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Abstract

A modeling system that can consider the overall water environment and be used to integrate hydrology, water quality,
and aquatic ecosystem on a watershed scale is essential to support decision-making in integrated water resources
management (IWRM). In adapting imported models for evaluating the unique water environment in Korea, a
platform perspective is becoming increasingly important. In this study, a modeling platform is defined as an
ecosystem that continuously grows and provides sustainable values through voluntary participation- and interaction-
of all stakeholders- not only experts related to model development, but also model users and decision-makers. We
assessed the conceptual values provided by the IWRM modeling platform in terms of openness, transparency,
scalability, and sustainability. I We also reviewed the technical aspects of functional and spatial integrations in terms
of socio-economic factors and user-centered multi-scale climate-forecast information. Based on those conceptual and
technical aspects, we evaluated potential modeling platforms such as Source, FREEWAT, Object Modeling System
(OMS), OpenMI, Community Surface-Dynamics Modeling System (CSDMS), and HydroShare . Among them,
CSDMS most closely approached the values suggested in model development and offered a basic standard for easy
integration of existing models using different program languages. HydroShare showed potential for sharing
modeling results with the transparency expected by model user-s. Therefore, we believe that can be used as a
reference in development of a modeling platform appropriate for managing the unique integrated water environment
in Korea.
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2. Definition and directions of modeling platform
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Table 1. Degree of openness for six major open-source licenses. (modified from Lin et al., 2006)
The source code is The source code | A modification should Collection of
Licenses pr.()\./ided when th'e must be prf)vide‘d be distribut.ed under | The prog:ram can | loyalties is allowe:.d Degree of
original program is | when a modification | the same license as be sublicensed when a program is | openness
redistributed is distributed the original program distributed
GPL Yes(+) Yes(+) Yes(+) No(+) No(+) 5
LGPL Yes(+) Yes(+) Yes(+) No(+) No(+) 5
MPL Yes(+) Yes(+) Yes(+) Yes(-) No(+) 4
BSD No(-) No(-) No(-) No(+) Yes(-) 1
Apache (2.0) No(-) No(-) No(-) No(+) Yes(-) 1
MIT No(-) No(-) No(-) Yes(-) Yes(-) 0
(+): higher degree of openness; (-): lover degree of openness
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Fig. 1. Ranking of selected program languages in GitHub repositories searched for hydrology and water quality as keywords.
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BEE = oldl #AAY 7HA, B EX, b9 YAt
A, AsE A, =2 240l EAste
Sl gt /A7 E58 TS AL AE EFER
Set 2dRg o dYPF &8 oA sfAasfof st
%9 stuoltt (Badham et al, 2019). ¥ SIE

7} FRY 3RRE F4Y S A2 dadd
2]
=

I

% M Ho

oy & Ir
ooXN 2 o 4y o2 £ o Ho omn 2 o

9] AT F2E EHIT daUt ok AE 5o Y
a9y 716t 58T AA F5F Aol
< AA 95718 E FEske FAA
T HHAEY AT 94 E

sk ZAellAl 7191tk (Elinor, 2011). meEbA] E3
A QIZES EFS JIEAS S 949 §9 U £F,
, TAH § uge EEF J1AE Alely A< AAl
7h = ojok gtk o] A AR TR &= A Y
2AE &S ANE LS FRFRD o] A EHIA Q= 4
#oloJ A (Kim and Jeong, 2015) &F FFE T o UoIA
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TR dFgR &go] §9 FHY FFEHY FHd
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88 Fx vk ok ERER FHY 713ds H32
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o] 295 E YAS nfdsE AR TR 2 oF 1A
g 71Fdste] 2 J)F WEd VMR Qe 3 wAst
3t o] g7 Fel tsiME AAHez eE e HE
23ete] 13g vt ok dA FFFol = AT
AR 9 7N AP RE 2839 4uF F2 AH
t AYF ZFIEE HSPF-EFDC 228 AAE E5)
3t QITHNa et al, 2014). 2 71EWsld wE 71&
13715 &4 Wxet =7t S7eE 7k qle
17t 2t Bate] Ao % thgdt At T
AEZFRE EE3to grAEA &8E F UEF 7]
FHEY AFHF AEE 28 AAg mdy
2 "a7t Qlch
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3. Platform perspective on existing water
environment modeling systems

3.1 Source

2000t =¥ SFAE 2l fuxte] A wak =
2oy A, AFEH ZRFE 2 HAGY Fo| 9IS
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Fig. 2. User interface of Source (eWater, 2020).

2
o
fru
fich
oo
n
2

A £k o ™(Searle and Penton, 2012). ©]ol
w2t 2do] 943 FE NS sty & EE 2d
A Y Mesge Zaygo] gFEH A
=3 a4y 33 NEE st 53 W 2d g
29 ALER £ Q FAME A A8k (Marston et al., 2002) ©]
HIE 9 2 TIME (the invisible modelling environment)<]
A Zst ek TIMES SH(NET) 7]6ke] md 7t
B9 duelzd AL 45 2 A s o
NS APtk Rahman et al., 2005). TIMES
O AT AXIE 7 2l NS S AHEAE
7153 2d i A2 g TIME 71 29 74
& &3t 539 3, AH, 549, ¥ 2 78 59
HorllA AEXGE 7wk =md9] JpEs AAsgith
(Searle and Penton, 2012).

1
=

o X o o
9 |o
o

T

OB oo oAl oo 2
02 Ho (o p L o g

Source= TIMES &34 7dd AXJE 74 & o]
£3to] 9T A& dast A7t AA 4, YEAE
74, 2d HHs, mdd AF A5t 59 Ves TES
ERNETLR, FYTY SFTALTY AP S flsto B3
o] EFHQ B Ag, B Has FE - 34 - AH
2dy dAAE AEshH, 20189 =39 I7t ¢E 2dY
EAEZ o2 = AtHeWater, 2019).

Source¢t TIME2 =5 W19 Bd/dS AP 9 &
T2 MEEHPeH, Ade] gud FoAE oo FRFY
FE9 A8S FEY QT 227} obd 483 FHNA B
F3t3 QAtheWater, 2019). Source SR ES o] &3t FY
SREHHA &3] e TIMEV|REC 2 Add o

2dg o] &3, AHEAE E8 2 (plug-in) FHIE 2

NSt Sourced] BAT F AThKim et al, 2011)
TIME® Source= NET 718t C#2.2 /s on, C#elol
el ZYPAINN Qe T2 aHy Aoj(H|FLH o]
Z, XEZ, C+H)E &3t o] & F AthMeyer, 2001).

to Ho
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3.2 FREEWAT (FREE and open source tools for WATer

resource management)

FREEWATS WATER INNOVATION : BOOSTING ITS
VALUE FOR EUROPE ©|2H= ©|§22 EU Yds|A =t
< A9Q sl= HORIZON 2020 ZR2AEo|H FF QT
2 GIS U223 F 2ZEHo)dl QGISY Z#adez 7
H oEAA U] 53 2dy ZHE ot} (Rossetto et al.,
2017). FREEWAT QGIS &8 1?12 Windows ¥ Linux OS
gGolH ARt AT & loH, QT A~ SWO GPL
20 FoHAE VHtoz AAFEL BEAE vese Git 7]
99 GitLab AH|&E F3 F 21th) FREEWAT o}
713 1) SpatiaLite ¥AIE © o] EJ W] ©]
A7 vole HAAYE 3 A& =, 3) FE Z2AX
AlEH OIS A% 7|E FE 9 QEALS AIEH A RE
4) 2d A7 £HYE A A& =F 5F 2ol g
AZEYO] £ EFS 7¥toz dTHRossetto et al.,

K

[>
s
o
>
[>
)
S

1) https://gitlab.com/freewat/freewat
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(a) Relationships among the different tools in FREEWAT
(Rossetto et al., 2018)

Fig. 3. Tools and pillars of FREEWAT platform.

2018)(Fig. 3-a). ol8 &t EFE9] 435 A2 FloPy golH
2 & X33t Python Z2IHTY dolE &3 +FHTh
(Filippis et al., 2017)(Fig. 3-b).

FREEWATE Asts #d Z2AAE agstd £
FAE A7) % o8 BESO] XFHO JloH o

A 28 2dYPY LS 93 MODFLOW 2 A|g4 &29
5E RYE S99 MT3DS 2] USGSY AFFol F82
Q19 7]%E o]F1 <QltkKoltsida and Kallioras, 2019;

Rossetto et al., 2018). A EF-X515 AA LS 3 2
Y REZE AAE #E5AE EHES 9 Observation
Analysis Tool (OAT) E& (Cannata and Neumann, 2017)%}
AL dolEg 24, A4 2% A%stE AT =T
AkvaGIS REE (Criollo et al, 2019)°] EgHo] Qo
UCODE 7|%te] RIZe #4 9 BAPgg 93 REE 23y
o] 3tk FREEWATS] # &2 AA a4 #eE I &
N8 AY, ARF AF @ 78 B #A AZY LF A

4,
e
o
fru
rir
N
=5
&
L)
X
ol
s
re
py
il
&l
v
=
td
1
o,

3.3 OMS (Object Modeling System)

OMSE #73 249 74, vlolg AF, A%, ixE A
ZHPEoltk. OMSE 20009 =%k Modular Modeling
System(MMS)(Leavesley et al., 2006)2] AA 4L o] &3}
& Agko] A FE QU MMSE C/MotifZ 71etE low, =)
AHG 7Hed B4 EdY ERFCR EEY AYRERd
Q1 Precipitation-Runoff Modeling System(PRMS) (Leavesley et
al, 1983) Edd 7]9& Fi Stk PRMSE EEZH
(FORTRAN) ZEZ g om, o]F MMSY di7&

4,
&=

GlS-layers & Tables

akvaGIS

science fora changing work]

MODFLOW and Related % Fm_@ i

Programs (MT3DMS,
SEWAT, UCODE, etc.)

(b) FREEWAT nplatform pillars (Filippis et al., 2017)

QIL

< o] &3ty JAVA Z2ag Y Ao E o] &3t AF5 o
Aol OMSI (Ahuja et al., 2005)°]t}.

OMS12 AlAIE dolH e ngt Yo FH& & 24
B Aado| o, hedt AMEAL JIEH O 2E AL 9l
ATh OMS2+= 20046 EEHSCH, 2008'd USDA-
Natural Resources Conservation Service (USDA-NRCS)2] A]
2" EIH At OMS2014 = Java NetBeans™ 71&<
7t g2 JfEgon, Z2AERT, dolg A7), wj
"y #E, A14E 2d 9y 715S 7HAI Atk OMS32
A719ke] Muj 2 vz o} o2 3 ML $E T 53] The
S AY ZUES SEE NEHUAKDavid et al., 2010).

OMS3 2 HIUJE 7|vt mdy 7]5g Zsalen, o
£ &3t "y 2dEd, V&€ ALY 5384 9 AlAad &3
4& FUA7ILA AT olE sty Ed A¥ES %
DSL(domain specific language)E A -83t% . DSLS Z=2
a2 Aot dutd g FTete AT HxFeE 53
ore] mdolu EAE A5 H8) AHEEHe Z2aY
Y Aoyt gA dojE Totth(Deursen, 1997; Deursen et
al., 2000).

OMS39A Bl 2 AXAE A ntoluig], 2d uj7|
He g EAs, 49 Y EE9H, 45 U gHe=
T4Eth 2do A B8t BE FHE= DSLIL A
FE ™, OMS3 E9F HolM 4P d . OMS3= DSLS &
sto] meEld ZREY Hagde gEES TN
(Lloyd et al., 2011).

OMS3&= &23E 9 EXFE =79 codeBeamer2)o] &
dof| #t AP AHEHY 2 A2IETF FAEH o,
OMS Work Group©] OMS3¢] Fa3t 7|5 7 94 ML
HAH WX E Pt JoH, gk AE8AES 1 Y2y
& B3t Aol ZFAE 4 Qlth

N

=
=

i

2) https://alm.engr.colostate.edu/cb/project/oms
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Modeling System ——
Fervie B
Overview m
oms ) User
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Model Model Workflow
Development Service Application
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f T \ OMS Cloud Services Platform
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Component Library &
Knowledge Base
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Fig. 4. Overview of Object Modeling System(OMS)(OMS,
2020).

3.4 OpenMIi(Open Modeling Interface)

OpenMI= i 29 A3 A] 24, doJgjuo]2, B4 9
AlZtst =239 2+ dolE ndS A NdE 2dy
Ho]& FFolH, g FofA JfdE SHAHA
& EX 2 IFHOGC, 2014).

FHANE 459 @44 et IS FERDS Mdst
o &&sta JdeH, SFFALdHEAYY TS HAMe
Zrzoll A 7]E AMEE AL W BEe] A ZaXol dF
= tHBuahin and Horsburgh, 2018). °]ol SHI I LS
£ 2001d a2 #H 2d9 AAE desete #E A
JH#H|2E Jhdsta  FAs] HEH
HarmonITghe= AFTZZAEES A& TH(Gijsbers et al.,
2005). 20053 HatmonIT ZZAEX= R WA OpenMI EF
HA 148 2759 2 (Harpham et al., 2019), AA] FA o
A&t ol AT HAstd FEALIY Adoe=m
OpenMi-Life ZZAEo|A OpenMI 2.0 HA S WTEEFATH
(Moore and Tindall, 2005). @+ OpenMI9] BT X
#5ke] OpenMI Associations A ¥t &3kl Ut

OpenMI= 79 <JEFolE #FES F736H, 20149
Open Geospatial Consortium(OGCR)ol EFOZ 550
OGC A E(OGC, 2014)°] FMS L Atk OpenMI EF
< dHAY AZEJ Y QIHFH AR FF & gloH, 7|E&
of AddE md, A =, A48 = 53 45 A
F AE YHE AAGTE OpenMIE o] &3 Rdzte] 435
dA5e HAsidE 4 Zdo] OGC OpenMI EFEo| uwt
Wrapper QIE|# 0|28 F7HH o2 FPstojok St

OpenMI 2.0914E C# 2 JAVAZIHE AojE L35,
OpenMI®] &~2F= & 1.4 D 2.0 WA o] Sourgeforgel 7l
wEo] glo] AMEAE AREA HEste 8%
(http://sourceforge.net/projects/openmi). £+ ro]Al A FA

38 =4

r{ru

<2 GNU Library or Lesser General Public License Version
2.0 (LGPLv2), MIT LicenseE WZTHOGC, 2014).

SIS EEIAES|X| M36H Hl6E, 2020

Rainfall Runoff.GetValues

Rainfall
Runoff

Rainfall R ffGVIl!
ainfal unoff.GetVal 'S

[N
River.GetVal -~ 3

iver. auis

Fig. 5. Data linkage among components in OpenMI (OGC,
2014).

3.5 CSDMS(Community Surface Dynamics Modeling
System)

H]= CSDMS (Syvitski et al., 2014)= A XFGsRL 9
M R FEAAE AT AXAE 7w 2d 7 EUWEY

ol u] =+ 2] HH(national science foundation)e] A|YOoZ
s ZRPEUso] FFo] Hol AEsd i gth
CSDMS+= =g 7, A, vz glo] 2d I, Zdd
A X7, 2d MEEF B2 g &9 BA0 JodA, 55
A W=, LS ZFHoZ ska U th(Peckham et al.,
2013).

CSDMSE Ed 7t ZFSAA S floto] 25 HEE=TE
AFsta loem, 2d 7+ FSAAE Y5t 2d A A
of EFatoiol gt EFAU
do] F5AA APE 93 =72 pymt(python modeling
toolkit) 12|31 2o He| gk /HES st 2l HEATL

1

Modeling ToolsE A& Ut

H

(Hutton et al., 2014).

BMI+= 229 JH& 2 sAY Fsked oS
o Fgoln, Bd AAE st AEUE &9 =d 7
ol glo] AAk sh= EFTOITh BMI= 2E A=
Zgd = AT A= C, C ++, Fortran E Python<]
7HA Ao} E A A3 THHutton et al., 2020). pymt= BMI
& TFcte REY 45dA 2 AF s AT LELL
o] F 7)Aotk pymt= BMIE 7|5t 2 7dd 2d 57
AE s 9loH, BMI £ B 7he] HlolE
A ZE] AxeA " AL E 23, FHa] 2l
#8 5 P 3 tHPeckham etl al., 2013). pymt= CSDMS
A st wjEste BRAF AMEA A mdE S
F om, Abga d mde BMI EF S WSS &
st EaQl FHRE 71E 2l AA sk AHESHA €
t}. CSDMSOA Algste= 2dY &2 BMI 0, & #
g H2AE EF, CSDMS EFE Mol X7 (standard
names registry)(Peckham et al., 2013), 7% 2dl3d =+9]
WMT(web-based modeling tool) 522 TdEo] At} o]

ot
+

HH

e

7
=
—

3) https://csdms.colorado.edu
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(a) A flow diagram describing steps to
transform a model into a CSDMS
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(b) Data integration in modeling of CSDMS

Fig. 6. Model and data integration scheme of CSDMS(CSDMS, 2020).

EFE2 2d JEe] HE Je
al., 2013).

CSDMSolA = Rd o] A& 99 W%, Azl =
2d 53y, AEAse] #F FEE Model Repositorys
ot AFsta dom, mdo A #e 9 a2 e
GithubE o] &3lH, o] & st R FYAg F7351
2tk CSDMSellA 7@3te] Wl L= = BMI, pymt, Modeling
Tools T3 4227} F/MHe] TR o™, Githubol Al
ol AT F AthH

ETFE°]tH(Overeem et

g gAl,

3.6 HydroShare

HydroSharetx= i #st #dS g dg ALAHA
(CUAHSDO A 2F3sts @71 &% BE AZ A=d"
(Tarboton et al., 2014) 2.2, A}-&2}7} HlolE ¢ 2d& vk
S 39 4 o2 FR3 HydroShareol & ®lo]g %
2dg A AZFH dioly 2 Bl s 5
S=T77F 23RN ARERA 23eE HFE e
Al et

HydroSharex= "= national science foundation (NSF)<]
ALE Esto] A&AH R AEEHIL glon, n=9 Fa &
= #48 71#F 9 ggtso] #FHSta th(Tarboton et al.,
2014). LEAXE J|Wto g FEHo] gl HydroShare2)
£2FT = Githubd] AZLE E838tY FFLE /dE L
2Ath Github®] ZEAEZ BSD ol A& wath
(HydroShare, 2020)

HydroShare= %7|ol= 573 tlolg F4 e A Ao
U dAE o8 71X oE IY ol F4E& AdatH,
Open Archives Initiative Object Reuse ¥ Exchange X< E
= OAI-ORE(Lagoze et al., 2008)2 7|¥te g st= 24 O
ol RdS A&t FH=o] Ah(Horsburgh et al,
2016). HydroShareol| 4] tlolEle} Bl 2 JFH o2 AA|S}

d

0,

N

-

AT
o

=

4) https://github.com/csdms

i JE 7teet ‘:]Z]Eqﬁﬂ]’qﬁx]-(DOl)g Fogitt £ F
w3 ATE QlE oE AEETH ‘S%‘ g T+ JIEE 24rY
A& AR ARFUA A 715& A FdrHHorsburgh, et
al,, 2016).

HydroSharedll A& d o] 8] &40 dAAsle] A)|ZHe}, 24
T2 T F e OIS § AZYANHE AFSL UTh
Agde @92 g deld HAF7|A  MATLAB,
SWATShare, OPeNDAP, EPA WATERS 4, CUASHI
JupyterHub 59 HEHYI A& ISk Morsy et al,
2017).

HydroShare= 835 AE71E9] %ﬁ _‘?-Eil%% A Y371
Aste] mdl T2 X
I =EES o] &% ZT& "a“%‘% 1%6&4 kA *}%Z}
F FolBd FH FHE ol &t FHEH =EL 7l
=24 sjate] 7bs3tth T HydroShareo Al o #-&-9] © o]
El&= REST APIE ©|&3td AFHEZ A&A+=
HysroShare®] 429 dAIstH B4 4 e 2SI
e 4 QITH(Gan et al, 2020). AR 2d F/HE 53
FesMEes FPa, FHE Al2",  Gitub H
JupyterHub 59 9 7]&5& E83dthes HoA 2Ad
7bsdel atda & 4 it

4. Conclusion

5% 297 2dY SYEL 99 U Fo AEUE Ao]
o A ;elstel =Y A, A8, Te)3 ANE Fw
o gNARNY 28 FRAN TFD lABAAEY A
Q) oo A48 B G A% 164 7]
5 3 TFW A4S 2dY AUAR gelstarh

o mug AeAz 42a7 A8 AYRozE 7
B4, =94, é}wg 9 AgAsd Bhe NAS ZAE
A Qojor @t TAZL ¢4 BIFd

e
B
m o
o,
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Fig. 7. Model and data sharing structure of Hydroshare(Hydroshare, 2020).
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o EAYAE o 2 v, 9, IFNA AEEHL
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CSDMS, HydroShareE A3ttt Source= 59 =7}

SIS EEIAES|X| M36H Hl6E, 2020

FEREAY ZHFLE 2AAETF I EH A Fe
e o2 AHgAE el dHE BRdg 7
o AT F Ak SFNA ALEEE YT 34 2
& vlolE 2FS AdsH, 71£9 Rd & dAAsE
H &3tk FREEWAT QGIS Z8 131 9 75
2 7wk SRRy FPREFo|th QGISd 23
Az o] GISeke] AAZE A FHE 7HAAL lem, GPL
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