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Correlates between Industries and Zoning Characteristics and Environmental
Pollution Employing Spatial Regression Model

R

Choi, Yeol - Lee, Jae-song

Abstract

The aim of this study is to analyze the effects of industries and zoning characteristics on
wastewater generation and discharging. The study is focusing on municipal levels of area in
Korea. Also, it considered spatial autocorrelation because any space is related to neighboring
space. Therefore, Moran's I statistics was estimated to examine spatial autocorrelation in
dependent variables such as amount of wastewater generation and discharging. In a
consequence of evaluating the suitability for spatial regression models, the spatial error model
was employed as the empirical analysis for the study. It showed that if one unit was
increased in intermediate goods manufacturing industry, industrial complex and areas of
exclusive industrial, general industrial and semi industrial, average quantity of wastewater
generation and discharging increased. However, if one unit was increased in capital goods
manufacturing industry, average quantity of wastewater generation and discharging decreased.
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B 1. H40 74 Table 1. Summary of dependent and independent variables

T e . # 2E
Classification| ~ Variables ~ Explanation of variables
Ealuioy 4= 22k Wastewater generation (GEN) m¥/ m3/day
Dependent
variables | Hl# %% Wastewater discharging (DIS) m’/Y m’/day
QI3 Population (POP) 3 Person
M|CHZ= Household (HOUSE) M|CH Unit
SHIM ME=Y AFEA 759 Mxgez Fg
A group of consumer goods manufacturer (CON) Composition of seven kinds of manufacturer
SUM =Y AT 759 Mzger gt
=ajma A group of intermediate goods manufacturer (MID) |Composition of seven kinds of manufacturer
e | AR HIZEE AMAAIZ 759 Mz@om Ty
Independent : . .
variables A group of capital goods manufacturer (CAP) Composition of seven kinds of manufacturer
71Bt M= ArEAT 359 Mzgezm #g*
A group of other goods manufacturer (ETC) Composition of three kinds of manufacturer
T =
SHEER] 7 Industnal Complex. (COMP) L existi.nc:,n(;: ?;o:tenxistence
HME2ZYX|Y HA Exclusive industrial areas (EXC_IND) Xm* 1,000m*
QUBZ AKX HAE General industrial areas (GEN_IND) Fm* 1,000m*
Z3YX|Y BA Semi Industrial areas (SEMI_IND) K m' 1,000m’
ZF1. *: ® 2 X Note 1. *: Refer to Table 2
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H 2 Mg EMY BE= Table 2. CIaSSIflcatlon of manufacturmg industries
AR e anee
CIasmﬁcatmn . Kinds of Manufacture, .
10. ABE A= Manufacture of food products

AHIR HE=Y
Consumer
goods
manufacturer

11. 28 =Y Manufacture of beverages

13. MRME MZEY, °|=X2l Manufacture of textiles; except apparel

14. o8, ol U M| X ZAKE H=Y Manufacture of wearing apparel, clothing accessories
and fur articles

15. 7t=, 718 9 A8 H=¢ Tanning and dressing of leather, manufacture of luggage and
footwear

17. Bx, 0| 4 F0|HE MZEY Manufacture of pulp, paper and paper products

18. Q12 U 7|E0iN| XY Printing and reproduction of recorded media

S M=
Intermediate

16. Exf U LHEHE M= 7HA|2l Manufacture of wood products of wood and cork; except
furniture

19. F3A, HE 9l MHKE MZE=Y Manufacture of coke, hard-coal and lignite fuel briquettes
and Refined Petroleum Products

20. oftEE A FEHE MEY of%E M2l Manufacture of chemicals and chemical products;

except pharmaceuticals, medicinal chemicals

oods
9 21 9|28 EF G o|UE X =Y Manufacture of pharmaceuticals, medicinal chemicals and
manufacturer )
botanical products
22. 12X E YU E2AEHE MZ=Q Manufacture of rubber and plastic products
23. Hg= —E-,ngﬂg— HZ=¢® Manufacture of other non-metallic mineral products
24. 1Xt 22 M= Manufacture of basic metal products

AR ®z=Y
Capital goods
manufacturer

25 2& 7}-‘-X1|a MZS; 7[A4 X 77 MQ Manufacture of fabricated metal products; except
machinery and furniture

26. MAHEE, ARH, G4 3 U E4ZH| HZEY Manufacture of electronic components,
computer, radio, television and communication equipment and apparatuses

27. 9z, HHY, #5717 9 AlA HZEY Manufacture of medical, precision and optical
instruments, watches and clocks

28. H7|ZH| =Y Manufacture of electrical equipment

29. 7|Et 7[A % ZH| HZ=Y Manufacture of other machinery and equipment

30. XAtsA A E|Y8] MZ=Y Manufacture of motor vehicles, trailers and semitrailers

31. 7|t 57| M =Y Manufacture of other transport equipment

7|Bt =Y
Other goods
manufacturer

12. B A=Y Manufacture of tobacco products
32. 7t M| =Y Manufacture of furniture
33. 7|Et HE A=Y Other manufacturing

A

o i

o

7t A B AR AKRA 2 sl 2

LPEIOH Me T8

F1 MOIE-X[H(1998) X2l Note 1. Requotation of Seo and Choi(1998)
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NRRE FLE 227709 ALARIHE o=
SITP. meta] A= A2 AETYEE 0185
o A5 thRIQ 2277H9) RIRAIE FE310] GIS
RNEE Zgslrt. Julal Zt #ol tislo] 3
H SANSE SOAEE ol ZHdE GISRI:o)
HANA GISAIRE FEoICh o)A =&
GISAlEE= ST AP1Sde BAjohet] AREE]
M, oked] FEAEY BA0l ARSECE

Iv. dedat 8EX|H 40| o 2
A SR OXl= Y 24

1 #H0| 7| =SAHE M

A= 22709 AHRIRTAIE thete= Atdat
8EAY 540 e 28 9 dRo)] txle g
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H 3. H==0| 7|ZEA 2F Table 3. Descriptive statistics of variables

L& Classification B2 Variables ~ Mean s ] Ma. ] Max
Zama 4> 22 (GEN) 22,998.59 55,217.37 59.73 | 456,670.65
Dependent variables o4 g2 2F (DIS) 15,151.23 34,392.02 49.60 | 451,034.00
oIt (POP) 219,972.29 | 211,137.94 18451 1,090,181
MICH4= (HOUSE) 86,498.74 79,757.78 8,681 412,253
AH|IR MZEY AFYH| (CON) 534.02 619.82 30 7,006
=2ia =7 M= AFYA| (MID) 20591 320.24 2 2,391
Independent variables | A2 M= AFAH (CAP) 575.35 1,095.60 2 6,784
7|EF M= AFYA (ETC) 115:35 146.09 1 964
23X/ HE (EXC_IND) 363.95 2,093.52 0 23,07141
UHrZ AKX HHE (GEN_IND) 3,463.87 6,763.29 0 51,052.86
Z3 XY HE (SEMLIND) 769.95 1,473.09 0 11,132.17
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Figure 1. Moran's I statistics of wastewater generation

kMoran's I: 0,095749

~H7 Legend
[i| Not Significant (197)
BB High-High (14)

Bl Lowlow (D
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Figure 3. LISA cluster map of wastewater generation
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Figure 2. Moran's I statistics of wastewater discharging
SlAct =AA &8 W Anselin(1995)0] 19t
St LISA(Local Indicators of Spatial Association)
|37}t thEAolth A+ thdA] JR9 ST At
7L E Shel e Edoke JYE &8
dy g, oyt thAR] el B8 XYEs0] A
Aol FTHE AR duit dgke niRlal
AEAE =™t E=sh AR zat alofs 4= Q)
= A9E =4 dHo] Hisl, X5 58 diEe
GISKIE=E S8t A4St 7hsaltt. o7 thaRIQ]

dhgl 4 BREo] I ApIAEEe &

2| Legend
2 D Not Significant (195)
- High-High (14)

Bl Low-Llow (8)

n Low-High (6)

P High-Low (4)

L

o

oF I APIAEE0] Exsls EAIT 55 A8 4 He SR USA 2=
RGO LERE= AS B 2 Qom, ZEs Figure 4. LISA duster map of wastewater discharging
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XY B40| o 2 % E
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Ju
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2
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AT ThAXI9) H4 dhdgt dsgol oist ©
95 9 =IXF APAEEe FE6 A1) A=
LAURT FHE Ap|ATEo] Exfiskal g0l B
SIACE TheoR dus|lRy, JTIREE, 21t
QALY F 7K P mye doske 1H30]
gesitt ol 28 5, K AEe mgs v
H 4. Lagrange Multiplier(LM) &&

Table 4. Lagrange Multiplier(LM) test
. Test ' | MUDE | Value | Prob.
Moran's I(error) | 0.1032 | 3.8084 | 0.0001

m LM(lag) 1 10.0688 | 0.0015
iagor | RODUst IM(ag) | 1 [ 06375 | 04246
(EGE’N‘; LM(error) 1 |11.7239]| 0.0006

Robust LM(error) 1 2.2926 | 0.1300
LM(SARMA) 2 12.3613 | 0.0021
Moran’s I(error) | 0.1161 | 4.2502 | 0.0000

e LM(lag) 1 |141055 | 0.0002
wrmop | RObust IM(lag) | 1 [ 17286 | 01886
Tl;;S')D LM(error) 1 14.8341 | 0.0001

Robust LM(error) 1 24571 | 01170
LM(SARMA) 2 16.5626 | 0.0003

3171 €810 Lagrange Multiplier(LM) EAZE 0]
gok=tl, EAFCE RS EFo] 718 HFst
Doltal wositl ZTAIRE 9 @] that
o] LM SAR0] BARORE ROIGIK] ZOoH Yt
slEgo] 7Fd HEst Byojstal & = Urk
U2 & 20| 2% |OJ6HA LFERIH, Robust
LM SAEE 0l&3l9 O ROskA UEhk= B8
o] o Z&S ZFolgtal FTCSHCHEYG oS,
2006; OIS|M=5F, 2012). & H7tolAl LM A
Ze AESH dik= # 491 &) mHe g 3
dFgolA TR} FeAEY E% LM
A0 SAXOR ROIgt ZIOF LIERL} UEtS]
FRYHCR= ZEsH BYQ 202 LIERith 18
L} Robust LM SAIFS 2% ROkAl ZA UEL
S mi2ol F VIR Ry 5 o N-st
PO e rE XRE Solo] e "Qovt
ACk

# 5= GUBIFEE, NIARY, SRAE
oz W Wbl WURge F8st duolch
TAEQ =8 AWE FEAsh] oldo] gukslR
gg Solo tUsd3dd A, X189 HIidwy
2 OJR4M, EHo] AWy W HEY S8 BA
& "7t Atk

HA], 3414 #Al= Condition NumberS
E5}0] Zleksk= o), Condition Number?} 1005TH
O AZSt ChEEg4do] 2Rl glrtal 8%t
CHMontgomery and Peck, 1992). & ®A0)A=
Ha ghEhl BiReF % Condition NumberZ}
42040% LET0] 4748 OES4Y Brle 8l
E Zlo® FHurh

Qe HIFHEE Jarque-Bera SAZOZ
RSl Has dhaigolAe= 16.89(p=0.0002)2
AET0] @A) HIEHI0] Q= AeE F4L]
AoLt, He HFME 0.03(p=09861DE L&
o] HEEo] Qs 207 FEHICE X8

i
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O|EAMSES  Breusch-Pagan 2
EAZS 0|85l Aosh=0 B waE W
g 5 SAH K940] Qlo] @AREl OlFEARY
o] gl= Zo% FHTIQE GuslHRHoA 2%
31| v | oA EAIZE WA H, it
Fog WBIALEYEES Algsi siad & ATt
(Florax and Graaff, 2004; ZY-0l¥s, 2006; O]
S5, 2012). I2EZ 2 AFoME s
dbdigro] QxIEo] thelA™ HI-0] FHEA

Koenker-Bassett

Likelihood), AIC(Akaike Information Cirterion),
SC(Schwarz Criterion)= ZITHSCE fLFshH 23t
FAREM AETE R Uil REolA9
R%Q} 9] pesudo-R°0|7] mjo] Hr} Hmvt &2
7tel7] wfiEoltt YutHoR ISR oA A
WSlIE RN LLO] S7total, AIC®F SC7t &4
SIH  TYo] AWHo] SAEACIT TG
(Anselin, 2005; ZG-0l¥5, 2006; 0]8|H-=5F,
2012). & ATolA dslAEE} & 79 Ikt

7 HiEol BEFwES olgdlol HaY <+ 9
2 Zot AIRELL B WRY QX HiET
g3t 98 2 URY QRO ol ofn g
WSRO FEEX 2ons, FNENTE

SIAREMO] Z4Z0] £XE Hlwst A1}, He o
AMFoA= LLo| Guis|AEYol -372.2100 Hlst
o] FTNIAEEL -368182, IS -
367.022 Z7I5IALE AICE 766420141 760.363

oAM= ZTHER] 2Ok 756.022, SC= 80406014 801469} 793.69% 7t
ZZWR)AREAO) Al R} OFd LL(Log 48IACE Hg HSEoldE LLO] ~359.26004

B 5 2¥ =™ Zu} Table 5. Estimation summary of models

e . INHS B INGEN %  INm 9= INDIS
Varables | 2EEIREE [B7AkeY | Szonay | ausA Ry | 37AKRY | BzeKNey
. . Os S | SBEM | O | 5IM . SEM
R2 0.51 0.53 0.54 0.56 0.58 0.59
Log Likelihood -372.21 -368.18 -367.01 -359.26 -353.38 -352.72
AIC 766.42 760.36 756.02 740.51 730.75 72743
SC 804.06 801.46 793.69 778.19 77185 765.11
Constant 6.754769***| 4409742 |  6,845878** 6.172516***|  3,539582***|  6,239000***
POP 0.000003 0.000003 0.000003 0.000003 0.000003 0.000002
HOUSE -0.000004 -0.000005 -0.000005 -0.000002 -0.000002 -0.000001
CON -0.000025 -0.000040 -0.000043 0.000090 0.000070 0.000072
MID 0.002041***|  0.001900***|  0.001794*** 0.001871**|  0.001683***|  0.001589***
CAP -0.000329** | -0.000307** | -0.000280** -0.000331** | -0.000303** | -0.000272**
ETC 0.000626 0.000834 0.000689 0.000536 0.000781 0.000615
COMP 0.939679***| 0.922320***| 0.926191*** 1.006562*** 1.010108*** 1.013908***
EXC_IND 0.000104** 0.000099** 0.000097** 0.000094** 0.000090** 0.000087**
GEN_IND 0.000090***|  0.000091***|  0.000097*** 0.000090***|  0.000092***|  0.000095***
SEMI_IND 0.000115* 0.000121* 0.000136** 0.000114* 0.000119* 0.000133**
p (Rho) - 0.281371*** - - 0.329207*** -
A (Lambda) - - 0411337** - - 0.455543***
Condition Number 42.04 - - 4204 - -
Jarque-Bera 16.89*** - - 0.03 = -
Breusch-Pagan 14.48 15.78 14.93 4.55 327 362
Koenker-Bassett 892 - - 464 - -
Likelihood Ratio - 8.06*+* 1040%* - 11.76** 13.08***

% <001, * p<0.05, * p<0.1
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-353381 -352.728 S7ISIYCE AICE 74051
ollAl 730.759F 727432, SC= 778.19014 771.85
9l 765112 ZASIACE Ha whgal} dgg W
T US|l EEEIRE STRIREEO], SRR
FHT= SRAEF Ayt gad As
g £ Qlth wEtd A LM SAZE &35
T 7H9 FEHEE 5 71 FEs Bgs &
SIRlE Z3IRAIEE LL, AIC, SCE B3l Z7tex
20| 7p AHgst mgolgin wHE = Qlrk
BAEY A Hgde Atk Rk
H|(Likelihood Ratio) HA] ZFZ} 10.40(p=0.0012)}
13.08(p=0.00022 AEE%] A7 HTSict
1 FEEUCE
E aolAe e i gRde 2zt
2 51 WEARY, STRIREY, 37
T S IR ZHE 0|85l BAg AAl
Ch QA LM EAZR} LL, AIC, SCE E31 &
tRRIES0] 71E A HgoZ TELERIY] 0
of, SR F o] FHE W0
EMEIAL Sith WA w4 wragh W] Z
URAIEHOIA RS FEE Hes ST Al
T AR MEY, AERel A1 §%, B8
SYURY, U, EIPRYoR F HFO]
BUSILE KOs 6719 W F AR AEY
S AQIst LHHA] Mg B g9 gloz 4
Tom, =8 AF E£9 IA AL gl Ae
2 UERITE Ol H49) digal SR [9
SHA ggke nixle QoI tEA] Stk As 9
ngic}. Hae LA dAloA Fst Aelg
5t &0 WRARICEL &, Wi dRrt s9st &
4014 o]R0jX|11 Q7] mRo] FEe nRE=
A SYUsHAl UERE 202 F=EC) 134 &
SHEE AJHZTIR Helslo] FE5I97] ol
g A7t A EEEHRJU0IE ZH SEKHS0|
Fatgto] thi2r] migo] F8 il t2A &2
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TAHOR AHHHW, Al EAojiE S
AZEY AIGAITo] 199 B o, g7 He
SRS OF 0.1794%(9F 41.2595m” = 41,259.50),
QP m BRSO 0.1589%QF 24.0753m’
= 240753071 E7fote Aoz FEECE AR
A AEY AGAITES 159 571 o, 987 5
4 EhlEke OF 0,0280%(CF 6.4396m” = 6,439.60),
QP He LFLS OF 0.0272%QF 4.1211m° =
4121107} A4ch=s A0R FHEACE LAFTA]
9] A8 RFO A ARJUA7F XI-E RIAKI7
AEER] &2 KAl HIgH] JBH Ha 2
gt de URgo| BT ZVlsh= Zog FE4
¥, BEAY B4 £ AEIAXIYQ] WAEo] 1
a7 o, 9Ey He wdge o
0.0097%(SF 2.2309m” = 2,230.90), YHH H5
TS OF 0.0087%(CF 1.3182m° = 1,3182007F &
7¥she Zoz FHELQILE dHtEix|ge WA
Em® Z718 o, 98z dHe gage o
0.0097%(QF 2.2309m° = 2.230.90), VB HS &
TS OF 0.0095%(QF 1.4394m’° = 1,439.40) &7}
She Zloz FEUILE £3YURY B3P, BE
o 1¥m* Z/IE W, YT He WHPS o
0.0136%(CF 3.1278m" = 3,127.80), YT ®H% &
TS OF 0.0133%(SF 2.0151m° = 2,015.10) 7}
3= A0z FHTACL

= 2
Am

-

V.AZE

RE7A S Aplgdde 1dsio] Hao
2 B gRgo] gge nixle Qo sl £
ABILt. 71Eol= SEoIA HREE Hevt 2
of ojmet geks FeAlol tigt H7F thRE0]
Ak SRR B Atoils #dg giisle] 3
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THEE Ol&aHHA, 719 AFolA e &
SINE AZEYe SdE BRe 8%, ARJHA]
g 77 WaE BESIRIT) 2la Bl
SaE BREe A4 S5HLE o BEoR
FAslo] Ho] vyt HiRo] xol7h ARl of
Rr BAsiIch w2 BF 2T 7R
NESH REe IUATFOE UEIon, it
gl71=2 ol Hlal LLO| =OFK|al AIC®} SCE= Hot
A 29 HEwrt AAEUCh: Fe SASKACE
SRS S50 oA =EE Hee
670=, M0 T BN SYotA LIEILE.
Hoe e 3goM 2dEy dREY] o2
€2 QQlo] geks niIRl okt FEEE FE
ot RoloHA LEE ¥es AXY E S
MEYheat A2 AEge, AER] XE |F,
AE-IHEIHAG HHOIPL, A2 A
TS ARG LIHA] HeES BFE O glos &
g0} 015 Wavt & B9 E71E dinitt Hol
D RV Srtote AR FEEQIC gHHof
RFEAl Mzl 2, o 9 7K mioith H
0] HhlL BiRE Zdeie ZoE FEEACH
Rxge oK S4EE 2R A4 S 9
T S ARG A REYTo] falst
HEE EEENE SO Axgee =4 2 o
FAE MEY, A4 8 AGERE XY,
sheled Y SelRE AxY, 9s58 =22 H 9
OKE AIZY, 1FAIE B ERHAE FEY,
=25 ZEAIE AZY, 1A 25 AEgeE 74
&0} et o] AxYEe dAWIE 7Igstal st
SIERES] ARl B AEYoltt e THE Al
Z Hiwsle o Heol 94 B dUR7t ge
207 ot fdsA 29 ez FEE A
=M AEgTe] 8¢ SSIESAE AXY, TR
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g-Z87P7] 8 AA ®EY, 71 AEY, 7
Bt 714 ® 2 MY, AAsA 2 EdYY AR
¥, 7Et @584 AxYes FEE0 Atk o
AZYE HeE FUche AxXYolle AM2
£90] Qi Zoitt. Ty FEEAIW 808 &

EE 22 0] AZYE0] YXlord Hrol I Bl
AR7 A4S 97t ok et wigs i B

7O Agol T AIxYso] Hisl B2 k¥s
71£017] R Z10% FFE) AdUR] {79
2% AFHo] = XY90] AFgEo] AR = K|
ool Hgld He W 5 ER7 tiE SVichs
208 FFHJAET, ol AAERT SFo] By
H Aok HolM AEHA e AGHET 5
T 28 W BRH0 B fi2es SoldEnh F
ARNGe MRS 8LAN99 Feoles F&3Y
ATk LUFEARIN0], UISPRHHTR= &
SEA0] O B2 FEL URle Zo= ekt
oL RE3YAIHY ZRoll= F=E thvt2o] 5-8
ghdeio] dRlsHA H=H, ol RMEesrs F=2
SHERSIE AlotAl FEE & 7] 2o AsH
B He S Ao flsio] 45 Aldat gHIE
ARSsHAl Eth 1871 whEof offet Mol F
2 YAoK He F83YRYo] 7ta He get
S URIA e e FEF 4 ot dHliz &
SURYe Fol= RIsHAl He g0l F2
o A9Vt B ol 2EE FE F47)
A0l A7t tiREE olgt YAolME ik
S &2 APAEoL BHIE FHlelo] 7ksat
717} dAE o= ofgtial & & Utk oe &
HolA E3AIY0] B0 T 9 Wi Jid
2 gge tRA e ASE FHHLO
2 a7 Solo] e Tl yRo) ggs
NXl= ol B4 J2lal 37 Aplad
o SEFIEME Sotol gulelTEd
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. Tobler's first law of geography : “Everything is
related to everything else, but near things are
more related than distant things”.

F2. 2 AFME HF=ot 28EE HEX|0IAM X<
SHULE HMFEEe 28&= 2|0 EOiM U0
CHE X|at S Ap7|&2do| LIEtLEZ| oLk
adg2ln &= X992 =S 2 3% 1 722 ¢
ofo] SZISYE FH0| A <=0 LHL
RUAEE
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