J. KOREA WATER RESOURCES ASSOCIATION

k& BB
BE KRR P W R Vol. 46, No. 2:183-193, February 2013
HA6% 25K 20134 2 hitp://dx.doi.org/10.3741/JKWRA.2013.46.2.183
pp. 183~193 pISSN 12266280 ® eISSN 2287-6138

TAHEALHL 2IEE W FogE el oA
Analysis of Non—monotonic Phenomena of Resilience and Vulnerability in Water
Resources Systems

o & 8k /X 7] S~ /O] X S
Lee, Gwang-Man / Cha, Kee-Uk / Yi, Jaeeung

Abstract

Selecting the evaluation index to determine water resources system design yield is an important problem
for water resources engineers. Reliability, resilience and vulnerability are three widely used indices for yield
analysis. However, there is an overlap region between indices as well as resilience and vulnerability can
show improvement in non-monotonic phenomena although yield condition becomes worse. These problems
are usually not recognized and the decisions are made according to calculated estimates in real situation.
The reason for this is caused by a diverse characteristics of water resources system such as seasonal variability
of hydrologic characteristics and water demands. In this study, the applicability of resilience and vulnerability
for multi indices application in addition to reliability which is applied generally is examined. Based on highly
seasonal irrigation water demand ratio, the correlation and non-monotonic phenomena of each index are
analyzed for seven selected reservoirs. Yongdam reservoir which supplies constant water supply showed
the general tendency, but Chungju, Andong, Namgang and other reservoirs which supplies irrigation water
showed clear non—-monotonic phenomena in resilience and vulnerability.

Keywords : resilience, vulnerability, water resources system, evaluation index, correlation, non-monotonic
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Fig. 1. Characteristics of Water Deficit Events in
Water Resources System
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Table 1. Choice of Target Dams for Analysis of Resilience and Vulnerability

Dam Total \ynig?; Supply Agricultur?;:\!/\fse;ter Supply P(é(l:;oe)nt Choice
Youngdam 20.60 0.00 0.00 ©
Soyanggang 46.60 0.40 0.86 ©
Boryung 3.40 0.10 2.94 ©
Hapchon 19.00 1.00 5.26
Imha 6.80 0.40 5.88
Jangheung 4.06 0.24 591
Juam 6.90 0.50 7.25
Chungju 107.20 10.00 9.33 ©
Heungsung 3.80 0.50 13.16
Milyang 2.30 0.40 17.39
Buan 1.10 0.20 18.18
Daechong 52.20 11.00 21.07 ©
Andong 29.40 9.50 32.31 ©
Namgang 18.20 7.20 39.56 ©
Sumjingang 13.14 11.10 84.47
Table 2. Characteristics of Operation Conditions for the Selected Dams
Item Yongdam Chungju Andong Namgang | Soyanggang Boryung Daechung
Agjrli}; Sdis 2001 ~2009 1986 ~2009 1977~2009 1976~2009 | 1974~2009 | 1998~2009 | 1981~2009
Water Domestic. Domest.ic. DomeS‘Fic. Domest.ic. Dornest.ic. Domest.ic. Domest.ic.
Demand | Industrial Indus‘mal, Inc?ustnal, In@ustr1al, Ind.ustrlal, Indus‘mal, Indgstnal,
Sector Maintenan(;e Agrlcultural, Agpcultural, Ag@cultural, Agpcultural, Agrlcultural, Agricultura
Maintenance | Maintenance | Maintenance | Maintenance | Maintenance 1
Effective
Storage 672.0 1,789.0 1,000.0 299.7 1,900.0 108.7 790.0
(10° m?)
Annual
Inflow 769.5 4,888.0 850.0 2,031.0 1,750.0 1255 2,450.5
(10°m®)
Annual
SWU Z;el; 650.4 3,380.0 926.0 573.3 12130 106.6 1,649.0
(10°m®)
Stk AgA] 2o] 9L el Auie] WEs X =X+[-D—-E(X,X,.,) R,
Abel whek FA37] 9% FHERAE FHstelol @ i1 1o
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Table 3. Monthly Distributions of Agricultural Water Demands (Unit: m°®/sec)

o}

o

]

£

fo thaf 2%

0:17]/\17 AX;minjll' )(tmax

SECRY

<

e
=

A

[e]

R

LERAITtE Eq. (13)

o

VR, M0 g $odwh] follA]

a4k

}

xe)
il

]_

=

°

o)

3} 333k

e

e,

KN
=

Z(non—zero)

N

=]
o1
#E7}
WX

]
1712

4

Aol o -84 7
BEKEFS

A s g A

o F44]

STt olm el qxLol

3]

WelFa glo] AE PA
1L 9l Ao.w Uehi, 5B

1 9

L
L

°

o

s 7}
=

3

(o]
il

o
it

1A
&

=]
gal

A B%ENE], FHHS R2%HH, HEHS 962

o] 95% o144

st =

d

Fa M

thE A

o
o)

tol Al 27l A A
F&o|t}, T1eju) gl

gl

°

371 9
IS

8
i
Hol= Zlo]

=

=

Al

Bl 2000 274
FAFAA E 9] o]
_7‘,;

= ofgle=
188

T

i=]



Fol A sd-&= vl

A28 7hel A

F7]cbolut

pud

Agtf

o]
95 A

=
=

A 2 »

=

ol A

=

3
HlnE 2 9nrt glont 7

PyAbg

pskel|
L =

el

wam_x o WX TN M B W N
J.oE,DI.,EAoﬂngﬁOATﬂo@MVrOtM‘mﬁ
R mmghg g Pl gk o
THE W T AT ESNPRYS D B
%]%.;T@.(lxﬂﬁ@ﬁﬂuijxﬂdq
@wﬂ%%mwawé%@%MMmM
T oM 82 My BE L E g

=fdfef zdmepizod
A‘Ilﬂ/l‘l M N mlx_‘nroi_v] =
LTEL%mMW o#,_abd”xﬁxﬂhwmmuo
R B Rl s -
P TR N g T W R g
RS ES SRS 3 L ERE 8
@ﬂ%xhb1ﬂ4_@ﬂVﬂV%%
@@hﬂo:mwww_xﬂzﬁfﬁmﬂwﬂwm
_/ﬁﬁﬂ T7Lﬂﬂ0ﬂﬂ.ﬂ”9.otlu_

T T = NN AR M- P n =)
zwwww%é%%&%ovwwmﬁe
R R e R A
Foum < ST Rea g o R
ﬂww%ﬁm%wmn%mq%%wmm%@
TR ATE SR T R P Yo R D
bl NANTURRD ST
T OXHTEY LD T T R
i A_Muﬂﬂroﬁoﬁ_urm‘ﬂmlﬂ E#%Ofrrﬂ
T TaumuELX TR g g
o N oo oo on e S
M- & B W ® & 2 ® o e o
f Frforrar Zatus
) ﬂm_ﬂﬁzwﬂmzﬁ S w T W R
o wr o R o %O x ﬂs%,n#
—~ —_ ~ ZOTAT )OLO_/ E

X <0 ~,

S T pX el S E Lyl
T haxBagwi TR T Hg
y r2inszm Serof
- L%&LEurﬁ%o» BE W ook 5
T e maate gome
o CRposude o555
o om0 MW Ty 8 5w
2 ZZzalghifiieli:
R T EmE Lo 2 4d o
Tro g Py o DS T o4
R T T x g TR H
I I AL = S B M
“EEcEriiiliEaiee
w o Mo g X om o oo oo L N
= o ez R - (P X mR or

189

96.0
0.021
154.04
0.007
388.20
152
427
1386.39
0.0341
-0.2451
0.9587

of whe} Tz A
98.9
0.085
3.05
0.040
6.79

25
47
12.19
-0.9890
-0.9867
0.9989
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=

7

=

[<)
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100.0
1.000

0.0
1.000
0.00
0.00

-0.8611

-0.8621

0.9886

<
T

grol

A%
99.9
0.1000
7.65
10
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7.65
0.1101
0.0677
0.9968

=

-

1

o]

98.1
0.022
69.84
0.005
257.07

198

233
349.18

0.8887

-0.0817
-0.4538

98.3
0.040
149.27
0.011
542.40
9
149
895.63

-0.3714
-0.3893
0.5836

34
64
89.46

0.039
29.82
0.029
51.72
*Estimated by Hashimoto et al. (1982); **Estimated by Moy et al. (1986)

Yongdam | Chungju | Andong | Namgang | Soyanggang | Boryung |Daechung
98.1

-0.9882

-0.9954

0.9876

Yongdam | Chungju | Andong | Namgang | Soyanggang | Boryung | Daechung

Items

Reliability (%)
Resiliencex*

Item
)% 20134F 21

Bt

Reliability—Resilience
Reliability - Vulnerability
Resilience-Vulnerability

Table 5. Estimated Correlation Coefficients with Resilience transformed probability into Water Deficit Duration

Table 4. Estimates of Water Supply Assessment Indices for the Designed Water Supply Amounts

vulnerability* (10° m®)
vulnerability++(10° m”)
Maximum Consecutive
Duration of Deficit (day)
Total Deficit Duration (day)
Total Deficit Amount (10° m?)

Resiliencex*
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Table 6. Correlation Coefficients between Reliability, Maximum Consecutive Duration of Deficit, Maximum
Consecutive Deficit Amount, Total Deficit Duration and Total Deficit Amount

190

Item Yongdam | Chungju | Andong | Namgang | Soyanggang | Boryung | Daechung
Reliability-Maximum
Consecutive Duration of -0.9914 -0.9332 | -0.7739 -0.8237 -0.9931 -0.9993 -0.9289
Deficit (day)
Reliability-Maximum
Consecutive Defjcit -0.9839 -0.9685 | -0.8795 -0.8519 -0.9568 -0.9989 -0.9895
Amount (10° m?)
Reliability"Total Deficit | 9999 | 9999 | ~0.9998 | -0.9997 ~0.9990 | -0.9999 | -0.9999
duration (day)
ReliabilityTotal Deficit | 957 | 19985 | 09940 | 09948 | 09946 | -09983 | 09970
Amount (10" m”)
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Fig. 3 Monotonic Behaviour of Reliability Index by Changing Water Supply Amount
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