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Abstract This study examined the characteristics of the hourly demand of city gas in Korea and proposed multiple
regression models to obtain precise estimates of the hourly demand of city gas. Forecasting the hourly demand of
city gas with accuracy is essential in terms of safety and cost. If underestimated, the pipeline pressure needs to be
increased sharply to meet the demand, when safety matters. In the opposite case, unnecessary inventory and operation
costs are incurred. Data analysis showed that the hourly demand of city gas has a very high autocorrelation and that
the 24-hour demand pattern of a day follows the previous 24-hour demand pattern of the same day. That is, there
is a weekly cycle pattern. In addition, some conditions that temperature affects the hourly demand level were found.
That is, the absolute value of the correlation coefficient between the hourly demand and temperature is about 0.853
on average, while the absolute value of the correlation coefficient on a specific day improves to 0.861 at worst and
0.965 at best. Based on this analysis, this paper proposes a multiple regression model incorporating the hourly demand
ahead of 24 hours and the hourly demand ahead of 168 hours, and another multiple regression model with temperature
as an additional independent variable. To show the performance of the proposed models, computational experiments
were carried out using real data of the domestic city gas demand from 2009 to 2013. The test results showed that
the first regression model exhibits a  forecasting accuracy of MAPE (Mean Absolute Percentage Error) around 4.5%
over the past five years from 2009 to 2013, while the second regression model exhibits 5.13% of MAPE for the same period.
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Fig. 1. Hourly Demand Pattern of City Gas Over One
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Fig. 2. Hourly Demand Pattern of City Gas: Winter,
Summer (Winter: 2012. 12. 3(Mon) ~ 12. 9,
Summer: 2013. 7. 1(Mon) ~ 7.7)
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Fig. 3. Hourly Temperature: Winter, Summer
(Winter: 2012. 12. 3(Mon) ~ 12. 9, Summer:
2013. 7. 1(Mon) ~ 7.7)
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Table 1. Correlation between Hourly Demand of City
Gas and Demand 1 ~ 218 Hours Ahead

Hourl; . Hourl . Hourl . Hourl; .
o_ur Y Correlati o_ur Y Correlati gur Y Correlati gur Y Correlati
Time Time Time

Time
st ™ st ™™ st ™™ st ™
t1 0982 t24 0975 47 0935 142 0878
t2 0943  t25 0958 48 0950 t-143 0915
t3 0895 t26 0920 49 0934 t-144 0932
t4 0848 t27 0873 50 0897 t-145 0916
t5 0812 t28 0826 - 146 0.879
6 0795 t29 0790 70 0886 -
t7 0800 t30 0773 71 0922 166 0.886
t8 0827 t31 0778 72 0937 167 0925
t9 0865 t32 0804 73 0921 168 0.942
10 0903 33 0.841 74 0884 169 0925
t11 0930 34 0879 - 170 0.887
t12 0939 35 0905 94 0877 -
t13 0929 36 0914 95 0913 190 0.875
t14 0900 37 0904 96 0928 t191 0912
t15 0860 38 0.875 97 0913 192 0927
t16 0820 39 0835 98 0876 193 0911
t17 0792 t40 0796 - 194 0.874
t18 0785 t41 0769 118 0872 -
t19 0800 42 0762 119 0909 t214 0.862
t20 0834 43 0777 120 0924 t215 0897
t21 0878 44 0811 121 0909 t216 0912
t22 0923 45 0855 122 0873 t217 0897
t23 0960 46  0.899 - 218 0.861
100
[c4s 0950 | [r16809a2]

| lllll‘lIIIIIlllAlllAlllAlllllllAlll

Fig. 4. Correlation between Hourly Demand of City Gas
and Demand 1 ~ 218 Hours Ahead
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Table 2. Correlation between Hourly Demand of City
Gas and Temperature

Year 2009 2010 2011 2012 2013  AA

Correlation  -0.849 -0.874 -0.875 -0.869 -0.855 -0.853
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Table 3. Correlation between Hourly Demand of City - Ao AJH dY(LE), t = 24 AEAA)oN d+1Y
Gas and Temperature in Respect to Day and M) BE AZH(t = 1, 2, -, 24)¢] BA7}: 5
Hourly Time Slot 2 gz

Tsllr:;te Mon Tue Wed Thu Fri Sat  Sun  Total - dH1Ye] RE Al tiEA] 24417 A A 7HE
1 -0.947 -0.947 -0.955 -0.958 -0.955 -0.954 -0.951 -0.948 TAZ s oA 35 %) dlolE7F &4
2 -0.940 -0.940 -0.944 -0.953 -0.947 -0.949 -0.946 -0.941
3 -0.939 -0.938 -0.949 -0.952 -0.945 -0.947 -0.944 -0.942
4 -0.941 -0.943 -0.955 -0.955 -0.949 -0.952 -0.948 -0.946 31 0= 25
5 -0.944 -0.947 -0.957 -0.957 -0.952 -0.954 -0.951 -0.949

X S= 3 23] : Ko
6 -0.940 -0.944 -0.956 -0.956 -0.950 -0.951 -0.948 -0.945 & Aol A AR $19] 5 % (regression model)&
70938 -0.943 -0.957 -0.959 -0.950 -0.953 -0.949 -0.931 2R3 Aelr] fsl 71E 9 WS Aojsit)
8 -0.936 -0.942 -0.958 -0.960 -0.949 -0.957 -0.954 -0.920
9 -0.929 -0.932 -0.949 -0.953 -0.944 -0.951 -0.953 -0.932

10 -0.914 -0.917 -0.936 -0.938 -0.932 -0.937 -0.947 -0.927 715 @ W A
11 -0.904 -0.907 -0.927 -0.931 -0.925 -0.933 -0.940 -0.919
12 -0.890 -0.897 -0.916 -0.919 -0.915 -0.923 -0.932 -0.906

o) = 229 (2L

13 -0.875 -0.887 -0.905 -0.910 -0.903 -0.913 -0.927 -0.895 - Yo dH1d tARHE] dlS o (F5W)

14 -0.865 -0.880 -0.900 -0.904 -0.898 -0.906 -0.925 -0.887 - X dH1Y tA 7S] 24417 A S0
15 -0.861 -0.876 -0.896 -0.896 -0.893 -0.903 -0.923 -0.883

- - Q] tA]7 A 7F (132 # Eo

16 -0.865 -0.879 -0.896 -0.897 -0.890 -0.904 -0.924 -0.885 Xi-ts: A1 tAZHO] O] 168413 (172 A &<

17 -0.879 -0.898 -0.908 -0.906 -0.899 -0.915 -0.930 -0.898 A7H) 8

18 -0.908 -0.923 -0.923 -0.929 -0.920 -0.928 -0.939 -0.920
- X336 Q] tA] 7 e A7y #(2F
19 -0.935 -0.948 -0.951 -0.948 -0.943 -0.944 -0.948 -0.941 Xisse: A1 A17H €] 336 A13E 227

20 -0.941 -0.955 -0.958 -0.952 -0.946 -0.947 -0.950 -0.944 AzH) 8

21 0944 -0.958 -0.960 -0.955 -0.950 -0.950 -0.951 -0.946
_ - d+1Y tAl 7 e 9l %1:
22 -0.949 -0.960 -0.964 -0.959 -0.955 -0.953 -0.953 -0.948 Temp: d+1) t#13tde] 9)7]2=

e
2
ol
e

23 20951 -0.961 -0.965 -0.961 -0.957 -0.954 -0.955 -0.950 - Bos, Bisst SHHTF Xog, X2 SAAF
24 0951 -0.959 -0.962 -0.960 -0.957 -0.953 -0.950 -0.950 e
- 4 Tem A
Total -0.817 -0.844 -0.860 -0.862 -0.862 -0.885 -0.880 -0.853 Bremp: =5 pel 27174
A

- Bo: 39 B

Table 4. Key Factors Affecting Hourly Demand of

City Gas 2 AFANA A B FARY S A7) 1L
Absolute Value E“?} T24 168 U?ﬁ“’]‘ Z]'ﬂ}b‘?’l'/‘ ]’ 9]7]%11:— 898 =
Order Factor of Correlation Aol 223 T24 168+Temp nEow v}y o] ¥
Coefficient
1 Demand of 1 hour ahead 0.982 & 4 gith
2 Demand of 24 hours ahead 0.975
3 Demand of 48 hours ahead 0.950
4 Demand of 168 hours ahead 0.942 IAHAEY
5 Demand of 12 hours ahead 0.939
6 Demand of 72 hours ahead 0.937
; Telmperature measured by hour 1 0,927 T24 168: Ye = Bos Xi—2a + Bies Xi—168 + Bo
(regaffiﬁ;fegiu?:yn?;iulrlggrg/ t;lrgﬁrsm) 0.861 ~ 0.965 T24_168+Temp: Y = B4 Xi—24 + Bies Xi-168

(in_respect of day and hourly time slot)

+ BTcmp Temp + BO

S| AR T24 168 ¥ T24 168+Tempe] AF:E 7

3. 3|RE BN & 918 SAHEA(ANOVA)S A A eH A 7= Table 5

of Ak 7 0 9 RY L ST d e A% A

B Ao EAZFA AZME 8 d=S 9E) 1 oAl froldt F-value7} 0°] YUgormz fol¢E
gL AN, AN AES S A 2P A5E 2 0.01% FEAME F LG AT et A
A3, Atk B3, A AdE HAAdNE TP =2
B AZME EATEA 8 o|EA] o8 p-valueZt 1.23E-120|B% F R 3R Fd
e M ki H RE ST 2 3T Be T BFRE T
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Table 5. Analysis of Variance (ANOVA) of Regression
Model T24_168(+Temp)

Test of Test of Regression Coefficient
Regression Regression (p-value)
Model Model

(Significant B Biss  Bremp Bo

F-value)
T24 168 0 0 0 - 1.23E-12
T24 168 0 o o 0 0
+Temp
AR T24 168 L T24 168+Tempo] LS

37ksl7] f1al & AFelM e o] % T H(moving average)
3} 4= 2 (exponential smoothing)dll 2|3t =S
A AA S AZE $287F 244131 TR 9] o] Al
) et e B2 AAAEE MRS aelste]
o] FHTHE th&} Zol 2714 WS st o]
TH AEA aE 07 14} 9] Al e grom
T #ASA O g 7 E At

o o

ol EHTH
MA24 168: Y= a X-u + (1—a) Xi-168
MA168 336: Y = a Xi-168 + (1—0) Xi-336

2 Aol FHE WS 99 HaEske A5
3

el

& w2 ofFol AAlehH, 1= 03 14Fe] 9] AL
ARE Fo = A 7)zke] #SFk g TtEAE A
o3t} w3k Yo 2 YioigE F8E oZ8luA) &=
d+1Y NS 7]F0R 2447 2 168417F A A7
e £ 53 I dolgE ongth

A+sBEH

ES24: Y =1 X(—0o4 + (1*‘[) Yi-24

ES168: Y, = T Xi—16s + (1—7T) Yi-168

3.2 MEQ 4 X2 =M iy

d+19 tARH el EATR R E dFEe AT,

d+1919] 2913} A7
HolEl NS Aol 3

7 H2Y
3 T24 168(+Temp)<]

=7 A

i

92

S|IAAGE FHAA 5 (least square method) 2.2 g
&, BFAFE o] A9 AEE 299 AR
2ot golE vyl AFESlEE 8 o] &3 16879 Al
e dolg] FollA & g Jhe] AEnt &3 uhet
A, dE ARkt AREEE LS dlo]H I dEtA B

2, d% wsua 89 239 A% g gepih
W, ol BRI AFHBY A A £oE o

ataz} sh= d+1°‘4 AlZH() 2k Fd ek Al 2HA
Oﬂ*i 24AF A AFA] X, 179 A #A5A
T A #FA X go] A e
35}04 AR}
3| 2E T24 168(+Temp)] Al7+ehd
2 dF eAES Wrketr] aE 20099 1€ 1Y ~
20131 11€ 302 A}o]2] 43,0807 (= 1,795Ux24A|7h
o] A o] FollA AFE A7] NS A g Aj7tud
AA Faet d5ge Aol AHA FoE Uw
APE(Absolute Percentage Error)2] (1= L= A &
T3 MAPE(Mean APE)S AXtsic ol & o, d+1Y
t (= 1,-,24) ARHHS FLE F3h= 4F, N =109]
A {(d+]) - 73 AR e A HA A5 E A
Zof EgEy, vpxek AZL (d+H) - 7x10} Y tA]ZH
o] a7t

Xt*168

=
t 336=

A A

3.3 AlA A
3|AEE T24
o} sy 239

coefficient) RS

E=inl
8(+Temp)2] SA-&< A}
J¥ A7 A5 (adjusted determinant

pul

able 63} Table 79l YERHT) 372

z%]-

il

16
/\
=4
T

& T24 1689 A+&3 YERA Table 6014 tha -8
S A+ Ak

(1) SAEY T24_1682] R2%= 0.95924] v =&
*éﬂéég 7Hxltt

(2) A&7 No| S7Has dnbaon @ A5
sk, N = 1609 W exp-&o] 7 vl vehdt}
(MAPE = 4.5%).

Table 6. MAPE(%) of Regression T24 168: R? = 0.959

N 5 10 20 40 60 80 100 120 140 160

2009 9.61
2010 9.47
2011 8.48
2012 791
2013 8.32

6.96
6.75
6.34
5.88
6.06

5.99
6.16
5.85
5.39
5.46

6.99 - - - - -
588 507 525 533 - -
554 495 497 498 4.68 5.07
4.88 449 456 4.56 449 454
515 460 4.64 4.66 4.60 4.61

443
4.56

Total 8.74 638 5.75 544 4.77 479 475 458 4.64 4.50
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Table 7. MAPE(%) of Regression T24_168+Temp: R’
= 0.964

N 5
2009 8.95
2010 9.32
2011 8.40
2012 7.87
2013 8.94
Total

10
5.80
5.17
5.06
491

20
6.60
5.71
5.60
5.52
5.54
5.72

40 60 80 100
501 - - -

7.06 6.22 640 3.75
6.76 4.96 522 545
6.12 478 5.13 532
4.80 5.11 5.36

515 531 536

120 140 160

6.01
5.07
5.11
5.33

3.54
5.34
5.39
5.13

5.56
5.23
5.40
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Table 8. MAPE(%) of Moving Average MA24_168

a 01 02 03 04 05 06 07 08 09

2009 12.28 11.27 1041 9.67 9.04 854 820 8.06 8.19

2010 10.49 9.68 9.01 847 807 7.84 7.87 8.17

2011 10.23 9.40 7.60 7.27 7.16 7.40

2012 8.72 8.09 720 693 6.80 7.01 7.34

2013 8.53 798 722 6.94 723 7.62

Total 10.06 9.29 7.48 746 7.74

g

Table 9° YElW o] F
228 MAPE = 10.8% (a

\(:>]-r

MA168 336<] A
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HA A& MAPE = 7.39% (a = 0.7)5 I/ $E&
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9,]

H2 dlolHE Fxste Zlo] nighAle] welth

Table 9. MAPE(%) of Moving Average MA168 336

a 0.1 02 03 04 05 06 07 08 09

2009 15.40 14.68 14.07 13.58 13.22 13.00 1291 12.94 13.11

2010 13.56 12.93 12.36 11.87 11.48 11.21 11.08 11.06 11.18

2011 13.53 12.93 1238 11.91 11.52 11.25 11.07 10.98 11.01

2012 12.26 11.69 11.20 10.76 10.38 10.05 9.78 9.49

2013 12.06 11.54 11.06 10.63 10.24 9.90 9.61 9.26

Total 13.37 12.76 12.22 11.75 11.37 11.09 10.89
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Table 10. MAPE(%) of Exponential Smoothing ES24 153l AZF ] a8} A7) did o] =& 244170
4

|
] |l A7 A A 2 "ol E &d835f= Aol v
T 01 02 03 04 05 06 07 08 09 4R 168417 A A S8 welH §3k= 2ol vt

23,
2009 13.31 11.68 11.07 10.62 1025 9.89 9.53 9.18 8.87
2010 12.60 10.95 1049 1021 994 9.66 938 912 8.88 B AgoE HZE 2 EATFRY AIZHE
2011 1171 9.96 945 9.14 889 865 844 823 803 Q9] EAS A8t ALY S Aotslden, o
2012 1153 977 928 9.02 882 861 840 819 800 A AAE ol BA 9 3| AR F o] EATEA A
2013 1139 9.84 943 924 9.06 886 8.66 848 831 Z_H:HBE:]_ _/’:_9_ Oﬂé‘oﬂ jr],_]_@, B /E]_Iit_ 3}_“_:_ _6"4'\_ ?j_‘rLQ]
Total 12.11 1044 994 9.64 939 9.13 8.88 8.64 841 7@{31.1]'37]' E]Z—_J 7]1_41_(?}1:]_ % ﬂ:[Lgl ?l‘ﬁ]xé,_g_i"r:‘ °
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Table 11. MAPE(%) of Exponential Smoothing ES168 Q3= T2 HES Holtks AL A7y spage
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2011 32.89 20.72 1490 11.94 10.23 9.18 851 8.08 7.87 %%}_ gé]_g_ﬂ_ 9}]\]:]' I’E?:sl‘, §]_-HE5§% o %_?:51_ Gﬂé‘oﬂqu‘
2012 32.63 20.30 14.55 11.64 998 899 839 8.02 7.85 = - - -
o HEas] D A o] Ut o 4T
2013 31.57 1949 1424 11.62 10.10 9.17 8.57 821 8&.10 = ]-")—a]-)ﬂ ~ooma Aﬂ_j_ﬂ M H]—H—]oﬂ FH
,_1_7 o S 1] 2L
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