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INTERNATIONAL WATERS: INDICATORS FOR IDENTIFYING 
BASINS AT RISK2 

Despite the growing literature on water and conflict in international river basins, little 
empirical work has been done to bolster common conclusions that are so widely 
reported. In order to address this gap, we set out to assess all reported events of 
either conflict or cooperation between nations over water resources over the last fifty 
years and to use these events to inform the identification of basins at greatest risk of 
dispute in the near future (five to ten years). The study is divided into two 
components: 

● Compilation and assessment of relevant biophysical, socioeconomic, and 
geopolitical data in a global Geographic Information System (GIS), and use of 
these factors to determine history-based indicators for future tensions along 
international waterways. 

● Using these indicators, identification of basins at risk for the coming decade. 

In general, we find that most of the parameters regularly identified as indicators of 
water conflict are actually only weakly linked to dispute, but that institutional capacity 
within a basin, whether defined as water management bodies or treaties, or generally 
positive international relations, is as important, if not more so, than the physical 
aspects of a system. It turns out, then, that very rapid changes, either on the 
institutional side or in the physical system, are at the root of most water conflict, as 
reflected in two sets of indicators: 

1. “Internationalized” basins, that is, basins which include the management 
structures of newly independent states. 

2. Basins that include unilateral development projects and the absence of 
cooperative regimes. 

By taking our parameters of rapid change as indicators – internationalized basins and 
major planned projects in hostile and/or institution-less basins – we are able to 
identify the basins with settings which suggest the potential for dispute in the coming 
five to ten years. These basins include the Ganges-Brahmaputra, Han, Incomati, 
Kunene, Kura-Araks, Lake Chad, La Plata, Lempa, Limpopo, Mekong, Ob (Ertis), 
Okavango, Orange, Salween, Senegal, Tumen, and Zambezi. 
 We then identify “red flags,” or markers related to these indicators, which might 
be monitored in the future. 
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1. BACKGROUND 

Much of the thinking about the concept of “environmental security” has moved beyond 
a presumed causal relationship between environmental stress and violent conflict to a 
broader notion of “human security” – a more inclusive concept focusing on the 
intricate sets of relationships between environment and society. Within this 
framework, water resources – their scarcity, distribution, and quality – have been 
named as the factor most likely to lead to intense political pressures. Water ignores 
political boundaries, evades institutional classification, and eludes legal 
generalizations. Worldwide, water demands are increasing, groundwater levels are 
dropping, water bodies are increasingly contaminated, and delivery and treatment 
infrastructure is aging. Although wars over water have not occurred, there is ample 
evidence showing that the lack of clean freshwater has led to intense political 
instability and that acute violence has occasionally been the result. As water quality 
degrades – or quantity diminishes – over time, the effect on the stability of a region 
can be unsettling. 
 None the less, the record of acute conflict over international water resources is 
overwhelmed by the record of cooperation. The only recorded incident of an outright 
war over water was 4,500 years ago between two Mesopotamian city-states, Lagash 
and Umma, in the region we now call southern Iraq. Conversely, between the years 
805 and 1984, countries signed more than 3,600 water-related treaties, many 
showing great creativity in dealing with this critical resource (Wolf, 1998). Overall, 
shared interests, human creativity, and institutional capacity along a waterway seem 
to consistently ameliorate water’s conflict-inducing characteristics. Furthermore, once 
cooperative water regimes are established through treaties, they turn out to be 
impressively resilient over time, even when between otherwise hostile riparians, and 
even as conflict is waged over other issues. These patterns suggest that the more 
valuable lesson of international water may be as a resource whose characteristics tend 
to induce cooperation, and incite violence only in the exception. 
 Despite the growing literature on water and conflict, there currently is little 
empirical work being done to bolster any of the common conclusions being so widely 
reported. Westing (1986) suggests that, “competition for limited ... freshwater ... 
leads to severe political tensions and even to war”; Gleick (1993) describes water 
resources as military and political goals, using the Jordan and Nile as examples; 
Remans (1995) uses case studies from the Middle East, South Asia, and South 
America as “well-known examples” of water as a cause of armed conflict; Butts 
(1997) suggests that, “history is replete with examples of violent conflict over water,” 
and names four Middle Eastern water sources particularly at risk; and Homer-Dixon 
(1994), citing the Jordan and other water disputes, comes to the conclusion that “the 
renewable resource most likely to stimulate interstate resource war is river water.” To 
be fair, there is also a smaller body of work that argue more strongly for the 
possibilities and historic evidence of cooperation between co-riparians. See, for 
example, Libiszewski (1995), Wolf (1998), and Salman and de Chazournes (1998), for 
historic assessments of cooperation, while Delli Priscoli (1998) suggests water as a 
“training ground for civilization.” 
 There are several problems with the approaches of much current literature and, 
as a consequence, questions about their conclusions as well: 

● Loose definitions. Terms such as conflict, dispute, tensions, and war are regularly 
used interchangeably. So too are several types of incidents all relating to water 
but which are otherwise vastly dissimilar, such as water as a tool, weapon, or 
victim of warfare.3 
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● Exclusion of cooperative events. An entire branch of the conflict–cooperation 
spectrum is missing from almost all studies relating water to international 
relations, such that any tests of causality are, by definition, incomplete. 

● Lack of consideration of spatial variability. Such popular measures as “water 
stress” are regularly determined by country (for example, population per unit of 
water), whereas political interactions over water generally are precipitated at the 
basin (watershed) level. The variability of spatially diverse parameters such as 
population, climate, water availability, and national groups are either ignored or 
their significance is generalized.4 

● Selected case studies only from the “hottest” basins. Most studies of trends in 
international basins tend to focus on the world’s most volatile basins – the 
Jordan, Tigris-Euphrates, Indus, and Nile, for example – making general 
conclusions concerning international basins as a whole incomplete and 
questionable. 

Each of these issues informs the design of the current study, pointing to the need for 
work that includes consistent and precise definitions of conflict and cooperation; 
events along the entire spectrum of conflict and cooperation, ranked by intensity; 
allowance for spatial variability; and inclusion of the widest possible set of 
international basins – all of the world’s international watersheds. 

2. STUDY OBJECTIVES 

Given our design criteria as outlined above, we set out to develop a study of 
international waters that would allow for the settings of historic events to be 
identified, and which would in turn inform the identification of basins at greatest risk 
of conflict in the near future (five to ten years).  
 The study is divided into two components: 

1. Compilation and assessment of relevant biophysical, socioeconomic, and 
geopolitical data in a global Geographic Information System (GIS), and using 
these factors to determine history-based indicators for future tensions along 
international waterways. 

2. Using these indicators, identification of basins at risk for the coming decade. 

3. METHODOLOGY5 

To aid in the systematic assessment of the process of water conflict resolution, we 
have been working over the past eight years to develop the Transboundary 
Freshwater Dispute Database (TFDD), a project of the Oregon State University 
Department of Geosciences, in collaboration with the Northwest Alliance for 
Computational Science and Engineering. The database currently includes a digital map 
of the world’s 261 international watersheds; a searchable compilation of 200 water-
related treaties and 39 US interstate compacts, along with the full text of each; an 
annotated bibliography of the state of the art of water conflict resolution, including 
approximately 1,000 entries; negotiating notes (primary or secondary) from fourteen 
detailed case studies of water conflict resolution; a comprehensive news file of all 
reported cases of international water-related disputes and dispute resolution (1948–
2000); and descriptions of indigenous/traditional methods of water dispute 
resolution.6 
 As mentioned above, most of the prevailing wisdom on the dynamics of 
international watersheds has been informed by incomplete assessments. In order to 
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identify indicators of water conflict/cooperation as completely as possible, we took the 
following approach: 

1. We identified the set of basins to be assessed as all7 of the world’s international 
river basins (as defined in Wolf et al. 1999)8, and our period of study as being 
from 1948–99. 

2. We attempted to compile a dataset of every reported interaction between two or 
more nations, whether conflictive or cooperative, which involved water as a 
scarce and/or consumable resource or as a quantity to be managed – that is, 
where water is the driver of the event.9 We drew these events primarily from five 
sources: 

a. Foreign Broadcast Information Service (FBIS), 1978–2000. The Foreign 
Broadcast Information Service (FBIS) is an agency of the US Central Intelligence 
Agency (CIA), which has been translating foreign news sources since 1978. Prior 
to 1996, FBIS articles were indexed both in paper and CD-ROM format. The FBIS 
CD-ROM covers 1978 to mid-1996 and was accessed to identify international 
water-related “events” during this period. Once citations were identified via 
keyword searches, the full-text microfiche articles were collected from the 
Oregon State University and University of Oregon libraries for the relevant news 
events. The World News Connection (WNC) is the on-line, searchable version of 
FBIS, which covers material from 1996 to the present. Full-text articles were 
retrieved via an on-line subscription. Since FBIS systematically covers only non-
US news sources, the New York Times was searched, through Lexis-Nexis, for 
water-related event data for North America. 

b. Conflict and Peace Data Bank (COPDAB), 1948–78. This dataset directed by Prof. 
Edward E. Azar, codes inter- and intra-national events for approximately 135 
countries. Event records include variables for date of event, initiating actor, 
event target, information source, issue areas, and textual information about the 
activity, and a number valuing the event on a scale of conflict and cooperation. 
The dataset does not include any water specific coding, however the textual 
information has enough detail to provide a guide to possible water related 
events. A basin at risk (BAR) uses COPDAB data to identify water events from 
1948 to 1978. 

c. Global Event Data System (GEDS) Project, 1979–94. GEDS tracks day-to-day 
interactions among nations and other international actors using online news 
reports. Directed by John Davies, at the University of Maryland, GEDS builds on 
the Conflict and Peace Data Bank (COPDAB) of Edward Azar. Data archives 
contain over 300,000 event records from 1979 to 1994. 

d. Transboundary Freshwater Dispute Database. OSU’s TFDD project includes a 
collection of water-related treaties, 157 of which are applicable to our criteria 
and study period. 

e. Literature Review. A rich literature exists on various aspects of international 
waters, much of which has clear descriptions of international events. By tapping 
the available literature (described in Beach, et al., 2000), we were able to 
confirm many of the events culled from the above sources, as well as to 
supplement many which have gone unreported in the press. 

Over the course of one year, we were able to compile a seamless, systematic 
database for water conflict/cooperation of 1,831 events – 507 conflictive, 1,228 
cooperative, and 96 neutral or non-significant. Each event includes a brief summary 
and source of information, and was coded by date, country pair (dyad), basin, issue 
area, and intensity of conflict/cooperation.10 For event intensity, we modified 
COPDAB’s scale, adding water-specific actions and definitions, as described in Yoffe 
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and Larson (2002), to define events from –7, the most conflictive (war), through 0 
(neutral events), and up to +7, the most cooperative (voluntary merging of 
countries). (See Table 1: BAR Event Intensity Scale; and Figure 1: Events Database, 
Example.) In addition, we compiled a tributary database, which links a tributary’s 
name to its major international basin, and a “friendship-hostility” scale – a ratio of all 
cooperative to conflictive events between nations from the COPDAB and GEDS data 
combined, to gage general (non-water) relations between countries (see Yoffe and 
Giordano, forthcoming, for more information on this last parameter). 
 We developed a Geographic Information System (GIS) including approximately 
100 layers of global and/or regional spatial data falling into one of three general 
categories: biophysical (for example, topography, surface runoff, climate), 
socioeconomic (for example, GDP, dependence on hydropower), and geopolitical (for 
example, style of government, present and historic boundaries). We backdated 
relevant parameters such that the GIS is both uniformly formatted and historically 
accurate (for instance, 1964 boundaries coincide with 1964 GDPs and government 
types). We used each international watershed, sub-divided by national boundaries, as 
the unit for analysis. (See Appendix 1: GIS Data Layers, and Figure 2: Basins at Risk 
GIS.) 
 With this GIS in place, we were able to assess the historical setting within which 
each event of conflict/cooperation took place. By hypothesizing the relevance of sets 
of parameters, and by testing each set running single and multivariate statistical 
analyses of the events against the parameters which define their historical settings, 
factors that seemed to be indicators of conflict/cooperation were able to be culled 
from the database as a whole.11 

 

Table 1. BAR event intensity scale 

BAR Scale COPDAB Scale BAR Event Description 

-7 15 Formal declaration of war; extensive war acts causing deaths, dislocation, or high 
strategic costs 

-6 14 Extensive military acts 

-5 13 Small scale military acts 

-4 12 Political-military hostile actions 

-3 11 Diplomatic-economic hostile actions 

-2 10 Strong verbal expressions displaying hostility in interaction 

-1 9 Mild verbal expressions displaying discord in interaction 

0 8 Neutral or non-significant acts for the inter-nation situation 

1 7 Minor official exchanges, talks or policy expressions – mild verbal support 

2 6 Official verbal support of goals, values, or regime 

3 5 Cultural or scientific agreement or support (non-strategic) 

4 4 Non-military economic, technological, or industrial agreement 

5 3 Military economic or strategic support 

6 2 International freshwater treaty; Major strategic alliance (regional or international) 

7 1 Voluntary unification into one nation 

Source: Modified from E. Azar’s COPDAB International Conflict and Cooperation Scale  
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Basin 
Name Country List Bar 

Scale 
Principal Issue 
Type Date Event Summary Source 

La Plata 
Argentina – 
Paraguay 

4 
Hydro-power, 
Hydro-electricity 

December 
5, 1973 

PRY AND ARG AGREE TO BUILD 1B DAM, 
HYDROELECTRIC PROJECT 

Information 
Service for 
Latin America 

Ganges 
Bangladesh – 
India – United 

Nations 
-2 Water Quantity 

January 1, 
1976 

Bangladesh lodges a formal protest against India 
with the United Nations, which adopts a consensus 
statement encouraging the parties to meet 
urgently, at the level of minister, to arrive at a 
settlement. 

Wolf-Ganges 
Timeline 

Amazon 

Bolivia – Brazil 
– Colombia – 

Ecuador – 
Guyana – Peru 
– Suriname – 

Venezuela 

6 
Economic 
Development 

July 3, 
1978 Treaty for Amazonian Cooperation  

Jordan Israel -- Jordan 4 Water Quantity 
April 7, 
1995 

Pipeline from Israel storage at Beit Zera to 
Abdullah Canal (East Ghor Canal) begins 
delivering water stipulated in the treaty (20 million 
cubic meters (mcm) in the summer, 10 million 
cubic meters in winter). The 10 million cubic 
meters replaces the 10 million cubic meters of 
desalinated water stipulated in Annex II, Article 2d 
until desalinization plant is completed. Jordan pays 
for the functioning & maintenance of the pipeline & 
$.02 per cubic meter of water transferred. A total of 
20 million cubic meters will be transferred through 
11/95. Note: Facts on Files indicates water 
delivery begins on June 20, 1995. 

Kliot, N. and 
Shmueli, D. 
2000. Facts on 
File 10/5/95, 
Vol. 55, a 
number 2862, 
p. 747. 

Figure 1. Events database example  

 

Figure 2. Basins at risk Geographic Information System 
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4. FINDINGS 

4.1. Summary Statistics 

Our overall distribution of events over the fifty-year period of assessment is shown 
below in Figure 3: Number of Events by BAR Scale.  
 

 

Figure 3. Number of events by bar scale  

 In general, we delineated a total of 1,831 events, and found the following: 

● No events on the extremes. In modern times, there has been no war (–7 on the 
BAR Scale) fought over water resources. In fact, one has to go back 4,500 years 
to find the single historical example of a true “water war,” to a dispute between 
the city-states of Lagash and Umma on the Tigris-Euphrates (Wolf, 1998). 
Likewise, there is no example of nations voluntarily unifying because of water 
resources (+7 on the BAR Scale). 

● Most interactions are cooperative. Cooperative events are more than twice as 
common as conflictive events – there are 1,228 cooperative events (67.1 
percent) and 507 conflictive events (27.7 percent). Ninety-six events (5.2 
percent) were delineated as neutral or non-significant. 

● Most interactions are mild. 784 events, or 42.8 percent of all events, fall between 
mild verbal support (+1) and mild verbal hostility (–1). If we add the next level 
on either side – official verbal support (+2) and official verbal hostility (–2) – we 
account for 1,138 events, or 62 percent of the total. Another way to look at this 
is that almost two-thirds of all events are only verbal and, of these verbal 
events, more than two-thirds are reported as having no official sanction at all. 
Even the record of acute conflict, that in which violence ensues (-5 and -6 on the 
BAR Scale) is neither widespread nor recent. Of the thirty-seven cases of acute 
conflict, thirty are between Israel and one or another of its neighbors, violence 
that ended in 1970. Non-Middle East cases account for only five acute events. 

● Water acts as an irritant. Despite the lack of violence, water resources can make 
good relations bad and bad relations worse. Threats and disputes have raged 
across boundaries with relations as diverse as those between Indians and 
Pakistanis and between Americans and Canadians. Water was the last and most 
contentious issue resolved in negotiations over a 1994 peace treaty between 
Israel and Jordan, and was relegated to “final status” negotiations – along with 
other of the most difficult issues such as Jerusalem and refugees – between 
Israel and the Palestinians. 
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● Water acts as unifier. The historical record shows that water disputes do get 
resolved, even among bitter enemies, and even as conflicts rage over other 
issues. Some of the most vociferous enemies around the world have negotiated 
water agreements or are in the process of doing so. The Mekong Committee has 
functioned since 1957, exchanging data throughout the Vietnam War. Secret 
“picnic table” talks have been held between Israel and Jordan since the 
unsuccessful Johnston negotiations of 1953 to 1955, even as these riparians until 
only recently were in a legal state of war. The Indus River Commission survived 
through two wars between India and Pakistan. And all ten Nile riparians are 
currently involved in negotiations over cooperative development of the basin. 

● Overall, the major water-related issues are quantity and infrastructure. Figure 4 
shows the number of events by issue area and the distribution of those events. 
64 percent of events are primarily about water quantity and infrastructure (which 
are often inextricably related). Quality-related events only account for 6 percent 
of the total (see Figure 4: Distribution of total events By issue area). 

● Nations cooperate over a wide variety of issues. Figure 5 shows the distribution 
of cooperative events, and indicates a broad spectrum of issue types. If we look 
specifically at treaties, the most cooperative type of event, the breadth of 
cooperative issues is even wider, including quantity, quality, economic 
development, hydropower, and joint management. (See Figure 5: Number of 
events by issue area). 

● Nations conflict over quantity and infrastructure. Finally, Figure 5 shows the 
distribution of conflictive events by issue area – 87 percent relate to water 
quantity and infrastructure. Again, if we look specifically at extensive military 
acts, the most extreme cases of conflict, almost 100 percent of events fall within 
these two categories. 
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Figure 4. Distribution of total events by issue area 
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Figure 5. Number of events by issue area 

4.2. Indicators 

Little exists in the environmental security literature regarding empirical identification 
of indicators of future water conflict. The most widely cited measure for water 
resources management is Malin Falkenmark’s (1989) Water Stress Index, which 
divides the volume of available water resources for each country by its population. 
She then defines “stress” levels as follows: 
 

Above 10,000 m3/person Limited management problems 
10,000–1,600 m3/person General management problems 
1,600–1,000 m3/person Water stress 
1,000–500 m3/person Chronic scarcity 
Less than 500 m3/person Beyond the management “water 

barrier” 
 
Though commonly used, Falkenmark’s index has been critiqued on a number of 
grounds, mostly that it accounts neither for spatial variability in water resources 
within countries, nor for the technological or economic adaptability of nations at 
different levels of development. To account for the latter critique, but not the former, 
Ohlsson (1999) developed a “Social Water Stress Index,” which incorporates “adaptive 
capacity” into Falkenmark’s measure, essentially weighting the index by a factor 
based on UNDP’s Human Development Index. While Ohlsson’s is a useful contribution, 
he also misses the spatial component. Similarly, neither Falkenmark nor Ohlsson 
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suggest much about the geopolitical results of scarcity, focusing instead on 
implications for water management. 
 The only author to explicitly identify indices of vulnerability that suggest “regions 
at risk” for international water conflicts is Peter Gleick who, in 1993, suggested four: 

1. ratio of water demand to supply, 
2. water availability per person (Falkenmark’s water stress index), 
3. fraction of water supply originating outside a nation’s borders, and 
4. dependence on hydroelectricity as a fraction of total electrical supply. 

Gleick’s indices, like Falkenmark’s and Ohlsson’s, focus on the nation as the unit of 
analysis and on physical components of water and energy. These indicators were 
neither empirically derived nor tested. 
 In our approach, we consider two very distinct aspects as to why nations may 
choose to dispute or cooperate. First, along with the authors cited above, we look at 
the water resources themselves and various aspects of stress – supply versus 
demand, droughts, and changes in the physical system. Since these changes take 
place within very distinct physical units, we use basins as our fundamental unit of 
analysis rather than nations. There is another side to the equation, though, related to 
the capacity of a nation to absorb the physical aspects of stress, either within a 
nation, between pairs of nations, or among all the nations of a watershed. This 
institutional capacity to absorb stress, we feel, is broader than simply a country’s 
economic strength, although that certainly plays a major role. Other issues, such as 
the existence or absence of joint water management bodies or treaties, general 
friendship/hostility over non-water issues, and stability and types of governments 
within a basin, are all components contributing to functional institutional capacity. 
 The working hypothesis, which we tested, then, regards the relationship between 
change in conditions in a basin and the attendant institutions, as follows: 

The likelihood and intensity of dispute rises as the rate of change within a basin 
exceeds the institutional capacity to absorb that change. 

4.2.1. Indicators: Prevailing Wisdom 

According to this hypothesis, most common measures of water stress should not, in 
and of themselves, be indicators of conflict. And, according to our data, they are not. 
Appendix 3 describes the results of single variable correlations of a number of 
parameters commonly assumed to indicate tensions, none of which explain much in 
terms of variation: 
 Countries that cooperate in general, cooperate about water; countries that 
dispute in general, dispute over water. (See Appendix 3, Figure A.1.) Comparing 
general friendship/hostility with BAR events shows only a moderate positive 
correlation. 
 The higher the per capita GDP, or the lower the population density, the greater 
the cooperation – barely. Appendix 3, Figure A.2 shows a weak relationship between a 
country’s per capita GDP and the level of water-related cooperation with its neighbors. 
The relationship is even weaker if we use the UN Human Development Index (not 
shown). Similar relationships are shown between level of conflict/cooperation and 
population density in Figure A.3, and population growth rates in Figure A.4.12 
 Regardless of how it is measured, water stress is not a significant indicator of 
water dispute. Appendix 3, Figure A.5, shows Falkenmark’s water stress index (water 
available per capita by country) and Figure A.6 shows water stress by basin. While 
there is a slight correlation in the former, neither parameter explains much of the 
variation in the data. Ohlsson’s “Social Water Stress Index,” which weights water 
stress by level of development, does not change either relationship (not shown). 
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 Neither type of government nor climate shows any patterns of impact on water 
disputes. Appendix 3, Figure A.7 show governments by their level of 
democracy/autocracy, and Figure A.8 shows dominant climate type within each basin 
– neither displays any discernible pattern. We should notice that prevailing wisdom 
seems to be challenged in both figures – Figure A.7 appears to suggest that 
democracies seem not to be more cooperative than other types of government (in 
fact, autocratic countries are only barely less cooperative than the strongest 
democracies) and Figure A.8 disputes the commonly held perception that disputes are 
more common in arid environments – there is little perceptible difference between 
most climate types (with the notable exception of humid meso-thermal, apparently 
the most cooperative climate). We also do not seem to find disputes in “creeping 
problems,” such as gradual degradation of water quality or climate change induced 
hydrologic variability. 
 Another set of preliminary findings regarding precipitation, shown in Appendix 3, 
Figure A.9, seems to confirm that, perhaps not surprisingly, years of normal 
precipitation tend to be the most cooperative, and that the greater the fluctuation in 
any given year either towards drought or towards flood, the more tense the basin.13 

4.2.2. Indicators: Rapid Change 

If most commonly assumed indicators do not actually indicate water dispute, then 
what does? The answer seems to lie in introducing the institutional side of the 
equation. If institutional capacity is a moderating factor, then it would stand to reason 
that the most significant indicators would be related to extremely rapid changes, 
either on the institutional side or in the physical system. The most rapid change 
institutionally would be associated with “internationalized” basins – that is, basins 
whose management institution was developed under one single jurisdiction, but was 
dramatically altered as that jurisdiction suddenly became divided among two or more 
nations. On the physical side, the most rapid change would be the development of a 
large-scale dam or diversion project. But here, too, the institutional capacity should 
make a difference. 
 “Internationalized” basins. The clearest example of this “internationalizing” 
process is the break-up of empires, notably the British Empire in the 1940s and the 
USSR in the late 1980s. Figure 6 shows cooperative events as a percentage of total 
events from 1948–2000. We notice that this chronology suggests three distinct 
periods – 1971–86 is relatively more cooperative, while 1948-70 and 1987–2000 are 
moderately more conflictive. These last two time periods coincide with years of 
intense internationalization – the former of the British Empire in the Middle East and 
South Asia, and the latter of the Soviet Union. This pattern is shown more clearly in 
Appendix 3, Figures A.10 and A.11, which compare the conflict levels for these 
regions during these periods with those of the rest of the world. Conflicts on the 
world’s most tense basins – the Jordan, Nile, Tigris-Euphrates, Indus, and Aral – were 
all precipitated by these break-ups. Recent internationalization seems to be one of the 
most significant indicators of dispute. 
 Unilateral basin development in the absence of a cooperative transboundary 
institution. Appendix 3, Figure A.12 shows the relationship between dam density per 
basin and the level of dispute. Dams, by themselves, seem not to be strong indicators 
– Table 3 shows a 12 percent drop in overall conflict/cooperation level in basins with 
high dam density versus basins with low dam density (see Table 3: Development and 
institutional capacity). Yet, according to our hypothesis, physical changes such as 
dams or diversions are only half the equation. Institutional capacity, in the form of a 
treaty, river basin organization, generally good relations, or even a technical working 
group, should help ameliorate the political impacts of change. 
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Figure 6. Cooperative events as a percentage of total events 

 When we factor in the institutional capacity, as represented by the presence or 
absence of treaties (one readily quantifiable measure of capacity), the differences are 
in fact enhanced. Basins without treaties and high dam density are 11 percent lower 
in their average conflict/cooperation levels than basins without treaties and low dam 
density, but the overall level is more conflictive than those basins with treaties. 
Looking only at basins with treaties, the cooperation level is actually higher in basins 
with high dam density than in those with low dam density. Yet the conflict/cooperation 
level on basins with treaties and high dam density is 40 percent lower than on similar 
basins with treaties.  
 To further assess the role of treaties as institutional mechanisms capable of 
mitigating conflict, we analyzed the impact of treaties on annual levels of 
conflict/cooperation for each country pair, dividing between country pairs that have 
treaties, and those that do not. Overall, basins without treaties were significantly 
more conflictive (2.6 on the BAR Scale) than basins with treaties (4.0). We also found 
that in the three-year period following treaty signature, average levels of 
conflict/cooperation were significantly higher (3.0) than in “normal” years (2.2). 
Perhaps surprisingly, we found that in the three-year period preceding treaty 
signature, the average level of conflict/cooperation was no different (2.3) than in 
“normal” years.14 Treaty years, naturally, were the most cooperative (5.7). Since only 
55 of the world’s 263 international basins have treaties, these findings are significant. 

4.3. Institutions matter 

Convergence of exacerbating factors. As demonstrated, with the exception of 
internationalized basins and unilateral development, no single parameter acts as a 
strong indicator of water disputes – the nature of international interaction over water 
resources seems more complex than most single issues. Yet we can identify sets of 
factors which, when they coalesce, provide conditions for greater likelihood of 
hostility. For example, Table 4 (Convergence of indicators) shows the results of a 
multivariate analysis in which the overall level of friendship/hostility, the number of 
water related treaties signed by a country, and per capita GDP were regressed against 
the average BAR scale of each country, all parameters were found to be significant 
and of the hypothesized sign.15 
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Table 3. Development and institutional capacity 

Basin setting BAR scale Difference (%) 
Basins with low dam density 
Basins with high dam density 
 

4.2 
3.7 

 
-12% 

Basins with treaties and low dam density* 
Basins with treaties and high dam density* 
 

3.8 
4.2  

 
+11% 

Basins without treaties and low dam density 
Basins without treaties and high dam density 
 

2.8 
2.5 

 
-11% 

Basins with treaties and high dam density* 

Basins without treaties and high dam density 
 

4.2 
2.5 

 
-40% 

Basins with treaties and low dam density* 
Basins without treaties and low dam density 
 

3.8 
2.8 

 
-26% 

Basins with treaties post-treaty* 
All basins without treaties or prior to first treaty 
 

4.0 
2.6 

 
-35% 

* Excludes first treaty event. 

Table 4. Convergence of indicators 

 Coefficient t value Prob (>t) 

Intercept 0.564 0.81 0.43 

Friendship/hostility index 0.222 2.45 0.02* 

Per capita GDP (ln) 0.234 2.44 0.02* 

Number of treaties 0.100 5.89 0.00* 

R2 = 0.3993; * denotes significant at 5 percent level 

 Other exacerbating factors include general hostility (non-water related) between 
co-riparians and, possibly, the presence of a downstream hegemon in a hostile basin 
(for instance, Israel, Egypt, or India), although this last parameter has proven difficult 
to test. 
 We also hypothesized that, for a given pair of countries, relatively high 
heterogeneity between co-riparians in conditions such as per capita GDP, water 
availability, religious/ethnic groups and/or water stress levels in neighboring basins, 
would be correlated with higher levels of conflict intensity, as might rapid growth rates 
in any of these parameters. In fact, we generally found no correlation with parameter 
growth rates, and little between heterogeneity and conflict/cooperation,16with two 
exceptions: 1) Ardent democracies neighboring fervent autocracies seem to be more 
conflictive than other mixes of government type (Appendix 3, Figure A.13 shows 
heterogeneity in government types); and 2) High differences in population densities 
between countries within a basin17 actually seem to tend towards a slightly greater 
level of cooperation between those two countries (see Appendix 3, Figure A.14).18 
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5. BASINS AT RISK 

By taking our parameters of rapid change as indicators – internationalized basins and 
major planned projects in hostile and/or institutionless basins – we are able to identify 
the basins with settings suggesting the potential for dispute in the coming five to ten 
years. These basins include: the Ganges-Brahmaputra, Han, Incomati, Kunene, Kura-
Araks, Lake Chad, La Plata, Lempa, Limpopo, Mekong, Ob (Ertis), Okavango, Orange, 
Salween, Senegal, Tumen, and Zambezi. Each is mapped in Figure 7, which also 
includes those basins currently in conflict or in midst of active negotiations: the Aral, 
Jordan, Nile, and Tigris-Euphrates. 

 

Figure 7. Basins at risk  

5.1. Monitoring for Indicators 

Almost more important than helping identify the basins at risk themselves, these 
indicators allow us to monitor for “red flags,” or markers which may suggest new 
basins at risk as they arise: 
 Tenders for future projects. The best sources for cutting through the rhetoric and 
wishful thinking inherent in public pronouncements of development projects are the 
public calls for project tenders. Tenders are not put out until project funding has been 
ascertained, so countries must be fairly certain that a project will actually be 
developed, but they still can give three to five years’ lead time (more for large 
projects) before impact will be felt in neighboring countries – enough time to exercise 
preventive diplomacy. There are two good print sources for water development 
tenders: the Financial Times’ Global Water Report (biweekly) and the Global Water 
Intelligence (monthly). Also, the Website of Water International Publishing Ltd. 
(www.e-waternews.com/) provides daily updates of water project tenders and 
contracts in developing countries. 
 Countries with active nationalist movements. If internationalizing a basin 
provides a setting of potential dispute, one might monitor the world’s nationalist 
movements and ethnic conflicts and, if one wanted to act proactively, one could 
assess the potential impacts of a successful drive for independence. Figure 8 maps 
those countries around the world with active nationalist movements. These draw on 
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two sources: 1) Armed Self-Determination Conflicts in 2000 (shaded in red), as 
identified by Professor Ted Gurr’s Minorities at Risk Project, at the University of 
Maryland’s Center for International Development and Conflict Management (as of June 
2000) <http://www. bsos.umd.edu/cidcm/mar/autonomy.htm>; and 2) Unrepre-
sented Nations and Peoples Organizations (UNPO) (shaded in yellow). Participation in 
UNPO is open to all nations and peoples who “are inadequately represented as such at 
the United Nations and who declare adherence the Organization’s Charter.” Since 
these principles espouse non-violence, the conflict level associated with many of these 
movements is lower. Data on unrepresented nations and peoples are drawn from the 
UNPO Website: http://www.unpo.org/ 

Figure 8. Countries with active nationalist movements 

6. CONCLUSIONS 

Despite the growing literature on water and conflict in international river basins, little 
empirical work has been done to bolster the common conclusions so widely reported. 
Existing works regularly self-select case studies from the most volatile basins, and 
exclude cooperative events, spatial variability, and precise definitions of conflict. In 
order to be as thorough as possible in our approach to international waters, our 
analysis included consistent and precise definitions of conflict and cooperation; events 
along the entire spectrum of conflict and cooperation, ranked by intensity; allowance 
for spatial variability; and inclusion of the widest possible set of international basins – 
all of the world’s international watersheds, over the past fifty years. Given our design 
criteria, we set out to develop a study of international waters that would allow for the 
settings of historic events to be identified, and which would in turn inform the 
identification of basins at greatest risk of conflict in the near future (five to ten years). 
The study was divided into two components: 

● Compilation and assessment of relevant biophysical, socioeconomic, and 
geopolitical data in a global GIS, and use of these factors to determine history-
based indicators for future tensions along international waterways. 
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● Using these indicators, identification of basins at risk for the coming decade. 

In general, we found that most of the parameters commonly identified as indicators of 
water conflict are actually only weakly linked to dispute. These parameters include 
climate, water stress, population, dependence on hydropower, dams or development 
per se, level of development, or “creeping changes” such as gradual degradation of 
water quality or climate-change-induced hydrologic variability. In fact, our study 
suggests that institutional capacity within a basin, whether defined as water 
management bodies or treaties, and generally positive international relations are as 
important as, if not more important than, the physical aspects of a system. The 
relationship was hypothesized as follows: 

The likelihood and intensity of dispute rises as the rate of change within a basin 
exceeds the institutional capacity to absorb that change. 

If institutional capacity is a driver, then it would stand to reason that the most 
significant indicators would be related to extremely rapid changes, either on the 
institutional side or in the physical system. The most significant indicators, then, 
would reflect this relationship: 

● “Internationalized” basins. The most rapid changes institutionally are associated 
with “internationalized” basins – that is, basins whose management institution 
was developed under a single jurisdiction, but was altered or shattered as that 
jurisdiction suddenly became divided among two or more nations. 

● Unilateral development in the absence of a treaty or commission. On the physical 
system side, the most rapid change is typically the development of a large-scale 
dam or diversion project. But here, too, the institutional capacity makes a 
difference. In other words, high levels of animosity and/or the absence of a 
transboundary institution can exacerbate the setting, while positive international 
relations and/or the presence of transboundary institutions can mitigate the 
negative effects of such projects. 

By taking our parameters of rapid change as indicators – internationalized basins and 
major planned projects in hostile and/or institution-less basins – we were able to 
identify the basins with settings that suggest the potential for dispute in the coming 
five to ten years. These basins include: the Ganges-Brahmaputra, Han, Incomati, 
Kunene, Kura-Araks, Lake Chad, La Plata, Lempa, Limpopo, Mekong, Ob (Ertis), 
Okavango, Orange, Salween, Senegal, Tumen, and Zambezi. 
 Almost more important than helping identify the basins at risk themselves, these 
indicators allow us to monitor for “red flags,” or markers that may suggest new basins 
at risk as they arise, among them tenders for future projects and nations with active 
nationalist movements. 

NOTES 

1. Address for correspondence: Department of Geosciences, 104 Wilkinson Hall, Oregon 
State University, Corvallis, OR 97331-5506, USA. Tel: 541-737-1200. email: 
wolfa@geo.orst.edu 

2. This article, prepared for the UNESCO/GCI programme: PCCP Meeting on Indicators 
(January 2002), draws on a longer version, submitted for consideration for publication to 
Water Policy. 

3.  For thorough documentation of these other types of violence associated with water, see 
Peter Gleick’s excellent chronology at: <www.worldwater.org/conflict.htm> 

16 



 

4.  A useful exception, at least for physical parameters, is Revenga, C., S. Murray, J. Abrams, 
and A. Hammond. Watersheds of the World (Washington, DC, World Resources Institute, 
1998), which describes 15 biophysical variables for 145 of the world’s major watersheds. 

5. For a more detailed methodology, see the Shira Yoffe’s, Basins at Risk: Preliminary 
Statistical Methodology, on-line at: www.transboundarywaters.orst.edu.  Click 
“publications” and “Basins at Risk.” 

6.  www.transboundarywaters.orst.edu. 
7.  This includes a total of 265 basins for historical analysis.  There are currently 263 

international basins: 261 were identified by Wolf et al. (1999), two from that list were 
merged as one watershed as new information came to light (the Benito and Ntem), and 
three additional basins were “found” (the Glama, between Sweden and Norway; the 
Wiedau, between Denmark and Germany; and the Skagit, between the United States and 
Canada).  In historical assessments, we also include two basins which were historically 
international, but whose status changed when countries unified (the Weser, between East 
and West Germany; and the Tiban, between North and South Yemen). 

8.  In that paper, “river basin” is defined as being synonymous with what is referred to in the 
United States as a “watershed” and in the United Kingdom as a “catchment,” or all waters, 
whether surface water or groundwater, which flow into a common terminus.  Similarly, the 
1997 UN Convention on Non-Navigational Uses of International Watercourses defines a 
“watercourse” as “a system of surface and underground waters constituting by virtue of 
their physical relationship a unitary whole and flowing into a common terminus.”  An 
“international watercourse” is a watercourse, parts of which are situated in different States 
(nations). 

9.  Excluded are events where water is incidental to the dispute, such as those concerning 
fishing rights, access to ports, transportation, or river boundaries.  Also excluded are 
events where water is not the driver, such as those where water is a tool, target, or victim 
of armed conflict.  For more details of how the event data were compiled, structured, and 
assessed, see Shira Yoffe and Kelli Larson’s, Basins at Risk: Event Data Methodology and 
Findings, details in the references. 

10.  Event issue areas were defined as: quantity, infrastructure, joint management, 
hydropower, quality, flood control, technical cooperation, irrigation, border issues, general 
economic development, and navigation.  As mentioned earlier, in order to be included, 
water had to be treated as a scarce and/or consumable resource or as a quantity to be 
managed.  For example, navigation events were included only if the issue involved a 
quantity of water required to allow for ship passage, not if it only involved rules of conduct 
or tonnage. 

11. Details are provided in Shira Yoffe’s on-line methodology, cf. footnote 5. 
12.  Interestingly, Yoffe (2001, Chap. 5) found a better relationship between the rate of 

population growth and general (non-water) levels of conflict/cooperation. 
13.  These preliminary findings are based on detailed annual precipitation data for eleven 

basins: Aral, Danube, Ganges, Indus, Jordan, La Plata, Mekong, Nile, Orange, Salween, 
and Tigris-Euphrates. 

14.  We had hypothesized that the years immediately preceding treaties would have a higher 
conflict level, assuming that a conflict is necessary to drive parties to negotiate to begin 
with. 

15.  The results of this and other multivariate regressions should be used with caution, because 
serial correlation between independent variables (for example in this case correlation 
between per capita GDP and overall friendship/hostility) can cause the significance of 
regression results to be overstated. 

16.  Interestingly, while we find no correlations between these parameters and water-related 
conflict, Yoffe and Giordano do find correlations with general levels of (non-water related) 
conflict. 

17.  Measured as the ratio of densities in the two countries, not as absolute quantities. 
18.  We have no explanation for why this might be so. 
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APPENDIX 1. GIS DATA LAYERS 

 
 Category   GIS Layer Coverage

Extent 
Data Source 

Geopolitical    International Boundaries Global ESRI
Geopolitical Intra-national Administrative Boundaries Global ESRI 
Biophysical 

 

 
 
    
 

 
 
 

 

   
    

 
   

 

International Basins Global TFDD 
Biophysical Area of International Basins for 1999, total and by country Global TFDD 
Biophysical International Basins from 1950 to current Global TFDD 
Geopolitical Intersection of Basins with Countries Global TFDD 
Geopolitical International River Treaties Global TFDD 
Geopolitical Basin Tributary Names Global TFDD 
Biophysical Riparian Position of Basin Countries Global TFDD
Geopolitical Water Conflict-Coop. Events 1948–99 Global COPDAB, GEDS, FBIS/WNC, Lexis-Nexus, TFDD 
Geopolitical Additional Event Data (historical records, other sources) Global TFDD 
Geopolitical Degree of Democratization, by Year from 1800 Global Polity Data Archives 
Geopolitical Date of Change in Government Regime, by Year Global Polity Data Archives 
Socioeconomic Gridded Population of the World Global Dobson, et al. LandScan 2000 
Socioeconomic Population by Basin by Year Global Dobson, et al. LandScan 2000, TFDD 
Socioeconomic Population by Country by Year Global Dobson, et al. LandScan 2000, TFDD 
Socioeconomic List and Location of Ethnic Minority Groups Global GEDS 
Socioeconomic Human Poverty Index Global UNDP 
Socioeconomic Human Development Index Global UNDP 
Socioeconomic Future Major Dams or Water Development Projects Global TFDD 
Socioeconomic Major Dams or Development Projects by Basin and Year 

 
Global ICOLD, TFDD 

Socioeconomic Roads and Railways Global ESRI
Socioeconomic Major Cities Global ESRI
Socioeconomic Utilities, Electricity Grids Global ESRI 
Socioeconomic Hydroelectric Capacity and Production by Country, 1996  Global WRI 
Socioeconomic Hydroelectric Production as Fraction of Total Energy Produced, by 

Country 
Global WRI

Socioeconomic Commercial Electricity Production: Total, by Country and Year Global WRI 
Socioeconomic Commercial Electricity Production: Hydroelectric, by Country and 

Year 
Global  

 
 

WRI

Socioeconomic Electricity Imports and Exports Global WRI 
Socioeconomic Desalination Capacity by Country, January 1 1996  Global WRI 
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Appendix 1: GIS Data Layers (cont.) 

Category    GIS Layer Coverage
Extent 

Data Source 

Socioeconomic Water Stress Index by Country and by Basin Global Fekete, et al., TFDD 
Socioeconomic 

 
 

    
 
 
    
 
 
 
 
 
 
 
   
 

 

 

 

 

 

  

Social Water Stress Index: 1975–99, by Basin and by Country Global Fekete, et al., Ohlsson, TFDD 
Socioeconomic Gross National Product Global WRI 
Socioeconomic Gross National Product Per Capita Global WRI 
Socioeconomic Mean Rate of Population Growth by Country Global WRI 
Socioeconomic Labor Force: Percent in Agriculture Global WRI 
Socioeconomic Total Urban Population Global WRI
Socioeconomic Urban Population Percent Global WRI 
Socioeconomic Urban Population Growth Rates Global WRI 
Socioeconomic Total Rural Population Global WRI
Socioeconomic Rural Population Growth Rates Global WRI 
Socioeconomic Rural Population With Access to Safe Water Global WRI 
Socioeconomic Urban Population With Access to Safe Water Global WRI 
Socioeconomic Population With Access to Safe Water: Urban and Rural Global WRI 
Socioeconomic Urban Population With Access to Adequate Sanitation Global WRI 
Socioeconomic Rural Population with Access to Adequate Sanitation Global WRI 
Socioeconomic Population With Access to Adequate Sanitation: Urban and Rural 

 
Global WRI 

Socioeconomic Total Forest Deforestation Global WRI
Socioeconomic Total Freshwater Catch by Country Global WRI 
Socioeconomic Aquaculture Production: Freshwater Fish Global WRI 
Socioeconomic Technical Disasters by Country: Oil spill/Chemical Fires.... Global USAID-CRED 
Biophysical Natural Disasters by Country: Flood/Drought… Global USAID-CRED 
Biophysical Renewable Freshwater Supply by Basin and by Country Global Gleick, Peter. The World’s Water, 1998, Fekete, 

et al., TFDD 
Socioeconomic Freshwater Withdrawal by Country and Sector  Global Gleick, Peter. The World’s Water, 1998 
Biophysical USGS Land Use/Land Cover Global USGS 
Biophysical Global Assessment of Human Induced Soil Degradation  Global UNEP/GRID – EROS Data Center 
Biophysical Global Vegetation, Intensity of Cultivation Global UNEP/GRID – EROS Data Center 
Biophysical Global Map of Irrigated Areas Global Petra Döll 
Socioeconomic Irrigated Area by Basin and by Country Global TFDD 
Biophysical Water Pollution, Runoff, Sediment Load (selected rivers) 80 Rivers UNEP/GEMS 
Geopolitical State of Water Management by Country Limited Gleick, Peter. The World’s Water, 1998 
Socioeconomic 

 
Sources and Uses of Surface/Groundwater Resources Global Gleick, Peter. The World’s Water, 1998 

 Biophysical Wetlands of International Importance: Number/Area Global WRI
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Appendix 1: GIS Data Layers (cont.) 

Category   GIS Layer Coverage
Extent 

 Data Source 

Socioeconomic    Distribution of Gross Domestic Product: Agric/Ind/Services/Manufact. Global WRI
Socioeconomic

 
 

  
 

   
 
 
 
 

 

 
  

    

    
    

  
   

 
 

  
 
 
   

Total Fertilizer Consumption 
 

Global WRI 
Biophysical Arable Land Global WRI
Biophysical Land in Permanent Crops Global WRI 
Socioeconomic Fertilizer Production Global WRI
Socioeconomic Fertilizer Imports Global WRI 
Socioeconomic Fertilizer Exports Global WRI 
Socioeconomic Annual fertilizer use Global WRI 
Socioeconomic Grain Fed to Livestock as Percent of Total Grain Consumption Global WRI 
Socioeconomic Labor Force: Percent in Industry, Percent in Services Global WRI 
Socioeconomic Total Economically Active Population Global WRI 
Socioeconomic Number of Cholera Cases and Deaths from Cholera Limited Gleick, Peter. The World’s Water, 1998 
Biophysical Land Area by Country Global WRI 
Biophysical Arable and Permanent Cropland Global WRI 
Socioeconomic

 
Population Density by Country 

 
Global WRI 

Biophysical Permanent Pasture Global WRI
Biophysical Forest and Woodland Global WRI
Biophysical All Other Land Global WRI 
Biophysical Domesticated Land as a Percent of Land Area Global WRI 
Biophysical Natural Forest Extent and Change Global WRI 
Biophysical Extent of Plantations and Change Global WRI 
Biophysical Extent of Total Forest Global WRI 
Biophysical Hydrologic Network (Rivers) Global USGS-EROS-HYDRO1k, ESRI
Biophysical River Length Global ESRI, TFDD
Biophysical Climatic Data (Temp, Precip) Global IPCC 
Biophysical Climatic Zones of basins Global UNFAO, TFDD 
Biophysical Digital Elevation Models Global USGS-EROS-GTOPO30
Biophysical Slope in Basin by Percent Area Global USGS-EROS-GTOPO30/LandScan, TFDD
Biophysical Global Soil Texture Global UNEP/GRID – EROS Data Center 
Biophysical River Discharge Global Vörösmarty, et al. 
Biophysical Flooding Since 1995 Global Dartmouth Flood Observatory
Biophysical Annual River Flows Global Fekete, et al., TFDD 
Biophysical Freshwater Fish Species Information 

 
Global WRI 

Geopolitical Protected Areas Global WRI
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COPDAB:  Azar, E. E. 1993. Conflict and Peace Data Bank (COPDAB), 
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university Consortium for Political and Social Research, Ann 
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Dartmouth Flood Observatory:  Dartmouth Flood Observatory – NASA supported. 
http://www.dartmouth.edu/artsci/geog/floods/. 

Dobson, et al. LandScan 2000:  Dobson, J.E.; Bright E.A.; Coleman, P.R.; Durfee, R.C.; and 
Worley, B.A. 2000. LandScan: A Global Population 
Database for Estimating Populations and Risk. 
Photogrammetric Engineering & Remote Sensing, Vol. 66, 
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Döll, P. and Siebert, S. (1999):  Döll, P.; Siebert, S. 1999. A Digital Global Map of Irrigated 
Areas. Center for Environmental Systems Research, 
University of Kassel. Report A9901. 

ESRI:  Environmental Systems Research Institute, 
http://www.esri.com/. 

FBIS:  Foreign Broadcast Information Service, US Central 
Intelligence Agency. 
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Composite Runoff Fields Based on Observed River 
Discharge and Simulated Water Balances.  
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n = 130, R-square = 0.12, Coeff. = 1.74, significant at 5% level 

Figure A.1. Friendship/Hostility (excluding water events) by country–pair vs. BAR 
Scale  
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n = 114, R-square = 0.05, Coeff. = 5.11, significant at 5% level 

Figure A.2. Per capita GDP vs. BAR scale 
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n = 121, R-square = 0.04, Coeff. = -0.30, significant at 5% level 

Figure A.3. Population density by basin vs. BAR scale 
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n = 126, R-square = 0.02, Coeff. = -11.77, not significant at 5% level 

Figure A.4. Population growth rate by country vs. BAR scale 
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n = 113, R-square = 0.04, Coeff. = 4.19, significant at 5% level 

Figure A.5. Freshwater availability per capita by country vs. BAR scale 
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n = 86, R-square = 0.01, Coeff. = 6.56, not significant at 5% level 

Figure A.6. Freshwater availability per capita by basin vs. BAR scale 
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Figure A.7. Regime type vs. BAR scale, 1948–99 
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Figure A.8. Primary climate type vs. BAR scale by basin 
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Figure A.9. Annual precipitation average across eleven basins vs. BAR scale  
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Figure A.10. Average BAR scale by time period for Middle East and South Asia
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Figure A.11. Average BAR scale by time period for Eastern Europe and Soviet 
Union/FSU 
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n = 82, R-square = 0.02, Coeff. = -3.93, not significant at 5% level 

Figure A12. Dam density by basin vs. BAR scale
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Figure A.13. Difference in regime type by country-pair vs. BAR scale, 1948–99 

Index entries: international waters, Geographic Information Systems, indicators of 
tension, political stress 
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