iz

A29A A2&
2021. 6

KEI “ sRwzzawiend  (B) e 3053

Korea Environment Institute



rol ok

L
4

e

=2
=2

7t

e

o

H

on

TAEE SAsraRlol BEAEKE S SiRermMstal
ZYA- W |ATRU0| BEOR WIS SIBIRILICE

K E o 43(3¥ 31, 6% 30Y, 9% 302, 12€ 31Y
LiCt.




K

#1294 A2%(2021. 6)

A

il

WE I} A

=
/AzA - ol

27| gLt &S| O|MTX| HiE R
IEEER-E
A Cost-Benefit Analysis for Extraction of Atmospheric Water by Direct
Cooling in South Korea
/0:3115101 ﬁ}]ﬂu}%tg/}_j_ .......................................................................... 31
AH|XE XZQARA(WTP)OY 7|EISH SHMSE 7H2| SHASH Hotof thet 7
/_%]—,‘_3_-7:‘?4_ . oc}:%&] ...................................................................................... 59
THAOILAR| BRT SATIA ZZ 20| ISR NS =RMOILAX| Z24T}
2ATIA UFEO HEH THEE =H
_8_%_1?_]_ ..................................................................................................... 79
F2|Ltt ol HOIS ESA Of2f A7t WSk S 7| Ot 48 Hat S FHlos
/ARG - o)A - A - AFY - ZAET] e 99
T2 3F A4V SUHM 54 24
/ 63.‘79.51 ................................................................................................... 129
HIEHARMS flot o= AN7iX|Q Helent AH:
RURTIRIG7HE o MERAHS |
/ﬂxﬁ%.ﬂéﬂ-%.%oé_—@} ..................................................................... 151
SHXGH Mo 2 HSX|H Mok 4 SEUSXIE Hez
/%1’/‘\—‘]03 . g%ﬁﬂ .................................................................................... 205
4T A1207] MO T I STKIEL| MY T HSLS BAOR
/ %1(%7] ................................................................................................... 235
BT DHSXIZ A1NS QI3 AIBZ SRAE 24
.................................................................................... 259






Pibpoll ST H293 H2S 2021. 6: 1-29

DO http://dx.doi.org/10.15301/jepa.2021.29.2.1
pISSN 1598-835X  eISSN 2714-0601

=71 it 239| DMK BiERYESL 24
2718 SAMEDH0|

Analyzing the Temporal Pattern of Particulate Matter Emission
Multipliers: Development of the Quarterly Input—Output Model
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Abstract: This study analyzes the quarterly pattern of particulate matter emission embodied
in inter-industry trade, developing a quarterly input-output model. It includes an estimate of
the quarterly output and emission multipliers, using the temporal Euro method to
disaggregate the annual input—output tables in its time dimension. The results reveal that
because of the intra—year dynamic, sectors such as base and fabricated metal products,
chemicals, and transportation equipment can have distinct economic effects, depending on
its timing and duration. In addition, the annual and quarterly emission multipliers of base
metal, non-metallic mineral, and fabricated metal products and the transportation
equipment sectors are high. The quarterly coefficient deviation from the annual coefficient
of those sectors is estimated to reach 10.61%. Lastly, particulate matter emission
multipliers in Korea are the highest in the fourth quarter, whereas in the first quarter they
are relatively low.

Key Words: Input-Output Model, Particulate Matter, Quarterly Input-Out Model, Seasonality,

Temporal Euro Method
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T8 Holgrh 2uMHAE HE2ol§odd, vitgdds, i
A, AL, Axdds B/ w7229 o7l siEdEHE R
FE SHET 56,5690 TAEUH. 53], 14 S5AE Al
26,849&0] WA o] Szt A 2o AHA] FAYF] 47.46%F AHA]
sttt 1 FE olo] 5AHA7E 10,301E(18.21%), AAo] 5,563
(9.83%), BIEEBEAF 4.292€(7.59%), 121l A 7tA 4= 9 #7]
= 7t 3,633(6.42%) 22 WAHUAE gol TAAAT.

HEAR (e 24 h & A= tiek & A4 F oA wiE
Fe Uehdnh. A2 vAEA] ) wiEdo]”] gzel, ojd 4t
o] mAIEAE tF HiEsh=Al #Rlshy] A5 AdEE duEe A
Zasith AGE mAEA wiEAeE F45] f8), 20109 A3 £
AER| AE F AEAS 1970 AER wE AR ——(_15— A
E oA HESE A F *L%‘ﬂi L}TE} 2014%
2k A ARdY] 2oAEA] #jE A= 0.0
U AAAE EYAIZ vAEA] Hﬂéﬁl Pﬂ’“ %

Aoz o9 A4t 0.1305 ke/Het €] mAHAIE H%ﬁ}‘ﬁﬂuﬂ H]

ql
A

o]

o,

AEE ArEs Ag

1) SYAEEY AAEFAAL G710 AB Y &Y EFAA 27 B o)
AR WS A2 YL HARRAAG /I FOR BRI,

12) 4He] gl wek & 307 Ao 2 BRE BUSRE Fa e vt 19
o] akglo 2 ARFII A, 712 B Z7) 4201600 S5, W78 D AEE
ABA(17)% Shbe] Alo R BRIt SUALE, BAHE, SARE 2 254
Hl2 5 712 17709) A 7120 RAR SR AT & 18749) 4He] TR-E A|9)
ST A E 2, G4 W SEpARIA 5 U R AE A QEL e HAg o
B3 BRI
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=l

YA H298 M23

(H 2) LH'E DIMIHX] by

ST HEAS

MeIE= HIEZH(E) B EA(F)(kg/H2H)

1 SEPME 1,526.19 2.70% 0.0288
2 HE 1.41 0.00% 0.0004
3 SAFE 1.62 0.00% 0.0000
4 e ¥ 7=EME 799.85 1.41% 0.0127
5 S Y F0], Q124 18.67 0.03% 0.0005
6 MEHY MR HE 76.49 0.14% 0.0006
7 SIStHIE 940.85 1.66% 0.0042
8 HZ2&5E=HE 4,291.54 7.59% 0.1185
9 i S5HME 26,848.58 47.46% 0.1305
10 =5ME 84.52 0.15% 0.0010
11 1A H | 3.45 0.01% 0.0000
12 7| % WA 2.57 0.00% 0.0000
13 gLU7|7] 0.47 0.00% 0.0000
14 2EAH| 8.65 0.02% 0.0000
15 7B MZ=Y 2,191.92 3.87% 0.0426
16 ﬁanﬁﬁgtﬁ X 3,632.55 6.42% 0.0384
17 s 5,663.13 9.83% 0.0285
18 REMH|A 10,300.61 18.21% 0.0806
19 7|Ef MH|AY 276.02 0.49% 0.0002

Az 2YeE5H(2016)

FEHGEAY 0.1185 kg/Huhd, S5A8]A 0.080 kg/HTh Yol A2

ET o] AAEL WA o wjE&Atgelgt & 4 Qlth1Y)

3. 2714 EANETY
B ATOIAE AZF AALRLASS B GARLASY v TI0g

13) g430] ‘mlA WA il E A S8 71 2 28 Z5F HEAR(2018.69
w2 439) 200) A skl e, A, AHE @ 4935t 5 AR}
AL Sl

14) Avelino(2017)= Heba9] WAL AL AH85t0] AHglo] 57
o 17] WishS st B3], S URAE, BAE, FEAL, FTYHA
5.520] 790 QI7E AAAFRA L o] 7 5718 ARG AL BA}0.5% A

AR A
]
o

> I
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ol 27182 Aot o AolE Hol=A] AHEYT. A7t H &
718 AdE AREAee] @ o 9 A BATEAS div] 2718 A
ArdAs 7S E e BAks (& 3ok Ao At Ak Aot £
d A s 1A 25A1E, S5AF, ASHAlE, 257
v, 7149, TEal A7) B AR L' w2 g HEE O
2y, 2718 AdrdAlee 4 713t ER Aol #AIE Bt AL
A7 7V w2 1A S5AEY B, 9t FUAEEE A8iud
1A 549 HFra7t o G SRl wet Ao s A7 4.0471
Tele] Aol R W, 2718 FY AERE AR, 20109
1E7]0lle A% 7HE W2 $291 4.0500 ©919] AJAkaato] o] Foiz| 1
4710l 7P =2 4.0888 T Aito] FEE . A% B A
a U4l 2718 AirEAsE AMgste] sEadE BARHE, 14 5
& A9 AT BAFERTE oA WMEsteA merd 5 Ao

A LA g 2 2718 AAREASS] 9AH7E 7 2
A dehds A 2 AR/AE G A, 1271 1L71%, 2271 -1.73%,
3271 -2.33% R 4271 1.32% A% g2 BTG-S (R D Fx). E
Agt 8l ARAE ALY 2718 BAE Al T fEe AuEnd ]
£719F 22719] 2ol -3.50%, 22719k 3% 71= -0.59%, 32712 4271
© 3.57% B 42719 12719 Aol 0.39%= FAEJATHTE (& 2) &
2). At 9 Af AGAE RIS e, AR 9T FE IR
S40] YRS W, S40] AT A B I JF AL7Ib] w2t
A mAE sanel 2717 bEA YEidte Ae QiR o]
o Zol #71E FitEre A FUAsRE Hofol 27k AE
3, 2718 AT B S718AS shefetez A, 717to] wet Afolet A

4%AL0| 2 A H o8 T2 AFQ9] HAtol| H]gf =t (A7 A8
AYAEFEEA ) [ ATPIAR LA )4 1005 B0l 71 AYAHFEA Al A
FLAFE AR A 4 HAF= F B 7Hoverestimation) 12| 2 52
4% 7Hunderestimation)E 2|0 gtc}.

15) (A7 AR A -2 71 AR A S)/ A7HAR 2 A4 100.

A7)
Al

Rl
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=7 X}

HEER TN o) | 2w | 3w | amo | o oy
1 SEFME 2.2879(2.3174|2.2773|2.2879(2.2898 | 2.2922 | 0.19%
2 HE 2.2198(2.2239|2.2096 | 2.2616 | 2.2102 | 2.2254 | 0.25%
3 SAEE 2.8966 |2.8983|2.9105|2.9075|2.8981 | 2.9036 | 0.24%
4 8 ¥ 7IENE 3.1632 | 3.1615|3.1680 | 3.1869| 3.1781 | 3.1737 | 0.33%
5 =X L F0], Q124 3.1018{3.1152 | 3.1057 | 3.1524 | 3.1395 | 3.1271 | 0.82%
6 MEHY MR FE 2.8003 | 2.75242.8487 | 2.8655 | 2.7633 | 2.8060 | 0.20%
7 SIS 3.4449 | 3.4487 | 3.4769 | 3.4752 | 3.4629 | 3.4664 | 0.63%
8 HZ2SESHE 2.9752 13.0164|2.9506 | 3.0021 | 3.0012 | 2.9901 | 0.50%
9 1%t SEHE 4.04714.0500(4.0778 |4.0872|4.0888 | 4.0773 | 0.75%
10 =5ME 3.4607 | 3.5047 | 3.5022 | 3.5056 | 3.5151 | 3.5072 | 1.34%

11 71 2 A 3.3735(3.3570|3.3753 | 3.3835| 3.4750 | 3.3975 | 0.71%
12|  ®IYEAPP|  |3.3731(3.3893|3.4000|3.3694 | 3.3951 | 3.3882 | 0.45%
13 2| 3.1105(3.0950|3.1387|3.0995| 3.1533 | 3.1219 | 0.37%
14 au| 3.4258(3.4103(3.4334]3.4479 3.4826 | 3.4442 | 0.54%
15 7B HEY 2.6694 | 2.6463 | 2.6997 | 2.7010 2.6667 | 2.6790 | 0.36%
16 |F2171A, 22 YHYI2 91| 2.7664 | 2.7493| 27972 | 2.7710 | 2.7829 2.7748 | 0.30%
17 e 2.8885 | 2.9516 | 2.9034 | 2.8966 | 2.8828 2.9063 | 0.61%
18 SEMH|A 2.7964 | 2.7863 | 2.8139| 2.8110| 2.7982 | 2.8025 | 0.22%
19 7B MBIAY 1.9964 | 1.9895 | 2.0054 | 1.9992 | 2.0054 | 2.0001 | 0.18%

(E HE AHIE 2UAHA Y] Az 2 BV wiEfEAleet Azt

SrE7E v 2718 siefdAs BAE et 97t 2 271
o W A vAEA] HiEFEATE 12 S5AF, laS3EAE,

SEAE, S5AEA 9 AA AR 208 o 1A SE5AE, HESd

AE, E5AEL, E A S 2uAHEA e EAeTH =24
UEhd A2 e S A B3 & FAE YERTH10 of2{3t 4FY

SRWASE B2 $4E B AP 124 FEAEI FEAF|T,
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NEES A
2 13 FEAES) Aok 199 AR 2] 0 428(kg/H &)l
SRR AT v, 271 RQAERE H8T 49, 197

0.3392(kg/HWH), 2271 0.3444(ke/M ), 3871 0.3434(kg/HTH)
% 4271 0.3503(kg/ M= E7E 2 T2A BAH. o] A= A
7go] F33t 2u| AR AAAE wiEFe] 2718 = Ao7E v A2
Hold,

vy

(H 4) A7t Y 2718 Z0|MHX] BiERLUAH

7] HxH7)

CE AZA oo T oo | ana | oo 75552 (B-AY

1271 | 2871 | 3871 | amal | TS0

1 SETAE 0.0474]0.0475|0.047310.0473|0.0478 | 0.0475 | 0.24%
2 BNE 0.0306]0.0303 | 0.0303 | 0.0315 | 0.0310] 0.0308 | 0.64%
3 SARE 0.0338]0.0332]0.0343]0.0339| 0.0344 | 0.0340 | 0.53%
4 28 L IENE 0.0527{0.0522 | 0.0528 | 0.0528 | 0.0541 | 0.0530 | 0.51%
5 =X 2 F0J, Q124 0.0311]0.0308 | 0.0306 | 0.0322 | 0.0327 | 0.0315 | 1.44%
6 AME MR HE 0.0275]0.0264 | 0.0281 ] 0.0289 | 0.0275| 0.0277 | 0.71%
7 SetHIE 0.0412]0.0405|0.0418|0.0414|0.0427 | 0.0416 | 1.11%
8 HE2&EEME 0.1867]0.1859|0.1870/0.1871|0.1886 | 0.1872 | 0.29%
9 Xt 2E5HME 0.3428]0.3392 | 0.344410.3434 | 0.3503 | 0.3448 | 0.57%
10 s 1 0.1366]0.1364 | 0.1384 10.1366 | 0.1444 | 0.1392 | 1.88%
11 ULIERL] 0.0922]0.0892|0.09180.0899|0.1019| 0.0932 | 1.12%
12 7] 2 HA|7] 0.0640| 0.0632 | 0.0658 | 0.0617 | 0.0672 | 0.0645 | 0.88%
13 e 0.0458]0.044410.0470|0.0442|0.0491 | 0.0462 | 0.89%
14 2SEH| 0.0769]0.0743]0.0768 | 0.0757 | 0.0835 | 0.0777 | 1.00%
15 7|t HIZEY 0.0912]0.0889]0.0918]0.0910|0.0940| 0.0915 | 0.41%
16 |88 71A, 2 2 YIS 2/{0.0725/0.0715]0.0732 | 0.0724 | 0.0737 | 0.0727 | 0.34%
17 i 0.1017{0.1021]0.1031]0.1005| 0.1040| 0.1025 | 0.78%
18 2EAMHIA 0.1195]0.1188]0.1199]0.1198|0.1201| 0.1197 | 0.16%
19 7|EF AH|A Y 0.0150{0.0147]0.0152]0.0150|0.0156 | 0.0151 | 0.66%
17) A7k vy HAE BE ARQoA &

S00AS o] 2718 S EAS 1S E R B
7h8 &AL 7HEE 7ol o L g Uehiet.



20 » SZHM H293 H25

L
=
I
T

Al oiy] ZF 2719 s &R A9 MRS v e,
A ZH|AEA] A7 EEFEAS ] 7] siEd A
52 Z4 0.02%°14 ] 10.61% HAZ HePgohE= (B 3>
, FEAE A Y A7 W& RS divl £7] WiE

7] 0.16%, 2571 ~1.28%, 3871 0.02%, 45-7] 565%
o}, o= 28719 48719 SEAIE AY 9 B4 S
HERE=re 4%, 27 wiEfdAss A7 viEs
=2 &S AARIC 9, 187]9F 387] &R
HEFIASE ARSRE AET WA S0 B3 &
FEA S 7 HES A EgE 1827]9F 28 7] Aol -1.44%,
= -1.29%, 32719} 4571+ -5.67%, 42719} 187] Ao
7HO] HE Zo| 2 Ao HRIHEE (X 4) #I3). wt
H WIUW & AT 24 Uehd SE5AE A9 49, dF
YAERE ARSI 2 Ajo|E Hol= £7199 9] Zu|A|dA] H
4 W3S metelA] %6} A HD}. &, Aol T3 2v|AHA <}

=2 e
%
f

J

jinss

%)

H
24 e
rEe
TQ

: 3
L o [

—_ 2

Hn:

N,
LT
e
5y

gt |o
b
2

H

S

L

Mool A of oft
mErIO%
j=s)
£8 8
v I
:?l:,'
in)

_

A, 2SS, FAE S5AA 9 4 AY 20
R N R E R F R L Rt E R R X
57h 7P @7 Uehe 9, qigh iSRS o] 28 wEa
A WA A, oA BAET A U ASAE AL ATt A 4
Q9] 487] WA S5 ettt =, 7} Akg] 487]0] WAIsHe o)
ARA) EFe Ad BT 2nAA WE 2Rt Uk A



AT
~
0z
rx
fufor

H
10
O
=
ra
R
=
W
30
ne
ol
=
HT
1
HI
~
UE
4m
e
=
M
2]
g
1o
=
nz
N
—

ojujgict. gHHo| 182719 3%, = ArdolA g9 e Helth

SEuet ZulAHA] B FIFE F= 892 A T4 HAS
oA felat el es FEHEL 3], U 82 FolAE
A=A o2 A= o] Sl ARG S4Y Aol 5 a9l F oft
2 7H5Ech 2 7] Aijo] mad, I AJREEL F2 457]0f
AL B5-5 Bl 2 AHUAE Fol WiEsict E5t

HEES] 2ulAHA] wiE ko] Atd o Ui HojlA o] A7)
of TAok= ZHAHAY U2 F=9] FFolut Mgt syt B4
Avgt 22 2y o2 8QldA e S it 5
(2019)0fl T2, = 2|9 51.2%7F =W 8.910]1L, 32%7t 5=
o] gelof 7|QlskAg, I Al7](12¥~39)0lE S22 7ol 70%
= gfjE= AoE R4S 14F3] 5201600 ©EH, 201449 24
oA 3Y7IA] A9] AR LAY YRS AT A3 F0] JF
39.77%°14 53.19%& B, =] 8912 15.37%C1A4] 37.10%= UHEt
AF A 9] H|AHA ] o]F

o

S
W}, Vellingiri et al(2015)= 201349 A& &
ARE B4 27 190E 7RIS AE, BF, STOREE uNHA|
FSlo] HAstY 3¥oll= S F=ollA PIAHAl FYol doldth=
AE AT FEuEre] A 1271 449 A4k S50l E
n| A HA] HfETFo] AR FAEY ¥ & A4 A= ol AYPA

= 3
—

20109 EYAZHE 7|02 A S50 mE Zu|NHA| 9] £7])E
2|

oA A7t wiE LA

18) =] A A Q] PIAHA] o A E4°(2019,9)0] wEH H=H 0 2= A
7 H1&(39.5%), AA7IA 5(15.6%), AHE2H13.5%), WAA(13.4%), FEFHH
A(9.3%) 59| %&0] 1, LB A 52H29.4%), A7) A 5(18.5%), AFAH(11.3%),
Wl 5(10.3%), EA4(9.0%) 52 &0l



}.

5

=
=

St}

9

=4 Az

tofoF

L.
T

o

dizez AA uj
7l

R

H

JrjHoz
o 54

EZ A
=
=z A
=

] A A]
] A A]

=

718 FUAERY S ARSota] ARAGE Aol o

o] 47719

EEEEREN

=]
R

T

=)

L
ju

by

A
pul

94

= ZOAHA]
, 20199 12€5-E AAA] A H2A7E Al

AT M29H X2

=]
L

]

i=]
-

2
T

HH 177190

o

2

%o Hmm@@ Mhé%ﬂﬂmﬂ%mm
N z 5 M T — X KX e
i TAEYET T AEA&E S
- F of m X oo —
~ o el oK e XX ™o
X Ak ] F = & @ & o <K
B! ﬁ]D! _ ,nArLﬁu..nm - ,__Io
T - o O mmoﬂxoﬂnqoe.ma
" wmﬁ_/%.am_xio_a%%&
~ T JF i Gl &
7o) %Eﬂduﬂﬂ q%iélnme
o 8 ﬁ_‘ ﬁf g ..mm %o m wo oy = el
il PR R EE e N PR G
i) N B S %P R Ty ok
5 ﬂﬁmoafi,tﬁﬁm_u%b
i w BEEpRoRLeRTE
- o o & a_.ﬂu_.duﬂu%
£l N @E_aﬁﬁwmaﬂwﬁﬂﬂﬁs
" J o= <. S .
i = STz we e
Ko i N B iy h ,zm__u Ml_. =0 ] QU m_.
— i 5
e N N R O R
M ﬂWALUE._.uFLW,—/._m‘o_MIﬂ:A_Iy
N i S sz.%at1_,_uuf%
o Wewsm £ -7 o T
— o) ° o i T M B oy
CLE N e X m B
Ny GG I S O -
< T o W W H NS = g P
E._ _I_l _I_l ,ﬂo OHE ,Wu.._ O_H .ﬁE ﬂ ..n_V.M ,.m_l, ﬂu‘_ m‘_lm a
,._._o Qn_ B8] .z_.a _._._._ ) _z_.E oo _._._E — ) _u_.m
™ e MW = % T T N E
o W = E ool = amp ou WA N T
"R R @ B R Mo ol ¥R m 4r

719l At

)=}

R

3%NA H1 10.61%= JEREeH, 4

1

R

3

] 2]

I
1l

ERREES:

H



’ F P
DT T wqmﬁ
L__ofaoaf%ﬂmw% mmmm
o%ﬂ@ﬂo%ﬁ.]mﬁ ﬁow_
5 o B noEL.nﬂ..mu%xi__ob B
2o EQHO,Q1%mLo;n s
}qUﬂLﬂAdl)@lﬂ_._._._nﬂZ ﬂko] L
5. w%%w%%dmzmogﬂﬂﬂommom %
— —_— [ = = o) A
2 wmaﬂm %%%Wﬂ%%uﬂz%zw@:kﬂ% "
~ Wl_“o ﬂme%_]aoﬂ =0 o ﬂan“_uu__o_._._.ko 40 o
= | o )] L_LH_._ EQIE“E mlmoLJ.ﬁ ...r‘_m =0 o K
. ~ laid X o — 7 Ko 7 L
s vy %m%w%ﬂovigﬂm};g% T £z
> U N L,|71,|1r0 __OH_.WI ﬂ.ulf =R
ol X,,Ag.l .H_._.I _.mueraOoXJ_/uA.._u_n ﬂJzAl]w_U‘nr_«l ZT.:
0 M o ) P%%lg g % X A@Mlo@uﬂ oy o
1l Oa,_on__ih_/d ua_ax,ﬂﬁrpo_uﬂaaﬂuﬁeuxo_aﬂ_.‘_]oruwwon_ = ,mu,nmv_u
I 7 Kl = o —_ — ) —
: xﬁJLrol ATP%H%AEQGﬁ%%ﬂ%%iwn,wé 22
o w.,uomL_,qo% oxhﬂ___%oﬂuwled'mo#&rn.ﬂ%%&ro ol
E P s T E g %EM}JL% W - =
El it J RO H__ﬂ_ ) S o lo ol — E_E ~ D._A ~ N
) %%Wﬂu Mwﬁeﬂa%%%w%mﬂaﬁwiqﬂ% i
.. — = = T= B mOE._H_ Z__O O_mﬂ._ﬂolﬂno = =
) ML %%mﬁuw1ﬂ S wp M I o B S R
m.w multxmlﬂ qﬁﬂtﬂkx.mﬂ@moFWboﬂ_aﬁmxﬂawﬂmUxL WM,&
0 A tlo__xLMW%ﬁ.mg: TEEN L S 5
3l M%&V oﬂom_u;ou,mu}dlﬂ mH_H_Q.ﬂoo_,T SH
% = ;omomgﬂﬁmhﬂ m_ET%,q,aﬁ 5
o o_‘_ﬂ]ﬂu m.%mem&omunﬁmreﬁmﬂﬁ_.}‘_ﬂ{muﬂA,_%i B
= Hs e B wwﬂﬂd&%%oaw_wﬂw@ﬁam:ﬂ% % =
&l — X _]]é = % X Vo !
= om_meo_a ,_moxbxxmwme7EOM&LiEPLmW&Eu]Woa L
o o B A 1mﬂuxﬂ%m¢tx%7]%ﬂlL 5B
iy ;mmmq%nﬂgﬁﬁmgxyﬂmw 2 7
~a ].I.I T — [l
i W o R DT e < S m o ° o
e %ﬁE%%qaia%ﬁ%%%ﬂﬁ%ktﬁﬂ%%ta
= T oor ol 9 Gl T — ﬂ.}e ° X SE
IH ZL,mw_.l_xﬂH.ulll..rbl,ﬂﬂvu. o =
B u_._._.mﬂg%_x = oo X T
T oy T o
= ™ 2n o BT T 5
H _A‘._f.A .m,”
,z,_dlﬂﬂﬁ
o



24 . SAYM 293 M2

, 2019, T55ot FAZolE g7 LAEH FAF5A(LTP) 29F B
TA, A 2 E s,

= 3] APg A, 2019, THIAEA] S AFD A, A 3] A A,

A& B2, 2019, HAHA Q] A FE B4 |9E v ETF} A 7|5 i &7, (o=t
A G7EErs] A 5, 31(1), pp.101-122.

%3] JH - L-gA - oA - 8FE S, 2016, 20149 2€ A29] 1L u|AHA] 7]k
Sl CMAQ-DDM< ©]-83t =i 9] 7|0 84" "=t 7|84 8t3] 4], 32(1),
pp.82-99, DOIL: 10.5572/K0SAE.2016.32.1.082.

Hheoff - ATAAY, 2017, “FH9] Z2HIAHA|(PM,5)9] FFRUEA: SF= LT AEA
IS FHoR,” "AAA,, 25(1), pp.227-248, DOIL: 10.15301/jepa.2017.
25.1.227.

UG- AT, 2009, ‘A FAAAARE o] &3t F
§3]=14];, 10(6), pp.1361-1368.

3 - A AT, 2002, A&7 B7HE AR A1 ABE - A 2P S AT

(1)1, (AFEIA]; 2002-RE-01), A& SH=eh4 A A - 57} 1Y,

H=RE9E3], 2010, " FEUSE, AL TR EE

29, 2014, "20109 AFA AT, AL 2.

735, 2018.6.28., “MIAHA] theRil &AM} &8 X 24l A3 HEAE.

Avelino, A. F. T., 2017, “Disaggregating input-output tables in time: The temporal

L
5‘3‘
£
i)

A% AYEA, TSR]

o

roll roll

e

input-output framework,” Economic Systems Research, 29(3), pp.313-334,
DOI: 10.1080/09535314.2017.1290587.

Donaghy, K. P., N. Balta-Ozkan, and G. J. D. Hewings, 2007, “Modeling unexpected
events in temporally disaggregated econometric input-output models of
reiognal economics,” Bconomic Systems Research, 19(2), pp.125-145, DOIL:
10.1080/09535310701328484.

Galbusera, L. and G. Giannopoulos, 2018, “On input-output economic models in
disaster impact assessment,” /nternational Journal of Disaster Risk Reduction,
30, pp.186-198, DOL: 10.1016/j.ijdrr.2018.04.030.

Guan, D., X. Su, Q. Zhang, G. Peters, Z. Liu, and Y. Lei et al., 2014, “The socioeconomic
drivers of Chhina's primary PM2.5 emissions,” FEnvironmental Research
Letters, 9, 024010, DOL: 10.1088/1748-9326/9/2/024010.

Holy, V. and K. Safr, 2020, “Disaggregating input-output tables by the multidimensional
RAS method,” arXiv:1704.07814, Retrieved from https://arxiv.org/pdf/1704.
07814.pdf.

Huo, H., Q. Zhang, D. Guan, X. Su, H. Zhao, and K. He, 2014, “Examinging air

pollution in China using production-and consumption-based emissions



7| it EE0| DMK BIERLUET BM: 27|E FUMSDH| Y - 25

AT

accounting approaches,” Znvironmental Science and Technology, 48,
pp.14139-14147, DOI: 10.1021/es503959¢.

Meng, J., J. Liu, Y. Xu, D. Guan, Z. Liu, and Y. Huang et al., 2016, “Globalization and
pollution: Tele-connecting local primary PM,s emissions to global
consumption,” Proceedings of The Royal Society A Mathematical Physical
and FEngineering Sciences, 472(2195), 20160380, DOI: 10.1098/
rspa.2016.0380.

OECD, 2016, The economic consequence of outdoor air pollution, Paris: OECD
Publishing.

Olshansky, R., L. Hopkins, and L. Johnson, 2012, “Disaster and recovery: Processes
compressed in time,” Natural Hazards Review, 13, pp.173-178, DOL: 10.
1061/(ASCE)NH. 1527-6996.0000077.

Stone, R. A. and A. Brown, 1962, A computable model of economic growth, London:
Chapmand and Hall.

Vellingiri, K., K. H. Kim, C. J. Ma, C. H. Kang, J. H. Lee, and I. S. Kim et al., 2015,
“Ambient particulate matter in a central urban area of Seoul, Korea,”
Chemoshpere, 119, pp. 812-819, DOIL: 10.1016/j.chemosphere.2014.08.049.

World Economic Forum, 2018, The global risks report 2018, (13th Ed.), Geneva:
World Economic Forum.

Wu, L., Z. Zhong, C. Liu, and Z. Wang., 2017, “ Examining PM, 5 emissions embodied
in China's supply chain using a multiregional input-output analysis,”
sustainability, 9, 727, DOI: 10.3390/5u9050727.

Yang, S. and B. Chen, 2017, “Driving forces of particulate matter emissions in
China,” Energy Procedia, 105, pp.4601-4606, DOI: 10.1016/j.egypro.2017.
03.995.

SIS 77 LG EA wiEsF AH| A, http://airemiss. nier.go.kr/mbshome/
mbs/airemiss/index.do, [2018.7.2]

Health Effect Institute, 2017, https://www.stateofglabalair.org, [2018.9.4]



M 293 H23

Ju

[=]
T

E 1) G2t o] 2718 MUFEA S it

(9] %)
MUZF =
1271 27| 37| 45|
1 SEHNE -1.29% 0.46% 0.00% -0.09%
2 HE -0.19% 0.46% -1.89% 0.43%
3 SAEE -0.06% -0.48% -0.38% -0.05%
4 d% H 7I=HSE 0.05% -0.15% -0.75% -0.47%
5 =X A F0, Q14 -0.43% -0.13% -1.63% -1.22%
6 ME A MR ME 1.71% -1.73% -2.33% 1.32%
7 SISHIE -0.11% -0.93% -0.88% -0.52%
8 Ha4d=mE -1.38% 0.83% -0.90% -0.87%
9 1% 2585 -0.07% -0.76% -0.99% -1.03%
10 Eadl=t -1.27% -1.20% -1.30% -1.57%
" 714 & | 0.49% -0.05% -0.30% -3.01%
12 H7| A HR)7 -0.48% -0.80% 0.11% -0.65%
13 FE7171 0.50% -0.91% 0.35% -1.37%
14 25| 0.45% -0.22% -0.64% -1.66%
15 7Bt A 0.86% -1.14% -1.18% 0.10%
16 |84, =232 H7IE 2|  0.62% -1.11% -0.16% -0.60%
17 - -2.18% -0.52% -0.28% 0.20%
18 2EAH|IA 0.36% -0.63% -0.52% -0.07%
19 7 |Ef AfH| A 0.34% -0.45% -0.14% -0.45%




(H 2) 27|12 Qe Hat
(E491: %
Mejma =

1227 | 2327 | 3427 | 4127
1 SHFME 1.73% -0.46% -0.09% -1.21%
2 ME 0.65% -2.36% 2.28% -0.62%
3 AeE -0.42% 0.11% 0.32% -0.01%
4 4% A V=S -0.20% -0.60% 0.27% 0.52%
5 =X & F0], 214y 0.30% -1.50% 0.41% 0.77%
6 MEHE MR HE -3.50% -0.59% 3.57% 0.39%
7 SfstilE -0.82% 0.05% 0.35% 0.41%
8 HE4E=HE 2.18% -1.74% 0.03% -0.51%
9 1% S&5HE -0.69% -0.23% -0.04% 0.95%
10 L= 0.07% -0.09% -0.27% 0.30%
" 71H 2 EH| -0.54% -0.25% -2.70% 3.40%
12 7| 3 X7 -0.32% 0.90% -0.76% 0.17%
13 7 -1.41% 1.25% -1.73% 1.85%
14 2EEH| -0.68% -0.42% -1.01% 2.08%
15 7|EF MIZH -2.02% -0.05% 1.27% 0.77%
16 | I, 22 HHIZ 9| -1.74% 0.94% -0.43% 1.21%
17 - 1.63% 0.24% 0.47% -2.39%
18 ZEMHIA -0.99% 0.10% 0.45% 0.43%
19 7|Et MH|A ¢ -0.80% 0.31% -0.31% 0.79%




28

34A

AAHM M29H H22

(E 3) ¢zt O] 271E WS RLH s Xt
(21: %)
Mejma =
=) 27| 27| 47|

1 SHFME -0.21% 0.15% 0.04% -0.91%
2 ME 1.05% 1.01% -3.11% -1.50%
3 AeE 1.78% -1.39% -0.47% -1.81%
4 4% A V=S 1.06% -0.15% -0.21% -2.58%
5 =M = Z0[, 21 0.84% 1.61% -3.41% -b.24%
6 ME MR HIE 4.11% -2.15% -5.05% 0.15%

7 SfstilE 1.68% -1.53% -0.49% -3.72%
8 HE4E=HE 0.41% -0.18% -0.21% -1.01%
9 1% S&5HE 1.05% -0.46% -0.16% -2.19%
10 L= 0.16% -1.28% 0.02% -5.65%
" 71H 2 EH| 3.17% 0.41% 2.44% -10.61%
12 7| 3 X7 1.19% -2.78% 3.50% -5.06%
13 7 3.01% -2.711% 3.43% =-7.19%
14 2EEH| 3.42% 0.10% 1.53% -8.56%
15 7|EF MIZH 2.45% -0.66% 0.14% -3.12%
16 |TE A, = H IVIZ 9 1.37% -1.08% 0.08% -1.77%
17 - -0.42% -1.35% 1.21% -2.31%
18 ZEMHIA 0.58% -0.36% -0.28% -0.50%
19 7|Et MH|A ¢ 2.46% -1.20% 0.00% -3.59%




(9] %)
MUZF =7

1,227 2,3%7| 3,427 4127
1 sEUSE 0.36% -0.11% -0.95% 0.69%
2 HE -0.03% -4.16% 1.55% 2.51%
3 SAEE -3.22% 0.91% -1.33% 3.52%
4 d% /=N -1.23% -0.06% -2.37% 3.55%
5 =X H S0, Q14 0.78% -5.10% -1.77% 5.77%
6 ME A MR ME -6.52% -2.85% 4.95% 3.97%
7 SISHIE -3.26% 1.03% -3.21% 5.20%
8 HE&E=HE -0.59% -0.03% -0.80% 1.41%
9 1%t 2585 -1.52% 0.29% -2.03% 3.17%
10 Eadl=t -1.44% 1.29% -5.67% 5.50%
" 714 & | -2.85% 2.04% -13.38% 12.46%
12 H7| A HR)7 -4.02% 6.11% -8.88% 5.95%
13 2717 -5.90% 5.98% -10.99% 9.52%
14 25| -3.43% 1.43% -10.25% 11.03%
15 7Bt A -3.18% 0.80% -3.26% 5.39%
16 |74, =2 2 H7IE Q| -2.48% 1.15% -1.86% 3.08%
17 a4 -0.92% 2.52% -3.56% 1.856%
18 2EAH|IA -0.94% 0.08% -0.23% 1.07%
19 7 |Ef AfH|AY -3.75% 1.18% -3.59% 5.84%

7

'EI-’.-_‘-Z Cornell Universityoﬂ/\ﬂ Regional Science BIAFSHE #E3H & AR A5t
BAARE I FEAFT A Y- FEAS 1 2 AL ATY AR
:rL'?:J_ 2 A7 Foloh. 8 TAlEok= EA] E A AAGAS, S EA, A QA

ZF olma Exg it B4 U CGE 270 dho|tHeuijune@snu. ac.kr).

}=J|:I

=59 University of Illinois, Urbana-Champaign®}|A4] Economics@} Applied Mathematics
RIS HSET T, A A2l AR A 9P oA TS =
Eol9th F8 WAEok= AGAHAE, AT D AAl =A%, 222 vlAEA| FO]
CHepret96@snu.ac.kr).

T 10 22021401 29Y
A Ab Q20213 02 04
ATEEY: 2021 028 21






pibeoal "SI H293 H2S 2021. 6: 31-58

DOI http://dx.doi.org/10.15301/jepa.2021.29.2.31
pISSN 1598-835X  elSSN 2714-0601

A Cost—Benefit Analysis for Extraction of
Atmospheric Water by Direct Cooling in South Korea

et 21 dziof| Qs ti7| X1 FE2| HIE T 24

Fatemeh Yektaie - Byung Seol Byun™
E{O| IHE|O} - HHA

—o=

Abstract: In this study, the aim is to first determine the atmospheric water potential, as a
sustainable water resource, in the six major cities of South Korea. Thus, a cost-benefit
analysis was performed to assess the economic feasibility of atmospheric water in three
scenarios: Inbound, Outbound, and Hybrid. The findings from the empirical results show
that all six South Korean cities had a positive net present value (NPV) less than a year after
the use of air water generator (AWG) devices in Inbound and Hybrid scenarios. Finally,
considering the drinking capacity of atmospheric water, this study examined the potential
reduction in CO; emissions through a reduced consumption of water bottles. The results
show that using a single AWG device will reduce on averagethe consumption of
5421.5-liter water bottles in a five-year period , equivalent to 135.76 Kilograms of GHG
emission reduction.

Key Words: Atmospheric Water Harvest, Sustainable Water Management, Renewable Water

Resource, GHG Emission Reduction, Cost-Benefit Analysis
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l. Introduction

Water is considered a vital factor for the life of human beings and
other organisms on the planet earth. Despite the abundance of water
on earth (71% of the earth’s surface), only a tiny portion consists of
freshwater, whereas the significant part (96.5%) is held within the
ocean as saline water (USGS, 2021). Unfortunately, water resources
have been threatened seriously by population growth, urbanization,
and water stock overuse. Moreover, climate change caused by
excessive carbon emissions from human actions aggravates the
shortage of water resources (Hoff, 2009; Vorosmarty et al., 2010).

Considering the unsustainability of the global water system, the
enhancement of the existing water resource management and finding

alternative freshwater recources are urgent. A sustainable water
system promotes the coordinated development and management of

water, land, and related resources. Furthermore, it leads to economic
and social welfare equitably without harming the biosphere stability

(Kim et al., 2018; Loukas et al., 2007).
The surrounding atmosphere of the earth contains a high

proportion of renewable water (approximately 13,000 km’ which can
The amount of this

be used as a new freshwater resource.
atmospheric water reservoir exceeds the amount of the total

freshwater in rivers, marshes, and wetlands in the world. More
specifically, in most places of the earth, one square kilometer of
atmospheric air contains 10,000 to 30,000 m’ of pure water. The
atmospheric water is mostly (98%) in vapor form and the remaining

2% in liquid (cloud droplets and fog) form, which can be considered

as a sustainable freshwater source. Although it is easier to collect the
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liquid form, its low occurrence rate limited to specific coastlines
makes it a less accessible resource rather than the vapor form
(Beysens and Milimouk, 2000). While numerous studies were
conducted to study various extraction methods in the past decades,
a straightforward extraction method is direct cooling in which energy
is actively consumed to cool down the humid air below its dewpoint.
In this method, vapor condensation happens, consequently, as a
result of exceeding the moisture saturation capacity of the chilled air
(Gido et al., 2016). Notably, water extraction from the air is
considerably affected by ambient temperature and relative humidity
(RH). As an example, the dew temperature of the air at 20°C and 80%
relative humidity is 18°C while the dew temperature falls to 10°C if
the RH is only 25% (Beysens and Milimouk, 2000). Therefore, the
metrological features of a region play a fundamental role in the
feasibility of using atmospheric water as a sustainable water source.

Furthermore, based on previous water analysis which compares the
features of tap water, distilled water and sky water in Sydney, it can
be concluded that the atmospheric water possesses high quality and
can be treated easily to achieve the potable water quality standard
regarding PH and electrical conductivity (Milani et al., 2014). As this
study showed, sky water (5.50) possesses a lower PH, compared to tap
water (7.4) and distilled water (5.90), and has acidic characteristic and
needs to be neutralized before use. In case of water electrical
conductivity, sky water (0.23 mS/m) has a comparable conductivity
with distilled water (0.40 mS/m) but a very low conductivity compared
to tap water (39.5 mS/m) (Milani et al., 2014). Electrical conductivity
(EC) is a measure of dissolved solids in water that enables it to

transmit current. Based on WHO standards a range of 0-40 mS/m is
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considered as the good drinking water for humans (Meride and
Ayenew, 2016). Therefore, atmospheric water has great potentials to

be used as a sustainable potable water resource as well.
In this study, the aim is, first, to determine the atmospheric water

potentials, as a sustainable water resource in six cities of South Korea
(Seoul, Incheon, Daejeon, Daegu, Busan, and Jeju Island). Second, a
cost-benefit analysis is performed to assess the feasibility of this
method economically in three different scenarios (Inbound, Outbound,
Hybrid). Third, considering the drinking capacity of atmosphere water,
the potential CO, emissions reduction through less consumption of
water bottles is examined. Finally, based on the empirical finding, this
paper recommends a need for policymaking regarding the usage of the

atmospheric water resource management in South Korea.

[1. Background Studies

1. Drinking Water Bottle Carbon Footprint
Carbon emission is defined as the total greenhouses gases (GHG)
emissions released into the atmosphere which is expressed as carbon
dioxide equivalent. Based on Choi et al. (2017), a 1.5-liter water bottle
creates 250 grams of CO;. In other words, a household consumes 800
bottles of drinking water per year, which creates 160 kg CO, emission.
The CO, emission is quantified based on polyethylene GHG emissions
in a 1.5-liter water bottle production process, and the transportation-

related emission is excluded. {Table 1) shows the carbon emission for
a single 1.5-liter bottle and the total worldwide amount of bottled

water as well as its share from the total CO, emissions.
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(Table 1) The carbon emission for different water bottle quantities
(Boucher et al., 2019, Corp, Dormer et al., 2013, Zheng and Suh, 2019)

Category CO; emission
1.56-liter bottle 250 Grams
Total bottled water 80 Billion Kilograms
Total bottled water from total CO; emission 0.21%

2. Atmospheric Water Potential in Korea

Water extraction from the air is notably affected by ambient
temperature and relative humidity (RH) (Beysens and Milimouk, 2000).
The Air-Water-Generator (AWG) devices can operate in a wide range
of ambient temperatures approximately between 10~43°C and at
relative humidity as small as 28% (AW solution Inc., 2021). However,
higher relative humidity values enhance the AWG device efficiency.
Relative Humidity (RH) is the ratio of the actual water vapor pressure
to the saturation water vapor pressure at the prevailing temperature.
In other words, the amount of water vapor present in the air is
expressed as a percentage of the amount needed for saturation at the
same temperature. At dew point temperature, the actual water vapor
content of the air is equal to the saturation water vapor pressure. If
the air is gradually cooled while maintaining the moisture content
constant, the relative humidity will rise until it reaches 100%.
Therefore, in dew point temperature, the moisture content in the air
will saturate the air, and if the air is cooled further, some of the
moisture will condense (Beysens and Milimouk, 2000).

(Figure 1) shows the yearly mean metrological data from 2013 to
2018 for six major cities in Korea. In addition, based on Korean
statistical organization data in KOSIS (2021), we found that the yearly

air temperature is in a range between -17.8 to 39.6 in Seoul, -17.1
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to 35.9 in Incheon, -17 to 39.4 in Daejeon, -13.9 to 39.2 in Daegu,
-10.2 to 36.4 in Busan and -5.8 to 36.7 in Jeju Island. The average
six-years minimum RH varies from 57% in Seoul, 65.3% in Incheon,
67.2% in Daejeon, 55.8% in Daegu, 56.1% in Busan and 70.12% in Jeju
Island. The relative humidity in all six cities is over 55.8%, which is

quite favorable for AWG devices.

(Figure 1) Yearly air temperature and relative humidity from 2013 to 2018 for six
cities in Korea (KOREA, 2021)
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3. Atmospheric Water Generator Model

(Figure 2) clarifies the process of generating freshwater from
atmospheric water through the following steps: (1) air purification, (2)

dehumidification, and (3) water purification.

(Figure 2) The process of generating drinking water using AWG
(AW solution Inc., 2021, p.4)
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In step (1), all air pollutants such as dust, dirt, small particles are
removed thoroughly in a way that only pure air passes into the AWG.
In stage (2), the purified air passes through the channel of the heat
exchanger and cooler. In the dew point state, the condensation
process occurs, and liquid water is collected. In step (3), the water is
directed into a multi-level filtering process intending to remove
impurities and add minerals while sustaining freshwater taste. In the
last step, the water with high quality is stored in a built-in or external
tank. Previous Literature suggested that Membrane Bioreactors (MBR)
are efficient in microbial removal without the need for disinfection
(Pidou et al., 2007). We will discuss the operational cost of the total

heat interaction on the energy consumption of AWG devices.

4, Literature Review on Atmospheric Water

Relevant previous 3. Atmospheric water potential in Koreaon
worldwide usage of AWG device for drinking water is described in
Figure 3. In terms of the input data, the previous researches wrote by
Gido et al. (2016), the proposed paper, Asiabanpour et al. (Asiabanpour
et al., 2019; Moghimi et al., 2021), and Salehi et al. (2020) studied the
atmospheric water generation by using collected data such as RH,
temperature and Dewpoint. In terms of outputs data such as MHI,
Energy consumption, Cost of water, NPV each paper results is shown

in (Table 2), respectively.
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(Table 2) Relevant previous literature on usage of atmospheric water
Author(s), YoP' Inputs Outputs SD*, CPoR’ RS*

MHI, Energy consumption,
RH, Temperature, | Cost of water, NPV, CO; re-| 6 cities Korea—

The proposed paper and Dewpoint | duction, Bottle reduction, 2014~2019 Quantiative
Generated water
Gido et al. (2016) RH, Temperature, | Energy consumption, Cost | 30 cities world quantitative

and Dewpoint | of water, Generated water | wide-2005~2014

Asiabanpour et al. (2019), | RH, Temperature, | Energy consumption, NPV, San Marcos, 2019 | quantitative

Moghimi et al. (2021) and Dewpoint Generated water
. RH, Temperature,|  Energy consumption, 30 cities world .
Salehi et al. (2020) and Dewpoint Generated water wide—-1981~2017 Review

'Year of publication (YoP) * Sample data (SD) ° Corresponding period of research (CPoR)
“Research methodology (RS)

The proposed paper outputs the result related to CO; reduction and
the number of bottle reduction, which enable the proposed paper to
not only shows the net present value (NPV) of costs (capital, and
operational but it also indicates the benefits (generated water) based
on a financial assessment that show the sustainability effect of using
atmospheric water as a source for drinking water in the household
scale in Korea.

Moisture Harvesting Index (MHI) indicates the proportion of the
energy consumed for the water condensation method to the total
energy consumed in the cooling of the condensable as well as the
incondensable gasses in the air bulk. The total heat interaction in the
condensation process (q) is calculated by the sum of the sensible heat
and the latent heat whereas sensible heat is associated with the
temperature change of the air and vapor, and the latent heat is
associated with the vapor enthalpy of condensation. The paper wrote
by Gido et al. (2016) suggested the Moisture Harvesting Index (MHI)
for facilitating the assessment of moisture harvest potentials as well

as process efficiency and cost-effectiveness (Gido et al., 2016). In a
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steady-state situation, the portion of the latent heat out calculated by

dividing the enthalpy of condensation, £N T . by q. This quotient
is designated MHI,

ENT,, .
MHI = % (1)

lll. Research Methods

This section describes various categories of added costs and
benefits considered in this study. Five years is considered for the life
cycle analysis. Moreover, multiple correlation analyses were
performed to identify influential factors that make usage of AWG
more economically viable. Three types of scenarios are chosen in this
study to perform a cost-benefit analysis for inbound, hybrid, and

outbound atmospheric water (Table 3).

(Table 3) The assumptions for AWG’s scenarios specifications

AWG's AWG's Installation Expected Expected
scenarios location Temperature RH

Inbound Indoor 22°C Inside RH~Outside RH
Outbound QOutdoor Outside Outside RH

Temperature
. Mixed Indoor and . .
Hybrid Outdoor Highest Value Outside RH
1. Inbound

In the Inbound scenario, AWG is installed inside the residential unit

where the temperature is fixed at a specific range between 19°C and
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25°C. In this paper, an average temperature of 22°C is considered as
the Inbound scenario constant temperature. Furthermore, Inbound
temperature is used to calculate the water content generation and
energy consumption by AWG based on Equations (10-14). Finally, a
total added cost and benefit of Inbound scenario is calculated using
Equations (10-14).

2. Outbound

In the Outbound scenario, AWG is installed outside the residential
unit where the temperature varies based on the environment
temperature. In this paper, the average environment temperature and
humidity for six major Korean cities are considered as the Outbound
scenario temperature and humidity respectfully. Furthermore,
Outbound temperature and humidity is used to calculate the water
content generation and energy consumption AWG based on Equations
(10-14). Finally, a total added cost and benefit of Outbound scenario
is calculated using Equations (10-14).

3. Hybrid

In low temperatures, the AWG device is not economically efficient.
In the hybrid scenario, AWG is installed outside the residential unit
when the temperature is in the expected range of working for
devices, whereas AWG is installed inside the residential unit when the
outside temperature is in lower than expected range as described in
Equation. (2). WGP, denotes as the water generated product using
a hybrid scenario, whereas WGP- and WGP, denote as the

water generated product using Inbound and outbound scenarios.
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Therefore, a combination of Outbound and Inbound temperature is
used to calculate the water content generated based on Equations
(10-14) and energy consumed by AWG based on Equations (10-14).

WGP WGPy, < WGP~

WEPy =\ wap,,, WGPy, > WGP- @

1) Added Costs

The added costs include capital, operational, maintenance, and
repair costs. This study compares the cost of the water from the AWG
to the cost of purchasing an equivalent amount of water in bottle
freshwater, Inbound AWG, Outbound AWG, and hybrid AWG
scenarios. water bottles that are available in convenience Korean
stores for 2.14 USD per 10 liters (Chang et al., 2017). The net present
value (NPV) of costs (capital and operational) and benefits (generated
water) is used for a financial assessment. This study compares the
cost of the water from the AWG to the cost of purchasing an
equivalent amount of water in three different scenarios. The
estimated AWG system's useful life is 25 years (Asiabanpour et al.,
2019; Moghimi et al., 2021).

2) Capital Costs

Capital costs include the purchase and installation costs of
treatment AWG units. Selected AWG provides water storage (tanks),
cooling system for vapor collection, atmospheric water deacidification,
and microorganism filtering membrane. The initial cost of a

commercially available A type of the AWG system including tax and
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shipping cost: 2,000 USA Dollars (USD) and the expected installation
cost of treatment AWG unit is 100 USD (Asiabanpour et al., 2019).

3) Operational Costs

Operational costs include the repairs and energy costs and
maintenance (e.g., filter exchange) for the selected five vyears.
Maintenance and repair costs for the AWG, including filters exchange,
estimated to be 100 USD /year in Korea (Asiabanpour et al., 2019;
Moghimi et al., 2021).

Energy costs calculation. The total heat interaction in this process
(g) is calculated by the sum of the sensible heat, associated with the
temperature change of the air and vapor, and the latent heat

associated with the vapor enthalpy of condensation (Vordsmarty et al.,
2010).

(Table 4) Notation list for AWG energy costs calculation

Notation Description
Z) Yearly total heat interaction
q Total heat interaction
Qsensebile Sensible heat
Qiatent Latent heat
M Mass of the air
C Specific heat
Ty Environmental Temperature
Thew— point Dew Temperature
Af Difference between ambient and dewpoint temperature
ENT,,, Air Enthalpy
ENT, ipor Water vapor Enthalpy
wac,, The water content of air
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(Table 4) shows the notations with their descriptions used to

estimate the costs of energy consumption (3~8) at home in Korea.

. 1 20219 % 24 G
Q= ——arrioon q 3

5 X356 <24 k=2014j=1i=1
9 = G sensebile + Qiatent (4)
sensible = MCAQ where, N =T, .. — Tp,, point (5)
Qatent = ENT,, + ENT,,,, ©)
ENT =1.007(7) — 0.026 ?7)
ENT = WGC,;, (2501 +1.84(7)) ®)

(Table 5) The AWG specifications and cost in Korea
Types Usage Price Water Generation Capacity

A Home 2000 USD 15~20 L/D

B Building 15000 USD 450 L/D

C Large Area 250000 USD 3120L/D

(Table 5) shows AWG specifications and cost in Korea, where Type
A is the one for household scale. Moreover, this paper provides
additional findings regarding cost such as AWG average daily energy
consumption, average local energy price and Korea average inflation

rate as follows,

* AWG's average daily energy consumption is 10.25 Kilo Watt per
Hour (KWH) to generate room temperature water.

® AWG energy increases by 25% to convert inbound water's temperature
to cold water.

® AWG average daily energy is 10.25x1.25= 14.06 KWH to generate

cold water.
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® The average local energy price is USD 0.113/KWH (KOREA, 2021).
® Korea average inflation rate is 1.8% (KOREA, 2021).

The EWA technology can be adjusted to any required capacity up
to 1,000 m*/d.

In this study, the direct benefit is considered as the value of
purchasing bottle water. In another word, the direct benefit of
atmospheric water generation is to lower household costs for drinking
water by using a decentralized cost-efficient sustainable alternative.
Once the AWG devices are widely used in a city, the need for
high-quality water treatment site as well as potable water pipelines
and infrastructure is withdrawn from the water distribution network.
Besides, an indirect benefit estimated in this study is the amount of
plastic bottle 2 reduction. As shown in Table 5, the AWG specifications
and application differs from the household (Type A) to the building
(Type B) and Large Area (Type C). In this study, the household (Type
A) is used as a reference which accounts for a daily average between
15 and 20 liters of water generation in a 10°C and 35°C range of

ambient temperature.

(Table 6) The notations used to estimate the costs of scenario (1) and (2)

Notation Description Value
E. e Energy cost (KW.H) in the base year 5.61 USD
E. _,.c |Average yearly inflation ration 0.018
CcCPC The capital cost of devices 1500 USD
P, Average benefits from generating AWG water in year-i Varied
C AWG system energy consumption Varied
R Energy rate in the base year Varied
F Average energy inflation rate Varied
WGP Amount of water generated in year-i Varied
MVW The market value of water in the base year 0.214 USD
AAOC  |AWG system operation cost 215 USD
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(Table 6) shows the notations with their descriptions and values
used to estimate the costs of scenario (1), (2), and (3) in the
household scale in Korea. The present value for each year calculated
and shown in the results section considering all energy-saving
benefits and investment cost (KOREA, 2021).

Benfit for year i = (P;— O)x Rx (1+ F)" ! (9)

The breakeven point for each scenario is calculated by equation 2.
Net Present Value (NPV) method considers the difference between the
total discounted benefits minus the total discounted costs. Projects
with positive net benefits are considered to be viable and a project

with a lower NPV is measured to be less lucrative.

NPV= N PV|wePx mvwx (1 +E._,,.) ] (10)

i=1

—(cPc+ N Pv[aa0c+ EXE,,, <1+ E._,..) ]

i=1

In other words, the higher the NPV, the greater the calculated
benefits of the project. Besides, PV is Present Value, and n is the first
year that the NPV equation sign turns from negative to positive.

Payback Period. This is the period required for the total discounted
costs of a project to be surpassed by the total discounted benefits. The
payback period of an AWG device is calculated through cumulative
discounted benefit and cost for five-consecutive-year. The year that the
cumulative benefits exceed the cumulative costs is the payback period
year of the project. In other words, the year following the project

payback period net profits or benefits of the project could be exploited.
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Carbon footprint analysis. The total Carbon emission for drinking
water bottles (TCE) is calculated using Equations (11-12) by the sum
of the daily carbon emission created by daily total drinking water
bottle (TB) used by citizens (Chang et al., 2017; CU Co., 2021; Salehi
et al., 2020).

2019 12
TCEcity = Z Z TBcity,i,j X UCEX 30 (1 1)
1=2014j=1
WCci ,year, month
TBcityAyeaTAmonth = “/11/5 ' : (12)

IV. Results

(Table 7) shows the monthly assessment of MHI and energy
consumption for atmospheric water potentials based on the given

metrological data for six major cities in Korea.

(Table 7) The monthly assessment of MHI and energy consumption in Korea

Month | AV. 5 year AV. 5 year Ao SYEET Energy
. . mean dew .
City of the | mean Rel. |mean air temp. ci consumption | MHI
year | humidity (%) (°C) P ) - (KW.H/L)
Jan. 52.40 212 11.18 N/A¥ N/A
Feb. 52.40 0.26 9.22 N/A N/A
Mar. 52.60 7.12 2.96 N/A N/A
Apr. 55.20 13.66 3.42 2.08 0.42
May 56.60 19.02 8.96 0.97 0.44
Seoul
Jun. 63.20 23.34 15.08 0.59 0.51
Jul. 72.60 26.56 20.74 0.37 0.58
Aug. 69.40 26.84 20.16 0.44 0.58
Sep. 62.40 22.24 13.94 0.61 0.50
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Oct. 60.00 16.34 6.94 0.89 0.46
Nov. 60.40 7.62 0.32 N/A N/A
Dec. 55.40 0.52 9.02 N/A N/A
Jan. 63.80 1.60 7.92 N/A 0.61
Feb. 64.60 0.38 6.02 N/A 0.52
Mar. 69.00 6.30 0.36 N/A 0.51
Apr. 70.00 12.36 6.14 0.66 0.52
May 73.60 17.36 11.82 0.40 0.55
Incheon Jun. 81.00 21.72 17.82 0.23 0.60
Jul. 87.80 25.38 22.94 0.14 0.66
Aug. 83.80 26.24 22.86 0.21 0.64
Sep. 75.00 22.18 16.98 0.34 0.58
Oct. 70.20 15.52 9.56 0.46 0.51
Nov. 68.80 8.08 2.14 1.35 0.52
Dec. 63.60 0.20 6.36 N/A N/A
Jan. 46.80 3.76 7.46 N/A N/A
Feb. 50.20 5.22 5.28 N/A N/A
Mar. 58.20 9.64 0.92 N/A 0.41
Apr. 64.00 14.62 7.04 0.76 0.48
May 67.20 18.72 11.82 0.52 0.52
Busan Jun. 77.00 21.42 16.92 0.27 0.58
Jul. 82.60 25.36 21.92 0.21 0.64
Aug. 77.20 26.58 21.92 0.28 0.61
Sep. 74.80 22.44 17.40 0.32 0.58
Oct. 66.60 17.84 11.10 0.51 0.51
Nov. 60.20 12.34 4.14 1.27 0.46
Dec. 50.20 5.60 5.60 N/A N/A
Jan. 51.00 1.02 9.10 N/A N/A
Feb. 49.00 3.18 7.66 N/A N/A
Mar. 52.40 8.96 1.96 N/A N/A
Apr. 55.20 15.14 4.32 1.83 0.40
May 53.20 20.58 9.08 1.22 0.44
Daegu | Jun. 3.20 23.32 14.84 0.62 0.51
Jul. 70.60 26.92 20.40 0.42 0.58
Aug. 72.40 26.48 20.40 0.39 0.58
Sep. 72.60 21.50 15.74 0.38 0.56
Oct. 68.20 15.86 9.16 0.55 0.50
Nov. 63.60 9.34 1.70 2.41 0.47
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Dec. | 54.00 2.48 6.86 N/A N/A

Jan. | 65.00 6.26 0.08 N/A N/A

Feb. | 64.20 5.66 1.02 N/A N/A

Mar. | 6460 9.80 278 135 0.47

por. | 6820 14.94 8.20 061 0.51

May | 68.60 18.86 12.20 0.49 0.52

[ an | 7860 22.08 17.76 0.26 0.59
Je 83.00 26.38 23.04 0.20 0.64
Aug. | 80.80 26.76 22.90 0.24 0.63

Sep. |  77.60 22.94 18.54 0.27 0.60

Oct. | 70.00 19.28 13.40 0.41 0.55

Nov. | 7060 12.52 6.68 0.53 0.53

Dec. | 68.00 7.00 116 214 0.49

Jan. | 68.00 0.86 6.52 N/A N/A

Feb. | 61.20 138 6.08 N/A N/A

Mar. | 59.40 7.70 0.92 N/A N/A

por. | 62.60 14.16 574 105 0.47

May | 6260 19.50 11.00 0.72 0.50

[ un | 6940 2338 16.72 0.45 0.56

Daejeon

Ju. 8120 26.58 2278 0.23 0.63

Aug. | 7800 26.70 22.04 0.29 0.62

Sep. | 7580 2160 16.62 031 057

Oct. | 75.60 14.90 10.10 0.36 0.56

Nov. | 74.40 8.04 320 0.71 0.54

Dec. | 7020 0.90 4.2 N/A N/A

The empirical results show that cities like Seoul, Daegu, and Busan
have, on average, twice of MHI index, compared to those of the Jeju,
Incheon, and Daejeon in (Table 7). Also, the cities like Incheon,
Daejeon, and Busan have a 35.4% lower energy consumption,
compared to those of the Jeju Island and Seoul, and have a 48.7%
lower energy consumption, compared to the Daegu city. The finding
shows that Daegu has the highest energy consumption among all six
major Korean cities.

Table 8 shows the assessment of the yearly average applicable MHI



A Cost-benefit Analysis for Extraction of Atmospheric Water by Direct Cooling in South Korea = 49

and total applicable energy consumption for six major cities in Korea.

(Table 8) The assessment of the yearly average applicable MHI and total energy
consumption in Korea

City The number of favor- |Favorable times ziirslﬁneqr;s: Avg. MHI
able months per year | (%) (MHI ) 0.3) (KW.H/L)

Seoul 7 58 5.953264958 0.49857435
Incheon 8 67 3.783271879 0.565113752
Daejeon 8 67 4.118579979 0.554940252

Daegu 8 67 7.829513164 0.506006684

Busan 8 67 4.140372639 0.52980597

Jeju Island 10 83 6.48676126 0.553039605

In {Table 8), in terms of the number of favorable months per year,
cities like Incheon, Daegu, Daejeon, and Busan have the average eight
months (~67%) among all months in the year, whereas those of Jeju
Island and Seoul have in average seven months (~58%) and ten
months (~83%), respectively.

The finding shows that practically Jeju Island is the most favorable
city, and Seoul is the least favorable city among all six major Korean
cities when using AWG devices. However, the finding shows that Jeju
Island has a relatively a high MHI index and only two months not
applied for calculation due to shallow temperatures in the month of

the January and February.
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(Figure 3) The assessment of the yearly NPV for the given scenarios in Korea
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(Figure 3) shows the assessment of the yearly NPV for the Inbound,

Outbound, and Hybrid scenarios of in Korea. In figure 3, the

empirical results show that all six major Korean cities will have NPV

positive less than a year after the usage of the AWG devices in case

of the Inbound and Hybrid scenarios. However, in case the Outbound

scenario, the cities like Daegu, Jeju Island, and Busan cities will have

NPV positive less than a year, whereas Seoul and Daejeon cities will

have NPV positive less than three years after the usage of the AWG



A Cost-benefit Analysis for Extraction of Atmospheric Water by Direct Cooling in South Korea = 51

devices and Incheon city will have NPV positive after three years of
the usage of the AWG devices.

(Figure 3) also shows that the Outbound Scenario is the worst
scenario for the usage of the AWG devices among Inbound and
Hybrid scenarios. However, even the Outbound scenario will have

NPV positive after three years of the usage of the AWG devices.

(Table 9) The overall 5-years result of using AWG devices in Korea

City AWG’§ COZ, Bottlve Water Generation Recommendation

Scenario | reduction reduction (L/D)

Outbound | 88958.00 355 532.68 Low

Seoul Inbound | 181985.45 726 1,089.73 High

Hybrid 184067.18 735 1,102.20 High

Outbound | 84894.51 339 508.35 Low

Incheon | Inbound | 181607.75 725 1,087.47 High

Hybrid 182599.64 729 1,093.41 High

Outbound | 93436.61 373 559.50 Low

Daejeon | Inbound | 181685.86 725 1,087.94 High

Hybrid 183694.13 733 1,099.96 High

Outbound | 179608.71 717 1,075.50 High

Daegu Inbound | 181954.96 726 1,089.55 High

Hybrid 186626.18 745 1,117.52 High

Outbound | 173439.30 692 1,038.56 High

Busan Inbound | 181836.85 726 1,088.84 High

Hybrid 185436.73 740 1,110.40 High

Outbound | 162554.53 649 973.38 High

Jeju Inbound | 162554.53 649 973.38 High

Hybrid 181636.33 725 1,087.64 High
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V. Discussion

Water scarcity is one of the emerging problems in the world. This
study aims to suggest a new water management system (in South
Korea) in which the present vapor in the atmosphere is accumulated,
filtered, and used as a new resource of freshwater. The atmospheric
water can be used not only as a sustainable water resource but also
as a potable one. Currently, a significant portion of drinking water is
distributed in plastic bottles, which consequently produces lots of
waste. Furthermore, besides the GHG emissions of the polyethylene
production process, product transportation has a remarkable carbon
emission share as well. The more the GHG emissions, the higher the
and the worse the global warming

global temperature rises,

consequences will be in the upcoming decades. Nowadays, GHG
emissions reduction is widely considered by governments to reduce

the risks to a minimum. In case of Korea environmental policy
stringency has significantly increased from 2002 and generally more

stringent compared to the OECD average (Yun and Yoon, 2016; Lee
and Park, 2020). However, it is still far from the designed goal. The

proposed paper highlighted the findings and their implications in the

broadest context.
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(Figure 4) The effect of the MHI on water generation (a) and energy
consumption (b) in Korea

0.58 < 1120
o F s
. + 1,110

054 /" + 1,105
0.52 . £ 1,100
05 Y T 408
¥ 1,090

048 1,085
0.46 1,080

Seoul  Incheon Daejeon Daegu Busan Jeju Island

(a) EESAVG MHI (%) ------ Water Generation (/D)

8 g 0.58
75 3 e

7 3 1 036
65 3

6 3 + 054
5.5 3 I

5 3 § 052
45

4 + 05
3.5

3 L 048

Seoul Incheon Dagjeon  Daegu Busan Jejulsland

(b) E===E Yearly energy consumption (KW.H/L)  ====-- AVG MHI (%)

(Table 9 shows that the overall 5-years recommendation of using
AWG devices in Korea reaches 83% high. The implementation of AWG
is not recommended in the outbound scenario of Seoul, Incheon and
Daejon due to significant lower water generation capacity. Based on
the paper finding illuminated in Table 9, on average, usage of an
AWG device in Korea will reduce CO; by a minimum of 84.894 Kg in
Incheon (Outbound) and a maximum of 186.626 Kg Daegu (Hybrid) in
a five-year period. Based on figure 4(a) empirical results, there is a
significant negative relationship between MHI and water generation
due to having a correlation coefficient of -0.6167, and there is even
a higher negative relationship between energy consumption and MHI

index due to having a correlation coefficient of -0.71199.
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The implementation of AWG devices for potable water generation

reduces GHG emissions and urban planning costs by eliminating the
need for water treatment sites, pipelines and infrastructure, water
production factories, water Supply chain and transportation, waste
management, and recycling (water bottles). In this study, the GHG
emissions produced by the water bottle process is only quantified.
Future research is necessary to determine the exact amount of GHG
emissions water treatment sites, pipelines and infrastructure, water
production factories, water Supply chain, and transportation. Due to
the abundant surface water resources and a massive amount of
rainfall Korea was traditionally known to have no water shortage
problem. However, the rapid indrustrializiation that began in the
1960s has resulted in an annual rainfall per capita of one-sixth of the
world average now (Chang et al., 2017). The water treatment site and
its transportation to remote areas cost a lot. Moreover, this process
itself and the wastes created afterwards consume much energy leading
to higher GHG emissions. Therefore, the application of this technology
in future urban planning is very beneficial for improving the GHGs
reduction scheme. Furthermore, by extracting the atmospheric water,

the humidity is reduced, and the need for the usage of dehumidifiers
is eliminated, which lessen the GHG emissions. Also, less humidity

leads to a cleaner air environment by removing the growth possibility
of multicellular fungus (mold) on walls. These microorganisms are the
reason for some respiratory problems and allergies (Yang et al., 2015).

Therefore, the AWG devices application in Korea can improve air

sanitation to a meaningful extent as well.
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VI. Conclusion

The atmosphere holds a tremendous amount of water, which can be
used as an alternative and sustainable freshwater resource. Furthermore,
the atmospheric water possesses high quality and can be treated
efficiently to achieve the potable water quality standard. This study is
the first research to address the possibility of using atmospheric water
as a sustainable potable water resource in South Korea. Furthermore, in
the present study the relationship between atmospheric water harvest
and GHG emission reductions was examined. Based on the empirical
paper finding, on average, an AWG device in a single household in
Korea can generate water content equal to 656 L/D in a period of five
years. Furthermore, AWG will reduce CO, by a minimum of 84.894 Kg
in Incheon (Outbound) and a maximum of 186.626 Kg Daegu (Hybrid)
in a five-year period. The implementation of AWG is highly recommended
in all scenarios except the outbound scenario of Seoul, Incheon and
Daejon. Overall, the assessment of the atmospheric water harvest in
different cities of South Korea indicates that this country is a desirable
location for the implementation of this technology. Therefore,
considering the huge drinking bottle consumption in Korean major
cities, it is highly recommended that Korean government provides funds
for household owners to buy AWG devices to significantly reduce bottle
consumption and relative waste management costs. Globally, the
application of AWG technology can play a fundamental role in water
management in dry regions (including South Mediterranean countries),
as well as countries suffering from polluted water, including tropical
countries, and the countries located far from the seashores where

long-pipe systems are not available. The combination of renewable
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energies such as solar energy can enhance the environmentally friendly
and economical aspects of AWG devices (LaPotin et al., 2021). In this
study, the GHG emissions produced by the water bottle process is only
quantified. Future research is necessary to determine the exact amount
of GHG emissions water treatment sites, pipelines and infrastructure,

water production factories, water supply chain, and transportation.
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A Study on the Realization Plan of the Price of Standard Garbage based
on Consumer’s Willingness to Pay (WTP)

R
Z2H - YEH

Eun Chul Choi - Jun Seok Yang

0k YEIY|E M2 HIS2 LUK REHZY Mt SHX SFo| Hif+U2 2 SHE|0{0F SiLt.
J2{L X282 LRE XA 2 Soty Qo T BH2 7iS 5= 40| 48NS X
2|H[Z2] S/t 0 HisH SEH SF 71242 AYER2 R2 +FS RAlot 7| HEO0|Ct. 0jo =2 2
OiME SN S5 7+ siaio] et FAHHQ HHA=E MSot7| floh HHBHA ALUSS W2
2 M S5 7140 et F£71MQ1 XIZMHS FHSIUCH 1 Zaf, o JH4 | o 44.1% &
9 714 Qs 8 20| U= A2 LIEIRIT

HAUZFHOf: Mef7 | SHHMSE, SEHIIE, K2 MY

Abstract: Currently, the cost of disposing of household waste is covered by the revenue
from fees for garbage bags and local government budgets. However, compared to the
recent increase in the cost of disposing of household waste, the fee for a standard garbage
bag is maintained at a low level, which places a greater burden on the local governments’
budgets. Therefore, this study applied a WTP approach to Daejeon Metropolitan City to
provide basic quantitative data on the fee adjustment for a standard garbage bag. As a
result, it was found that city residents were willing to pay an additional 44.1% of the current
price per standard garbage bag.

Key Words: A Standard of the Garbage Bag, Household Waste, Willingness to Pay
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2012 2013 2014 2015 2016 2017 2018
e 236 262 262 333 342 349 357
= (40.0) (39.0) (46.5) (48.0) (54.9) 62.7) (62.8)
A 91 95 104 98 102 113 117
T 41.0) (48.8) (34.7) (49.0) (58.7) (53.6) (53.3)
e 39 41 60 89 75 75 81
(37.0 (37.6) (25.4) (31.0) 46.1) (50.7) (49.3)
oI5 68 78 88 87 89 90 101
== (34.0) (33.1) (36.3) (42.0) (49.4) (53.1) (51.0)
. 51 42 44 60 55 56 64
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(2 5) M Z1t
=XAD}
H=1A To2=2
o (-2
o 1.5045
cTe (18.8715)***
0.0585
Z10H
A= (17.1296)***
0.1818
A0
~I0IF (15.2773)#**
291.2966%**
el
Sz WP [265.8226 - 322.0134]
BEX| 7= 1,000
2I-25Y -894.4988
Wald EA4Z 419.7196
(p-value) (0.0000)***
Foms QOIRE 1904 SAMOR R90|3S 9lnl3
T3 F7HH 02 A EQA| FFS & ¢ Ue THHS EHE
dl, £50] £&4E, 18] 7SS Fol7 AAIFAo] AR F
Adog §o51A £ A0 Uehith &, A50] ¥e4E Ao
2 2g7] vjEeFo] W2 291 o)A 7htollA Stoi Xl AAlFHe| RAE9
A e Aow vt
(B 6) I =M Zut
=™ZAD}
th To=2
- (t-2h
_ -1.0224
ALASEH
ere (-1.3202)
0.0590
—10H
A= (17.1234)%**
e 0.0005
- (1.7242)*
o1y -0.0033
= (-0.4183)
0.0519
mEcES
T (1.4161)
st 0.0308
c= (0.2163)




-

AHIX} XIZAABWTP)O 7|8 ZZHISE 7H242| 45t orof tist g7« 73

0.3246
o =
120k o (1.7780)*
HEX| T 1,000
2I-RE%t -891.5488
Wald SAE 434.1448
(p-value) (0.0000)***

F¥ e 212 QOIE 10%, 1%0M SAXSRE Roj0jgts oofgt

2 A9l B4 A, oF 80%Y SEAVE A 35 HAa 9 w5} AH]
A FAE Yo 2871 FFA 5% 714 1439 84 st Q)
= Z20= Yehgth X3 o9 F7HHQl B WP 3 7149
44.1% 591 2919 502 =ZF[Q]t} o]o] B HojAE 94 )
2R -7t AFA2018)14 AAGE FHREE, JLH 7= N 2
= of B AFolA =& 44.1% AR BIE A At} gt
2349 POW HA2018)0M = TFA 5 A7t Tl A
2l |¥ksto] 1919 € B A 8% A& H[&S AAlst
t}. olo] W=, 201 9Lﬂ 71% HAFIA Y A SF w2
15,1015t YolH, Q141= 1489 9,936 & %J B 109 R

6}7%1 =0, UHE* oF 856¢ «1 %7} HEEadS 11%6}711 Hrt.

i, SFA| 55 7140] 1% A5otd, FUHREGES 7124 Q4 oA
sto], 0.6% = S7FoHA v, AEH7E A 0.15% &4
OF Uetyttt ol A& A9, THA BF 7HE 44.1% A5
Al, FHEGEL oF 50 6% 7]& 47.1%°0A F 12.5% 55 2713 Ao
2 qAED B89 AL 6.6% AT ACRE dAtE=d) 7t
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THAOILAX| 4T} SATEA ZZEO)
HHEH THES =Y
Reusing Renewable Credits under RPS/RE100 in ETS as Offsets

oz=o[*
/34

Jongmin Yu

20k HEUHX| MM MYTl= 247120 HEAANK HES £ 2 S LIYHel =H0| 0|
OIM ST 2 AFHARE THYOILIX] TS F30) et MSE= ZR1A 012! Qo= 247HA MAS ¢
Y 32 /1M A +6|S 2 2ot T4 YA UBME =4 Bofolel ME, =i,
HIEH AE w2 S2 HETIR|(integrity) #l&, RE1002t2] £5 S P26t ULH EV0M= 24
TtA X QO] HA/EMA F7H Nt HE W YEHES SEOIN YA 2t A S Yeld 2
S BEE SEYH Sl0ME MY LRI SN H RE1009] SMI2|0| K| of 4X2 HEH
O QIFE| oLty ZE L2

SHAFHO: BiEE A, MG X2 RoH, 24714, 7|2 #3), RE100

Abstract: There has been a long debate about recycling the reduced emissions due to
renewable energy policies. On top of the economic benefits resulting from renewable
energy policies, power companies would also gain additional policy benefits if recycling was
allowed. However, policymakers are concerned about potential violations of international
agreements, overlapping policy benefits, disruptions of emission markets, an impairment of
integrity regarding remission reductions, and additionality. Considering the legal and
economic additionality of greenhouse gas reduction and the permit allocation system, the
credits from the renewable portfolio standard (RPS) and the RE100's green premium system
are difficult to include as emission permits.

Key Words: Emission Trading Scheme, Renewable Portfolio Standard, Greenhouse Gases,

Climate Change, RE100
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l. M2
713HHE 9] SR 247k AR GBo R ARl AL 2015

Row dAf 22} A& 7]17H2018~2020) vHFE|5taL 33 AY7|7HS &
Fot= Solth 2A7EA ETSe HAAES Z3et = 2A7EA thil&
AN LTSS SR HiEFo] S=(CAP)S Aot Hi&d dE A
5ok, Yoyt RER| viEFE WiEHAIHAEE S5 Adct=S ot
+ Alzoltt. &3l v HAREY HATE 4FE Aol A= st
TE Fefol7] flsf 20129RE Ao X 5F 2 F3HA| (0] 5 RPS:
Renewable Portfolio Standard)E A3t ot & A== AAYof| YA
WA S7F AA7E BEEA ETS 9] 31 2AVIA Fadhs 744
A ANE AZ & Utk THAL YoM = F A7t BF 27] dH
AH] 9 O1AH| F715 fHslal, RPSAE ESH 7H A0z 2A47FA
Zo 714 4= Sl7]9l, RPSAZ AFZAQ AR 154 (o]t
REC: Renewable Energy Certificate)?} ETSY vi&HEE FA0] 2AA
£ A< 8ot ek HE AolA= RECY HiEdY 4% its
| FHAEY ol R ES BAAIE & e S AU A] B
HOJ Aol o, REC AHA ST} HiEAAAAZY ARES F&
gt & A 7FsAdol SRt ool EAs ftkBohringer and
Rosendahl, 2010; Abrell and Weigt, 2008; Unger and Ahlgren, 2005).
AAZA = RPSE 8 AT A TAFMWh)T ETSE 53 =474
AETH(CO; equivalent)o] A= FHE 0] FEFF(Registry)oll 7|S=H L
Aoz T ArE By S9H 1 ot ETS TYC& RPS Ak of
2 H A= Agtolgh= At TlEo] HiEH A
olgt= SFAFAIS o]F o7 Hho g o]g3l o]F Bk ASiA]7|=
T AZ oFolq 2 Aol sAlol A

AL 877t AAAHA AV B ek

o m



H1 9 WEE AoAY iz EF 15 &
RPSOM WJHL AR E S8 TS A 24714
=

=
WEAH o Qe ARl fEHE

I Stk FAof AR AN A] Abd 2] 429
208 7IHE B O+ REI00Z 7|%°] TR
o] 100%E AABNUAZ FHotalth= AFLAR S 2 A4
£ 98l sid A AL SRS
ETSOIA o= FW7E T=oll FotA 85t Sl= Aol
T+ AZE ofgA AAAZAC diside B2 A+7F Q1o
Hanemann(2008) Hi&dAH 7 247FA ARRIE 100% EHASHA|
SR AR A= g e siEEAH, AU A] Eg

=2

22 71eAS MiEEA 5 % AL Fo] BAFAE 54 B
Z91E ol [ A540E 7IdE & Ao £A= 449 Aol
gt YA AL S ofEA 2AsH=tol met B2 FHET

R
Ayg 7t =&4E 4 ot Amundsen and Mortensen(2001)2 A€ %]
H3E o]&sto] vt wiEd A RPSAE 5 3 AL &3
IS A oE o Aol mA= o°J~* A5 dlE &
RPS W35 2% A wigdA N ZBE JF 24T 4+ REC 7

o] stetstal A WAARIAES] ool 4
o= eyt W& wWiEd A SEE 14T A RPS HAE
B, AABAAA] HgEol WOP E8H4do] AR Z0E Yyt
EU-ETS o|% AS24 §3531% 20, ETSeF RPSTHY o] 23] Aol
3t of8] AE7} 9) %E]-(Bohrmger and Rosendahl, 2009; Gawel, Strunz
and Lehmann, 2014; del Rio Gonzalez, 2007; Sorrell, 2003; Tsao, Campbell
and Chen, 2011). Tsao et al.(2011) += 2007 Z2|xZYo} AHAA H|o]
ElE o]&sto] siEdANY AQEAIA A7 AAE B o= g
A=t Aokd A9 APERRle] AojA= Aok UEyth &, e A=E
Aetto g e T Al 7lso] AdEE s 7Pt Zolth



) 2 M7 wxbshe avE A8 =, 9l 591 RPS
A=t AP 4E Aedt 4771 sigoR BA =1 ghdHo] HAZkA
| = A0 7 YERT) Chen and Wang(2013)= &4 9 REC
A& =461 2™, Bird, Chapman, Logan, Sumner
and Short(2011) AY7H4, g4, REC IF ALTAE AlEH A
T}, E3} Fais, Blesl, Fahl and VoB(2014)% EU-ETSOIA 9] 714 Z&} o]
T HAGAA = (FIT)E HestA E5HA E AABAHA Aol Hfsh
A3l e A83H2014)2 HH 2 Fo| A= ETSS RPS, 17
SAaAA| et THRNA DA E(FIT, Feed-in Tariff)?] A2 Sgqto]
F7HEQl LAVIA AERIE AT & e AR A5 Thurber
et al.(2015) oLl A], &7, A, BAARJA FH7} AJolgt A=t AA =
ol A AYZo] BEoHA AAE A, Algo] ARRAAREY A=A
ol HFeid 7t STt 53] F Aol HgEHoE Y
2 78S U AEY B 9% AAE 23S FA=T,
5] Aol A|&35}7] ol Aol AEE= AS BAs ok gt
H}. Yu and Kim(2021) ETSS} RPS7F AlafjsjE& o2 A A o]
AAZ AAlst I Folu g 53 T2 FHFHEo| 429 A
oA A== A 8IS BojF7] o FEAE ZHS
23l s Aot ZeEHolA sttt
EIE Yu and Kim(2021)14 ¥¥HHo 2 BMsia 9l sjE&dAH
ALt AA BN 55} AL AA Al A 4= #isto] WE A 7}
A 7t Aol gt =2 v o R, it A=Al SHoA Aol
Zl AGAL B2 A ROJA F6l= Hie 2ol FEIA T 9RE A
2 F3ote] old Higt =7 FARE B g} 7|E Aot
X}OH%!P«?LH oAt AN &2 B A
A G, =4 gAaAGoA FEEE
718kste] 518 of ol wet A2S =&

kA %o

o¥
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o ot BN
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1. ©H ALt =
1. $£714(Additionality) Tttt 2HAE E+/E- H& TH 7|&E

CDM Hi= 247ks A | vied A4gat 4+
52 *}ﬁ;‘]—‘éﬂ f3d P E WA oA UM g 71ES A
AL, 2009 0|52 A&H 02 E+/E- 7|ES ‘HE—H
™ 20134 EB73S A7|R o]Foll= 714 wed
/‘}*Qﬁ}l:v-i AL ot B 7|EoEA E+ A

AT HiES 235|8 F7HA17]= 71&o] JAEEE
E’_EQ@,H(I%IIZ.H.) o]&of| BAU(business as usual emissions)”}
€ =717 olo] sjFE=H, ol 1= HiEE STHIVIE B8S
A5k FH=F 517 -?4"5]]/\10]‘:}. E- AL W2 o] &2 wiE&S
Aot 7leo JQAEEE Rist=s FHOo=A uigA4] A
(2001.11.11.) o]%f BAUZ} %&‘E% Aol sigEet, ol TAE =
7I2 stojg &4 AR AE 195 =YshA g BF-E HiAlsH 9
3 Afolct.

(d% 1) CDM F7p¢ | 71F

If a relevant policy
exists: Is it E+ or E-?

1 1
IfE+: IfE-:
Was it in place Was 1t adopted after
before 11 Dec 1997 11 November 2001

If Yes: Account for the If No: Do not account for If Yes: Do not account If No: Account for the
impacts in baseline the impacts and conduct for the impacts and impacts of the policy in

setting and all analysis as if the conduct all analysis as if baseline setting and

investment/barrier policy did not exist the policy did not exist investment analysis

analysis

£7X: EB 52 Proposed agenda —Annotations Annex 3 Page 1
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9] AY ATIAE Adthe AHERE 7H] RPSSF AR A
%(0]% FIT: Feed in Tariff) =5 2001 o]Zo] == Q17| W&o E-
A3 250 sigEe & 4 ) F& Ao w2t BAUS #Hg57] 9
A 2 o] AAEH Uit T 4 gl Aol wEhA A
2H9] BAU += ©o|"| RPSO]| 95l £0l& HiE&dZ 7|2 E 44 viE
o golzta & 4= 1L, FZ o] A-EoAH RPSEH= ol 9J3f o=
© ZA7IAE 7] BHdEo] Qo B R HiEHO R AN 4 gl 22

WelA ek 2ol = FIT 22 RPS Al stol A B SAE49] ga
AR AL opehs wat sfofl 24202 CDM Aoz 1 %<lo] o]

Z 8} Qlck, SfollA AR AU A] CDM 590& 53t 3-$= 20194 7]
£ 7170 A, FE(7] £918) 284ut Eof g3t 2 7]& 1 FIT 3} A
= Yot AR AdAF AROIAME =009 SHi3tE flsh 1
3g AFe CDM 52 ¥ gr3d CERS tHA] KOCZE AHEsto] 714
= viEA AlA HiEsks Aol 7MY $9ES FHist A7) Wkte
7] w20l AA| FIT stoll A9 a2 = dHAFo=2E 91
Hf oItk §HeF E- 2 i == 79 71ES oA H8oktd @A
A RPS Aol Al Aol 2A7EA A7HES Q1gsHA] AU, AIRAY
ANAA] AFGAFANA M7t gt viEH A3 585t =71 BAUE 4l
S7tetR R WiETFS AsE FLoH o171 ol AER7} ot
AEiEd g3l 9ol 23459 stdpe] =t

T

t:trr
o

rﬂﬁ

1) RPS A= oF A1 Aol | 2] AFF Q] S=¢fo] HH-2HE] WAYoHA] okl HIZto 25
WAYsto] E- G S E=A] of ol theh =2 2 iAo A= 85| et

2) UNFCCCE ©] &3t 7150 whzt 3H=+2] RPS 2-& A Ao A] AFYS CDMO.Z 52
SRletgon, =g R o] B4 ojn| 2AZEA 5ol tigh WAAG A 2
Wy 2ol & ISt 27HEAAE W3(12.12.26, CDM #2H S 9165).



2. T
1) QAIZIA YISO Bhet QU 720 TSH HE A3

A o9t o] AAA =9 A& AT =9 AJuiEd <
% 71%0] ol¢t 2 FAVIES WAL A, F2 Wt ol Adl=
HHEtaL A=AE HECH: Bo7F At 24A7IA wiEde g 3 7
ol et HE ABF I AlFF) T Zol sfte] ARolA A
H 24A7A dsane die SEgo] g Ate HAskL At

AZBECHH) ® FEWHL ¥ A0EA1GA 2z wet V| FHste] B
ARG 1LFpe] e LEIA, A1220] T2 FALAA @
ﬂquu AR ol AR A T, olst G ALAA A}
grolet Gehe Bstel B LALA BEFL ASHE A9 FEu)
%g_e-c Qg Bl 52 WA skl R 2N stelof B,

Yo = = F40] RPS AMdollA] B4E 2A47IA A7 AAZ 91A
T fliths 2AE AZEE SHAIRL ol AMo] ol & £9
L CDM AHYS E35) sfeloA] &A7FA A7t Q&L who} CERo| ¥
2w Aol A, HAl = HiEH APolA KOC EE9 ZAZA
AHgE 45 Qitke F Aot} o] st Double Counting WA %3¢
O g Gt 2301, AAE = 75 CDM AYS A= AfullE
A 2 A shgaTof|A 7] EFE CER cancellation o35 &HQlstal
Ao BT 7 AR SfFEA| A=t

ook

N

r

2) QIEAIQ! EfE BU} U 2152 OI50] BEt K|
Aol WA AL (A B W7 2 A5 Ao B
9 ¢ oIt olsatel B3 U 55 Ed) Ad(8EA3Y
feoltt. thewt 2o] S EAele] sl AT AUch
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1 AR A] FEIFSAERPY] OJ3l RPS F0l547} Fslorshs
ojnerg 23 A ZFASAREC) FoH] ol GRAo SES
% 9t

A 1 Wh Bike A8 TAEE 2471 A 0.82 kg, ING 0.36 kg
S DA 0 kg HFoR 92 3 AU Al dRdlo] wE 247
&5 WSSl ot Al A4, 28, #1715 7IE olA EiEsi

[ E-E~
PEL
u S7H0| Atel AR

g/kwh
1400

1300 991 ~1250
1200
1100
1000

900

800
700
600
500
400
300
200
70 57
102 35 43ﬁ sl 1 30 e ; 2 ) 3A

ME} HATIA Hio]QOoj A B =y Qi >3
NN E47I—‘r1 (IAEA, 2006), 21z &i40] T2 21 Hi=20] el A1 8 MMOIILIXI= Hizl/Z44/
2E/H7| S Ef 2P HHEZMA| FM510] SRt

g olvxet #AGe] dA AMEE Qe 9Y AEHEASE
0.46625 CO; equivalent ton/IWhO. &2 7}48 AL oA 1 RECE &4
HiEd 714 G2 Aed 49 REC7HE * 1/0.466259] sid= .

2£ 39,600 (20213 3& 7= REC 714) * 1/ 0.46625 CO; equivalent ton/Mih
) 2k 18,6002/CO;, equivalent ton (20211 3€ 7|& KOC 712)
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wEbA (QIFAR] BEd B2 2 A
1ol oJsf RPS thd A2 AdA0E SEo| ARME. Jof(Zaf+vl
2h) RECOl tisfl FEARICE 55T BAH |2, 7|[2Hos F&
RPS o] F-o] 3§ H|-8(REC] H|Z|7+A)o] Hi&H 7HA R k= 7|d] St
Al o]t REC(Y/MWh) ¥ wi&H(Y/CO; equivalent ton)7t Ath7124
o] 11 et 7]&o] E 4= =T, AAANIA ArdAH= RPS2F ETSOl|A]
AR R(EL AP A A AR =71 St =
ok Zlo)7] W&o @ Aol HFujEeAsE IH=E A
3¢ 49 7] 1 MWh REC 7142 °F 39,60090] 1 g4auj&d
AL 9F 18,600¥°|EE ofA 2 eAH|EH 4l RECE AHEE A%
7 G RECE O] AR Al A4l
=)

3) F7Hd

(AT 5) QALY 2744 BWrhEA 9 dPER| 4% ) 2 A S
2 F7MdS TEAIACK Jtrh=t A8l A

1) HA A=A F7H

FAEIASH EAI0] @3 WAL o3 At WA] gofof shy,
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Future Research Directions for Marine and Coastal National Parks in Korea:
Focusing on the Analysis of Changes in Long—Term Research Trends
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Abstract: The marine and coastal national parks (MNPs) of Korea are representative of
Korea's marine ecosystem, have high biodiversity, unique natural scenery, and provide
various ecosystem services to the public. However, due to the national park research and
policies focusing on the conservation of terrestrial ecosystems, it has been challenging to
conserve marine ecosystems and enact sustainable management policies for MNPs. This
study analyzed long-term research trends related to Korean MNPs, conducted by domestic
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researchers over the past 20 years (1999~2018), using domestic and international
academic databases, and suggests future research directions for Korean MNPs. As a result
of the study, it was found that the number of domestic MNP studies was insufficient
compared to the research conducted overseas and that the number of studies has been
stagnant since the 2010s. Regarding academic fields, it was found that the studies in the
natural sciences, such as biology and ecology, were lacking and that marine ecosystem
studies, such as on intertidal and subtidal zones, were insufficient for each ecosystem.
This is presumed to be due to intermittent maritime surveys, which are dependent on
national budgets and the selection of research topics based on socioeconomic issues. As
for the research gap, it was found that the number of studies on MNPs was insufficient and
that the effects of environmental changes, such as climate change, on marine ecosystems,
as well as multidisciplinary studies with other fields were insufficient compared to studies
focusing on biota, species composition, and community structure. Therefore, we propose
the following for future MNP research directions: 1) Securing basic data through long-term
monitoring of marine ecosystems, 2) Evaluating the impact of environmental changes in
marine ecosystems, 3) Establishing a map of marine habitats, 4) Researching indicator—
based adaptive management systems, 5) Expanding marine protected areas, 6) Analyzing
socioeconomic and ecological effects of MNPs, 7) Researching specialized topics regarding
MNP operation and management.

Key Words: Marine National Park, Marine Ecosystem, Research Trend, Research Gap,

Management Policy
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CBD= 20209 °]%-9] AA AEotd/d EA& sl AlARE post 2020
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Abstract: This study assessed the trip generation model based on the ordered logit model
to analyze the trip generation characteristics for three types of construction vehicles. The
assessment indicated that the trip generation characteristics of these vehicles vary
between the various operating areas of different types of vehicles. They also differ in terms
of the major freight items they transport and the areas in which they operate. These
differences, and others not listed here, indicate that construction vehicles and machinery
should be divided into separate categories instead of being considered a single entity when
developing a policy to reduce the emission of pollutants from the transportation sector.
Obviously, vehicles that are operated in non—metropolitan areas must cover a larger area
than vehicles that are operated exclusively in metropolitan areas. This distinction requires
us to consider the main operating areas in addition to the characteristics of different
vehicles when estimating basic data for the vehicles, such as the amount of emissions
associated with the distance the vehicles travel.
Key Words: Three Different Types of Construction Vehicles, Pollutant, Emission, Trip Generation
Characteristics, Ordered Logit Model
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AHHS A=k BESP t-value p-value
A 1.938 0.079 9.579 0.000
B1 -1.005 -0.180 -b.797 0.000
B2 -0.755 -0.078 -3.759 0.000
B3 1.264 0.156 6.936 0.000
B4 0.368 0.066 2.706 0.007
D 0.603 0.096 5.886 0.000
E 1.178 0.077 4147 0.000
F2 1.600 0.165 8.924 0.000
F3 0.945 0.168 6.381 0.000
F4 1.146 0.083 5.229 0.000
F5 2.406 0.086 5.702 0.000
F7 1.921 0.037 2.413 0.016
F8 3.882 0.075 3.304 0.001
G2 1.182 0.857 41.600 0.000
G3 1.100 0.690 29.793 0.000
G4 0.858 0.388 20.958 0.000
Gb 0.684 0.256 13.552 0.000
G7 1.097 0.204 11.294 0.000
G8 0.980 0.087 4.299 0.000
G9 0.632 0.032 2.081 0.038

Number of observations=790, Z(8)=-941.378, p*=0.465
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AP A==k HEepl t-value p-value
A 1.280 0.060 4.702 0.000
B3 0.771 0.119 4.148 0.000
B4 0.193 0.037 1.423 0.155
D 0.757 0.123 5.541 0.000
E 2.025 0.127 5.704 0.000
F1 1.317 0.245 5.253 0.000
F2 2.010 0.263 8.611 0.000
F3 2.045 0.170 6.732 0.000
F4 2.065 0.192 7.212 0.000
F5 2.729 0.128 6.246 0.000
F7 2.581 0.065 3.180 0.002
F8 3.625 0.091 2.967 0.003
G1 0.656 0.119 3.386 0.001
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Number of observations=473, L(3)=-622.159, p*=0.394
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(B 8) MURXTYH £H HIZI2EYME)

HYH U BESAS t-value p-value
B1 25.676 5.342 24.076 0.000
B2 26.072 5.425 26.454 0.000
E 2.325 0.165 2.170 0.030
F2 2.386 0.373 5.738 0.000
G2 14.521 7.829 49.603 0.000
G3 12.913 7.389 51.914 0.000

Number of observations=251, L(8)=-48.240, p*=0.889
I o) MEEAEY FH ZI(EI 2 EHI)

HEH A=k HEsPI t-value p-value
B1 9.592 6.106 10.520 0.000
F2 7.278 4.266 4.508 0.000
G2 8.423 6.088 8.999 0.000

Number of observations=66, Z(3)=-12.044, p*=0.711

S5A G| wpet FES B 4 Aihs (E 10, (B 1DI} 2o,
B ZgE AYHSY |eE, Foe B A AR Ue
Utk $EE vSEde] SRy rE AU W Me 7 g
g2 A4 27} fFASH] 2=, BleEd B2 sEd 2
tH] AE@), LEER ol H& D) FFEo] A Yt 254
Hhgo] SEd AFEIE W A0E duEth ES £ B2 v
ST 23 oH] FE AT HEB) FFEol A e Ak
7 oA 9] Bafo] Hlwgh Aoz yepgct

H10) NE2ADH £ ZMSTH)

HYH U BESAS t-value p-value
A 1.476 0.066 5.799 0.000
B1 -1.504 -0.238 -6.315 0.000
B2 -1.353 -0.125 -5.002 0.000
B3 1.364 0.116 3.828 0.000
B4 1.073 0.176 5.021 0.000
D 0.211 0.030 1.406 0.016
E 0.094 0.006 0.236 0.041
F2 3.122 0.226 5.775 0.005
F3 1.196 0.181 5.737 0.000




F4 0.800 0.069 3.136 0.002
Fb 2.289 0.067 3.125 0.002
F7 1.817 0.044 1.469 0.014
F8 3.615 0.061 2.245 0.025
G2 1.748 1.238 39.697 0.000
G3 1.607 0.967 32.033 0.000
G4 1.601 0.791 26.394 0.000
G5 1.619 0.455 16.486 0.000
G7 1.961 0.133 4.445 0.000
G8 1.436 0.149 5.624 0.000
G9 0.641 0.039 1.872 0.018

Number of observations=394, L(3)=-435.331, p*=0.534

(B 1) MEERRDE M AnKH|SEH)

AP A==k HEepls t-value p-value
A 3.900 0.129 8.273 0.000
B1 -0.933 -0.203 -2.565 0.010
B2 -0.756 -0.095 -1.759 0.024
B3 2.576 0.448 10.024 0.000
B4 1.102 0.226 5.118 0.000
D 0.802 0.139 4.378 0.000
E 0.094 0.006 0.236 0.041
F2 2.548 0.370 9.758 0.000
F3 1.096 0.243 2.899 0.004
F4 2.048 0.048 1.862 0.019
F5 2.300 0.107 3.952 0.000
G2 1.393 1.082 25.362 0.000
G3 1.278 0.863 13.585 0.000
G4 0.995 0.321 8.797 0.000
Gb 0.701 0.360 9.983 0.000
G7 1.526 0.464 12.679 0.000
G8 2.885 0.151 2.660 0.008
G9 1.874 0.044 1.706 0.026

Number of observations=396, Z(3)=-378.331, p*=0.508
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(E191: %)
o 19 8L 5 74 9 10 154 15
= ot | ojer | opr | ooper | ooer | oo | oo | ooy

HOEZ 0.121 | 0.047 | 0.042 | 0.063 | 0.044 | 0.049 | 0.194 | 0.233
Z32/EYME= | 0.135 | 0.093 | 0.038 | 0.010 | 0.022 | 0.039 | 0.253 | 0.261

e 312 %
H(;;E)Xf 0.037 | 0.073 | 0.038 | 0.105 | 0.125 | 0.095 | 0.158 | 0.073
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A Test of Scope Effects in the Economic Valuation of Urban Riverine
Restoration for CBA: Comparison between the CV and CE Approaches

B - R . Qefapores

Andy Sungnok Choi - Chan Yong Sung - Yeong Hwa Yoo

Q0o 2 =29 ZX2 SIS UMY el Ml W2 AR JtX|(willingness to pay: WTP) &g
2 FXIE7H(CV) 2t MEHABI(CE)2 X510 ZHoh= Z0|Lh. ARIXIG2 BEZAA| ZFHO|
UL, 2l AEXME Soll +EE EFA 21 E20 2 2] E2S YL = YRS AYot
Lt EEX| LE2 S8 YIS o ddt PSS Z3GH A 2402 Xt FHE Melsil=
D SUSIRLE ZA 2o M2H CVE 0|8510] £t XiZoAt2 LR EH| Xt0(0] 27| §fo] =
P HAS U} LIEHLEX] A U%QLH(121T IHE Tt 7,60094~8,2008), S/HEMA 22 22X Halo=
RO AI0IE 2Lt CEZ RSt XZ2AMA2 BFA| SHAS2 2 HH =2 /0 oA 121
f @ 5,8008, =40 tHolM= 9,0008C = FHm|0f, =& HRILL BAHS o 206 st
A= LIEHRL) HH, P SHAS2 37 F2d =2 10,6008 2 HA =2 14,400222
[otel M IS ENFUCE HISHARMR2 MEH W 3 7|t SHAIY Hel, LHH o2ty
15] ChE EfEd 27t ZEE 4 ATt OfH[EFSEZALY MERAMH|A 22| S FHOIAZFH UAHM
PIZ R0l CHEE T MIASH F27F QL.
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Abstract: This study aims to test the scope effects on willingness to pay (WTP) estimates,
using contingent valuation methods (CV) and choice experiments (CE) of urban riverine
restoration scenarios with a differing scope of Gwangju River. Based on a split-sample
survey for an external test of scope effects, two samples were taken from the Gwangju
area and two samples were taken from the three capital areas: Seoul, Incheon, and
Gyeonggi. Online questionnaires used in the survey were the same, except for the
information pertaining to the specific project area of the river: one sample area (i.e., 6 km) is
the old city central and the other is the old city central plus downstream (i.e., 12 km), which
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is approximately two times longer. According to the results, the average WTP values from
the CV datasets were 7,600 KRW to 8,200 KRW per person per year and not significantly
different across the four samples; however, there was a significant variance for a
large-scale structural change, particularly involving the removal of concrete structures along
the river. On the other hand, the average WTP values of local residents based on the CE
datasets were approximately 9,900 KRW per person per year for the smaller scope and
5,800 KRW per person per year for the larger scope. The historical and symbolic meanings
of the Gwangju River in the context of local livelihoods might be predominant in the overall
valuation process of riverine restoration. In contrast, the average WTP values of distant
residents living in the three capital areas based on the CE datasets were approximately
10,500 KRW to 14,400 KRW per person per year, showing a limited scope effect.
Cost-benefit analysis might heavily rely on the adopted valuation methods, spatial scope of
the project, and the target populations. Relevant policy implications are provided.

Key Words: Riverine Restoration, Scope Effect, CBA, Choice Experiment, Contingent Valuation
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B/C 0.59 0.76
ER7 LRI 2) -62,698 -72,547

* EX S LA (2016)

Aol w2 w2 FEEANTE 3t Fho tiek A=ejAtde CV

of AT A +4 23, A SHAES
a

AZE STt A= THtaeet 71 ASA EY 717 59, o &9
5.5%% A-gote] FAAHAS 4ot 8889 Yot AHHH
B/C= 0.59, € A7FA](net present value, NPV)= -6262] o] Fof &
SENI7E BUARIZ AAG0] gl ZAoE EAESIH.

S5 YA B3 tlAdEero R SRE ARJo R, FFH AHY
SEHT AHAES PR IE=EITATY, 20160). &7 EHA
Aol M= AHET AQts 33184 dd~34d F4) 1.2km +
1} FEAEGT &85 45 AT 7A) 1dkm o2 =4
of fIXstar itk 8 W& &84 it B R 9 AS5ES A
, ARS8 A=RE Zfdsh, AT 17149 883 570
A0 weF A7HA, A3t BHshaEY SOl

AHEZAHRAF IS BH(ER 2)), % R B F2= FAf 320

Rl
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o] L 3 o]
9 A AR 889 U, A2 240] 249 Qo] AL A7 &
7 o]

W, BUAYY FAANEL 29639 UOE FHHUL
AFo] T2 Wol g8 Belo] i ABNAE CVE 5o} Bol
HE PAOR FPSgn YEEA A, SUASS §EA BUNAS

A3l 583t 72,9569 £25A1E 7k E AT AL, 4710
I

A= 71,8718 7Rt A 5.5%9] TlES Agotd F w2
2,2389) Ho& APEAT. 7ol SAAE], A% A ], 24 713t
TE F WS F7t= 133 B/Ge 0.76, @AV A= -7259 €2

Potedck. o] ATE B BUAYS AT AAT A, FUA

2
ES
A &390 37HA] £ 08 RS CEE A8sto] S48 7l o
g BAPIAE #4571 flst] FFARE 27592 des AERAr
£ Polgich. B4 Adtol] mEY FFARES $4 A M 2
HojZ HojFglet, 480 U el F2 oz 42 1 7t
T AW 539299 A=Al AT ABF 8 AL A
FA AdElol A 2ot F7hEe 9o 248t U7t A s
Hato] dis] 7tg At oF 4,00099 7HA7}F QlofAl, SEAREO] of
" Rl s Wt dtke Ae BRI FRUAEY] 49 @
A FEolA 15% A 45 713 A8t 2,471, 30% SEE 45
1.947949] A=efAtdo] FH= o] AUzl HAld F4o] 3|2 He



AEMS 2I5t Tlo= ZHPIXIQl Helgn A - 1569

TASEAEY AA712 9 HYaTHscope effects)= G AFHY] 37t
2 W99}t AHAF HYE HOY UrolA] AHE & Qlth A WA He
B YA tA] #1919 wste] sl AnjAbEo] driy wiIzteHA

ﬂ%ﬂ/\}‘—’ﬂ% "é”ﬂ 0}—7} Sh= ﬁolﬁ}tﬂ - “Wﬂ ‘?ﬂ%ﬂﬂr %Xé

= ofn|st=], HE’L_ aﬂ%(distance dGCaY)-"]' J&%_%E}(Bateman, Day,
Georgiou and Lake, 2000). & =&2oA1= A ¥4 HABIHELAIA A
BA HE SHLE o] BHPE AAoty AF AHAFE S5 1
JFZ Ak

S MR = THARl AR olA BATHAIE EESH Ae
Aol E-AQl ekld|(Arrow, Solow, Portney, Leamer, Radner
and Schuman, 1993; Bateman et al., 2002; Venkatachalam, 2004), £79]
CVe] A% B7F A 2717F AX = 1 BAZHA7E jzdsHA S71st
A o= @0l WHEA o2 B E gIthe]7]|5 - B35, 1996; Burrows
et al., 2017; Frontuto et al., 2017; Borzykowski et al., 2018; Giguere
et al, 2020). ¥4, CEY] Had 94 == Y A of4 B
StA HiE Hp7E Qith AT 22 A=A 3SR EREHe
d|(Kotchen and Powers, 2000), $2 243} TAGH a7 dH, A4
T T UF FHAAHATE ASEH. 54 E A shHe] £YH
i, I AAVRE FEELE<40] 2AS] A= K Thurstone,
1927; McFadden, 1974). ZAIsH 9] H9Z &6 Al5%= AR A
o] HIMIE ol disiA SEA ¢t Bl B8 (U Ar80] 7Fegt 7t
HEEA(V )2 226,92 & FH T
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U,= Vi, Te (1

S YT sPHo|A EUAF o] o] Foj A TRt MEIAAHIA X7F
Sl= J%olM CVeF CE 71He A8t AedAarde 45k ¢
o ﬁoﬂli%g NZASE 4 9 A AA+A B o7 T5)s)
FolA CVe Fo1A A EFEol “415]] EAQURMI ASCE7F A sk
3 WO}"% MESAASC=1) ARSH=(4SC'=0) FEAHL
F(dichotomous choice models) 2.2 40| 7}55ttH(McFadden, 2001;
Sillano and de Dios Ortazar, 2005; Choi, 2013). 7L 7Fd&-83F+ Eq.
()2} 2. HEo], ¥t Ay e IRV EEhd A9, 11 AlolE Huld
T 0= ZIAAA Eq. B)2E gfdct. CEQ Aol Eq. (D2 2ol
ohFet FEAAHIAY] HIE $A4C0r FASketed, SAUMET
ASC e “AEstA] oFg” dicto] AMEd o] Foi7l o HEH“HO}EOH
HgiA 55 7H 4= Q= B 582 Ued: d=&, E4 £4 X
o] Hato] et AR EYAN FHZ o= A& ‘:}(ﬁﬂr )‘/J-:"c-)] X
I FA UHA] K7 &7 HheE ©

Irox r-“é ol

&g
ng_ BthSCCV+ quXm (2)
KSV (B(Il‘ + Bfl/(g)ASCCV (qu/ + qu//ﬁ)Xm (3)

K
VEE=aASCF+ B, X, + B, X, + kz B X, 4
=1

TS Agnggy aetulg 2o BT 5 = EFE A (mixed
logit)®] AR&o] HAEHLouviere, Hensher and Swait, 2000; McFadden
and Train, 2000; Train, 2003; Hensher, Rose and Greene, 2005). $HH,
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A2 et AEAAS =& siAl= o|FA 44 SET | E
(random parameters) #f2] HEE(SHA} /i ZAF FAHA)E 1d=2
2= ARY, O R FPAE ARl o] AF ket Feert s
(Choi, 2020). o]&3t M2 34 ZoIA A71= L Y= oA EH Y
o] HjdAA FAE S5 4 rhSillano and de Dios Ortizar, 2005;
Daly, Hess and Train, 2012; Choi, 2020). <, sIEHL 53] A&+
£ AeAAEIA B0 Hat FARNEIAAL Eq. (5)2F 2ot ESH Eq.
(32 Zo] Apdsld EY AlUE] 9] J3k 23 H-9oll= Eq. (0)°] Hk

wrp—— 2t )
Bm
4 + ”
WTP=— Bt B ©®)
qu1+ qu//

AFAASA B A AU A Al BB Eol
Lol e AMEIATE F7he 0] 2ulolst AR WIP, 7 &
Ao A4S 7PIF 4 9tk o1l T shEEeglel A% 2
spof o 2 7o) gAY A0 Thete] A, 42 =2 x A A%
oxje TP 2AHAT, o] % 7HA] 27 u g FH 44
g %tk His 454 7|0 =92 483 02 By Wt
o 2 SRSl A O 2 BACTE, B2, He S
A 2719t BAgle] AAZKIZ chEd ke BAS FEd 9%
AR ulg FAGNAIS} Zo] YAFH O oAl B Hi BN
#9lo] wislol HUT WFoR 2ulAjolo] Aol7h WAL BAZ 7t
AR T A b HE aglae) Seke) BAE sbid,

H,: WTP,,)WTP,,
Hy,: WTP,, = WTP,,
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lll. CilOIE =%

L]

rie

7}

ol
0%k

1. = 43

ol

P23 SRR A B2 9 FEL HYS- 4190 E
(2019)°] A SARAL AATH Wrho] A8SAH FREL,
B sPERe] AAVM) WRES BAATe AR EALLE o
B2 59 54 L Bse] stk B3, BRAY A9 9%
o] BAA] BAE ez HolglolA o] sz Wt yRoz &
Attt 1% £5F 954 SHARAY AAVH B7h RS (& 33
o] 5, SPAR AH, Az Ale, Aiery, B718A9 57 o

o]t

-

S
32 524
2E £50/(284)
a8z
AX| w
T2 ‘% ;
[ =
7{Ci2 ReE, 25 A
L,
SIS

FEE, FAE B4a 25A4, FE 54
=7 ‘lﬂui o

w2 X

[
RN D n
IRFH (B4 B,

A2 93 2 A1)

RS 0% 16%a 0I5 24%
S L M = ' = N - :
SE=MPIEPS = > 163 1 = 24EF

NS EA
(L2, 27D




HISTORAS I3t EMGHHE S ZRIIXIO IR 7 « 163

A& B2 H7F gl ol 4 A=F 7124 JEE AR
oh. FolRE AEIE v AABAL A=2<1 o]ulA|(d, o] 8
Aoy 529 AR A9 42 dEstAY S8R A4S
asHA A= 4 7] weoll, Hoigt A" &ofet Bl HE
AlS3 =S stRt. HUA] A RS oA sl ste] %
FA9] A< B AR Soll tiek Rl yido] fAdes =
o =2, Ao ARE Y B a0l A2 (™ DI Z. ©f
A SRRSOl FFA sPCEFA SEAES 49) 2 A AFA
H oPd(erEd SEAES Aol tie BEd el diet 2oz Al
2FA oloj . shof diet e et e, AFAIE 5o =gt
A2 Bl B2 tide] He st F8 = Helet SHA] #AA
= B4

)
i
i)

N 2 30 o mro ok

2 HE2 FFZYA FFHo S0 s AALCH
AN
> ZFH 2
FEih L{sto] ¥
HZI BESE 4 -
SrmX| 23km &
> SAAY He
SHAN B8 X
oM Atz BF
ste  ARCHRIA
12km T2+
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A 5RO, olgA FHE
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Aseteiet. ol2 AsIq BrA WE Fojsts 42 2
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rx, B
fol
H
f
ol

Ast7] H3l (T 2ah= EEA Sl 5
Al o] o AA(CVDZ, (18 2b)+= EAMEAZL e &
A o] gt AEAH(CV2)E E=F FHIst Fae= A4
sto] SEAECIAl AE5FAH.

A7 B7HE et e AR AE CVEE e CEEE
oz 741 7709 AE2 st FEu= AE SEANA AR
<), B ZE A o] AHS ZEAEONA FEsHA sttt 2
]9 A2 AE2 Eeof whE s o) HaRtE wHsto] A &AL
Ag Fol=s CV ez Algsilet. CV E&E2 (O™ e &ol] +
o7 Fetg HHE 0¥l 50,00097HA] 275t SHA] A &AL
£ AH BESIEE AEIE(Re ABAYE) F42 A8silt
(Sillano and de Dios Ortlizar, 2005; Choi, 2013). °o]%0] A|&=+= L
A o EAAE (LE 33 Zo] 7] FEFE tE £43 SLH
HSHEE ST

A

<t
P

=
N

K
ot
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(2% 2) EIHEA UAHLHCV) UE(CV2) SHR=H AlLIZL

(a) EIHEA gl= ALt2I2(CV1) (b) E7HEA U= AL2I2(CV2)
|23 &2 s
oL 3 20e) 2E i 71 = mo H2] e
Seran an Sk Avkies A S8 FHEE Xk Se Bonim
&E'ﬂ? if& BUANYE HS ST RLI0] LEHOE = 2% 90)
R
oFEY
= B
o s ELELE
s T -— =
e e r=g 32
LR B
T Tes sue RS
siapw ORI
R LEETI e

MECIY BDIE4 | | f = i

MBLIYY 80IF4 |7 2™ 163 >HUF

> 3 Trm

WA W w0 i

EHEA s

e cmo 1gm 0z swe 18y 28
- - £ spe EE R
= sz SER o)

(O 3) B HETZ OA|

s S_::“—.' 5 SHTL|S WoH O ZO| 37HA] MHE FORMCHE Hote o= HE THE HEshul

Brey

4s

+

BRELE

Ll

oL A
ESE| oS
(Hadte 210) i)

Agciery o 2 16%

SEA
o] E -
| 1949 19t 539

o
e
a
=
=
=
2
©



=
BEoHA Hestz Ao e 83 1o At od o] f &
AEACNE & Holl U= b EA 1 1U] A2k <:l%‘ De] 42 °l8
=3 l

A

3 Ao] £35S “E—%A}@ 91t olle gUT S £ of

sS4 AgEE TAHA AEA 9

A (1) FFAL A FAQF D), Q) FFA B4 422

7 4 59 2 49 39, 6) 2902 e et s} | 54 %
ik

=4S A9ct= 4719 |3y
% o/N&E 45
= 3 7N, 5% 2719
‘:1‘3]"] &4 17H AEF &4 VIE R 9u|Sle AgdE(ZolA
AE)CE FA5t7] YollA B a3t 4 A-fE 11°]tHHensher et al.,
2005). webA HHAH $49 $EES w6 oA UEH =S AAIsH] 9
SiA= 29k 39 HigTt H= 12709 AgdRoe] HEs AASH 39
A AARIOAlE A2 67 &2 F9 671E FASIE vigsto] SHoteE
St TS CVERES (I8 29 7 7H AlYE L § 7 F4H9=
U = =, CEAE o719 vidy} SPEEE AAsnh Agdio]
et 2E AAdA= APEANN=200) 4 B3-S priors® ]85t &
SAA(D-error efficient designs)?} HEE o} thFerrini and Scarpa,
2007). AHdEARE 201949 6E°l| FFARE 322 HASHH.



BETE DEE AR EY Q| AP BE37] CVER
FE4 bkm
S1 4FA F=A 6km L — 500 oxfol
- oK% 6km =4 bkm
S2 ZFA A 12km g e — 500 2xto|
FE4 bkm
S3 =2l PEd 6km o — 493 DxLQ|
- oK% 6km FZ4 bkm
S4 > TR 12km ST e — 300 2xt9|
° 5t Mol S E S0 “SAAY el ortet ZEU ks 2 0t2ioll sHE O[0|X|7F 2H Bl
olo

TAISPAEAY ALY ¥ WP} Al EojAtdo] = S A85H] ¢
A (B H3F Zo] 4749 HEZRALE 580 E ZPstoi(a split-sample
survey) S HARELZ 7FsSH Solh AEFARE B SUA O
dA19] 2719 & QVJZ] of Zpol7}t itk A& AlQlstile v Be A
E°] FYSHA. B HHY e A 6kmitE YR Sk #
& S S3, :ILE”JJF SHRE Zools HA 12kmE L= ko 29
SAE WHrojXinth AR9] 2 S1T 2= BAIR]L, 39 Sd= E=d((A]
2 9lA, A7) ARAR 1Atk W AZRAE v)w FEOZ HA3} o]
= B2 A4S F3A0 gt A7 A|GFR1 7 AFAE Ale]
o 993t A}lo]& HoF11 2lojA(Concu and Atzeni, 2012; Kim, Mjelde,
Kim, Lee and Ahn, 2012; Rolfe and Windle, 2012), §Y81E F714 0
= AAs] A% Aol

ME E29 TGS SEAY AFAAETREE FHAA )L
4, ABUE 7€ & QAFEA ] ReE T4 qFohs S5
/ﬂ.(stratlﬁed radom sampling) 2.2 201949 8L~9Ho] Z 3P}t
ZAE A Aa4te] AoFo® 2102 ZFPsilon, FFHE
S13}F S2%= 747} 5007, SEAREL 3 30087 $4 493502 A5
th Sde= I AFolA APsiAE A=;E 1,000800 23 +=d
SEAE &5tk

o]

e
e Ao
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=
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1x
uy
i

¢

0|0

Xt

im

FFA SHA 1,000 = SHAF 79389 B4 BEEE H|
WSEH E 53 gt giFEe] 74 HEol oA S1t 83, 2Fal
s39F 547} A FARE FE HojFal Sl *6& o] 3t |l o4} 1AL
PEdke SHAE AEANR 2510 L e vl Hoktt FAl
W2 *Xﬂ S oF 50%, FEAAIRE A %HO F 60%7F AHEATE
Bagd sngA]?jA SH W W7t =d9 o]§ ko] Hsf A

3o Felg & 9

o, AN B2 AT G AIAGELDE B2 4

=
=
YFERT} SEURE BE SN GRS S ol A4S
Z2]
-
+

—_

T 98 s FFA LB % 70%7} 730] 2 YA

FRIT A FN0T 4L Jor], FEA SHAL oF 63%

(E5) SEX £ ¥ 22 = 51 012 HEH HIE(%)

e FE ZEd
o= S1(n=500) __S2(n=500) __S3 (n1=300) __S4(n=493)
A =l 49.60 49.80 49.67 49.29
c= o 50.40 50.20 50.33 50.71
19~29 22.00 23.00 20.33 19.88
30~39 21.40 20.40 17.33 19.68
Hd 40~49 23.20 24.00 22.33 21.70
50~59 23.00 22.20 18.67 20.89
60 0|4 10.40 10.40 21.33 17.85
- 1ZE 0lot 20.20 22.60 19.67 21.91
o CHet Ofed 79.80 77.40 80.33 78.09
3002t & 02t 31.60 35.80 23.00 25.96
A5 300-4997H ¥ 35.80 31.60 33.67 35.50
(Brg)  500-699% & 19.20 19.80 23.33 23.94
700':'r 2 014 13.40 12.80 20.00 14.60
Z 3-43] 0] 4.00 4.40 12.33 11.56
= ZF1-23) 17.00 17.60 22.33 19.27
;E = 1-28] 28.80 29.60 29.67 25.76

3| 34.60 32.40 16.33 19.07
48 GiS 15.60 16.00 19.33 24.34
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AEing EA40= Nlogit 4.0, 500 halton F&& AHEoFTh b=
O] BATHA] 574 2L 4 BEE 2R Egs. ) DE 285t
FAsH. F4E T Ol AT B4 2HE o (E oI (& 7)9
Asldct. CV 2¥3} CE 2y 25T BAAFE(Pseudo-R7) 7} 242
0.62%} 0.30 oo 2 £2 AHES Hoj1 o}, CV XY 9] A k=
FEBAHRYP O Hegto| wht AhE )= o] AKChoi, 2013).
S 483 AR gty PR = SHH&/d T tiFEo] AAE
= FOF HolFA glon SAFORE 5% oA sttt

(B 6) 2 FE2 DS CV MNP 24 A}
Variable S1 S2 S8 S4
ASC? 10.1609” 9.45938" 9.4594" 8.9135"
PAY -11.9423" -11.5649" -10.4008" -9.7548"
Standard deviation parameters
PAY:REMOVE® 0.8962" 0.6163 0.6163" 1.1129"
NsPAY® 6.6917" 6.3748%* 6.3748" 6.3869"
Model fit
LL -793.1331 -786.75 -786.76 -858.60
X2 2572.617" 2585.37" 2585.37" 2383.46”
Pseudo R? 0.62 0.62 0.62 0.62
AIC 0.5314 0.52717 0.52717 0.5832
BIC 0.5394 0.53518 0.53518 0.5913
Respondents 500 500 300 493
« ASC= ST 42 SIH=H ALE|Q HEIE LIEHY
b SREA0NM Hoh= T2t0|E2 22 £E4C=2 FHrEE(Normal) #A2 HF BEHXIZL 00t

CH2 2t2 7RI B9 M2t|E 7450 SAMCE 90| Q= 22E 7
MSE ORMO| 20102 ALt2| 0] 27HEH(REVOVE) X8 Q2E effect-coding2 2 Xz|&t
* 5% T R, ** 1% +=F0|lM |2
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(2 7) MELR(CE)S XMBT B2 24 2t

Variable ST S2 S3 S4
ASC? -4.4514" -4.6560" -4.6415" -4.4137"
WAT1 -0.6815" -0.4722" -0.0923 -0.1905
WA2 1.2370” 0.9085" 1.0122” 0.8879"
IN1 0.5435" 0.348™ 0.1339 0.1192
IN2 0.1444 0.0959 0.2003 0.2179"

OUT1 -0.0933 0.0037 -0.0956 0.1435

ouT2 0.1770" 0.0628 0.2744" 0.2124"
BIO -0.1285 0.0833 0.1329 0.1186
RE1 0.3260" 0.1364 0.1575 0.1016
RE2 -0.1787 -0.0192 0.4178" 0.1868
PAY -2.4661" -2.9104" -2.4517" -1.8338"

Standard deviation parameters

NsASCP 4.2882" 4.0875" 5.2402" 4.6103"

NsWAT1? 0.3845 0.0134 0.3269 0.0450

NsWA2P 1.3716%* 1.14617 1.2539” 0.8945™
NsIN1® 0.4302" 0.2492 0.3664
NsIN2P 0.2335 0.6911° 0.5146"

NsOUT1® 0.3675 0.2722 0.6887" 0.2212

NsOUT2? 0.2488 0.4865" 0.4558" 0.3052

NsRE1? 0.6811" 0.6055" 0.4475 0.26117
NsRE2° 0.8358™ 0.9964" 0.8715" 0.6609"
NsPAY® 2.1476" 2.7230" 2.5113" 0.9434"
Model fit
LL -2311.16 -2254.19 -1317.37 -2276.46
X2 1969.36" 2083.29" 1320.26™ 1946.47"
Pseudo R? 0.30 0.32 0.33 0.30
AIC 1.5548 1.5168 1.4871 1.55271
BIC 1.5968 1.5588 1.5512 1.59323
Respondents 500 500 300 493
2 ASC= SHUQHLZ “MEIOIE CHoto] MEH0| K|z B E8S HOE
b SN HHot= Di2t0|EQ B2 E4O2 HEE(Normal) X2 HFE BEHAPt 0t

tE #E 7HAE B2 Ii2H|H 2150] ALz 90| Q= 228 71
* 5% =Z0M R, ** 1% =Z0|M 22

3. CVol| 27t Zu7tx| & 7HEAE

CVE ol&sto] 4H EAAR(E 6)F HIRCE E/EAY gle
EAA] AdE| 0] it Bt AEYAFA(CVI)S HFEEE FH5H3
ok 193 (1" 7 o] 4] Afele] BAA HAE HASH ] S8k
A 95% AZ| A7 A 7451 tHKrinsky and Robb, 1986). sFHE-¢
AAO] MeE “FEA 6km” BE T4 6km¥} 5HF 6km” AAE o
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oz SAL ERE BRABANNGEINS o 199 Wd 7,600

B 0805 37 AT S5 ST FAMA 235, o
S 20164 GRAALATAGNA SR 72T 3,000 2587}
Lk Fol 95% AT WA meshA 4 3 Bk 5% 4
ZoA et @ 4 gold Hi 7143t Hg At 3, 4

B9 v THE SR e AAZH] ST Aelsus Betop
Ut ARuge] BE waE EAT s ojeist 2ok vt W9
Aol HoRt BAPH QA (857 Aolo] Estrhe S} ARe

T Aakel AA_Ho)7| 5 - Z5E, 1996; Burrows et al., 2017; Frontuto
et al., 2017; Borzykowski et al., 2018; Giguere et al., 2020).

Q8 7) CVIZES 0|83 X2 (H) £ 21

14,000 - ZFEH 58 WTP(#): cv
12,000
10,000 -
8,000 § 7500 ¢ 8175 I < 5 ; 8,193
6000 -
4000
2000 -

0 t . .

51 52 s3 54

Eq. @)l w2tk (& 69
gol of Al #2he deR 59
FHZ 2004 = 5% FEOIA v«lo A gttt EEEE S39%

1 d 2,00099] lﬂ%ﬂg«l*}gﬂﬂ Se Aow 4
et FEA O Be ste FFEE SI2 oF 1919 Wi
1,000909] B2l ZAteo] SIgltt. of #4152 20169 A=A
TN FHYE 7 120097 FARE Eolth

OL‘JO-U

:l:‘



172 - SAEM H293 H25

4. CEO| 2H3t ZH7Ix| | 7H2A4E
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pack
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(018)'1} "Z=ASHHEY AAZHA FHolA AEHEe A (2019 SOl Atk
(kecc21@hanmail.net).

HEE: TAA YT TR, @ FHEN T TA| e Fugolt), I Eok=
A S, FTAH, TAABE Solth 2 =70l “Politics of forest fragmentation:
a multiscale analysis on the change in the structure of forest landscape in the North
and South Korean border region, Regional Environmental Change(2019)” 5°] 1th
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HHX[9H Mo L BSX|H X490k
27 S2|USKIE ez’

A Study on the Application of Conservation Easement to the Protected
Area in Korea: A Case Study of Doline Wetland in Moonkyong

*hk

2oy o5
Seonyeong Kim - Choonghyeon Oh

QoF D|Z20 M= EX[Q LS 3T SHATIXIE EHM6H7| 2l EMX|H 0| WM 0Tt BMX|HH
2 HR 52 g ¢ {FBJHI(%_HE EYAE)I EX|F0t ¥O|5tH EX|7H IHLEX| ¢4 BME|E 5}
1 EX|ZF0H 7t S2 MZ6HS F= HAZO|CH XXl Aok 7|2517| HE0] Mita 2al 2
M7t SHAED, HEEE|0| U0 EXIFO| S 0|20 = QUCH BEXX|HA2 MEAMEIAXIZH 2|
UZO[X|Z, SHH HAS 21 U ARAHASH T 820] ZL0H0 H3AL| HHE MAIE 4= A2H,
Y gl= 3 &5t S A0 ACk= ZFO| ALt
AN M= U Y HHX|GH £0| 7450ttt B1 =L SXIESTAL AMRX|e BH
EIE':'?JQE Rt HHXHES HROP KNASZRLMED Z2 LZFHIEHF| 0 H2|E ES= Y
QFS MIAISHRACE
SHAIFH|0f: EMX|GH, WEAIMEIA XIEX|, ESX|Y LY ARX|, QIFH, HE EHAE JiUH HH
AYH BEH
Abstract: Conservation easements (CEs) in the United States have grown as legal contracts
between landowners and government or nonprofit private organizations(Land Trusts). To
preserve environmental values of private lands, CEs limit the land owners ability to develop
the land and impose obligations to preserve the land’s natural values. CEs are based on
voluntary contracts, which resolve the issues of property right infringements and enable
cooperative conservation management with the landowners.
CEs are a sort of 'Payment of Ecosystem Services'; acting as an incentives for providing
some ecosystem services. CEs are property rights, however, that can stop violations by
third parties and persist even after a change in ownership. They can be directly enforced
through mitigating or restoring damaged areas. CEs can be a useful tool for the conservation
management of wetland reserves in Korea.
| suggest that Korea adopt the conservation easements and entrust their management to
private specialized organizations such as National Nature Trust.
Key Words: Conservation Easement, Payment of Ecosystem Services, Private Land in Protected
Area, In Gross, Land Trust, Development Right, UCEA(Uniform Conservation
Easement Act)

+ o] =E-e MY HA=ET} 2018 Aot Shrfs) AHEES S
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. M2

AIAR = ZHA - - Z314 7HAE BRG] ol 27HEE BHoA|dS
AAsto] BEfotal Qlok. HoA|9o] WA A AA| SA19] 15.34%, A
9] 7.65%°1 o]211 It ITUCNAMIARIA A A: International Union for
Conservation of Nature)o] &5}, 3 X|go|zt ' 52 7 vko] ga}&Ql
A=E Bl BsHA g A2 FHoEA, A 9 A YA A H|
20} 23H 7HAE QIFgstal 714 BAE ffsl AFgste] deEe &
LRFHIUCN Definition 2008).

5oAs FH3Y, FE3Y 5 B9 A4t 2

a7 At ke i Itk sHAIRE A RlET 2AI:
L=

A S B
A dAro 2

A & BAZIA7} Q= AMAl BAE Rt A== B X H ()2
A=7F 2A= I BAXGEE S8 AMFA] B4
and Michalsky, 2008), &5 oo} Ao Elo] =t Eok T
I7HEE EAAYE =S AEsty 9lom3) T ELCN(European
Private Land Conservation Network)olA+= AR FH =4S 3t EU
Sle=re] HE AA HE B2l “The Use of Conservation Easements
in the Buropean Union"& &7Fol%tHRacinska and Vahtrus, 2018).
YU 4 AdSE S BAsH] Yol HeHS A5t =

1) https://www.protectedplanet.net/en, [2021.2.8].

2) A1 dolt AG HH-Z foto] RIS EXE AV EA| 2] Held o]-85t= dd]
o|tHRIH A|291=).

3) ICREI(International Center for Research on Environmental Issues}x= 20124
‘Property rights, economics and environment: Agriculture and forestry & FA| 2
A93] A 39 & F ¥ =, HEZE A AR FF FA= T ol &
FHHo|z] FormE AYiAT A AYZE 2Ask= Ao AlFT HFAS EF
sttt 2 HPH O & ulSo| A Aot KX FHE )=t 9] ohE =7tol . E=Ys5H
= UeHE AR A =95kt
1 9 BAA G ZA|Sof| et =F 0 2= Korngold(2011) FZ.
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7ok AgAAGAZL Belsta ek, e BEA9 U] ARA Hgo]
3 AR GeE BAAAF vjulste] EXROL Y h] B 2F
o] 9o, o]z I8} REAY Frjolx olegL AL Utk olE A
71 9 T gAYt Qo a4t BE FoR BEAY
W ALA AAE S AL dAK o 09 oY ER HEAo]
of 4n4 Ik BIYE AL AGFue] Feis Holst Basw

EA| o] &9 gt} #AHH ZSO= Qg FUHAE B3 BHFII}
U3t Aol FRIFE B3 B9 HE AOHHL EXFoA
B35 #ejo] tigh JAEBE Fofsl= o] o gitolrt, uhet
A EXF9] g o]Fo] YHA] AAHd Aol £AE ET & U&=
Azrt Ao AgA4 e #eEE s Zasit

£ AFoAE SEvetilAs AlgekA] F1 Qe BERAGHEY A
£ vt B5A9 W AgAol Eoks Wots HESHIH. A
A= B4 YU SAREA, 20174 EFHENA 2334 SAESAY
oF AAe X7 AP A 7x| et PETF/go] 4ottt
7hEal 9l 3tolth. SRAYE ARRA] HIEo] AAHA L 90% o], A
FA REo] FAR FAHIL Qe Holrth wEbA $A] BAS st
EXFO H2H g o|Fojis HAA A TERto] Wast 3t
o|mZ o]& 5] HAAFEE =Uste AL A+ HHO=E sttt
2. AU

4) conservation easement= T HYA] ‘HE'XHH Hrj= ‘HA'XGHo| ¢ F
golch, BA(fRE)S 245 BEoste] g8 olgh= ol 'HE(fRE) & &
H 5okl 7heoto] )"0l g o] YALR, AEjA] B 32 ‘BRIt o=
Zo] H4ds}7]| g ol
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1. HEXG A = HiE

ARARRE A2 NAA, ge 3], B 5} 2L T ¢
T 9leolE BT 0)F fAseT] EX AL84 ul8-e 7o) el
o 9lek, 174 o *“ﬂiﬁl A 1 28 ARG A7 AR AL & %

]
Xlﬁ Ul%oﬂ 1{— dﬂo—ﬂﬂol =Y

5] E](Fairfax et al., 2005)
£7] Ulj?oﬂﬂi E?ﬂzlﬂiﬂo] oA | AL u=UEY 94 &,
Aol gt A 2AE0] gt B4l AgolA 1
%JOJ% 22 T:}(Jacobs 1998). 19269 &= A|(zoning)7t A H
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HeoA Fd Aol Ui, 20029 FF52] EX] Ao Az H
oA Ego] JAAFEUZoNE EFatal, ul=RlES s T4 A9 &
24 HYo T =S At it o] gk AHEH Wi o= <l
3 u]=EL Iyt e EBAE(Land Trust) 53 22 2170
o= B4 €52 o AS3tHWright and Czerniak, 2000).

HAXNGEY Fll(purchase)?] H-F EALRFANA BHEEE A+
SHARE, 7]5(donation)®] B¢ EAAFAR= EARA et a3 &
FHoh vl5 AE= JAEE FHo g JFARl 715 HAA|
ks A9 A A5AE AT AAISE (Section §170(h)of
the Internal Revenue Code)& = HAE AP, o]t A=
Ao} g HE EAE gt G4 BHA A 7177t F435] &
o tHGattuso, 2008)

HAAGHY ApdA ol QMg Eof| 7|9t EX] HAH W2 g4t E
A19] FHEol Bls) AgH-E&= Asta, 54 A 5ol AHst
o+ HY 4 QItiHilty and Merenlender, 2003).

19819 m]=t A= UCEA(E X Hd 329 Uniform Conservation
Easement Act)E AJsto] HAA|AHol Tt /i FH(NE)S #Eo] H
£ ol9it}. UCEA= E3HolA A7|He EAAGHEY] A £AES dla
of A84E Bt HAAGES st fagt HA AR I
SIATHPrefatory note to UCEA).> 2018¢ @A, 24715t ¥AE DC7t
UCEAE o2 EAXNYGHE - S vk Ao o) 1 9 FM=EX AHA|
Ao HAMAGH YHZ sk

18, ov

5) Prefatory note to UCEA, “0] H& E3)| REHA A7 =& HE A S S4sl1
EAHAE 919 £A12] 0] 8] ATE FHBHE (A Ak 48 Hef 2
st g

6) Alabama, Alaska, Arizona, Arkansas, Delaware, Idaho, Indiana, Kansas, Kentucky,
Maine, Minnesota, Mississippi, Nevada, New Mexico, Oregon, Pennsylvania,
South Carolina, South Dakota, Texas, U.S. Virgin Islands, Virginia, West Virginia,
Wisconsin, Wyoming 247§5=0] 4] UCEAC] @& & st
https://www.uniformlaws.org/committees/community-home?communitykey=42
97dc67-1a90-4e43-b704-7b277c4al 1bd&tab=groupdetails, [2020.12.101.
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BEAAGES AESIAH. HiF2o] @t 2700 IAAY BAA 9

¥ Qste] 71elske] S £
Y2 AEstel S BFRAA W

2 A7 BAxEe ¥d
AiE e, S A9E1 9
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o o o9

Axds 59

A, T SARSFH 2

(B 1) =L EHX|GA A7
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o] of¥ttal dEUd £33k AUtk
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/\g A

EAAH A=A AF ¥l e
g ATEACR 280l 7Hsoithal B

Egere AN,
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33l

P

oS

00| ARERIR T o7
(M35 201, 2003)

0l=9 M2 HSE 5t o2 FMS AJlst MR
MEX D20l FLP(Forest Legacy Program) HIX
s #Y

FLPE 4FX|9] JHLH FLOH= OshEt

B A0 T AR S 442
A 2 HE AE 2MT 31 44 2

ol 2tej(EA, 2006)

aZ

A48 AT T2IS o BHKISH 9IS HESH
Rlofg N Y=HIE 2 oo

2H

SRS 93t YA O

(HHAF £ 2006)

oot S,

-+

0 SX/LHMOR HHX|H oI

MEH ZEH2E Aot XY H AL
EUTHHE EU—H A |1l

(Mo|1L 5, 2009, 2010)

SREMX| YA 0 ZZ 7O PACE(Purchase of
Agricultural Conservation Easement)2 7H2# 0§
MR AY

AEX|Fo| 2lgtE EX| e 9ot
(ZIX12, 2010)

M8 SSI BRI TS AEGINET,
THEseia) Mstsiols Ao HA

=2ooL =

SYUTSAF0| ot Be-gr=1t Oj=0A
ol HIEE SHOZ(SHE, 2013)

SEXIGHE WU Lot FF0I0 QAIEN, ¥ K==
ol BN AREC25E JHLH 2207t 0219 =I0[ Of
bos

FO20| MHSANHIA 2 Mefe MY
SIZMHIA BAEIONES T H5IE, 2013)

KSR, MRS H- AR ASH 70 S 012 T
o AJKet

SHEHAHS SAARAI AQACRLE fLAS

0191 ST DN MO 242 7 5101 nfztafi 2102 Asfotni, SlaioIgy AS7T}
45%. 2019 e 22t 2715101 £210] 2fsiCt 2

S| SHACIH F1S2 BA0] /LS 70| Ao
A2 SX| BELOIE TR, 2016) [Hstol UPIE KiZsis AR Aoro= &, J1aiLt 92|

SR80 ARSI

(=]

Ol HEHAME|A MEHMSIO| 3
% 7|3|(YElZ §, 2017)

A2l SHAI%H 2 FLP Z2 17 2 Ko 70fS Af
SIZN, EXIZ KRB AT 4 = Hal8 TSt
HOR M3
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l. Oj=2] EHX|HA 2F o

olor

1. B¥X|HH =20

0)=re] HAR A HZx+= 18919 %9 QiZt HE EYAER] “The
Trustee of Reservations in Massachusetts’ |4 EAES HFol= 35
9] 3949 AIE FASH] At HHoA AHE EAAGH
F=Z 19309 th7HA = ol-&=A eirt, 1940 ol =75 A8e H(the
National Park Service)o] @A<] Blue Ridge Parkway®} Natchez Trace
ParkwayE wte} A3FAQ] £Hog FHEX ] FPEH9] HHAY
d= FHisHAl EHHA EEsiich

t]= USDA(sEH) 4tet NRCS(AFAAEE A=t Natural Resources
Conservation Service)olAl 29 59 EAAGHE #H T2 o= &
A BARGHACEP: Agricultural Conservation Easement Program)it
A7t & 2 A T2 T3 (Healthy Forests Reserve Program)©| AT}, 54]
BA ZZ73o]dd WRP(Wetlands Reserve Programix= 20144 ©|=
9 Farm BilPZFE 52 BHA A ACEPY] Fo=o =L
ATE) =] ZR0NA A5 AVfE A4 B R TH(ELP: Forest
Legacy Program) USDA AFst AFH % (Forest Service)ollA] £8st= A
02 19909 s (Farm Bil)ol A +HE Aojth. Ao FQ
< Ahd H8EHA)S P2 HE HAs] S5 Aol 7|2 AYst
of ARARRY] APEAQl Pk Bl AHEY Afd S HAXGHS

HSsto] 42 wAHskT Unh

oo
Loy 3

7) o3t A2 EfdolA] gt B4 AR [HALFAT]) SA= A 5LEY
of o]-&stALt o] &2 A7t obU W AfokA] ZRE 1L i ske] AR YRS A
gl Qo BEAHE HEL2 5A9 &f7 ofv e AN E &2 Agdn 22
AgtEd Aol BE & Aol s A et

8) ul= A R Y 2 AF FH Y 7]5to] = Mo g, syuitt BAIEH, v]=t
FREO F o] FPI B BE GFE EF UE

9) hittps://www.nres.usda.gov/wps/portal /nrcs/main/national/programs/easements, [2020.12.
101.
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(deduction: &5-FA)°] 30%0lA 50%= ST
o] 5|AoA 1590 % AFEU. E A4 Q= w5t B4
AEA] FAES 50%014 100%7HA] Sef=| it 10

20214 29 7]20.8 u|3o| BAX|GHo] A%
DI 22|, BAAGEL 191,476 7io]al o] 3
32,701,848 ©flo]A(acres)oll o121l QJct.11)

=,

Sl
k=l
f
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rlr
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19 o ol rlr
N,
o & o

oN,

o) r[O
L
)
a
o

Kt&: https://www.conservationeasement.us/interactivemap/

20184 = s (Farm Bil)Z 7€z HAAHHE T2 of
#et do] Hed & At

10) Conservation easement tax incentive Brochure 2016-Land Trust Alliance.
11) National Conservation Easement Database, https://www.conservationeasement.
us, [2021.2.171.
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(E2) EHX|YAH Z2J¥ =7 (20184 Farm Bill 7|F)

Z273 o A e et
NRCS7} 50-75%7HK| X|S# FSHI
ACEP X, il o RS
(spwnem: | S sqmsgomemineed | wacs
Agricultural Conservation P T
Easement Program) &X| SAE &5 Es ¥ =} fot=d| 715X
A KA
HPRP s _
(U5t B &2 SlSotl B Forest
oalthy Fores & TEIE BB, MECUy Y Eazal O
Healthy Forest 25t Service
Reserve Program c
- S EPYAES RCPP X202 &
HAYE H= 71
RCPP - NRCSOIM HIE2EHAIZS X510
(ONPL=RS L= OFMEMAIR, 29| HE EHAE 2t F I AF0IES NRCS
Regional Conservation | O|7HE AMRX| S U7 2HE=S 7|85l E &
Partnership Program) - EXARAL SUSMAL 2-EY
OFMIEMAR H XIHAXIZ 7Hidoh=
252 of=E X1HE
- K Aol 7|t S+ 7t
SRS Uit IRS
_ - IRC §501(c)(3)0ll igfst e ERAE| (FAH:
(=] o H 5 = ;o]
D[S EE S S s me oy s 7 Internal
TIEN HUASH ZH [ TER7E UE MRR | S5 < N
- SHHR(E7 190 715 22 Revenue
- OiEQ| oelek= MiE, OFYEMAIN S| Service)
MEAES, 5X-& 5 X 25

Atz: Ot F1lotod 22t
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/easements/acep/,
https://www.nrcs.usda.gov/wps/portal /nrcs/main/national /programs/easements/forests/,
Mercer, Cooley and Hamilton, 2011

Reserve Easement)2 NRCS7} FEoh= IS A of23} 2} 12)
EXafAE AdEE AR 24 24709 ARE EXAE 2F5kL

Aofokst=T, o= = 508 EXE PHishs A= X

o Aot} &, &2 F9U WRESAHCE F53t Ao ofd

o =
L 9ol ofgolth, EALRAE AHAl0] AT 254U FHsor

12) Natural Resources Conservation Service, 2016, How NRCS wetland reserve easements
work: A guide to understanding the wetland reserve easement component of the
agricultural conservation easement program.
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s 192 7122 E "y o4t 2 SARE WA AEHH,
AESEA B3t A= O o2 "Yo g &7} nFAh
| Sto] AR HH Fufj7bE2 USPAP(Uniform Standards of
Professional Appraisal Practice 787 E 3-57]%)0] w2 7ol
52 7|89 AELTAE 9A X3 M-S AEZIARTOIH A1Y
Aol gizto] g HFAEARE-S 100% AL
¥ 7hett 54 HE oMEE AAAY A7

_orlg
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Hmt
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fo
ol
of
o2
)
rlo
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b

H

o
O
g
i

i

9% Az 92 Y%, FYRE olF 2 5 B 7S Wolok 5,
olefat s7lol S18EI Beleh W, W, A7), AE, H87IHE T
AHoR B4 i FESIES et

o)
gopt Frete RAXAA AS FoH, AAA BEEA, B4EH
A7t A At

NRCSE: FBARIT vl BAYES £o) AN A (AL mu
% sjof gk}, BUHAL 4A9) BT )53 NS fAES S
sP7] gIat Waoh SubAe Ast welbge Awsh] gigoltt
T EALR49 2L HEYY BAZ S5 HEHE Bast

o8l

2. BHXAAH MHA132F 1 HEY YH

1992 Halsey F-5+= Q8250] 54AE Foistal=d ¥ SAA
H 3ro]oja] AYAkspo] EA| okt 1998 NRCSOll 69 ollo]AE 304
713te] FAEAX GHo] SEto] A 7]ed] Ads wot FAE 3
Hola, &3 opgs), URet "ES AAstlth. BAl, US Fish and
Wildlife Service(USFWS)= AFFHHIE A BE9715& HAE &
Aot AAA BHS skal 91l NRCS2F USFWSE §F €3 o]F0f
Halsey B 52 E3olo] EXAARAES T2 Oregon? Willamette

13) Oregon NRCS, “Bring back the monarch,” https://www.nrcs.usda.gov/wps/portal/
nrcs/detail/or/newsroom/stories/?cid=nrcseprd384816, [2021.6.20].



ValleyX 9ol A4AE st oA stk ELGAE RAA
A 718 Ao AEWT NRCSRHE S5 52513 1852 AR5
Lo 9aw 714H YA A9 W, G7H 71%0] AP Ao

USFWSZ2 FR7|#o 2 HE oA a3t T2 IHE Yuke 5=
ATt FARMRGEL 54 A Fofl HAPAHQ] FEo] AHslo] EXA
S

FAE 2RE AST A ASFHQ FE)E SR sto] BRofA g

ol AR Be AFEZL HasA Hoic
9] Qe EF Ao 2ol BAX UL EA0] AFSte] 1 £ of
8313 9k EXLRA7} g A0 BAZARES 49T 4 Yk

Q14jof) 7|grstar gl

3. ME ERAEQS| HMX|YAH HY

ojt. HHA A HFAQl HE EHAEE HHRAH Fopfgo] T
ELARS ZAREL A dsty AYLS zH=th(Pidot, 2005; Hilty

and Merenlender, 2003). & B4 4 EX] 9] A&E0]55 Z(corridor)S
H3ooly 935444 Bagte 53
1 A9 EXAREA Q] o] 21 FEY 5 ETIASRE Y
g F83 ks skl it

O
20154 7|& HE EYAET} HASHE EAl= 56T ofo]Ao| 1,

iy
rlo
o
o,
b
fol
o
offt
e
ﬂo_‘
v
&
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ATk 20219 dA] ASH HE EYAEE 446719 o]21 .15
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453 a2k
A0%
35%
0% 24.90%
5% 21.50%
20%
15%
;':"“ —= 470% e
5 2.40%
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HIEZZ|2  F(State) B2 (Fedeml) II%KQE ST fjointy) 7| E}

i
EOVErmment)

s

=

||||
[
|

ZX: National Conservation Easement database-20124

14) 2015 Land Trust Census Results.
15) http://www.landtrustaccreditation.org/about/accredited-land-trust-statistics, [2021.5.30].
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V. BEXGAEL U = HE

1. HEX|G A MY HH
0= HAXGEL HE 309 o) 7Ie B JAHQ 7|ge s
AR E = H-R B4t A 24 EXARAE IS ol 59 397t
A (MER), Rl wet HAL A3t & g
(TER, affirmative)?]F5 FHT & Qirh o]2fgt AR
<9 RO A=A AFHo] A9 729 U89 AHAS
Fong Agof| Tzt gtk J+AQ 715He] AFHE Af
erotes FEo] A4 Yot U sHAlet = olF 1A
2009; &4, 2014).10 ofgfollAl= wl=olA HHA Y
ANA Aol HAE AFH AR} T BFA EAE A=
oA N EHEAE AHE

R

ro
i2
i
=
ﬁ?_
w8
S
ro
0%
2
I
ﬁ
12
i
1o
m
op
0x
%
7
E:E
Ho
=

3 T A2912= A GHAE AT FA2 fst] BRlY EXE

A
24 Fe= dyolA a9x|e FstA 7o) Fe= dE, & A9
(in gross)} QAASHA| et Q7]
+ U999 9 HARGES @ At E7Fsioh(o] g

g2, 2014).18)

16) k#1 798k 704, ek 91 Al WA A7) Aol
A Y EE ARUS AWSH Hio] Arin T 4
A9 QIgelRi o]t o Bag Aot

17) 57919] Bl 9lsto] he Alghe] BAF & 54 ol §5H B9, 9o
A wdel AL Qe gke



218  EAHM H298 HM25

IO

TPy A9 RIHel 897 154 Yo Fodols HAAGH 4%
7Fsdtt] ol thE =9 ARoflA = Zolg 4= Qltt. ml=ofx= UCEA
9] Y A A QYR BEAHS 257 Yol A B39 EXE

F Aujste] 1 EXE 8 AR 4o} 1o B&EH HEA HAAHHES
HSok= F4S FHt ARI7F JtkLindstrom, 2005). FRUCRS] FH S=(H)
= HEHE UEs v Fede U2EA Us9 A5 A= 24

A H5ot e i EX §29 EXE FH5te] ol S 9A=E 4
of EX%X]Q HAS 8ot et oAz 54 A(servidumbre)=
FESH] ol RAAE stk BAoE HAAGES S8kl Ut
(Johnson, 2014).

webA SuEtoAs 8 A B&she AR B tigA o] BA
A9HE 48T 4= ok o|2H A A9HE 29X &7
7] BAZ sl o EARL SH9A9 /S Aol BAS] ol RE
Fist= &9 A 9Hor Q0oF

wo ol rlo

il

I

mlo

NI
m

msk
>
30
T on

o= BEolA= Afds et #2159 FAgHbundle of rights) 2
2 5o Z9dy Z2 QA2 O dEY F 4E HYES 20t o]
Aotz ZACE Aot o} ) 399 A FAE FHoE FH
Uizl A& A2k A9dEs d4cke ¢ EXAARATL A5T
HYE @A A F=3t Ao R A = BAXNGHL FoRy
ol wet EXAfATL IEE A 5 B8 AYeS 2 B gk
o= Ao &g ErHOlmsted, 2011; Korngold et al., 2016).

2] oA ARHES AHA AujEe R ’gtgéh—’— Q19] 54t
gt o] & 9 Hee aFdES Aljtohs AMEdCRE it £ 1

He e dRles 28 Vs Aew ””30}1] %l ArAl Af-dxt

18) 1999 7174 93]l A1 Q1A Aol | =017t UAATE 2= A el ol A
A= AeHEARE, 2011, S8l & 9] AT,
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AFEdCo g FEchs &d AACIY. &7dE 52 A bundle of
right) 02 B 1 BREd2 7 7l dEEE BEote] YEshes ZA2E 4
Hol= uA] A 2-G(the legal metaphor)= 22Uzt W] S0
gt Ao 2= A tsA] gt

T2y vl AR QEY 242 EXO UHES o|H(transfer)sh=
o] ofy e} AlRH(restrict)She Zo|th. HAX A A EHS £2|5to]
Y 7FsHAI7E Yilo] ofy et B EAS 95 EX9 ZEE-E AHto
restrict the development rights)ol= Zo| F&olH, o]= EAAFA}L
Rt 8] 52 E7|5k= A(relinquish)°]tHBernstein and Mitchell,
2005; Zhang, 2004). =H9] EHZ]GHo] et PF AFoA= EHAY
H2 VI 2 A eH 19 I A =Yy BEiste] Afd
oA MIAS Eeote AZ EAXGA7A] gfistes £o] itk ol
AFolde A HIHe EdHET A33} Afd9 Aol HFof
AdozRE N 27t E7bstEE fEuetols HAX A &Y
ol of¥tty A3 W UHAHIE &, 2009; =EIS, 2013 ASE
2015).

I8y o]+= PDRINEH Full: Purchase of Development Rights) T+
TDRONEHE U= Transfer of Development Rights)?] =% of5#-9} #H
H =92 HAAGAY FANAME I QA7 HEER =93 AR
ofuch AR GHNA LA w4 thido] ozt Ajt thiol7] uf

HAA L &7dE ok d] FoA 7€ BEA a%ke oA

19) Ad4 5(2003)0] Hdd Fughs oz HARNGAL 32 4/t Aoz B
At A Y 52 FLPS AVfolHA] AFEEE EAE Fufote] e 82 A&
e A2 WA A2 A¥sta itk I8y FLPE= 19909 Farm Billol A 4=
HE A2 USDAAS) Forest serviceol| A Ssk= AN, $HH 02 Q34
2 HARAE 9 P2 HE A6 Yof, Aol 7|52 A doto] Akt
9] ApEA Q] FokZ 7|22 A9 ARAE HSHAY S J74 EHA A
< 55t €& BEXsts T2 Ooltt. & A A2 AL HASIHAU R
AANGEES FH5st= AolA, g Szt opd ot
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T
ek

ﬁﬁ 4> 4

13 2 gl BYE AT hgolT. 3, U8 WA Ho] JYE

Q= A7t A= Ao g ErHGattuso, 2008, Jacobs, 2014).
o] JgEH ‘EAZ o7 /st Fe] 52 EFAL ¢ oA EAf5t

ot
=

[T )
rﬁimmm

i)

A A
no longer exist.)1l AH=3l JtKay, 2015; The Nature Conservancy).20)

TF (In essence, the rights to subdivide or develop are forfeited and

2. =L 23X g} 2HE

20184 11¥ 7|&22 WDPA(World Database on Protected Areas)®]
SAE v EeA 9GS AASHEAX Y, HTY, SAESAY
S 98 F30] Y1 FFFE] ARFAQ] Ao FHHY HIAH F

I
17%E AA e THEE 45 201949 7€ =2 (& H& ol AA

(& 3) 283 S87Y 201949 EX|A R §g

A A 6,726 (km*)
74 X 4,933
N 511
AFRA| 1,003
AFELR] 279

IHZHSH, 2020, 27 |2EA

AR B9 gEjatEer BETHFd P, UNESCO, IUCN & &
An Ao BSAF9] YEHF/IS Bt At AGFvate]
A ZQ40] #ZE T ek v S(2012)2 “HE R 9G9 A
Pt ol & #e oA B H9 z]OﬂZu]oﬂ ot HERAE 5
1, Aag
AL OM o et 914 6}% RAOE ZAE

o, ¥ I o
Sy
fn)
N
re
i
Mo ™
Hr
fol
)
18
9,
M
3;
é’
=,
=L
m(m
)
=o=lgl
_Oﬁ
lr
>,
H
&

e
Y
o
4o
%
r]I.
[
>,
iz}
fo
olr

20) https://www.nature.org/en-us/about-us/who-we-are/how-we-work/private-la
nds-conservation/?tab_g=tab_container-tab_element_670, [2021.6.20].
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3. =L YEHAIMB|AX|S XS] B

HAXGY FZ2H(UCEA) 12 ()8 /g ole] gy “‘HA AL
H5Ato] Zj’é lﬂ% 7Vt 454 QRE 7hote HIFHAFERA,
EX 9] AA-ABolv FEQ 7HXE HEo, Y A - FF-TEHZ

WOl A2 Sastol, ABABE R, e 3719 BE AT
AIAAG, AEE S GAA- DTS- EoHE IS RIS B
Holt, BAAGA] WA HAL o] okl thEH(n rem)ol7] Hh
of @A) 254 # ohet MAE 204 ¥ A= HAXGE L
AN 2 QI oleie AIROKIE) e 289 FA(fee tide)o] 7]

E(record)¥]o] FAI=L Sitt.
HARGHo] HAH EX=
4
5) = It} & HHAGQHY] B2 BETGY EA € o]
HE(ols o & A3 A1629 "“ﬂiﬁ]*ﬂ‘ﬂ]/\ B4 9 33
5ol Tet AR AAsta olof gt th7HE A Fots" FEAA A
AEAY dFoE & 4 QUrh2d
J8y F Al=es 1 A gFo] tEd], BHAAEE EHol1 AH
AMBI A EAA RS @A Golg= oA (F 5)9 Zo] A% &

1 AHgol EARA e AljtE o] i
FERETFAL 95 EX FEL A7

21) ¥ A162(EEAA A EA A D SF R, 2021.1.6. REAR.

22) 79 ol = B AU A BA7F E-6H L v BHAGE FEj7F 1+
Aret 540 2 Bt & = ok, BAA| H 2 M FE ) 2R A A A
HAZEA Q) A& F3]2 Yrh(Payment ecosystem Services: Getting started a
primer, 2008, https://www.ecosystemmarketplace.com/payments-ecosystem-
services/).



g EX 9] AA(237HA]) obE-S AFoHA Hrt20 B 9 33
OF. ol

oz QIR HgY] B SHoH= AEA At BlES BT

(E 4) ‘SE{AIMEIA XIS H A2 BTX|H Q| H|

2 MEIA M| AXIZ A BHX|H
=2x MEIAAMH|A B -5 EX| TS HIBI5I0] B271R| B
¥R MBSO 16X UCEA, M ()
A HE KRH HE (XA, BECH(HE EHAE) S
° EX|ARQKL, HQAH Y B9l EX|ARK
CALER] MEIZREER, SRESXS, | S| % 2X| L OPYSAAR S BHE
° X8 5 7tx| Qi EX|
EX|Q| TIx [tz
CH =27|1= ASARAIE ~
R SeEs (152] Z2 HiZ 2 5

23) { Al162 A3F e A B AAEA A FS A AT GARZE 1 A W8-S o]
512 ol stAY A RS dfAIete = F-9-ol= Aol Al 3719 o]dof| o] & BE
Shojofsitt.

24) AR RERE 2021.1.6., EY3.

25) A ER] KA A B AR EA A <ol T2 ARt HAFO] 7] E)ol|A] 159} 25
L v HAMA 0] 2Ho| 1 35 &40 Zo|t}

26) Bl A& G717 ol A= BAX Y o] F-Eot Al FEEE ] /gt 7]
1] 97 w2, 7]5%9] A% AlFald e JrE AAEE 2 &) 7}

27) EAAGA 22 3300 upe} v|-§-S FRo A ] Yok= FE QU (B 2) HAA
g4 =g 79 2720189 Farm Bill 7]1&) Zx.
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BaE =y R 2 2
S A © Merate) Hst, B o B% B5
=TT 1 ol %75 (25 304 01
A o AR 25 ATl e st
o 2 A S

HE |98 - ASKOPI FERE EAARK| U8 ~HGNOPIE 22 58 Jfs
(O14=2) S Siot 7ot 52 4 ERARR HESIOIE 5
ey R elEteseIf et A,

xx| 5= 27 U HIGET

13t &

oS FSEE BAX Q2 I aHH S50 Hrt gt A
AMBIAAEA] AP & & Aot BAY EX7F &AfA HEd) 5
O]— S

"|_
g2 A|340] 4

V. 23 EolUl SXIZSX[F0| MLt

574 B $AE Hgo] MEe] SE1 gL AL HE 5ol
A Aol ¥j57k & 0|2l 7|7 glo} whEoll WS- Solgt 4FO. A
AR ORE B9 A2 oA Eat S 2944 QeATL B2
sto] & WAYE BT W] oPYAE 65 2 AuH
A% HANE 3% 5 73159 ARl AAlsH: ABTheo] X
3 A|ofo]t.29) ofof FARE 20174 o] XS 238 FAEBTo
2 AR B B SABIAY BAAT S S AR
o BATPAS AW et

28) &4+, 2017.6.15., REAL &R,
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A7 WA AE £ A= 52 =25t AT 0.49 ko] 1L o]

& AHTAl HIF2 96.5%2A tiFE2 AAISHAL Qo 5419 HAdelE
Al @A R AMRA Wi AZstL AL WAt EAE E2Y &
A AGer 4dF 54 Aot 54 T A5 diFE A (56.6%),
AoH24.2%)% 42 E5ol Y FolH.

(2 5) EYHISX EX| 2R3

= 2X+ A EXOIE HE(n)
ZE8QX|(3.5%) 34 17,200
s4X| 44 312,943

ARK (96.5%) 148 Qlof 35 83,701
7|Ef 69 80,590

(2% 4y S2IY &%) ALRK| L HEAHK(EH 28

E3H EXIESXY I EII ARX| \ =24 SFESXY W DHEN’SII‘EI )
EX: 20[X[A(F), 2018, E4=2|U| SRIESX|S 2XA = 48

P 1% QLT A R G5 A EA 55
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—t

2. HHK|IH £t
1) BRAIGH T WR

8529 ) AR et AL GRS Wit 25 A
o) Helftch. B8 HaA WA HAlel A48 T2 3R
H1go] go| £, 9 TEH T Yt BT U EA0lE
AR § SEAL B2 chick 44 SERAAA 571 3 =
g Wat 3 WAEo) 4] 7)ol AHORA 058 HBTIPAe]
A4 AR Sl B ek, 1B AR ¥l feld £
2547 G2 EA7 A 7150 et EAE ol§SHES ok Bl
#elo] @oe olZolujt Aol HikAsIha s

73 e $AREAG AjHOT AGA9) vlgo] £, oAl
sH4 ofe EAE THEE RS BR(aY 3 33, A9
o A9AE o BABE S5k WAL olTo] Y AE
W BAAGEY 59 Bayol Ack

l.

r

o mm

B AN o
B
1o

2) SHX9H 20

22 A R golle /A7 28R, O SR/AE 89

A= AL FHY AFAIE SHAR sto] HAAHES 4T = Sl

BANGE HSFA2 et 71579 Z97F A=l S2lut ARl

< AHAARLAEAZA HAAHE SgRt AFEHs
(purchase)2 APst= Zlo] Hot o 2ghsie.

BAAGEY Frulg2 B S| FHiuEETE g WAL ddiEE
Hope WA En. EAARAE 7IEHE BEXE HaotdA HAH
9 oA ARG o= 7] wiEold. FAIAY
o] ] olstolA FRz oz AMEEE Fo
S HAgR 9 e Sl wek 24T o A v=ol e BB
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& Hwste] 1 RS BAXGE JHAR B
2] 9l9] AR APL EX] AA7FA Q] 25%-50% Hof
AL, 7HEe] o] AMl A HL EX7IE ] 90%°f| o]27| % she B At

2R Qe 717 304 o4 A R AR5l A B
9’] /\3‘%7\9,] OJZ‘] A EZ]—‘C:T ] 2(z2)70] 71d"ozM HAYsta ZA

BHHAAGEY =AU (F 6)FF o] ARV BHAGES B/t
1 FEjohs Wel RV Baota vzl TeEE fEeke Wet ¢ Rt
= i3

(H 6) EXX|9H ERX Y Yo

B B2 EQ BIRICH B8
=

BEBRE19H SIEF2I2] (129 RioiH 2922 (H32
i TR DI B0 I B2y
e REE BIzto] F ol 2 2 80|
o M2 BE RIZIEH| 242y QK| 28 MUK
i HIESN B2 Pyt me RIZIE MY B T

29) If no substantial record of market-place sales is available to use as a meaningful
or valid comparison, as a general rule (but not necessarily in all cases) the fair
market value of a perpetual conservation restriction is equal to the difference
between the fair market value of the property it encumbers before the granting
of the restriction and the fair market value of the encumbered property after the
granting of the restriction.: U. S. Treasury Regulation Section 1.170 A-14 (h) (3).
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ERYY SRk TETREE 2ATT EE
Pitge RET 4mw Kemg T O
SEHER ENE mpkEd Foow G
TELEIY® 5% wel2 WXy X
SHESE mug ogx¥h o X T
] mu o Y B oo o Mo _wm Mg o 2 ™ o)) 5 K
SHE L EY Tmx @A mg g BT Y T oo
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o o RE oy = oy O & T X < = G
depwo ¥ BT xompk HEXY g o
T o= B m o]J < Ty iR o) HP
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DRI R, WwTy ABwThe FemR B
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Abstract: The present study aimed to verify the changes in water quality and to elicit the
direction of improvement during the Project to Save the Four Major Rivers. To examine water
quality improvement, this study analyzed the changes in water quality near the artificial weirs
in the Nakdong River. Different patterns in the changes in water quality were found for each
measurement point. There were also significant increases in several water quality indicators
including total phosphorus, total nitrogen, and organic carbon-related indicators such as total
organic carbon (TOC), biochemical oxygen demand (BOD), chemical oxygen demand (COD),
the number of Escherichia coli, and the cyanobacterial harmful algal bloom events. However
the related budget of the Nakdong River Water System Committee in charge of water quality
improvement has been continuously increased and it was confirmed that all relevant
performance indicators exceeded the performance target by more than 100%. These results
revealed that the performance target indicators were not sufficiently reflected to the organic
carbon management plan, thereby causing an effectiveness problem. Consequently, our
results speculated that diverse water quality indicators should be considered when designing
a future environment policy such as water quality project plan.

Key Words: Algal Bloom, Nakdong River, Performance Indicator, Water Quality, National Budget
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718 9wt 43 Btgrhs S ofujict.

2 24 292 48T 4 92 A0= el

)
3 =
)

(& 2) COD7H ZAHOI0l ZQ O|ZAI2Y 24 2
R-squared = 0.6165
cod Coef. Std. Err. t PItl [95% Conf. Intervall

time  0.9118745  0.1814281 5.03 0.000 0.5543674 1.269382
treated -0.6220903  0.2171802 -2.86  0.005 -1.050048 -0.1941331
did  0.4386171  0.2998356 146  0.145 -0.1521938 1.029468
temp  0.3915102  0.0560327 6.99 0.000 0.2810969  0.5019236
ss  0.0388047  0.0068413 5.67 0.000  0.0253238  0.0522855

tp 15.21544 1.510896 10.07 0.000 12.23819 18.19268
_cons  -3.171588  0.8824558 -359  0.000 -4.910481 -1.432694

COD: 3315 A4 78, time: E42, treated: HAIZ, DID: 015 AH2EAS S5 #4, temp: R,

ssfrad, tp:E2
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SO% CODE $% HoR ¥ ol3AEy £4& +3% 2%
(E 2o vetd AAF Coefficient gho] BODS| AF-EH 7 Y2 A
S 218 4 YTt CODE 33 Akag ko 2 ol A= U
2 ATE AR F o] BEIFeHARl 840] 71 A7t e
T A= 2AFlES AvletH, 5 7R ekt o2 a7t <F Hof
AEACl 95 € & e =40l US S7HIES HEYAL Sl

= gt éﬂr CL%I 29k &

< 57t0| 9 +ZIH|0[E{2Q| Hat

DO (mg/L)

ToC (mg/L)

Before

. o
“-s;—"ﬂ-h:&-m--?—t\z Ude w YL e YEHY R mYyyele W AT e e R0 e LT e DY e YR e S
- g’
z ‘ g
g
£ £
] £
2 g
o 5
‘ g4
oo
.

€D (mg/t)

Chlorophyll & (mg/m?)

Y o
Befare T Before After

us
w0 e Y U w UL m Y P sUTR LB aT0E - HRE R UTE R UUUYE e WYLl

Total nitragen (TN, mg/L)

Total phospharus (TP, mg/L}

Before After

(*)= P€0.05 ¢1 %2 OI0|5HH WlH| W S(+-test)E Sl FAYES =0/

Before

NE
H
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organic carbon, TOC), ~2(water temperature), @=4 a (Chlorophyll

[)

T

=

X A (Before),

A4 (total nitrogen, TN),
A
=

=

[

=3
(total phosphorus, TP)9] Ql&-H
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A|E Aottt A= g2A yeigal glon, £3] §7] ©®4ad] S71%F
FEEH UEbe d4dez 18] TOC, BOD, CODY| ol 33s]
A vehd Ao g whEr) of23k f78A] S7Hs et rAEY
Ao & FF= 1, MR F E HEEore] ZAo| &5 dFE &
T QE Zo= E_]_Hoi SHChen, 1996; Perez-Garcia, Escalante,
De-Bashan and Bashan, 2011; Escobar, Randall and Taylor, 2001). ==t
A BESHYHAARY] WA (Escherichia coli)®] $7F AEE ERIgH
A3} (19 3ol vrebd AX " HAA] A1 2012490 Hs| 1 7t =

o A FhRE FES Holt AS AT 4 AAT
(O3 3) YsZ o3H MX| MF 517t tHEMF(Escherichia coli) MIE%: H5}
32
28 ~ Befare After
3 24 -
E
w20 A
Y 6
=
8 12 4
W og
L
swanaill
0 4

2007 2008 2009 2070 2011 2012 2013 2014 2015 2016 2017

ro

o

B pE o
fu

> Jo nx
19

111 (e ro

e

E3H ol=gt 4 HlolH] = & & U A5TY
A% HIE ATE 43 (I8 HolA verd AAE 74 A
n|5HA] BiskE|s 7p4eko] Zpol oldt 4 QlAITHP)0.05). O
< 73570l TOC & 44 HWstol A Al I wIAA Z3ch
oujsin] HAHZ] o]So] f7]&0] 23t 2 Fo] AZ5HA ST
< Uehdt} waba Aae) Qlof Bt 7jAE o] FoHAT, 71
T

w70l gt BeEje & ojFAA WS HAFAL Q.
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1600 -

1400

5
8

:

YT 2+ (mm)

Before After

F71etA9 F7he gt ndE € uiA 279 FA0) FFZ &+
IS} BOD 9! CODE S7H 17141 82 A7 |=
I}, o]& gt TOC, BOD, CODQ| A&TAE= o d Aol A
o] o]¥Al H} Ith(Dubber and Gray, 2010). H|& Y57
o] Z7toll tafiA= oF&] A7} Eol o]FR|A] kol Hegt
23t Aolx|ut, BAHA] 9 FHE QI3 {59 A EISE
A0 JFE FUS A0E F5HY. olgt 449 Tae
A9 G Water flux)@t & #Ho] glom, wabs] FaF=fsEx
2 AitEch AA GaE oA 9] f7392 (1Y 5004 B Hiet
o] 20129 HAA] o|F A AaFoh= AHE ZRIT & Utk

o
o
g ¢ o
4
;O
3:10
N

o
r

d

Jlm:(\?
PO

o 18 P oF L H1 18 %O
IR
g oX
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iy

8) & 374 B A|AH”(http://water.nier.go.kr/) B LUE Y YoE,
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(18 5) AIZE Mx| 52| (M®/S) Hlx

300

1

na

Lr

(=
L

200 4

Water Flux (m3/S)

L
o
1

o3&t f7]¥k4, BOD, COD 59 57F2} BE0] K-WaterolAl &}
+ SR IZHEMy Water))d] 274 EA L} 4 o EHA] 55 7|5HS
20109+H 20169 717t &<t F2F(Cyanobacteria) HAlE &R13t
THe (E I ZT 71 FRFE 7t E9] 41 Qe w20
A& o7& tEAQ EFo]H, Microcystin ¥ Anatoxin 59 =
4 BH[oh= vl ARAAE A (Microcystis), OFHHIWH(Anabaena)
obty 2H|=(Aphanizomenon)¥}t Z2 Fld 27 &< EZFIUTH
23t Rl FRFY A Jfol whebs RRABA W 5o
= g ME] 10* cells/mL Ol 2FFEAS] #A 47
= e A, 2017).

=

O W2 ox

i,
o

&
|o

9) https://www.water.or.kr/disaster/safety.
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(H 3) X7 MZE7t 23 ZASZE(1T ME/mL 0fY) 04 st A

AE 20104 201194 201294 20134 2014H  2015E 20164

dFE 0 0 0 0 0 12 15
i) 0 0 7 4 0 33 8
ToE 0 0 8 17 0 48 6
=] 0 0 15 6 20 63 "
48 0 0 6 9 69 62 6
vl 0 0 1 38 59 m 37
o 0 0 22 34 80 138 66
ot 0 0 21 31 65 145 68
Forus 0 0 10 17.3 36.6 76.5 27.1

1K (Paerl, Gardner, McCarthy, Peierls and Wilhelm, 2014; Glibert et al.,

2004: Romo, Soria, Fernandez, Ouahid and BARON-SOLA, 2013; Ahn,

Chung and Oh, 2002). F/d&-0]0& - A& - 1743 (2015)+= ATE A4

£ Qsf oF 4% Eof Gol= &40l AA| HHA AFA A 25710l e

F QAdRsto] gt &% 530l $7H= RIE HAANL o= <l
S

[e]
Az} F7Me Bejogsie] R4l

A% F2 v % gk shglom,
S8, d539 A9 4RO Ao, B 2 vH 09 9L
BT FRoAE FARAY Hele HeSo] FYSEL, SR 4
A $A0R QI3 27 W SF oot AL oloblstert. whetA,
VBB AR I3 2| AT ARF S0 §715HAC] HGFDb e
obgt ohfet ol GER WAGIE 2 9L nHS Ao Helt
olefat B o]F 27 We] Mool B ATE HIYOIA AEE

A 052 HETH201600 AN AFT v Qlom, e olmn
A4 0% AR AT 42 W ARARE F71] Wt 27 ol g 357
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ojH] 2 Qlg] AE QlFH A2 A HoA BOD, CODF TOC ¥ HZ2F 7
BT o] S7HItE AMS ERIT 4= AT TS, (G 4)ol|A]
Urehdiute} 2o 7 g YA 7 e T AR Y oAk A&
Ao g F7tEo] fHIdsdATIE], 2018).

(2 4) 2008-20151 Y& 7 713 MF AIAE Ol HE LA

(Et91, 248, 1)

2008 | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015
FUXEAS 271 270 271 272 271 272 265 288
M EIN 1,000 1,079 1,375 1,475/ 1,289 1,322 1,261] 1,421
7Bt 84 97 96 100 90 141 156 140
EX|0H=AtY 445 438 181 216 368 364 351 359
LEFHHU] 44 41 44 53 56 75 58 72
7l523H]| 28 30 31 34 33 33 33 35

B2, olgd dAAF FEE F EANSAYY B9 2¥ A9 2
4 A4 EXE 377} Aol oz tashe o)z
2, o WY BoIA it AushA, REARlA T 712
2 AN e Age] W] B8 Aels: ATt £5 W
B8], AQ717b0] AoiA, Feme] cl4-E olgstel B, B4 =
X, 52 AP oAtk 2 4 ek A o]¥ AT E B3 AF

7 A8 7 APEE 38 53 AESY st Folo] VAL,
WREY g vEs 9 A7 Walo] Z7bEo]l 2809 BA} A
1 47 0% WATH: UL SAT 5 Yolor, ARl0) 7 FEER
ARFAQ) MRS B o4 ] A G AE AT
At FAMo|T ARA Bajo] Wad Aoz Az By ole
T 242 93] ol UAIT 0| FAEY B viRo] LA A}
Aol B3t g AES APtk @A) Bl 537 $AHY mE
OIS Aol thgo] Qlzan], 4], 8] 59| 8] PEo] of
o ARlelate] A9 1URke] AT 2T 4 Y ATRAES AYofob
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(Z 5) 20081A-2015'1 7|2t S22 Yt X2 FHE g
Sux|Eg 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
S5 [303.2| 304 | 305
2 QO g e
2N (E /o0)) A% [335.2]421.2|423.8
248 1106|138.6(138.9
S5 |116.8]120.5]122.3
IX|YSIHT|EA| L QUSRI
ISR e EEE ux [1297145.4] 1634
(kg/t)
gy8| 111 [120.7]1336
QussgTALIgsRELg() | 6 | 70
(s BTy | Ay 100 | 97.9
FH04 KT HZA Ot
J[202 2} X|Ys)= =i 1205( 178 | 182 | 178 | 183 | 189 | 191
27| FAM0| Q212
Ji 4y 122.3(181.4(182.4|181.4|188.5|196.2|191.9
=(RYURoIRI-URoI) e 101.5/101.9100.2{ 101.9{ 100.3| 103.8|100.5
eezapRitieaERtig() | SE 782 | 807
~SAURIRE A NEIIY | A 85.4 | 87.8
SsEREYER) 248 109.2|108.8
szsoNgIRoge) | 3R |78
~HATESENSARIREEYYS| | UK 76.4 | 795
()%D:!ﬁlz!)olﬁoAl'ot:iﬂg‘)l\‘(H"%) l‘éf)gl_g 101.9/101.9

10) @041} MAA =@ R /1A RS E,2016),
11) R A7} A4 200849~20154 A%t A4,
12) 27 B9 417 - $44 2F, A 123, A% 10
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Hlo] gt A+ fﬁﬁ%ﬂ%‘eﬂu, 18(4), pp.394-403, DOL: 10.17663/
J\X/R.2016,18.4.394.
E, 2016, 47 A & SARS B4 Y5 40 Qe R 120164 3t
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St A3, 2019, B3R A8333.

34, 2007, 12008\ SF K- g3} AL A, T

_ 2028 720099 A AT ALA,

. 2009, 720109 SAF ATt ALA, FHH:

. 2010, 7201149 SA R At ALA,

. 2011, 72012 SR At ALA,

, 2012, 72013 S35 A3} AGA, A

, 2013, 720149 S5 A3} AG A, AlS:

. 2014, 720159 SR A ALA, AlF

, 2015, 7201641 B A3} AGA,, Al &

A 7 EAAGGG A, 2016, TG G A ARA =, *ﬂ L

Ahn, C. Y., A. S. Chung, and H. M. Oh, 2002, “Rainfall, phycocyanm, and N: P ratios
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474(1-3), pp.117-124, DOL: 10.1023/A:1016573225220.
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Space—Time Cluster Analysis
for Detecting of Multi-Hazard Response Areas
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Abstract: Recently, the frequency of disasters in which more than one hazard occurs
simultaneously or continuously in the same area has been increasing both domestically and
abroad. However, research on multi-hazard responses has been insufficient. This study
included an analysis of space-time clusters about multi-hazard in Korea by using
space-time scan statistics based on natural and social disaster data over the past decade.
Consequently, space-time cluster was analyzed in Busan and in parts of Ulsan, Daegu,
Gyeongsangnam-do, and Gyeongsangbuk-do between September and November. In
addition, it was confirmed that an analysis of multi-hazard-response areas was needed
separately, instead of an individual disaster-response area analysis. This study is significant
in that it included statistical analysis, verification, and mapping out of multi-hazard hotspot
cluster. Its use as basic data that can be employed to respond to multiple hazards is
anticipated.

Key Words: Multi-Hazard, Space-Time Scan Statistics, Space-Time Permutation Model, Cluster,
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