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Abstract

The government has recently carried out monitoring to attain a better understanding of the current situation and model for
prediction of future events pertaining to water quality in the estuarine area of Yeongsan River. But many users have noted
difficulties to understand and utilize the results because most monitoring and model data consist of figures and text. The
aim of this study is to develop a GIS-based integrated information system to support the understanding of the current
situation and prediction of future events about water quality in the estuarine area of Yeongsan River. To achieve this, a
monitoring DB is assembled, a linkages model is defined, a GUI is composed, and the system development environment
and system composition are defined. The monitoring data consisted of observation data from 2010 ~ 2012 in the estuarine
area of Yeongsan River. The models used in the study are HSPF (Hydrological Simulation Program-Fortran) for simulation
of the basin and EFDC (Environmental Fluid Dynamics Code) for simulation of the estuary and river. Ultimately, a GIS
based system was presented for utilization and expression using monitoring and model data. The system supports prediction
of the estuarine area ecological environment quantitatively and displays document type model simulation results in a
map-based environment to enhance the user's spatial understanding. In future study, the system will be updated to include a
decision making support system that is capable of handling estuary environment issues and support environmental assessment
and development of related policies.
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Table. 1. Breakdown of Monitoring DB

Category Field Detail Format Attribute Year Num Coordi.
. * shp(point) 2010 ~ ITRF
River/Lake Do, SS, pH, Depth etc. 2012 24 2000
Water *.mdb
quality * shp(point) 2010 ~ ITRF
Estuary Temperature, TOC, T-P etc. 53
* mdb 2012 2000
Benthic *.shp(point) Appearance species, 2010 ~ " ITRF
ecosystem * mdb Concentration etc. 2012 2000
Phytoplankton *.shp(point) chl-a, Species, Composition 2010 ~ 3 ITRF
* mdb etc. 2012 2000
o *.shp(point) chl-a, Species, Composition 2010 ~ ITRF
Monitoring Ecology Zooplankton ; 2012 12 2000
*mdb etc.
_ ) * shp(point) ) 2011 ~ ITRF
Microorganism + b biomass avg, stdv etc. 2012 11 2000
.
* shp(point) ITRF
Nutrient SOD, WOD etc. 2012 10
* mdb 2000
* shp(point, line) 2010 ~ ITRF
Flow Flow, Depth, Direction etc. 2012 28 2000
Flow-sedi *.mdb
e Sediment “<hp(poin) S, SSC, Depth 010~ o TIRE
, . tC.
edimen *mdb ePHL et 2012 2000

Mokpanatigh
maritime unive

T

Goha-do

»

23 BE ofA ol ol E/Mks 5] Rt 7kttt 53] EFDC R
e F5 i 2ol GeelA w9 GO A5 FEE
o4 EFDC 2 HSPF P8 E34HA| sjA et oluz} Wet/Dry 7|HO= ZA7kuke] 3k

28l AAIBE Al2E JEs Z1eEeith. EFDC of & X AY9LE o7} 7FsdlthAn et al,
mae wA Yol g E e A (Virginia 2009). olol g} Yl Z7hg X|Ye] BEH Qe
Institute of Marine Science)olA 7grE 33}

Aepmdan FAe olF, A¥ o

fo ©

1

i

1o
02 o

= = pul [¢]
=R Ee NS Fede e, o9d S Gl Ao vt sk EgE ] vl
el o7k g4, Fggs V1, 54 e9=d Fe AAHLR dSer] fEide 7 A9qe

76 Journal of Wetlands Research, Vol. 16, No. 1, pp. 73-83 (2014)



Sung Joo Lee - Kye Hyun Kim - Young Gil Park - Geon Hwi Lee - Jea Hyun Yoo

s
A= e Xfee A9Ss X wieltt
(Lee et al, 2008). W&hd F9x9E Rolslr] 98
o] HSPF ®els A|2glol] AAstgIch HSPF =2
T A9 BRg AYe] EAEo] gl
ool el B de A QHEAEY]
al7] 9lste] nj= AR TN AfitEo] F=E 4
Tt o2 P AREE o] itHAlbek et al,
2004). Ul M= 9 Aol edd 2 v
A, % A Befo] Wol &8% 3 Sltk(Jeon and

Lee, 2012). EFDC X493} HSPF & A& U<

Integrated
—| Information System [

* Modify of input data |
* Creation of input data

wete] gl g Eel A Bl
25 AnE g

Fig. 39} #©] Loose coupling A "+
3120t} Loose coupling A7 W2 A}-g-A7}
A FaAndey Bad 4
GIS A2HS Eslo] wdlst= b
Loose coupling <37 ®H-& ojn] AL i

\
S AGFORA o

R84

@ i
o B g

[>
o
2 e 4
fo )
s rl
o
to riy

o
=

2
o
)

>
>
o
2L
N
L

¥ > e rlo I w8 > ode b o>
- e
i )
>
it
rlj

HSPF model
] (Basin) )

Modify of HSPF |

* Display of Result Data
(GIS based)

Process

v

DataBase

* Modify of input data

Model run
Process
v
» Display of Result Data
(GIS based) DataBase
ESp——— | i
:"' Loose Coupling | EFDC model |

(Estuary & River)

Fig. 3. Link Composition of system and model

3. AA" o

3.1 AJARL JHEEHE Fo
E
o

GIS7|Rt &< :
48} vy pEEE L AAAA o R gl 2ola A
Z

A ALAAZS zt3ar glo] 71EA| Yol Lol
MSAFS] VBNET 20105 7f#loj= MAsGIt, =

@ %4 9 £3 DB A /% MSE 9%

ESRIAMS]  ArcObjects 107} Fo]itA 2|98 I3}

Software FXAFS] Chart FX 79 HXWEZ A%
th 9J7]A ArcObjectst= A|2]HHAIZ~Hlol| gt 7|
3} olEjHo]~E FH3=0] L3l Chart FX& I
Az 7 FRlel 53l e AXEdEL:
2] A|2Ele] A REE fof A9 ROl
HSPF Ril¥} spd B s A9s Bejs})
EFDC Rl AAsigicy. mdlvp A|~gle] oA

& A A3 Loose coupling IAMHS 48

OELEI

i
o d o o
¥@ rE o o o

=

SI2EX(ss|X| A 16H M15 (2014) 77



A Study on the Development of GIS based Integrated Information System for Water Quality Management of Yeongsan River Estuary

Linkmodel

HSPF Model, EFDC Model
Loose coupling

T MicroSoft VB.NET 2010

ArcObjecis 10, Chart FX 7

Attribute DB

Database

Spatial DB

Fig. 4. Development environment

S

3.2 A|AHI GUI

A28l w9l GUIE Fig. 59 ol vy, EglH, <
g2 g ) AEE, AxzxA dgoz FASISIth
v geolds ZUH® DB UhrEE, HSPF H
EFDC =¥ A87|5 a&ste] ALt §9 9 &)
sk A9 4 2oE 3 ¢ duh =3 E
gl A= GIS wlolejst XUHY =3 DBE AHE
A7} Adste] @ AEZ] &S F vk ofed
e Yo AREAPE W AEZA B 9= shH
W FrlgkEilen, haet AwzA 7es Estke]
Al2~8l g-g-0] HAS =3 THLee et al, 2012).

Control Map

Map
Control

— =
A= [e) =]
S EdS Addhs ¥4k DB HE
A

~N
olf
A
8]
o
fru
4
g
2R
i
M1 ok 2
ot N 4

=)

B %3], HSPF &2 97|, EFDC 24 A 7|5

b

FAA ey Aw 24 )5S LA}

7
28-S AefshA &8a7] 9t A=

]gl_
}_\j‘
o, ARAor Ak 2z}, vEetHelE 23], RUF
E
_%
Al

s, F,

78 Journal of Wetlands Research, Vol. 16, No. 1, pp. 73-83 (2014)

AHEAZE BUEE DB 7] HolHE tLzE
S 7 UE 7leelth RUHE x3= 4, AH,
FrE/EAoR A% RUHY DBE A&7
oM z3d 4 3= 7lwolth HSPF B <17
Loose coupling GAAMH O 2 A|2~El3)l AAs ko] A}
A7 JEAts 4, B A, AdAs x23] 7]
S #3871 o|th. EFDC 22 ¢34 HSPF
9 A} HEARE AnpAtE WEk V)5 F7t
el Zpel7t vk, Aapatm Wk 7ol HAE
FElo] EFDC Bd o AWE o|n|x] FAow &
gl 7)5S on|gth

F

b ooff oo 7 oxt

e



Sung Joo Lee - Kye Hyun Kim - Young Gil Park - Geon Hwi Lee - Jea Hyun Yoo

GIS & Monitoring @
HSPF Besylf | HSPF mnre]

FEDC Result -~ FEDC model -~

| Controloimap |—— Meta DB

* Expansion/Reduction
*Show coordinate

* Inquiry of Meta DB
* Download of DB

| ! |
Monitoring DB HSPF Model EFDC Model

» Inquiry of water quality » Modify of input data * Modify of Input data
*Run of EFDC Model

*Inguiry of ecology * Run of H3PF Model s Conversion. of fesult data
= Inquiry of flow—sediment = Inquiry of result data *Inquiry of result data
I Functions I

Fig. 6. Composition of System

14 AR M2 ? igjj:;— urf}j—t— =9 Dl?ﬂ';‘i% tt],e %i:éié
< Agshd A5 gl i £4 ARE ¥Ide

QG Srede B5 HUE DB =W DB &4 Fig 73 gol vEhdth &4 Fe @5d
g Az=dle] Agate] GIS7INe] Al~®l AE 2 % B, @SFAW, BFIR, 5, ol ANGE
Z ol fiate] 1EETE WA a7 B o7 Fiste] AREAE Ak ARE g Al bt
A s dad o 9ls FUHYE DBE EdF o b are RS YEhie 2 85 @
of =5 EoPdE Fipste] FASKILE HAE BY HE FAT 5 k. o]F FEt] ARgAE A
HY 85 Foks Addshd § AEZ BUHY ¥ e #RY] @3 gl = glon #% &

DASCIA (60T v| 45 (B2 .

CoD 1.7mg/l  Ni Null mg/L  pOC 1.62 mg/L DTP 018 mg/L
Cr Null mg/L  Co 7667 mg/L  NOs 376 mg/L  POs 0,031 mg/L
TOC 239 mg/L  Zn 8667 mg/L  NO» 008 mg/L DO 7.87 mg/L
cd 6.333 mg/L  Pb 8.667 mg/L NHs 0.0 mg/L @g 0.44 psy
Cu Null mg/L TN 493 mg/L TP 016 mg/L 22 24,49 >

1.33 mg/L pH 7

0.76 mg/L 3 mg/L

00 e3RERTE
HE 20E 27
2010~20123
2

£ 5 =
TR Ke17730.TIFF s 2
—TTRUKCZI.TE " lgiciar 25 BS54 50 A8:0m &%: 193750

<0

Fig. 7. Inquiry of Monitoring DB

shR&XIsE[x| M 163 15 (2014) 79



A Study on the Development of GIS based Integrated Information System for Water Quality Management of Yeongsan River Estuary

Eo] vl B BAE Edte] FAEAE AATE ¢ ofg st 4 vk w3 Re] AnE f¥, 52,
gtk L3 EXuEL A S| GIS #lolo]e] BOD, #AiHd4dZ, QIS TN, T-P Folm XA
FTHE B AREARE AT UG FERA A9 Ae WAuE Agste] AnE AEsielth
FFs v A= =

gl

EA A BYS et 5 gtk Fig 8 HSPF 29 29 239% 311 @ a7l 4
A

[¢) o

dle shree] @Ee aZely] el B9 A A%l Color Ramp YE el W AEZo|
o A4 4w Aste] 49 Ao molsh W5 EEF SWolTh Color Rampel AHEH A1e 7
otk meb B ATIAE 49 A9E molsy]  Fold RO FAMAEES Bl £E090)
SJste] HSPF g AZElsh QAlslglon], BAel  AZw AGe wiNoR FEF AGe Radow
QEF HSPF 28 A58 Bgale] A9 F8uet  EASU o2 Fakol 59 A9 et 3ol
& Avinghth A~Yo e HSPF 29 099 4 JFssl, me) AnE $3 % T AAAGe 4
B 54 % ma Adsel §9 A9 dele] B dgozn Bl e

@ EFDCI:X] o¢ A#7|

DY B2 ¢ Z:WdiskeWWaterquality WINPWS 14035

o, o &
i09 8] 2 AR
: BasiniD 4 v o] memm s _ Py
e Kcr:Deatz BasinID_410! 3 = m LTYR AME B (Water Quality Information)
IR K2_17730_TIFF 4 iy S 012 | Bc B4 By APOC  LPOC  DOC_  APOP  LPOP  DOP -
{7 [X] K2.22990.TIFF BasinID'4108 S 457 (0000 (0000 (0000 (84430 49825 (0000 151 [11% ¢
& U [BasinID 4801 X iz ] (45 0000 (0000 (0000 (8440 985 (0000 |LS® |L1% |(
. L 2 BasinID_3104 P L 14461 0000 (0000 (0000 (80705 47594 (0000  |1.463 1084
= inID. 4601 5% BasinID.4801 764119 2 4408 (0000 0000 (0000 (78127 4601 (0000 1417|1083
Ly o \ 641_124 3 437 0000 0000 0000 |70 459%3 0000 1% |L0%
e :EHEE“ A g NA'GATE — 212 n 4397 (0000 (0000 (0000 %316 45005 0000 1322 103 |
et = - = 2 N 4413 o000 o0 oow e s2n oow 12 Lo
Py o HEHOE ) 440 0000 0000 0000 7407 44463 (0000 1268|1004
BHWM:;IBM bl b 4461 0000 (0000 (0000|7418 4378 (0000|1214 0.8
HABE 5%6_125 5 i T I 12
442 0000 0000 0000 74467 43915 (0000 1180 0986 ¢
562-119 6 4503 (0000 0000 (0000 (73154 43040 (0000 1147 0895
561119 6 4524 0000 0000 (0000 (8188 46267 0000 138 1115 |
HE AT 20013 490.123 7 anes o _nom lnom__lssm Een Tnam fien i T

A= 3T

| ,

233

]y |HIEBC 1T BENZF4® A4:0m &%:1:2390%

Fig. 8. Inquiry of input Data

sl &kt e EAE adHoR o5 Fig. 9= A 2 4 Je2 S5 o] Ads
g e o Bl Adph sl B3 AT Aolgs AR FHR MAE F 5o
of @tk sATE 71E] AelE g5 mEstel A ouAE FHste] AlXHC] EEF sHolTh
s B shre] e wAE AEsA fdsly]  oleh o] o Age] Ko A AelE A kwsfst
gt wEYRb] FAS o5 flske] L el of ARl EEFORA AR oFd 3 st
Ao A fre 3 2deds 3AleR Bept A S o5 ¢ flon, Fe| Avke] Fih
7Fed EFDC Ei& AR} Alste] spdl 8l ek wEE detd 4 glvh B3 Ro| ARF B A
T FoE FANEE dSo] shssl sholth Al wEk AEAR] oINS FHshs ofyrold Ve &
2FelA s 9 ARE 4 2 A ¢ len, &8skl AR A WMEFEe] AAd 24
TEHR BoPt 45E TP, TN, 854 o9 B JhEdith ok&d e A omAE § AEE
o Ang A%, ¥2E, Jg¥ 75 FEatel G EEFoRA RUEHY DB 2 9 A9e mog
7INke] 35 gekE AASATE HSPF 5. Wo] Axje} 53] 40| 7F5sirh

80 Journal of Wetlands Research, Vol. 16, No. 1, pp. 73-83 (2014)



Sung Joo Lee « Kye Hyun Kim - Young Gil Park + Geon Hwi Lee - Jea Hyun Yoo

~IT F
& WD wu2aE
W= 2ANE
e A2
- 52l
5 WD BHE
[ e =
A

e
‘CEKZ’WBUT\FF
TR K220 TIFF
50 SUHEY
LOEEEE lasarery amimsr @ 481m &%

1

o o estmw e 2 18 BRs

=) 22 [ (=) (32

Fig. 9. Inquiry of spatial distribution

Fig. 10 EFDC X& 1o ZAste] F8 Ao of
g 5 A3E "H2E FHr Y3 spolth
AHANE 92E FEHZ F95 2o Avel HUH
¥y %32 53 ZUH™ DB HSPF 29 Ro| 2
W& vl

At

sjo] A0l viste] Ao o

[ — e g L T T
TIME -  0OXH__ DOX08 D00/ DOX6 _ DOXG _ 0OXW__ DOX3__ DONR 001~
| (0627 1200 | 8681 | 6545568 | 7004751 | SETAIS | 43691 | 3456751 | 2803601 | 26891 | 255400 | 2462161 | 2450283
2011-06-27 (1300 | 667283 | G654 | 7043165 | 55541 | 46T | 426393 | 28717 | 260036 | 2565691 | 246644 | 2461147
2ﬂIHD27(Um) 8746398 | 8897955 | 7,205949 | 5708342 | 4.477648 | 3534886 = 3045217 | 2765624 | 2617452 2525884 | 2556161

[2011-06-27 (15i00)| 9049685 | 6250734 | 6864862 | 5721133 | 4879969 | 4313428 | 3911707 | 3670841 | 356173 | 3509439 | 34781
2011-06-27 (1600 | 13947 | 762057 | 599133 | 4002243 | 399302 | 3310077 | 28951% | 263724 | 2522934 | 268454 | 2442813

[2011-06-27 (17:00)| 6.75022 | 7.282163 | 5.564748 | 4366274 | 3581778 | 2060487 | 2476511 | 220864 | 2095 Zﬂlﬂﬁil 2013831

[2011-05-27 (16:00)| G566 | 7014437 | 6516213 | 4516568 | 3609684 | 331TIG7 | 205465 | 240778 | 2101312 | 1,94581 | 1.900853
20110627 (1900)| 887ISTT | 159123 | 6206651 | S.06I791 | 415726 | 347ATT | 2967264 | 2500915 | 2045688 | 2076425 | 1955842
2011-06-27 (20:00)| 9561595 | 6133338 | 6,976109 | 5899119 | 4694408 | 3998012 = 3254881 | 2675107 | 2256535 & 2038513 | 1.958525
2011-06-27 (21:00)| 965074 | G609 | T63A% | 6.66/705 | 5642219 | A50TB84 | 3663109 | 2006298 | 2237 | 20002 | 1S4
2011-06-27 (2200 | 9405425 | 843957 | 1922421 5913067 | 409! | 2675684 | 297603 | 2234602 | 1972004 | 1.904831
2011-06-27 (2300)| 8920991 | 8.993383 s, 460406 | 3049548 | 053405 | 2960877 | 1996655 | 1912204
2011-06-28 (00:00) 3805327 | 307966 | 248603 | 202908 | 1.93%543
200106528 (01:00)| 3773 | 3043975 | 2511663 | 2114196 | 1.950861
12011-06-26 (02:00)| 834101 | 8364644 | 6BI77IS | 675197 | 6000309 | 4325 | AM2137 | 4029688 | 251439 | 211605 | 1.964059
2011-06-28 (03:00)| 8338853 | 6333133 | 6,852733 | 5765536 | 4983678 | 434717 | 371723 | 3064177 | 2541008 | 2130558 | 1.970845
2011-06-28 (0400)| 8250605 | 8256219 | 6819305 | 5604112 | 4.910952 | 427950 | 3669651 | 303930 | 2522684 | 211575 | 19468
20110628 (0500 8143639 | 810251 | 66025 | 5.469%9 | 4719168 | 4111797 | 3560 | 2060771 | 24WTS7 | 2086M | 19079
12001-06-28 (06:00)| 8007276 | 00363 | 6AISASE | 6242343 | 452705 | 4% | I3 | 26447 | 2447218 | 2003 | 198317
2011-06-28 (0700)| 8113664 | 6106978 | 6.200965 | 5033493 | 4341426 | 3769911 | 3299060 | 263041 | 2417652 | 205402 | 190903
2011-06-28 (0B.00)| 8406609 | 8299167 | 600141 | ABS2IS) | 416725 | 66379 | 32043 | 27T5R | 2.6 | 2006% | 199657
2011-06-28 (0900)| 8436529 | 6179506 | 5833219 | 472831 56722 | 316241 | 2762167 ZHEX s
2011-06-28 (10:00)| 8520533 | B,204671 | 570451 | 4516467 | 398984 | 3510326 | 3112089 \Zm 2349306 | 2038886 | 2.006517

[2011-05-28 (1100)| 538071 | BaTSES | 64 | 4SIIRT | 30N | 343065 | A0S | 2769 | 2309051 | 202307 | 20023

R i

Fig. 10. Inquiry of figures
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