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ABSTRACT

Most distributed models have been developed for data interchange between model for
hydrological analysis and GIS(Geographic Information System). And some interface systems
between them have been developed to operate the model conveniently. This study is about
developing integrated system between model and GIS not coupled system based on file
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interchange or interface system. In this study, HyGIS-GRM which is integrated system
between GRM(Grid based Rainfall-runoff Model) which is physically based distributed
rainfall-runoff model and HyGIS(Hydro Geographic Information System) have been developed.

HyGIS-GRM can carry out all the processes from preparing input data to appling them to

model in the same system, and this operation environment can improve the efficiency of

running the model and analyzing modeling results. HyGIS-GRM can provide objective modeling

environment through establishing the process of integrated operation of GIS and distributed

model, and we can obtain fundamental technologies for developing integrated system between

GIS and water resources model.

KEYWORDS - HyGIS-GRM, Distributed Moael, System Integration, GIS

N

Autd o B¥FH RIPAE WS o
A D S AAE AR ARE da=
ska glom, 53] AxE Ve R s B
o] Ae dAT AV AXE AFAHARE I
Q= dr) o9 e RIP AFYAHRE T
sh7] $laliAle e 52 agE FHo 1k
AmE o] &3l B &8 Thee 1=
Fejo] AxW n=AEE AAGSoF s, o]
£ 7o R FEeA APARE At B
Pl JEAEE &8s Hrt olet o]
Xy Bye] &8-S fEiAE wust zno
AelS 98 A HuA| e ghgo] F4H
ol & 4 ¢JrH(Pullar®t Springer, 2000).

dutq o s FEEAS Fshs RYY B
Pl gEAsE AAES AT AYARA S
7}7ro] meE Alaglo R EAskal glom o
o Zo] S9H F A o] AlaES A
$938}7] 918l “Interchange”, “Interface”
52 “Integration” WHS 28T & vk
FAA7|EATA, 2007). 2FI AFERAS
o2 e EFoAE ot A9 A
AEA 2"l oA HdAHE AIAHH F
RS FEZ3AY, #olols EolA <14
bedt md Palom WAt § o)E myo
dEAEZ &dgata k. oo} e AA &

A E “Interchange” “Holeta & 4 gl
t}. “Interchange” WA= 2472 Al
AAZ 98t dre] T o] FRs

R R DI RSO S
Qo) ERS ANYE Hge] Wasv, 7
4 wed 97 wolen @ 4 gtk

A
“Interface” YOI 7h AlzEle] FE 480
B8S wolan, AREALe] Helde SHATI] ¢
3 Alg] ko] A L4 A% ARSA IEH O]
22 AT oItk ArecSWAT(Winchell 5,
2008) %! HEC-GeoHMS(HEC, 2003) &2 3
2EI} AYFRA LS AA 9] 93
QlEfso] 2~ Alxglolgtal & 4= glom], HF
A FAAR004) EEF F-FE 2P
A rA|zgle] ]lE )
g onp gleh o)oh et By FEd ¢

sk QIEjFlo]~ Al~E]l 9o WMS(EMRL,

I~

2004) 2 HyGIS-Model Al2€(3=147]%
AT, 200N A= o8] 7HA] RS Y
AHHA | ~E T34 75T F v A&

AFs) = e,
SERESREE

HA 2y} 5
Alz=dle] FeA S ST dairel 1A



78 Development of Distributed Rainfall-Runoff Modelling System Integrated with GIS

T dds 7HA 3
“Interchange”®} “Interface” el /HES
7Idko & g thekstk coupling %9 (Brandmeyer
¢} Karimi, 2000)¥}+= 22 “Integration” "™
< F 7 o] A2EE o] AlaElS
2 T3 AS ovgtt. SFE el Al
2]E 7} Ajzdlo] A ™ Ve 5
< fFAEkE, AREAE QIE Ho] 29} ‘ﬂ—‘?j‘
5ol Wl 9 S5 g o] glo
el gk AsHe]  FEskAl Hrok
“Integration” ol oJsiA A2 WA 252}
Ryo]l F3E Alz®lS sNder] fsiAle
X]a]ﬂﬁ_/\]*ﬁlow AFe= GIS $§Z21
A =t Bl oo} wEel ait LRI

A 7H‘ﬂL AolE ARgstolof ahm,

T AZRE 5 2 7

ox
foi

=
o] gl ]ﬂﬁi/\]’\‘:’“«] 71l FrhE R
2, 249 7lente 7 Bl vjste] &
el o] Fojva HieiA= wilol
ATt ey ofe} e FY AAHOAME B2
ol Aol = AA Al=de] A4S ov]s
Al HER Alsge] fAe] 5 7jAde] Sl
st ARe 77 Aok =7 2] 91
A5 AAE SR FUHAR SdRgs 2
2 kA gow, YdHatst BejabAelA m|
A= I BAARE vFE AFet A
Top B4 AuHoer FAFoRM nFe
HE % FA U aEAde =Y F s
&3l et

ATl = “Integration” ‘%t{j?/] MdE
Z|Hre 2 slo] B84 7)dle] ByE -4

% %39 GRM(Grid based Rainfall-runoff

Model)(H &4 5, 2008a)% HyGIS(3H=r4d

ZEdT, 20007 TFE HyGIS-GRM<=

Aatatl on, HyGIS-GRMS] 70 43} A]

o] 548 V|wsta} gt Eg ol &

A A EHAI =R FE 2y 2Y
7N

AA B S sk, T

2
[

se] godo] O@ meA A2
KR
=

HyGIS2| 7

HyGISE #4409l thet oAl GISE
4 ] AN BFAMEAT A
A AR A AR Zdelth HyGIS
+ GEOMania GISE 7|Wto & FapeloA &
22 s ogw AEd 24 50

2 R HIOIEM] ]*%_’— 111
&efal 9}3}(5}%6*27 =474, 2007).
ol 2 " A|x~Eo]
1 v )OAAD dlolEHlo]AE V]
HyGIS+= GISE °l&
5 ofe] $4EZEaAS AUshid
sk ouf] 7Hk AjAdlog #8E 4= glon o]9f
o

Z
o
wn
rlr
o
=]
rf
(m
2 off
fuj

PA—

SE&ZEIHS FHste] HyGIS-Model

HyGIS-Modeloll M= $=2k¢)
283 HyGISE dlo]E HﬂOL %*d_o_i z
?‘5]— Ooﬂtﬂ _/[: o]l: 7HL:L0_ ;(ﬂ—gl—(‘gl_i c})y]\_g_uqy
a9 194 += HyGIS-Model AlZ=gloA2] d|
o|EHlo] 2o #AAE vERA Floth 17 1]
Al Static "HloJElH[o] 2= Al2H]l Yo 4] A
<l dlolguo]~2 A ARgAfe] ofgk £ P
AR didde] oy, =7bA Akl A AlE

=AY 5 FEARS dHo] ¥3hE S
. Dynamic HlolEl#o] 2= Al2=8 Ulo A
THoxg WMAYE dolEu|o]A~=A  Static
glolEulo] 9] 255 7E3 AFE Z2 A}
St oEA AE AEE ALt e
w, DEM &4 oJaijA e APAs, B2
ol A-gw vy, 2e)Ad Fol xEE
T SATh

o]} 7S HyGIS-Model $HdelA 7=
HyGIS-SWAT(H7 & &4, 2006), HyGIS-



AP RA AU SUE BTG YA

Ar

T

o) N2 W/ He - U - Ay 79

TOPMODEL(# 7A€ &, 2004), HyGIS-HMS
¢} HyGIS-RAS(31<d &, 2007) 2 HyGIS-
QUALZE(¥18], 2006)%=  A|2)4 1A =513
R, 5, 2d BES QA e9E] 9@

y T ?j RN
AEfF o) Alzadoleha & 5 gl

A

=

ol

- (statio) =
P— — — HyGIS-Model HyGIS-Model
[ | HyGIS-HMS Non-spatial DB
———— SEe——— -HYGIS-RAS  (static)
Ry *Ji e spmnon =S -
| (Dynamic) -HyGIS-TOPMODEL T
__ (static) et i  yois.GRM | S—
%

- HyGIS-Model
= Non-spatial DB
(Dynamic)

(oo | [Migoroos] =
[yt -Model

I e i

- (Dynamic)

FIGURE 1. HyGIS—Model =tZ0A{2Q| G|o]
EH#o]A A = (=47 |=H -, 2007)

GRM 2&8& & Aol dish 7--$-
&% JAe mosly] 93k 2ad sule] B
g woolrk Aol o Axw fE, 3
= AfE, AT AFEs 2 Bosta gle
o, FAelA o] AeA w3, W Gl o3
e 2d g RoTIRE Fetel frEFe] wiAl
T F7b 5 2ol gtk GRM 28
AR} 7kl b ¥ mygow Az FH
o $¥Y APAEe}t AAL FEARE ¢
a2 &8atal At

FFEAE H8A 12 &

kil glow, Zpzbel oigk A& AE A1)
2 A©2)9 2o 5 2] 2
3ar 9lom A(4)9] Manning? 21S %A

$4g AW Ak wd AR HAL
e}

%3l &S Beven(1981)el 2]3lA

A % T
$E3 wYS smor s Axd F29

A S A3t k. GRMAA = -3
AAGHE ol &slA Aujgd s olitslstal
Ao Ak el giEiMe SHES A&
St JTHEH &4 &, 2008a)
d
Oh 94 py_ gy (1)
ot Is]
0A, aQ
py + Yyl Prdy+ q; (2)
So =S 3)
R2/351/2
u= 4)
n
AN g @ EAEY K Cuh), h A,
u T A 2,

DR g0 3 %
Sy o WVEBA, Proi BSAE, IFr AFE,

t:ARY nt ZEASF, R ST

2. 34X HERF oY

&3t
i1 gtk GRM2 Azts 7|Wte s sk B ¥
Y EYPo R FIAAHORE olikste HALA
A AzE 7)1 d9l® shal ok ®=3k 14}
Y T PAAE AFESI Q7] wite] =
5 352 3R 9d wdo =k vy =
Aow 7HgetH, BAE “07ol AV A Wk
o7 5 fAMeA et Wk GRM
2o = D8-method(O’Callaghan®} Mark,

19849 °JsiA BAE Did SEAHRE o
284 o]akst WAAS S| ey e 129
Az EYA 4RE AP driEH&A
5, 2008b).

olg} e TEARE A M=
DEMell &A)3}= sink®} flat area®t 22 2
F7F AAF o ah, o]¥d g2 HyGIS
¢ #o] DEM dA2 7Ie& 7HAaL e =



80 Development of Distributed Rainfall-Runoff Modelling System Integrated with GIS

oh
2 ES A s4E 38

3. 29| 9Kz

HyGISoll A= Ak #ofollA d8
ad= g iy e gt aEs
ARE AAHT = 9len, GRMOIA]
£ S AEE = JEle] A¥ o]
of BXY A5 AAL #elols AEwE gl
o] Az o]&dte] fFER|E FIIH
GRM Zdoll o= &
= 319 2k

’
fr=)
S,

2olo] g =
A mel 9o 97

A7 A A s
I N ECER

ey o REE SI% Green—Ampt M
M A
= ElEIES Boe] A% f&
v B A
=] A Al BRE appd
O
o AE ARS AP e Axw
e TAE ByE e Ag

(5714, 1992), EX Y gojoje 3
Aol EXAIEEES o]§& F 9tk GRM
YoM F99 Huadee By S
A Hegd 4 o B¥Y P A
|3 Aeo= AeASLhAA BEHE ARA
5 TR ALY, oy Z2 X AR
A8E o]gsA AdE BExXY A9 AAE
glojolE A& 4
S AIAH TN

E Aol = HyGIS® GRM 288 =3
oy AYFEA~HY SHE FExY A
$—HFF 2o Alz="el HyGIS-GRM<S 7dt
starzt gheh AP BEA| 2" o] S3tE
Alz=gls JEetr] AsiM e Al A2
oA AlFe= GIS S8Z=203 NE =
2 olo} F3e 4 Qe T2 Y o

£ AR&stofof gt

HyGIS-GRM< GEOMania GIS9] 7% =
T-¢1 GDK(GEOMania Development Kits)2}
Visual studio 20089] Visual Basic NETS ©]
a3le] Jjwatglon], GEOManiad) 'H4GIS
T2 GMMap g4l diF el add-on =]
+9% F Atk °lE 34 HyGIS-GRM=>
GEOMania GISollA] A|FH & BEE AEE >
WowE Qlo] IR o8 £ je
HyGIS-Model 7oA Al&5e= 33 137k,
AAE delEo]~E AF 3 4tk

1. 702 B

HyGIS-GRM-2 GDK¢} Visual Basic NET
o7 MEEdY. GDKE HyGIS-GRMel A
F2 olgsta glv Y= dHoloje AHARE
53k, A% ARE Agdh= JAo A&
HJom Visual Basic NET= GUI 74 2
HAAA AR A, = 5 A" gk
of Ax 7|& Aoz AEHATE 1" 2+
HyGIS-GRM®] 7% AxE veRd FeoH,



MY EA AN SR BEY YSAE 2O N2Y WL/ Hed Uy Ayy 81
7% 3& HyGIS-GRM9| add-on ™% % 2. SZH OO 2
X 3Hs A . . -
5 SHAE e stelth o HyGIS-GRM<  GEOMania®l ged %4)°]
PBASIS_(thdif E§%¥Zi?l CHES 7]77?5 ff1é7ﬂ :lEqu EﬂO]Eﬂgé ﬁQEQZ}EiEi 0]%%%}31 9}:114
395 ] slo] 9oJE 4= ’
g8-3l3, HyGISeF A4 dAlste] 98 4 HyGIS-GRM¢] Z2|= dglolg mde g

AA 3sl7] 98 HyGIS9F #2°] GMMap9l
add-ono.2 7|#3A . GMMape] add-on®
2 e HyGIS-GRM< GMMapelA ¥
v 22 E0E dlwE AREE ¢ o, b
olfe] A4, %3] 2 BY FFo ARRFES

L SN s 5 Sl

3}
=

HyGIS-GRM

Al

AE|
SE

3

GUI JHE
GRM
NEEEELEEE
s ma s

EHAINE 3w My

GIS Data

-GEOMania GIS
- HyGIS

LR

GOk 82 &3], B8

L b lg

GMMap add-on Ji

HHH
oH

FIGURE 2. HyGIS—GRM2| 7H&

aaaaaaaaa

NININ[TTT

NN

NENNTNNTENNNNNHN]

mmmmmmmm

|
Sl 1 e 0

FIGURE 3. HyGIS-GRM add—on %

S

xoamsse

o} 2t}h Ged HolElE GEOMania3Dol A 3}
e Fe2oltt. HyGISY Drainage XE9l
e ged Aoz AdE DEMS o] &34
thFet FEA AFARE AAstaL dom,
o] HAHA HyGIS-GRMel o] g5 &

w9, A, BB,

27

A= SR 93A
JS o] &3 AL, HyGIS] AlA
Azl A& 4 T

3. AIAIE ! H|ESZH HO|E 2

HyGIS-GRM< mdb #2419 HyGIS AAIE
dolg o]~ (317 E=dAT4Y, 2000E 2
A Fxsta glow, welbx HyGIS-GRME]
AAE dloly RHlE HyGIS® AlAE o
B mee e o881 9tk HyGIS-GRM
ol M= HyGIS AAIE dlolElnlo]~E 23}
7] 918t HYDROCODEZ A At& o] &3}

glon £ HYDROCODEE 714 A

51 o =
AL 57 A8 M7 9 AS o] =

& Adgstar, dsk= 71kl Wd AAd AR
& F=o Ak

HyGIS-GRM®] ®]&-7F dlo|eHjo]~= 17



82 Development of Distributed Rainfall-Runoff Modelling System Integrated with GIS

5olMet el Static HleTE W]t Dynamic
Holgulo] a2 P25, mdbe o8&t 3l
o} Static Elo]E o]~ HyGIS-GRM R3¢l
A ol &5 Bt EX TSt v
71 Fke AstaL o, o= BYe] Tt
gollA] Zz¥rh Dynamic HloJEMlo] e 2
AE F9)2 Y= HyGIS-GRMo| 22 A E
mdb ZA2A Bl FEEA, AREEE A
5, e 2 mejdaks Ageta g

GEOMania3D::GecdDataset

/_‘IS

[
HyGIS GedDataset

ChannelWidth
i T
| I
I
Watershed Slope :
| | SoilTexture -
I
FlowDirection :
| [SoilDepth -
FlowAccumulation — :
I
[ LandCover —
Stream :
k—=-!

Rainfall }—

| DrainageCore |

FIGURE 4. HyGIS-GRM Z2|= H|O|H
Ll

HyGIS-GRM Non-spatial databse

GreenAmpiSoiParameter | [ Soibep eter LandCoverParameter

Static

LandCover SoilDepth FlowControlData WalchPoints

Input
group | (GreenAmptParameter’ Ralnfall

FlowControlGrid | [ UserChannelWidth

CutputDischarge RainfallWPGrid TimeSeriesDataSummary | | Chartingltem

c-Swa<o

Qutput
group QOutputDepth | [RainfallWPUphlean

ObservedDala Projectinio

FIGURE 5. HyGIS—GRM H|SZt H|O|E{H[0] A

4. U2 MY ZEHA

HyGIS-GRM-2> GEOMania®] gecd 329
a8 = HelHE o838t lon, DEM, E%
L g EAYEREES o]&alA BAHE A A
5 745 ag= deololE YgEAsER ol&
gtth, DEM®] #4& S3lA A3 79,
BAY, EEE, EEFA, W "ol
HyGIS2] “DEM Preprocessing” ¥ “Drainage”
RES o]t AAEE + vt EYE ¥
EAIEEE o]&dA AAhse EA, EY
A EXIE goloj= GMTools(3H=7A4 7]
=AT9, 200704 Algsts 2= A4, A
3 7lsE ol &l AP B3 Y 1
Z = folojo] BE s ARt diEiA HS
H &S A&stax & A= GMTools

o] &aA FF #HolojE A AT F
t}. GEOMania ¢]°] ©& GIS $&Z=71
S o] &3 Y 12El= AZi= GMMap
[e)
&

GMToolsol| Al A|-&shs Fdwsk &

2 O dob o O qu

= dolol2 Aqee e 19 63 2t
A

GRMellA A3 ]88 & e #3139
ag= #Holo2 A= Vlees XY
2tk Wb GRMToolsE o]-&aiA 752

20 A A5 TR A oy 2
FAAEAT FoRNEH 9 a2g= #Holo
2 AT 4 drh =3 GRMToolsol A=
HyGIS®] AlAIY dlolguo]~5 A5 Zhxst

At dshs F-BSao] Uk Al
A8E FEIIL, olE o|&EAM XY F
ag= #HololE AsoR AT F 2
S& AFsta k. 1y 72 o

AAE 2= dgolols Ay A
HyGIS AlAIE dlo]g o]~
HAE vERA Blolth

do N oHo n@ mu K



NEYEANLHN FEEH 2ExY YEAE R

}\l_)lE" ‘lntll- / _75‘,%)\-1 . ‘IY‘I(;IEF . Alodml 83

Data Preparation
Main
Tools HyGIS f+»  GMTools GRMTaools| H
[ atshiag - Soil texiure é
Grid | |- Sore - Soil depth

layers - Flow direction Laid cgver - Rainfall |
- Flow acoumulation | |~ : s
- Sream - Channel width <:r|> 2
T —% L) &
Sub- ‘ File conversion | M

— ‘ Other Tools |

FIGURE 6. =Xtz 4o

HyGIS Timeseries database

Digital weather
forcasting

I
Hydroagraphy TSMeta

+TEID ! Integer

+TSType : Siring
+HydroCode : String
+GagaType | String l

+TimelNT : String
StationDB | —*DataType : String

1.+ [tDataSource : String
+alueType : Siring
+Editer © String
+EditDateTime : Date

<<utility>>
GRMTools

+Remark ; String
TSType I
+TSType : String A ’J
+Unit | String Distributed
+Description : String TSData rainfall grids

-StationType : String | ETSID : Integer
+DateTime : String
+Value | double

timeseries

FIGURE 7. &< AIAE o]0 A

5. AIAE! Tt

HyGIS-GRM< (5)A] &.ujyole] H-E GIS
59l GMMap2l add-ono=z Jlutslsich
GMMap2 A=, FH3EA, 7 #H3l ¥+ 4
ol Hlo]l 2, Yy T WE&A GIS 7es

skelw lom HyGIS®F GMTools 53 %
add-on EE& o]&3lA FEE AHPA

A =Tt e HlolH AHeE =&
A JdE F ek B ATFA iR
HyGIS-GRM-2 GMMap #7°l|A add-on 3}
o] &qdatn, ol wepx WG GIS 7IF
Bl olyeg} HyGIS-GRM ¢]¢] t+& add-on

A AEIe 715 A o]gT = 9tk

® dTE FEA e HyGIS-GRM=>

flo

GMMapollAl o2 Wy & viHlz
add-on H9, ¥ 82 w|7HlE add-on ¥
HyGIS-GRM ] Al w75 el Aol

BN HyGIS 2008 Beta — [D:WHy GAMW TestNPUTHWWI100, amw] ol Y

] WP HEE) NEM UL UEHI(N) Extention Edit GMTools2008 - & x U8
BB R (EER & s B GIS
e AHAQ T A% O A4 TG N et | =T
: DA¥HyGAMW TestNPUTHwichon 100+ (3 [ | Stream20 nl@zakatix Hl J

: DEM Preprocessing ~ Drainage = Channel-~ Hydra Network + Hydrography = Hydro Tools = Help~ < HyGIS
AZSST  « 3 x

AR 4 Project +|[5etup input data < [Fun GAM ~J57M taois
Newe Project i
Qe Priee: — = i HyGIS
Save Project Watershed Sewp/Mun GAM__JJ|  Make Rainfall Gid Layers with TC Reglon -GRM
Save & Prefact Land cover/Soil Output Table
Project nfo.. Rainfall Output iraph Convert ASCI Rainfal Fles to GCDs )

FIGURE 8. HyGIS—GRM add—on<2| o+ 74

HyGIS-GRM< ©o]¢} 22 G5 3ol A
HyGISollA AF3ta v 337 H33E AlA
4 dlo]E o]~ E HyGIS-GRMS] Static 2
Dynamic Hlo|EjHo] 2} FHo 2 AFshd
A 9 & glon, HyGIS-GRMell A 9] d]
olElujo] o] #A B dHolEe] 5L 19
9¢} 2ot AAE Ame] AA B IR
AYE YelAe HyGISY AlAIE 2 ¥
ol Hlol 25 23 & Jdom, GRM =F 9
A S 9EAE HyGIS-GRME]
Static Hlo|E|#lo]2~E gt 17 9ol A
GRM R332 Static dlo]E Ho] == HE
g A= E o83kl Dynamic Ulo|E{Hlo] =&
sy, 28ge] 5 Aol A Dynamic Hl
olElHlo] 2} fr|How zARE WIHSHHA
ZRAE A9Z FdHTh

(<3

GRM with HyGIS frame

Drainage

GMTuu\s

> HYGIS Spatial

L_llj

[ Metwork |

| Channel |

T GRM
Dynamic MDB

Chart

*| Charting Timasariss DB
and madeling results

FIGURE 9. HyGIS-GRMS| OO 5&



84 Development of Distributed Rainfall -Runoff Modelling System Integrated with GIS

NAgo| 29

1. Al2E 2 EHx}

HyGIS-GRM& 2 AE oz
HyGIS-GRM ®&& 53171 93 f=€asr
FHEW, AR A ZRAES QA &
Aoz wyws AgetHA RIS FEelth
olu] A ZRAEV} AHEW Z2AE
(hgp)® Z=ZAE do]E H| o] 2~(Dynamic mdb)
7F AQE, mEe] FE HACA AAE B
Ar7F AT myge] 5 A=
1HAR 2 FojE 2g= golojE MEgtow

APAs 2 e 2= gololg AAst
, AREAtel ost By miseie ARaAds

SR

T

=

Ho

-

o i

kv

S A

X
e

7 e Ao e S 4,
A 58 EYsta 9o, ZRAE mdbhet
d2E gz AT Roldvts A2y 4
A 2 s 37 HeF aYZE 233
& glem, A7 @ $EHde] BAH 5
A Zrs ARG o]gh e AlsE 99l
Y 103} 251, ARl AR FhEa]
AT SIS BT 5 9

Run HyGIS-GRM

Landuse/soil setup

Run sumiation

Flow direction
Flow accumulation

Walershed area

Slope

9 Landuse/Soil a
GRMT ok 11_
Dighal weather " |
-7/ Distributed rainfall

Display output
i table and chart

FIGURE 10. HyGIS-GRMS| &

Timeseries
0B

02
[ol
oju
|.|-|

wh7pAaEe] A wko] dasith HyGIS-GRM
M= A B, BEATE 2 Aol oigk v
7= wlojofe] e} 9 Asow dAst
W, AE A wipage] 4 52 AREAR
ok w7 AAE flaiM 29 1139 22 AL
&4 IEHle]~E AlEdith. =3 HyGIS-GRM

< GMMap $HEolA thadst A= ARE Hla
A8 S 9le Wrk o), a9 11 BN
wel b dofol EFE ztzbe] Azt AR
A Ang zsleAg By & 3l
DSAN T [ A CA] T | — sl

So10p GAM | Channel Watch ol | Cal o, |

ool et Paisvoton] | ] ) [ [ [ R e rowametn s |
4

- Simulation envionmerts

Rainfal e

Setup/Start simuton |
SewpGRM |

FIGURE 11. 2& a7+ 48 & 3

2.1 X[ =&

e wololE ol 8afA x| o)
ALE FAS EWEY AL
Alah, AW sEA = 25

M= deHer s

¥

o>
o2
12

fos
o
ot kel

_0|L

k]
o 39
O

[
e
2
1=
it
Y
>
i
T e
o
i)
A
o
oo 8
il
ox,
o

watch point &2 &
+ 9+ flow control AA= 743k

v o 1 &
=2
o

¥
=

2.2 X=X =

-z
off — Jm

lo =™ o o

Amgel ] EAR f9 ololel A
B

2
ofr

A=A 2], =
8 Azl ¢
A=A 75

e
folr Mz
r
-

>



RE|PEALT SHE 22y WAE 2o M2" WY / e - UYE - Ay 85
TABLE 2. HyGIS—-GRM Z2&8A&E =+
T = LK 2
Setup GRM AXRE AR, BO7IZE Y AR, 2% s, 2o $4 AT
Channel stiel] 2EAlF, HAZAL SEgH], 35 AP A2 9 sy
Flow control A=A 3% o] 9]?5} =2 24, inlete]l gt 79 & 29, sink 22 source
flowel] ogt A7) F7F 22 uiAl|, A5A 9 T 2o 21 44
Cell info. Aelgl Aztel] oigk 23 w7wis 23]
Calibration By EXIE v/Hse] dB HAS A5k AT A
Watch points =59 A= 29 ZA=ke] A9 9 2} watch point ¥ % 27120 274
Project description 280l ALH =gag 2w dA) TZAE] thsk AR A 2H4

Setup GRM AA7EA AAE v iRTE AARIE ARE dolE
Setup/Start _ g . = o=
. . A e wAASE HARAA ARE Juo|Esty, fERe] Al
simulation
molgste] x5 A% wo} LezolAe
23 DHM™M =32 Aol 2 AWM ol Ro|ARI} A
[N = — 3
waAR s SEEOE 95 Ae & o] 3= th& HyGIS-GRM Dynamic mdb
g 259 & glon, A oJg Y=
24 A FRAFe} BEe] 227, % v _ . i
) Yoo W7 9@ 9] watch pointdll o gk
MHE, sFAe] 27, wiAEs BA, 2 _ 5 T2 Az
_ : 23he st 2 ole Ao adzz wAe
A Tl dig v E AAsta, FEX
T = 5 #HYd AxEA =FE AlFeka 9l
ol gt HAMAAS AHHe GRM =3
B} _ . } a9 129 29 132 954 A #9d
TEEHE HTHor HAA% ¢ {FEEYE 3 3
o 3 ) g3l HyGIS-GRM<S 283 435 o]&3t
st 2 MY =FA AFTEL YE B
) = el ¥5 AHdE e Aol
Fa% 7ee X 29 B

2.4 Ro|Aq}t
HyGIS-GRM¢] 2 =9

o8] A% watch point At hdt f,
T, ARG, AFAA Beds 2 flow
control AfZolH, HXE ydi} ZZAE
mdbell AFHTh, HyGIS-GRML olg} z-e
RolAdE ASAmet A =3 R 24e
7] el Feob 2 EE Alweta o &
ogdvel AEAne] TAH 548 A =

3% 4 qlut.




86 Development of Distributed Rainfall-Runoff Modelling System Integrated with GIS

Sl | S Keamane

FIGURE 13. RE2° A3t ®#

e

i

2 AN =84 e By A5
&= 238 GRM¥ AAHA~glo] F3d
HyGIS-GRMS  7l1ekeity. HyGIS-GRM=>
GEOMania GIS2] ®HE £ GMMape
add-ono.& FE =", o]of welA] GMMap 3
HyGIS, GMTools SollA AlFshes thFsh
R A A A TS 9 o
Atk wF Age] P} K3
At A dE AR <

Auih

ol
o

oft
EU
o

&
ot Ir ol
to U wjo

T

1\*

d O off ut o

)
R
4
o
%
lo
il
=
Mo
kel

o
td
oft
1o,
—

W EdE myow AAnAsy &
o] W7ol & HyGIS-GRMS] W<
sow, mye A Bt E4A oo
;g

o (B

HyGIS-GRM< gcd @49 a8]= oo
S 2333 glo] AH o] &sla 9om, o
wrEka] A PG BA 2~E AAE V]Ee] By
ol o7 HAY 2o AT PAS

3 staste] sgol o gA Fch
AGABA R ARE A HHA
N mY TE AR e e

& 5 glov], Bye] £qaty D wo Azl
24 el x E4A ks Aegn ol

© o

Job oo

WEZ 71¥ke]l F37E wHF7H AAIE dolH

Wolxag A4 FxF 5 ek olo] weA

[¢]
183N E4A wPel
wodtg BNE 4 g B

1k
HyGIS-Model 370lx TE5H= tE 29

St AARAe] Jhsel JoEM, BT
Aol Wil ThbHe BAe fAd S gle

AAE ATE Uk
HyGIS-GRM®]| Dynamic H|©]E] ]

P75 A A gk JEE Egheta 9o

u, o]& o]&3liA HAL oA thEk A

d 2 B o] golslry. HEd HyGIS-GRM <

o] & Al2=d"o| A HyGIS-GRME] dlo] & H|

o]~E HTT ¢ HyGIS-GRM<e oA}

g =494 #=x22 + de x5k vl

—

|

Lo

Aol BT, olE mae] A,
o A%E tad PR} P EgHon
BAT 5 ogle B4e] @as aH ol
3 At A HyGIS-GRM2 A 2] H A 2~ H]
3 malo] EgE Aadlon ANE ko
2 ot Bxy vy $od] 8 and
Jd BAL ATE 4+ AT BF B A7E
24 Y59 eSS FF A PnA 2
3 A9 wyo] BiE AXEE AR
AT 4 ok A JEw 28" 5 AL
Aow A



AP EANLHI Y

Ao
&
ogt
od
o
Jo

g‘ }\l_)lE" ‘IHHF / _2_("_‘9_7_)\-! . 1!‘511!— . Alodml 87

HAR =2
AT 2147] ZEEeld T RAe) &
A9 A4 SulEp el a7 A

AFA1-2-3)el ofsf FF=HAFHTE  KACIS

1%k

o 23

Mo

7&

o

g H8A 2005. DEMAIAY] sinke}  flat
ea A Lol dig v HE x|
214 2 83] %] 8(4):91-101.
e, HaA. 2006, HyGISeF SWATS <A
Azl ik sk x) 2] A4 18] %] 9(3):136-145.
A7 FHaA, A4S, 2004. HyGIS2F TOPMODEL
AA] #E AP FZA YA REE| |
7(4):155-165.
FANEATA 1992 FH FFESFEFAH EQ
ZAALR 13, &R E A, 283-200%:.
. 2006. HyGIS-QUAL2E A]~® 7 2
CSEUE A gl AALERe =
77, ©1z13]. 2008a. A AHG o
AR 7] By Fe-fEF 2y
FA-A8Es] =53] 41(9): 895-905.
A7e 2008h. BXH A
g Ax EYZ 4. st}
6]]7\']7]

&

o

Lo

i 1z
oo Moy p
Hppoh 1 oo 12t
O

N
o)

¢o iy o

o e
1o
il
Ho

3] =53 41(11):1123-1133.

)
ot
oz

O o
Moo S

w
~
~
=~
b
w
i
w
[O¥)
O

1342-1347%.

S 1d7|EAd T 2007, HyGIS A #438H7]
s 126-128%:.

st Ad7]EdTY, (ALYl (FHEA
&£FA. 2009. HyGIS Tutorial - A5 - 63]
HyGIS Workshop A5, 184-194%:.

Beven, K. 1981. Kinematic subsurface stormflow.
Water Resources Research. 17(5):1419-1424.

Brandmeyer, JE. and HA. Karimi. 2000.
Coupling methodologies for environmental
models. Environmental Modelling &
Software 15:479-483.

Choi, Y.S. and KT. Kim. 2008. Introduction
to grid based distributed rainfall-runoff
model with HyGIS frame. Papers and
Proceedings of the Geographic Information
Systems Association. Tokyo, Japan, Dec. 23,
2008. Vol:. 17, pp.217-220.

Environmental Modeling Research Laboratory(EVIRL).
2004. Watershed Modeling System - WMS 7.1
Tutorials. Brigham  Young  University—
Environmental Modeling Research Laboratory.

O’Callaghan, J.F. and D.M. Mark. 1984. The
extraction of drainage networks from digital
elevation data. Computer vision, graphics,
and image processing 28:324-344.

Pullar, D. and D. Springer. 2000. Towards
integrating GIS and catchment models.
Environmental  Modelling &  Software
15:451-459.

Winchell, M., R. Srinivasan, M. Di Luzio, and
J. Amold. 2008. ArcSWAT 2.1 Interface for
SWAT?2005 - User’'s Guide.

Hydrologic Engineering Center(HEC). 2003.
Geospatial Hydrologic Modeling Extension
HEC-GeoHMS - User's Manual. U.S. Army
Corps of Engineering Center.

:




