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Abstract

Forecasting the longterm water demand is important in the plan of water supply system because the
location and capacity of water facilities are decided according to it. To forecast the long-term water demand,
the existing method based on Ipcd and population has been usually used. But, these days the trend among
the variation of water demand has been disappeared, so expressing other variation of it is needed to
forecast correct water demand. To accomplish it, we introduced the System Dynamics method to consider
total connections of water demand factor. Firstly, the factors connected with water demand were divided
into three sectors(water demand, industry, and population sectors), and the connections of factors were
set with multiple regression model. And it was compared to existing method. The resulits are as followings.
The correlation efficients are 0.330 in existing model and 0.960 in SD model and MAE are 3.96% in
existing model and 1.68% in SD model. So, it is proved that SD model is superior to the existing model. To
forecast the long-term water demand, scenarios were made with variations of employment condition,
economic condition and consumer price indexes and forecasted water demands in 2012. After all
scenarios were performed, the results showed that it was not needed to increase the water supply ability in
Seoul.
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Table 1. Main statistical data in seoul(between 1990 and 2002)

Max. value Min. value Average variation every year
Population(person) 10,969,862 10,276,968 -25,816
House land area(m?) 215,835,486 202,302,171 1,020,841
Admitted to colleges & universities rate(%) 75.96 30.34 3.51
Admitted to high school rate(%) 99.88 97.55 0.17
Social overhead capital & other services(person) 3,978,000 3,078,000 69,231
Mining & manufacturing({person) 1,345,000 784,000 -41,615
Monthly expenditure per household for all households(won) 2,230,600 814,700 117,992
School staffs & students 2,980,224 2,663,508 -17,249
Schools 2,791 2,645 -0.46
Classes 52,572 49,434 170
No. of workers in wholesale & retail trade 1,199,115 930,319 16,563
No. of workers in services 962,175 438,221 32,270
Water supply(m®) 1,185,432,589 1,005,587,881 7,829,932
Consumer price indexes - water charge 544 100 37
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Table 2. Organization of scenarios
Factors
Scenario items Type Social overhead capital & Monthly expenditure per Water charge
other services household for all households
Standard 2% 8% 14%
Employment condition low 3% 8% 14%
high 1% 8% 14%
Economics condition low 2% 10% 14%
high 2% 6% 14%
Consumer price indexes low 2% 8% 17%
high 2% 8% 11%
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Fig. 2. Water demand system organized with system dynamics.
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Table 3. Regression models’ results in the population sector

10000

Ages Ages of regression models R MAE
0~14 Y,=1574622+1.26MME-0.202SSE 0.983 1.82
15~19 Y,=1255819-7399.47RUE 0.922 3.95
20~29 Y,=1439463+0.72MME 0.933 2.08
30~44 Y,=1991219+0.29SSE-149.89EH 0.440 2.09
45~64 Ys=2050938-0.76MME+0.19SSE 0.941 2.66
over 65 Ys=530734-0.25MME+0.060SSE 0.905 462
Total TP=Y 4Y,+Y5+Y Y5+ Y, 0.890 1.20
Factors MME: Mining and manufacturing of employees(person)
SSE: Social overhead capital & other services of employees(person)
RUE: Rate of uni. entrance(%)
EH: Monthly expenditure per household(thousand won)
School staffs & students
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Fig. 3. Comparison between real and estimated values in
population sector.
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Table 4. Regression models’ results in the industrial sector

Section Models

MAE

School staffs & students
No. of workers in services
No. of workers in wholesale & retail trade

855=5655978+347.10558-74.36C
NS=241125+0.0073ARS+0.0048FSS
NWR=1558705+0.0028FSW+0.0006ARW-0.062TP

0.815
0.962
0.893

1.38
5.51
3.07

Factors

SSS : Students & school staffs(person)

S : Schools(unit), C : Classes(unit)

NS : No. of workers in services(person)

ARS : Annual receipts of services(million won)

FSS : Floor space of services(m?)

TP : Total population{person)

NWR : No. of workers in wholesale and retail trade(person)
ARW: Annual receipts of wholesale and retail trade(million won)
FSW : Floor space of wholesale and retail trade(m?)

Table 5. Regression models’ results in the water demand sector

Section Models

MAE

Domestic use Ipcd=160.27-2.38PH-0.11WC+0.05EH

DU=Ipcd x PS x SR

0.963 1.46

PH : Person per household(person)

WC : Water charge of consumer price indexes
EH : Monthly expenditure per household(thousand won)
PS : Population supplied with water (person)

SR : Supply ratio

Business use

BU=-16340578-217.77NM-324.79CWF +48.846S5S

0.804 3.39

NM : No. of occupied medical personnels(person)
CWF : No. of clients in welfare facilities(person)

SSS : Students & school staffs(person)

Commercial use CU=22564864+176.74NWR

0.741 5.23

NWR : No. of workers in wholesale and retail trade(person)

Public bath house use

PBU=-226921841+21612BF+1099.98PW+20.55TP

0.894 4.70

BF : Public bath house of number of faucet(unit)
PW : Public bath house of the water amount used(thousand won)

TP : Total population{person)

Total water supply TS=DU+BU+CU+PBU

0.960 1.68
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Domestic water demand
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Fig. 5. Comparison between real and estimated values in the industrial sector.
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Table 8. Future water demand estimated by SD model as scenarios
ltems Type Yearly average water demand change Water demand in 2012
Model period (1990 ~2002) 7,677,677
Standard 4,748,219 1,081,935,585
Employment condition high -3,254,513 1,096,472,454
low -5,669,225 1,072,553,029
Economics condition high 10,639,156 1,227,451,993
low -18,066,583 955,030,206
Consumer price indexes high -27,727,004 868,581,353
low 7,677,677 1,245,513,714

194



Ao EYYR] =2

HAA WAl - A9 FAE 202 25, pp. 187-196, 2006
1.20E+09 o oF 4407/ Ue] HH(H4S 85%, 4A
" 1 1see0n - | AF LR =R A 31FE Hole &)
. A 855 Bgto] Bg M) JFE Avnn o
§ VIOBROS | 1 Soowtm/d7x) Frishe Aoz Jeigrh A
‘% 1.056400 b— —A—employment-high  — . o] A M-gAle o7 2 HubA ol HA|dsto] A =
= . —O0—employment-low o ZHAE Bola g)Y] Wi A ZEY { 7HAEA
.00E+ :
2003 2005 2007 2009 2011 U A g3 22 F71E Role AvE|eEel H& 4
Year = 1o
Aol ot =&, Fede £AY € 35 Ve
132409 ol tI& ol fre A, M7l dAFA
~ Y ToR EFH THo 283 neE Ao B
T 128409 [ N
T o mab, 2003 d% @A) A ST0%hmy/Ye] Aa
§1iea FEE 7R HNeale Qe H4d, w5ae
g —8—standard 75]‘/"[:% "619] %“/‘F‘}‘]g% ‘:1% %% %&7}' %it}j— T__
= 108409 [ —A—economics—high \a—%q
—O—economics -low
9.0+08
2003 2005 2007 2009 1 yoar 4 A =
= —
1.3E+08
N 2 oATE 199090 N 4880 24a
o L L
s —a— o F7bk AAE o) Auy wde] o S5 o]
o 116409 | Tt —, [
§ A7 LA ol B4 awke] A s = Hof o
‘E 1.06409 —m—standard g X e ARES EF0AH, A, A4
z 9.0E408 | —A—customerprice~high Eii ‘?L'ET‘?:’—} }\]Z:E‘ﬂ ‘:}'O]Lﬁg—li\. ﬂo]'ﬂé% 0]—%—3 O:] 1(}
—O—customerprice—low o] T a0 ERepe - _1— B Oﬂ o] .o
8.0E+08 ) EFLFE ASIAY. 3 B d9 o H=
2003 2005 2007 2009 2011 Year 2ol o o bl pe = o A
71E0 Ay whEn vast. o] % 18 A7),
Fig. 7. Forecasting the water demand as scenarios E7)x] =0 @ Zof u} B3 nEsly

a7t A oAtk A& Hoizlth M&Ale &
A AHEGEE A EEo] 1990 FHEE
olv] 7127 AAHAD BFadd oz A
F71719] B, dAFAd, e 3t 5o
ANl AA A 2= A &Ale] EFa7c] tFH] &
Actn & = Ao}, =3 ngAd A7), B
HEo wE AV e A3E B wo xS 7
7 & 9% nAe Ao ygAe nesg e
FUHc s AL 4TS viAe Aoz Yeyt o
A& 2487 0] o]n| TP deel mEdtd M ArhF
o2 HE WMES Holy] wiely} AwtHoz A
7], 2812} B2 B3 59 dEgacle] Ay
B8 A 4&S nixE Aoz veyd. &
wbalo 2 EAlsiy 201229 YutAel B4 e
A7 dAAEe R AgEd 1d Hd &

317“11. e
37t flon, 30~444 AF EHOM“J 0.440¢]
gom YdA= 5% 0.890~0.9839 & 7+ H
ATt £33 % tﬂ%‘ﬁ‘ A 1.20~4.62% 24 %F
23 A9E AU, 30~4A9 Ao daA e
b ol fe HEE 1 F47] W Folt},

EA, AAHS A wad g oA Ay
TR, EAau FASEE Qo ddEAs
0.815~0962, AowF e} 1.38~551%5 Ao},

AR, BFodE dAe M4, 454, 994,
HEE28ggon thro] S 3o 4H
Al 0.741~0.963, ENFTF LA 1.46~523%%
A,

A, A28 thol ] & Wil o3t E4Q gk
o Z8 FAAG 0960, HAlHFd At 1.68%2AM A

iz

F

ne

195



Journal of the Korean Society of Water and Wastewater

Vol. 20, No. 2, pp. 187-196, 2006 A28 Thol e A & o £5F M SEWAo] Ay] 2o
A 0330, AT 23} 3.96%F HAE dDH 8] cho]uju]2 <7, 2(2), pp. 5-23,
W ET O 2o ZA7E Al v whgoel o 4 FEE A4 (2000) AR il ag o] &3 o

AYET g A EEE S
3] IMFA]7] 9] B2=q ko] 37F
oA, Ao B4
7HA o) Wgo] wmebA e
NEEA ] W] glojAM =
HAFq

AR Al dZAs 2012950 A-2A 9
BAAHY Hee 909 S Aoz o=dr)

283 A%eA

Jm e

LA
2

=
o
= 2

2r.o
=

=
A

Ab AL
B AT 2047) ZEEel AT A £
A9} A&7 Gur L RAgse] AR A
W 4-2-2)0] g 2R G}
Hnes
1. A4 uEH (2000), *1}% 7l EgAE.
2 AEE, BAE. ASD (199) A28 ol o
EELR)
3 2000) HHG S A2 ol x, AL

196

ﬂ%%ﬂ@%ﬂ%@ﬂ?uﬂ%ﬁéﬁdWWQéﬁ

7. 1(2), pp. 113~148.

L5, 898 (1996) A4 24284, Ahgolrtev]
W, doE, AL 002) NFAY FUE G

129 clollelagl Hg, FFALE rholfes of
7. 3(2), pp. 29~48.

CAMEA- RS Y BA AL (2003), =4
Z FHR A Sl EIHIAIY =88 TELY
A EW R EA A T (1998), A

Hrlglal o] =g g B A

ANRER, FEE & X o, MIHZE—, IOHER (1996) #RHC
B 5 KERBE DM T, KEEEEE 57(12),
pp. 13~20.

51")3 (1991) AGHEFE D7 b DK FEBRI DO EBE,

PINGERE Mt £ —

. H% A (1990~2005) Hé’r AdH, 1990 ~2005.
. Forrester, J. W. (1993) System Dynamics as an Organizing

z

LA

o

&
&
Ea

>

L

fe)

2 24P 9

Framework for Pre-College Education, System: Dynamics

Review, 9(2), pp. 183-194.

Forrester, J. W. (1968) Principles of Systems, Cambridge,

Mass.: Wright-Allen Press.

14. R. Bruce Billings, C. Vaughan James (1996) Forecasting Urban
Water Demand, American Water Work Association.

13.



