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An Analysis of the Effects of Water Pollution on Life Satisfaction in Korea
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Abstract : Using the Korea Labor Institute Panel Study(KLIPS), this study investigates the impacts
of water pollution on life satisfaction in Korea. Panel random-effects ordered probit model is used
to consider the ordered property of life satisfaction data and heterogeneity of panel data. The proxy
variables to reflect the degree of water pollution are biochemical oxygen demand(BOD) and total
phosphorus(TP). In addition to the environmental variables above, other determinants used in
various studies on life satisfaction such as economic, social, and demographjc characteristics are
included. Estimation results show that water pollution is negative and significant for life satisfaction.
Other indicators such as income, age, house ownership, gender, education are positively related

while urban residence and own business are shown to be negatively related.
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Table 1. Summary of studies on the effect of pollution on life satisfaction(LS)

Author(year)

‘ Dependent variable ‘

Data

Pollution indicator/model/result

1. Air pollution and life satisfaction

Welsch LS 10 European countries/ |- NO,, lead concentration
(2006) (Well-being, Happiness) 1990-1997 - Generalized least squares(GLS)
Rehdanz and Maddison LS Germany/ - Affected by level of air pollution
(2008) (Well-being) 1994, 1999 - Hedonic regression
Luechinger LS Germany/ - SO,
(2009) 1985-2003 - Probit adjusted ordinary least squares(POLS)
MacKerron and Mourato LS United Kingdom -NO,, PM10
(2009) (London) - Ordinary least squares(OLS), Ordered probit
Luechinger LS 137 Countries/ - SO,
(2010) 1979-1994 - Standard OLS
Lew and Arvin LS 14 European Countries/ |- CO, emissions per capita
(2012) 1973-2008 - Granger causality
Kang and Kim LS South Korea/ - Sum of air pollution indicator(SO,, NO,, CO, PM10)
(2012) 1998-2009 - Ordered probit model
Lietal Happiness China/ - Perceived risk due to intensity of exposure to polluted air
(2014) PP 2010 - Structural equation model
2. Water pollution and life satisfaction
Israel and Levinson | Household satisfaction 30 counties (P;E;g,icN\x%t,eigéllu tants
(2003) (Well-being) 1995-1996 - Ordered probit
Smyth et al . China/ -S0O,, suspendgd particles
(2009) Well-being 2007 - Waste water discharge
- Ordinary least squares(OLS)
Rahman et al. . . 43 Countries/ - €O, emissions per capita .
(2010) Quality of life 1999 - Access to safe water supplies
- MIMIC model
. . -PM10
Slgg le ;)a L LS 52 (%%lj;g;zy - Dissatisfied with water quality
- Multilevel logit model
Source: Prepared by the author.
<5, Smyth et al. (2009)& |4~ vi&H(waste S B2 (suspended particles), ©]AFsHA A o]Als}t
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Table 2. The trend of life satisfaction in Korea
1998 2000 2002 2004 2006 2008 2010 2011 2012
(1) Very dissatisfied 6.7 1.8 1.1 0.6 0.5 0.5 0.3 0.2 0.1
(2) Dissatisfied 24.6 14.1 10.9 9.8 8.5 7.1 5.2 48 43
(3) Neutral 442 61.9 63.9 58.6 56.8 54.5 53.6 519 514
(4) Satisfied 22.0 21.8 23.6 30.6 334 373 40.6 427 43.7
(5) Very satisfied 2.5 0.4 0.5 0.4 0.9 0.6 0.4 0.4 0.5
Average 2.89 3.05 3.11 3.20 3.26 3.30 3.36 3.38 3.40
Observations 13,250 11,201 10,958 11,597 11,558 11,635 14,111 13,807 13,898
Source: 1¥to 15" waves of the KLIPS
zwo) $YYSY Sl W AUWSEY 02 vt weh AU F7)Ee) 7o 3
Fol2 Uehd Zlojth, A& 247 ool 1998 o7k 98-S Relrh, B3] Metimis 19984t
doll= i -EvhEol St Hl& (%) 6.7, BN 20124 9] WIEE Z71-80] 26.1%2 71 34 27}
2246, BE244.2, W52 22,0, W52 25 3hqleh ¥ 199890 ERX o] H]a| 2 Hat A
2 Uehdth 19984 o)F JTHel $HgEel v FUBES 0ol LAY, FHRE, AR
QEUZT} o Quko| 4ol v RS HASHE 72 2424 10.0%, 5.8%, 7.3%= F& 5%
A Btk FB e guRe| Wakl BulE gtk
F% THE0] SEH|E 9| Wsto|th, BNkl SHRE v Table 49} Table 5= 745 S A R A AH o)
& 19984 9]| 24,6004 20124 0]l = 4,322 1998 A AlFslal gl BOD2F TP2) %5»3— A gHE A4k
L% 0o 8 1/5 202 0D, WA ST 3ol ek Aol iwg Ri St 514
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Table 3. Average level of life satisfaction by cities/provinces

1998 | 2000 | 2002 | 2004 | 2006 | 2008 | 2010 | 2011 | 2012 G(rg‘g”ihl‘;)te
Average 2.89 3.05 3.11 3.20 3.26 3.30 3.36 3.38 3.40 17.7
Seoul 2.78 2.97 3.04 3.14 3.20 3.26 332 3.39 342 22.8
Busan 3.11 2.98 3.07 3.13 3.18 332 3.39 337 334 7.7
Daegu 2.78 3.00 3.04 3.17 337 3.35 334 328 3.35 20.2
Daejeon 2.85 3.17 3.19 321 3.19 3.30 3.28 332 3.36 17.6
Incheon 2.87 3.05 3.10 3.31 3.19 3.34 335 335 341 19.0
Gwangju 291 3.02 3.13 322 3.29 3.35 341 3.30 3.38 16.0
Ulsan 322 2.94 3.08 3.25 3.28 3.35 3.31 3.38 3.54 10.0
Gyenggi 2.88 3.19 3.18 3.18 3.30 3.31 344 345 3.46 20.1
Gangwon 2.76 2.93 3.07 3.07 3.37 323 331 3.34 3.40 22.9
Chungbuk 3.11 3.18 3.12 3.08 3.10 3.20 3.30 3.28 3.29 5.8
Chungnam 2.74 3.02 3.09 3.10 3.19 3.15 3.26 3.20 3.23 17.7
Jeonbuk 2.86 3.10 3.29 323 341 3.51 342 3.58 3.61 26.1
Jeonnam 2.96 3.01 3.18 337 3.30 332 325 327 3.25 9.5
Kyeongbuk 2.78 2.94 3.08 3.40 322 3.14 3.29 328 3.32 19.5
Kyeongnam 3.15 3.18 3.24 337 3.38 341 3.39 3.46 3.38 7.3

Source: 1¥to 15" waves of the KLIPS
Table 4. Average level of BOD by cities/provinces
Unit: mg/L

Growth rate

1998 2000 2002 2004 2006 2008 2010 2012 %)98~12)
Average 5.05 451 3.66 3.44 3.29 3.30 2.60 2.38 -52.8
Seoul 8.28 8.65 7.50 5.65 5.78 4.64 3.28 2.84 -65.6
Busan 493 4.65 347 4.38 3.84 343 3.18 3.59 -27.2
Daegu 3.57 5.22 371 3.12 3.09 2.83 2.17 2.53 -29.2
Daejeon 295 341 248 2.67 2.55 2.56 1.98 2.04 -30.6
Incheon 21.60 9.50 5.07 6.23 4.00 833 547 3.10 -85.6
Gwangju 5.26 5.06 4.64 5.74 5.54 444 3.56 3.53 -32.9
Ulsan 295 3.28 2.62 2.17 227 1.58 1.30 1.21 -58.8
Gyenggi 6.26 8.06 6.98 5.25 4.54 4.75 3.42 334 -46.6
Gangwon 1.29 1.20 1.23 1.14 1.40 1.03 0.84 1.04 -19.5
Chungbuk 1.78 1.65 1.82 1.66 1.67 1.48 1.28 1.46 -17.7
Chungnam 592 6.04 5.30 4.29 4.88 4.68 3.59 324 -45.2
Jeonbuk 4.04 3.64 3.83 3.34 3.25 375 4.16 293 275
Jeonnam 2.49 2.58 2.08 233 2.12 2.12 1.81 2.07 -17.0
Kyeongbuk 1.53 1.74 1.46 1.39 1.47 1.23 1.18 1.09 -28.5
Kyeongnam 2.89 2.96 2.68 2.25 3.00 2.58 1.78 1.69 -41.4

Source: The Water Information System
(http://water.nier.go.kr/waterMeasurement/select Water.do, Accessed: 2015.10.30.)

=] Hjo] Wst= 52 £AI71 2 FHKim 2010). Aiksto] ARgskgl=dl, el S
& AFollM= BOD2 TP =9 A9d e A SAAHAA =22
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Table 5. Average level of TP by cities/provinces

Unit: mg/L

Growth rate

1998 2000 2002 2004 2006 2008 2010 2012 4)98~12)
Average 0.30 0.33 0.23 0.24 0.23 0.22 0.19 0.13 -56.2
Seoul 047 0.59 0.56 0.46 0.48 0.43 0.26 0.22 -53.9
Busan 0.20 0.22 0.18 0.18 0.19 0.24 0.18 0.13 2357
Daegu 0.30 0.40 0.30 0.28 0.22 0.25 0.19 0.12 -59.3
Daejeon 0.13 0.16 0.16 0.18 0.22 0.17 0.11 0.08 -37.0
Incheon 1.61 1.59 0.56 0.80 0.84 0.79 0.77 0.43 -73.6
Gwangju 0.32 0.36 0.20 0.34 0.29 0.27 0.22 0.19 -40.6
Ulsan 0.15 0.18 0.18 0.13 0.09 0.07 0.06 0.07 -56.7
Gyenggi 0.32 0.42 0.41 0.30 0.30 0.25 0.19 0.15 -54.2
Gangwon 0.05 0.07 0.07 0.05 0.04 0.05 0.04 0.03 -42.1
Chungbuk 0.09 0.08 0.09 0.08 0.08 0.10 0.08 0.07 214
Chungnam 0.20 0.21 0.23 0.20 0.23 0.21 0.20 0.14 -28.7
Jeonbuk 0.26 0.26 0.20 0.20 0.16 0.18 0.25 0.16 -36.5
Jeonnam 0.14 0.13 0.12 0.17 0.13 0.11 0.09 0.07 -48.0
Kyeongbuk 0.13 0.13 0.11 0.09 0.09 0.07 0.07 0.05 -61.6
Kyeongnam 0.13 0.17 0.13 0.10 0.15 0.16 0.11 0.07 -51.1

Source: The Water Information System

(http://water.nier.go kr/waterMeasurement/select Water.do, Accessed: 2015.10.30.)
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Table 6. Definition of variables included in the model

Variable Definition Source
Water pollution Concentration of BOD and TP The Water Information System
Per capita income and its squared/100 Realized in CPI(2005=100)
Age and its squared/1000 -
Married Married=1, others=0
Owner-occupied Owner-occupied=1, others=0
Female female=1, male=0
City dweller Metropolitan cities=1, others=0
Self-employed Self-employed=1, others=0
Unemployed Unemployed=1, others=0
Healthy people Healthy people=1, others=0 KLIPS
Less than a high school diploma Less than a high school diploma=1, others=0
More than a college diploma More than a college diploma=1, others=0
Number of household members -
Number of household members )
(less than or equal to 15)
Number of household members i
(greater than or equal to 60)
Household head Household head=1, others=0
87k 2 uame] Sl go] WAL GRS wel @ Wast gtk B AT BAe) ZE W] 4
staAt gt o] 4l ZA o] tfaljAli= Table 60 A elato] # A5t
AT

ODS} TPS] =8 AFgIGIT, SR e ds
RRE A AY 3P0 A28 AT e

5 200549 2HAHE7HAS=(CPD) &
oz *E‘X ﬁkﬁk‘ﬁt} HIZAAH a4ges Ay, A
A, AT AR, A7IFEER o] o4 o &

NG o8 2GR} o5 AAA} o] 7 A7) of
B SE EE IE o, Zfﬂi ol oAF, 7+

=, 154 o]3} 7h<E, 60A] o) ZhE, THE
F R 5 Zoste] EAsett, o]9f o] B A

o] BAEYo APASE 25T 2L A5 A
&, o4 o} W mAAF ofRe} o] 13402 h2
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V. 975 g 7

AlZ=H 0 olo) ]/‘i A3l vlo} 7Po] Mundlak

Model 1~Model 32 W §/d-& 1 e{51A] Y2 2

o], Model 4~Model 6& A4S 123t 2ol
ot WAL 18elA| oFe Bt WAL et
=Y o) AT F AfolE YA gt ek, ot

2hA 2 Ao ol A A3l e vE A=
o WA BAIZE EA8EA eberta T 4 gl
B A7t AA) o HR W @ JHE 119
5o 2498k Model 4~Model 62 %@gi Ba7

£ Awstaial gty BODS} TPS zHzh 23471



Table7. Effects on life satisfaction

Endogeneity unconsidered Endogeneity considered
Modell Model2 Model3 Model4 Model5 Model6
-0.013%%* 0.004 -0.013%** 0.004
BOD
(0.003) (0.004) (0.003) (0.004)
TP -0.255%** -0.296%*** -0.251 % -0.295%**
(0.038) (0.050) (0.038) (0.050)
. 0.2]2%** 0.212%** 0.212%** 0.118%** 0.118%** 0.118%**
Per capita income
(0.008) (0.008) (0.008) (0.007) (0.007) (0.007)
. ) -0.483%%* -0.483%** -0.483%* -0.311%%* -0.311%%* <0311
Per capita income”/100
(0.056) (0.056) (0.056) (0.040) (0.040) (0.040)
A -0.054%%* -0.054*** -0.054** -0.040%** -0.040%** -0.040%**
&
¢ (0.002) (0.002) (0.002) (0.003) (0.003) (0.003)
5 0.470%** 0.470%** 0.470%** 0.483%* 0.483%** 0.482%**
Age”/1000
(0.019) (0.019) (0.019) (0.019) (0.019) (0.019)
. 0524 0.524** 0.524** 0.5]12%%* 0.511%%* 0.5 1%**
Married
(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)
. 0.303%** 0.304%** 0.304%%* 0.277#** 0.277%%* 0.277%%*
Owner-occupied
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)
Femel 0.054%** 0.054%** 0.054%%* 0.056%** 0.056%** 0.057%**
emale
(0.013) (0.013) (0.013) (0.013) (0.013) (0.013)
City dweller -0.270%** -(0.234% % -0.235% % -0.306%** -0.270%** -0.271%**
(0.024) (0.025) (0.025) (0.024) (0.024) (0.025)
Self-employed -0.036%** -0.036%** -0.036%** -0.047%** -0.047%** -0.04 7%
(0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
Unemployed -0.464%** -0.465%** -0.465%** -0.459%+* -0.459%* -0.459%**
(0.019) (0.019) (0.019) (0.019) (0.019) (0.019)
Healthy people 0.338*+** 0.338*** 0.339%** 0.333%3* 0334 0.334%*
(0.014) (0.014) (0.014) (0.013) (0.013) (0.013)
) . 0.288*** 0.288*** 0.288%*** 0.204%*** 0.204*%* 0.204*%*
Less than a high school diploma
(0.019) (0.019) (0.019) (0.019) (0.019) (0.019)
. 0.625%+** 0.625%** 0.625%** 0.459%+* 0.458*+* 0.458*%*
More than a college diploma
(0.021) (0.021) (0.021) (0.022) (0.022) (0.022)
0.007 0.007 0.007 0.027%** 0.027%** 0.027%%*
Number of household members
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Number of household members 0.005 0.005 0.005 0.016** 0.016** 0.015%*
(less than or equal to 15) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
Number of household members 0.001 0.000 0.000 0.017** 0.017** 0.017**
(greater than or equal to 60) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
0.019 0.019 0.019 0.030%* 0.030%* 0.030%*
Household head
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Observations 158,432 158,432 158,432 158,432 158,432 158,432
Number of persons 20,716 20,716 20,716 20,716 20,716 20,716

Notel) *** p<0.01, ** p<0.05, * p<0.1
Note2) The number in the parenthesis is standard errors.
Note3) Results of cut, year and region dummies is not listed.
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Table 8. Marginal probability effects in the Model4 and Model5

Unit: %
IP(H = 11X) dP(H=2|X) IP(H=3|X) IP(H=4/X) IP(H = 5X)
X X X X X
BOD 0.009 0.153 0.254 -0.411 -0.005
TP 0.172 3.056 5.066 -8.205 -0.090
Per capita income -0.081 -1.443 -2.393 3.875 0.042
Per capita income’/100 0.213 3.786 6.276 -10.164 -0.111
Age 0.028 0.490 0.812 -1.316 -0.014
Age’/1000 -0.331 -5.880 -9.748 15.786 0.172
Married -0.350 -6.229 -10.326 16.723 0.183
Owner-occupied -0.190 -3.379 -5.602 9.073 0.099
Female -0.039 -0.688 -1.141 1.848 0.020
City dweller 0.185 3.289 5452 -8.829 -0.096
Self-employed 0.032 0.571 0.947 -1.533 -0.017
Unemployed 0315 5.594 9.273 -15.017 -0.164
Healthy people -0.229 -4.068 -6.744 10.922 0.119
Less than a high school diploma -0.140 -2.482 -4.115 6.665 0.073
More than a college diploma -0.314 -5.586 -9.260 14.996 0.164
Number of household members -0.019 -0.330 -0.547 0.886 0.010
Number of household members 0011 -0.189 0314 0.508 0.006
(less than or equal to 15)
Number of household members 20012 0212 0351 0.569 0,006
(greater than or equal to 60)
Household head -0.021 -0.368 -0.610 0.987 0.011
Notel) The value of BOD is marginal probability effect in Model4
Note2) Values of variables excluding BOD and TP are the same in model4 and model5.
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