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Abstract

The purpose of this study is to verify three research questions as follows. First, which
degree greenbelts have performed original functions. Second, which degree lifting greenbelts
aggravates local environmental quality for the observed period. Last, which degree
environmental qualities vary with lifting rate and the types of developments built after the
lifting of greenbelts. To verify these, at first, this study considers air quality measured by
NO, and SO, and water quality measured by COD and BOD as the environmental impacts.
This analysis deals with 232 cities all over the country. The time scope of this study is from
1995 to 2010. To identify the time variance of environmental qualities, longitudinal data
analysis was utilized. The findings of this study indicate the designation of greenbelts is
effective to improve degrees of NO, BOD and COD. Lifting greenbelts has aggravated all
indicators than before. In addition, the greater the lifting rate, the greater the deterioration of
SOz. Finally, a higher rate of housing development in lifted areas correlates with a higher rate
of deterioration of SO, and COD compared to other development types. These findings show
that decision makers should discourage the lifting of greenbelts and, if greenbelts must be
lifted, be aware of the effects of lifting rates and types of developments.
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Table 2. Description of variables

Variable Description
Dependent variable
NO;, SO, - Observed values of SO, NOx(ppm)
BOD, COD - QObserved values of BOD, COD(mg/L)
Explanatory variable
Level-1
TIME - 1995-2010
Designation | - Primary rates of greenbelts
Cancellation |~ Ilftlng‘g‘reenbelt N
(non-lifting = O, lifting = 1)
BactHime - Elapsed time after lifting
greenbelt
Level-2
Rate - Rates of lifting greenbelts
- Construction rates of
Land_develop Bogeumjari Housing or public
rental housing in lifted areas
- Rates of lifting greenbelts
House corresponding to settlements
or fragment areas
- Construction rates of industrial
complex, tourist complex or
Industry distribution complex in lifted
areas
Control variable
Pop - Total population(Person)
Resi
Com - Zoning area(Residential,
Indu commercial, Industrial, Green)(km)
Green
Area - Total area(km)
Road - Total road length(km)
Copor - Industrial companies(Unit)
Waste - Solid waste(t)
Reigisal - Regional code(Dummy variables)
code

* Unit measure: Sigungu, Year

* Dependent variable : Application of kriging(In)

* Regional code : Seoul, Incheon, Busan, Daegu,
Gwangju, Daejeon, Ulsan, Gyeong-gi, Gang-won,
Chungbug, Chungnam, Jeonbug, Jeonnam, Gyeongbug,
Gyeongnam, Jeju
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H 3. 2% 39| AL} Table 3. Results of Model 3
Dependent variable NO; SO, BOD CcoD
Fixed Effects
e -3.7175%+* -4.6865++* 1.6146** 1.9563*+*
(0.07340) (0.09443) (0.7620) (0.3587)
e % -1.49E-8*** -2.62E-7*+* 0.01291 -1.26E-8*+*
oo ©) ©) (0.04903) (0)
A -0.00004* 0.000031 -0.00076*** -0.00053***
902 (0.000021) (0.000027) (0.000150) (0.000104)
Resin -0.00024 0.003046** 0.000511 -0.00113
o0d (0.000858) (0.001541) (0.002184) (0.001462)
Comny -0.01063* 0.02915%+* -0.00120 0.002738
004 (0.006389) (0.009501) (0.02005) (0.01345)
Initial _— 0.000962 0.004561*+* 0.003690 0.004676**
Status a08 (0.000764) (0.001135) (0.002512) (0.001679)
Green~ 2.294E-6 -0.00057*** 0.000612** 0.000115
008 (0.000089) (0.000131) (0.000311) (0.000210)
R -6.18E-8*** 6.378E-8*+* 1.12E- 7+ 2.235E-8*+*
©) ©) () ()
— 7.538E-6++* -0.00001*+* -9.2E-6* -8.04E-6**
(1.392E-6) (1.961E-6) (5.22E-6) (3.594E-6)
Waster -6.82E-7 0.000273*+* 0.000531*** 0.000267***
009 (0.000057) (0.000106) (0.000139) (0.000097)
Designation 0.000038 0.000775** 0.003420** 0.002727**
Yo10 (0.000247) (0.000372) (0.001646) (0.001142)
it -0.00664*** -0.06858*** -0.04199*** -0.01286***
Rate of (0.000834) (0.001257) (0.002639) (0.001781)
Change Time* 0.000121*+* -0.00011*** -0.00050*** -0.00042***
Designation+,, (0.000027) (0.000040) (0.000083) (0.000057)
Variance Components
hegel L Within-cityd® 0.01149*** 0.05137*+* 0.05741%+* 0.02548*+*
€ (0.000293) (0.001317) (0.001475) (0.000655)
———— 0.002144*+* [ 0.2274%* 0.1112%+*
N 0 (0.000444) ©) (0.02431) (0.01172)
In rate of 0.000070%+* 0.000085*+* 0.000813** 0.000387**
change& (8.898E-6) (0.000017) (0.000097) (0.000045)
~p<0.1* ~p<0.05** ~p<0.01***
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37| - 0|28 - BFH
H 4 2% 49| A1} Table 4. Results of Model 4
Dependent variable NO, SO, BOD COD
Fixed Effects
I -3.7220%** -4.6020%+* 1.5036** 1.9797++
nterceptyygo
(0.07332) (0.1092) (0.7497) (0.3545)
p -1.23E-8*** -291E-7*** 0.02154 5.884E-8*+*
OP Y01
0) ©) (0.04881) ©)
P~ -0.00004* 0.000015 -0.00073*** -0.00052***
602 (0.000021) (0.000031) (0.000146) (0.000103)
Resin -0.00011 0.000751 -0.00042 -0.00228
003 (0.000861) (0.001564) (0.002170) (0.001431)
Comn, -0.00948 0.03486*** -0.00722 -0.01372
a4 (0.006406) (0.01083) (0.02074) (0.01372)
kg 0.000977 0.004573*+* 0.003319 0.004050**
(0.000763) (0.001250) (0.002451) (0.001624)
Initial ‘Status Gresigg; -7E-6 -0.00033** 0.000659** 0.000190
(0.000089) (0.000147) (0.000317) (0.000212)
R -6.21E-8*+* 9.776E-8** 8.646E-8*** -3.31E-9*+*
oady;
0 ©) ©) ©)
Copors 7.22E-6*** -0.00001*** -2.75E-6 -5.55E-9
008 (14E-6) (2.292E-6) (5.456E-6) (3.71E-6)
Wastes -8.24E-6 0.000385*+* 0.000624*+* 0.000292*+*
009 (0.000057) (0.000106) (0.000142) (0.000098)
Designation 0.000061 0.003489*+* 0.004849*+* 0.003981*+*
Y (0.000256) (0.000412) (0.001619) (0.001140)
Effect of Greenbelt on the initial status
e 0.02790** -0.1080*+* 0.02736 -0.08160***
(0.01227) (0.02465) (0.03426) (0.02222)
e -0.00681*** -0.07249*+* -0.04261+** -0.01370***
(0.000840) (0.001618) (0.002739) (0.001888)
Time*Designation 0.000104*+* -0.00081*** -0.00089*** -0.00076***
E;te of Vo1 (0.000033) (0.000068) (0.000107) (0.000073)
A9 Effect of Greenbelt on rate of change
) -0.00212 0.1046** 0.03127*+* 0.04661***
Post-timey,,,
(0.002443) (0.005390) (0.008728) (0.005430)
Variance Components
—_— Within-city? 0.01145*** 0.04199*** 0.05376*** 0.02318*+*
€ (0.000294) (0.001210) (0.001413) (0.000609)
P 0.002156%+* 0.000982 0.2141%* 0.1087%*
0 (0.000443) (0.001192) (0.02275) (0.01139)
0.000067*+* 0.000256*+* 0.000860*+* 0.000435*+*
T In rate of changed; (8.857E-6) (0.000048) (0.000110) (0.000054)
E— 0.000988 0.006804** 0.03118*+* 0.01252%+*
2 (0.001148) (0.005590) (0.01254) (0.005229)
In post-times 0*+* 0.000438*+* 0.002852*+* 0.000980*+*
3 0) (0.000236) (0.000817) (0.000295)

~p<01* ~p<005** ~p<0.0T~*
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H 5. Model 52| Z1} Table 5. Results of Model 5

Dependent variable NO; SO, BOD CcoD
Fixed Effects
e -3.7218** -4.6003** 1.5263** 1.9799*+*
(0.07330) (0.1096) (0.7503) (0.3545)
P -1.25E-8** -2.91E-7++ 0.01969 5.851E-8*+*
P Yoo1 0) 0) (0.04885) [(0)]
— -0.00004* 0.000014 -0.00073*** -0.00052*++*
002 (0.000021) (0.000032) (0.000146) (0.000103)
Phediy -0.00010 0.000735 -0.00046 -0.00228
003 (0.000862) (0.001565) (0.002169) (0.001432)
Com, -0.00953 0.03534*** -0.00778 -0.01379
004 (0.006408) (0.01085) (0.02074) (0.01372)
Todir 0.000973 0.004593*** 0.003302 0.004046**
005 (0.000763) (0.001252) (0.002451) (0.001624)
— -551F-6 -0.00034* 0.000676** 0.000193
(0.000089) (0.000147) (0.000317) (0.000212)
Initial Status q -6.22E-8** 9.774E-8*+ 8.403E-8**+* -3.73E-9***
Roadvyp6 0 0 © ©
— 7.232E-6+* -0.00001*** -269E-6 -6.02E-9
007 (L4E-6) (2.296E-6) (5.457E-6) (3.71E-6)
—— -8.84E-6 0.000387+** 0.000629*** 0.000293***
(0.000057) (0.000106) (0.000142) (0.000098)
Designation 0.000067 0.003463*** 0.004836*** 0.003979***
Y009 (0.000256) (0.000413) (0.001620) (0.001140)
Effect of Greenbelt on the initial status
Cancellationty 0.03161** -0.1250%+ 0.03310 -0.07983*+*
200 (0.01324) (0.02615) (0.03672) (0.02380)
Cancellation® -0.07916 0.3639* -0.06125 -0.03321
rate Y, (0.1046) (0.2057) (0.2799) (0.1819)
et -0.00681*** -0.07254** -0.04262+** -0.01370™*
(0.000841) (0.001622) (0.002742) (0.001888)
Time*Designation 0.000103*** -0.00081*** -0.00089*** -0.00076**+*
Fin (0.000033) (0.000068) (0.000107) (0.000073)
Rate of Change Effect of Greenbelt on rate of change
! -0.00233 0.1058** 0.02454*+* 0.04595*+*
Post-time s (0.002691) (0.005995) (0.009750) (0.006061)
U 0.007589 -0.03538 0.1018 0.01149
301 (0.02022) (0.04387) (0.06789) (0.04245)
Variance Components
e D 0.01145*** 0.04195*** 0.05370*** 0.02318*+
Lesel 1 Within-city d, (0.000294) (0.001208) (0.001412) (0.000609)
o 5 0.002151*** 0.001031 0.2144** 0.1087**
In initial statusdy (0.000442) (0.001198) (0.02280) (0.01139)
82 0.000068*** 0.000259**** 0.000863*** 0.000435***
el 5 I wate of changedy (8.896E-6) (0.000049) (0.000110) (0.000054)
@ 0.000971 0.005346 0.03116™+* 0.01248*+*
In Cancellation 0 (0.001148) (0.005376) (0.01254) (0.005225)
In post-timed? 0+ 0.000449*** 0.002867+** 0.000983***
3 ©) (0.000238) (0.000826) (0.000298)
~p<01* ~p<0.05* ~p<0.01***
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H 6. Model 62| Z1}1/2) Table 6. Results of Model 6(1/2)

AOIoIA 3R] ol s me
Wz RiICE W CoDk TR

Dependent variable | NO, | SO, | BOD COD
Fixed Effects

Intercepty -3.7218*** -4.6038*** 1.5095** 1.9761***

€00 (0.07336) (0.1101) (0.7501) (0.3551)

— -1.46E-8*** -3.06E-7*** 0.02058 3.582E-8***

001 (0) ) (0.04883) ()

Bt -0.00004* 0.000013 -0.00073*** -0.00053***

002 (0.000021) (0.000032) (0.000146) (0.000103)

Resiv -0.00012 0.000848 -0.00042 -0.00226

003 (0.000864) (0.001567) (0.002170) (0.001431)

i -0.00908 0.03665*** -0.00503 -0.01127

004 (0.006423) (0.01088) (0.02081) (0.01375)

Indur 0.000988 0.004584*+* 0.003273 0.004004**

005 (0.000763) (0.001256) (0.002451) (0.001623)

. -0.00001 -0.00034** 0.000658** 0.000188

7oos (0.000089) (0.000148) (0.000317) (0.000212)

- -6.28E-8*** 1.01E-7*+ 8.959E-8+** 8.85E-10***

"oos © ©) © ©

_— 7.149E-6*** -0.00001*** -331E-6 -4.51E-7

il S PO007 (1.406E-6) (2.31E-6) (5.474E-6) (3.716E-6)

il Stats iy -6.3E-6 0.000400*+* 0.000623*** 0.000293***

aste

“oos (0.000058) (0.000106) (0.000142) (0.000098)

Designation 0.000081 0.003358*** 0.004840*** 0.004009***

Y009 (0.000257) (0.000412) (0.001621) (0.001141)

Effect of Greenbelt on the initial status

o 0.02733** -0.1310*** 0.01951 -0.08985***
ancellation

200 (0.01289) (0.02454) (0.03574) (0.02297)

Cnceltion: 0.003397 0.05510** 0.05237 0.04760**

House7s91 (0.01295) (0.02460) (0.03329) (0.02157)

ErmeelEans 0.000299 0.005945** -0.00186 -0.00122

Land_developyyyo (0.001299) (0.002464) (0.003438) (0.002220)

Cancellationt -0.00383 -0.00877 0.009362 0.009044

Industryysgs (0.006174) (0.01184) (0.01540) (0.009990)

~p<0.1* ~p<0.05** ~p<0.01+*
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H 6. Model 62| Z1H2/2) Table 6. Results of Model 6(2/2)

Dependent variable NO> SO, BOD COD
TimeY100 -0.00679*+* -0.07282+* -0.04262*++* -0.01371*+*
(0.000839) (0.001628) (0.002740) (0.001884)
Time*Designation 0.000102*** -0.00078*** -0.00088*** -0.00076***
Y101 (0.000033) (0.000067) (0.000108) (0.000073)
Effect of Greenbelt on rate of change
Bostiines. -0.00107 0.1053*** 0.03191*** 0.04952***
Rate of 300 (0.002642) (0.005724) (0.009397) (0.005771)
Change Post-time* -0.00211 -0.00748 -0.01007 -0.00881*
House~yzgq (0.002577) (0.005326) (0.007772) (0.004865)
Post-time* -0.00012 -0.00003 0.000582 -0.00032
Land_developysgs (0.000292) (0.000600) (0.000892) (0.000553)
Post-time* 0.000134 -0.00102 -0.00081 -0.00129
Industryysgs (0.000933) (0.001938) (0.002978) (0.001865)
Variance Components
Ll i Within-city 52 0.01144*** 0.04187*+* 0.05370*** 0.02317***
€ (0.000294) (0.001206) (0.001414) (0.000609)
th initial status 53 0.002163*** 0.001123 0.2144*** 0.1091***
(0.000444) (0.001216) (0.02280) (0.01145)
In rate of 0.000067*** 0.000262*** 0.000860*** 0.000433***
Level 2 changeﬁ? (8.859E-6) (0.000049) (0.000110) (0.000054)
R [ 53 0.001020 0.002694 0.03142*** 0.01202***
(0.001153) (0.004907) (0.01273) (0.005150)
1 sl 53 (Vi 0.000371** 0.002778*** 0.000901***
0) (0.000223) (0.000823) (0.000286)
~p<01* ~p<0.05** ~p<0.01***
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