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Estimation of Long-term Water Demand by Principal Component and Cluster Analysis and

Practical Application

Koo, Ja-Yong - Yu, MyungJin - Kim, Shin-Geol T - Shim, Mi-Hee - Koizumi Akira*

Department of Environmental Engineering, The University of Seoul
*Department of Environmental Civil Engineering, Tokyo Metropolitan University

ABSTRACT : The multiple regression models which have two factors(population and commercial area) have been used to forecast the
water demand in the future. But, the coefficient of population had a negative value because proper regional classification wasn't performed,
and it is not reasonable because the population must be a positive factor. So, the regional classification was performed by principal com-
ponent and cluster analysis to solve the problem. 6 regional characters were transformed into 4 principal components, and the areas were
divided into two groups according to cluster analysis which had 4 principal components. The new regression models were made by each
group, and the problem was solved. And, the future water demands were estimated by three scenarios(Active, moderate, and passive one).
The increase of water demand are 89,034 m3/day in active plan, 49,077 ms/day in moderate plan, and 19,996 m3/day in passive plan. The
water supply ability as scenarios is enough in water treatment plant, however, 2 reservoirs among 4 reservoirs don't have enough retention
time in all scenarios.

Key Words : Principal Component Analysis, Cluster Analysis, Forecasting Water Demand, Assessment of Water Supply Capacity
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Fig. 5. Area of study(Jung-Gu and Jongro-Gu.

Table 1. Dongs of Jongro-Gu and Jung-Gu

Autonomy Dong

Chung-un, Hyo-ja, Sa-jik, Sam-chung, Pu-am, Pyung-
chang, Mu-ak, Kyo-nam, Ka-hoe, Jongro 1, 2, 3, 4 ga,
Jongro 5, 6 ga, I-hwa, Hye-hwa, Myoung-nyun 3 ga,
Chang-shin 1, Chang-shin 2, Chang-shin 3, Sung-in 1,
Sung-in 2

Jongro-gu

(19)

So-gong, Hoe-hyun, Myong, Pil, Changchung, Kwang-

Jung-gu | hui, Ulciro 3, 4, 5 ga, Shin-dang 1, Shin-dang 2,

(15) Shin-dang 3, Shin-dang 4, Shin-dang 5, Shin-dang 6,
Hwang-hak, Chung-nim

Table 2. Water supply facility on study area

Water supply facility Capacity
Filtration plant D Filiration plant 750,000 m®/day
D Reservoir r 200,000 m’
. A Reservoir I 30,000 m’
Reservoir - 3
N Reservoir J 40,000 m
| BReservor | 40000 m’
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Table 3. Formalization of the multiple regression model

Multiple regression model i R’
Y =0.2794X, + 0.0055X2 - 131.5 0.9659
Y =-0.0979X; + 0.0030X2 + 4767.7 0.8720

X\: Population, X,: Commercial area

Autonomy

Jongro-gu

Jung-gu
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Table 4. Regional characteristic factor

Regional
characteristic Contents

factors
X, Domestic usage/Population (m’Jcapita)
X2 Commercial usage/Area of commercial district(m*/m’)
X Employees/Population(capita/capita)
Xy Population/Total area of dong(capita/mz)
Xs Number of business/Total area of dong(number/mz)
X Area of commercial districttotal area of dong(m’/m’)

Table 5. The results of principal component analysis

14000

12000

10000

8000

600

400

200

Item Eigen value | Difference | Proportion FCumulative
Prin. 1 2.9076 1.7866 0.4846 0.4846
Prin. 2 1.1210 0.1765 0.1868 0.6714
Prin. 3 0.9445 0.3638 0.1574 0.8289
Prin. 4 0.5807 0.2824 0.0968 0.9256
Prin. 5 0.2983 0.1504 0.0497 0.9754
Prin. 6 0.1479 - 0.0246 1.0000

Population
20000
18000 Commercial area
16000 Low population,
High total water
14000
12000
10000 Residential area
o High population,
000 low total water demand
000
000
000

I : Total water use
Fig. 6. Problem of existing model.
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Table 6. Principal component scores for six factors

Item Prin. | Prin. 2 Prin. 3 Prin. 4
X, -0.3405 0.1515 0.7457 -0.2730
X2 -0.3194 -0.6371 0.0909 0.6144
X3 0.4857 -0.2434 -0.2585 -0.1000
Xy -0.3134 0.6294 -0.4102 0.2954
Xs 0.3968 0.3355 0.3771 0.6702
X 0.5390 0.0565 0.2417 -0.0400
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Table 7. Regression models for Jongro-Gu and Jung-Gu using
the results of principal component analysis

Group
(Group’s feature) Dong(code)
Chung-un(1), Hyo-ja(2), Sa-jik(3), Sam-chung(4),
Pu-am(5), Pyung-chang(6), Mu-ak(7), Kyo-nam(8),
Group 1 Ka-hoe(9), I-hwa(12), Hye-hwa(13), Myoung-nyun 3
(Residential | ga(14), Chang-shin 2(16), Chang-shin 3(17), Sung-in
district) 1(18), So-gong(20), Pil(23), Chang-chung(24), Shin-
dang 2(28), Shin-dang 3(29), Shin-dang 4(30),
Shin-dang 5(31), Shin-dang 6(32), Chung-nim(34)
Group 2 Jongro 1, 2, 3, 4 ga(10), Jongro 5, 6 ga(ll),
(Commercial Chang-shin 1(15), Sung-in 2(19), Hoe-hyun(21),
district) Myong(22), Kwang-hui(25), Ulciro 3, 4, 5 ga(26),
Shin-dang 1(27), Hwang-hak(33)
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Fig. 7. Dendrogram constructed using cluster analysis.

J. of KSEE [ Vol. 27, No. 8, August, 2005

3113
4 380




Table 8. Regression models for Jongro-Gu and Jung-Gu using
the results of principal component analysis

Group

R-square Estimated formula

Group 1

7903
(Residential district) 0790

Y =0.1414X, + 0.0054X, + 1145.20

Group 2

(Commercial district) 0.8660

Y =0.3785X; + 0.0041X; + 491.96

Xi: Population (capita), Xo: Area of commercial distict (m?)
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