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An Analysis of Effect of Green Roofs in Urbanized Areas on Runoff
Alleviation and Cost Estimation
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ABSTRACT : A green roof is one of the fundamental flood management alternatives used to
mitigate an excess runoff by increase of surface runoff caused by urbanization. The object of this
study is to assess the excess runoff alleviation effect by green roofs; to present the criteria of
economic analysis such as a duration period and a discount rate; and to estimate the project cost.
The Chung-Gye watershed in Seoul is selected as a study area because the impervious rate is very
high. XP-SWMM and Clark Area Routing method are used for rainfall-runoff simulations.
Considering a peak flow of 1,102.84m’/sec for the 80 return period before green roofs, the results
of XP-SWMM show that green roofs reduce 14.34%, 11.21%, 8.65%, 4.51%, and 3.52% of the
peak flow for 5 scenarios(S-0~4). Also, the estimated costs are KRW 1,142,642 million, KRW
983,835 million, KRW 794,730 million, KRW 530,389 million, and KRW 436,005 million for 5
scenarios. It is expected that this study will contribute to secure the validity of green roof projects.
Through this, city disaster managers can actively encourage green roof projects.

Key Words : green roofs, impervious area, urbanization, flood runoff, cost estimation

*

o1t et FAYA AR AEA A (Research Professor, Institute of Water Resources System, Inha University), A4 A E-mail:
yeokd94@gmail.com, Tel: 032-874-0069)
*oolslt) et FAFIA 2" AT A A4 (Research Professor, Institute of Water Resources System, Inha University)



162 AMETAledT HM143 235 2013. 6

L o Ko
—{]:Eoc’>9,‘I
o o o
> 4
;=_4
rﬁnz_lo
{
‘SJ}H:;‘:SE
§r““l°\-4ﬂr‘
— 32 1o 5H
r =~ =
i%ﬁﬂ‘oﬁo[}lrlo
fiiElig
OSN"
'Srgrﬁrﬂﬁgﬂ?E
o X >
EJ)LE&%#
A S C R o [ =
Tguﬁﬁ”%
LI =
o o
2 B Ho i X

O
o
X
o
Rl

o rlo Mo
o

o R
do XN 12 = o 1

ans

lo

b

= o O
5

et

4

ok r
:J_‘

2

> &g

rlu i
&,
gL_v‘
il
ue -
o
rot
fu)
2
o

&
o] HFH EAA

12
=

)
G
2
H
>
o
2
Y
o
s

il

fo m &
M

o3

al

ju

N

2

to o me -y ru

mo g
lo
01\24

Y

=

N

S o

> j}q

4y
ol
1o

[‘10 Oln
i
M
flo 4
¥
Y
(o,

Q M

re
-
=
>
o|N
ol
il
3

N
b

F
oot

il

B> oly

o
29
=
£
of
OO{
tlo
=)
jaka)
&2

4

EFFH 7 mE Saeh &
B, o3 wae] 2l A
&) 757 Hedeks d7wel J
= 7 e Wt gloy, ol=
FolBr IS Eole kS v g
8l
I o B e il
£ MAsh= Ax Felo e sk
T7F woH wjgTls o] oA AL, s}l
Feol TheHe gAY} 22 Al 3
ok mEbA mAIstE Qe BRSe] SUkekL
o|Z Qlell HFFo] HAdoemA WS v
FA Q1 @Al o] s Al tie sl AAS Fe
o] sty I¥T J7EE =AWl
TRl HAE Fushe A BEAEH 7L
AV, BATYe AR Jede A Uy

Bbssit ol B A7k BE5S BAlY

(¢

o,

do o 41

o\

W23 F shiel SYxsE tgoR s
o714 SEsE QB

08 ES YT, 44T sl 5437
=

Bk 55 FARE 3 A9t Foln, SA=3te] F
8 Qell Agk AFL S7EAll STk & =
o] AR st B Set A £
ATEE A AA FHd FZFAE AR et &
g8t A3 39 e vl A FEl/aaE
St Hug] #st A, FHAA7H(BMP:
Best Management Practices) Algfol] & A2

vk A A ek AEsiA Miller(1998) &
76mm 7€) S35} vl (media) ol tate] A
Hit FEEo] 27 38~54%, 38~45%7F Tk
313, A5T5 2 (peak flow)> e 50% T4
sk ASE AASHATE Moran(2004) = AA
AP B3l 100mm A9 SAdssheE o=
13~15mmE AF3HH, HFSFeo] oF 9% 7
adhe 20 = A A8 DeNardo et al.(2005)
& 15mm ©Js}ke] 7ol thall A S8k 100%
AR, & o & 7493 108 39004 25%, 11
4 S5olA 43%5 Afshe AL E AT
Jarrett et al.(2004)- central PAoA 5, 6€, 7
Dol DA Aol el zbzt 48%, 53%,
18%% Az 2= AASIAT

T WA AFZ+= Hollander(2007) 7F S35}
Aol mE Fe ATat] a4 Green-
Ampt¥s} B84 23S ARSI, She and
Pang(2010)> <3=53e] v A (medium) el
A §78] olFg Bodhes = 7|9 By N
el o, ol T Ssste] F8 /4T
3 e Uei=
and Jackson(2007) theFeh 28] 908 &

O



g5k Gk AlFe| Sl i BFo
241 NRCS(National Resources Conservation
Service) H& ©]-§-aFth. Kasmin et al.(2010)
oA S9ARYE AT)ZE 277 B sl
HEATE 7N RE Sif=ste] 73k 34y
<= ROk o /IEEES Jidsiith BMP
Alegol #el A2 = Villarreal et al.(2004) ©] <
F=3) MR, ARA 5o £k BMPY H
9] tigke AN f18l, ol e e X
grale] 224519tk Zhen et al.(2006)-> AEIAF
Z](bio- retention basins), $-3%53}, BlE%(ran
barrel) 59 BMPell o3l §7-2 #A9 47E
FHastalr] 913 7P vEE ARl 23S B
k= A5 ettt Christensen(2008) =
& AR 395 e E HEH Y (rain
garden) &] Z719} A7 EAlFFAlA o] &
Xo wE e aE AT S e 73
ol AFE(2006) 0] FolHS G R S
“

. o7

o

2)(2009) = 5 A7 JAEAA = AFA, 54
¥, £453HE EPA SWMMO R H¥s}alo]

AFrEAdEAE vwsisich

Agwar ohiet $39) oo JPL viAE
FFAZAL GUS S0, ASAE ARl

50~70%%. BAI= 0%7H] A8kl it vkt

M= A9 & A HlES |
T3, ol Fl AAEN S Tk ¢
ok et 2 E=FelA e 2AISE a9 A2k
A TS W E S5s AU s

SEA
ek, olel WE FEARAAE B8,

TAR|He| S4b=slof wE REMAET A H|E O 163

= o=

olol Thek el ulg A BANEY 7]
F2 AN FFols AP, B
4 52 olgslel a3t ALY WS VY
FoEm AYUISNE B ZANEY B8

e o
oX,
ol
ok
bl

A g,

2 AFA A HES HT $ss)
AHEE Faistal s AARTA 2] Aol
& EFdE SR, olE B8 £ o R&A9
Sl A FETOEN, ZAEE Qs
HAEE gk BAE dldsked Ted &
Ao FEn)

. APea Sazst ALele M3

S 7, 39 v o0 R 8
2 AAE A=) S Heel A g e E
Fo= L HAE AU Feite W=
of HAFE 2= Ae I St
= sl gt 84S AA Qs X
S el AFFEE S7dst 2 S
of Feh& 7H7] Wl el ARl v]ste]

iy
rlo
>
M
By
il
=2
o
tlo
fatn} %
Wi
Jo
0%
Jf
ol
lo
ol o2

ol
1o
>
[
uiii)

K
)
o
>~
>
iA's

o
fuj
2
D)
1pr
s
ol
2L
oX,
ol
2 o
N
o
i
)
ne
rE
2
o



st

I3

sk,

I3

af oF

KR

R

=
=

Z

_'F_

[e)
[e)

=] 7:]]

ATk

o 74 A28 ARS] 5
[e)

At
2 7

st A

=]

e

S

o
KD
b

7]
Z}A]

°
79l

.
=
o

1

R4

& AelMe 314

Fs

s AR, A4, Q4 g

CRTE]
ALke] 2.2

)

(0]

et 71
o

FELY

E E eSO ulyma) AEZo) 7+
7} vl

150m’¢]

I3

=
T
v

R

8

AA

21(2008)

=i

< 7% 20mm/

].

A=} kg
3

Ao]dl Aeo]

=
Al
=

dl, -2t
T

f

T
AT
Q13]

0]
A

o,

005~025% $A7

)

(9

A gt=

&
s}

[e)
L

)

A 12cme] FE

o

-

T
-

].

2~
=

-

164 METAldT HM143 235 2013. 6
o

E A% §2757H 08~0952

ZysF
7t2 EA
2 Hy

J)
oF

°|

0F.0
1w

3 Ajglo] 2 olFo}xA

Hr
.AO

ofr

}

&17] 98 XP-SWMM 283} Clark 95

)

2 2AFoEN WIHE 5 43Y Ao

1=}
74

oA

=

=

L= vl

=
=

<©

ofr

3] 9l 7122

[e)
S A

ojo
oy

H]

=t 4

A
H

iy
Ky
T

oj

A0 3 AR 52

o~
T,

Ao, 7

[¢)



QFE of 1207902,

e
o AET BUE
o] 2 867 T
A%

o

bl

[*]

—

TA|X|H 9|

A, ARsak 3l A, AR FaAd

=
=
T e

2= uz

sfol| we FEX

FIANA, AR PR

FE Qure .
BET 8 mmpzm Eik=
AL AT g, 2 =reaE 2
b 28 =004 894 24
SR AE e 2pw Raoas
gel At = am e
MaFel f1 0 poew 15 A9
el B5d =0 Foltk

AL T 7], ZEA
42 gxwa g osel
Algtell Lol w5 T8ttt A F
AAE A8t R FAAY
o]Foz] glom, o gk Al
¥} 7t
- _ «ZT2F MNMFANEF
2) ATEe ZTYHYE S4S5 ALRZIR 2 20 100 1590 2000 mtrs
FAAE 209014 A& gl (B0l & F=3} (a2l 1)y =Py He B2uo
Ak A9 SE7E F7 34 Z&ATAA,
ZURBA, A, ) W ool AL E (EDE PAD 499 FPE f9Ams
2 e A A w8 2 AN, B Ayl e A=A HES YeRY, S-12 A
Al 2G)7] A1, SHIAA GFA A9 SAts AL71ES 9v|gitt
A, YUE A AFAA, 98N 714 7 = =TS ASERY] WAoot
1D AN 7ol ot U R EY
SZOoxp | CER|ZE TEEME 95t
—7J Dl_:i&! 2 oo M1-?-7OZ|A =701 = L}
AR (km) } (hr) T4R{H|(%) Ao
23.176+[7.340+(19.104) ] 52+[24+(683) ]
— 19621 14.21 0.0458 1.3 725 - 14
7.340 6.46 0.026 0.603 779 24
14.272+[4.832] = 19.104| 1113 0.0554 0963 64.3 34+[34] = 68
4832 4.06 00241 0408 935 A

(Z9d 5849) 19

STEAFA Y (S ES FE 2009)



166 AM2TAledT HM143 235 2013. 6

(B 2 Z704Y ALR|QY SAH=3 HE(ER: k)

oo 50 51 §2 53 $-4
5701 | i (HA=TIA) (B5m°OlA}) (100m°ol4t) (200m°ol4t) (300m°ol4t)
T ) [USHE|HIS(%) | TSR HI8(%) | A2 | HIE(%) | ASHY | HI(%) | 7BHH | HIE(%)
B |(A/®) | © [ @ [(WMDd] B [AWAE)]| (F) | WA
A | 23176 | 6160 | 2658 | 5094 | 2198 | 4169 | 1799 | 2762 | 1192 | 2.229 9.62
g5 | 7340 | 1860 | 2533 | 1423 | 1939 | 1109 | 1511 | 0.666 9.03 0478 6.51
4% | 14272 | 2314 | 1621 | 1891 | 1325 | 1479 | 1036 | 0907 6.35 0.749 5.24
g | 4832 | 1616 | 3344 | 1250 | 2587 | 0802 | 1660 | 0417 862 0.339 7.01
Zi;f 49621 | 11949 | 2408 | 9658 | 1946 | 7559 | 1523 | 4751 9.53 3.794 765
FAAA ] B A9 A A=l 3344% . HET 5o Aol kst

4. % =23

437] 8] 27192) §2RBE ol g, 3t
the XP-SWMM B 3oln, Azl $47)
FEIE W] Slal AR S 520, 4
24 F79 20, A5A FF

Z39 R A59S Y

-r
2
e 12
—m
b
o
o
EN
o

1) XP-SWMM 2

AR st WAskE EAS slEAl
o] @t F4E AHdhs SWMM B3 1971
d )= EPA(Environmental Protection Agency)
9} Metcalf & Eddy AP} Florida e % Water
Resources Engineers®He] 3-5A7+= 71831
(o]FH 2, 1996). o]F 1981\ del= 23 e
TRANSPORT £5& e - Hekar| Slsf 3

% A7A¥ EXTRAN £52 SWMM 23l &

ol 7hssith. a3t

A 2w

o
QL
fd
=
n
Jo
- 12 12

oX

2
kK|
¢
=)
>

o
-]

=2

(

=4 rlo

az O
o

1% o

ox Mo ® Ay > R

4 e

Wy =4



o8 &y 167

EAIRIoe] Sy=spol WE F2

A=

=
=

3_5;'7

=
R iE

% S-Quel 718

RECE
°

pul

Aol o
A3 Reloh 7.9k Rgk2

ko]

=
T

3} Q57

s
7124 AelH

o} A AGA o] 9|
=24

-
a

o

1
T

R A5 Aol 379
A BRG] 7 6727%5 D8

ShEEE)

ATE (2" DellA B npel o), 51

<

S

29

)

1) XP-SWMM2| 2558 HE
=

o] 59.70%¢°1 &

42.86%°1, =

=
5

A =
7Sl 7F

s 17

[¢)

ol WelAl =4

It
7.

Al

T

$7} A

2ok

3

SV 285)
GEEEPEERTEERE

[¢]

e %
(1)l

X

e

M=

9|

]

1

(ol

K=y

= A

Bl §

=X He

1

ko]
pil

id

)

H]2h <] Azde]
24

0}0
1w

&l

[

Alde] o= AR 2Ay

T

W

3 a3l el

o

=

[e}

a1 O =
Fs F4

AAE

ot ey

(9

AL

[e]

T=

0
H skt

Wi

stk S-1

S

UERH AL Slth Al

she Ao

S

o

&
$=8t

MEA7E S7d=3E AL

o upe s

U2 A 3gelM Bl mkel 2], S-0= 2

(e}

-

7}

[e)

5

S2 3T fFHlA A

stell A A%

4

Gn
<
Ny

w_n_

o
ofi



168 AM2TAledT HM143 235 2013. 6

o
)

B2t 3 ARENRY AFS-1HAE
. 2000)" 8] BESEL 1998~1990]
17) el 20124 @Ae]

[m

—

o

A

g jg 1o
l% rHo 2% J
e
o> x>

X
K
rg 3
ofol
-y
Ho
Y
2
N
fol
<
&
nj

2 N

ol 1R

5]

14
oX
s
&
%0,
o
)
oM
-y
2 g

1o
N,
i
e
o
Y
o -
oo
i
ON,
P
i
o

o2,

T o w I

M oX

ol
ol
£

B 2011 97FA] <k 031% AEq EE480)
(e}

% itk Wl el

o ofN L
N

o

>
>,
o
o
=2

X0 i
2
Sv
B
o
A
e
>,
%)
(e
o
=
lo
N
D)
il
R
o

—m

Bl 2 op

¥ 3) 579 EFTE-MSA(2000) 71E

HEA
oM |[ETT
—_

EF7E(%)

st 2| o
W)ty | 7!

Iz

S-0|S-1]52]8S3

ot
X

23.176 | 15.437 66.61|40.03|44.63 |48.62| 54.69 |56.99

ox

7.340 | 4.508 |61.41|36.08|42.02|46.30{52.33 |54.90

14.272 | 6.117 |42.86|26.65|29.61|32.50|36.51|37.62

o
1 | o | e

4.832 | 3.250 |67.27)|33.83|41.40(50.67|58.65 |60.26

| e

oM
3
2

49.621 | 29.312{59.07 | 34.99|39.61 |43.84|49.50 |51.43

=
2

55.07
55.04
55.00 55.00

55.0 54.96
5494

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
as

CaE 2 AN

NEERCIE

R X|2¢ EX0ISHYS
HE ASD
2T T=

=104
=

N
=)
tr o
i
1o
oX
=}
b
)

HEAS XH=

BT TE= ST

ol

ST (ka)

HE
=T

A
%84

(k)| 7!

=S50

S-3 |54

23176

19.32183.36|56.79

61.3965.38|71.45|73.75

7.340

5.81

79.15/53.82

59.7664.04|70.08|72.64

14.272

8.771

61.45/45.24

48.21151.09/55.10{56.21

4832

3.84

79.47146.04

53.60(62.88|70.85|72.46

49.621

37.742|76.06|51.93

56.6060.83|66.49|68.41

" 3 A" H= °

g

24 8 ANEAZY AASR IR (L5

B A, 2000)761A AAE YA ) BESR
FEF BARERoY,

S5t 8733

Ll
4m
4»
10

BT T[T T e
SBRBRBAIRBRBEERBRBS I

OE 3 AR EFTE(ZEHLT, 2009)



. MY
RG]
e ENe
. 25N
BENaN

1600 Miters

800 0 800

(T2 & FHBRY ExNTEE

SAlx|2o|

sl e

= o=

T

A A & o 53
ol & A%} B7t
EX 1] E/EA]0]§ S|
7] ol frEel 22

S353 A8 A &

ft
oQ
ofl
2

12 o -
o

o 4

o 2 L 1

rr w

o
L

og z]E

=

3

pud

o
juiss
4

e
o
Y
&
5
S
D

2

3.29] map calculatorE =3
L& o] &3l 3k grolnt

& 249 AP AT
HE
=T

I
i
o
f
N
>

N

HE 2~
=TT

a9l s,

o S

il
ol
Ho
12
1o,

o
OM
=5
X

&
2010) el wh=H, =
35 A8k FzolA CNg
o] 98l 85Z M EE 2 AFoAME Sk

R
71&
i

i
e
>

¢

A

A==
4T T

stol] oJg $-FAFEAES CNgrol &3k
2) Clark FAFHHOIM FEZMA|F(CN) HH (£ He FERHAAANM Al /5
Aol w70 Yok Aotz Frely  FAAFE Ui i
UrA] 23 AgHs T3 fEshed, 3
T 5 AR AR Tl S A ws 2. Avtel o fEAEas B4
a7Fe-golat FTh B Aol ARA 7}
& o] AREHOAIL U, B B BEX 9 E A =gt $FAREAS wgs] flal
Be vl FESHS AT S IdENRCS XP-SWMM B AUl BEFEd)
WS AlEste] Agadth NRCS W +  Clak 7954 =344 4&380th
AR 8l Aol 199 B A A 8 A A ade 747 (E 6) 3
AT EAE SOl hE ARVOR FESFS A (FE DF 2k (& A B uie Zol, &
AL g A= S e, §99] #E5 o o] AA A SA=Eshele S-0= 44
7 230 wE A e dAE v o2 Brksaht A FAe 74 AA
ARl AHEEHE Wo R mAE G & T4 80d WIS 739 158.09m’/sec(14.34%)
$-2F Aol de) AREE I Qk AR A4 f 0 B 2% 79 QAT 509 W) g
(E 5 FESMRIEOIM] ALY FEZMAIS
FATE ﬁfﬁ)ﬁ 70';“5 a%so o 65m2S | oN lOOmZSZ oN 200m§ 3 oN 300m284 o
B ol} ol} ojAt ol
AAH AA | 49.621 83.87 | 11949 | 80.74 | 9.658 | 81.34 | 7.559 | 8189 | 4.751 | 8263 | 3.794 | 82.88
A5 7.340 80.91 1860 | 7762 | 1423 | 7839 | 1.109 | 7895 | 0.666 | 79.73 | 0.478 | 80.06
Ae+E3 | 19104 78.41 3929 | 7574 | 3141 | 7627 | 2281 | 7686 | 1.323 | 7751 | 1.087 | 77.67
4 4832 8143 | 1616 | 77.08 | 1250 | 7807 | 0802 | 79.27 | 0417 | 8031 | 0.339 | 80.52




170 MazAledT HM143 235 2013. 6

(E 6 XP-SWMME 0|2

S - =T ITo (=]
. 504 804 1004
= =5t M (=5t 3| MU | MZE =8t M| =5 5| MU | MzE =8 A =3 5| Mz | KzE
AAOG) (1,004.23| 842.84 | 161.39 [-16.07%|1,102.84| 944.74 | 158,09 |-14.34% (1,144.81 | 998.01 | 146.80 |-12.82%
AE(SB) | 164.77 | 13940 | 2537 [-15.40%| 184.63 | 159.62 | 25.02 |-13.55%| 194.29 | 170.80 | 2350 |-12.09%
> AS(JR) | 329.20 | 271.29 | 5791 |-17.59% | 369.10 | 313.07 | 56.03 |-15.18%| 388.71 | 332.25 | 56.46 |-14.52%
H=HWG) | 12852 | 106.29 | 2223 |-17.30% | 142.25 | 123.89 | 18.36 |-1291%| 14859 | 130.98 | 17.62 [-11.86%
AACG) |1,004.23] 873.86 | 130.37 |-12.98% (1,102.84| 979.24 | 123.60 |-11.21% |1,144.81|1,034.99| 109.82 | -9.59%
AE(SB) | 164.77 | 144.23 | 2054 |-12.46%| 184.63 | 166.57 | 18.06 | -9.78% | 194.29 | 177.02 | 17.27 | -8.89%
> AS(JR) | 329.20 | 283.27 | 4593 |-13.95%| 369.10 | 323.83 | 4527 |-12.27%/| 388.71 | 342.98 | 45.73 |-11.76%
HHWG) | 12852 | 11094 | 1758 [-13.68%| 142.25 | 128.32 | 1393 | -9.79% | 14859 | 13513 | 13.46 | -9.06%
ACG) 11,004.23| 895.44 | 108.79 [-10.83% (1,102.84|1,007.42| 9542 | -8.65% |1,144.81|1,05892| 85.89 |-7.50%
AE(SB) | 164.77 | 14745 | 17.32 [-1051%| 184.63 | 171.34 | 13.29 | -7.20% | 194.29 | 18049 | 13.80 | -7.10%
i AS(JR) | 329.20 | 294.52 | 34.68 |-10.53% | 369.10 | 33648 | 32.62 | -8.84% | 388.71 | 355.40 | 33.31 | -857%
YHWG) | 12852 | 119.01 | 951 |-740% | 14225 | 13412 | 813 |-571% | 14859 | 14032 | 828 |-557%
AACG) |1,004.23] 94051 | 63.73 | -6.35% |1,102.84|1,053.10| 49.74 | -4.51% |1,144.81|1,099.65| 4516 | -3.95%
AE(SB) | 164.77 | 15454 | 1023 | 6.21% | 184.63 | 177.06 | 757 | -4.10% | 194.29 | 18591 | 838 |-4.31%
> AZ(R) | 329.20 | 307.84 | 21.36 | -6.49% | 369.10 | 351.35 | 17.75 | -4.81% | 388.71 | 369.40 | 19.31 | -4.97%
YI(WG) | 12852 | 12399 | 453 | -353% | 14225 | 13821 | 4.04 | -2.84% | 14359 | 144.22 | 437 |-2.94%
ACG) 11,004.23| 955.03 | 49.21 | -4.90% [1,102.84|1,064.06| 38.78 | -3.52% |1,144.81|1,110.07| 34.74 |-3.03%
AE(SB) | 164.77 | 15756 | 721 | -4.38% | 18463 | 17899 | 564 |-3.05% | 19429 | 18831 | 599 |-3.08%
> AS(JR) | 329.20 | 311.06 | 18.14 | -551% | 369.10 | 354.03 | 15.07 | -4.08% | 388.71 | 373.00 | 15.71 | -4.04%
HHWG) | 12852 | 124.86 | 366 |-2.85% | 142.25 | 13896 | 329 |-231% | 14859 | 14498 | 361 |-243%
22.23m’/sec(17.30%) & A7l A0® HA o2 SA=sE TS, At "okl 7
AT 300m”° o1l AL SAEBlElE SH4E $ Aol FE9 7| F gl o2 <l A
AR o9 S7H0NA AT 80d Bl AaIe Aol H7] witoltt (i 8)
©] A% 33 78m’/sec(3, 52%)% 4I3d 92 4 XP-SWMM R3ez B8t AAH 79 )
AZS 50 HIwe] A 366m’/sec(285%) S AT 1447] Fol AU 8 R H5st
A= A0z 74 F»l°it} AFFS YR

(F 6)F E D vus] BY, §2584 2
Foll B ApolE HoliL Ytk ol =FFET



(E 7 Clark RAFHES 0|23 B4 XA HERY MUTH-FEIMAS X
504 80 1004
TF [aol[=s | e | uE | d|ss | e | GaE |8 A|se | naa | AaE
AA(CG) | 660.76 | 622.09 | 3867 | -585% | 710.05 | 671.72 | 3833 | -5.40% | 73571 | 696.95 | 38.76 | -5.27%
590 JE-(SB) | 14390 | 134.14 | 9.76 | -6.78% | 157.55 | 147.3 | 1025 | -651% | 164.05 | 153.63 | 1042 | -6.35%
AS(JR) | 27398 | 258.74 | 1524 | -556% | 300.56 | 284.77 | 15.79 | -5.25% | 313.25 | 297.18 | 16.07 | -5.13%
AH(WG) | 11666 | 10668 | 998 | -855% | 12762 | 117.23 | 1039 | -8.14% | 132.86 | 122.25 | 1061 | -7.99%
AA(CG) | 660.76 | 629.35 | 31.41 | -4.75% | 710.05 | 6788 | 31.25 | -4.40% | 73571 | 704.12 | 31.59 | -4.29%
S JE(SB) | 14390 | 13645 | 745 |-518% | 15755 | 149.73 | 782 | -496% | 164.05 | 156.15| 79 |-4.82%
AE(JR) | 27398 | 26215 | 11.83 | -4.32% | 30056 | 28326 | 123 | -4.09% | 31325 | 300.71 | 1254 | -4.00%
Y3(WG) | 11666 | 109.01 | 7.65 | -656% | 12762 | 11959 | 803 | -6.29% | 132.86 | 124.63 | 823 | -619%
AA(CG) | 660.76 | 636.57 | 24.19 | -3.66% | 710.05 | 686.05 | 24 |-338% | 73571 | 71147 | 24.24 | -329%
) JE-(SB) | 14390 | 13788 | 6.02 | -4.18% | 157.55 | 151.28 | 627 |-398% | 164.05 | 157.72 | 633 | -386%
A5(JR) | 27398 | 26554 | 844 |-308% | 30056 | 291.74 | 882 |-293% | 31325 | 30422 | 9.03 |-2.83%
YFH(WG) | 11666 | 111.76 | 49 | -420% | 12762 | 12239 | 523 | -4.10% | 13286 | 12756 | 53 |-399%
A(CG) | 660.76 | 644.94 | 1582 | -2.39% | 710.05 | 694.51 | 1554 | -2.19% | 73571 | 719.98 | 15.73 | -2.14%
53 JE-(SB) | 14390 | 14025 | 365 | -254% | 15755 | 15377 | 378 | -2.40% | 164.05 | 160.24 | 381 |-2.32%
A5 (JR) | 27398 | 26893 | 505 |-1.84% | 30056 | 295.21 | 535 |-1.78% | 31325 | 307.83 | 542 |-1.73%
A3H(WG) | 11666 | 114.03 | 263 | -225% | 12762 | 124.87 | 275 | -215% | 13286 | 1301 | 276 | -2.08%
AA(CG) | 660.76 | 64851 | 1225 | -1.85% | 710.05 | 698.12 | 11.93 | -1.68% | 73571 | 7236 | 1211 | -1.65%
S AJE(SB) | 14390 | 14146 | 244 |-1.70% | 15755 | 155.03 | 252 | -1.60% | 164.05 | 16151 | 254 |-1.55%
AE(JR) | 27398 | 27005 | 393 |-143% | 30056 | 296.39 | 417 |-1.39% | 31325 | 309.04 | 421 |-1.34%
YF(WG) | 11666 | 11447 | 219 | -188% | 12762 | 12537 | 225 | -1.76% | 132.86 | 13061 | 2.25 | -1.69%
(E §) Alt2|2E SA=slof T2 BRSS9 BRI wat
504 80 100 504 80 100

72 [g® (22| 2F (22| @F anz| T2 [ oF |UnZ| o |unz| ow |2
| ) || () |72 () | ) || ) |72 ()
CG | 11 |200503| 12 |267,368| 14 |304,225 CG | 10 |153546| 12 |213366| 12 |245973
| SB 2 11,401 2 15977 2 18,264 SB 2 6,032 2 10707 | 2 12,831
_;;} JR 1 1,030 1 2,683 1 4093 | S-2 | JR 1 253 1 1,377 1 2,060
WG| 9 [28204] 10 |58775| 10 | 75005 WG| 6 |11415] 9 |[3L510| 10 | 43630
A | 23 |241.133| 25 |344.803| 27 |401,588 HA | 19 171,246 24 |256960| 25 |304,493
CG 8 [127,049| 12 |188355| 12 |219554 CG | 11 (172766 12 [233821| 13 |267.659
SB 1 4,095 2 7,883 2 9976 SB 2 8,225 2 112729 | 2 | 14946
S-0 | JR 1 13 1 958 1 19555 | S-3 | JR 1 494 1 1,745 1 2,548
WG| 2 1,813 6 | 15731 7 | 24759 WG| 6 |1836| 10 |41693| 10 | 58306
AA | 12 ]132969| 21 |212932| 22 |255844 A | 20 (199841 25 [289983| 26 |343459
CG 9 138699 12 |201,118| 12 |233.682 CG | 11 |176291| 12 |238231| 13 |272813
SB 1 5,096 2 9431 2| 11,499 SB 2 9,159 2 113630 | 2 |15862
S-1| JR 1 123 1 1,156 1 1795 | S4 | JR 1 576 1 1,866 1 2,710
WG| 4 5,228 7 | 22157 9 | 32435 WG| 7 19894 | 10 |44051 | 10 |61.243
A | 15 |149147| 22 |233361| 24 |279.410 A | 21 |205919| 25 |297.778| 26 |352.628
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Cop = 560,546.40 4 25"

A (2)9] 2AAF(R?) = 07580, 282787
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E A
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E 9 1% FAAFEE 2A vét FAH R
7t ATl £ 5 Ak 3AAFe] FAA F
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985 (significance  probability) ] 0.0002}
00002 AFs] 7t o] dAaAE 7, 3

A2 (regression equation)& &7} P& Ao &

A 5] o)
Shaleia

10,000 S
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22000 R2=0.7580
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3.000 ./ Py
PRG/
2,000 Lo -
S L ®
. *
1,000 o
*% e

0 500 1000 1500 2000 2500 3000 3500

S ssEE(m)

(a8 5) Seh=aiHA-AlH| 2
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Folel A A2 e ok gk
ﬁf"ﬂ/ﬂi’% g te Jle =J(AAR fﬁiﬁé‘
2012) 0 mEH, £/ =ste] AAREE Ve

2le] Kggdol wek thef 5~6E'J°i1/m2(617,520~
741,024/, 201219 JYP 100 = KRW 1235.04
A& olw, frAdE g e A7F 150090
/me(18,525.609) &= ZAFE QUL olof] & =i

A= Azt fAIEemE2 ARG thE] £
Aulg-o] W&l 2721%5 A&tk (&

' - Standardized

L . . |Unstandardized Coefficients .
Classification |Num. of obs.| Adj. R* |F-Statistics Cogfficients t-value | p-value

B Std. Error Beta
Constant 13.23667 0.40244 32.891 0.000

64 0.7541 194.198
InA 0.87105 0.06251 0.87063 13.935 0.000
Note: ***significant at 0.01 significance, **significant at 0.05 significance, *significant at 0.10 significance
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(B 10 SAN=S) TAIS 9I3H HIR AVE(Sig]: Holel)
2 mMpE(Y) | Algisl(a) e () 02 Shigt|
Aex|malH | 09 ERX|TE|H| (a)+(b)
AAA AA 11,931,212 818,291 22,317 324,350 1,142,642
50 AEA 1,856,684 161,862 4414 64,158 226,021
AEH AA 3,929,062 310,969 8,481 123,260 434,229
A 1,615,522 143,388 3911 56,835 200,223
AAA AA 9,657,696 680,669 18,564 269,800 950,469
51 A5 1,423,132 128,394 3,502 50,892 179,287
AEH AA 3,140,790 255,863 6,978 101,418 357,281
A=A 1,249,940 114,672 3,127 45,453 160,125
AAA AA 7,558,696 549,836 14,996 217,941 767,777
59 A5 1,109,328 103,350 2,819 40,965 144,316
AEH AA 2,280,835 193,633 5,281 76,751 270,384
43A 801,950 77,906 2,125 30,880 108,786
AAA AA 4,751,406 366,951 10,008 145,450 512,401
53 AEA 666,135 66,279 1,808 26,271 92,550
AEAH AA 1,323,433 120,523 3,287 47772 168,295
A 416,601 44,037 1,201 17,455 61,492
AAA AA 3,794,203 301,651 8,227 119,567 421,218
54 A5 478,048 49,644 1.3%4 19,678 69,321
AEH AA 1,087,302 101,561 2,770 40,256 141,817
4H 338,768 36,778 1,003 14,578 51,355
10ye A9l SA=sl ZHS 98 AR of Sh, B =RoAs AL alsha) o
25 23 Aoy, o) W&ol Im'/sec @ WO R H|wakGTh
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10 2 APYEQI)
G 1D 7284 ol o2 Alyeled
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E 1) FEEM Y| e HFET Mdan Hln

i | ehe | uw | dme | NEE | ws |TERSL
(m*/sec) (m*/sec) (%) Sl (eHokel)
A S-0 146.80 -12.82 1,142,642 7,784
HAA S-1 109.82 -959 950,469 8,655
XP-SWMM | 11448 HAA S-2 85.89 -750 767,777 8939
HAA S-3 4516 -394 512,401 11,346
A S-4 34.74 -303 421,218 12125 [2A477) 1309
A S0 38.76 -5.27 1,142,642 29,480 FAE 1 55%
AAA S-1 31.59 -4.29 950.469 30,088
%(gir;qj 735.71 AR S-2 24.24 -329 767,777 31,674
AR S-3 15.73 -2.14 512,401 32,575
AR S-4 1211 -1.65 421218 34,783
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