lz

Meteorologleal Data :
‘Temperature, Relative humidity,
Wind speed, Sotar radiation ttc.

————
Hydrologic components :
Runoff, Sof! moisture,
PET etc.

Fig. 3. Deveolpment of GIS integrated long-
term hydrologic model

o »Rzre] AZ3) g 5L AEHeR
Uel® Fig. 371 23, oj= XlARA|A
?, d-%32 A", CELTHYMo| $7]%
o2 dAH 98 F ULE BogFh

1 EYXE MM2|AlL e THL

A Alage AHPEA -] Aze
AAEZ $EH Ple2ed 9d42e T
F3l7) % Z2adoesM FAAA B2He
213 WBER(Wateshed Boundary Extraction
Routine), SCS CN A4H& <13k CNR(CN
Routine), H F& ESTEF A4S 9%
MASR(Maximum Availvable Soil moisture
Routine) 5 =% 39 FHoz FA5
KeH, 4EHAEE Aelshd Table-17}

~ ©h. Fig. 4= CELTHYM, d%g A2% 2

2|1 AP RA| 2Rl AAA Rre] ZER
DFD(Data Flow Diagram)& Jeliic}.

Table-1. Description of pre-processor rou-
tines and in put-output

Model Input Output
Watershed Boundary |- DEM
Extraction routine |- Flow direction |stream cell
(WBER) - Stream line
CN routine - Landuse
(CNR) ~ Soil drain

condition
-LU/T
classification

Sub-watershed of

SCS curve number

- Hydrologic soil
group
classification

Max. ASM routine |- Sail type Max. available

(MASR) - Effective soil | soil moisture

depth

oL RAZA =8
FARAD A3 BN AR A f
29 71dshe W5TH oA, ol DEMS
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Flow Direction
Stream Line

Max. Avail.
Solt Molsture

Fig. 4. Data fiow diagram of Pre-processor
with GIS and long-term hydrologic
model
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A7R3A el YA FLL A Az 7 AHE
FETE 3 279e 2839 dHABE
A sted AHEEH, 29" s+ CELT-
HYMdlA Af9E {&338 Adtsied o
£d84.

1) 5843} A A (Flow direction generation)

GISA A Aol 2&83FE A7 A
7o 2 {FYAAE EAEE A=
(inflow cell map) A& F&2ZAAE EAIF
= f2AAXE(outflow cell map) WA =E
TEE, o] FdA K& AAEE ZEF W
3% (flow directionmap)#} &},

5 WYEE AE$E A3l 39 3
2L FAA 7Hg R L= 7 e Az
2772 FAIA HI, ole HFHANLH
(direction of the steepest slope)o] Ht},

2) 9 F3 ¢ F

3E HP=E ol&3ld FYA A (inflow
calculator) & o] &3}¥ 99 Azz FYH=
AZE Fopd F Utk F TE PFZOA
Y ANAE A9 Azl FHoE HHA
0 Foll, 9 870 Al Wit & Al
Adztel g vt f9 AR gt 2
< % A1 Ue FAxe 2 FA FARE &
A= FAlolH, ol ZE H99 AxYS
g 4 doh o9 e WHoz oW ¢l
F279 ddld FYANAE ol gEe 4]
A7 AR A o] AR FETY 2 7
AE YL tA 2 ARE Az o
alo] 99} g2 e HEe] st FAHA
7h AR g o 74x] wrEEE e
F&7d 9 9 dHeol EUA Ho &
GdA e A<M = Fig 59 2t

[ Flow accumulation I

|

( Streamnet generation J
‘Watershed generation with
DEM, FLOWDIRECTION, STREAMNET

L

[ Watershed area, boundary J

Fig. 5. Algorithm of watershed boundary
extraction

Lt SCS CN &Hy

E ATdA Aed 9% AExHFEF 44
& ux EGEATAAM ALs SCS fET
H (SCS Curve Number Method, ¢]3} CN)&
AgHRE B EFES Wezdd JPE
9 EXSEE FXA=H & ¥ AxAE
2 Wastd CNg 448 & & ON 4%

FRE AEsHE, WHS Figo 6% #oh

CN gte =¥ARl 49 ue £x04%
o +RH £ BHE ol TEY 5
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Landuse & cover

Hydrologic soil group

SCS Curve Number

Fig. 6. Curve Number determination proce-
dure using map algebra

A=E A
CNg 2 g9 EXo| g4, Az, E
A9 B 7387 A (hydrologic condition)
88t E%F (hydrologic soil group)$
o] &3ty AMC II (Antecedent Moisture Con-
dition 11) ZZ)A 9] HE<(curve number,
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2 d7NMeE EYEE REH EYSEH
FEENS] ZAAAEE FE53 HgHas
P (EY EYaE vigH) o] AAA8E
£ & e AW FEEYSFEH IH F
(Max. ASM Routine)-& FA &g om A7)
ZRHNME o] 0|83l A T E
FrEg AdHEE Fdd. AxE Hd
E EGTERS ESFRE 2ALEH 9
4, B4 Y 3FES AMS-sig R, A
W2 Fig 73 2t

do @ o

2. EYXRS] TXNE| A2Ee] JHY

B A7 AUE ) HeEde 4

, 99 B34, 99 3 3N Fo
iz A8H) AR 98 FE9
24 95g =R FARA seta]
g7t HET. mad &9 FEZ oY
2 A%E AR, o9 FH LEE

O e

45 2 rlo

o
H o2 40 oY

il

Soil type

Lffective soil depth

Max. available soil moisture

Fig. 7. Calculation of max. available soil
moisture using map algebra.

Jeleie 2UARE AR T e

%9 sEae 9¥ WiE 3NAHew
A F A=F 3= FATY Afde] F
23th Meby B AFoAE Table-29} &
AxE d9¢] A7 522 (CELTHYM)<
24498 A7 -FHoz ABE F 3
= ¥39 Aawg AEsdc. CELTHYM
o Table-29} Zo] §2F)H9 AF 33
%53, 9% V1A §23 2% o &
A7 98 48 $23% 714 §E2%L A
Rste] T gele) 74 ARpE APREFH
A5Y, BEYSE, AR, 2RNFE 2
B e

FHE Nage #2239 AR fAS5
2o BEgkel 98 WS Iz B S
A& 1ef ¥ (grapher) o EFe FH 2

Table-2. Description of post-processor rou-
tines and input-output

Routine Input Output

Grapher |Outlet daily runoff and |Runoff hydrograph
watershed data Soil moisture graph

Evapotranspiration graph
Map Map header

composer | Grid-based runoff

Daily map of runoff
Daily map of soil
Grid-based soil moisture |moisture
Grid-based
evapotranspiration

Daily map of

evapotranspiration
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Runoff & Dllly Sub-Catchment G Id bued Grid-based
Averaged D off Soil Moisture  Evapo

Daity map of- Daily map of Dnu
Graph DI: ly map ly Map of
Sraph Display Funoff Soll Molstu Ev piration

Fig. 8. Data flow diagram of Post-processor
with GIS and long-term hydrologic
model
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Fig. 9. Sub-catchment extracted with WBER
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Avaio. Mo s

cCooco oo
S oo oo oo
~

Fig. 11. Maximum available soil moisture
with MASR

Fig. 12. Example display of charts for daily
runoff using grapher

¢} #th Fig. 128 &7 #2@9] €2
Bgls T s g ol&3t ¥ Zolth
Fig. 13& Axd o #2338 3/ @ Aoz
A =AGH w23 A9 WA YEA
FEFo] Aol vty ol BTE & 7
Aom, Fig. 14 98 EGFERUSE AA
2 vl AezA WA Ystdes A 9Fe]

Fig. 13. Example display of cell-based direct
runoff using post-processor
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Fig. 14, Example display of cell-based soil
moisture using post-processor
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