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Abstract

Discussions for water resources vulnerability and index development with sustainable concept are actively
being made in recent years. Based on such index, water resources vulnerability of present and future
is determined and diagnosed. This study calculated the water resources vulnerability rankings by 152
nations, using indicator related to water resources assessment that can be obtained from World Bank,
VRI (Vulnerability Resilience Indicator), ESI (Environmental Sustainability Index). In order to quanti—
tatively assess of water resources vulnerability based on this indicator, TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) technique was applied to index water vulnerability and to
determine the rankings by nations. As a results, South Korea was ranked as the 83th among the 152
nations including Korea. Among the continents, Oceania was the least vulnerable and Afirica was the
most vulnerable in continents. WUnited State, Japan, Korea and China were vulnerable in order
among the major countries. Therefore, water resources vulnerability rankings by nations in this study
helps us to better understand the situation of South Korea and provide the data for water resources

planning and measure.
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Step 1) Select all available indicators from World Bank,
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Step 2) Collect and standardize all data
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Step 3) Derive all countries’ vulnerability using TOPSIS

Step 4) Analyze all rankings

Fig. 1. Procedure for Water Resources Vulnerability Index
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Table 1. Available Water Resources Vulnerability Indicators

Source

Name of Indicators

Population

Improved water source, rural (% of rural population with access)

Improved water source, urban (% of urban population with access)

World Bank

Improved water source (% of population with access)

Scientific ans technical journal articles

Organic water pollutant (BOD) emissions (kg per day)

Food production index (1999-2001=100)

Population at risk due to sea level rise

Access to safe sanitation

Crop land

Protein demand (nutrition index)

Birth rate

Life expectancy

Land use measure

Fertilizer use land

VRI

GDP per capita

Equity index

Dependency ratio

Literacy

Unmanaged land (%)

Air pollution/km®

Population density

Total managed land (%)

Population at risk due to 1 meter sea level rise

Water availability

Industrial organic water pollutant (BOD) emissions per available freshwater (kg per day)

Pesticide consumption per hectare of arable land

ESI

Percentage of population with access to improved drinking water

Hydropower and renewable energy production as a percentage of total energy consumption

Freshwater availability per capita
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Table 2. 152 Countries for Water Resources Vulnerability Index Ranking

Europe Russian Federation | Jordan Oceania Suriname Jamaica
Albania Serbia Kazakhstan Australia Trinidad and Tobago Kenya
Austria Slovak Republic Korea, Rep. New Zealand | United States Lesotho
Belarus Slovenia Kuwait America Uruguay Liberia
Belgium Spain Kyrgyz Republic Argentina Venezuela, RB Libya
]I?IZigéagoi?ga Sweden Lao PDR Barbados Africa Madagascar
Bulgaria Switzerland Lebanon Belize Algeria Malawi
Croatia Turkey Macedonia, FYR Benin Angola Mali
Czech Republic | Ukraine Malaysia Bolivia Botswana Mauritania
Denmark United Kingdom Mongolia Brazil Burkina Faso Mauritius
Estonia Asia Myanmar Canada Burundi Morocco
Finland Afghanistan Nepal Chile Cameroon Mozambique
France Armenia Oman Colombia Cape Verde Namibia
Germany Azerbaijan Pakistan Costa Rica Central African Republic | Niger
Greece Bangladesh Philippines Cuba Chad Nigeria
Hungary Bhutan Qatar Ecuador Congo, Rep. Rwanda
Ireland Cambodia Saudi Arabia El Salvador Cote d'Ivoire Senegal
Italy China Sri Lanka Guatemala Djibouti Sierra Leone
Latvia Cyprus Syrian Arab Republic | Guyana Egypt, Arab Rep. Somalia
Malta Georgia Tajikistan Haiti Eritrea South Africa
Moldova India Thailand Honduras Ethiopia Sudan
Netherlands Indonesia Turkmenistan Mexico Gabon Tanzania
Norway Iran, Islamic Rep. United Arab Emirates | Nicaragua Gambia, The Togo
Poland Iraq Uzbekistan Panama Ghana Tunisia
Portugal Israel Vietnam Paraguay Guinea Uganda
Romania Japan Yemen, Rep. Peru Guinea-Bissau Zambia

BATE H29% 2014 2H

187



3. gty

3.1 B8HET ME

<
M

A AR H7HE & Table 1014 AA4g A+E
FolA Apze] FrIL Goldk AFES AKE], AA, 24
928 Table 39 7o) 7238131t o] w] AHE-H A
¥+ World Bank (http://www.worldbank.org) 42| #
O & ARE3IATE AL A 7o ARES EAET 7|
T, AT, I EE AL AAA 7o A%

5o A U A8 F FEU 2 Aol g A5
o]

N

o

O

Ll

Table 3. Descriptions of all Indicators
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Criteria Name of indicator Description of indicator
C1 | Birth rate The number of lhive births ogcurring during the year, per 1,000
population estimated at midyear
The number of years a newborn infant would live if prevailing
Social | C2 | Life expectancy patterns of mortality at the time of its birth were to stay the
same throughout its life
C3 | Population Total population
C4 | Population density A measurement of population per unit area or unit volume
Hydropower and renewable .
Z:nerpo ro;rllc tionn as aa Clean energy is noncarbohydrate energy that does not produce
1 C5 erciriltap e of total ener carbon dioxide when generated. It includes hydropower and
Economic D g‘ gy nuclear, geothermal, and solar power, among others
consumption
C6 | GDP per capita Gross domestic product divided by midyear population.
c7 Freshwater availability per | Internal renewable resources in the country (internal river flows
capita and groundwater from rainfall)
8 | Access to safe sanitation The p.er.centage of the population using improved sanitation
facilities
c9 Population at risk due to 1 m | The percentage of the total population living in areas where the
sea level rise elevation is 1 meters or less
Environ— Food production index Coverr.ing food crops that are considered edible and that contain
tal C10 nutrients. Coffee and tea are excluded because, although
menta (1999-2001=100) . ..
edible, they have no nutritive value
Cl1 Improved water source (% | The percentage of the population using an improved drinking
of population with access)| water source
The number of scientific and engineering articles published in
C12 Scientific and technical the following fields: physics, biology, chemistry, mathematics,
journal articles clinical medicine, biomedical research, engineering and
technology, and earth and space sciences
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Fig. 2. Weighting Values Distrivution from Survey

Table 4. Weighting Values of Indeies and Indicators

1st 2rd lst 2rd
Criteria | Weighting | Weighting Name of indicator Weighting | Weighting
value value value value
C1 | Birth rate 0.17 0.15
) C2 | Life expectancy 0.20 0.19
Social 0.27 0.28 -
C3 | Population 0.20 0.28
C4 | Population density 0.43 0.40
Hydropower and renewable energy production
) C5 . 0.38 0.39
Economic 0.27 0.30 as a percentage of total energy consumption
C6 | GDP per capita 0.62 0.61
C7 | Freshwater availability per capita 0.30 0.27
C8 | Access to safe sanitation 0.21 0.18
) C9 | Population at risk due to 1 m sea level rise 0.11 0.13
Environ- —
mental 0.46 043 |C10| Food production index (1999-2001=100) 0.14 0.18
5 ;
Cl1 Imp.roved water source (% of population 016 017
with access)
C12| Scientific and technical journal articles 0.08 0.08
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Table 5. World Water Resources Vulnerability Ranking

Name of Country | Ranking | Name of Country | Ranking Name of Country Ranking | Name of Country | Ranking
Ethiopia 1 Togo 39 Barbados s United Kingdom 115
Haiti 2 Sri Lanka 40 Lebanon 78 Kazakhstan 116
Nigeria 3 Egypt, Arab Rep. 41 Central African Republic 79 Cyprus 117
Pakistan 4 Chad 42 Cuba 80 Portugal 118
India 5 El Salvador 43 South Africa 81 Oman 119
Bangladesh 6 Gambia, The 44 Mexico 82 Argentina 120
Cambodia 7 Tajikistan 45 Jamaica 83 Spain 121
Ghana 8 Syrian Arab 46 Traq 84 France 122

Republic

Sierra Leone 9 Liberia 47 Moldova 85 Qatar 123
Vietnam 10 Cote d'Ivoire 48 Thailand 86 Denmark 124
Mozambique 11 Malawi 49 Bhutan 87 Mongolia 125
Kenya 12 Djibouti 50 Korea, Rep. 88 Ugﬁiaifb 126
Tanzania 13 Mauritania 51 Suriname 89 Czech Republic 127
Madagascar 14 Honduras 52 Costa Rica 90 Greece 128
Afghanistan 15 Lao PDR 53 Zimbabwe 91 Gabon 129
Guinea 16 Myanmar 54 Malaysia 92 Unitiimi;[iactss of 130
China 17 Saudi Arabia 55 Panama 93 Latvia 131
Burkina Faso 18 Uzbekistan 56 Malta 94 Belarus 132
Somalia 19 Azerbaijan 57 Ukraine 95 Bulgaria 133
Rwanda 20 Guatemala 58 Colombia 96 Switzerland 134
Eritrea 21 Cameroon 59 Brazil 97 Ffe{él;jzzn 135
Burundi 22 Lesotho 60 Congo, Rep. 98 Slovak Republic 136
Senegal 23 Armenia 61 Israel 99 Uruguay 137
Benin 24 Zambia 62 Namibia 100 Guyana 138
Niger 25 Venezuela, RB 63 Kuwait 101 Croatia 139
Philippines 26 Nicaragua 64 Bolivia 102 Serbia 140
Morocco 27 Belize 65 Poland 103 Botswana 141
Yemen, Rep. 28 Libya 66 Macedonia, FYR 104 Austria 142
Sudan 29 Tunisia 67 Ttaly 105 Ireland 143
Cape Verde 30 Jordan 68 Trinidad and Tobago 106 Slovenia 144
Iran, Islamic Rep. 31 Albania 69 Japan 107 Hungary 145
Guinea-Bissau 32 Turkmenistan 70 Georgia 108 Sweden 146
Angola 33 Kyrgyz Republic 71 Paraguay 109 New Zealand 147
Nepal 34 Mauritius 72 Bosnia and Herzegovina 110 Finland 148
Uganda 35 Peru 73 Germany 111 Estonia 149
Romania 36 Ecuador 74 Belgium 112 Norway 150
Mali 37 Turkey 75 Chile 113 Canada 151
Indonesia 38 Algeria 76 Netherlands 114 Australia 152
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Table 6. Water Resources Vulnerability Index by Continent
Name of continent Social Economic Environmental Water resources vulnerability index
Europe 0.099 0.107 0.139 0.574
America 0.096 0.080 0.149 0.480
Oceania 0.108 0.112 0.149 0.615
Asia 0.089 0.083 0.107 0.466
Africa 0.103 0.061 0.088 0.420
Table 7. Ranking Comparison of Korea Rep, Japan, China and United states of America by Criteria
Korea United
Criteria Name of indicator "| Japan | China | states of
Rep .
America
Birth rate 22 16 45 52
) Life expectancy 122 152 82 130
Social
Population 128 143 152 150
Population density 148 146 126 45
Hydropower and renewable energy production as a
. 12 69 79 64
Economic percentage of total energy consumption
GDP per capita 25 1 91 6
Freshwater availability per capita 133 105 119 64
Access to safe sanitation 45 1 115 1
) Population at risk due to 1 m sea level rise 104 69 138 79
Environmental
Food production index (1999-2001=100) 33 15 108 61
Improved water source (% of population with access) 48 1 35 36
Scientific and technical journal articles 10 3 2 1
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Table 8. Water Resources Vulnerability Indies of Korea Rep, Japan, China and United states of America

Index Ranking
Criteria Korea. . United Korea. . United
Rep Japan China states_ of Rep Japan China States_ of
America America
Social 0.04 0.03 0.03 0.08 3 4 7 130
Economic 0.23 0.24 0.10 0.24 141 146 61 147
Environmental 0.25 0.31 0.15 0.33 91 126 41 133
WRVI 0.53 0.58 0.29 0.64 88 107 17 130
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