KEFIEBE TE&:E - 47T - Original Paper - pp. 89~97. 2007.

MEA HEUMY #%2 AEEL HFUL

OIX

Jto1 M2 191 12 AEEY

AR5 - A - R
MENFNLATE A 8FF

(2006 79 182 A<=, 2007d 19 9% )

A study on the Household consumption of Tap Water and the Decreasing Rate of lpcd by
the increase in the Number of Residents in Seoul

Kap Soo Kim' - Jihee Yang - Seong Hwan Hwang

Department of Urban Environment, Seoul Development Institute

ABSTRACT : This study analyzed the lpcd of 25 districts in Seoul using random samples of residents in Seoul selected by computer
selecting system. By classifying these samples according to the type of houses(tenement houses, apartment houses and detached houses), the
type of districts, the effects of the number of residents in a house and the type of the houses on tap water use ate analyzed. From these
samples, the consumption of tap water per capita day(lpcd) in Seoul can be estimated statistically. It is also observed that the Ipcd de-
creases as the flat-dwellers increase. As the dwellers increase from 1 to 2, from 2 to 3, from 3 to 4 and from 4 to 5, Ipcd has decreased
by 47.6%, 20.8%, 16.9%, and 9.0%, respectively. The regression curve, which fits the tendency of decrease well, is represented by an power
function. And the estimated linear regression equation shows that the average decreasing rate of lpcd as flat dwellers increasing is 12%.

Key Words : Tap Water Use, Tenement Houses, Apartment Houses, Detached Houses, Size of Apartment Houses
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Table 1. Ipcds of 25 districts by the types of houses

Tenement Houses |Apartment Houses|Detached Houses

Avg. 196 195 207
Gangnam-gu 238 | 21.5% | 284 | 45.5% | 201 | -2.8%
Gangdong-gu 191 1 -23% | 187 | -4.0% | 183 |-11.4%
Gangbuk-gu 173 | -11.6% | 184 | -5.5% | 237 | 14.7%

Gangseo-gu 196 | 0.1% 159 | -18.5% | 208 | 0.5%

Gwanak-gu 193 | -1.6% | 209 | 6.8% | 200 | -3.1%
Gwangjin-gu 197 | 09% | 189 | -3.1% | 254 | 22.9%
Guro-gu 182 | -6.9% | 196 | 04% | 201 | -2.8%

Geumcheon-gu 198 | 1.2% | 207 | 5.8% | 223 | 7.7%
128% | 172 | -12.0% | 215 | 4.0%
-18.5% | 189 | -32% | 212 | 2.5%

Nowon-gu 221
Dobong-gu 160

Dongdaemun-gu | 196 | 0.1% | 189 | -33% | 187 | -9.5%
Dongjak-gu | 191 | -2.4% | 218 | 11.9% | 203 | -1.8%
Mapo-gu 194 | -0.8% | 210 | 7.8% 155 |-25.0%
Scodacmun-gu | 177 | 9.8% | 175 | -10.4% | 202 | -2.0%
Seocho-gu | 211 | 7.7% | 188 | -3.5% | 198 | -4.0%

Seongdong-gu 187 | -45% | 202 | 33% | 212 | 2.5%
5.7% | 196 | 0.6% 191 | -7.6%
82% | 206 | 57% | 196 | -5.3%
-39% | 174 | -10.8% | 214 | 3.5%

Youngdeungpo-gu | 196 | 03% | 182 | -6.9% | 215 | 4.1%

Seongbuk-gu 184

Songpa-gu 180

Yangcheon-gu 1838

Apartment Houses ache:

Tenement Houses

Fig. 1. The average lpcds by the types of houses.
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Table 3. The average Ipcds by the types of houses as the
number of dwellers in a house increases

Yongsan-gu | 209 | 68% | 160 | -17.9% | 211 | 2.2% Number of Residents) || o 1, |
Eunpyeong-gu | 185 | -53% | 210 | 7.7% | 237 | 14.9% Type of House
Jongno-gu 238 | 21.6% | 211 2.1% 192 | -7.0% Tenement Houses 440 257 203 167 152
Jung-gu 231 | 17.9% | 192 | -18% | 214 | 3.4% Apartment Houses 507 266 210 174 155
Jungnang-gu 177 | 96% | 190 | -2.6% | 205 | -0.6% Detached Houses 592 349 282 218 206
Table 2. The tap water consumption of Cites and Provinces by the industrial classification(The end of 2003) Lip-d)
the amount Effective Water Supply Leakage and
Region of water Charged Water Non-charged| rate-exempt
supplied | Total |Household [Public AffairslCommercial|Public Bath| Industry |the others| ~ Water Water
nation wide 359 282 175 40 45 7 13 2 28 49
Seoul Metropolitan City 356 295 196 21 60 11 1 6 9 52
Busan Metropolitan City 327 263 152 49 38 8 14 2 32 32
Daegu Metropolitan City 406 334 165 76 33 7 53 - 24 48
Incheon Metropolitan City 417 310 181 70 50 9 - - 51 56
Gwangju Metropolitan City 299 238 165 28 32 2 11 - 29 32
Daejeon Metropolitan City 374 293 179 41 43 3 22 5 37 44
Ulsan Metropolitan City 327 248 160 18 63 7 - 41 38
Gyeonggi-do(Province) 346 298 188 39 40 6 24 1 17 31
Gangwon-do(Province) 411 271 174 57 39 3 4 - 54 80
Chungcheongbuk-do(Province) 349 273 175 28 34 2 34 - 39 37
Chungcheongnam-do(Province) 368 270 148 97 21 3 1 - 53 45
Jeollabuk-do(Province) 398 250 157 33 42 4 14 - 69 79
Jeollanam-do(Province) 338 234 14 47 26 5 15 - 36 68
Gyeongsangbuk-do(Province) 382 273 160 52 50 5 4 2 40 69
Gyeongsangnam-do(Province) 348 220 144 27 46 3 - 46 82
Jeju-do(Island) 328 238 161 37 26 1 - 13 44 46

* source : Waterworks Statistics, The Ministry of Environment, 2004
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Fig. 2. The average Ipcd by the types of houses in Seoul.
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Table 4. Ipcds and proportions by the types of houses of 25
districts

Table 5. The distribution of the number of households by
the size of apartment house

Ratio of House Type(%)| Liter per Capita Day(Ipcd)

Total
TenementiApartmentDetached TenementAparﬁnemJDetached o4

Houses | Houses | Houses | Houses | Houses | Houses

|10 ®|@ | 6| ®

25 districts

Gangnam-gu 216 | 688 | 9.6 | 238 | 284 | 201 | 266

Gangdong-gu 18.6 | 59.1 | 223 | 191 | 187 | 183 | 187
Gangbuk-gu 288 | 27.9 | 433 | 173 | 184 | 237 | 204
Gangseo-gu 229 | 585 | 18.6 | 196 | 159 | 208 | 177
Gwanak-gu 315 | 255 1 43.0 | 193 | 209 | 200 | 200
Gwangjin-gu | 20.4 | 31.2 | 484 | 197 | 189 | 254 | 222
Guro-gu 211 | 46,5 | 324 | 182 | 196 | 201 | 195
Geumcheon-gu | 244 | 30.8 . 44.8 | 198 | 207 | 223 | 212
Nowon-gu 53 1770 | 17.7 | 221 | 172 | 215 | 182
Dobong-gu 162 | 643 | 195 | 160 | 189 | 212 | 189
Dongdaemun-gu | 13.6 | 33.9 | 52.5 | 196 | 189 | 187 | 189
Dongjak-gu 254 1 50.0 | 246 | 191 | 218 | 203 | 208
Mapo-gu 42.0 | 273 | 307 | 194 | 210 | 155 | 187
Seodaemun-gu | 25.9 | 25.6 | 485 | 177 | 175 | 202 | 189
Seocho-gu 164 | 65.2 | 184 | 211 | 188 | 198 | 194
Seongdong-gu | 17.7 | 57.5 | 248 | 187 | 202 | 212 | 202
Seongbuk-gu 182 | 30.8 | 5t.0 | 184 | 196 | 191 | 191
Songpa-gu 22.1 1 603 | 17.6 | 180 | 206 | 196 | 199
Yangcheon-gu | 29.6 | 55.6 | 14.8 | 188 | 174 | 214 | 184
Youngdeungpo-gu | 6.5 | 52.4 | 41.1 | 196 | 182 | 215 | 196
Yongsan-gu 16.0 | 37.9 | 46.1 | 209 | 160 | 211 | 192
Eunpyeong-gu | 47.4 | 13.9 | 38.7 | 185 | 210 | 237 | 209
Jongno-gu 23.8 | 13.7 | 62.5 | 238 | 211 | 192 | 206
Jung-gu 169 | 233 | 59.8 | 231 | 192 | 214 | 211
Jungnang-gu 183 | 447 | 37.0 | 177 | 190 | 205 | 193
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Table 6. Ipcd by the size of apartment house and the num-
ber of dwellers in a house

o Number of Residents
Pyeong Districts
1 2 3 4 5
15pyeong Geumcheon-gu | 425 | 221 | 193 | 185 { 170
Gangseo-gu 205 | 305 | 169 | 141 | 110
17pyeong
Geumcheon-gu | 419 | 221 | 193 | 186 | 186
Yangcheon-gu | 346 | 224 | 156 | 155 | 166
19pyeong
Gangdong-gu 399 | 186 | 142 | 139 | 131
21pyeong Gangseo-gu 247 234 1 159 | 138 | 128
Yangcheon-gu 431 | 224 | 198 | 161 | 142
22pyeong
Yongsan-gu 267 | 162 | 125 | 81 -
Gangbuk-gu 318 | 222 | 139 | 158 | 136
Geumcheon-gu | 425 | 234 | 206 | 187 | 177
23pyeong
Yangcheon-gu | 388 | 195 | 176 | 160 | 156
Jongno-gu 579 | 226 | 205 | 188 | 168
Dongdaemun-gu | 696 | 323 | 207 | 134 | 145
24pyeong
Seodaemun-gu | 339 | 198 | 194 | 149 | 153
Gangdong-gu 383 | 239 | 148 | 130 | 129
Gangseo-gu 285 | 209 | 176 | 131 | 131
Gwanak-gu 717 | 347 | 263 | 170 | 132
Guro-gu 785 | 292 | 235 | 171 | 140
25pyeong -
Dongjak-gu 431 | 254 | 146 | 128 | 110
Seongdong-gu 357 1192 | 134 | 145 | 97
Seoungbuk-gu 273 1219 1 203 | 171 | 133
Jung-gu 622 | 258 | 207 | 161 | 147
26pyeong Dobong-gu 370 | 235 | 176 | 183 | 142
Nowon-gu 501 | 207 | 193 | 166 | 140
Dongdaemun-gu | 682 | 342 | 267 | 169 | 146
27pyeong
Songpa-gu S10 | 181 | 172 | 132 | 103
Gangnam-gu 341 | 254 | 172 | 161 | 156
Gangbuk-gu 482 | 239 | 162 | 128 | 145
Geumcheon-gu - 160 | 175 | 138 | 108
28pyeong
Seodaemun-gu 260 | 237 | 178 | 156 | 141
Yangcheon-gu | 461 | 184 | 178 | 169 | 161
29pyeong Dobong-gu 186 | 250 | 203 | 196 | 179
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Fig. 5. Ipcd of 32 pyeong apartment house by the number of dwellers in a house in the five districts with different financial

independence.
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Table 7. The decrements of lpcds of 25 districts as the num-
ber of dwellers in a house increases
(Unit : L)
Decrement of Liter per Capita Day as the
Number of Dwellers Increases(Ratio)

25 districts

from 1 to 2 |from 2 to 3|from 3 to 4|from 4 to 5

Gangnam-gu (139 (28.4%)(107 (30.5%) { 26 (10.7%)] 3  (1.4%)
Gangdong-gu {242 (48.6%)| 67 (26.2%) | 22 (11.6%)| 12 (7.2%)
Gangbuk-gu | 164 (39.6%)| 74 (29.6%) [ 18 (10.2%)| -8 (-5.1%)
Gangseo-gu | 8 (3.2%)[72 (30.0%)] 32 (19.0%)[10 (7.4%)
Gwanak-gu 377 (53.4%)| 63 (19.1%) | 96 (36.1%)l£ (26.5%)
Gwangjingu  |229 (46.9%)| 45 (17.4%) |31 (14.5%)| 40 (21.9%)

Guro-gn  |391 (55.8%) 77 (24.8%)| 63 (27.00/02 28 (16.5%)

Geumcheon-gu (202 (47.9%)| 27 (12.3%)| 8 (4.1%)| 16 (8.6%)

Nowon-gu  |339 (65.3%)(-19 (-10.6%)| 29 (14.6%)| 19 (11.2%)
Dobong-gn | 83 (26.1%)| 42 (17.9%)| 0 (0.0%) (31 (16.1%)

Dongdaemun-gu 1364 (51.3%)]121 (35.0%) | 71 (31.6%)| 12 (7.8%)
246 (43.7%)[110 (34.7%) | 30 (14.5%)| 24 (13.6%)
194 (36.1%)| 97 (28.2%) {43 (17.4%)| 38 (18.6%)
117 (35.6%)[ 23 (10.8%) |32 (16.9%)| 11 (7.0%)

Dongjak-gu

Mapo-gu

Seodaemun-gu

Seocho-gu {279 (51.8%)( 63 (24.2%){ 14 (7.1%) | 36 (19.7%)
Seongdong-gu (233 (47.6%)| 52 (20.3%)| 27 (13.2‘@J 34 (19.2%)
Seongbuk-gu

27 (9.9%))25 (10.2%) |39 (17.6%)| 34 (18.7%)
Songpa-gn  |518 (67.3%)] 7 (2.8%) | 59 (24.1%)] 20 (10.8%)
S

—

Yangcheon-gu | 182 (46.3%)( 31 (14.7%) | 19 (10.6%)| 7  (4.3%)

Youngdeungpo-gu |227 (44.6%)| 69 (24.5%) (46 (21.6%)] 14 (8.4%)
N

Yongsangu | 172 (44.3%)| 57 (26.4%) |45 (28.3%)|-22 (-19.3%)
Eunpycong-gu {281 (48.5%)| 62 (20.8%) | 41 (174%)| 17 (8.7%)
Jongno-gu  |272 (52.0%)| 35 (13.9%)] 15 (6.9%)| 18  (9.0%)

Junggu (352 (544%)| 73 (24.7%)| 51 (23.0%)| 36 (21.1%)
Jungnang-gu (381 (60.8%)| 22 (8.9%) | 55 (24.6%)| 1 (0.6%)

Median 233 (47.6%)| 62 (20.8%) |32 (16.9%)| 18 (9.0%)
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Type of Trend Line Regression Formula Coefficient of determinationv(ﬁf)
Linear Function Y =-79.728X + 501.77 R*=0.7747

Logarithmic Function Y =-217.21 La(X) + 470.55 R”=0.9288

Polynomial Function Y =33.074X% - 278.17X + 733.29 R*=0.9613

Power Function of X Y =481 11X R’ =0.9861

Exponential Function T =55154e72 % ] R* = 0.8869

Fig. 6. The Change of Ipcd in Seoul as the number of dwellers in a house increases, and the regression equations.
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