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ABSTRACT

Many developing countries face challenges in estimating long-term discharge due to the lack of hydrological data for water supply planning,
making it difficult to establish a rational water supply plan for decision-making on water distribution. The study area, the Bandung region in
Indonesia, is experiencing rapid urbanization and population concentration, leading to a severe shortage of freshwater. The absence of water
reservoir prediction methods has resulted in a water supply rate of approximately 20%. In this study, we aimed to propose an approach for pre-
dicting water reservoirs in developing countries by analyzing water safety and potential water supply using the MODSIM (Modified SIMYLD)
network model. To assess the suitability of the MODSIM model, we applied the unit hydrograph method to calculate long-term discharge based
on 19 years of discharge data (2002-2020) from the Pataruman observation station. The analysis confirmed alignment with the existing monthly
optimal operation curve. The analysis of power plant capacity revealed a difference of approximately 0.30% to 0.50%, and the water intake
safety at the Pataruman point showed 1.64% for Q95% flow and 0.47% for Q355 flow higher. Operational efficiency, compared to the existing
reservoir optimal operation curve, was measured at around 1%, confirming the potential of using the MODSIM network model for water supply
evaluation and the need for water supply facilities.
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Table 1. Watershed characteristics

Classification Watershed area (km?) Watershed length (km)
Cisangkuy river watershed 279.21 49.78
Cipanunjang dam 76.36 7.67
Cileunca dam 20.62 12.95
Pataruman flow observation point 133.80 23.95
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Fig. 1. Research target area
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Table 2. Pataruman branch monthly average leakag

Year Monthly average flow (m?/s) Year Monthly average flow (m’/s)
2002 64.9 2012 222.8
2003 36.6 2013 159.1
2004 54.7 2014 109.2
2005 66.2 2015 66.4
2006 91.7 2016 106.9
2007 72.9 2017 89.3
2008 62.0 2018 65.4
2009 52.1 2019 54.8
2010 243.7 2020 88.0
2011 199.1 Average 103.7
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Fig. 2. Long-term discharge data at the Pataruman site (2002 to 2020, Based on Q355)
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Table 3. Assessment results of the suitability of the MODSIM model

Classification Coefficient of determination Efficiency coefficient Root mean square error
(R (ME) (RMSE)
Pataruman 0.985 0,969 747

(2002~2020)




A Study on Water Demand Forecasting Methods Applicable to Developing Country * 81

AA A A ol 712 7151 ApA] 9 HEARE 710 = T Ag+d i SFT3AY 254 2425
ol 48 LATAL ASHL 1o AES sl on, ol 20029 5E 2020971 197189) A ARE LS
S19Ack. 210 247] 9 A] 7] ol b 100% ek Fef o] AALE Sleh 1T B 2§ 4 9l A

2BTAG AR S B AESAT, TR 2 THS WL vlo] 2] Wsks BAjalch olu] %4 A4
A G Fig. 49+ 2t
50,000 == T == ~ - T, T o
45,000 Tl ! P T | \'\ !
BT S 2T [N Lo | 50
40,000 | e E - i N A0 . o
. e o i \ < | 100 g
- 35000 - Irrigation Supply Irrigation SGpply ~
£ b >
S 30000 | 150 2
=} —o—NOW g
= 25000 | 200 &
] —O0—PLAN -
£ 20000 | | 250 .0
_g ----- Irrigation T
15000
= | 300 g
10000 | =
5,000 | | 3%0
0 400
1 2 3 4 5 6 7 8 9 10 1 12
Month
(a) Cipanunjang reservoir
20000 === : e — e , 0
[ T T i \\ [
-------- - i . P BT
1 1 1 N P
16,000 15 = 3 Neaoe”” 3 &
— Irrigation Supply g Irrigation Supply r 100 :::
£ >
S 12000 - —o—NOW | 150 _&
3 —0—PLAN 200 3
T | = T~ Irrigation <
g £,000 250 _%
(]
> | 300 g‘
4,000 | =
350
0 : : 400
1 2 3 a 5 6 7 8 9 10 11 12
Month

(b) Cileunca reservoir

Fig. 4. Reservoir (2 locations) current operation and optimization operating curves

PUSAIR®] ©J5HH 7] Cipanunjang®} Cileunca A|52]2] 749 - 8-80] £A5HA] ¢F=tt. oo 7] A5=2] A|~H]
o] Fa-& 7ol 2 84-5g H7el thell 24513t Cipanunjang 2 Cileunca®] 29 =915 =418 A}, 74719t

¢710l| whet ARt mEle Lreht Eﬂxﬂi 1297 ] 2471A] Zp2] 9] =915 Z|Hjet Fot&2] ol A7 Ao Rl
it

e S, o g BHS AeaiS 597 237100 viHlsto] X et E*ﬂ T5 gskl Q= Aoz RISl
oletHith= 719l 6 W FH 11 °J77}7<1 71°] FET AR FAER YRS AV Aos HERIH. HE

O.>'

=
} Cipanunjang 2 Cileunca A=A = 2| &0 27 G540 2 A ohE, o] ik 218t 24 2 SHA
= AR AR AiE Hol= A0 2 s, ol 2|99 B e WE 3 a5 = 995 129714 B
t 702 SRIE| Q)]
A£G A5A ] S T2 ol A 84 Tg2 flof 2ot gt ofuet s

27 9 WS SR 02 Bgo] /se AL ITHES AW NS Fo) AEsKIon, HE = e

rl

rok

-



82 ¢ J Korean Soc Disaster Secur Vol. 16, No. 4, December 2023

Fig. 5, Fig. 62} 2TE MODSIM-& 0|85 24251 54 Atk 3719 A0 - 8552 935,316~1,084,042 m’ O =2
2F 0.30~0.50%2 ] A=E]217, Cikalong F542] oS E 0.13% S7He= Ao 2 HAER ] o}22] Pata-
ruman TSA ] o] P == Q5% 38 715 1.64%, Q355 75 715 0.47% 57151 2™, Ciherang B7i-8<2] o]
P 0.41% S7H=H, StPdR] ] 1937 E5= A7t 346 FollA 318U = A= Ao & AT

Rlengan
B Now Dry H
%o apin 7 Be W Season 42770 plan
2 , 2 % % % 020 Tomuk Ty
o BB 2=
c0N R R R EI W7 wmm em WG WY
Time(Month)
E Now 15 H
?:: o o 996 440 —> 999,699
_ N7 wn wm . mm W
’ GTime(Month; : : . . : "
280 B Now '_D/:.}ll
? 230 @Plan 7 Seasen i 0%%39 - »5»5-4.»9»@ i 0%??)42
S - 7 1,078,659 ﬁ 1,084,042 4
T 180 7 7 % % (L0my— 40.50% fLooom) 7
o 1 I
3 I I % % N7 mm g.m ma MY % l% %
Time(Month)

Fig. 5. Evaluation of capacity improvement effects for small hydropower plants (3 locations)

Demand ... Shortage Before A»iter Demand ... Shortage
L Tdtal |16, y Total | :6,940daily
Shortage : 10daily Shartage :|| 222d ily
{ ﬁ Sdfety |: 96.67Y SaIty :196.80% (40.13)
i |
1 501 1001 1501 2001 2501 Tin;:(iﬂay’izll’z~£;:) 4501 5001 5501 6001 6501 1501 2001 2501 “ril:):{idﬂy‘sj::nz‘-zl:ﬂzlm 4501 5001 5501 6001 6501

H
(o}

——-Obsemation  — smuiste Before | | ATEr o cvuion

——— simulate

Total

Z>TCHI>-HP> T
Flow(1000 w/day)

1 501 1,001 1,501 2,001 2501 3,001 3,501 4,001 4,501 5,001 5,501 6,001 6,501 1 501 1,001 1,501 2001 2,501 3,001 3.501 4001 4501 5,001 5,501 6,001 6,501
Time(day, 2002-2020) Time(day, 2002-2020)

250 '

| Total l 6, o'afy' B
Soage 46 aiy‘

Voleume(1,000m?)

i
150 <
F Saf £
100 I L L ‘ [ L ’ \ | ’ 200 E
50 t 250
, u L JJ m ﬂ d d m a
Time(day, 2002~; znzo) Time(day, 2002~2020)

Fig. 6. Assessment of the agricultural impact on Cikalong water intake facility, Pataruman, and Ciherang



A Study on Water Demand Forecasting Methods Applicable to Developing Country * 83

2
L
i
2
£‘.=
rol
=
x
bo
i
N
R
SO
r{o
pou)
L&?
oy
rO
it
rlr
L
E
ok
£
i
N
2
s
Ry
1o
Ol
3
ol
i
ot
iu:
N
=

o) capo2 Aicklo, ol aFlap] Sl 449 EJ—J}R—H;L/\]

2
Y
ot
o
iz}
Fo
ok
filo
>
>,
rol
i)

&

T RS 2ol a2 7V AR 9 GIS SRR RS 9ol 28 7Fatt 2] 24 S ATt
o5 95l Aot 8 Ao 5 SRl Cisangkuy 92 Tt e 2, A7 oA °
T H= 1FMODSIM 29| =iztam 152 e & - 7V A&, GIS 31 k=, 23
AmE 7 D 2SI fEE - 7V A= B GIS ST FE55 St 2 ot eyt 4]
o 1ol ASA = E S8 vl ol ot AAR-ETS A5 0 H, Cisangkuy 912] @A) -84
EQF S 59k, B4A] B4 4=98510] MODSIM 28 9] 284S ASsHtt npx|ete &2
U] @& d7gsto] o peHie Bl 85 e de BASkh
A A7 MODSIM HEST 23S o83t 244] 7|& D |4 g343 x|ot= 2 1T 4= Sl 3719
4-0] vhi-geks BAg Avt0.30~0.50% A5k T AEEQ1.0 W, Pataruman z] P Q95% 5 715
64%, Q355 78 7155 0.47% = EPITE. SRt 7] 24-2] 242410} v £0] 1% W2 FAKH
=™, o] 5 &5l MODSIM HER|F H3S -85 -85+ B7t 7HUr 4‘1—@%%1@94 oS SRIT 43I
FHE 71 A9 29 7| 2R E AlF o2 P At E A 84 0 = o] 81| QiR Bl A] el 7]et
= Algsk=d 297 ek AbrFet

L
2
T

1
o,
N
N
N,
>,
nx
Mooy
Mo
of
el

4 5 2
oo g
rok

Jo

>

e A

o) rtn
do
s
£

£

&

-0,

N

r°l
r-]o
bol'

i

Rl

rh

Acknowledgments

This paper work was financially supported by Ministry of the Interior and Safety as Human Resource Development

Project in Disaster Management.

References

Heo, Jae-Young, Jae-Min So, and Deg-Hyo Bae. (2016). A Comparison on the Characteristics of Water Resources Deve-
lopment Planning in Asian Developing Countries. Proceedings of the Korea Water Resources Association Annual
Conference. 237.

Kim, Seon-Ho and Deg-Hyo Bae. (2018). Evaluation of Applicability of Land Surface Model for Africa Region. Procee-
dings of the Korea Water Resources Association Annual Conference. 36.

Kim, Taewon, Moonyong Yang, Sungsoo Lee, Wanseop Pi, and Ickhwan Ko. (2017). A Study on Potential Discharge for
Water Supply in Cisangkuy Basin of Indonesia. Journal of The Korean Society of Hazard Mitigation. 17(2): 471-480.

Koh, Deuk-Koo, Chihun Lee, Jeibok Jeon, and Sukhyon Go. (2021). Establishment of Flood Forecasting and Warning
System in the Un-Gauged Small and Medium Watershed through ODA. Journal of Korea Water Resources Associ-
ation. 54(6): 381-393.

Korea International Cooperation Agency. (2019). Development of Water Resources Management System on Hydraulic
Works for Supporting Dam/Reservoir Safety Executive and Drought Prevention in Ma River Basin of Central Viet-
nam. Seongnam: KOICA.

Korea Water Resources Corporation. (2014). The Evaluation Study on ODA Water Sector Projects. Dacjeon: K-water.



84 « J Korean Soc Disaster Secur Vol. 16, No. 4, December 2023

Pi, Wan-Seop. (2023). Assessment of Water Supply Reliability through Optimal Water Supply in Ungauged Basins. Doc-
toral Dissertation. Graduate School of Disaster Prevention, Kangwon National University. 3.

Salehi, M. (2022). Global Water Shortage and Potable Water Safety; Today’s Concern and Tomorrow’s Crisis. Environ-
ment International. 158: 106936.

World Water Assessment Programme. (2006). The State of the Resource, World Water Development Report 2. Chapter 4;
U.N. Educational. Scientific and Cultural Organization. Paris, France: WWAP.

Korean References Translated from the English
T, o], FAE, A (2021). ODAAIES 58 vlAS F451 9] Sl RAIAT] 5 SRSAelets] =
4. 54(6): 381-393.
A4S, g4 (2018). of=E]|7} x| o] thst 2| B4-RalA el A8 ot shEertdsts] shadEs]. 36.
e, 8, old=r, meA, el A3 (2017). A=H|A o Cisangkuy 1+ 8753 7Fs® G- H=gAete] =
4. 17(2): 471-480.
ek (2023). UIAER ] §5FF HH RS S5t ook BoE MBI =R, sk WA oshel 3,
AR (2019, WIS el Mo 741 T2 AT A, 4 ARl
FALALEA 2014). SALEOFODA FEHE7E AT . F=AAFAL
S, 247, BIE A (2016). OPAOF R S =0] AR Al B4 Bl S=patelele] shadae]. 237.

E





