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Abstract

Recognizing a complexity of global water challenges, such as water shortage, water pollution, water-related disasters, and degradation
of water environments, this study introduces the newly established concept and definition of water security and water security
assessment framework based on the review of previous works on water security. In order to critically assess the situations of water
security of each country, an water security assessment framework is employed highlighting the four core areas: 1) social equity; 2)
economic efficiency; 3) environmental sustainability; and 4) resilience to water-related disasters. 28 Asian countries have been selected
and evaluated for the level of water security, and as a consequence, Japan, Malaysia and South Korea demonstrate a high degree of water
security whereas India, Pakistan and the Philippines show a relatively low level of water security. The significance of this study lies in
clarifying weak areas in water security as well as suggesting the areas that should be improved for achieving sustainable water
management.
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s g2l o] 4219k FU7t LAt SIS 918,
A 52 52 7P 457 Sof St 22 7|4 8
g} oh e TR A% =} ekt o] SR ALE 913
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tutional Foundation)©]2tal & 4= it} vi2lst A d At
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Fig. 1. Framework of water security
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2] 74§42 AU 40 FFL v A H|2 2 o]
of et o] A Bo| A 7K A AOr, BF
179] Glo] B ohe] 2 9192 mIA = 5914 s st
of A A R A gtel 3B e e gake] kg
2 et

2.2.2 Core area 2. AAA &&4(Economic efficiency)

A g2 E O AAA S-S v HsTh =7t
O] 54, T o] AAZEN A== 2 BAA 7 E
B7Foto] =] 7HA] QA E8-ER =17 = QEE e 5
Al FFe v o= o JstSirk(Babel and Shinde,
2018). Dimension 2& 45171 Q154 Al 7HA] A2 BE
2ol o, FH-8rot 3 d-8ro A T E AN E
SRR USD/MY) o2 AReld il i HEA A (Gross
Domestic Product, GDP)-& AF851d =71 AAA 712 & 3
7ttt

2.2.3 Core area 3. $=2l5H 3=
related disasters)

FAsHol HHet 25

Et=d4d(Resilience to water-

EF2 A (Resilience to water-related

Table 1. Water security indicators for 4 different core areas

disasters)= 352} 7Haat 22 & T Aofjof| o] LEt
oy, olof thet -85 22 A e 2 FQlrh 7o @ g
T ZFo] Fhe] 7H-e- H-soll Fofd seHoll glom, theket
=4, AR xA @10 2 Qlsto] B4=0} 7HEo A2l 7}
OFA5}2] &XtH(Gain et al., 2015). wHEkA 71HE, B 7]EL 4
A ZHEE =7H= 18-S TefsoF ohr, o] gh =5l 91
A3 A3 5 = ASAJN I 9 shE dlli 247
£ g-gs=r ol It Romero-Lankao and Gnatz, 2016;
Lautze and Manthrithilake, 2012).

Aol thet 215 &2 42 B7ksh] flste] oA 7)<
St] A1 ZE Aot o, A A EE v HA of 9] 2] 3.9]
A7 2 Y -ﬂobﬁoﬂ S SR A EAR . A

N

el F1eFat 219 0 2 BR T oA At of A A o
CREBETIIS ﬂﬂﬂﬂ%ﬁ83§01ﬂ_§4ﬂ
WA o] o7 B4 25 0E TR,

2.2.4 Core area 4. A 2|&715M
(Environmental Sustainability)
234 24715 (Environmental Sustainability )= &t
A ABEAE 7oA f-Alokal AR sty f1et e E

Water Security Indicators Temporal Definition Resource
Core area Scales
Improved drinking 2017 Total population with access to improved WHO/UNICEF (JMP)
water supply rate drinking-water source (JMP) (2019)
Core area 1. Renewable water 2012 Total internal renewable water. resources (IRWR) AQUASTAT (2020)
Social equity resources per person /Total population
Sewerage rate 2015 Improved sanitation facilities (% of population with access)| INDEX MUNDI (2019)
Diarrheal diseases 2017 Diarrheal diseases death rates in children under 5 Our World in Data (2020)
Value of mdustr'lal 2000:2017 Industrial production/Industrial water withdrawal OECD (2019)/
Core area 2. water consumption AQUASTAT (2020)
Economic Value of agricultural 2000:2017 Value of Agricultural Production/Agricultural water FAO (2019)/
efficiency water consumption ’ withdrawal AQUASTAT (2020)
GDP (Gross Domestic Product) 2015 GDP per capita World Bank (2020)
Drought frequency 19792018 SPI (Standardized Precipitation Index) NOAA (2019)
<-1 or less occurrence frequency
Core area 3 Areas of vulnerable to drought | 2013:2017 % of Total country area cultivated AQUASTAT (2020)
Resilience to Flood frequency 1969:2018 Flood occurrence (WRI) AQUASTAT (2020)
water-related Areas of vulnerable to flood 2017 Urban population/Total population AQUASTAT (2020)
disasters Irrigation area ratio 2012 Area equipped for irrigation: total (1000 ha) AQUASTAT (2020)
- . . . ICOLD (2019) /
Flood control ability 1950:2018 Reservoir Capacity/Total Area AQUASTAT (2020)
Core area 4. Lo . .
Environmental River Health Index 2010 Biodiversity Threat, .Adjusted Human RIVERS IN CRISIS
e Water Security Threat (2019)
sustainability
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O] A ol thet B7tolek. QIZFO 4 EE-S bk
gh&-go] et @ Ht s o AH A 17} Bk ZALSH
of spd 9] 17 4= Bt

Core area 42] 51¢] A 3 2= River Health IndexE 2-8-5}
%t o] A|4=HWS (Human Water Security)2} BD (Bio-
diversity)®] T 71| H7H-E @R GO 2A, 9
(Watershed disturbance), 2 & (Pollution), A+ 7HEH(Water
resource development), A-&2] 2 ?1(Biotic factors) & 4| 7}
210 A2 o] 23710] B A2 4 w]e] Z}2}e] A
2] 2ol At A Q1 715 %] 7T o Elo] 2552 © 2 River Health
IndexE AHASH| Hth(Vorssmarty et al., 2010).

7} a4l Fof Ao mhE 5F9] | H+= Table 17 2} A
Fopt} HL A2E 85192 H, Core area 29] Value of
industrial water consumption, Value of agricultural water
consumption} Core area 3] Areas of vulnerable to drought
o) 5AI52.9] 7 2 Fo1o4 2ol el ol
2| 2] grof F-EolsHA 2000t o] F-2] 2t=E -8t
5 SAAEZE JH 0| ET} o] Fo| AW W5t A8

7gelct.

2.3 B34

A A AA o2 & otHE Hrlsh] 98) thefet 514 Z]
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=4 9918 27 lonE A thE A Ee} a5 gl
£ 02} 1 Ato]o] HI91E Zh= A8} 2 o] E 851K Gain
etal.,2016). TEpA] 2 Aol A= Eq. (1)= 285t gf=t
e Sasioc
z—min ()
max(z) —min(z) M
SFZ|qt, Diarrheal disease, Drought frequency, Areas of

vulnerable to drought, Flood frequency, Areas of vulnerable
to flood©] 7-7-oll= gho] S5 2 QHE 7 LR 2 2 9190
A0 B TES S 104 2R =415 o] 85t3Th. oAl
ob=7PE & St 2|3 552 ADB’s Asian Water Develop-
ment Outlook 2013(ADB, 2013)2 F=xs5lo 1 ~5 H42 Y
F2om 00~0214,02~04=2%,04~0.63%,0.6
~0.847%,0.8~0.1-2 5422 31T}, Core area 12] lmproved
drinking water supply rate & Sewerage ratet=tJF-22] 57}
g =71l A 80% o)) 2 HgES Helrh UJrEVﬂ 3
Trelste] -89 B¢ AR ATE gtow HEE 3l A
S O 2 E-8-513Ith Core area 32 Flood frequency 2]
AL AQUASTATOM ABE=AER 0~ 5 Ao grog
TAste] A& ZEE 9|2 8351 TE Core area 45 7|5

71857 Qo & otH HILE Qg of 2] 71R] Q] A & 7] I3t River Health Index 2] 73-2-9ll+= ADB’s Asian Water
o] TheFst 2o A A AL} shA|R BE ]I Zlo) E]-t Development Outlook 20134 A4 ¥ A3HE ZH=x oo vF
Table 2. Thresholds of each class for water security indicators
Water Security Indicators 1 2 3 4 5 Ref.
Core area
Improved drinking water supply rate <60 60-70 70-80 80-90 90-100 Authors
Core area 1. Renewable water resources per person 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
Social equity Sewerage rate <60 60-70 70-80 80-90 90-100 Authors
Diarrheal diseases 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
Core area 2. Value of industrial water consumption 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
Economic Value of agricultural water consumption | 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
efficiency GDP(Gross Domestic Product) 0.0-02 | 02:04 | 04-06 | 0608 | 0.8-1.0 Authors
Drought frequency 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
Core area 3. Areas vulnerable to drought 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
Resilience to Flood frequency 0-1 1-2 2-3 3-4 4-5 AQUASTAT
water-related Areas vulnerable to flood 0.0-0.2 | 02-04 | 04-0.6 | 0.6-0.8 | 0.8-1.0 Authors
disasters Irrigation area ratio 0.0-02 | 02:04 | 0406 | 0.6-0.8 | 0.8-1.0 Authors
Flood control ability 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 Authors
Core area 4.
Environmental River Health Index 0.78-1.00 | 0.64-0.78 | 0.46-0.64 | 0.29-0.46 | 0.0-0.29 | AWDO 2013
sustainability
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5FTHADB, 2013). THS Table 2= ZH 2<¢HE 2] 3 of o}
2 537158 AEskh

4] Hopd 519] A EE E-gote] U2 A} gk 59l
Water Security Index (WSI)E Eq. (2)& -85} 19|45 H
57FA] H9lof| &t & Altstt 1 8o 745 B <t
H7bmth= 21 ofu|etm s 7k S-S EQtEIL £
e A o]ttt

% ofn

WST= Dimensionl + -+ + Dimension4 @)

Table 3. Assessment result of social equity

3. OfAOr =71 = I o}

3.1 Core area 1. AlS| A

A1) A 38 A(Social equity)= H7 }5}7 | 91l =2 ¢+
3 B A7 521, QMo 1S Fol 4719] 519 7]
BE Aot

287l Tk A= Table 33 2o W tiehal = w|o]

Alo}, A7t =, Bet QB2 XF goglo] 42 7Y A9l

© 2 Uehd) 3 Q) 8718 3.0 ~4.00.8 9] Ho|H =t
QA QL 7| AERS BE 2 ;oA 2.0 0|5t AFE] A &
37 TRolA 71 F R S B 5 3

== T

Table 4. Assessment result of economic efficiency

Improved | Renewable
Nations drinking water  |Sewerage D.iarrheal o . . Value of . Val.ue of
water resources rate | diseases Nations | agricultural water | industrial water | GDP | Average
supply rate | per person consumption consumption

Bangladesh 1.0 1.0 2.0 5.0 2.3 Bangladesh 1.0 2.0 1.0 1.3
Bhutan 5.0 5.0 1.0 5.0 4.0 Bhutan 1.0 3.0 1.0 1.7
Da?;:‘:;iam 5.0 2.0 1.0 50 | 33 Da]j’;‘;:;;m - - 40 | 13
Cambodia 1.0 1.0 1.0 5.0 2.0 Cambodia 2.0 5.0 1.0 2.7
China 3.0 1.0 3.0 5.0 3.0 China 2.0 2.0 1.0 1.7
Georgia 4.0 1.0 4.0 5.0 3.5 Georgia 1.0 1.0 1.0 1.0
India 1.0 1.0 1.0 2.0 1.3 India 1.0 1.0 1.0 1.0
Indonesia 1.0 1.0 2.0 4.0 2.0 Indonesia 1.0 2.0 1.0 1.3
Japan 5.0 1.0 5.0 5.0 4.0 Japan 1.0 5.0 4.0 33
Kazakhstan 4.0 1.0 5.0 5.0 3.8 Kazakhstan 1.0 1.0 2.0 1.3
Kyrgyzstan 4.0 1.0 5.0 5.0 3.8 Kyrgyzstan 1.0 - 1.0 0.7
Laos 1.0 2.0 2.0 1.0 1.5 Laos 1.0 1.0 1.0 1.0
Malaysia 5.0 1.0 5.0 5.0 4.0 Malaysia 5.0 1.0 1.0 2.3
Mongolia 1.0 1.0 1.0 5.0 2.0 Mongolia 3.0 1.0 1.0 1.7
Myanmar 1.0 1.0 3.0 4.0 23 Myanmar - 2.0 1.0 1.0
Nepal 1.0 1.0 1.0 5.0 2.0 Nepal 1.0 2.0 1.0 1.3

North Korea 2.0 1.0 4.0 5.0 3.0 North Korea - - - -
Pakistan 1.0 1.0 2.0 1.0 1.3 Pakistan 1.0 2.0 1.0 1.3
Philippines 1.0 1.0 3.0 4.0 2.3 Philippines 1.0 1.0 1.0 1.0
Singapore 5.0 1.0 5.0 5.0 4.0 Singapore - 3.0 5.0 2.7
South Korea 5.0 1.0 5.0 5.0 4.0 South Korea 2.0 5.0 3.0 33
Sri Lanka 1.0 1.0 5.0 5.0 3.0 Sri Lanka 1.0 1.0 1.0 1.0
Tajikistan 2.0 1.0 5.0 1.0 2.3 Tajikistan 1.0 1.0 1.0 1.0
Thailand 3.0 1.0 5.0 5.0 3.5 Thailand 1.0 3.0 1.0 1.7
Timor-Leste 2.0 1.0 1.0 4.0 2.0 Timor-Leste 1.0 1.0 1.0 1.0
Turkmenistan 1.0 1.0 2.0 5.0 2.3 Turkmenistan 1.0 - 1.0 0.7
Uzbekistan 3.0 1.0 5.0 5.0 3.5 Uzbekistan - - 1.0 0.3
Viet Nam 1.0 1.0 3.0 5.0 2.5 Viet Nam 1.0 - 1.0 0.7
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3.2 Core area2. AA|d E8AM

A A &8 (Economic efficiency)< =7 F=0] A3 A
Ak A, elld x| oA AV X1455H7] S1%h & ARE-2] 7
AR §a-5 7o, 392, U L2 AR = 29 7t
2|et =7 A S U= A9 7R E SRR
A5kt

287li=of| Tt ATH= Table 49 o w] tiehil=h, AH o
R8T AR 71A] A JON A E=A FrHE o] 2E Bak

0|33 2 7P = A A=) glol e 7t EAEHA] S =
7= A Q5 tREE 7= 1.0~2.002 AAH §84 WA

oA W2 W7 dYE Eart

Table 5. Assessment result of resilience to water-related disasters

3.3 Core area 3. $=A3}{0]| Cl{st &| = Et2AM

ZAH o thgt 32 et A(Resilience to water-related
disasters)= & ¥ FHA FE2 7Feol it &k, 3
of thet L E 5 1231 Zsfiof| it & 552 o= FRote]
AT Ak T A SO A, FHoFA| o 59 e
ST A7 ST Al AT = = ARG -8 = 9L
= 58< Bkl

287i=t<f| tfafl 713t A= Table 52} 2o = T
Sfjofl thste] Bf2| 7| A%, 7| 27| A4 9] 77]=0] 3.0 ~ 4.0
O 2 AEC R Yo, 11 9 Y] 197]=122.0~3.0
o= GriE Qi

Nations Drought | Areas of vulnerable Flood Areas of vulnerable lrrigati(?n area Flood'c'ontrol Average
frequency to drought frequency to flood ratio ability

Bangladesh 2.0 1.0 1.0 5.0 4.0 1.0 2.3
Bhutan 1.0 5.0 1.0 4.0 2.0 1.0 23
Brunei Darussalam 3.0 5.0 3.0 2.0 - 1.0 23
Cambodia 4.0 4.0 2.0 5.0 1.0 1.0 2.8
China 4.0 4.0 2.0 3.0 4.0 2.0 3.2
Georgia 4.0 5.0 2.0 3.0 4.0 1.0 3.2
India 3.0 1.0 2.0 5.0 3.0 2.0 2.7
Indonesia 5.0 3.0 2.0 3.0 1.0 1.0 2.5
Japan 4.0 5.0 3.0 1.0 3.0 1.0 2.8
Kazakhstan 3.0 5.0 4.0 4.0 1.0 1.0 3.0
Kyrgyzstan 1.0 5.0 3.0 5.0 5.0 3.0 3.7
Laos 2.0 5.0 2.0 4.0 2.0 2.0 2.8
Malaysia 4.0 3.0 2.0 2.0 1.0 5.0 2.8
Mongolia 3.0 5.0 4.0 2.0 - 1.0 2.5
Myanmar - 4.0 2.0 4.0 1.0 1.0 2.0
Nepal 2.0 4.0 1.0 5.0 4.0 1.0 2.8
North Korea 5.0 4.0 3.0 3.0 - 5.0 33
Pakistan 3.0 2.0 2.0 4.0 4.0 1.0 2.7
Philippines 3.0 2.0 2.0 4.0 1.0 1.0 22
Singapore 3.0 5.0 3.0 1.0 - 3.0 2.5
South Korea 2.0 4.0 2.0 2.0 3.0 4.0 2.8
Sri Lanka 3.0 3.0 2.0 5.0 2.0 2.0 2.8
Tajikistan 4.0 5.0 2.0 5.0 5.0 2.0 3.8
Thailand 2.0 2.0 2.0 4.0 2.0 4.0 2.7
Timor-Leste 5.0 4.0 3.0 5.0 1.0 - 3.0
Turkmenistan 3.0 5.0 4.0 4.0 - 1.0 2.8
Uzbekistan 1.0 5.0 3.0 5.0 5.0 1.0 3.3
Viet Nam 3.0 3.0 2.0 5.0 3.0 3.0 32
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3.4 Core area 4. 244 2| &7
2734 24754 (Environmental Sustainability)= =3}
A AEAE et f-Alstal aF st f1et e @
o] Aol et Pt Q17ke] Ahy BE-2 et rhafst
502 Q15 25} ohael Al A7 olsE ZAfetod
. )

Gl A& B35
28710l thall 71t A= Table 63} 2.0 Tref|o] A]

of, 23 E3t HE1}o] dEo|30~4002A9Hog B
A9t T3, o] s7H =S AlLJRt =7t A= 2.0 ©]st2
shA o] 47331 3H4 o] S~k of thste] Foket A& &l

g% et

Table 6. Assessment result of environmental sustainability

Nations Biodiversity|  Adjusted Human Average
Threat Water Security Threat
Bangladesh 1.0 1.0 1.0
Bhutan 3.0 1.0 2.0
Brunei Darussalam 3.0 4.0 35
Cambodia 2.0 1.0 1.5
China 2.0 1.0 1.5
Georgia 2.0 1.0 1.5
India 1.0 1.0 1.0
Indonesia 3.0 2.0 2.5
Japan 2.0 4.0 3.0
Kazakhstan 2.0 1.0 1.5
Kyrgyzstan 2.0 1.0 1.5
Laos 3.0 1.0 2.0
Malaysia 3.0 3.0 3.0
Mongolia 4.0 2.0 3.0
Myanmar 3.0 1.0 2.0
Nepal 2.0 1.0 1.5
North Korea 2.0 4.0 3.0
Pakistan 1.0 1.0 1.0
Philippines 2.0 1.0 1.5
Singapore - - -

South Korea 1.0 2.0 1.5
Sri Lanka 1.0 1.0 1.0
Tajikistan 2.0 2.0 2.0
Thailand 1.0 1.0 1.0
Timor-Leste 3.0 1.0 2.0
Turkmenistan 2.0 1.0 1.5
Uzbekistan 2.0 2.0 2.0
Viet Nam 2.0 1.0 1.5

3.5 OfA|Of = Ot HIL A}

7} a4 Fof A S HiE O = ofA|o} 2| (Fdot
Ao}, oo, FEoPAlof, EoFAlof, AofAlol) & QFH.
7} Ax}, A A 4] Eokel AF2] A 3 /d(Social equity) 2]
7dg-olli= FGotAloL, FotAlof, AofAlolrt thE 2] 9o H]
ol 322 =7 B7HE| gl om, HopAlote] 92322 T v
A B7 =] et F SR A 2okl Z A4 2-8/d(Economic
efficiency)®] 73-%-oll= FoFA 017+ 2.00. 0. 2 71 =] B 7}
=9lom, E5] Tt ok=0.572 7Y WA HrtE] Tt
A B B4 FokRl eAfjsfjof] TRt 8] & g2 4d(Resilience
to water-related disasters)< G OtA|oFet AJoFA|o}7E3.00
oo g2 TP A UE O™ Holr|olrH0.600 = 7HY W
UL FHOA o F2.62F FE o] YTk npA|Rto 2 $h A
2]4:7H5-4(Environmental sustainability)2 5-OFA| LS A|

u Central Asia = East Asia
South-East Asia Southern Asia
B West Asia

4.00

B 3.27]
b0
2 o]
1.67] 1.67]
1.00
0.00

Social equity

=
=4

s
=3

Environmental
sustainability

Resilience to water-
related disasters

Economic efficiency

1) Central Asia : Kyrgyzstan, Turkmenistan, Uzbekistan

2) East Asia : China, Japan, Mongolia, North Korea, South Korea

3) South-East Asia : Brunei, Cambodia, East Timor, Indonesia, Laos,
Malaysia, Myanmar, Philippines, Singapore, Thailand, Vietnam

4) Southern Asia : Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka

5) West Asia : Georgia, Kazakhstan, Tajikistan

Fig. 2. Water security assessment of the asiaa region for 4 different
core areas

Central Asia
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=15

West Asia 10
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Southern Asia South-East Asia

Fig. 3. Water security assessment results for the asian region



728 S.-Y. Park et al. / Journal of Korea Water Resources Association 53(S-1) 719-730

Kazakhstan

Histogram of Change in Water Security Index
based on South Korea

Frequency

Mongolia

Pntllnﬁnes

o
/e
&8

. % Malaysia

ore f
qwdonesla i;i:" Lom o
- . E— - o L =
i o B

. W
“w;‘_’_-; #

0 500 1000 1500 2000 km

L L ' 1
F T T T 1

I
0 o
S0 GO0 080 8000 90400 100-10 116120
(N [ [ | I I
=60 60-70 70-80 80-50 90-100

100-110 110-120 120-130 130-140 140 <

Fig. 4. Comparison of water security of the asian countries on the basis of South Korea
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