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Abstract

The objective of this study is to develop a catchment hydrologic cycle assessment model which can
assess the impact of urban development and designing water cycle improvement facilities. Developed
model might contribute to minimize the damage caused by urban development and to establish sustainable
urban environments. The existing conceptual lumped models have a potential limitation in their capacity
to simulate the hydrologic impacts of land use changes and assess diverse urban design. The distributed
physics—based models under active study are data demanding; and much time is required to gather and
check input data; and the cost of setting up a simulation and computational demand are required. The
Catchment Hydrologic Cycle Assessment Tool (hereinafter the CAT) is a water cycle analysis model based
on physical parameters and it has a link-node model structure. The CAT model can assess the charac-
teristics of the short/long—term changes in water cycles before and after urbanization in the catchment.
It supports the effective design of water cycle improvement facilities by supplementing the strengths and
weaknesses of existing conceptual parameter—based lumped hydrologic models and physical parameter—
based distributed hydrologic models. the model was applied to Seolma—cheon catchment, also calibrated
and validated using 6 years (2002~2007) hourly streamflow data in Jeonjeokbigyo station, and the Nash-
Sutcliffe model efficiencies were 0.75 (2002~2004) and 0.89 (2005~2007).

Keywords : catchment hydrologic cycle assessment tool (CAT), lumped hydrologic model, distributed hydrologic
model, water cycle improvement facilities, urban development
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Table 1. Improvement Facilities in CAT

Improvement

s Icon| Description
Facilities =

Infiltro #=¢ | Infiltration facilities to calculate infiltration into soil and movements into groundwater

Control the rate and pathway of infiltrated water from these systems such that the effect

Bioretention | ==« | of infiltrated stormwater on adjoining structure(eg. buildings or road pavements) can be
avoided
Pond @ A pond that temporarily stores the flood discharge in the catchment which is composed
(online/offline) of online ponds installed in the river and offline ponds installed outside the river
Wetland ‘;‘:; wetlands in catchments

RainTank (3! A Rain Tank that stores and utilizes rainwater flowing in from impervious zones

Import f

Recycle ‘ﬁ‘ﬁj Facilities that intake water from rivers and supply it to regions that require water
-
_D

:1 Water supply to catchment from the outside
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Qs_off = (Qinf — Qoff_max) x
Qoff_ratio(Qinf > Qoff_max) (15
Qdn_off = Qinf — Qs

71, Qs_offt= Fol9] AFHA FUBHm’/s), Qinfi= £
F e FeHmYs), Qoff_maxL L9 AEx GAL
AR (m”/s), Qoff_ratios= A BA] G-Qlgke] BE
% 8]8(0~1.0), Qdn_off= F9¢ AFAZE FAHA
e BHAHm’/s)

4) FA

1 = hud
o 549 AF $EE P de BE 4R wo] R
frEwe AoR aplnh ek FANA R dAVE
of olsf W F 2 4 J=F eFAthFig. 9). A2 Al
YA FAU AFAE FA
as,
dt = Qp — Quais — QwouerR*E (16)

o714, SwiE HA AFHm), QwE w4 §YZHmYs),
dels— #A FEZTHmY/s), Qwovts HAZRE ] 9

Hm'/s), RS %4 ozl 7H9-2Hmm), B %4
FHo 7R Ee] Zuek(mm)o|th

2 wredalgl
ok ABAPA AR 27950k e AR olae] f
Qe AAERE 2 G BT dielt Aow

6) Aol B o FHa
_|Qr

31 el 245}

Precipitation, P

Evapotranspiration, E

Inflow from source node

\ Qi Wetland . Overflow

Recharge, Ig

Fig. 9. Wetland

BEKERBEMNE



i CATCHNENT

[ onemwoesian |15
| sumcTion m
[ Link i
i

CLIMATE Climate 1

J Icon

Project view

Mini View

oy

ment Tool - pangye | 01208 A1 81(52

Main- menu
Toolbar

Main view

1).cpr

R
Tank
Urban &

Attribute

Fig. 10. Graphical User Interface of CAT

flrel 02 Hslol 47 FE 35 U9l A
oo FHEE AL EHAUT £, 59 oRiE
Bolow Fout BFHimport) = MASHES sgit)

Basio
oS-

3. °| GUI(Graphical User Interface)

L,

239 Y Fo|ae AR A#E o' A ~H
i, o] AU E SAl Eﬂr o RO

T AEE AAHAG BE ]
Microsoft Excelo|u Bl~E 43} A5
ZAEY njEs Bal st Lold e s}oﬂ v
ohFgk o R AAE Y FY == Ul
oA & AEEE e & é% g EE
Row, AAYE AmE #7o] 7FssltHFig.
H-& gIAlo] E(www.watercyclerekr) S %4 %
ol& Fll wivd 9 WE S tRE jE

-

>

%9
=
h

ot

_Hl

oft Ob LD‘

o 2 W o
[k M Q9 wo

iih)

7=
=

]o

o

Mooy o

S

)

]}\

b

A
=l
=

).

o
A

2
s 5
o of

o
it

2= e

%2
+

N
==

o

o it
o

o
Jo ogt
12 1o

fm
N
o
ofo
flo
r>~
Ry

o oo H 12
o
fru
o
it
2

o >
%0,
=
o,
Hl
A
il
~N
)

& 12 XN 0% Ho
4
Mo
=)
i\
X

=
H
E
ot
==
=

F454 H29k 20124F 2]

. =
¥ rRlEs
* fHIganL

noeE| ﬁ 7<D %0
e ||
o o
JUNCTION L Outlet
T ow Q: Climate 1 \
CLIMATE E‘u R
-
@
@
7
Q
N }1/
t Q
L]
| =0 L
Fig. 12. System Construction for the Seolma—cheon
Catchment
MAECHAR L, AP 9 71354 140 522)
7} AAsle] glom 108 Bl B3 - ed5n Uk
2ol Anb ol 249 TR glo] Bl

211



o] PuR YHARE 755k A8k mEF o Al
28l 742 Fig. 129} 2rom] 2do] Qleagas A
54, B W3 B 71dARsE Basit

2001 191955 20079 129 319744 1417 31
o 7dE RoEIGith o]F 20019 27| EYTE
fox ]

tel wlatel A Ale)skel o,

off M

o2t
tlo
i:l
r
ol

2002~20043 7 A= BA7IZEe g2, 20056~200737HA =
AAR7|7ke 2 ARGy Ry AT= Aukd 9o F
T A9l A e 147 7+ 9] fEAle S o] 83

o] vaLsksivt.

43 29| A
a3 = A3 AV REY Fig 139 2tk ZaolA

UehEe] Bt Hae Pon A5 welw

1000 - - 0
E
—Simulated E
i1 ¢ S EOCERERIIE S T  SeRE - 50 3
P e Observed uE
i | —Rainfall : E
10 e 1 | e 1 | I e - 100
{ : . . #
(12] N |
£E
a 1 s o e e s L R T i _____ =
1] Wale ! 1
' I K -
2 " pE 1 11':': e
o | hﬂ 3 LR R R
8 01 - S ER L [ Ak - [ EHE- T Y A -
1 i'.: {3 1 b ¥ A
! i T a ! R > ;
A H x
HA % : 1
oon Ny  SNGG . || . SO ———;. . ——— -
0.001 T T T T T T T T T
2002-01-01 0:00 2003-01-01 0:00 2004-01-01 0:00 2004-12-31 0:00
Time(hour)

(a) Calibration (2002~2004)

100 -

Discharge (m3/s)
[

it

3
i

0.01 -

0.001

1000 wmmw °
—Simulated

50
vvvvv Observed

—Rainfall

Rainfall ([mm)

- 100

2005-01-01 0:00 2006-01-01 0:00

2007-01-01 0:00 2008-01-01 0:00

Time(hour)

(b) Validation (2005~2007)
Fig. 13. Observed and Simulated Streamflows in the Seolma-cheon Catchment

212

BEKERBEMNE



Table 2. Statistical Criteria for the Calibration and Validation Results

Calibration (2002-2004)

Validation (2005-2007)

NSE 0.75

0.89

RMSE 0.77

0.31

NSE, Nash-Sutcliffe Efficiency; RMSE, Root Mean Square Error.

Table 3. Comparison of Annual Water Budget for the Calibration and Validation Results

Calibration (2002 ~2004) Validation (2005~2007)
Precipitation (mm) 1,604 1,285
Obs. 1,130 808
Total (mm)
Sim. 1,375 1,056
Runoff
Obs. 70.4 62.9
Runoff ratio (%)
Sim 85.7 82.2
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