
Cooperation and conflict between upstream
and downstream countries in African

transboundary rivers

Esther Delbourg1* and Eric Strobl1

1Dpt. of Economics, Ecole Polytechnique, France

June 1, 2012

Abstract

This study examines the impact of certain hydrological and weather
features on conflict and cooperation between African riparian coun-
tries displaying a clear upstream-downstream relationship from 1950
to 2008. The main innovation in this approach is to look at rela-
tive water scarcity within a basin, namely streamflow. The main
hypothesis is that upstream/downstream relationship, the extent of
water availability to each country and evapotranspiration - an essen-
tial weather feature for agriculture - will be significantly correlated
to the intensity of cooperation and/or conflict, as established by the
Basins At Risk scale (BARscale) database of Wolf et al. (2003). After
performing a pooled ordered probit including Mundlak terms, results
show that the success of cooperation is more sensible to upstream vari-
ations in streamflow and evapotranspiration than downstream ones.
As such, the upstream country seems to benefit from its geographical
advantage, although general harmony in the basin seems important
as building dams upstream will foster cooperation. Moreover, stream-
flow and evapotranspiration factors have opposite roles in enhancing
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cooperation: harsh weather conditions for soils upstream will be asso-
ciated with successful cooperation schemes while increased streamflow
upstream and downstream are correlated with lower cooperation in-
tensity.
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1 Introduction

Among many of the challenges African countries are facing today stands
transboundary water management - that is management of water that crosses
international borders. Out of 260 major transboundary river basins in the
world, 80 are to be found in Africa; 12 African countries are co-riparian to
over four different river basins and some major rivers such as the Congo/Zaire,
the Nile or the Niger are even shared by over ten riparian countries. The
term ”riparian” refers to nations sharing a common river basin and thus con-
strained in their consumption of the resource. Indeed, any water use within
a shared basin is bound to affect in some way any other possible uses of
the resource by other riparian countries. It also implies that these countries
are constrained by natural asymmetries induced by their relative positions
within the basin.

This is why the transboundary nature of water management in Africa
lies at the heart of the public and scientific debate about cooperation and
conflict over international waters. But even though concepts such as water
wars (Starr, 1991; Ismail Serageldin, World Bank, 1995; Gleick, 1993; Lowi,
1993; Homer-Dixon, 1994; Klare, 2001; Ehrlich and Ehrlich 1990) or water
conflicts thrive in the geopolitical literature, most specialists and historians
agree to say that the history of water politics is one of cooperation rather
than one of confrontation (Wolf, 1998, Yoffe et al., 2003 and Turton, 2000).

In the general attempt to understand what actually triggers coopera-
tion or conflict among riparian countries, previous literature has focused on
politics and institutions (Kameri-Mbote, 2005; Bhaduri and Babier, 2008;
Shlomi Dinar, 2008, etc.), on identifying types of geographical cooperational
schemes (Dombrowki, 2007; Wolf et al, 1999, 2003; etc.) and on determin-
ing economic gains from cooperation (Ambec and Ehlers, 2007; Whittington
et al., 2005, 2006; Sadoff and Grey, 2002, 2005). These papers generally
emphasize the role of economic, political, historical, cultural and geograph-
ical constraints binding riparian countries as they are compelled to share
their water resources. A growing literature has also sought to relate climate
change to conflicts, mainly exploring the rivalry induced by the increase in
the degradation of available resources, forcing populations to migrate inter-
nally or to cross borders (Homer-Dixon, 1994, 1999; Hauge and Ellingsen,
1998; de Soysa, 2002; Miguel et al., 2009).

However, no attention has been given to the decisive exogenous features
of geography, weather and water availability altogether. First of all, because
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water crosses political borders, addressing water cooperation in Africa is in-
trinsically tied to understanding the various and complex geographical con-
figurations of its water basins. Upstream users may easily affect downstream
users while in the case of border rivers, shared lakes users may mutually af-
fect each other and therefore any incentive to cooperate will be constrained
by such relative positions (Dombrowski, 2007). Second, and closely related,
is the amount of water available to each country, namely the streamflow,
which an upstream country can also affect to some extent, by performing say
water withdrawal for irrigation or safekeeping. Last but not least, climatic
conditions within a basin will affect countries’ vulnerability or strengths and
thus their dependency to a successful basin cooperation scheme. It is ac-
tually the variations in climate that we should look at, and furthermore at
the increasing variability of climate in the years to come that altogether hin-
der predictability, increase uncertainty and thus tensions around the water
resource.

The purpose of this thesis is thus to empirically investigate how part
of hydrological and weather factors play a role in facilitating such con-
flict/cooperation among country members that feature a clear upstream/downstream
relationship within transboundary river basins. The main innovation in this
approach is to explicitly take account an aspect that has been largely ignored
in the current literature namely actual relative water scarcity within a basin,
as measured by historical river flow and upstream/downstream relationships
between nations. We choose to focus on upstream vs downstream relation-
ships because of the natural asymmetry they induce and of the unidirectional
externalities that emanate from them.

The main hypothesis here is that upstream/downstream relationship, the
extent of water availability to each country as well as a local variable cap-
turing part of the weather features, namely evapotranspiration, will be sig-
nificantly correlated to the intensity of cooperation and/or conflict between
African countries during 1950 to 2006, as established by the Basins At Risk
scale (BARscale) database of Wolf et al. (2003).

We build our database to address these particular issues: using the
BARscale as our dependent variable, we disaggregate the data into coun-
try pairs that feature a clear upstream/downstream relation and focus on
how water availability and evapotranspiration variations within this relation
have affected the given BARscale in the last 50 years. We perform a pooled
ordered probit adding Mundlak terms, first using only our two variables, and
then adding controls.
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Our main findings are that for pairs of countries displaying a natural up-
stream/downstream asymmetry, our two hydrological and weather features
matter for cooperative agreements more than conflictive ones. Furthermore,
they play opposite roles in determining cooperative agreements: higher evap-
otranspiration conditions upstream and downstream - meaning drier soils -
will always be positively correlated with the intensity of agreements, while it
is unfavorable streamflow upstream and downstream that will always lessen
the intensity of cooperation. Lastly, the success of cooperation seems to be
more sensible to upstream variations in streamflow and evapotranspiration,
meaning that as far as exogenous features are concerned,

This outline of the rest of the paper is as follows: in the next section
we describe part of the existing literature on water cooperation that has
been of great use to us and that we have the ambition to complete. In
section 3, we describe our data and how we build it to meet our empirical
approach. Section 4 explains the econometrics we use and why we chose
to perform ordered probit regressions using the Mundlak transformation.
Section 5 shows regressions and results. Section 6 concludes.

2 Literature Review

Most papers on the topic agree that the transboundary nature of water
management gives higher incentives for states to enter a cooperative mode
(Kameri-Mbote (2005), Giordano et al. (2002), Lindemann (2005), Turton
et al. (2005), Yoffe et al. (2003), Uitto and Duda, (2002). We understand
cooperation as defined by Ostrom (1990): it takes place if the actors involved
choose strategies that allow them to realize gains of cooperation. Conflict
occurs if there is contestation of the status quo allocation of the resource.

Following the same intuition, Sadoff and Grey (2002) explain the incen-
tives to enter conflict or cooperation based on the perceived benefits of such
behavior. By doing so, they have to consider that countries have the ability
to perceive the finality of cooperative or conflictive agreements but do not
address what actually trigger it, which this article is set out to do.

Another point raised by the literature addresses asymmetries between
countries. As Whittington et al. (2005, 2006) argue, riparian countries must
exploit their endogenous and endogenous strengths to offset potential weak-
nesses and eventually be better off. As Dombrowsky (2007) clearly explains,
this is exactly what the upstream vs downstream relationship emphasizes, as
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it introduces natural asymmetry in facing the water resource. Because of this
geographical inequality, taking other things equal, upstream countries have
much less incentives to cooperate with their downstream counterpart. There-
fore downstream countries must set to exploit their attractive exogenous and
endogenous features to stimulate such incentives.

The interest of the downstream versus upstream can be better under-
stood through the studies of unidirectional and negative externalities. Rogers
(1997) describes the problem of transboundary water management as one
of pervasive unidirectional externality. Barret (1994) offers an initial game-
theoretic reconstruction of different transboundary water management issues,
distinguishing unidirectional and reciprocal externality. Dombrowsky (2007)
describes negative externalities in an upstream/downstream configuration as
water withdrawal from upstream dams or upstream water pollution. Pos-
itive externalities can include upstream wastewater treatment of upstream
provision of retention area. Through the upstream/downstream relationship,
the variable streamflow that we use can thus easily be altered through these
externalities. Moreover, our results are consistent with her conclusions that
negative externalities associated with geography and water asymmetries give
more often incentives to cooperate than positive externalities. Indeed, the
latter need not always lead to cooperation as riparians are less constrained
by their counterparts.

The need for countries to balance their assets and offset their natural
and endogenous weaknesses is also the basis of cooperative game theory lit-
erature. Kilgour and Dinar (1995, 2001) develop a water sharing model
in order to determine efficient allocations depending on actual hydrological
flows. Their results imply that taking hydrological variability into account
produces higher welfare levels than allocations based on average flows. Whit-
tington, Wu and Sadoff (2005) and Wu and Whittington (2006) explore the
notion of economic value of water through the Nile Economic Optimization
Model. They consider different coalition schemes within the Nile according
to countries (unilateralism, bilateralism and multilateralism) and determine
the annual pattern of water use that will maximize the sum of economic ben-
efits from irrigated agriculture and hydropower. They give very interesting
though debatable recommendations for the Nile river, typically illustrating
upstream vs downstream cooperational challenges.

One of the closest study that our paper can refer to is the article by Song
and Whittington (2004) as they set out to determine the type of interna-
tional rivers and type of country pairs that are more likely to host coopera-
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tive treaties over the hydrological common resource. In fact they point out
that ”much less attention has been paid in the international waters literature
to physical/spatial factors influencing cooperative action” which is precisely
what we set out to do. By using the same database as this article - the Basins
At Risk project conducted by Aaron T. Wolf at the Oregon University in 2003
described a bit further - they develop a typology of rivers according to dif-
ferent criteria, mainly civilization, size of population and GDP with different
combinations of the three. They also disaggregate the data into country
pairs such as we do, but extend their study to the rest of the world instead
of focusing only on Africa. The main difference in the way we treat the
database is that this study will consider the intensity of each event and not
just their existence. Part of their conclusions are of importance to us: they
find that transboundary rivers that cross riparians with countervailing pow-
ers, population and economic hegemon are more likely to cooperate. They
also find that river types appear more important in determining cooperative
treaties than do country pair types, suggesting that cooperation is easier to
achieve when there is little history of it. This statement follows this paper’s
methodology as we distinguish river types but not country pair types, and
do control for a lagged value of history of cooperation for country pairs. As
this study also controls for GDP and population as well, we will attempt to
put our results in perspective with Song and Whittington’s conclusions.

Last but not least, this study is made possible by the Basins At Risk
project conducted by Aaron T. Wolf at the Oregon University in 2003. It is
set on determining what reasons have caused and will generate global water
conflict since the 1950s. It identifies over 2000 transboundary events on
international watercourses between 1950 and 2008, out of which around two
thirds are classified as cooperative, and only one third as conflictive.

S. Yoffe, Wolf and M. Giordano build a scale to classify events by their
intensity. By creating biophysical, economic and geopolitical variables, they
test hypotheses about factors associated with water conflict. But instead of
testing how country specific features correlate with their scale, they focus
on the issue of the treaty: agreement over water quantity, quality, joint
management, hydropower, etc. (See appendix 1). Moreover, they do not use
country pairs as their unit of study but only countries at the individual level,
thus depriving the study of any geographical perspective, unlike this paper.

They find interesting trends: treaties over water quantity, quality, joint
management and hydropower tend to be highly cooperative while conflictive
relations tend to center around quantity and infrastructure concerns. All
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in all, no single indicator can clearly explain conflict or cooperation (among
climatic, water stress, government type, dependence variables), confirming
the intuition that willingness and ability to cooperate are constrained by a
multitude of factors.

The patterns they find are partly issued from summary statistics of their
data (see Appendix 1), partly from linear regressions models to test the
level of international conflict/cooperation over water to a set of quantifiable
independent variables (GDP, population density, overall relations, rate of
population growth, number of dams, dam density, basin area, water stress,
HDI, agriculture as % of GDP and hydropower). We control for few of these
variables, as they introduce important endogeneities in our ordered probit
regression but instead use exogenous variables that are absent from the BAR
project, mainly streamflow and evapotranspiration.

3 Data and Summary Statistics

3.1 Region of Analysis

This study will focus on 16 river basins, namely: the Awash, the Congo/Zaire,
the Gambia, the Incomati, the Juba-Shibeli, the Kunene, the Lake Chad, the
Limpopo, the Niger, the Nile, the Okavango, the Orange, the Ruvuma, the
Senegal, the Volta and the Zambezi. We consider mainly some of the largest
basins in Africa (except for the Awash, Ruvuma and Juba-Shibeli) because
smaller international rivers are not as important to riparians as small rivers,
and will have less incentive to cooperate. In fact as Table 1 shows below,
transboundary basins of at least 6 countries ”produce” twice as much events
as basins with 4 and less countries.

See the underlined basins on the map and Appendix 3 for specific details
about them.

As we are studying water management within transboundary basins, we
limit ourselves to country interactions within river basins and not between
them. Indeed, many water treaties will include countries that do not share
a river basin. Studying those interactions go beyond the scope of this paper
because countries are no longer constrained (at least by) by their relative
positions within a specific basin. However, we do take into account the total
number of countries initially involved in each agreement for each country pair
thus including countries outside of the basins concerned. This will enable us
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Table 1: Number of events by basin from 1950 to 2006 according to
number of countries in the basin

Totalctriesbasin N mean sd
2 8 6.25 2.12132
3 18 10.11111 4.800599
4 59 14.01695 5.164506
6 7 7 0
8 5 5 0
9 25 25 0
11 136 117.4706 30.38834
12 11 11 0
Total 269 66.37546 56.29682
Source: /Users/esthounz/Dropbox/Thesis/1rst article/Data/13 avril ’12/Event database - no CP.dta

to test for sub-samples of the data to see if the model works better with small
transboundary basins (4 or less countries) or large basins (6 countries and
more).
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3.2 Unit of Analysis

Determining what causes conflict and cooperation over water between ri-
parian countries requires choosing a relevant unit of study. For the sake of
feasibility, we can consider 3 geographical units:

- The basin as a whole, by building mean values for our variables.

- Countries at the individual level

- Country pairs

Wolf’s database precisely describes what conflict or cooperation can be,
at different levels of intensities. In general, conflict between countries over
water can be understood as a series of tensions or specific non-cooperative
acts perpetrated by one of the countries regarding the others. On the other
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hand, cooperation will designate a series of agreements and events fostering
bilateral or multilateral action for the sake of the common water resource.
The International Freshwater Treaties Database (Wolf) attributes the same
BARscale to each of the countries involved in a specific water-related event,
and we choose to disaggregate the data into country pairs for the following
reasons:

- Our main hypothesis implies that the upstream vs downstream rela-
tion will matter for the intensity of cooperation or conflict between
countries, hence the need to operate at country pair level.

- African river basins greatly differ in the number of riparian countries.
Working at the basin level would have introduced too much noise in the
interpretation of results between basins featuring 2 riparian countries
and those with 10 riparian countries for instance. Indeed, cooperation
and conflict are to be understood differently when dealing with numer-
ous countries as multilateralism can be more unstable than bilateralism.
On the other hand, highly conflictive agreements are more unlikely to
occur if an important number of countries are present during the nego-
tiations. Also, in a same basin, events from 1950 to 2008 rarely involve
the exact same countries at the same time. Working at the country
pair level enables us to find a common denominator to basins.

- Moreover, understanding cooperation or conflict due to climatic condi-
tions and water scarcity requires between-country data confrontation.
Confronting a countrys behavior alone throughout time with its ex-
ogenous and endogenous features would be of no interest. Therefore
it would be harder to interpret what made two countries cooperate or
confront each other.

3.3 Upstream versus downstream relationships

As one can see on the following maps, rivers within basins do not respect
political borders, implying the necessity to determine the kind of hydro-
geographic relationship there is between two riparian countries.

In reality such relationships are extremely complex to determine and af-
firm. There are hundreds of watersheds and rivers within basins that cross
borders in all ways possible, thus making any configuration locally possible.
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Figure 1: Africa’s major river basins cross political borders

	  

Figure 2: The Congo/Zaire river basin - a multitude of river flow configura-
tions
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Considering that a country is upstream or downstream to another can in
some cases rely on the interpretation we make of it.

Given the complexity of basin and river configurations, there is no in-
ternational database available that determines the upstream variable for a
country pair. Unfortunately, a great number of riparian countries do not fea-
ture a clear downstream/upstream relationship: the river can form a perfect
border between both countries, or a river can flow from country A to country
B, but part of the river may be fed by a tributary source that comes from
country B and flows itself into country B.

We thus set out to build our upstream variable through the comprehen-
sive use of Geographic Information Systems (GIS) and exploitation of the
Hydro1K database from the U.S. Geographical Survey (USGS). The Hy-
dro1K database provides a consistent global coverage of topographically de-
rived data sets of streams and drainage basins derived from the USGS’30
arc-second digital elevation model (DEM) of the world (GTOPO30). It al-
lows scale modeling and analyses of African rivers. Making extensive use of
Arcgis, a geographic information system (GIS) for working with maps and
geographic information, we overlaid African river maps with African basin
and countries, thus disaggregating our maps into the smallest units of basins
possible as defined by the Pfafstetter numbering system described below.
This enabled us to identify units of basins - as defined by a 6 digit num-
ber - with their corresponding countries. Because certain units of basins are
shared by more than one country, the same Pfafstetter identification number
would be associated to different countries.

The Pfafstetter numbering system, as developed by the Brazilian engineer
Otto Pfafstetter, uses different levels of classification according to the type of
watershed. Those are divided into 3 types: basins, interbasins and internal
basins. A Pfafstetter basin is an area that does not receive drainage from
any other drainage area; it actually contains the headwater of the river reach
for which the watershed is defined. A Pfafstetter interbasin is a watershed
that receives flow from upstream watersheds. An internal basin is a drainage
area that does not contribute flow to another watershed or to a waterbody,
it is closed.

Level 1 classification is the highest one and is attributed to major river
basins, level 5 being the lowest and attributed to minor rivers or streams.
At each level, the four largest basins are identified and assigned Pfafstetter
digits 2, 3, 6 and 8 in a clockwise direction. The five largest interbasins
are assigned digits 1, 3, 5, 7 and 9, clockwise. Internal basins are assigned
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the number 0. Basins continue to be subdivided and numbered as before at
levels 2 to 5. Interbasins continue to be divided into the 4 largest basins
at levels 2 to 5 but instead of numbering the resulting basins in a clockwise
direction, the basins are numbered from the most downstream basin to the
most upstream.

For example, a Pfafstetter number of 8673 indicates that the basin drains
through basin number 8 at level 1, basin number 6 at level 2, interbasin
number 7 at level 3 and interbasin number 3 at level 4.

Because certain identification numbers corresponded to two countries at
the same time, we had to look at the 5 digit number identification (the first
smallest basin identification after the 6 digit number one) in order to look
where that part of the basin was located in majority. Once each of our
6 digit basin identification number was assigned to a unique country, the
Pfafstetter system enabled us to derive a downstream/upstream relationship
between all of our 6 digit basin identification number, thus deriving a down-
stream/upstream relationship between African countries.

Our unit of study being country pairs (country 1, country 2), our up-
stream variable was built in the following way:

- The variable upstream will be equal to 1 if country 1 is upstream

- The variable upstream will be equal to 2 if country 2 is upstream

- The variable upstream will be equal to 0 if no clear upstream/downstream
relationship has been established between the two countries. All ob-
servations with a 0 value for the upstream variable were not taken into
account in the coming regressions.

3.4 International Freshwater Treaties Database and the
BARscale

The BARscale we use is part of the Basins At Risk (BAR) project led by
Aaron T. Wolf, project director at the Department of Geosciences of the Ore-
gon State University. His research focuses on issues relating transboundary
water resources to political conflict and cooperation, combining environmen-
tal science with dispute resolution theory and practice. His team created a
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Figure 3: Volta River

database of historical incidents of international water cooperation and con-
flict from 1950 to 2008. The incidents are ranked by intensity using precise
definitions of conflict and cooperation as defined in the appendix, and are
linked to the international basin in which they occurred. We will only be
using the Africa database. See Appendix 2 for the detailed water event in-
tensity scale ranked from -6 to 6. Here is an example of a query for the Nile
basin in the BAR database:

Name Signatories Issue Area Date
Agreement between the
government of the United
Arab Republic and the
government of Sudan for
full utilization of the Nile
waters

Egypt, Sudan Water quan-
tity, Flood
control/relief

1959-11-08
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Agreement for the hydrom-
eteorological survey of lakes
Victoria, Kyogo and Albert

Sudan,
Kenya, Tan-
zania, United
Republic
of Egypt,
Uganda

Water control 1967-08-17

Bilateral cooperation on the
establishment of the joint
authority for the study and
development of groundwa-
ter of the Nubian Sandstone
Aquifer system

Egypt, Libya Groundwater 1991-07-08

Protocol for sustainable de-
velopment of Lake Victoria
Basin

Kenya, Tan-
zania, United
Republic of
Uganda

Lake Victoria 2003-11-29

Note that Wolfs results indicate that international water relations over
the past fifty years have been overwhelmingly cooperative, belying claims
that water is mainly a source of international conflict.

We disaggregated the BARscale in three forms:

- BARscale mean, rounded up to an integer, which represents the mean
BARscale obtained by a specific country pair for a specific year, what-
ever the nature of the event and the number of countries concerned by
the events that the country pair has been involved in for that year.

- BARscale mininimum, rounded up to an integer, which is the minimum
BARscale a country pair has received for a specific year, whatever the
nature of the event and the number of countries concerned by the events
that the country pair has been involved in for that year.

- BARscale maximum, rounded up to an integer which is the maximum
BARscale a country pair has received for a specific year, whatever the
nature of the event and the number of countries concerned by the events
that the country pair has been involved in for that year.
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A country pair will have a different values for each different computations
of BARscale if both countries of the pair have been involved together, during
the same year, in different events that received different values of BARscales.

If we roughly interpret the differences between those different BARscales,
BARscale max is representative of cooperative water events, while BARscale
min is representative of more conflictive events. Mean BARscale, on the
other hand, is only relevant if a country pair was involved in different events
in a same year and cannot truly express the intensity of riparian cooperation
or conflict.

Moreover, the BAR database was filtered to take into account only African
data. It gave us a total of 17 168 observations for our 16 basins and 296 dis-
tinct country pairs from 1949 to 2006, during which 771 water events occurred
for 39 countries. Cleaning the database to have only upstream and down-
stream countries left us with 8178 observations for 16 basins, 141 distinct
country pairs over 58 years, covering 36 countries. And after dropping ob-
servations with missing real gdp or population values, we were left with 6316
observations for 141 distinct country pairs, 16 basins covering 36 countries.

We then build our database in order for our unit study to be country pairs
within every basin for each year. Each country pair is then assigned a country
pair identification number. Note that events initially involve countries within
and outside the identified basins. Each water event therefore appears once in
the database if it only involved two countries. It will appear several times if it
involved more than two countries, thus including more than one country pair
- as long as the concerned country pair displays an upstream/downstream
relationship.

Combined with geographical, spatial and climatic data, this water event
database offers a resource for a qualitative and quantitative exploration of
African water issues.

3.5 Streamflow

Our measure of the natural resource over which cooperative/conflictive events
between country pairs occurs is water, and we proxy this by a measure of
streamflow. More precisely, streamflow is a component of the water runoff
and the main mechanism by which water moves from the land to the oceans.
It is mainly formed by precipitation runoff in the watershed and by the
contribution of other tributary rivers or water bodies. It is to be read in
m3/s. A particularity about streamflow is that it is always changing from
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day to day, mostly because of:

- Natural Mechanisms: runoff from rainfall and snowmelt, evaporation
from soil and surface-water bodies, evapotranspiration, ground-water
discharge from aquifers, sedimentation of lakes and wetlands, etc.

- Human-induced mechanisms: surface-water withdrawals and transbasin
diversions (through dams), construction, removal, and sedimentation of
reservoirs, irrigation through stream channelization, etc.

It is a mostly relevant and useful indicator for our study as streamflow will
determine both the amount of water available to a country but then also its
leverage on or its dependency regarding the whole of the basin.

Strobl and Blanc (2009) compute streamflow data per year and per coun-
try using the GeoSFM model (Geospatial Streal Flow Model) built by the
USGS (U.S. Geographical Survey). It is a semidistributed physically based
hydrological model, with particular relevance for Africas hydrology (Asante
et al., 2007a; Asante et al., 2007b). It stimulates the dynamics of runoff pro-
cesses using spatial information on river basin and network coverage, land
cover type, soil characteristics and daily precipitation and evapotranspiration
data.

They use the HYDRO1k data to delineate basins and river network. The
HYDRO1k database was also built by the USGS and provides drainage basin
boundaries data for the African continent as derived from river network and
flow direction data. At its most disaggregated level, this involves dividing
the African continent into 7131 6-digit hydrological basins, with an average
of 4,200 km2. Each basin is then assigned a Pfafstetter 6-digit code that
allows to determine whether it is upstream, downstream or not related to
another basin in the data set.

3.6 Evapotranspiration

Evapotranspiration (et) combines normal evaporation and plant transpira-
tion from land surface to atmosphere. It represents an evaporative demand
of the air within a basin. Because plants will transpire more as soils are
liquid, such a measure is important in order to manage catchments for water
supply and irrigation. It is also a comprehensive weather indicator as it is a
combination of solar radiation and temperature.
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It is actually only part of all the variables that describe the weather
and this study intends to develop itself further by taking into account the
Standardized Precipitation Index (SPI) which is a way of measuring drought
that considers only precipitation.

Evapotranspiration data is obtained from the CRU TS 2.1 dataset (Mitchell
and Jones, 2005) compiled by the Climatic Research Unit (CRU) at the Uni-
versity of East Anglia. Strobl and Blanc (2009) use monthly data on mm
of precipitation and degrees of average, minimum and maximum tempera-
ture, all of which were given at the 0.5 degree resolution globally for land
surface areas over the period 1901-2002, to calculate annual river basin level
measures of these weather factors.

Strobl and Blanc follow the computation in Hargreaves and Samani (1985):

ET = 0.0023(Tavg + 17.8)(Tmax− Tmin)0.5Ra (1)

where Tavg, Tmax and Tmin are mean, maximum and minimum tem-
perature, respectively and Ra is the extraterrestrial radiation calculated fol-
lowing Allen et al. (1998).

The evapotranspiration rate is expressed in millimetres (mm) per unit of
time. The rate expresses the amount of water lost from a cropped surface
in units of water depth. The time unit here is year. As one hectare has a
surface of 10000 m2 and 1 mm is equal to 0.001 m, a loss of 1 mm of water
corresponds to a loss of 10m3 of water per hectare. In other words, 1 mm
day-1 is equivalent to 10 m3 ha-1 day-l.

3.7 Population, Dams and Lagged Values

Including endogenous features of the countries is essential as the impact of
exogenous features of weather and streamflow can be easily mitigated by
country-specific features. These are likely to influence the outcome of water
events and so our dependent variable, the BARscale. Egypt’s prosperous
reign over the Nile cannot be understood without its long history nor its
colonization. The country has always perceived its downstream location as a
threat while it also enabled it to hold influence over the Mediterranean Sea.

Our main problem is to be limited by the number and nature of these
variables, as they will induce endogeneity within the regression. In order to
account for economic status and general commitment/concern of countries
over water issues, we will introduce two controls: real gdp and number of
dams per country.
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Real GDP and number of dams both account for economic status and
investment in water management. Countries that build dams over the years
are more likely to be involved in water events but this information cannot
help predict the intensity of such events. Indeed, dam investment shows
concern for water management and water access, but it will also impact the
shared resource as a whole. It encourages countries to discuss water issues
and perhaps increase the probability of cooperation - on the other hand,
an increase in the number of dams can also increase the probability of non-
compatible projects over the transboundary basin.

Real gdp is taken from the Penn World Table (PWT) 7.0, as provided by
Alan Heston, Robert Summers and Bettina Aten, Penn World Table Version
7.0, Center for International Comparisons of Production, Income and Prices
at the University of Pennsylvania, May 2011. It is derived from growth rates
at 2005 constant prices.

Number of dams per country and per year is provided by Strobl and
Strobl (2010) where they use the FAOs African Dams Database, a georef-
erenced database of large dams. It contains information about the date of
construction and was completed using updated data from the International
Commission on Large Dams (ICOLD), internet searches and a list of dams
and their characteristics provided by the South African Department of Water
and Forestry.

The main issue is that there are many ways in which real gdp and number
of dams can be highly endogenous in our regressions. One of them would
be that they can easily be linked to unobserved historical events such as
colonization which would have brought the necessary funds to build dams and
contribute to the global development of the countrys economy, thus giving it
more political leverage and power to make the water event successful or not
according to its own interest.

Another one, more relevant perhaps in this case, is that we can make the
assumption that dams are built in periods prone to water events. Indeed,
building a dam upstream or downstream requires government implication
for water-related economic issues and so perhaps a higher and compelled
commitment to management issues of the shared resource. Building a dam
will also affect in some way the shared basin, and riparian countries will
feel concerned. It can open up the way to successful cooperation events if
the country building the dam seems concerned by the effect of its project
on other riparians, or lead to conflictive events if not. So the correlation
between number of dams and the unexplained factors during a precise year
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is only contemporary of that year. Lagged values of number of dams in a
country will not be a part of a dynamic introduced by the project of a new
dam, supposedly correlated with an event. When looking at the yearly data,
it so turns out that every time a dam is built, water events occur the same
year.

We follow the same reasoning for real gdp. As a control variable for
economic development, it can be highly correlated with unobserved factors
influencing the intensity of water events. African economies rely heavily
on farming and irrigation, and are thus easily affected by lack of water,
harsh climatic conditions and poor water infrastructures. Enhanced climatic
conditions may steer local economy and increase real gdp per capita, making
the country either less or more cooperative according to the benefits it can
get out of a water event. Taking the lag value of real gdp per capita enables
us to get round this contemporary correlation.

We will thus use lagged control variables in order to avoid high endogene-
ity issues. We take into account real gdp and number of dams and distinguish
them in the same way as above:

- lag rgdpU and lag rgdpD for the real gdp of the upstream and down-
stream countries

- lag DAMU and lag DAMD for upstream and downstream number of
dams

We will also be using a lag history variable: by country pair, it represents
the lagged sum of events a country pair has been involved since 150. This
is helpful in analyzing the frequency of a country pair in water events: we
will find generally that water events between two countries follow each other
closely in time, thus supposedly increasing the likeliness of having an event
occur as the years go by.

3.8 Summary Statistics

Our database initially displayed 17168 observations covering all possible
country-pairs within our 16 basins during each year from 1950 to 2006. Fil-
tering the database for countries displaying a clear upstream/downstream
relationship, we ended up with 9106 observations. Ignoring certain year ob-
servations for missing values of real gdp for certain countries in the early
1950s left us with a total of 6884 observations for 157 different country pairs
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over the 16 basins. This also means that the total number of years observed
will differ from one country pair to another.

Table 3 displays summary statistics for our main variables:

Table 3: Summary statistics

Variable Mean Std. Dev. Min. Max. N
barscale max 0.251 1.064 -5 6 6316
StreamflowU 1507.797 2382.904 23.16 16079.916 6316
StreamflowD 1604.014 2483.05 5.698 16079.916 6316
etU 11.43 1.705 8.539 15.169 6316
etD 11.294 1.741 7.497 15.169 6316
DAMU 18.169 59.662 0 433 6175
DAMD 18.269 60.76 0 433 6175
popU 14521.999 18712.018 446.003 140397.766 6316
popD 14776.127 18754.155 351.953 140397.766 6316
rgdpU 1448.23 1563.643 117.581 18587.863 6175
rgdpD 1567.208 2177.972 117.581 22956.973 6175
rgdpD 1567.208 2177.972 117.581 22956.973 6175

Note that upstream streamflow has a slightly lower average value than
downstream streamflow. Indeed, the size of rivers and their streamflow in-
crease naturally as it moves downstream given the construction of the stream-
flow variable. Indeed, streamflow is determined by operational rules, as if no
dams were altering the quantity of water running through the basins, thus
the results for our summary statistics.
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Table 4 gives more insight into the relationship about upstream/downstream
streamflow, minimum and maximum countries involved in the corresponding
events, mean number of upstream/downstream dams according to maximum
BARscale. Priori to understanding country incentives according to their cli-
matic features, we must state a few facts:

1. First of all, mean downstream streamflow is higher than mean up-
stream streamflow. High streamflow is an advantage for downstream
countries but makes them more vulnerable to upstream water use: pol-
lution, withdrawal, etc. and so more likely to enter in cooperation with
upstream countries.

2. Lower upstream streamflow can induce upstream nations to cooperate
with downstream countries around flood control, joint management,
water transfers. On the other hand, it can also hinder cooperation, as
upstream nations will want to withdraw water as much as they can,
unilaterally, ignoring downstream complaints.

3. There is no real linear relationship between maximum BARscale and
upstream/downstream streamflow. All we can see is that the highest
and lowest values of BARscale, meaning successful/unsuccessful coop-
erations are associated with high mean levels of upstream and down-
stream streamflow.

4. Here we see that there is no major difference between the minimum and
maximum number of countries involved in different events during the
same year because most country pairs are involved in only one event
per year.

5. We can see that in our data, highly conflictive events (BARscale from
-5 to -4) do not concern more than 2 countries (BARscales -5 and -
2), while highly cooperative events involve over 6 countries. Risking a
causality relation between the number of countries involved in an event
and its success would be dangerous because we would need to control
for many other factors, but also because of reverse causality. Building
a multilateral agreement requires time and money that countries will
not be willing to give up unless they believe that the outcome may
be of great interest (a better outcome than by acting unilaterally).
It could also be a sort of multilateralism effect, where each country
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representative realizes that a conflictive outcome between more than
2 countries seems obsolete. On the other hand, strongly disagreeing
with one country seems less risky. This goes against Shlomi Dinar
(2008) who argues that bilateral cooperation seems easier to achieve
than multilateral cooperation. Indeed, the more actors, the harder it
is to ensure full compliance, no free-riding, and to enforce punishment
should terms of the agreement be violated.

6. In our data, for country pairs that are involved in successful coopera-
tion and get a BARscale higher than 3, number of downstream dams
exceed 20. For a BARscale of 6, proof of intense cooperation, upstream
countries have a mean of 50 dams. As upstream dams are a real con-
cern for downstream dams for fear of water withdrawal and pollution,
this may be in keeping with general intuition.

7. Although no general trend can be deduced from this table, we can
see that country pairs that suffer highly conflictive agreements (-6)
feature an important asymmetry in number of dams: 5 dams upstream
and 0 downstream or even 62 dams upstream for 18 downstream. This
typically could be the case for Egypt: a downstream country with much
better economic prospects - but with vulnerability to water quantities
and pollution - does not want to foster cooperation and initiates an
aggressive strategy over the river basin (cf 1959 Nile Basin bilateral
agreement between Egypt and Sudan).

4 Methodology

In order to exploit our hydrological and climatic country-pair data, we need
to build a model that allows to control for country-pair specific traits. The
use of panel data as well as the development of suitable micro-econometric
techniques allow us to derive evidence of hydrological and climatic link to
cooperation and conflict.

First of all, the need to account for the ordered structure of our de-
pendent variable (from -6 to 6) leads us to use an ordered probit model.
Furthermore, given the strong heterogeneity of country-pairs, exacerbated
by unobserved factors such as political affinities, history, culture, etc., the
econometric analysis needs to account for unobservable country-pair effects
and potential heteroskedaticity.
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Therefore we specify a heteroskedaticity pooled panel ordered probit,
which is augmented to account for unobserved time-invariant country-pair
effects. We control for these unobserved effects, which are neither considered
as parameters to estimate nor as having a certain distribution and being inde-
pendent from all covariates, accommodating the model by Mundlak (1978).
In this way we control for fixed effects, where the modified random coeffi-
cients model leads to an estimator identical to the fixed effect estimator of
the basic specification when unobserved effects are assumed to be normally
distributed conditional on the covariates.

Baseline Setting

We first use a basic pooled panel ordered probit model. Our first regres-
sion will only include our hydrological and climatic variables while the second
will control for lagged values of upstream and downstream gdp, number of
dams and number of events the country pair has been involved in the past.

The ordered categorical outcome for BARscale is coded in a rank pre-
serving manner:

BARscaleit ε [−6, ..., j, ..., 6]

where BARscaleit is attributed to country pair i (i = 1,,157) for year t
(t = 1950, 2006). The vector of covariates X is of dimension and represents
upstream and downstream streamflow and evapotranspiration as followed:

Xit = (StreamflowUit, StreamflowDit, etUit, etDit)

The cumulative probabilities of the outcome are linked to a single index
of independent variables as follows:

P (BARscaleit ≤ j/Xit) = Φ(αj −Xitβ)

where αj and βj are unknown parameters and Φ is the standard normal
cumulative density function.

Well-defined probabilities are ensured if αj > αj−1, αj = ∞ such that
Φ(∞) = 1 and α0 = −∞ such that Φ(−∞) = 0. Ordered response models are
expressed by means of an underlying continuous latent process BARscale∗it
and a response scheme:
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BARscale∗it = Xitβ + εit
BARscaleit = j ↔ αj−1 < BARscale∗it = Xitβ < αj, j = −6, ..., 6

where BARscale∗it represents the real line that is discretized in 13 cate-
gories by the threshold parameters αj and it is in linear relation with observ-
ables and unobservables, the latter assumed to be distributed as a standard
normal, Φ(εit).

The estimated parameters are to be interpreted as indicative of the sign
but not the economic significance of the effect. Indeed, conditional probabil-
ities are crucial in this kind of analysis and read as follows:

P (BARscale = j/X = x) = Φ(αj −Xitβ)− Φ(αj−1 −Xitβ)

We are interested in understanding how a partial variation in one covari-
ate (streamflow or evapotranspiration) produces a change in the cumulative
distribution of the BARscale, thus a variation in all the outcome probabili-
ties. So we need to compute average partial effects:

Partial effects: θj(X, q) = partialE(BARscale/X,q)
partialXj

Where q is an unobserved random variable the unobserved heterogeneity.
And then Average Partial Effects of say X1 would be:

δj(X1) ≡ Eq(θ(X1, q))

Given that the calculation of the average partial effects involves a two-
step procedure where one first obtains the coefficients from the ordered probit
estimation and then adjusts these, the standard errors in the second stage
should be adjusted for the first stage estimation. We here follow Papke and
Woolridge (2008) and bootstrap standard errors sampling from the country
pairs using 500 replications. We include fixed times effects to capture yearly
changes that are the same for all riparian countries. The most relevant in
this context are common climatic trends, such as drought or heavy rainfall.

However, using this basic pooled ordered probit model does not allow for
correlation between unobserved country-pair effects q and observed covari-
ates X. Indeed our climatic variables particularly their shocks, are exoge-
nous. But it could be that there are geographic time invariant features that
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are correlated with cooperation and also climate. Just as these geographic
features might play a role in cooperate but also determine access to water
and therefore water availability. So we operate two main adjustments to our
baseline setting by introducing unobserved country effects and controlling for
potential heteroskedaticity of the errors.

4.1 Extension to the baseline setting

It is not unfeasible to at least hypothesize that there are some unobserved
(to the researcher) time invariant factors that could be correlated with our
country pair cooperation and our explanatory variables. In other words,
while shocks to river flow are clearly exogenous, depending on local condi-
tions and weather, there may be geographic features that are correlated with
the average river flow across country pairs and their tendency to cooperate.
For example, the nature of the soil might determine the degree of transfer of
water resources from upstream to downstream countries. But it could also
be possible that soil quality might also determine whether countries are both
mainly agricultural producers and, perhaps, countries with similar economies
of production are on average more likely to cooperate. It is thus desirable
to at least determine whether allowing for such time invariant unobservables
might influence results. Assuming that such unobserved country pair specific
effects exist, the specification of the model changes as follows:

BARscale∗it = ξi +Xitβ + εit

with i=1,..,157 and t=1950,.., 2006.

In a linear model ξi could be eliminated by a first difference estimation
or by a within-transformation. The ordered probit, instead, given its non-
linear form, does not permit similar methods. One option might be to use a
random effects ordered probit model. However, this would assume that the
unobserved time varying determinants of cooperation are not serially corre-
lated. But it is easy to imagine that there might be some persistence in the
unobserved time varying determinants of cooperation. What we do instead
is use a Mundlak transformation, i.e., we model the conditional distribution
of such a term with respect to the covariates as:

εit = X̄iγ + φit
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where X̄i is the average over time of the time varying exogenous vari-
ables Xi and φit is a random error term with φit/Xi N(0, σ2

phi) . In essence
the Mundlak transformation entails including the average values of the time
varying explanatory variables in our main specification. One should note
that as long as the time varying explanatory variables are strictly exogenous
this is equivalent to fixed effects estimator. A test of γ = 0 constitutes a test
that the individual country pair effects are uncorrelated with the observables.

5 Regression results

As explained above, we chose our dependent variable to be the maximum
BARscale obtained for each year by a same country pair. In cases where
upstream/downstream country pairs are involved in more than one event in
a same year perhaps meaning they feel highly involved in shared water man-
agement our dependent variable will take the highest value of the BARscale
attributed to this country pair in that year. To some extent, we can claim
that the results we obtain relate to events that are more representative of
successful cooperation rather than conflictive one. Since a same country pair
can be involved in different events in a same year and thus display different
BARscales, this means our dependent variable is representative of the most
”successful” water events for that country pair and for that year. By ”suc-
cessful” we could also say the ”least worse”: indeed if some country pairs
only display negative BARscales for a year - thus meaning that events have
not been successful at all - we will take the least negative BARscale as our
dependent variable.

Because we do not get significant results using minimum and extreme
events BARscales, it is difficult for us to claim anything about the role of
climatic and hydrological variables regarding the most conflictive events in
the database. This study could therefore be further extended by including
other control variables such as geographical constraints for access to water,
water pollution, hydropower, trade data, aid and financing programs, edu-
cation, ethnical fractionalization, number of bordering countries, history of
civil conflict, of colonial past, etc.

The first results we provide are obtained through an ordered probit adding
Mundlak terms, without and with controls. We provide the regression results
for a simple ordered probit in appendix C.
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The next results provide a baseline for understanding the different kinds
of effects our explanatory variables have on the intensity of cooperation be-
tween country pairs, as defined by Wolf’s BARscale.

Table 5: Ordered probit including Mundlak terms without and with controls

R3 R4
Upstream streamflow -0.0000269∗∗∗ (-3.74) -0.0000195∗∗∗ (-3.89)
Downstream streamflow -0.0000152∗ (-2.56) -0.0000163∗∗∗ (-3.43)
Upstream et -0.0212∗ (-2.25) -0.0303∗∗ (-3.26)
Downstream et -0.0000458 (-0.01) 0.0112 (1.34)
Upstream number of dams 0.000557∗∗ (2.82)
Downstream number of dams 0.000144 (0.73)
Upstream country population -0.00000215∗∗ (-2.63)
Downstream country population 0.000000654 (1.03)
Upstream real gdp 0.00000578 (0.71)
Downstream real gdp -0.00000166 (-0.27)
Lag history of events 0.00920 (1.15)
N 6175 6175

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Here are the corresponding regressions for Table 5:
(R3): ordered probit including Mundlak terms,using maximum barscale as
dependent variable, and only upstream/downstream streamflow and evapo-
transpiration as independent variables
(R4): same as R3 but adding upstream/downstream control variables

About R3

R3 results show that upstream and downstream streamflow as well as
upstream evapotranspiration parameters are quite significant and negatively
correlated with maximum BARscale. The downstream evapotranspiration
parameter on the other hand is not significant. This means that a de-
crease/increase by 1 m3/s over the year in upstream streamflow will in-
crease/decrease the maximum BARscale they obtain with regards to the
downstream counterpart by 0,0000269. This actually means that a decrease
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or an increase by 37,174 m3/s in upstream streamflow would be necessary to
move the maximum BARscale by a point on the -6 to +6 range, which would
represent in a second what would have been gained or lost in less than half
a day at the speed of 1 m3/s. Compared to the average value of upstream
streamflow

The same reasoning for downstream streamflow will increase/decrease the
maximum BARscale by 0,0000152. Also, an increase/decrease in upstream
evapotranspiration by 1 mm will decrease/increase maximum BARscale by
0,0212 (a little less than 0,5% on the BARscale).

So here in other words, a more comfortable position regarding quanti-
ties of water upstream/downstream is correlated with less successful wa-
ter events. Conversely it means that lower levels of upstream/downstream
streamflow will be correlated with more successful levels of cooperation. Re-
garding evapotranspiration, higher values are associated with a higher rate of
water absorption into the air, thus drying the soils. So better conditions for
agriculture upstream will be associated with more successful water events.
Harsh years for the soils will correlate with less successful ones.

Understanding why we obtain such results requires acknowledgement of
the geographical asymmetry induced by the upstream/downstream relation-
ship. When upstream and downstream streamflow parameters are negative,
they are so for different reasons. Indeed, because higher streamflow means
access to higher quantities of water, it is desirable for both upstream and
downstream countries. Nevertheless, higher values of streamflow increase
downstream vulnerability regarding the quality of the water they receive
since it has already ”ran through” the upstream counterpart. Bear also in
mind that downstream quantity of streamflow is subject to alterations by the
upstream country through water retention or storage.

The results for the upstream streamflow are only partly intuitive: high
quantities of water induce high potential for agricultural, industrial and civil
use and make cooperative agreement over the quantity of water with the
downstream counterpart much less attractive. Indeed, if upstream stream-
flow increased over a period of time, the downstream country could ask for
specific clauses over quantity of water likely to be declined or negotiated
by the upstream country – thus lowering the BARscale should a coopera-
tive agreement even take place. On the other hand, a decrease in upstream
streamflow does not intuitively lead to an increase in the BARscale. One
would think that with the country would use its natural advantage over the
downstream country to refuse/slow down negotiations or cooperation thus
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leading to a less successful ”grade” of the event. This led us to think that
perhaps there was a non-linear effect of streamflow on the BARscale. We
checked for that by including a squared term for streamflow upstream and
the parameter turned out to be insignificant. We thus come up with the fol-
lowing interpretation of the results: a decrease in upstream streamflow will
induce two things: 1) less disagreements over the very controversial issue of
water quantity with the downstream country and 2) perhaps increased efforts
to cooperate with the downstream country to offset this loss in streamflow
and make an efficient use of it. Both effects would eventually increase the
success of cooperation and so the BARscale.

Reasoning is similar for the downstream streamflow negative parameters:
all factors held constant, a decrease in downstream streamflow emphasizes
the already vulnerable position it holds regarding the upstream country, thus
increasing willingness and efforts to achieve successful cooperation. It feels
nevertheless that a downstream country should always be willing to coop-
erate but our results show that an increase in downstream streamflow will
decrease the BARscale. This first lies in the positive externalities that em-
anate from higher streamflow. If used properly, higher quantities of water
can foster hydropower, agricultural and industrial activities thus temporarily
offsetting the downstream dependency towards the upstream counterpart. It
seems the downstream country temporarily has satisfaction over an essential
variable regarding water and thus can 1) afford to haggle over other water
issues and 2) benefit from positive externalities due to the increased stream-
flow that temporarily divert the aim of cooperation. Also, as downstream
countries are by nature constrained in their position relative to that of the
upstream country, they have two options: be highly cooperative or highly ag-
gressive. In that sense, Egypt as the most downstream country of the basin
has used its economic superiority to impose its conditions on the use of the
Nile waters without giving way to cooperation. Higher streamflow correlated
with decreasing BARscale values might be linked to this idea.

Note that the parameter for upstream streamflow has a higher value than
downstream streamflow: variations in streamflow upstream have a higher
impact on maximum BARscale than downstream. This vindicates the idea
that the upstream country has a higher leverage regarding cooperation and
that as it is affected by such variations, its own commitment will have a
higher impact on cooperation than that of the downstream counterpart. In
a way, cooperation is likely to be more successful if the upstream country
really wants it.
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Higher values of upstream evapotranspiration will equally divert countries
from cooperating with their downstream counterpart. Increasing evaporative
demand of the air within a basin will create local/regional/national issues in
agriculture that cannot obviously be offset by agreements with a downstream
counterpart. Indeed, cooperative agreements are costly and require time that
are not necessarily available when dealing with economic issues. Upstream
countries might thus be less inclined considering downstream’s counterparts
demand, thus lowering the BARscale of the event, should it actually take
place. On the other hand, lower upstream evapotranspiration, meaning bet-
ter prospects for the quality of soils and crops is likely to enhance economic
performances and water uses in the country thus giving more schedule and
willingness for cooperation.

The insignificance of the downstream evapotranspiration parameter and
the low level of significance (10%) of the upstream one recall our intuition
that upstream variations will matter more for successful cooperation than
downstream ones. Here, as evapotranspiration is hardly significant, we can
expect downstream evapotranspiration not to be significant at all. Again,
evapotranspiration is a local phenomenon that is hard to offset by simply
cooperating with an upstream/downstream counterpart.

Nevertheless, it is intuitive to think that many other factors affect co-
operation: we mentioned that higher streamflow should be ”used properly”
by the downstream country, such a use being highly dependent on economic
factors for instance.

About R4

Adding controls actually reinforces the significance of our first three in-
dependent variables, upstream/downstream streamflow and upstream evap-
otranspiration. The lagged number of upstream dams is significant and pos-
itively correlated with maximum BARscale while the upstream country pop-
ulation is significant but negatively correlated with maximum BARscale.

While upstream streamflow stays highly statistically significant but with
less magnitude, downstream streamflow becomes highly significant contrary
to R3. Upstream evapotranspiration becomes more significant as well, while
downstream evapotranspiration stays insignificant. Adding controls thus in-
creases the negative correlation between downstream streamflow and maxi-
mum BARscale, leaving to understand that streamflow - quantity of water
available - is an essential variable for the outcome of cooperation, both up-
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stream and downstream.
The fact that an additional dam built upstream in a transboundary water

basin raises maximum BARscale by 0.000557 is consistent with the idea
that important infrastructures upstream automatically affect downstream
countries, thus fostering the imperative for a successful cooperation. Indeed,
international laws do not compel countries to individually obtain approval
for the building of the dams - but regional agreements do and the building of
dams is either part or at the origins of (successful) cooperative agreements.
Also, dams may be beneficial for the downstream counterpart when they
can allow for flood control - in which case the outcome of cooperation may
be a good one. This result actually shows that it is no case beneficial to
the upstream country to isolate itself from the transboundary community in
building a dam. Economic and political incentives just as general harmony
within the region are essential components that no country could do without.

The fact that upstream country population is negatively correlated with
maximum BARscale is also fairly intuitive: a higher population requires
higher local needs in terms of individual, agricultural and industrial water
consumption. Again, because of the upstream country’s geographical up-
hand, a higher population naturally reduces commitment to cooperation with
the downstream country. A higher population also increases the likeliness
of having to content numerous local institutions, thus making it harder to
find common grounds prior to a cooperative agreement with the downstream
counterpart, and lowering the maximum BARscale.

So here, downstream number of dams, downstream country population,
upstream/downstream real gdp and history of events for the country pair
are not statistically significant in our model. Downstream number of dams
is hardly likely to be an issue for the upstream counterpart, thus the ab-
sence of correlation with the intensity of any kind of cooperation between
the two countries. Downstream country population could have had some
kind of impact on the country’s needs for water and thus increase impetus
and compromises for cooperation. Our results show no such thing, leading to
believe that the mechanisms underlying the willingness to cooperate down-
stream work differently: because the downstream position is considered as
vulnerable, it seems efforts to cooperate would be maintained all year long.
In that sense, the more or less constant rise in population is not enough of a
shock to truly correlated and perhaps foster cooperation with the upstream
country. Now past history of events is not significant for the success of co-
operation for a specific year.
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Table 6: Ordered probit including Mundlak terms with
interaction terms for large basins

R5 R6
Upstream Streamflow -0.0000814∗∗ (-2.71) -0.0000639∗ (-2.34)
Downstream Streamflow -0.000000347 (-0.01) -0.0000146 (-0.78)
Upstream et -0.0161 (-0.98) -0.0466∗ (-2.06)
Downstream et 0.0000657 (0.00) 0.0279 (1.47)
Upstream Streaflow*Large basin 0.0000577∗ (2.06) 0.0000462 (1.77)
Downstream Streamflow*Large basin -0.0000142 (-0.54) -0.000000856 (-0.05)
Upstream et*Large basin -0.00739 (-0.40) 0.0197 (0.90)
Downstream et*Large basin -0.000155 (-0.01) -0.0246 (-1.19)
Upstream lag number of dams 0.000549∗∗ (2.70)
Downstream lag number of dams 0.000200 (0.95)
Upstream country pop -0.00000198∗ (-2.47)
Downstream country pop 0.000000789 (1.18)
Upstream real gdp 0.00000479 (0.52)
Downstream real gdp -0.00000144 (-0.24)
Lag history of events 0.00847 (1.11)
N 6175 6175

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Here are the corresponding regressions for Table 6:
(R5): ordered probit including Mundlak terms,using maximum barscale as
dependent variable, upstream/downstream streamflow and evapotranspira-
tion as independent variables but adding interaction terms for upstream/downstream
streamflow and evapotranspiration with dummies that take value 1 if the
basin is large (hosts 6 countries or more)
(R6): same as R5 but adding upstream/downstream control variables

About R5

Results with interaction for large basins are slightly different: with no
control variables, now only the average effect of upstream streamflow on
maximum BARscale is significant and negatively correlated with the latter.
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The interaction term between upstream streamflow and large basin actually
gives us the marginal effect of upstream streamflow on maximum BARscale
due to the large basin. Since it is significant and positive, this means that
there is an additional effect of upstream streamflow on maximum BARscale
in large basins that is positive. But the total effect of upstream streamflow for
large basins is the sum of the coefficient of the average effect plus the marginal
effect which is overall negative (-0,000814+0,0000577 = -0,0007563).

So the average effect matches our previous results as upstream streamflow
is negatively correlated with maximum BARscale. The new element is the
additional positive effect for large basins: as upstream streamflow increases,
it will to some extent increase the BARscale. Indeed, as the number of
countries that share a basin increase, chances are the issues and concerns
at stake become more numerous as well, making it harder to find common
grounds. Because streamflow upstream seems to be an important component
for cooperation, it will become one of the main concerns, overriding the other
factors. As upstream streamflow increases, the country concerned will face
a higher number of downstream counterparts making cooperation harder to
achieve, but leaving the increased streamflow a central part in enhancing
cooperation. Conversely, a decrease in upstream streamflow would make
the country less enclined to accept all of the others’ demands, thus making
cooperation less successful, as judged by Wolf and his team.

This result is to consider relative to the findings of Domobrowsky (2007)
that cooperation between many parties is harder to achieve than for a smaller
group, thus giving priority to a restrained number of issues at stake within
the cooperation.

Evapotranspiration upstream and downstream lose all significancy, em-
phasizing the very local role of temperature and drought.

About R6

Adding controls, upstream streamflow remains significant for small and
large basins (though at a lower level) while the marginal effect of upstream
streamflow for large basins becomes insignificant. On the other hand, up-
stream evapotranspiration for small and large becomes slightly significant.
Upstream number of dams takes on high significance, just like before, and
upstream population as well.
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Table 7: Ordered probit including Mundlak terms with
interaction terms for bordering countries

R7 R8
Upstream streamflow -0.0000294∗∗∗ (-3.98) -0.0000101 (-1.67)
Downstream streamflow -0.0000225∗ (-2.48) -0.00000775 (-1.05)
Upstream et -0.0401∗∗ (-2.96) -0.0154 (-1.20)
Downstream et 0.0253 (1.96) 0.00921 (0.74)
Upstream streamflow*bordering country 0.0000170 (0.99) 0.00000862 (0.53)
Downstream streamflow*bordering country 0.00000864 (0.76) -9.75e-08 (-0.01)
Upstream et*bordering country 0.0278 (1.83) 0.00292 (0.22)
Downstream et*bordering country -0.0307 (-1.90) -0.00397 (-0.28)
Upstream lag number of dams 0.000257 (1.20)
Downstream lag number of dams 0.0000611 (0.32)
Upstream country pop -0.000000953 (-1.13)
Downstream country pop 0.000000264 (0.38)
Upstream real gdp 0.00000321 (0.39)
Downstream real gdp -0.000000987 (-0.17)
Lag history of events 0.00414 (0.51)
N 6175 6175

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Here are the corresponding regressions for Table 7:
(R7): ordered probit including Mundlak terms,using maximum barscale as
dependent variable, upstream/downstream streamflow and evapotranspira-
tion as independent variables but adding interaction terms for upstream/downstream
streamflow and evapotranspiration with dummies that take value 1 if the
country-pair countries share a border (hosts 6 countries or more).
(R8): same as R7 but adding upstream/downstream control variables.

About R7

So upstream streamflow is as usual highly significant and negatively cor-
related with maximum BARscale for every upstream-downstream couple,
sharing a border or not. Downstream streamflow is significant and nega-
tively correlated, just as upstream evapotranspiration, recalling our previous
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results. But here, we see that there is no marginal effect of our variables due
to a common border for the country pair.

About R8

None of our variables are statistically significant right now when con-
sidering marginal effects for neighboring countries and adding our control
variables.

6 Conclusion

The complexity of understanding what leads two riparian countries to cooper-
ate or enter conflict over water lies in multidisciplinary approaches. Political
and economic incentives will respond to each other as they interact with cli-
mate, geography, culture and history. Isolating the effects of these features
becomes difficult, as no country will interact the same way with each of its
riparian counterparts. It is also an issue of choosing what kind of data to
apply and find the right unit of study in order for them to provide results of
interest.

In this study, we try to determine if two of many variables that capture
climate have facilitated such cooperation or conflict between 1950 and 2006.
We limit ourselves to streamflow and evapotranspiration as such, and only
observe riparian country pairs that feature a clear upstream versus down-
stream relationship. This introduces a natural asymmetry within the country
pairs and enables us to obtain significant results. Using maximum BARscale
- which is more representative of cooperative than conflictive water events
as our dependent variable, we perform an ordered probit and add Mundlak
terms allowing for correlation between unobservable factors and our covari-
ates. Our results show mainly three things:

1. Streamflow and evapotranspiration work in opposite ways in enhancing
cooperation: while a decrease in streamflow seems to deviate focus from
a successful cooperation, a decrease in streamflow will actually enhance
it. Indeed, streamflow is the exogenous variable that is shared by both
countries of the country pair while weather is local.

2. Cooperative agreements are more sensitive to upstream variations of
weather and streamflow, thus leading to believe that the upstream
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country actually does make use of its geographical advantage. Co-
operation is likely to be more successful when the upstream country
experiences a shock in temperature or streamflow.

3. However, as the number of dams upstream increase thus the increasing
the downstream country’s need for cooperation, it seems the upstream
counterpart responds well showing that other economic and political
factors as well as overall harmony in the management of the basin
remain important factors.

4. Downstream countries are more constrained by geography and in the
upstream/downstream country pair relationship, cooperation will be
less sensitive to downstream streamflow and evapotranspiration thus
compelling the downstream country to rely on other - more likely en-
dogenous factors - to achieve its goals.

The implications of this study are that endogenous factors should be
put forward to lead cooperation and not be overridden by exogenous
factors that are out of reach. Leaving cooperation to correlate too much
with variations in weather or streamflow is not a strong nor a lasting ba-
sis for economic and/or political alliances and benefits. Transboundary
water management is bound to be constrained by geographical features,
but natural asymmetries used as leverage in cooperation will lead to
unbalanced schemes.

Finally, this study could and should be completed in many ways. First
of all, there are important facts hard to come by: who initiated the co-
operation and in the long-term, what was the true outcome of a ”good”
or a ”bad”-scaled event? Also, the part of GDP attributed to water is
a critical element in how countries. Consider as well that downstream
countries can be upstream countries and this should be controlled for.
Last but not least, one should consider general geolocalization of a
country within the African continent. Indeed, economic asymmetries
between non-riparian countries are important in determining riparians
behavior towards each other. Foreign help and direct investments play
an important role in building African water and energy infrastructures
and should not be overlooked. Furthermore, the relationships we found
between climatic/hydrological variables and BARscale can be of use for
climate change scenarios.
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Appendices

A BARscale as described in Wolf’s database

BARscale Event Description
-6 Extensive War Acts causing deaths, dislocation or high strategic

cost: Use of nuclear weapons; full scale air, naval, or land battles;
invasion of territory; occupation of territory; massive bombing of
civilian areas; capturing of soldiers in battle; large scale bombing
of military installations; chemical or biological warfare.

-5 Small scale military acts: Limited air, sea, or border skirmishes;
border police acts; annexing territory already occupied; seizing ma-
terial of target country; imposing blockades; assassinating leaders
of target country; material support of subversive activities against
target country.

-4 Political-military hostile actions: Inciting riots or rebellions
(training or financial aid for rebellions); encouraging guerilla activ-
ities against target country; limited and sporadic terrorist actions;
kidnapping or torturing foreign citizens or prisoners of war; giv-
ing sanctuary to terrorists; breaking diplomatic relations; attack-
ing diplomats or embassies; expelling military advisors; executing
alleged spies; nationalizing companies without compensation.

-3 Diplomatic-economic hostile actions: Increasing troop mobi-
lization; boycotts; imposing economic sanctions; hindering move-
ment on land, waterways, or in the air; embargoing goods; refusing
mutual trade rights; closing borders and blocking free communica-
tion; manipulating trade or currency to cause economic problems;
halting aid; granting sanctuary to opposition leaders; mobilizing
hostile demonstrations against target country; refusing to support
foreign military allies; recalling ambassador for emergency consul-
tations regarding target country; refusing visas to other nationals
or restricting movement in country; expelling or arresting nationals
or press; spying on foreign government officials; terminating major
agreements. Unilateral construction of water projects against an-
other countrys protests; reducing flow of water to another country,
abrogation of a water agreement.
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-2 Strong verbal expressions displaying hostility in interac-
tion: Warning retaliation for acts; making threatening demands
and accusations; condemning strongly specific actions or policies;
denouncing leaders, system, or ideology; postponing heads of state
visits; refusing participation in meetings or summits; leveling strong
propaganda attacks; denying support; blocking or vetoing policy or
proposals in the UN or other international bodies. Official interac-
tions only.

-1 Mild verbal expressions displaying discord in interac-
tion:Low key objection to policies or behavior; communicating dis-
satisfaction through third party; failing to reach an agreement; re-
fusing protest note; denying accusations; objecting to explanation
of goals, position, etc.; requesting change in policy. Both unofficial
and official, including diplomatic notes of protest.

0 Neutral or non-significant acts for the inter-nation situa-
tion: Rhetorical policy statements; non-consequential news items;
non-governmental visitors; indifference statements; compensating
for nationalized enterprises or private property; no comment state-
ments.

1 Minor official exchanges, talks or policy expressions– mild
verbal support: Meeting of high officials; conferring on problems
of mutual interest; visit by lower officials for talks; issuing joint
communiqus; appointing ambassadors; announcing cease-fires; non-
governmental exchanges; proposing talks; public non-governmental
support of regime; exchanging prisoners of war; requesting support
for policy; stating or explaining policy.

2 Official verbal support of goals, values, or regime: Official
support of policy; raising legation to embassy; reaffirming friend-
ship; asking for help against third party; apologizing for unfavor-
able actions or statements; allowing entry of press correspondents;
thanking or asking for aid; resuming broken diplomatic or other
relations.
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3 Cultural or scientific agreement or support (non- strate-
gic): Starting diplomatic relations; establishing technological or
scientific communication; proposing or offering economic or mili-
tary aid; recognizing government; visit by head of state; opening
borders; conducting or enacting friendship agreements; conducting
cultural or academic agreements or exchanges. Agreements to set
up cooperative working groups.

4 Non-military economic, technological or industrial agree-
ment: Making economic loans, grants; agreeing to economic pacts;
giving industrial, cultural, or educational assistance; conducting
trade agreements or granting most favored nation status; estab-
lishing common transportation or communication networks; selling
industrial- technological surplus supplies; providing technical ex-
pertise; ceasing economic restrictions; repaying debts; selling non-
military goods; giving disaster relief. Legal, cooperative actions
between nations that are not treaties; cooperative projects for wa-
tershed management, irrigation, poverty-alleviation.

5 Military economic or strategic support: Selling nuclear power
plants or materials; providing air, naval, or land facilities for bases;
giving technical or advisory military assistance; granting military
aid; sharing highly advanced technology; intervening with military
support at request of government; concluding military agreements;
training military personnel; joint programs and plans to initiate
and pursue disarmament.

6 International Freshwater Treaty; Major strategic alliance (re-
gional or international): Fighting a war jointly; establishing a joint
military command or alliance; conducting joint military maneuvers;
establishing economic common market; joining or organizing inter-
national alliances; establishing joint program to raise the global
quality of life.
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B Description of the African basins studied

in this paper

Basin Nber of
riparian
countries

Riparian countries Total area
of basin
(km2)

Population Population
Density
(pers./km2)

Awash 2 Ethiopia, Somalia 154,352 16,406,800 22.15
Congo/Zaire 13 Angola, Burundi,

Central African Re-
public, Cameroon,
Democratic Republic
of Congo, Gabon,
Malawi, Rwanda,
Sudan, Tanzania,
Uganda, DRC, Zam-
bia

3,674,844 81,395,310 22.15

Incomati 3 Mozambique, Swazi-
land, South Africa

Juba-Shibeli 3 Ethiopia, Kenya, So-
malia

799,773 18,361,000 22.96

Lake Chad 8 Central African Re-
public, Cameroon, Al-
geria, Libya, Niger,
Nigeria, Sudan, Chad

2,380,489 41,249,002 17.33

Limpopo 4 Bostwana, Mozam-
bique, South Africa,
Zimbabwe

413,552 14,569,200 35.23

Niger 11 Sierra Leone, Benin,
Burkina Faso, Ivory
Coast, Cameroon, Al-
geria, Guinea, Mali,
Niger, Nigeria, Chad

2,105,196 88,602,900 42.09
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Nile 11 Burundi, Central
African Republic,
Egypt, Eritrea,
Ethiopia, Kenya,
Rwanda, Sudan,
Tanzania, Uganda,
DRC

3,020,100 184,079,360 60.95

Okavango 4 Angola, Botswana,
Namibia, Zimbabwe

704,935 1,482,700 2.10

Orange 4 Botswana, Lesotho,
Namibia, South Africa

944,051 13,002,500 13.77

Ruvuma 3 Malawi, Mozambique,
Tanzania

151,241 2,196,600 14.50

Senegal 4 Guinea, Mali, Mauri-
tania, Senegal

434,518 5,597,600 12.88

Volta 6 Benin, Burkina Faso,
Ivory Coast, Ghana,
Mali, Togo

411,203 22,794,500 55.43

Zambezi 9 Angola, Botswana,
Mozambique, Malawi,
Namibia, Tanza-
nia, Congo, Zambia,
Zimbabwe

1,380,197 33,714,700 24.43

C Regression results - simple ordered probit

without and with controls

Table 10: Simple ordered probit using max barscale with
and without controls

R1 R2
StreamflowU -0.0000807∗∗∗ (-6.12) -0.0000578∗∗∗ (-4.21)
StreamflowD -0.0000448∗∗∗ (-3.80) -0.0000454∗∗∗ (-3.55)
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etU -0.0586∗∗ (-3.19) -0.0675∗∗∗ (-3.37)
etD 0.00289 (0.16) 0.0265 (1.32)
DAMU 0.00157∗∗∗ (4.62)
DAMD 0.000665 (1.85)
popU -0.00000278 (-1.92)
popD 0.00000434∗∗∗ (3.57)
lag history 0.0469∗∗∗ (9.40)
cut1 -4.467∗∗∗ (-14.29) -4.115∗∗∗ (-12.51)
cut2 -3.873∗∗∗ (-17.98) -3.526∗∗∗ (-15.19)
cut3 -3.763∗∗∗ (-17.91) -3.424∗∗∗ (-15.03)
cut4 0.671∗∗∗ (3.71) 1.047∗∗∗ (5.12)
cut5 0.843∗∗∗ (4.66) 1.233∗∗∗ (6.03)
cut6 0.875∗∗∗ (4.84) 1.267∗∗∗ (6.19)
cut7 0.935∗∗∗ (5.16) 1.331∗∗∗ (6.50)
cut8 1.227∗∗∗ (6.73) 1.630∗∗∗ (7.91)
cut9 1.243∗∗∗ (6.81) 1.645∗∗∗ (7.98)
N 6316 6175

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Here are the corresponding regressions for Table 6:
(R1): simple ordered probit using maximum barscale as dependent variable,
and only upstream/downstream streamflow and evapotranspiration as inde-
pendent variables
(R2): same as R1 but adding upstream/downstream control variables
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