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Foreword

In order to provide a rational basis for the discussion on increasing water
scarcity and the potential for irrigation expansion in Africa, FAO
undertook to compile existing information on the water resources of the
African continent. Contrary to previous attempts, this survey is based
essentially on country-based statistics and information contained in sector
studies and master plans. Due account has been taken of the interaction
of ground- and surface water and of the problem of trans-boundary
flows.

It is believed that the statistical data presented reflect the most up to date
information on water resources availability on the African continent.
This booklet will soon be followed by a comprehensive publication of
individual country profiles in the framework of the AQUASTAT
database. It is hoped that the publication will be useful to both decision-
makers and professionals in the water sector.

Wim G. Sombroek
Director
Land and Water Development Division
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Water resources of African
-countries: a review

The review described below was carried out in the framework of two
initiatives by FAO in the field of water resources assessment. The first
refers to the development of the information system on water use in
agriculture and for rural development called AQUASTAT. Developed in
1993-94 and implemented first for Africa in 1995, this system aims at
collecting country and sub-country information based on key indicators
of rural water resources management with specific attention to irrigation
and drainage. The programme has collected information at country level
from all African countries, mostly through FAO offices in the countries
and with the help of national and international resource persons. More
than 400 major bibliographic references have been consulted, mainly
consisting of sector studies (agriculture, water resources), master plans
(water resources management, irrigation), as well as national and
regional statistics and studies when available.

The second programme, which directly relates to the resulis of the
present study, consists of collecting, reviewing and updating, in the light
of new research and available technologies, the information on irrigation
potential for Africa. This review is seen as one of the basic requirements
for assessing this potential, which in turn should contribute to the
information needed for the implementation of the Special Programme on
Food Production for Food Security in Low-income, Food-deficient
couniries (SPFP). In terms of information needs, it has three main
components: water resources, land suitability for irrigation, and
irrigation water requirements. The present study refers to the first of the
three components.
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DATA COLLECTION AND ANALYSIS

Water resources

Very little information exists at present on water resources om a
continental basis at country level. The only systematic country-based
study was conducted in the 1970s, and led t6 the publication of a book
entitled "World Water Resources and their Future" (L’vovich, 1974)
which is still considered today a reference in that field. Based on a water
balance approach and on a large amount of information on stream flow
gathered around the world, L’vovich proposed a table of water resources
by country, including water resources generated in the country, as well
as flows from neighbouring countries. The book, written in Russian, was
later translated into English and edited by the American Geophysical

Union (1979).

At continental level, two other studies were carried out in the 1970s.
Baumgartner and Reichel (1975) used a continental water balance
approach with the purpose of assessing the water balance of the world.
They proposed a continental estimate of African water resources where
the distinction is made between the endorehic areas and the river basins
discharging to the sea. At the same time, Korzun (1974) published an
atlas of the world water balance, in the framework of the UNESCO
International Hydrological Decade. The author proposed a water balance
approach based on the estimation of the runoff coefficient. The maps
which were developed, at scales varying between 1:10 00 000 and
1:50 000 000, show the continental distribution of rainfall, evaporation
and runoff coefficient. Little attention is given in these approaches to the
relationship between groundwater and surface runoff. In fact, water
resources are considered to be equal to the volume of water flowing in
the river system. In the 1980s, FAO carried out a study on water
resources in Africa for the purpose of estimating irrigation potential for
the continent (FAO, 1987). The study, based on a water balance
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approach by river basin, was a first aitempt to integrate surface water
and groundwater resources with the support of a geographic information
system. ‘

More recently, the Russian Institute of Hydrology has been updating
the information on water resources at continental level through a
combination of data compilation and water balances which finds its
origins in the works of Korzun. Shiklomanov (1990, 1993) is presently
the most frequently quoted and the most up-to-date source of information
on water resources at regional and continental level. An update of this
information is to be published in 1995 in the framework of UNESCO’s
International Hydrology Programme.

At couniry level, the most recent systematic information about water
resources can be found in the World Resources Report published
biennially by WRI. In Table 22 of the reports, a figure is given for
water resources for each couniry as well as incoming water. It is mainly
a compilation of exiting information, including, for Africa, a large
number of figures taken from L’vovitch (1974).

As indicated above, the present survey is principally based on
information emanating from countries or regional organizations. Apart
from sectorial reviews and water resources development master plans,
the World Bank/UNDP hydrological assessment exercise, carried out in
1991/92, and country reports to the International Conference on Waier
and the Environment (Dublin, Ireland, 26-31 January 1992) were also
important sources of information. The option to rely on couniry
information to perform this survey is based on the assumption that no
continental approach can be more accurate than studies carried out at
country level. Only when no information was available at country level
did the study refer to regional or global studies. Because it is still the
only study which gives systematic information on water resources by
country, L’vovich (1974) was used in such cases.
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It was not surprising to observe that the most abundant literature on
water resources was available in countries where water resources
represent a major constraint to development, while in humid couniries,
most of the time, no major interest is given to the subject and
information is rare. Egypt, South Africa, Morocco and the Sahelian
couniries, to give a few examples, abound in reports and statistics on
water resources, while in Sierra Leone, Liberia, Cameroon or Zaire, this
kind of information is scarce. In countries for which a lot of information
was available, a critical analysis of the literature was necessary to select
the most reliable information. The judgement was based on several
criteria, including the source of information, the conceptual approach
used to assess water resources, and the accuracy of the data. Cross-
checking was carried out whenever possible, most notably with regard
to information on trans-boundary river flows.

A final check was performed comparing the results by country with
those obtained from the regional analysis by Korzun (1974), although no
correction was made to the information collected at that stage unless
evidence of misinterpretation of the data could be found. In the latter
case, reaction by the official institutions in charge of water resources
monitoring at couniry level was also requested and figures were revised
in consequence. As a maiter of comparison, the global estimate over
Africa was then compared with the figures obtained from the global
studies described above (Korzun, 1974; L’vovich, 1974, Baumgartner
and Reichel, 1975).

Rainfall

Couniry estimates of average annual rainfall were also part of the
information collected through the AQUASTAT survey. For 41 out of 53
countries, a quantitative estimate of this figure could be found. It was
compared with the recently available digital map of rainfall over Africa
(Hutchinson ef al., personal communication). Both sets of data showed

e e s e
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very good agreement except in arid countries where relatively large
discrepancies could be found, probably due to the very low level of
rainfall and extreme uncertainty over its spatial distribution. In an
attempt to improve the homogeneity of rainfall information, it was
decided to select the results from the digital map, except for the islands,
for which no digital information was available. In total, it was possible
to obtain a value for average precipitation for all but three countries:
Comoros, Sdo Tome and Principe and Seychelles. The rainfall
information was used in this report for comparison with water resources
estimates at country and regional level.

CONCEPTS AND CONVENTIONS USED IN THE REVIEW
Potential yield

Several approaches can be chosen when assessing water resources at
country level. In most cases, a distinction is made between potential
yield and water development potential. Potential yield is here defined as
the global amount of water resources, be it surface water or ground-
water, which is generated on a yearly basis, while water development
potential considers other factors such as the dependability of the flow,
the extractable groundwater, the amount of surface water available after
removing the floods or consideration of minimum flow requirements for
navigation, the environment and aquatic life. Obviously, this latter figure
can never be larger than the potential yield and, in fact, it usually
represents a small fraction of it. The major constraints to the use of this
figure for assessing water resources at a continental level are that there
exists no agreed principle to compute it and that it depends on a series
of local factors which make comparative studies difficult to perform.
Furthermore, water development potential can be modified with time and
with the assumptions used for computation while potential yield has a
physical meaning and could only be affected by changes in climatic
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conditions. In this review, the potential yield was used as the indicator
to assess water resources by couniry.

Surface water and groundwater: the water balance approach

The most widely used approach to compute water resources at national
level is to study surface water and groundwater resources separately.
Although they are interlinked through the water balance, they have
traditionally been computed separately. One of the major risks in
assessing surface water and groundwater separately lies in the possible
double counting of part of the resource: groundwater, part of the river
base flow which originates from the aquifers.

This risk is related to the methods used to compute these two elements
of the water balance. Surface water resources are usually computed by
measuring or assessing total river flows occurring in a country on a
yearly basis. In countries where part of the river flow is generated by the
discharges from the upper aquifers (mostly in humid areas), this figure
includes a part of the water resources which can be considerx?d: as
groundwater and could in fact be developed through wells. In opposition,
in arid areas, the river system usually acts as a preferential source for
groundwater recharge and shows very limited base flow: rivexf runoff
typically occurs in flash floods of high intensity and short duration.

Computation of groundwater can be performed in two distinct ways
which depend mostly on the climatic conditions of the area. In arid
areas, the most classical way of computing groundwater is to estimate
recharge from rainfall, while in humid areas, where aquifers are
connected to the river system, it is usually associated with the base flow
of the river system. The first method tends to over-estimate Fhe
groundwater resources, while the second usually gives a conservative

measure of groundwater potential.
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Although many couniries fall into one of the two categories, most of
them show important spatial variations of climates and may require
different methods for estimating groundwater. At the couniry level, this
results in a mixed situation where part of the groundwater constitutes the
base flow of the rivers while another part is estimated from recharge.

When computing the water resources of a couniry, it is imperative to
avoid double counting. In this survey, special attention was given to the
computation methods so that a possible overlap could be detected and
deducted from the accounting of water resources. Although it was not
always possible to ascertain if there was double counting, in most cases
the analysis of the available information made it possible to judge and
avoid double counting.

Internal and global renewable water resources

A further step in computing water resources on 2 couniry basis is the
distinction between internal and global water resources. In this paper, the
term "internal renewable water resources” (IRWR) refers to the water
resources resulting from the rain falling within the boundaries of the
country. It is a combination of surface water and groundwater resources,
in which double counting has been avoided in the way described above.
Global renewable water resources (GRWR) are obtained by adding
incoming water flows to the internal water resources. This flow consists
most of the time of river runoff but, in arid countries, it can also consist
of groundwater transfer between countries. However, groundwaier
transfers are rarely computed and require a good knowledge of the
general behaviour of the aquifers.

The term "renewable"” is used in opposition to fossil waters which have
a negligible rate of recharge on the human scale and can thus be
considered "non-renewable”. Non-renewable resources are usually
expressed either in terms of volumes or extractable flow, while
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BOX 1: RULES USED FOR COMPUTING GLOBAL WATER RESOURCES

Trans-boundary rivers

The mean annual flow measured or estimated at the border is accounted for as external
resources for the receiving country. It is not deducted from the resources of the donor
country, except in the case of an agreed apportionment between countries. While
internally-produced water resources are a quantity which should not vary with time,
incoming flow may decrease with an increasing use by the upstream counry.

A particular case is the situation where part of the runoff eniering the couniry originates
in the country itself, after having flowed into the upsiream country. In such a case, and
when the information is available, this flow is deducted from the incoming flow to avoid
double counting.

Border rivers
As a general rule, 50% of the river flow can be assigned to each of the bordering

couniries. Several siinations exist:

o The river exclusively borders the countries without entering into any of the riverine
countries nor coming from them (this is the case of the Senegal between Senegal and
Mauritania and the Zambezi between Zambia and Zimbabwe). In such a case, the
incoming resources are estimated on the basis of the runoff of the river in the
upstream part of the border section. When the runoff increases substantially from
upstream to downsiream, the downstream figure should be used, but after substraction
of the part of the runoff generated by the country itself.

o If the source of the river is in one of the two countries, the rule applies only for the
other country. For the originating country, 50% of the contribution from the other
country could similarly be considered as external resources.

o If, on the conirary, the river enters one of the two countries after having divided the
two countries, it is considered a trans-boundary river for the receiving country, in
which case all the runoff at the eniry point in the country is considered exiernal
resources. The 50% rule applies for the other couniry.

Shared lakes
o In the case where a lake has an outlet into a river (Lake Vicioria inio the Nile in

Uganda, for instance), all the runoff at the entrance of the river is accounted for as
external resources for the receiving country. For all the other countries, an equal
share of this runoff can be considered as external resources, after having subtracted
the country contribution to the lake. If this leads to a negative result, external
resources are considered nil. If the river constitutes the border between two countries,
the rule described above for bordering rivers applies.

o In the case of lakes without outlet, the global runoff entering the lake is estimated and
shared equally between the riverine countries, after having deducted the part
contributed from the country. If this leads to a negative result, external resources are
considered nil for the country in question.
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renewable resources are always a measure of flow, usually presented on
a yearly basis.

In this review, both the internal and global water resources were
computed, when the distinction was possible. The internal water
resources figure is the only quantity which can be summed for regional
or continental assessment, and it has been used for this purpose. When
available, a measure of the fossil groundwater depletion, expressed as a
potential rate of extraction of water from a non-renewable source, has
been given, as well as figures for desalinated water, although in absolute
terms this quantity is usually negligible.

Computing incoming water resources

The computation of global renewable water resources requires the
assessment of water flowing from neighbouring countries. By definition,
global water resources are not additive at the scale of international river
basins. The definition implies that unused water, accounted for as a
resource in upstream countries, is also considered a resource in
downstream countries.

ques have to be set for the computation of incoming water resources.
In the case of groundwater, estimates are made on the basis of the
characteristics of the aquifers and piezometric levels. In the case of
surface water, several situations must be foreseen. The rules described
in Box 1 are not absolute nor universal. They have been selected with
the purpose gf representing all the situations in the most realistic way
possible. In summary, in the case of trans-boundary rivers, the mean
annual flow at the border is considered as an external resource for the
receiving country. In the case of bordering rivers or lakes, an arbitrary
50% rule is applied to distribute the water between the two countries. It
should be stressed here that these rules have been set for the purpose of
this exercise, and that they do not imply any consideration of judgement
on possible or effective ways to share the resources. The difficulties
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encountered in setting these computation rules also show the arbitrary
aspects of computation of global water resources for bordering water
bodies, as compared to the indisputable measure of internal resources.

Period of reference

It was stated above that water resources are computed in terms of annual
flow. This review concentrated only on long-term averages and did not
consider inter-annual and seasonal variations. However, it should be
stressed that the review is based on information available from a
multitude of sources and that no consistency in the choice of the period
of reference can be expected. As a general rule, when different scenarios
were available, the longest possible period was selected for computing
the average. It remains certain that the period of reference can vary
significantly from country to country, leading to substantial inconsis-
tencies. When possible, cross-checking information between countries
was used to improve assessment in countries where information was

limited.

An example can be found in the case of the Niger River, at the border
between Niger and Nigeria. The study of the national water resources
master plan of Nigeria was based mostly on assessment of water
resources for a 10-year period in the 1980s. On the other hand, measure
of the average flow for the Niger River at the border is available for the
period 1952-1992. The Nigerian master plan finds a figure of 18 km®/yr
as inflow from Niger, while the long-term average estimates a runoff of
31 km?/yr. In this case, the particularly dry period which was
characteristic of the region in the 1980s translated into a value 30%
inferior compared to the long-term average.

Evaporation from wetland and lakes

In most cases, internally generated water resources of a country can be
computed by comparing incoming and outgoing flows and taking into
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account withdrawals occurring inside the country. In arid areas,
however, this method would lead to under-estimates and even negative
values for the internal water resources, which is not possible. This
situation happens for instance in Sudan, or Botswana, where the amount
of water leaving the country is inferior to the water flowing into the
country. In those countries, "losses" by evaporation play a major role
and a country-wide approach is not feasible. Generally, couniry studies
dealing with such conditions work on the basis of river basins and
aquifers. Groundwater is computed by the recharge approach and surface
water potential is estimated at the points of the river where the runoff is
maximum.

It is difficult to account for evaporation from large lakes in the water
balance of a couniry. In at least three cases, a fair estimate of
evaporation was computed. This is the case of the Aswan reservoir, with
an estimated 10 billion m? lost yearly by evaporation, of the inner delta
of the Niger river, in Mali, with an evaporation estimated at 33 km?/yr
(which is more than 50% of the internal resources of the country) and
of Yaérés, in Cameroon, where evaporation from swamps amounis to
5 km3/year. In Sudan, a global estimate of evaporation in wetland and
the river system gave a figure of 108 km3/yr, which represents 50%
more than the internal renewable water resources and 40% of the global
resources of the country. In the present review, no systematic approach
could be taken vis-3-vis evaporation from lakes and other water bodies.
In the cases of Mali and Egypt, the resources (external in the case of
Egypt) were computed without removing evaporation losses. For Sudan,
evaporation in wetland was subtracted from the total to obtain internal
water resources. In humid areas, the partial balance between rain falling
on the surface of the water bodies and evaporation makes this issue less
critical and evaporation from large lakes is usually not taken into account
in the computation of the water resources.
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RESULTS BY COUNTRY

Table 1 presents the results of the review in terms of water resources by
country. Surface water and groundwater have been presented in a non-
additive way, that is to say the base flow appears in both columns. The
reason for this choice is that in most cases this is how the resources are
presented in the country studies, and there 'is no objective reason to
subtract the common part either from one or the other category!. In the
groundwater column, a further index has been written to indicate if
groundwater was computed through the recharge approach or through the
base flow approach. To make the computation of internal renewable
water resources possible, a third column was added where the part of
surface water accounied for by the base flow, i.e., the common part
between surface water and groundwater, was indicated. Internally
produced water resources can then be computed by removing this
quantity from the sum of surface and groundwater, thus avoiding double
counting. Internal renewable water resources are also presented in

Figure 1.

Global renewable water resources were computed on the basis of the
rules described above. In an attempt to make the distinction between
flow entering a country and border rivers, these two components have
been presented in two separate columns. In order to complete the picture
on water resources, non-conventional sources of water, including
potential development of fossil resources and desalination, have been
added to the table. For Africa, these two categories represent very
limited volumes and are concentrated in the most arid area.

1 Due to the different compuiaiion methods used and the large amount of
uncertainty in the estimation of the two components, the figures on surface
water and groundwater should be considered as indicative. Internal
renewable water resources can be considered the most reliable figure.
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COMPARISON WITH PREVIOUS STUDIES

Due to the global approach used in all but one of the previous studies
mentioned above, comparison with the information collected in this study
was possible only at continental level. Table 2 presents the results from
the different studies for the African Continent.

Prior to analysing the figures, some important points have to be
clarified. First, it should be stressed that, in this study, the figures
proposed by L’vovitch (1974) were used for 10 countries out of 53,
when no better information was found in country studies. Because all
these countries are located in well endowed regions, they account for
about 54% of the total water resources of the continent. The comparison
with the figures by L’vovich is thus relatively biased.

Another important point concerns the method used by Baumgartner and
Reichel (1975) to compute the figure of 3 400 km3/yr. This figure
represents only the part of runoff which reaches the sea, excluding all
losses in internal depression. The authors estimate that the area of these
internal water systems represents about 41% of the area of Africa and
that it receives approximately 14% of the rain falling on the continent.
(2.8 million km?/yr). This approach, based on a water balance where
mnoff is computed as the difference between rainfall and evaporation,
was not primarily meant to assess water resources but runoff and, as
such, should represent a lower limit for water resources, which is
confirmed in Table 2.

The figure given by the World Resources Institute ( 1994) has been
compuied by the Institute of Geography of the former USSR, in a
continuation of the works by L’vovitch, while the work by Shiklomanov
(1993) is the continuation of those initiated by Korzun (1974). These
indications may help in understanding the very close results obtained by
these two groups of figures: about 4 200 km?/yr for the first group, and
around 4 600 km?/yr for the second. Presently, a revision of the figures
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FIGURE 1
Internal renewable water resources by country (km®/year)
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TABLE 2
Comparison with previous studies
Reference | Renewable water resources for
the African Continent
(km®\year}
L'vovitch (1974) 4 225
Korzun (1974) 4 600
Baumgartner and Reichel (1975) 3 400
Shiklomanov (1993) 4 570
World Resources Institute (1994) 4 184
This study 3 988

by Shiklomanov, still at regional scale, is being carried out and
preliminary results tend to show a global diminution at the continental
level (Shiklomanov, 1994, personal communication).

This study shows a global figure lower than all previous studies except
that by Baumgariner and Reichel. It is, logically, only slightly lower
(4.7%) than the figure computed by the former USSR Institute of
Geography, and significantly lower than the figures by Shiklomanov
(1993) (12.7%). It is not the purpose of this comparison to explain
differences in results. Computing methods and the assumptions they
imply-are so different that such an exercise would be pointless. Rather,
the fact that the result of this study lies between the "conservative" figure
of Baumgartner and Reichel, and the most "exhaustive" figures of
L’vovitch and followers seems to assure, at least at continental level, the
reliability of the information collected.

REGIONAL ANALYSIS

Due to the large number of countries and the diversity in computation
methods, a study of the results by country would be of litile interest.
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Rather, a regional analysis, based on groupings of countries showing
similar climatic characteristics, better illustrates the regional specificities
and distribution of the resources. For the purpose of this study, Africa
was divided into seven regions. Although such division is always
arbitrary, it is believed that it corresponds to climatically homogenous
zones. The regions, and the couniries they include, are presented in
Table 3. They are designated below as: Northern, Sudano-Sahelian,
Gulf of Guinea, Central, Eastern, Indian Ocean Islands, and Southern.
With the exception of the islands of the Indian Ocean, all groups are
between 2 and 9 million km? in extent, the smallest being the Gulf of
Guinea and the largest being the Sudano-Sahelian region.

Table 3 gives, for each country and for the seven regions, the value of
internally produced water resources (including surface water and
groundwater), and compares these figures with precipitation. The ratio
of water resources over precipitation could be, in a first approximation,
assimilated to a "runoff coefficient" and will be designated as such for
convenience, but it should be clear that it also encompasses groundwater
recharge, which becomes a crucial factor in arid and semi-arid countries.

Resulis from Table 3, as also summarized in Table 4, show that the
runoff coefficient varies from 32% in the Gulf of Guinea, to 6% in the
Sudano-Sahelian region. Notably, several studies seem to confirm that,
in some parts of Sierra Leone and Liberia, runoff can represent up to
80% of precipitation. Although they represent the largest areas, the
Northern and Sudano-Sahelian regions contribute the lowest amount to
total water resources: respectively 1.2% and 4.3% of the total. The
Southern region also shows a very low runoff coefficient.

Another interesting point is the distribution between surface water and
groundwater and the part of the resources which is common to both (the
"overlap"). In Figure 2, these three components of the resources have
been displayed for each region in pie charts. It illustrates the difference
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between arid and humid regions. In arid regions (Northern, Su.clano‘
Sahelian and Southern), groundwater recharge is important and a large
part of groundwater resources is not connected to the river system: base
flow is limited and thus the "overlap" component is small. On the other
hand, in humid countries, like the Gulf of Guinea and Central Africa,
aquifers are connected to the river system and groundwater almost
entirely constitutes the base flow of rivers. Overlap is thus almost equal
to the groundwater resources itself.

CONCLUSION

Many studies were carried out in the late 1980s and in the 1990s on
water resources in African countries, mostly in water scarce areas. The
purpose of this study was a compilation and critical analysis of available
information in order to draw a continental picture of the state of water
resources. The study was part of a larger effort to improve the
assessment of water resources and use and potential for irrigation in
Africa. It is believed that such information can be of great use to all
those concerned with the issues of water resources management in
Africa. The bibliography and main sources of country information which
were used in this compilation are also presented.
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