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Abstract

According to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), climate change increases the
frequency of abnormal weather phenomenon. As the frequency of abnormal weather phenomenon increases, frequency of disasters
related to water resources such as floods and droughts also increases. Drought is the main factor that directly affects water supply.
Recently, the intensity of drought and the frequency of drought occurrence have increased in Korea. So, there is a need for water resource
securing technology for stable water supply. Korean Water Plan mentioned that water reserves concept is necessary for stable water
supply. Most multi-purpose reservoirs in Korea have emergency storage in addition to conservation storage used for water supply.
However, there is no clear use standard for emergency storage. This study investigated the use of reservoir reserves for stable water
supply. In order to consider the climate change impact, the AR5-based hydrological scenario was used as inflow data for the reservoir
simulation model. Reservoir simulations were carried out in accordance with the utilization conditions of emergency storage and water
supply adjustment standard. The optimal reserves for each multi-purpose reservoirs was estimated using simulation results.
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Fig. 1. Description of water level and capacity in reservoir



H. Chae et al. / Journal of Korea Water Resources Association 51(S-1) 1127-1134 1129

Y4 Gl V842 ARG THS I Fig, 11 QuHEIe] s
2.2 ekl T Qe

22 W ELEZ Y| 8433 2WV|E

H G- E oY) 8435 X 7]=(Ministry of Land,
Infrastructure and Transport, 2015)-2 T4 H o] S4-H =
S AP s 912 HEE 2971 el W 845

] 8587 247152 hR AR 84 B2 k5]
Slal o] 84 BT HAEE 2stel Arhe 8583
o o] BAISH] =T 5B S fAse] THEO.

& QI5F WSS Aol o 2 Bae sk glow 4
317749 HE AR 3 AR RS A1 157 o
BARS oz ok ek §4FF 2L 41
AT, 391, BA, A7he] 7% A5 A8k 9

Areyo] B 7174 el sk i Aol A
BOUSTEIIZ02 $FFIS ST Ba N B

|_

S

1:]—%744\:14_4 L3552 Hashimoto et al.
S AF L, BB E F b 2 o] 85to] Wrls)
H 7+ 2|38 A ol= otk Erh

2.3.1 M2|=(Reliability)
AF = o2 A8 7|7 s AFH o R 85TF5S

-

T3 7 A= FEE JHH Eq. ()3 Er

Response
Phase

(e |

-] |
-l
coion — | |
|
|
|

‘ Reductions Scale ‘

Uncontracted Domestic & Industrial Water Supply

Reduction in Attention Stage +
Instream Flow Supply + Marginal Water Supply

+

Reduction in Caution Stage +

Alert Irrigation Water Supply (April to June: 20%, July to September: 30%)

+

v
[Notdeater

Reduction in Alert Stage +
20% of Domestic & Industrial Water Supply

supply

[ N S W U

Fig. 2. Reductions scale of adjustment standard

a = Prob[X,€.5] (1

A7NA, e AFE, SE 854580 SEAEHE Uehict
A& = -2 9 B7F 9] o] Aeof whet B A2 e (HR),
7|7 Z 5 (TR), FHAAE| E(SR)E T-ES 5= 9lom o]F
FANE = A 717 5 B 72 A DT H] 8
TEHY] v &2 Eq. (2)2F 2ol FoHrt

(%)—[

X 100% 2

2.3.2 3|2%(Resiliency)

5t AR E Zhe 7| Hat s 523 ATyl o 2 7
ZF A4 EH 84HE0 2 9IS ml5fl= uf9 A &= it §]
Brl asvyaagadeg] JuitmkE 7|7F Y 518sl=4]
S U= A Eol™ Eq. (3)7F ol Lhehd 5 9]

1 & . -1
7= {MEdw)} 3)

o714, 1= A7 BT S, A= 85T R A
o) %, d(j)e BL4HE 4571748 Leptt 1, Moy ef
ol (1986/2 405449 5 210) 844571 20) A7

8 uPe vl wsn] Kok gelEel 71Fo] | 4 glrka
BT} ) B S TR H RS Eq. (912
o AAI51rt,

s

FYmaX = maX{d(j) }71 (4)

A7IA, Yo
2 ojulgte}.

= A FE ol d(j) = 84-EE 4712

2.3.3 2|2k (Vulnerability)
SR A o} S B =2 r A Hete 8457 RE]
et 0o o] = gebd 4= ok Y= S5l A

g ) BEeko] Ar2 el 2| Holo Eq. (5)2} 2o
Urebd 4= 9l
_%A;fwﬁ (5)



1130 H. Chae et al. / Journal of Korea Water Resources Association 51(S-1) 1127-1134

A7NA, 6= F e, M2 835 ATAVES 4 v (j) =
55 FEHE YR 2HE, Moy et al. (1986)2 -8+
AV 5 RSl ApA] 2 WH-E v skt
oh ] ARl 7leo] E 4= Qlrkal wboll Xt REERS

R HC A oo

23t F|oFE 2 Eq. (6)7F 2ol AlAIsHTt.

(Smax = maX{Q) (])}

ATV s ARANE, 0(j) = S5 HEFL vt

W

3. 22| 22|12 2 %

3UTHY R Y B M

& ATl E 953

R
A ol Bkt 957

a7t
745501 12153 mm 2 2 7RF-S-elUeke] AR
Z

1,294.6 mmo]l HI3} 6.1% 22 &

2014~2015f 2HARE 7HE©

A2 v glo] £7149l §8ha wgte] B
o= 57 5ol o7fe] chE s 5 U
A=
)

AT A|2Iet 671 HE A

IR = =1 i =

(<

!
Rl
2
N R
-r; o &
ol

N
Jfu
ol
o
2
=
N b
o ol

re
re J
ifk

o, F9I9, AARFA S 02 AFskArk. 67 of
Z]
@

77131

GHITE mPo] 11 o] 5 ZF T o] 4=gafof gt
19.8%, 2 23.2%,
4 5.2%, 7919 3.2%, 135 3.8%°] ). ZF HHE H|
F ST aol &8t A 71 EAYTEHE VIEL
QT 52¢, Aot 53¢, e H 81, Wk 18, w91+

139, AR 1629] 271 8450 7Hssitt

%
S
S
JE
=
Ew
e —
O
juin)

o W
(@)}
1=

N r£
Ew
F
do
juin)
»
1=
=
Bw -
R

MU Ho of

[e)

jar)
e o
T

0.

ob

3283 3=

2 AtoAE 5 59 W 6712 tHEA e tis)
HEC-ResSim (USACE, 2007) 2.&-& 7-%3}0] #]4=2] 2.9]
=& AN 6719 A 5 QFE R} Qlohdl oF
-5t AAESF2E Bl o HS AAste shhe] A ™

2

I

o

P I} wEbA 2 Aol A= o] S Hhgste] o E
ot st ] Ae Ftsto] A4-2] o ge AAst
o}

. QHe- Aot b e, Wekd, F91d, HHEYH 5 32
57RS] A=) RO RPgo] 4 Y Hrke] Tel=
(Day)2 A5t 1] 717122011 35-E 21008 7H4]
2 A7t

7] olv]& 4t QIR CFE A HE A] Hole i

Table 1. Emergency storage status of multi-purpose reservoirs in nakdong river basin

L Andong Imha Hapcheon Milyang Gunwi Boohang
Division . . . K 5 .
Reservoir Reservoir Reservoir Reservoir Reservoir Reservoir
Conservation Storage 1,000.0 424.0 560.0 69.8 40.1 426
(million m”)
Emergency Storage
L 3 130.0 84.0 130.0 3.6 1.3 1.6
(million m”)
Average Daily Planned Supply 2.5 1.6 1.6 0.2 0.1 0.1
(million m”)
Emergency Storage /
Conservation Storage (%) 13.0 19.8 23.2 52 32 3.8
Emergency Storage /
Daily Planned Supply (Day) 52 53 81 18 13 16
Table 2. Case of reservoir simulation operation model
CASE Operation Method
Case 1 Do not use Emergency storage & Do not use Water supply adjustment standard
Case 2 Use Emergency storage & Use Water supply adjustment standard
Case 3 Use Emergency storage & Use Water supply adjustment standard
(Do not reduce 20% of domestic-industrial water supply in serious phase)
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Table 3. Climate change scenarios used in the study

No RCP 4.5 RCP 8.5

1 CanESM2 CESM1-CAMS5
2 CESMI-BGC CMCC-CMS
3 CMCC-CMS GFDL-ESM2G
4 FGOALS-s2 HadGEM2-ES
5 GFDL-ESM2G INM-CM4

6 HadGEM2-ES IPSL-CM5A-LR
7 INM-CM4 IPSL-CM5A-MR
8 IPSL-CM5A-LR MPI-ESM-LR
9 IPSL-CM5A-MR MRI-CGCM3
10 MPI-ESM-LR -

Table 4. Water supply shortage in Hapcheon reservoir by climate
change scenarios

No Scenario Shortage Volume (million m®)
1 RCP 4.5 MPI-ESM-LR 161.1
2 RCP 8.5 MRI-CGCM3 168.7
3 RCP 4.5 CanESM2 283.8
4 RCP 8.5 CESM1-CAMS 285.6
5 RCP 4.5 CESM1-BGC 562.0
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7 RCP 8.5 CMCC-CMS 1024.5
8 RCP 4.5 GFDL-ESM2G 1115.6
9 RCP 4.5 FGOALS-s2 1403.3
10 RCP 8.5 GFDL-ESM2G 1578.8
11 RCP 8.5 HadGEM2-ES 1596.5
12 | RCP 4.5 IPSL-CM5A-LR 1840.0
13 RCP 4.5 INM-CM4 1879.6
14 | RCP 4.5 IPSL-CM5A-MR 2157.8
15 RCP 4.5 HadGEM2-ES 2246.1
16 | RCP 8.5 IPSL-CM5A-LR 2559.6
17 RCP 8.5 INM-CM4 3257.3
18 | RCP 8.5 IPSL-CM5A-MR 43943
19 RCP 4.5 CMCC-CMS 11045.4
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Reliability (%) Resiliency Resiliency (million m?) (million m®)
Andong-Imha Reservoir 89.1 0.028 0.005 141.1 879.0
Hapcheon Reservoir 79.3 0.024 0.004 59.1 372.5
Milyang Reservoir 92.1 0.040 0.005 4.1 28.2
Gunwi Reservoir 80.9 0.018 0.004 52 26.3
Boohang Reservoir 95.8 0.032 0.006 2.7 12.7
Table 6. Reservoir yield index of case 2
Average Max Used Emergenc
Division R I.VS;J.me o Av'efage Max Vulnerabgility Vulnerability storag;é ¢
eliability (%) | Resiliency Resiliency (ailitonie) failiton wie) Galtnm?)
Andong-Imha Reservoir 87.3 - - - -
Hapcheon Reservoir 79.0 - - - 59.2
Milyang Reservoir 89.5 - - - -
Gunwi Reservoir 80.8 0.038 0.017 2.5 5.8 1.3
Boohang Reservoir 95.7 - - - -
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Table 7. Reservoir yield index of case 3

1133

Volume Average Max Used Emergency
.. s Average Max - ..
Division Reliability Resilienc Resilienc Vulnerability Vulnerability storage
(%) v v (million m®) (million m®) (million m®)
Hapcheon Reservoir 79.1 - - - - 82.5
Gunwi Reservoir 80.8 - - - - 29
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