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EXECUTIVE SUMMARY
Water is a key vital resource in the Niger and Nile river basins where rain-fed agriculture is
the main resource for food security and livelihoods of several millions of people. Erratic
rainfall, floods, droughts and heat waves are major hazards in these regions and will be the
most likely events to hit the basin during the coming decades under a 20C global change in
temperature. These hazards will put additional pressure on already scarce water resources and
lead to increasing competition for water resources in countries where annual population
growth rates are very high. This makes adaptation to climate change in these two river basins
an extraordinary challenge and raises the urgency of well planned and informed decisionmaking anticipating the changes in the water cycle foreseen for the Niger and Nile river
basins with +20C global warming.
The European Commission funded project IMPACT2C aims to anticipate these changes using
modern impact modelling capacities. This paper summarizes the climate change effects,
impacts and vulnerabilities for the Niger Basin and the Nile Basin in Africa as found in a wide
variety of studies. We also provide recommendations for adaptation measures to manage and
reduce the risks to increase resilience to climate change impacts in a 20C world.
Fluctuating conditions rather than persistent trends. Both basin will experience an increase
in temperatures. The way rainfall patterns change is more complex and varies with place in
the river basins and with time. Impact2C simulations show that global warming may imply
large fluctuations of the impact of floods and droughts in rural areas in both regions. The kind
of adaptation strategies to be envisioned will have to cope with fluctuating conditions rather
than with persistent trends in a well defined direction (wetter or drier).
Extreme events In both basins variability in temperature and rainfall will very likely result in
an recurring extreme events like floods, droughts and heat waves. In the past decades the
frequency and intensity of extreme events in these basin have already been rising and hence
people have been exposed. Without having put the tag climate change adaptation to it people
already have started adjusting and adapting to such events in order to reduce the risks coming
from it.
Vulnerability of people The vulnerability of people in both basins is relatively high. A
number of reasons of this high level of grass-root level vulnerability are the strong
dependence on a natural resource base for their livelihoods and the relatively low access to
assets like financing, technologies and information and social networks. Many of the
smallholders farmers living in the basin live on a subsistence level. They often do not have
reserves to overcome seasons of low productivity or to bounce back from shocks like loss of
property and lives resulting from extreme events like floods and droughts. People are
especially vulnerable to recurrent occurrence of extreme events.
In some parts of the basins, natural resources are scarce and competition for those resources
between different livelihood users groups, economic sectors, geographical areas and on a
transboundary scale even by sovereign nations sometimes leads to conflicts. Climate change

might increase the competition making groups and areas in these basin even more prone to
natural resources related conflicts.
Food security might be affected in different ways in the Nile and in the Niger basins. The Nile
basin will enjoy more stable conditions for food security whereas in the Niger basin, large
fluctuations in the number of drought affected people will be produced over time scales of
decades. Challenges will be created in managing a potentially unequal distribution of vital
resources.
On a higher level, societies are vulnerable as often institutional roles and responsibilities for
dealing with climate change and disaster risks are not well defined. Limited vertical and
lateral integration in the institutional landscape increases the societal vulnerability to climate
change.
Enhancing adaptive capacity
With increasing population, economic growth, more reliance on natural resources and
particularly water and land in poor rural livelihoods, many countries have built or planned
dams and reservoirs in the Nile and Niger basins. However, these plans were usually informed
by unreliable, inconsistent and incomplete climate and environmental observational data.
Poverty, weak institutions and education systems, lack of social safety nets are further
limiting current adaptive capacity within these basins.
Various initiatives are however taking place that builds adaptive capacity. One of them starts
by the acknowledgement that climate change adaptation should not be seen in isolation.
Increasingly programs are starting that combine interventions on climate change adaptation,
disaster risk reduction, sustainable livelihood development and sustainable management (and
restoration of degraded) ecosystems. Mainstreaming climate change adaptation in the more
conventional national development policies seems essential.
It is also clear that building adaptive capacity to deal with climate change adaptation should
be done on multiple levels from individuals to communities, from county-level to national
governmental level to even international levels. Climate change adaptation is the
responsibility of the people, civil society organisations, local and international NGOs,
governments, development partners such as IFIs, the UN system and the private sector.
The production of reliable climate change, weather and extreme event occurrence forecasts is
of paramount importance. Developing appropriate means of access to that information for all
is equally important. Building early warning, early action systems like the Regional Climate
Outlooks Fora is assumed to be one of the more effective and urgent type of climate change
interventions for these basins.
Another positive initiative to be encouraged and strengthened for better adaptation is the
Africa Risk Capacity 9 (ARC), which provides drought insurance scheme for Africa.
A set of actions coordinated at national and regional levels would be required to further
increase adaptive capacity by building resilience and reducing vulnerability in the basins
through:
Mainstreaming climate change in regional (at ECOWAS, IGAD, Arab Maghreb
Union) and national levels sustainable development policies and strategies;
Building partnerships for implementation of sustainable development programmes:

-

-

-

-

Capture dimensions and root causes of risk and vulnerability through both
community-level as well as landscape or catchment level assessments in order to
understand how risk is expressed at different spatial scales, and how human
interventions related to land, water and natural resource affects the vulnerability of
communities elsewhere with the river basin.
Development or strengthening of early warning and early actions at national and
regional
levels;
Strengthening financial instruments (eg; climate risk insurance, climate change
adaptation clearing houses) for climate change adaptation;
Building capacity (institutional governance, infrastructure and human resources)
and awareness raising to increase understanding of climate change across impacted
sectors
Strengthening institutions at local, national and regional levels to support
agriculture and food security (including early warning systems);
Preparation and implementation of preparedness, responses and recovery plans;
Development of agro forestry and soil conservation agriculture, stress-tolerant
crop varieties and irrigation; enhancement of smallholder farmer access to credit,
insurance and critical production resources and information;
Diversification of livelihoods for smallholder farmers and herders;
Sustainable management (and restoration of degraded) ecosystems.

1 Background information on the Niger and Nile River
Basins
1.1 Niger River Basin
The Niger River basin is located in West Africa (figure 1). It is the third largest (4200 km)
river in Africa after the Nile and the Congo. Its sources are in the Guinean highland and in the
Nigeria-Cameroon Highlands for the Benue Tributary Where it is fed form precipitation from
the African Monsoon. It reaches the Atlantic Ocean in the Niger delta region in southern
Nigeria. The surface of the basin is estimated to be 2,200,000 km2 covering eleven countries
including: Guinea, Mali, Niger, Burkina Faso, Ivory Coast, Nigeria, Benin, Cameroon, Chad,
Algeria and Sierra Leone. The population of the basin is approximately 110 million with 70%
of the population in Nigeria, 9% in Mali, 9% in Niger and 6% in Cameroon. The basin is
divided into 5 main parts: the Upper Niger covering the source area, the Inner Delta in Mali,
the Middle Niger, the Lower Niger and the Niger Delta in Southern Nigeria (Figure 1).

Figure 1: Niger River basin and distribution of stream flow gauges.
A variety of data collection and exchange systems including satellite systems have been
installed in the Basin. Part of this observation system is developed in the Niger-HYCOS
project (Figure 2). The network currently exists of 115 stations. Observations in some of the
gauges in the basin started already in the early 20th century.

Figure 2: Types of observing and data exchange systems at hydrological stations in the Niger
River Basin.
The river basin area (figure 3) covers arid and semi-arid lands, flood plains, tropical humid
zones, and large tributaries like the Benue River providing about half of stream flow at its
intersection with the main Niger River. High inter-annual variability of stream flow is
noteworthy with high and low flows mainly in the Upper and Middle Niger River.

Figure 3: Dams and reservoirs in the Niger River basin.
The management of the water resources of this transboundary river basin is coordinated by
the Niger Basin Authority (NBA), an intergovernmental organization created by 9 countries
of the basin to:-Harmonize and coordinate national water resource policies;
-Plan integrated development of the basin;
-Promote and contribute to design and use water infrastructure;
-Regulate maritime navigation;
-Mobilize resources for studies and works

Among the NBA projects, Niger-Hycos and the Integrated Forecasting System are the most
prominent for observation and forecasting (Figure 4) respectively.

Figure 4: 10-day statistical forecast (red) and observation (black dots) for Niger River in
Niamey.

1.2 Nile Basin
The Nile Basin stretches over 35 degrees from south to north covering -4o S to 31o N and has
a maximum width of 16 degrees from 24oE to 40oE. With a length of about 6700 km, Nile is
the longest river in the world. The basin’s surface area (over 3 million km2) constitutes about
10% of the African continent, 2.3 % of the world’s land surface area, and is home to 20% of
African population. The basin is shared by 11 countries: Burundi, DR Congo, Egypt, Eritrea,
Ethiopia, Kenya, Rwanda, Tanzania, South Sudan, The Sudan and Uganda.
The Nile Basin has three sub-systems which include the Eastern Nile subsystem (Blue Nile,
Atbara and Baro), the equatorial Nile sub-systems (Upstream of Sobat-White Nile
confluence) and the Main Nile Zone (Downstream of Blue Nile and White Nile confluence at
Khartoum). The nine main sub-basins are Lake Victoria, Victoria-Albert Nile, Sudd, Bahr el
Ghazal, Baro-Pibor-Sobat, Blue Nile (Abay), Atbara (Tekezze), White Nile and Main Nile.
The spatial and temporal rainfall distribution across the Nile Basin is affected mainly by the
Intertropical Convergence Zone (ITCZ), topography (mountain chain along the margins of the
western arm of the Rift valley, the broad equatorial plateau, the Mt Elgon area, and the
Ethiopian highlands), lakes and swamps. Due to twice passage of ITCZ, the equatorial regions
receive double peak rainfall per year which peak in March-May and September-November.
The Eastern Nile and Main Nile have a single main rainy season that stretches between JuneAugust. Northern Uganda and South Sudan also have a single rainy season with a peak in
March-May.
ITCZ stays below the northernmost of Sudan and does not reach Egypt. Most parts of the
basin (North Sudan and Egypt) receive low amount of rainfall as a result of the northeasterly
trade winds from the Eurasia landmasses which carry little moisture. Average annual rainfall
of the basin is 630 mm over the period 1961-1990 (Camberlin, 2009). In wetter regions (e.g.

Ethiopian plateau, Eastern Equatorial lakes, Bahr El-Jebel and the Main Nile sub-basins)
about 60-70% of the annual rainfall is lost through evaporation while this loss reaches up to
100% in floodplains of South Sudan and around Lake Albert (NBI, 2014). All major lakes
within the Nile Basin loose water to evaporation more than they gain via direct rainfall except
Lake Victoria. Therefore, the additional water for lake evaporation is supplied by river
inflows. Almost the entire evaporation of Lake Nasser is supplied by river flow as rainfall is
negligibly small over the lake. Irrigation in the basin accounts for only <3% of total rainfall.
Most of the Nile water is generated in an area covering 15% of the basin, while much of the
downstream area consists of arid or semi-arid regions with little contribution to the flow but
with large evaporative losses. Though the Blue Nile has short river reach and small drainage
area compared to the White Nile sub-basin, it generates the largest amount of the Nile flow.
Contributions from Ethiopian rivers (86%) are composed of 59% from the Blue Nile, 13%
from the Atbara and 14% from Sobat (Sutcliff and Parks, 1999). About 50% of the river flow
is lost in the Sudd wetlands while 84.5 km3 (84.5 billion cubic meters) of water flows
annually to Lake Nasser of Egypt and only 0.4 km3 are released into the Mediterranean.

Figure 5: Nile Basin and its riparian countries

Figure 6: Existing and planned water resources infrastructures in the Upper Blue Nile basin

2 Observed climate changes and impacts in the Niger and
Nile Basins
2.1 Temperature
The IPCC Fifth Assessment Report presents strong evidence that warming over land across
Africa has increased over the last 50–100 years. This warming trend is very likely to continue.
Surface temperatures have already increased by 0.5–2°C over the past hundred years (Figure
7).
Niger Basin
Parts of the Niger River basin in Mali, Burkina Faso, Niger and Nigeria have already
experienced a 2°C warming. As shown by the white space in figure 7, some areas have little
historical data to show observed trends. Therefore, significant uncertainties in climate
information have to be dealt with by planners and policy makers. It is rewarding to invest in
strengthening data rescue and climate monitoring in countries of the Niger Basin. Impact 2C
projections (see the Deliverable 3.1 of IMPACT2C on “Climate available information over
vulnerable areas based on past experiments” and the Sub-deliverable 1.2.4 on “Climate
change information over Africa”) in the Niger basin (figure 8) suggest an increase of
temperature in the basin between +2°C and +4°C by 2100 under RPC 4.5 and 8.5.
Nile Basin
Warming is a major issue in the Nile Basin; since the early 1980s the equatorial and southern
parts of eastern Africa have experienced a significant increase in temperature (Anyah and
Qiu, 2012). The seasonal mean temperature in many areas of Ethiopia, Kenya, South Sudan,
and Uganda has increased over the last 50 years (Funk al., 2011, 2012). In addition, changes
in precipitation and evaporation (due to increased temperature) could significantly impact
lakes in the Nile Basin. Lake Victoria water level recession can be cited as an example.

2.2 Precipitation
Niger Basin
The Upper Niger River Basin in Guinea and Southern Mali recorded a decrease in annual
precipitation (Figure 2 from IPCC AR5). From 1981 to 2013, the Kankan station situated in
the upper Niger in Guinea recorded an approximately 100 mm decrease in March-April-May
precipitation ( Figure 9). A decrease in precipitation was also observed in parts of the Benue
region of the Basin over the past 50 to 100 years. Given the contribution of the Benue (50% of
the flow at its intersection with the Niger River in Nigeria), the impact of such a decrease may
be significant downstream in the Lower Niger and the Niger delta.
A significant part of the basin is in the Sahelian zone. This zone is characterized by more wet
years in the 1950s to early 60s, followed by more dry years from late 60s to mid 90s and a
recovery with some wet years since approximately the late 90s. This pattern on precipitation
is also visible on river discharge time series with periods of high and low flows.

The implication of the changing rainfall and river discharge variability is the increasingly
important need for adaptation measures to be put in place to manage and reduce the risks at
sub- seasonal and inter-annual timescales on productive systems.
Risk reduction is therefore a major element in the effort to increase resilience to climate
change impacts. Impact 2C simulations indicate some increase in precipitation with
significant increase in extremes ( dry and wet) in the Niger Basin by 2100 under RCP 4.5 and
8.5. Impacts of a global +2°C warming include consistent trends of longer period of
hydrological drought including severe drought in central Benue river, the southern Bani and
parts of Guinean highlands. These trends are consistent with the persistency of currently
observed trends. In the Middle Niger, increase in floods frequency is more likely under a
+2°C global warming (see figure 21, IMPACT2C deliverable 12.1).

Figure 7: Change in annual average temperature over Africa, 1901_2012 (left) and
precipitation (right) for 1951_2012.

Figure 8: The change in summer (July-August) total precipitation (mm/day), 1967-1998
minus 1948-1966, estimated from land surface records ( constructed and supplied by Dr. mike
Hulme at Climate Research Unit, University of East Anglia, Norwick, UK).

Figure 9: Precipitation anomaly for March-April-May with respect to 1981-2010 climatology
in the upper Niger Basin at Kankan in Guinea (Data Source: Guinean Meteorological
Services).

Nile Basin
As the Nile Basin covers a long latitudinal stretch, many climate variables vary temporally
and from upstream to downstream areas. The main causes of rainfall variability in the Nile
Basin include teleconnection with ENSO and the Indian Monsoon, and reduced northward

excursion of the ITCZ (Camberlin, 2009). Some parts of Eastern Africa have very likely
experienced increases in average annual rainfall by 5–50 mm per decade (IPCC, 2014) while
other areas experienced rainfall decline. Over 1951-2000, the decline of annual rainfall
amount is ~50% in most of northern Sudan; 15-50% in Darfur, and 10-40% in central Sudan;
and 20-35% in south-western Ethiopia (Camberlin, 2009). The overall annual rainfall in the
equatorial region was stable during 1951-2000. Modest increase in rainfall is reported during
the last decade over the Lake Victoria Basin (Awange et al., 2013). However, seasonal
rainfall (between March and May/June) of eastern Africa has declined during the last 3
decades (Williams and Funk, 2011; Funk et al., 2012).
The highlands of Upper Blue Nile Basin experienced fairly constant annual rainfall amount
with decline in 1980s followed by a gradual recovery to present (FEWS Net, 2005; Tesemma
et al., 2010). However, increasing annual rainfall trend has been detected along northeast and
southeast region of Upper Blue Nile (Tegegn, 2010). The southwest part of Ethiopia (The
Baro-Akobo sub-basin of Nile) experienced an overall decline in its annual rainfall since the
1960’s with steep drop in the post 1996 period (FEWS Net,2005).

2.3 Lake levels
A rather important aspect of the Nile dynamics is inter-annual variation rather than long term
trends. Decline in annual river flows has been detected for some of the small tributaries of the
basin in response to substantial land cover change. Similar results have not been found for
large sub-basins of the Nile. Neither was a significant trend detected for the annual flow of
Upper Blue Nile.
The inter-annual variation of flows of the Nile tributaries is affected by both climatic and
anthropogenic factors. The Blue Nile and Atbara flows show wet conditions in 1950s and dry
conditions in 1970s and 1980s while that of Sobat River is relatively stable. The annual river
flows have recovered during the 1990s. Contrary to the stable nature of the annual flows,
some increment in the main rainy season (June to September) river flow of the Blue Nile is
detected (Tesemma et al., 2010) while high flows have shown negative anomalies in the
1980s.
Water levels of East African lakes experienced fluctuations over the past several decades.
Their water levels showed large increase in 1961, 1968, 1978, 1982 and 1997 while they
experienced considerable declined in the post 1996/97 period (Figure 10)

Figure 10: Topex Poseidon/Jason 1 Lake levels for five lakes in east Africa. Time series
obtained
from
the
USDA
crop
explorer:
www.pecad.fas.usda.gov/cropexplorer/global_reservoir/ (Cited in FEWS Net, 2005)

2.4 Extreme events and impacts
Niger Basin
From the late 60s to late 90s more than half of the Niger Basin experienced unprecedented
droughts episodes leading to recurrent humanitarian crisis. Since the early 2000s, more wet
years have been observed associated to increase in frequency of floods (figure 11). Following
droughts in the 1970s and 1980s, recurrent droughts and floods affected the Sahel in the
1990s and 2000s, often destroying crops and compounding food security problems. The
impacts from recent weather-related extremes, such as heat waves ( eg. Niger in 2010),
droughts, floods, reveal the exposure and vulnerability of people and economies of countries
in the basin to climate. IMPACT 2C findings indicates that such events are very likely to
become more frequent and more intense as the climate changes in much of the Niger River
Basin ( deliverable 12.1). There are observational evidences that the frequency and/or
intensity of heavy precipitation, droughts, hot days and nights, precipitation trends and
variability at inter-annual and intra-seasonal scales are increasing and will persist during a
2°C global warming across the basin.

Figure 11: Floods impacts in 2010 across west and central Africa. Some districts in the middle
Niger were severely hit by floods. The number of affected people reached 1.5 million ( Source
UNOCHA)

Today, climatic risks threaten lives and prosperity across many parts of the Niger River Basin
and there are clear signs that the impacts of climate change are already significantly being felt
particularly in the Inner Delta region in Mali. The livelihoods and food security of people in
the basin have been affected by climate change. Production of groundnut, millet, sorghum and
maize in parts of the basin has been impacted by climate change, as has the productivity of
fruit-bearing trees in the Sahel.
In some parts of the basin, discharge data exhibits sub-seasonal to inter-annual and multidecadal variability with changes on the high flow duration and months of maximum flow
during the year.
Variability of river discharge during the 20th century in the Niger Basin is shown in figure 12.
In the Inner Delta region of the Niger Basin in Mali, rice production varies from 25 to 170
thousand tons between a typical low or high flow year respectively (International water
forum, Bamako March 2008). Therefore, early warning and early action are pivotal in
managing water and estimating rice production in the region.

Figure 12: Variability of river discharge in the Niger Basin since the early 20th century with
alternating high and low flows periods.

Nile Basin
The Nile Basin has been recurrently affected by various hydrological extremes which include
drought, floods, and heat waves. Frequency and magnitude of these hydrologic extremes are
related to large scale climatic factors and local scale topographic features. In the northern
summer, most parts of Sudan, Ethiopia, Uganda and Western Kenya experience lower than
normal rainfall in years of higher sea-surface temperatures (SST) in the eastern equatorial
Pacific (i.e., El Nino years). As a result, most parts of the East Africa region recorded above
normal rainfall amounts in historical El Nino years such as 1965, 1972, 1977, 1982, 1988,
1997 and 2006. In October-December, the Eastern Equatorial Africa part of the Nile
experiences above normal rainfall amount in El Nino years. In addition, Western Kenya
receives above normal rainfall during unusually low pressure along the western coast of India.
In Upper Blue Nile sub-basin, high flows are likely to occur during La Nina years and dry
years are likely to occur during El Nino years. For the same sub-basin, Zaroug et al. (2014)
has shown that when an El Niño event is followed by a La Niña event, there is a 67% chance
for occurrence of an extreme flood while 83% of El Niño events starting in April–June
resulted in droughts.

Figure 13:The relation between high and low flows with El Nino and La Nina years for the
Blue Nile River at Diem (Source: Zaroug et al., 2014)
In many developing nations coping with hydrologic extremes is equivalent in cost and
potential outcomes to a war situation. According to an ENTRO study, the estimated Average
Annual Damage (AAD) due to floods is estimated at USD 25.77 million in Sudan and USD
5.54 in Ethiopia respectively. About one-third of the people of Itang in Gambela region of
Ethiopia are recurrently and severely affected by annual flooding as a result of overflow of
Baro River and occasional flash floods. Flood affects almost all of the main sectors in Itang
such as crop cultivation, livestock production, fishing, education, and health (particularly
elderly people and children). Annual floods in Sudan also result in property damage affecting
residential and industrial areas, schools, health centers, roads and others. In 1988, an extreme
daily rainfall amount with 500 years return period and 200 mm magnitude was recorded at
Khartoum in Sudan. As a result, the water level of the Nile rose about 7m above normal,
causing disastrous flood.
The major floods of 2006–07 had unprecedented spatial extent (and timing) across many parts
of East Africa. The flood affected 199,000 people, killed some 620 people, displaced 35,000
people and affected tens of thousands of livestock across Ethiopia. Socio-economic impacts
included displacement of people, loss of crops, increased incidence of malaria and waterborne diseases, and disruption of social services such as education. Urban floods are also
exerting considerable impacts; for example, heavy rains in 2002 caused floods and mudslides
in various East African towns. The 2011 drought in the Horn of Africa affected 13 million
people and killed 50,000–100,000 people. In 1988, an El Nino event resulted in the great
Ethiopia famine. The major drought years in Ethiopia that led to largest number of deaths are
1973, 1974 and 1984 with the 2002 flood affecting up to 20% of the entire population of the
country. In addition, below normal rainfall in May and October caused the 1984 drought in
Sudan which caused a famine. Heat waves and coastal flooding affect the Nile Basin. One
major heat wave hotspots is formed by the Gambela region in Ethiopia. The Nile Delta is
affected by coastal flooding.

3 Projected climate change
The projected climate change that has emerged from the analysis of climate scenarios
analyzed during IMPACT2C (WP3) is summarized in figure 14, showing the mean change in
precipitation between the average +2°C period (2043-2072) and the reference period adopted

as a common baseline in IMPACT2C (1971-2000). In the Sahel, significant and large scale
changes are project for the early and late stage of the rainy season. However less significant
and more patchy patterns of changes are project during the core rainy season during summer
(June-July-August, JJA). Such a pattern of projected change suggests that while adapting to
changes in the seasonality of rainfall will remain a priority in the future, a larger uncertainty
exist about the possibility of uniform and persistent drying or wetting of large regions in this
area.
A slightly different view of the same projections is reported in figure 15, showing that , for
the case of the Niger Basin, while a decrease (increase) in cumulated rainfall is consistent
among different models during April-May-June (September-October), less agreement among
the different models is reported during June, July and August.
Finally, an important aspect of the projected climatic changes in the area is emphasized in
figure 16 which illustrates how, in spite of weak trends in total annual rainfall in most
regional models, a recurring feature, both in eastern and western Sahel, is the presence of
large fluctuations between dry and wet periods, which in many cases exceed the amplitude of
the expected tendencies.
The patterns of climate change described above, which correspond to a 2°C global warming,
are also consistent with the findings summarized in the IPCC-AR5, when the AfricaCORDEX ensemble was not available. In particular, the long term (end-of-century) changes
summarized in chapter 12 of AR5 report:
• during December-January-February increase rainfall in tropical east Africa with
changes less than two standard deviation of the internal variability and less 90% of
models agree in the sign of change;
• during March-April-May, over most Africa, change is less than one standard deviation
of the internal variability;
• during June-July-August some increase over the Sahara (East) while Large part of
west sahel is within the internal variability;
• during September-October-November increasing rainfall in west and east Africa
within 2std of internal variability and less than 90% of models agree in sign.

Pr MAM +2C; RCP45

Pr SON +2C; RCP45

Pr JJA +2C; RCP45

Pr DJF +2C; RCP45

Figure 14: Precipitation Changes between the mean +2° C period (2043-2072) and reference
period 1971-2000 for the regional climate model simulation conducted under the AfricaCORDEX framework. We report changes statistically significant at the 90% confidence level
( t-test).The tippled areas are where at least 66% of the models agree in the sign of tendency.

Figure 15. Seasonal cycle of regional climate model simulations over Niger for the reference
period 1971-2000. The black dashed line is the corresponding mean seasonal cycle 1979-2000
over Niger in CMAP observational dataset as reference. Bottom: Projected changes in
precipitation when the +2°C threshold is reached for the RCP45 scenario

Figure 16. Total annual rainfall over two boxes centered over west Africa (11W;10N to
2.5E;16N) and the Greater Horn of Africa (33E;3N to 44E;14N). Rainfall data are from
selected regional climate model downscalings performed with the RCA4 model by SMHI
using different global drivers as indicated by the dataname in the legend.

4 Vulnerability in the Basins
Vulnerability includes exposure to hazards and trends, sensitivity of physical, social,
economic and ecological systems to such hazards and trends and a lack of adaptive capacity to
deal with the adverse effects resulting from these hazards and trends.

4.1 Exposure
Niger Basin
Exposure is defined by the degree of climate stress and is characterized by change in climate
conditions or variability including magnitude and frequency of extreme events. The African
monsoon is the major rain producing system in the region. Precipitation events start in
March/April and end in October/November in the Upper Niger and Niger delta. The middle
and Lower Niger record rains from May/June to September/October. The annual average
precipitation ranges from about 2000 mm in the tropical humid area in Guinea to 200 mm in
the arid lands in northern Mali. Observed patterns and IMPACT 2C model projections suggest
increase in temperature between +2°C and +4°C and inter-annual variability of precipitation
in the Niger Basin. Increase in frequency of wet (usually associated with floods) and dry years
is more likely in a 2°C warming world with long period drought or severe drought over the
Westernmost (area covering the Upper Niger) and easternmost (area covering the Benue
Basin and parts of the Nile River in south Sudan and Ethiopian highlands) Sahel. Recent
decade has also witnessed frequent dry or wet spells, late onset and early withdrawal of the
African monsoon disrupting the annual cycle of precipitation and discharge in the Basin.
Nile Basin
A large part of the Nile Basin has very high exposure to various climate stresses for several
reasons. Two-fifths of the basin consists of arid and semi-arid dry lands with the world’s
longest stretch under arid conditions: along 3000 km of the river course, rainfall does not
exceed 150 mm annually (Camberlin, 2009). The basin is characterized by high intra-annual,
inter-annual, and diurnal climate variability. Most of the annual rainfall in the Upper Blue
Nile falls only within a period of 4 months, i.e. during the northern summer while the
remaining months receive very low or no rainfall. High exposure of Nile Basin is also due to
occurrence of consecutive years of below average rainfall, unusual dry spells in crop growing
season and unpredictable rainfall onset. The Nile delta is highly exposed to the risks of coastal
flooding and salt intrusion in response to sea level rise.
Temperature has steadily increased over the past few decades over the Nile Basin which
clearly affects evapotranspiration and crop growing season. This is also translated to high
potential evapotranspiration (PET) increment across the Nile. As a result, evaporation loss
from various reservoirs in the Nile (Nasser, Merowe, Jebel Aulia, Kashm el Girba, and
Roseires) is significantly large. The evaporated water from Lake Nasser is almost entirely
supplied by river flow as annual rainfall amount is negligible.

During the last 30–60 years extreme precipitation changes have been experienced more
frequently over eastern Africa (IPCC, 2014). Several floodplains of the Nile Basin are
recurrently affected by various sources floods. The hotspot areas of riverine and flash floods
in the basin are Lake Tana and Gambella floodplains (Ethiopia), Sobat River floodplains
(South Sudan), Blue and Main Nile River flooding (Sudan), Delta of the main Nile (Egypt)
and the shores of Lake Victoria. Coastal flooding is also common in the Nile Delta in Egypt.
It is expected to increase with climate change in eastern Africa.

Figure 17. Overflow of the Baro river annually inunduates Itang town in Western Ethiopia
The rise in temperature is expected to continue in the future. Studies for the A1B scenario
suggest an increase in average temperature in the Nile Basin within the range of 2-5 oC and
thus leading to 2-14 % increase in potential evapotranspiration by the end of the 21st century.
However, future projections are not clear about the direction and magnitude of precipitation
change in the Nile Basin. Precipitation may decrease by up to 22 % or increase by up to 18 %
in the basin. Some assessments suggest that heavy rains will be more intense and droughts
less severe over eastern Africa by the end of the century (IPCC, 2014). Drying is expected in
August and September over most parts of Uganda, Kenya, and South Sudan by the end of the
21st century.
The river flow of the Eastern Nile is expected to experience changes in response to
precipitation and evapotranspiration changes. River flow projections of different studies vary
from a future reduction of 77% to an increase of 30% (IPCC, 2014). IMPACT2C simulations
show increased river discharge volume and increased high flows of the Upper Blue Nile Basin
for Representative Concentration Pathways - RCP 2.6 and 8.5. Climate change will likely
alter water balance of Lake Tana even if global atmospheric emissions are established (Haile
et al., 2015).

Figure 18: Precipitation distribution on the Upper Niger river basin. Parts of this area are
more likely to experience decrease in annual rainfall and increase in frequency of dry years
and droughts in a +2°C world.

4.2 Sensitivity
Part of Africa’s vulnerability in the Niger Basin lays in the fact that its development has been
mostly driven by climate-sensitive sectors. Population in the basin primarily depends for their
food, and income on primary sectors such as agriculture, pastoralism and fisheries, sectors
which are affected by rising temperatures and erratic monsoon rainfall.

4.2.1 Ecosystems
Niger Basin
The Niger River Basin has diverse ecosystems with vegetation, animal species of tropical
humid and semi-arid to arid lands. Forest, savannah and coastal mangroves in the Niger River
deltas have changed. Reports from NBA (Niger Basin Authority) and its partners have noticed
significant variability and decline in the quality and quantity of ecosystems as a result of
human factors. Change was noted in fish species of the Inner Delta region in Mali. More than
110 million people rely on services provided by the ecosystems in the basin. The droughts of
the 70s and 80s have prompted population migration towards river channels and tributaries in
the basin because of more availability of water resources. Increase in population in the basin
and migration from areas closer to the Sahara desert have enlarged the pressure of human

activities on the basin’s ecosystems. In most of the countries, lands are occupied with no
formal tenure security. Oil exploitation in the Niger Delta region in Nigeria has contributed
ecosystem destruction, reduction in fish availability sometimes leading to social unrest in the
region. Sea level rise is threatening human settlements in the Niger delta region.
Nile Basin
Wetlands are important features in the Nile as they cover 5% of the basin’s surface area
(~18.3 million ha). Within the basin 14 sites have been nominated by individual countries as
Ramsar Wetland Sites of International Importance which includes one site in the Democratic
Republic of Congo (DRe), eleven in Uganda and two in Sudan, covering a total area of 7.9
million ha.
Wetlands in the Ethiopian part of the Nile include Lake Tana and associated floodplains,
Finchaa, Didessa, Tekeze; Dinder in Sudan; wetlands around Lakes Victoria, Albert and
Kyoga. The wetlands have served various important various hydrological functions as shown
in Table 1.

Table 19: Hydrological functions of major wetlands in the Nile basin (Source: Rebelo and
MCCartney, 2012)

4.2.2 Physical systems
Dams, roads, hospitals, buildings and bridges are systems built in the basins to support
economic and social activities. Many of this infrastructure is under threat of climate change.
Some of the settlements in the rural areas and in the slum areas of in some of the towns are of
an temporary and often poor quality nature. Other infrastructure that is intended to last longer
is sometimes built of poor quality materials. Sometimes cement is used for building
permanent structures in formal areas with building certificates. The wearing and tearing of
such buildings and infrastructure might be exacerbated by climate change and is less resistant
to hazards like floods.

Figure 20: Houses built near the river bed with climate sensitive material. Both exposure and
sensitivity of population are high in this location in cases of floods expected to increase with
+2°C warming world (Bamako - Mali).
Many countries have built bridges to facilitate circulation of densely populated cities in the
basin. Recent floods have damaged or destroyed these infrastructures with substantial repair
costs and disruption in transportation of goods and other economic activities (figure 21).

Figure 21: A broken bridge due to floods in the Upper Niger River basin.
Increased migration of (mostly poor) people towards the river banks for water was recorded
during the past 4 to 5 decades. During those decades, river water receded due to drought
leaving part of its bed dry for many decades. Informal settlements occupied these areas
sensitive to floods (figure 22). With a return to more wet years since the late 90s, floods are
threatening lives and livelihoods in those settlements.

Figure 22: Summer 2010 floods in Niamey-Niger. Houses constructed with highly climate
sensitive materials in the river bed were damaged putting population at risk.

4.2.3 Economic systems and livelihoods
Climate variability with erratic rainfall, floods and droughts are evidences of climate change
in the Niger Basin. These hazards are generating a net negative effect on yields of major
cereal crops across the basin, though with strong regional variability in the degree of loss.
Estimated yield losses reach 20% in some years and countries (IPCC Fifth Assessment
Report). Agriculture including livestock and fishing which are major contributors to GDP of
many countries in the Niger basin is at high risk with climate variability and increase in
demand due to relatively high population growth.
Unemployment in the young population is high in the basin. Poverty and lack of social
protection policies exacerbated sensitivity of the population to increases in climate hazards
like erratic rainfall, floods, drought and heat waves. Informal sector provides valuable cash
income to poor households, but these households are usually not within reach of eventual aid
needed in case of high impact weather or climate events. These households are usually at high
risk of losing their livelihoods and are less likely to receive post disaster aid.

4.2.4 Social systems
Demographic, education, health and economic trends in Africa mean that climate impacts will
be acute. For example, growing population will increase the demand for water, land and food.

Erratic rainfall and droughts will put additional pressure on already scarce water, land
resources and will reduce crop yields increasing malnutrition and famine conducive to
widening social inequality. Reforms of education systems are slow reducing population
capability to understand and apply climate risk reduction measures. Land in the Niger basin is
occupied by temporary and permanent structures, farms and rangeland. But the vast majority
of the population is poor, with low literacy level living in informal temporary structures.
In areas where livelihoods depend strongly on scarce natural resources like water, land and
pastures, competition for those resources sometimes leads to conflicts. Conflicts tend to occur
more often when there is heterogeneity in the groups of users based on livelihood style,
ethnicity and religion. Examples of such natural resources scarcity driven conflicts are found
in Horn of Africa and Northern Kenya.
On a large social construct scale, the limited availability of water resources and the upstreamdownstream nature of sovereign states already sometimes puts the use of transboundary water
in a hydro-political arena. Fortunately no international wars have been started in Africa over
water disputes and international water cooperation mechanisms are put in place and have
proven effective (for the moment). With possibly changing water availabilities and water
demands due to climate and global change such mechanisms may be tested harder in future.

4.3 Adaptive capacity
The IPCC fifth assessment report defines adaptation constraints as factors that make it harder
to plan and implement adaptation actions. These constraints commonly include lack of
resources, institutional characteristics, lack of connectivity and environmental quality of
ecosystems.
Aditionally, in Africa, adaptation challenges also relate to the large uncertainties in climate
projections and a complex climate–society interactions and institutional issues (Conway and
Schipper, 2011). As for now climate models do not simulate very realistically the way
complex phenomena such as sea surface temperatures, moisture sources, atmospheric
particulates, land cover change, El Nino-Southern Oscillation and the Indian Ocean Dipole
influence current and future African climate. In order to prepare for climate change, we need
to understand climate variability in the past and how society responded to it. However, poor
hydro-meteorological network density with unreliable, inconsistent and incomplete
observational data hampers efforts to understand the link between climate variability and
development trends and thereby enhance adaptive capacity. The problem is exacerbated by
poor institutional-level information sharing that for instance lead to large uncertainty
regarding existing river flow patterns, poor linkages between research-policy-practices; large
uncertainties in climate projections and poor awareness of climate risks at various levels.
Lack of scientific evidence that documents indigenous knowledge and practice to deal with
climate variability and climate change; a weak evidence base of complex, often nondeterministic, climate–society interactions and institutional issues; how people use the
wetlands and their future potential is poorly understood; impact studies generally do not
include adaptation to climate change as it occurs and it happens in reality (Conway and
Schipper, 2011).

Nile Basin
Numerous barriers were identified to adaptation at household level in the Nile Basin. In
Gambella region of Ethiopia lack of flood-specific policy, absence of risk assessments and
weak institutional capacity were identified as the three major challenges to adaptation at
household level. Access to land, livestock ownership, information, household size, gender
inequality and credit were also identified as the main barriers to adaptation in the Nile Basin.
In some areas, female-headed households are responsible for much of the agricultural work in
the region and therefore have greater experience and access to information on various
management and farming practices. Thus, they can easily adopt adaptation options. However,
female head of household in some areas can be considered a constraint to adaptation because
women may not be empowered due to the specific region traditional social barriers. In many
cases, the applied adaptation measures in the basin are not diverse. Studies indicate that 95%
of the households applied adaptation actions (changing crop varieties, adopting soil and water
conservation measures, water harvesting, tree planting, and changing planting and harvesting
periods) to deal with long-term shift in temperature and precipitation. Countries in the eastern
Nile region are highly vulnerable to floods because they have a low national and regional
flood management capacity and minimal flood storage in the region (except for Aswan Dam).
The present situation about how people use the wetlands and their future potential is poorly
understood.
It is well understood that mitigation alone cannot fully avoid adverse impacts of climate
change. Therefore, adaptation is unavoidable for the Nile basin which is one of the most
vulnerable regions due to its high exposure and sensitivity to climate. Adaptation, however, is
not new to the basin as the people and governments of its riparian countries have been
continuously adjusting themselves to climate variability and change. Despite long years of
experience of leaving with climate extremes and fluctuations, many countries of the Nile
Basin still struggle to manage climate variability and its adverse impacts. In these countries
drought years are often followed by substantial decline in agricultural productivity which is
found to affect the macro economy as reflected by decreased GDP. In addition, extreme
floods recurrently affect rural, urban and coastal dwellers of the basin and tend to bring
development back by some years. Therefore, dealing with current variability is considered
pre-requisite to adaptation which also requires addressing current economic disparity.
There is urgent need for action to deal with climate change which is considered a threat to
development in the Nile Basin. However, it is not trivial to select and apply a set of suitable
adaptation measures that will work under a wide range of climate uncertainty. Selection of
these measures should be based on current local and global situations. ENTRO (2009)
proposes comprehensive (useful under a wide range of potential impacts), flexible (evolve as
climate change predictions become more certain), and low cost strategy that has five pillars:
(i) Improvement of regional predictions, (ii) development of the regional capacity for
adaptation (e.g. reduce irrigation water loss and increase water storage infrastructures in the
basin), (iii) efforts in mitigation of climate change, (iv) vigorous pursuit of the available
opportunities such as climate change funds, and (v) enhancement of efforts in education,
research, and outreach.

Climate change is a cross cutting issues and therefore adaptation efforts will benefit from
mainstreaming climate change into various sectors and at all administrative levels. According
to (Conway and Schipper, 2011), the three key issues that should help to integrate climate
change into development processes in the Nile Basin are: (i) working within the framework of
existing goals, (ii) understanding vulnerability reduction as the starting point, and (iii)
recognizing the importance of communication across sectors. A very good example is
integration of disaster risk management and adaptation. Some new programs like the Dutchfunded Partners for Resilience (www.partnersforresilience.nl) even combine more traditional
livelihood development activities, with climate change and disaster risk reduction
interventions and the sustainable management of natural resources (including restoration of
degraded ecosystems).
There is a need to shift from a disaster focused view of climate variability to a long-term
perspective that emphasizes livelihood security and vulnerability reduction (Conway and
Schipper, 2011). This should involve enhancing households’ adaptation capacity by e.g.
involving them in productive sectors and through livelihood diversification.
Niger Basin
People living in the Inner Niger Delta (IND) have adjusted their livelihoods to the already
existing variability of the flood dynamics. Each year a period of flooding alternates with a
long dryer period with lower water levels (only water remaining in the main river channels).
Since historical time sustainable land use practices are used to deal with this variability. Many
of these practices may also act as local-on–the-ground adaptation practices. Examples of such
sustainable land use practices are:
-

Reducing the evaporative demand by means of mulching and creating shading, and
reducing wind speed with hedges and trees.
Creating local small-scale water storage with check dams, percolation tanks, contour
banks and bunding.
Deepening of ponds, canals and supply channels of irrigated areas.
Introducing less water demanding and more drought resistant crops.

Adoption and widespread use of measures of protection and restoration (dikes, erosion
control, intercropping, soil and water conservation (zai, micro basins)). Though such
interventions are implemented by individual farmers at plot scales, governments and basinwide organization are essential in creating the enabling environment (awareness raising,
capacity building, subsidies, etc.).
Other areas of the adaptive capacity at a grass root level can be better explained with
sustainable livelihood framework. While originally certain types of livelihoods were practiced
only by certain ethnic groups, nowadays livelihood diversification is a major way of adapting
to changed environmental conditions.
Traditional rice farmers may temporarily change their livelihoods into fishing when the plots
of land they own are not fit to farming in particular years. Such livelihood diversification
mechanism do not always run smoothly as vested interest of certain livelihood groups may be

put under stress. Creation of food stocks on family or community levels is another adaptive
measure to overcome periods of scarcity. Selling of stock is another traditional livelihood
mechanism to overcome periods of water and fodder scarcity.
While migration is the traditional means of living for the many pastoralists in the area
(moving to the fodder rich areas of the delta after de-flooding), increasingly people having
residential livelihoods tend to temporarily or permanently migrate to overcome adverse
environmental stresses. In case of endured periods of water scarcity, a rural to urban
migration may be observed. Such migration causes effects in two ways: within rural societies
the ability to develop collective resilience towards droughts reduces while within cities,
demand for food, water and settlements by the newcomers is increased.
One of the dynamics affecting the climate change vulnerability and adaptive capacity is the
high population growth. This growth is currently 3% (UNDP, 2002). Consequences of this
growth increased demands for water, energy and food. In a semi-closed basin like the Niger
Basin this requires an optimization of the use of water resources. The fast population growth
also results in a relatively young population with limited societal memory of earlier adaptive
strategies.
The economies of the countries in Niger basin are predominantly natural resource based
including mining of natural resources like ores, oil and gas, hydropower but especially
agriculture. Agriculture (including livestock rearing contributes to around 40% of the GDP,
provides 70 to 80% of the export revenues and involves 80 to 90% of its active population in
the Niger Basin (NBA, 2007). Large part of the agricultural economy in the Niger basin
countries is subsistence-oriented and mostly rain-fed or flooding-fed based. Only 54,000
hectares of land in the Niger River Basin are irrigated, although the potential is 222,000
hectares, according to the Food and Agriculture Organisation (FAO).The relatively insecure
water supply for agricultural production and the large number of people depending on it
makes this sector highly vulnerable to climate change impacts in the Niger Basin.
With the Niger Basin being relatively untapped (Hassane et al., 2002) and a predominantly
rain-fed based agriculture, increasing the Niger Basin food security by means of developing
irrigated agriculture seems a logical step. This irrigation potential can be developed at a large
scale possible needing management by governmentally based entities or at grass-root level
with community-based management.
In the latter case, governments again need to create the enabling environment that allows
embedding these community-based management structures in the wider governance
landscape. Increased irrigation requires water infrastructure like water diversions and storage
reservoirs. Developing such infrastructure needs to be carried out in a participatory and
information based approach in order to avoid unintended socio-economic and environmental
consequences and upstream-downstream conflicts. The use of natural engineered solutions
(Burek et al, 2012) is increasingly being considered as an approach to deal with the climate
change impacts in Europe.
‘Groundwater provides an important buffer to climate variability and change’ (MacDonald et
al, 2012). In 2011 British Geological Survey team produced first robust quantitative

groundwater maps for Africa aiming to ‘improve understanding of groundwater resources
across Africa and examine their relative resilience to climate change’ (MacDonald et al,
2011). Groundwater is highly resilient to climate change and should not be omitted in
development of adaptation strategies. Despite the fact that groundwater in Africa is the major
source of irrigation and drinking water, little quantitative information on groundwater in
Africa is available (MacDonald et al, 2012).
MacDonald et al, 2012, report that there is a lack of quantitative national hydrogeological
maps in West Africa, where this is to some extent compensated by the availability of smaller
individual studies. The potential to use the Niger Basin’s subsurface groundwater reservoirs
for further water development thus needs further exploration.
Hydropower dams in the Niger Basin often have multiple functions of creating water storage
for the power generation and irrigation diversions. Dams design and operations normally have
included the potential climate change impacts and hence their occurrence does not necessarily
need to jeopardize hydropower generation of irrigated agricultural production. However,
increase in temperature and impact on precipitation patterns will certainly affect reservoir
levels and hence reservoir efficiency. Moreover, political priorities of dam operations towards
hydropower generation or irrigation may lead to exacerbation of the climate change impacts
such as taking place downstream in the Inner Niger Delta (Zwarts et al., 2005).
Taking the Niger basin scale possible transboundary impacts of climate change need to be
addressed. As stated above, recent climate change models do not predict significant change in
the annual rainfall, while rainfall will be spread more unevenly within the season and across
years. This has secondary and tertiary effects. First, with the water towers of the Niger Basin
situated in the mountainous areas of especially Guinea and Southern Mali, possible reduced
rainfall in these areas will eventually lead to the hydrological droughts in large parts of the
downstream Niger Basin. E.g., reduced rainfall in Guinea may eventually lead to seawater
intrusion in the Niger Delta affecting livelihood options and the delta’s ecosystems integrity
locally. Secondly, possible increase in droughts due to the climate change could accelerate
migrations not only within nations but may easily occur in a cross-boundary fashion. The
third type of transboundary climate change consequence may arise when upstream countries
develop interventions to combat drought in their countries that may have downstream and
transboundary effects (such as the development of water storage). Obviously the Niger basin
Authority is the coordinating organ to address this latter issue and to develop coordination
across states.

4.3.1 Regional Climate Outlook Forum for Sub-Saharan Africa
The UNFCCC has recognized Regional Climate Outlook Forums (RCOFs) organized since
the late 90s around the world as a major instrument generating climate information for
adaptation to climate variability and change. One RCOF was established to provide climate
information in West Africa including Chad and Cameroon covering the Niger River Basin.
The regional climate is dominated by the West African monsoon during the rainy season
typically occurring during northern hemisphere summer (from July to September).
Floods and droughts, late onsets, early and late cessation of rains, dry and wet spells are the
main climate hazards of the region. Shortage of water, multiple sowing, food insecurity due to

reduction in crop yields, conflicts between farmers and herders due to droughts and epidemic
malaria in wet years regularly occur. Roads, houses, bridges and other infrastructure damages,
loss of lives and properties, displacement of millions of people associated with floods have
become a matter of strong concern in many cities in the basin since the late 90s.
The RCOF in the West African region called PRESAO started in 1998. It has been held once
a year usually in May with July-August-September as the main target season. Following
request from users (farmers, water and disaster managers, health experts and others) to have
climate information well ahead of the season to better organize and implement preparedness
plans, the PRESAO started in 2014 to be held in late April increasing lead time and usefulness
of the product. It involves 17 countries in West and Central Africa namely Mauritania,
Senegal, Mali, Guinea-Bissau, Guinea, Côte d’Ivoire, Burkina Faso, Niger, Chad, Cameroon,
Central African Republic, Nigeria, Benin, Togo, Ghana, Liberia and Cape Vert.

Figure 23: Seasonal Precipitation forecasts for West Africa, Chad and Cameroon
The approach involves assessment of outputs from global single and multi-model ensemble
forecasting systems, statistical seasonal forecasting tools, analogue years, persistence,
composites and trends analysis as well as available findings from climate studies at local,
national, regional and global levels. Interpretation of models outputs rely on relevant
verification products. The assessment made is discussed during a forecast discussion session
and a consensus outlook generated for users. Sessions for hydrologists are organized in
parallel generating discharge outlooks presented at the forum plenary. Sessions with different
categories of users facilitate assessment of potential risks and opportunities. Preparedness
plans and action options or measures to reduce risk and benefit from opportunities are derived
and disseminated to stakeholders.
The African Centre for Meteorological Applications for Development (ACMAD) is the main
coordinating institution. It is the WMO Regional Climate Centre (RCC; www.acmad.org/rcc)
for all Africa and Long Range Forecasting node of the proposed ECOWAS-RCC network.

The AGRHYMET Regional Centre is responsible for discharge outlooks and agrometeorological advices based on precipitation outlook.

Figure 24: Participants to the Regional Climate Outlook Forum for West Africa, Chad and
Cameroon in Ouagadougou-Burkina Faso from May 21-25, 2012.

4.3.1 User involvement in RCOF
Users from agriculture, water, health, disaster management and media communities are
invited to the forum for exchanges, verification of the last RCOF products, interactive
discussions on the historical, current and expected climate conditions, the related impacts,
advices and recommendations to cope with negative impacts or increase benefits linked to
possible opportunities due to favorable climate conditions.

4.3.1.1 Success stories based on feedback of users
In 2008, ACMAD issued an update of consensus outlook for the region with high probability
( up to 50%) for above average rainfall over much of the southern Sahel. Wet to very wet
years in the region are usually associated with higher frequency of heavy rains and floods.
The forecast was used for an appeal by Red Cross for funding for flood preparedness. The
funds were granted leading to prepositioning of relief items (like mosquito nets and blankets).
Without this forecast, items would have been provided after floods. The efforts would have
then cost more in time and transport expenses. This was the first time in Red Cross’s history
that was based on seasonal forecasts; funds were requested and used to prepare for potential
emergency. Wet years are also related to more mosquitoes and malaria in Sub Saharan
Africa. UNICEF office in Niger used seasonal forecasts to prepare and preposition drugs and
mosquito nets for vulnerable communities.

a)

b)

Figure 25: a) PRESAO consensus seasonal forecast for JAS 2008; b) Observed rains and
location of stocks prepositioned by IFRC in June-August 2008 (triangles) (from Tall et al.
2012).

4.3.1.2 Way forward
Scientific research on ocean-land-atmosphere modeling, new predictors for statistical
forecasting tools, local and regional climate variability/change and trends studies, assessment
of regional performance of forecasting systems including their strengths and weaknesses in
predicting regional climate processes and phenomena are proposed to improve consensus
outlook products. Predictions at sub-seasonal timescales and advances in seamless prediction
are ongoing efforts to improve forecasts of anomalous onset and cessation of the rainy season,
wet and dry spells during the rainy season. For medium to long term policies and plans,
climate scenarios and decadal climate forecasts, related impacts and vulnerability assessments
are required as outputs of future RCOFs for use in climate change adaptation programmes and
projects. Participation of climate service providers in user forums namely contingency
planning meetings, agriculture season planning workshops, vulnerability assessment and
water forums is important for effective and wide exchanges, interactions and consensus
building on sector relevant impacts, adaptation measures, advices and recommendations.
Provision of climate outlooks in April instead of May each year and for May to October as
target season is needed for further engagement of a wider range of users and expansion of
forecasts application opportunities reducing expected climate impacts under a 2°C global
warming.

4.3.2 Africa Risk Capacity (ARC)
ARC is an African Union project to improve current responses to drought food security
emergencies and to build capacity within AU member states to manage drought risks. It is an
index-based insurance scheme providing timely response to weather shocks hazards. ARC is
also a software tool for management of weather risks by bringing existing information on
food security together to assess and quantify weather related risk using a standard
methodology.
It converts rainfall information into potential response cost estimates for every district in
drought affected countries of sub-Saharan Africa. This cost estimate guides decision makers
to take action before the season begins, monitor its progress and trigger ARC based payouts

as soon as possible when evidences for a failed season materialize. The risk is assessed based
on Hazard, vulnerability and exposure. Weather data from NOAA, USGS, FEWSNET and
FAO are used for hazard assessment. Food security profile data from CFSVA, UNICEF,
World Bank and governments contribute to assess vulnerability per district. Response to
hazards costs determined given a set of contingency plans are used to derive exposure levels.
Hazard and drought monitoring, vulnerability assessment using risk profiling and impact cost
estimates are essential steps in ARC. Seasonal forecast is being tested for use in in-season
climate monitoring. The use of seasonal forecasts has been shown to reduce uncertainty on
drought cost estimates. Discussions are currently underway with ACMAD and IRI to further
optimize the use of seasonal forecasts in ARC project.

Figure 26: Example of an estimated drought response cost without seasonal forecasts ( left)
and with seasonal forecasts(right). Source ARC.

Figure 27: Analysis of mechanisms to cope with drought in Africa ( Clarke&Hill, 2012).
Adaptation capacity can also be increased through increased attention to agriculture: crop
production, livestock and fisheries. Increasing crop yields through improved farm inputs

including irrigation is crucial in the Nile. As livestock production is primary or secondary
source of income for many people in the basin, it deserves due attention. A very important
intervention is improving water productivity for livestock with regard to food sources, food
conversion, better marketing opportunities, improved vegetation cover, as well as strategic
placement of watering sites.
The scientific literature provides a list of adaptation measures. Among these are the lowregret measures which maximize benefit while minimizing negative impacts. Improving crop
and livestock production, water-supply and sanitation, health and education is part of the
development target of Nile Basin countries. However, these development targets also enhance
the countries readiness for possible climate change by reducing vulnerability. Improved water
management practices are applicable across a range of changes in water availability.
There are a number of common suggestions with regard to adaptation in the Nile Basin. It
would be more efficient to grow grain in Ethiopia than in Egypt since this would save huge
amounts of water due to lower evaporation losses. It is suggested to increase water use
efficiency in upstream areas and shift to less water demanding crops in large scale irrigation
scheme of Sudan and Egypt. Migration is one of the common adaptation measure applied by
people in Nile Basin both during drought and flood. Water resources infrastructures should be
designed accounting for past climatic conditions without ignoring climate change.

4.3.3 Best practices and ongoing efforts in the Nile Basin
There are ongoing and planned developmental activities that could directly or indirectly
contribute to adaptation in the Nile Basin. The various water storage infrastructures in the
basin are expected to make crop production less sensitive to climate change. The Ethiopian
government’s effort to promote households irrigation technology with emphasis on shallow
groundwater irrigation has the potential to enhance household’s resilience to climate
variability and change. In Ethiopia, there is a program to incorporate drought risk financing
mechanisms within Ethiopia’s social protection programs. Integrated Water Management
Institute’s challenge program is providing sufficient attention and investment in agriculture
(crop production, livestock and fisheries) to reduce poverty; make further in-depth research
and local analysis for further understanding of issues and systems; consider rainwater options
to improve productivity and significant gains in livelihood; all-inclusive sustainable
cooperation and regional integration in the basin; improve human and institutional capacity
from community to national to regional scale. African Climate Policy Centre supported
Ethiopia and Rwanda to expand and upgrade their hydrometeorological network including
piloting flood forecasting. WMO supports hydrometeorological observations, Regional
Climate Outlook Forums in the Greater Horn of Africa (GHACOF) in the efforts to develop
early warning systems for adaptation.

4.4 Other adaptation efforts
In the Niger River basin, initiatives are undertaken at household and community levels for
adaptation. Poor families usually, borrow money, sell the productive and non-productive
asset, reduce food intake for their families leading to malnutrition and famine. Governments
and NGOs, after assessment of community-level vulnerability, provide assistance in the form
of cash for food, cash for work, seeds and other productive resources. Post-disaster response
is the most regular intervention supported by NGOs after governments declare states of
emergency and make appeals for international assistance for affected areas. For adaptation at
institutional level most countries of the Niger River basin produce National Communications
on Climate Change and National Adaptation Plan of Action. National climate change teams
are usually established with technical committees addressing different aspects of climate
change adaptation including policy making.
National policy documents on climate change are available but with little integration into
national development strategy papers. Usually a set of objectives are common in National
climate change policies in the basin:
• Mainstreaming: integrate climate change issues into all sectors and planning processes in
the countries and the basin;
• Data collection, storage and sharing: Collect, manage and use accurate, scientifically
sound climate change related data and information;
• Awareness raising: increase awareness and understanding of climate change across all
sectors;
• Education and training: integrate climate change in school curricula, university and
vocational non-formal education and training programmes;
• Adaptation: build resilience and reduce vulnerability of the country to climate change
and disasters impacts;
• Mitigation: increase sequestration and storage of greenhouse gases
• Financing: strengthen climate change financial mechanisms and instruments;
• Collaboration and partnerships: participate in and contribute to international efforts on
climate change negotiations, discussions, commitments and planning.
Setting up climate change committees at the local level where action is needed is still a
challenge. However, some countries (eg. Niger) has started mainstreaming climate change in
local development plan. In some locations in the Basin (eg. Tillabery in Niger), climate
assessment have been undertaken and agriculture calendars established several decades ago
without climate change are being revised. Farmers and herders in the area are becoming aware
on climate change impacts and adaptation measures applicable at community and house hold
levels.

5 Conclusion
Poverty is a critical factor determining the vulnerability of people to climate change in the
Niger and Nile River Basins to a large extent. Population increase, weak governance and
institution and local and regional levels are other additional factors. Geographic differences in
the basins, diversity of social, economic and ecological systems mean that there are numerous
potential climate change impacts and adaptation actions that can be undertaken. Erratic
rainfall, floods, droughts and heat waves are major hazards. The impacts of these hazards are
important affecting several millions and up to 1 in 10 people living in the basins in some
years. Under a 2°C world, the hazards mentioned above are expected to increase in the basin
with the high impacts in the Inner Delta and Middle Niger. A mix of actions coordinated at
international, national and regional levels would be required to build resilience and reduce
vulnerability in the basin:
•
•
•
•
•
•

Mainstreaming climate change in regional (at ECOWAS, IGAD, Arab Maghreb
Union) and national levels sustainable development policies and strategies;
Building partnerships for implementation of sustainable development programmes:
Development of early warning and early actions at national and regional levels;
Strengthening financial instruments (eg; climate risk insurance, climate change
adaptation clearing houses…) for climate change adaptation;
Building capacity ( institutional governance, infrastructure and human resources) and
awareness raising to increase understanding of climate change across impacted sectors
Assessment of disaster risk, preparation and implementation of preparedness,
responses and recovery plans;
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