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The rationale of this research is to assess the vulnerability and impacts of climate change and
population change to the society. The social impact of climate change considered under this study
is the increasing risk of water conflicts. The future vulnerability to the increased risk of water
conflicts under climate change was assessed in terms of sensitivity and adaptability of countries
to the risk of water conflicts. As employed in this research, a water conflict is a conflict which
necessarily has its root causes in water related issues. However, the use of the term “Conflict”
ranges from the situation commonly referred to as an argument, also to armed situations as well.

Water availability was assumed as the simulated annual average river discharges of horizontal
resolution 0.5 degrees, which is the potentially available water for the use by the population in
the 0.5 degree grid. Data were obtained from the University of Tokyo, from the Total Runoff
Integrating Pathways (TRIP) global river routing scheme under four climate scenarios, 20c3m for
the present climate until 1999, and for future scenarios Alb, Bl and A2 until 2100, under four
GCMs: CCSM3, MIROC3.2, CGCM2.3.2 and UKMO. The countries with different adaptabilities
to the increased risk of water conflicts were first identified using a classification method (Table 1),
which considers economic, social and physical parameters other than simple water availability
directly affected by climate change.

Table 1 The employed classification to identify different adaptabilities of countries to the
increased risk of water conflicts



Classification
parameter

Classificati
| aeslm teation 1% level (Multivariate classification) 2" Jevel 3" Jevel
ev

Data source |FAO Aquastat |World Bank |World Bank  [FAO Aquastat [FAO Aquastat

- Observed no conflicts estimated as the same
- Observed water conflicts {low level or volatile] estimated as water conflict
- Observed no conflict estimated as water conflict
I:] Observed water canflict {low level or volatile} estmated as no conflict
Ho data

Fig. 2 The accuracy of the water conflict models in different regions.

Within these conflict adaptability country groups, the inter-relation of water availability and
the inequality of the water resources distribution, which are factors directly affected by climate
change with the probability of water conflicts was investigated. Water conflicts models were
derived and were validated for each water conflict adaptability country group, aiming to estimate
the probability of water conflicts and the change in the likelihood of water conflicts

thereby, because of climate change. Utilizing the validated water conflict models, the
future vulnerabilities of countries to the increased risk of water conflicts were estimated. The
plausibility of the results was confirmed across scenarios and in confirmation with the IPCC
terminology for the classification of likelihood of an event.

Within the 136 countries classified, only 116 countries of the classification could be
confirmed, with a comparison to present conflict occurrences. Thirteen water conflict adaptability
groups were identified (Fig. 1). The two highest conflict adaptability groups, with countries of low
groundwater dependency (<50%) and high external water dependency (>30%) together with the
lowest adaptive capacity (GNI per capita < 13 195 International Dollars, PPP) were classified
with above 54% accuracy. The five adaptability groups with lowest water conflict adaptability
have a total ability to address water conflicts in south and Southeast Asia, Africa and South
America. Inside the country groups similar in adaptability to the increased risk of water conflicts,
the inter-relation of per capita water resources of a country and the inequality in distribution of
the resource was explored. Conflict model derivation was conducted for 1990, and validation was
conducted for the year 2000. Country groups with the lowest adaptability to water conflict
incidence, the CG1, CG2, CG3 and CG4 groups, showed significant associations with model
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coefficients for Logit regressions on the near-future water-conflict indicators 5-year conflict and
5-year conflict risk. Inequality in per capita water distributions was highly associated with these
two water-conflict variables. Country groups classified as having both the lowest economic
capacity (per capita GNI (ppp) lower than 13195 International Dollars) and the lowest per capita
water availability (CG1 and CG3) showed an increasing probability of low-level and volatile water
conflicts with increasing inequalities. Inequalities were highly significant in estimating volatile
water conflicts in these two adaptability groups, whereas the odds of low-level conflict incidence
were higher than those for the incidence of volatile water conflict. In indicating the incidence of
water conflicts, the interactive country groups CG10, CG11 and CG12 were the best modeled (Fig.
1 and Fig. 2), with an overall accuracy of 85.7% and a false-negative rate of 0.0%, whereas CG2
had the most modeling errors (a false-negative rate of 66.7% and a false-positive rate of 87.5%).
However, CG2 produced an overall accuracy of 74.0%. The overall modeling of the incidence of
water conflicts had an accuracy of 54.1% along with a false-positive rate of 34.0% and a
false-negative rate of 11.9%.

The sensitivity of the countries utilized for the classification to the parameters governing

the water conflict models were explored next. The effectiveness of population policy to reduce the
stress on per capita water was also explored. The risk of low-level water conflicts is more sensitive
to the population changes than the risk of volatile water conflicts (Fig. 3). In reducing the
population stress on the available water resources, population policy was proposed as a low-regret
adaptation measure in the study. The fertility-reduction policy assumed (SC2) was very effective
in reducing water stress in the countries suffering from water scarcity. They were effective in
reducing the area stressed inside countries as well. By reducing the population stress on the
available water resources, the risk of water conflicts, especially the risk of low-level water
conflicts can be reduced (examples shown in Fig. 4 for Iraq and Kenya). The sensitivity of the
countries to climate change impacts on water resources is lower than the sensitivity to population
stress.
By combining the adaptability of countries and the sensitivity to climate change impacts on water
resources, the future vulnerability of countries to the increased risk of water conflicts resulted by
climate change was assessed. The plausibility of the future vulnerability estimates were assured
by using the standard likelihood classification of the IPCC and by seeking confirmation in all
scenarios used: Alb, B1 and A2. Volatile water conflicts are virtually certain for Indonesia, and for
Angola, they are very likely to virtually certain to occur from 200-2100, under all the considered
climate scenarios: Alb, Bl and A2. Nevertheless, for China, climate change increases the
likelihood of volatile water conflicts significantly, from about as likely as not in the year 2000, to
virtually certain in the year 2100, under all the three climate scenarios. Low-level water conflicts
are not estimated to be virtually certain in conformity with all the three scenarios, Alb, B1 and
A2. However, for the Russian Federation, it is very likely under all the scenarios. For all the other
countries, where low-level water conflicts are not unlikely (probability of conflict>33%), the
likelihood stays below likely and does not increase more than under climate change. However, the
estimations confirm across the scenarios very well. Nevertheless the water conflicts changing in
intensity is not shown to be a possibility under the effects of climate change.

This research used a combined multivariate and decision tree approach to identify the
countries similar in adaptability to the risk of water conflict. Within these adaptability groups,
the influence of climate change in increasing the risk of water conflicts was investigated. The
method proved effective in estimating the risk of volatile water conflicts in most countries, in
South American and African countries, the accuracy of models were low. However, the
methodology used in the research will prove to have increased applicability with the improvement
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Fig. 3 (a) The variations of the risk of low-level (C5R=1, C5=1) and (b) the variations of the
risk of volatile (C5R=2), for the water conflict adaptability country group CG1 under the climate
scenarios Alb, B1. SC1 is the no-policy population scenario, while SC2 assumes population
reduction policies resulting in uniform population growth rates across each country.
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Fig. 4 (a) The reductions in the risk of low-level water conflicts in Iraq and (b) the
reductions in the risk of low-level water conflicts in Kenya resulted in by the applied population
reduction policy scenario SC2, over the no-policy scenario SC1.

of global or regional ground water data bases and the improvement of runoff data considering
reservoir operations as well. At present, the primary spatial scale considered in the research is
the country level, which is the basic decision-making unit in terms of international relations over
water. Therefore, the results could be readily utilized in the international river basin
management. Even though at this level, the method has limited applicability in the finer spatial
and temporal scales because of inadequate data, with finer data, the applicability increases.

The methodology utilized in this research employed the ground water dependency of a
country as a local variable which enables the correct identification of outliers in regression
analyses in water conflict research. It also utilizes the Gini Coefficient to indicate the inequality
in the water resource distributions over the traditional comparative resource use employed by
water conflict research. For climate impact assessments and climate modelers, the population
scenarios used in the research provides an important feedback of considering societal adaptation

to climate policy and the significance of population growth in assessing future vulnerability of
water resources.
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