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Abstract

The purpose of this study is to establish a method of estimating the daily urban
water demand using statistical model. This method will be used for the develop-
ment of the efficient management and operation of the water supply facilities.
The data used were the daily urban water use, the population, the year lapse
and the weather conditions such as temperature, precipitation, relative humidity,
etc. Kwangju city was selected for the case study area. The raw data used in
this study were rearranged either by month or by season for the purpose of
analysis, and the statistical analysis was applied to the data to obtain the regres-
sion model. As a result, the multiple linear regression model was developed to
estimate the daily urban water use based on the weather condition. The regres-
sion constant and the model coefficients were determined for each month of a
year. The accuracy of the model was within 3% of average error and within 10%
of maximum error. The developed model was found to be useful to the practical
operation and management of the water supply facilities.
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2.1 ZERFIH

[a15% /A (regression  analysis) & ftjgkgo}
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Table 1. Analysis of Variance for Regression Model.

Degree of Average of Sum
Source Sum of Squares F
Freedom of Squares
. = _SSR
Regression | SSR=6X Y-n(Y) k MSR==F MSR
Residual | sgp—y" y—4 X n-(k+1) msg=-SSE MSE
£z e
Total | SST=Y-Y-n(X) n-1
400
m-
360
l(g - 3401
g1
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Fig. 1 The Variation of Daily Water Use Kwangju City for the Year of 1990.
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Table 2. Correlation Coefficients Obtained Using
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the Monthly Data for the Years of 1990 to 1994,

Months X, X, X; X Xs X X, Xy Xy
Jan. 0.870 0.113 0.001 —0.033 —0.088 0.097 0.109 0.142 0.922
Feb. 0.848 0.090 -0.252 —0.185 -0.028 0.185 0.172 0.170 0.846

March 0.811 0.221 -0.123 —0.045 0.091 0.022 0.065 0.282 0.873
April 0.835 0.320 —0.084 —0.018 -0.024 0.068 0.056 0.348 0.884
May 0.842 0.391 —0.059 -0.054 —0.111 0.271 0.153 0.483 0.885
June 0.795 0.489 —0.194 —0.140 -0.235 0.018 0.103 0.518 0.837
July 0.911 0.670 —0.383 -0.166 —0.614 0.498 0.456 0.687 0.897
Aug. 0.903 0.613 —-0.298 —0.206 -0.154 0.203 0.160 0.629 0.896
Sept. 0.920 0.472 -0.197 -0.089 —0.346 0.300 0.283 0.524 0.920
Oct. 0.946 0.343 0.072 -0.043 0.136 0.088 0.129 0.445 0.941
Nov. 0.924 0.215 -0.176 —0.026 -0.032 0.004 0.002 0.324 0.919
Dec. 0.918 0.148 —0.182 —0.084 —0.005 0.027 0.028 0.169 0.913

Note that X, : Population, X, Average temperature(‘C), X;: Relative humidity (%),

X, . Precipitation(mm), X;: Cloudiness, Xs:

Sunshine duration(hr),

X; . Solar radiation(M.j/m'), Xy : Maximum temperature(‘C), X,: Lapse of year,

B : Regression constant, £, 5,

152
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Table 3. Regression Model for Predicting the Municipal Water Use based on the Weather Condition.

Regression Model
Basic Model |8 + 8 Xi + 88X + 8 XL+ 484X +66XK+6XK+8X + 65X+ 65X
Model No. 1 |8 + A Xi+ A8+ X +46XK+646X+66XK+8X+ 56X
Model No. 2 |4 + A Xi+ B8 XK +AX+66X+6X+ 58X
Model No. 3 |8 + B8 X + B X+ 88X + 5% + 55X
Model No. 4 1A + 8 Xi+ A8 Xi+ 64X+ 58X+ 5%

Table 4. The Regression Coefficients of Model No. 4 Obtained for Each Monthly Data

for the Years of 1990 to 1994.

Months B0 61 B4 56 B-8 B9 R
Jan. 3512656 535210 281 556 -265 23571 0.933
Feb. -2714112 502061 -183 644 235 5356 0.909
March 7363087 1175947 118 -73 399 30239 0.913
April 7419864 1184457 46.8 101 300 30850 0.913
May 11136746 1802661 -53 -311 730 40534 0.929
June 14247981 2318064 77.8 -182 446 48258 0.895
July 6786701 1170329 100 -334 3256 ~2332 0.942
Aug.  |-16465230 | 2797394 0.8 278 231 -33791 0.917
Sept. ~1954871 372340 -11.6 -527 2074 11554 0.946
Oct. ~17894278 | 3024818 283 726 1799 -33871 0.958
Nov. ~8439922 1454433 83 -468 1132 ~11885 0.941
Dec. -5526311 972157 -380 237 262 —4473 0.919
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Table 5. The Adjusted Coefficients of Determination of the Regression Model Obtained Using the

Monthly Data for the Years of 1990 to 1994. (Units: %)
Category Months Model 1 Model 2 Model 3 Model 4
90 -’94 Jan. 93.4 934 93.8 93.0
90 — 94 Feb. 90.4 90.2 90.3 90.3
90 - 94 March 91.3 91.3 90.9 90.8
90 - 94 April 91.0 91.0 91.8 90.9
90 — 94 May 92.2 92.7 92.6 92.6
90 -’94 June 89.2 89.1 89.0 88.9
90 -’94 July 94.8 94.5 94.2 94.0
90 -’94 Aug. 91.4 91.6 91.3 91.3
90 -’94 Sept. 94.4 94.4 94.3 94.3
90 -’94 Oct. 93.8 93.7 93.8 93.8
90 — '94 Nov. 914 91.4 91.5 914
90 - '94 Dec. 91.4 914 91.5 91.4
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Table 8. The Adjusted Coefficients of Determination of the Regression Model Obtained Using the
Seasonal and Annual Data for the Year of 1990 to 1994.

(Units : %)

Seasons and
Model No.1 Model No.2 | Model No.3 | Model No.4

Years
Spring 91.0 90.6 90.3 90.4
Summer 87.1 85.8 85.8 85.4
Fall 92.8 924 92.4 92.6
%Winter 84.7 84.3 84.0 83.3
Years 85.5 854 84.8 84.7

Table 7. Error Rate of the Regression Model Obtained Using the Monthly Data for the Years of 1990
to 1994, (Units : %)
Mon. Model No. 1 Model No. 2 Model No. 3 Model No. 4
Max Min Ave Max Min Ave Max Min Ave Max Min Ave
Jan | 7.151 | 0.016 | 2.634 | 7.311 | 0.018 | 2.604 | 8.764 | 0.122 | 2.208 | 8.563 | 0.016 | 2.201
Feb | 8231 | 0.010 | 2.156 | 8.700 | 0.037 | 2.182 | 7.915 | 0.092 | 2.209 | 7.5634 | 0.046 | 2,234
March | 5.561 | 0.053 | 1.886 | 5.464 | 0.036 | 1.884 | 5.836 | 0.056 | 1.941 | 5.794 | 0.018 | 1.944
April | 6.124 | 0.058 | 0.939 | 5.915 | 0.018 | 1.989 | 5.962 | 0.014 | 1.967 | 5.868 | 0.001 | 1.984
May | 4.722 | 0.044 | 1.976 | 4.772 | 0.005 | 1.630 | 4.927 | 0.005 | 1.630 | 4.884 | 0.010 | 1.621
June | 7.644 | 0.640 | 2.078 | 6.309 | 0.019 | 1.775 | 6.279 | 0.013 | 1.792 | 6.258 | 0.006 | 1.791
July | 9.671 | 0.026 | 2.242 | 9.592 | 0.091 | 2.370 | 9.344 | 0.044 | 2.378 | 9.280 | 0.040 | 2.426
Aug. | 6.230 | 0.021 | 1.896 | 6.256 | 0.064 | 1.896 | 6.026 | 0.009 | 1.924 | 5.892 | 0.047 | 1.912
Sept. | 7.272 | 0.062 | 1.872 | 7.289 | 0.045 | 1.870 | 7.591 | 0.097 | 1.853 | 7.413 | 0.020 | 1.869
QOct. | 7.632 | 0.004 | 1.825 | 7.872 | 0.010 | 1.891 | 8.383 | 0.014 | 1.991 | 8.142 | 0.015 | 1.867
Nov. | 8186 | 0.013 | 1.681 | 7.896 | 0.013 | 1.671 | 8.344 | 0.002 | 1.699 | 8.484 | 0.003 | 1.697
Dec. | 8.749 | 0.011 | 1.835 | 8415 | 0.012 | 1.819 | 8.741 | 0.019 | 1.847 | 8.603 | 0.010 | 1.839
o | CATESAZTED | 100y
Table 8. Error Rate of the Regression Model Obtained Using the Seasonal Data for the Years of 1990
to 1994, (Units: %)
Season Model No. 1 Model No. 2 Mon No. 3 Model No. 4
and Yeary Max Min Ave Max Min Ave Max Min Ave Max Min Ave
Spring | 8.002 | 0.005 | 2.318 | 7.902 | 0.005 | 2.039 | 7.663 | 0.025 | 2.074 | 7.763 | 0.006 | 2.061
Summer| 13.929 | 0.019 | 2.895 | 12.545| 0.029 | 3.081 | 16.223 | 0.026 | 3.854 |12.673 | 0.036 | 3.134
Fall |13.646| 0.061 | 2.075 | 14.925| 0.069 | 2.083 | 15.185 | 0.027 | 2.113 | 14.690 | 0.050 | 2.053
Winter | 14.523 | 0.030 | 2.606 |15.384 | 0.036 | 2.651 |15.678 | 0.001 | 2.679 |10.416 | 0.048 | 2.681
Years | 13.192| 0.097 | 2.693 |13.149 | 0.001 | 2.718 [12.964 | 0.097 | 2.706 |12.946 | 0.004 | 2.793
Table 79 Fe|¥ #AG MRS vimslel B 2} Af 28 I8 RAHLRS 24, 14, 3
W 47he) BAVG| MERES deike] & Aoz # 9, 44, 949, 104, 1142 27 19] 4317

e ATt BRARAERS 9.67%F BAL 14 &

Bom A7|Hez 744 sigert. Table 79
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Table 9. Analysis of Variance.

(Thousands)

WATER USE

300
90.71

91.74

927.1
DAYS

94.71

Model Source Degree of Sum of Mean F Critical | Significance
No. Freedom Squares Squares Value(F) Level(a)
Regression 8 62234963968 7779370496
1 Residual 115 8327048192 72409112 | 107.4 2.66 0.01
Total 123 70562013184
Regression 6 62123278336 10353880064
2 Residual 117 8438731264 72125919 |143.55| 2.96 0.01
Total 123 70562013184
Regression 5 61318377472 12263675904
3 | Residual 118 9243634688 78335888 |156.55| 3.17 0.01
Total 123 70562013184
Regression 5 61392445440 12278489088
4 Residual 118 9169566720 77708192 |158.01| 3.17 0.01
Total 123 70562013184
T —— ouserved. -+~ Model1 —— Modsl2
4601 — Model3 - ModeLd

Fig. 2. The Comparison between the Measured and the Predicted Municipal Water Use for the Month
of July from 1990 to 1994.

WATER USE

440

4204 —- Model3

- Observed. ----- ModelLt

4004

3601

{Thousands)
g

3404

3201

300
90.104

91.104

82.101
DAYS

94.101

Fig 3. The Comparison between the Measured and the Predicted Municipal Water Use for the Month
of October from 1990 to 1994.
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