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PREFACE

The reportsin this special series are the result of a multi-country research activities conducted
under the GEF funded project: Climate Change Impacts on and Adaptation of Agro-
ecological Systems in Africa. The main goal of the project was to develop multipliable
analytical methods and procedures to assess quantitatively how climate affects current
agricultural systems in Africa, predict how these systems may be affected in the future by
climate change under various global warming scenarios, and suggest what role adaptation
could play. The project has been implemented in 11 countries. Burkina Faso, Cameroon,
Ghana, Niger and Senegal in west Africa; Egypt in north Africa; Ethiopia and Kenya in east
Africa and South Africa, Zambia, and Zimbabwe in southern Africa. The study countries
covered all key agro-climatic zones and farming systems in Africa. This is the first analysis
of climate impacts and adaptation in the Africa continent of such scale and the first in the
world to combine cross-country, spatially referenced survey and climatic data for conducting
thistype of analysis.

The analyses reported in this series focus mainly on quantitative assessment of the economic
impacts of climate change on agriculture and the farming communities in Africa, based on
both the cross-sectional (Ricardian) method and crop response simulation modeling. The
cross sectional analysis aso allowed for assessing the possible role of adaptation. Moreover,
the project employed river-basin hydrology modeling to generate additional climate attributes
for the impact assessment and climate scenario analyses such as surface runoff and
streamflow for all districtsin the study countries.

The Centre for Environmental Economics and policy in Africa (CEEPA) of the University of
Pretoria coordinated all project activities in close collaboration with many agencies in the
involved countries, the Agriculture and Rural Development (ARD) Department of the World
Bank, the World Bank Institute (WBI), the Food and Agriculture Organization (FAO), Yale
University, the University of Colorado, and the International Water Management Institute
(IWMI). The project received supplemental funding from TFESSD, Finnish TF, NOAA-
OPG, and CEEPA. We are grateful for the invaluable contributions of all these institutions
and al individuals involved in this project. All opinions presented in this report series and
any errorsin it are those of the authors and do not represent the opinion of any of the above
listed agencies.

Rashid Hassan, Project L eader Ariel Dinar, Project Manager
CEEPA, University of Pretoria ARD, World Bank



EXECUTIVE SUMMARY

Located in the semi-arid tropical zone in West Africa, Burkina Faso stretches from the ninth
to the fifteenth parallel in the northern latitudes. The country is subject to a high degree of
both climate variability and population growth (2.3% per annum). Its main climatic features
arealow level of rainfall that isalso spatially and temporally variable, and high temperatures
and a high level of evapotranspiration, particularly during the dry season. On the whole, the
temperatures and temperature ranges increase from the south to the north. There is latitudinal
sliding of all isohyets towards the south, translating to a reduction of 100mm in average
rainfall. During the last few decades, the 400mm isohyets rose up to the northern border of
the country and the 1100mm isohyets reappeared in the south. This rainfall dynamic has
implications for crop production and food security in Burkina Faso.

Six provinces out of 45 were selected for this study: Houet (Bobo-Dioulasso), Poni (Gaoua),
Gourma (Fada N’Gourma), Kadiogo (Ouagadougou), Yatenga (Ouahigouya) and Seno
(Dori). The study analyzed the way differences between the six provinces and between crops
are related to climate variables. This hinges on the premise that weather variability and
uneven distributions of precipitation strongly influence crop yield.

The CROPWAT software was used in caculating crop water requirements (maximum
evapotranspiration — ETM), effective rainfall, referential evapotranspiration (ETO), irrigation
needs, soil water balance (useful reserve and easily useable reserve) and soil water deficit.
This software uses monthly averages of the climatic parameters. The ETO is calculated using
the Penman-Monteith method and effective rain is estimated to be 70% of rainfall amount
taking into account the average rate of runoff. Irrigation is applied when 80% of easily
useable reserve is exhausted and has 100% efficiency. The maximum depth of crop roots is
1.20m. An average soil depth was considered for smulation in the various regions. Data on
crop coefficients are provided by the software. Sorghum, maize, groundnut, millet, cowpea
and cotton were selected for the simulation.

Given that crop water requirements and crop water productivity in rainfed and irrigated
agriculture are essential indicators for assessing the impact of climate on crop production, the
goal of the research was thus threefold: i) to evaluate water use efficiency and crop water
productivity under prevailing rain patterns and traditional farm practices, ii) to assess the
impact of rainfall variability and climatic change on yields, and iii) to define options for farm
improvements and appropriate strategies — crop choice, planting time, soil cultivation and
crop cultural practices —for optimizing yields and reducing the risk of crop failure.

The main outcome of this study shows that soil water reserves naturally increase according to
rainfall. But in general the soil’s water-holding capacity is low in Burkina Faso. In the
southern part of the country, represented by the weather stations in Bobo and Gaoua, water
requirements for cereal crops and groundnut are met by the rainfall. In the Sudano-Sahelian
and Sahelian regions, water deficits are experienced towards the end of the rainy season.
Supplementary irrigation is needed to enable cereal crops to finish their cycle normally. In
the cotton belt, irrigation needs for cotton and maize are very low, but in the center, the north
and the Sahel, irrigation needs at the end of the season are substantial.



1. Introduction

Soil productivity in semi-arid zones is often limited by water availability. Moreover, in these
regions, runoff is among the main causes of soil degradation and inefficient water utilization
by plants.

Burkina Faso is located in the Sudan-Sahelian zone of West Africa and is subject to a high
degree of both climate variability and population growth (2.3% per annum). Its main climatic
features are a low level of rainfall that is also spatialy and temporaly variable, and high
temperatures and a high level of evapotranspiration, particularly during the dry season.
Beyond the Sahelian zone, the dryland Sudanian savanna, which registers an average annual
rainfall greater than 600mm, has also experienced serious climate shocks, particularly
droughts, since the 1980s. In addition to growing demands for natura resources by an
expanding population, these climate shocks compromise the sustainability of the current
systems of land use and serioudy threaten food security among rural populations. Since
rainfall constitutes the main source of water for growing crops, it is an essential element of
the water balance. But when soils are highly degraded, it is not so much the amount of rain
that determines plant growth and productivity as the amount of water that infiltrates the soils.

Because of the inter-annual variability of rainfall and the soil degradation farmers construct
contour ridges to absorb runoff. These water and soil conservation measures appear to be
very effective for collecting and redistributing water in the soil. However, data on crop water
requirements, needs for irrigation, and variations in soil water balance according to variations
in climatic and rainfall data for the various agro-climatic regions of Burkina Faso are almost
non-existent. To supply this deficiency, this study assessed crop water requirements, soil
water balance, and irrigation needs on the basis of soil type and previous climate data
(rainfall, temperature, sunshine, wind speed, evapotranspiration, and relative humidity).

Climatic data were provided by the National Meteorological Service. These were monthly
averages for the minimum and maximum temperature, relative humidity (minimum and
maximum), sunshine, wind speed, rainfall and geographic coordinates (altitude, latitude,
longitude) for the period 1963—2003.

According to the recommendations of the November 2003 workshop held in Cairo, at least
one region was chosen per agro-ecological zone, as shown in Map 1. The provinces studied
were Houet (Bobo-Dioulasso), Poni (Gaoua), Gourma (Fada N’Gourma), Kadiogo
(Ouagadougou), Y atenga (Ouahigouya) and Seno (Dori).

The CROPWAT software was used to calculate crop water requirements (maximum
evapotranspiration — ETM), effective rainfall, referential evapotranspiration (ETO), irrigation
needs, soil water balance (useful reserve and easily useable reserve) and soil water deficit.
This software uses monthly averages of the climatic parameters mentioned above. The ETO is
calculated using the Penman-Monteith method and effective rain is estimated to be 70% of
rainfall amount taking into account the average rate of runoff. Irrigation is applied when 80%
of easily useable reserve is exhausted and has 100% efficiency. The maximum depth of crop
roots is 1.20m. An average soil depth was considered for simulation in the various regions.
Data on crop coefficients are provided by the software. Sorghum, maize, groundnut, millet,
cowpea and cotton were selected for the simulation.



2. Background to the study sites

2.1 Houet Province: Bobo-Dioulasso

Geography

Houet Province is in the Western region of Burkina Faso and has Bobo-Dioulasso as its
administrative center. It is bordered by Bougouriba Province to the east, Comoé to the south,
Kénédougou to the west, and Banwa and Mouhoun to the north. Bobo-Dioulasso lies at
11°10@® latitude, longitude 4°19&V and has an atitude of 432m.

Climate

The province's climate is characteristic of the southern Sudan region, a transitory zone
between the Sudanese and Guinean environments. The rainy season starts in April or May
with the onset of monsoon winds and lasts until October. Inter-annual variations in rainfall
are significant (Figure 1). But since the 1970s the tendency has been towards the lower end of
the range. The average annual rainfall for the period 1963-2003 was 1042mm.

Figure 2 shows an increase in the annual maximum and minimum temperatures (Tmax and
Tmin) during this period. The maximum increased from 33 to 35°C and the minimum from
21 to 24°C. Average temperatures (Tav) ranged from 27 to 29°C, with the overall average
temperature for this period being 27.6°C.

Two types of winds are dominant in the region of Bobo-Dioulasso: the harmattan, a hot dry
wind that blows from the Sahara and dominates between January and April, and the
monsoon, a cool wet wind that dominates between May and October. For the period 1963—
2003 the average wind speed was 2.9 my/s.

There was significant inter-annual variation in the relative humidity (Figure 3) for this period.
The maximum (Hmax) was between 64 and 76%, with an average of 71%, and the minimum
(Hmin) between 29 and 36%, with an average of 33%; until 2003 when there was a dramatic
drop to 18%.

Topography

The region of Bobo-Dioulasso is characterized by two topographic features. plateaus and
plains. The transition between these is marked by a steep and rectilinear escarpment, oriented
in a north-east to south-west direction, which reaches a height of 150m in the department of
Toussiana and 200m near Péni city. Towards the southern part of the province, thereisalow
plain with some relief between 250 and 350m in altitude. This plain is constituted by the
outcropping of the lower and intermediate Precambrian platform. Towards the north, a
plateau rises above 500m, constituted by the outcropping of a sandstone sedimentary series,
which rests on a Precambrian base. The regularity of outcroppings of various geologic series
and the tabular aspect of the plateau are interrupted by doleritic intrusions, which sometimes
form small massifs with steep hillsides.

Soils

According to the soil map drawn by ORSTOM (Boulet 1968), the main soil units found in the
Bobo-Dioulasso area are lithosols on various rocks, corresponding to outcrops of sandstone,
granites and ferruginous plates, and having no agronomic value; tropical ferruginous soils,



which are generally associated with other soil types, particularly the regical soils on schists;
and ferrallitic soils, constituted of clay and sandy materials resulting from clay-sandy
material, with average dissaturation, typical or altered.

Hydrological system

The peculiarity of the topography and climate in Bobo-Dioulasso makes the place a true
water tower. Indeed, three major axes of the hydrological system are generated from the
sandy plateau: the Mouhoun, the Kou and the Comoé. In addition, the Houet river crosses the
town of Bobo-Dioulasso in a south to north direction.

Vegetation

From a phyto-geographical viewpoint, Houet Province belongs to the southern Sudan
environment (Guinko 1984). The vegetation is composed of timbered savanna, woody
savanna, parkland savanna and shrub savanna. The vegetation is taller and denser than in the
other areas of the country, particularly along the rivers, where significant forest galleries are
located. The province counts 15 gazetted forests, which cover 183,000ha, 11% of its total
area. These various types of vegetation cover have undergone significant anthropogenic
change, being replaced by cultivated areas. The flora is mainly composed of Vitellaria
paradoxa, Burkea africana, Detarium microcarpum, Isoberlinia doka, Anogeissus
leiocarpus, Dani€ella oliveri, Borassus aethiopium, etc.

Population

The population of Houet Province increased from 308,670 in 1975 to 581,722 in 1985. It
reached 672,114 in 1996 (INSD 2000). According to INSD projections, it was to reach
926,783 in 2000. Among the ethnic groups, the Bobo constitute the majority (37.71% in
1991). Immigrants, particularly Mossi (27.77%), add to the local population.

Social organization of production

The total area of the province is 16,672kn?, or 1,667,200ha. Land use is based on customary
tenure. However, changes have been brought about in the last two decades by immigration
and modernization of agriculture. Privatization of the land was catalyzed by the development
of agro-forestry, particularly in the southern areas of the province. Accordingly the modalities
of land use are changing, with the allocation of compound fields and permanent fields among
indigenous social units and the opening of bush land to al. To prevent immigrants from
taking over much of the land, only temporary rights of land use are allocated to them. This
situation spurs frequent conflicts among indigenous and immigrant groups.

Farming systems

Production is based on an agro-pastoral system dominated by agriculture. Land for
cultivation is cleared and then left to lie fallow for severa years. Production centers on
rainfed food crops (sorghum/millet/maize or rice) in rotation or intercropped with other food
crops (such as yam, sweet potato, Bambara groundnut, millet) or with cash crops (cotton,
groundnut, sesame, soybean). Production systems for the province are relatively diversified.
Cereals occupy 67% of the cultivated area, cash crops 30% (twice the national average), and
irrigated and rainfed rice accounts for the rest of the area. Market-oriented vegetable
production (onion, cabbage, tomato, eggplant, carrot, chili, lettuce, potato and green bean) is



well developed. For the most part, agricultural production is dependent on rainfall, which
results in wide inter-annual fluctuationsin yields.

Three types of fields are found in Houet: i) compound fields, surrounding the homesteads,
where maize, red sorghum and kitchen vegetables are grown, representing 22.4% of all
cultivated land, given particular care and fertilized with manure and household waste; ii)
permanent fields (12.6%) or village or hamlet fields, where maize, groundnut, sorghum and
millet are grown, forming a parkland savanna environment, dominated by Parkia biglobosa
and Vitellaria paradoxa; and iii) the bush fields (64.4%) which include a constellation of
plots scattered near the limits of the village territory and planted with sesame, fonio, white
sorghum, maize, and other crops.

The number of fields per household varies between one and 16. There are more household
fields than personal fields (respectively 67% and 32% of total, with 1% undetermined).
Application of agricultural inputs remains low, being limited to the cotton and rice growing
areas (where farmers use NPK and urea fertilizers). Use of farm equipment is among the
highest in the country, with 43% of households owning ploughs, following the Kossi and
Kénédougou Provinces (with respectively 51% and 44% of households owning ploughs). The
hand-held hoe (daba) is used for sowing, hoeing, de-stumping and loosening the soil. Manga
hoes and ploughs are used for plowing and ridging.

To cope with soil degradation, monoculture of fonio or crop rotation (sesame-groundnut-
fonio-millet) are practiced. Intercropping involves sorghum, cowpea, sesame and groundnut.
Soil erosion control centers on farming practices, such as planting on ridges.

Livestock production

Livestock production is a significant economic activity, supplementing crop production by
generating cash income. It aso plays an important role during social ceremonies (marriage,
burials, rituals).

2.2 Poni Province: Gaoua
Geography

Poni Province is situated between latitudes 9°30'N and 10°40'N and between longitudes
2°40'W and 3°50'W and has a maximum altitude of 333m. It isbordered by Bougouriba
Province to the north, Cote d’Ivoire and Noumbiel to the south, Ghana to the east and
Comoéto the west. Itstotal areais 7506km2,

Climate

Poni’s climate is typically Sudanese, wetter in the south with two seasons, a wet and a dry
season. During the dry season, the harmattan blows from mid-November to the end of
February. The rainfal here is among the highest in Burkina Faso, with the annual average
reaching 1400mm. However, perturbations between 1973 and 1983 gave reason for concern.
Rainfall patterns in Gaoua have been marked by significant inter-annual variation (Figure 4),
and the average annua rainfall for the period 1963-2003 was 1069mm. The highest,
1585mm, was recorded in 1968, followed by 1435.5mm in 1991 and 1315.7mm in 1999. The



lowest was recorded in the 1980s with annua rainfalls between 713.5 and 766mm (1981—
1983).

Inter-annual variability in temperatures for 1963-2003 isrelatively significant (Figure 5). The
maximum temperature ranged from 33.2 to 34.8°C, by a margin of 1.6°C, and the minimum
from 20.8 to 22.4°C, by amargin of 1.4°C (Figure 5). The average temperature for this period
was 27.7°C.

Poni Province is also crossed by two winds: the harmattan during the dry season and the
monsoon during the rainy season. The average wind speed for 1963—2003 was low (1.1 nv/s).

There is significant inter-annual variation in relative humidity for this period (Figure 6), with
amaximum of between 72 and 85%, with an average of 79%, and a minimum of between 35
and 53%, with an average of 39%.

Topography

Gaoua Province has an uneven relief, a vestige of several tectonic movements during the
Birrimian period which resulted in the formation of hills with north-east to south-west
orientation and with an altitude between 300 and 400m. This range overlooks the sandy plain
of the Loropéni region.

Soils

The region of Gaoua is characterized by several soil types, the following being the most
prevalent. Sandy soils are found on the crystalline platform (south of Nako-Bouroum-
Loropéni). These soils are red, deep and fertile, especially on the hillsides. They are suited to
millet and sorghum cultivation, but the slope limits farmers' ability to exploit them. The
metamorphic rocks of the inferior Birrimian, which lie at the bottom of the hills and in the
basin of Mouhoun, weather to form permeable and shallow soils. The superficial formations
consist of aluvia in the lowlands, of rich silts, whether fine or coarse, and of clay, and are
difficult to work in any season. The slope soils consist of sand, silt and red and thick clay.
These are permanently fertile soils suitable for millet and sorghum cultivation. The schistous
soils have low fertility, while the ferruginous plates, lateritic formations, are completely
sterile. These occupy approximately 20% of the total area of the province. The crusting
phenomenon is significant everywhere.

Hydrological system

Several water courses cross the Gaoua region, the largest of which isthe Mouhoun. Thisriver
constitutes a natural boundary between Ghana and Burkina Faso along the eastern side of the
province. The main tributaries are the Bougouriba, the Banbassou, the Poni and the Kamba.
These water courses receive water during the rainy season, flowing down from the many
hills. Most have cultural meaning and are sites of rituals;, however, fishing is periodically
practiced and seasonal ponds are managed to maintain the fish population.

Vegetation

The province is situated in a Sudanese phyto-geographic environment, where woody savanna
vegetation prevails. In its southernmost region, clear forests intersect with a few gallery
forests in the lowlands. The hills and plateau tops are often covered with thick vegetation.
Along the streams and in the lowlands, thicker vegetation is found, with Entenda africana,



Saba senegalensis, Vitex doniana, Bombax costatum and Afzelia africana being the
prominent species.

Population

The province counted 195,900 inhabitants in 1996 (INSD 2000), of which about half
(50.41%) are between 0 and 14 years of age. The Lobiri are the predominant ethnic group,
constituting 61% of the population, followed by the Mossi (3.79%), the Dagara (3.52%), the
Dioula (1.14%), the Dafing (0.89%) and the Bobo (0.39%). In 1985 the out-migration rate
from the province was 22.5%. Migrants go to Cote d’Ivoire in search of work. But the region
al so receives migrants because of itsfertile lands.

Farming systems

Agriculture is by far the most prevalent economic activity. Livestock production supplements
crop production as a source of livelihood. The province covers 10,361km?2 and has 560,000ha
of arable land. The unusable lands are about one-fifth of the province.

Agriculture is largely extensive, centered on rainfed production of food crops (millet,
sorghum, maize) and cash crops (cotton, sesame, soybean, groundnut). Cereals occupy 90%
of the total surface, tubers 3.8% and cash crops 6.2%. Food production includes cereals and
market vegetables, tubers and other starches, and wild products. Most crops are locally
consumed, with a surplus over local needs.

Access to land is relatively easy: land is granted to immigrants by traditional chiefs upon
demand. Central to the land use system is allowing fields to lie fallow as a way of restoring
the soil. As exhausted fields are fallowed, others are cleared and cultivated. Mechanization
being almost non-existent, farming is characterized by simple technology. The failure to
effectively integrate crop and livestock production results in low yields. Animal traction and
the application of modern techniques are not well known to farmers here.

Livestock production

Livestock production has remained traditional, with little veterinary intervention or feed
supplements. The main illnesses are tuberculosis and black leg for cattle and cysticercosis for
pigs. Animal production depends on the climate, which is relatively unfavorable. Livestock
management relies on transhumance (i.e. livestock is moved to fresh pasture lands according
to the season) and is not oriented to quality production. The social meaning of livestock
prevails over economic objectives. Cattle are used for bride wealth and small ruminants and
poultry are used as offerings during rituals.

2.3 Gourma Province: Fada N’ Gourma

Geography

Gourma Province is located in the eastern and southeastern part of Burkina Faso and has
Fada N’'Gourma as its administrative center. It is bordered by Tapoa Province to the east,
Boulgou and Kouritenga to the west, Komandjari and Gnagna to the north and Koulpelogo
and Kompienga to the south. It is located between longitudes 0°7& and 1°25& and latitudes
13°7@® and 11°55@. It has an altitude of 192m and its total areais 11,217km2.
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Climate

Most of this province has a Sudanese climate, athough the climate in the northern part is
more typical of the Sahelian zone. The rainy season starts around mid-April, with the onset of
the monsoon winds, and lasts till mid-September (Some & Sivakumar 1994). Inter-annual
variability in rainfal is significant (Figure 7). But a declining trend in rainfall was
experienced during the 1980s, with annual rainfalls between 709mm and 612mm. The
average annual rainfall for 1963-2003 was 818mm.

Inter-annual variability in temperatures in Fada N’ Gourmais relatively significant (Figure 8).
During the period 1963-2003 the maximum temperature ranged from 34 to 37.8°C, by a
margin of 4.8°C, and the minimum from 20.5 to 23.6°C, by a margin of 3.1°C. The average
temperature for this period was 28.3°C. The average minimum was 21.6°C and the average
maximum 34.4°C. There was a dight increase in the average temperatures during this period.

The relative humidity also shows significant inter-annual variability (Figure 9). From 1963 to
2003 the maximum ranged from 63 to 77%, with an average of 68%, and the minimum from
29 to 36%, with an average of 33% until 2003 when there was a dramatic drop to 18%.

Topography

Fada N’ Gourma's relief is very flat, with an average altitude of 280m. The highest elevations
are hillsin the region of Pama, between 320 and 350m.

Soils

Four main soil types were identified in the area by INERA (1995): ferruginous soils, gravelly
soils, vertisols and brown soils. The leached ferruginous soils are moderately deep to deep,
sandy on the surface and sandy/clayey at greater depth, and have low fertility levels (i.e. they
have low permeability and porosity, poor water retention, low effective calcium carbonate
(ECC), organic matter content less than 1%, and are quite dissaturated and vulnerable to
erosion). These soils are sometimes associated with other types of soils and cover most of the
province. The gravelly soils are not very deep (< 40cm) and have an overall low fertility (i.e.
they have insufficient water-holding capacity, low organic matter content, and are deficient in
phosphorus). The vertisols are often associated with the ferruginous soils and present variants
(typical vertisols with a sandy or gravelly cover, gravelly vertisols on the surface, vertisols on
river alluviums, etc.). They are clayey in texture and have weak interna and external
drainage. They tend to swell, having a strong ECC and weak porosity, and to be saturated and
difficult to work with. The brown soils are less common, being sometimes associated with
vertisols. They have an average to thin structure on the surface, and a depth greater than
100cm, with astrong ECC, but have limited drainage at greater depth.

Hydrological system

The hydrological system is dense and includes sizable water courses that form two major
watersheds. The water courses of the northern and central part of the province (Bonsoaga and
Sirba) supply the Niger river basin. In the southern part, the Koulpéologo and Singou rivers
belong to the watershed of the Pendjari, atributary of the Nakambé river.
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Vegetation

Most of the vegetation is characteristic of arboreous and shrubby savannas, more abundant in
the central and southern parts and more sparse in the northern part, where it includes thorny
species. This region has three natural reserves: Pania (223,000ha), Arly (76,000ha) and the
Singou park (182,800ha). These protected areas cover about 11.3% of the region.

Population

The population of Gourma Province was 192,331 in 1975 and grew to 220,116 in 1996. In
1995 about 49.3% of the population was under 15 years of age. Active persons (15-64 years)
constituted 47.3%. The Gourmatché ethnic group represented 54.8% of the population in
1991, Mossi 35.4%, Fulani 7.6% and others 22% (Bissa, Bobo, Gouin).

Farming systems

Agriculture is the main economic activity of the area. Access to land is mediated through
kinship as well as by inheritance, with rights determined by lineage membership, according
to order of settlement (members of lineages who first settled on the land having priority
rights). Agriculture is extensive, with fallow periods varying according to soil type and
distance from residence.

The main crops cultivated are millet, sorghum, maize, rice, groundnut, cowpea, cotton and
soybean. Vegetables for the market (tomato, eggplant, cabbage) are cultivated in the lowlands
(Bossangri, Bassabiliga, Fonghin) and around small reservoirs (Diapangou, Litiayeli and
Balga).

Crops such as sorghum, maize, cassava and sweet potatoes are grown in the lowlands and
along water courses. At the bottom of the valleys where water drains to after heavy rain are
soils that are characterized by significant moisture, compared to those of other areas during
the rainy season.

There are three predominant field types in Gourma Province. Compound fields are situated
around and near homesteads. They are generally planted with food crops, such as maize and
short cycle sorghum varieties, but also vegetables (okra, sorrel, red sorrel) and tobacco.
Village fields are a few meters from homesteads (500 to 1000m) or within the village area.
They are planted with two main varieties of sorghum (early and late maturing), millet
(sometimes intercropped with cowpeas), groundnuts and, to lesser extent, maize and rice.
Groundnut/sorghum or sorghum/millet rotations are practiced in these fields. Bush fields are
a few kilometers from the village; they consist of fields scattered in the bush and mark the
borders of the village territory. Monocultures of food crops and crop rotations
(sorghum/millet) are practiced here. Sorghum or millet is generally intercropped with
cowpea, with seeds planted in the same hole.

Livestock production
Animal breeding is extensive and characterized by transhumance (especially by Fulani

herders). The average herd size is between 40 and 50 heads per herd owner. Livestock has
both economic and social functions.

12



2.4 Kadiogo Province: Ouagadougou

Geography

Kadiogo Province is located in the central agricultural research region of Burkina Faso and
has Ouagadougou asiits capital. It is bordered by the provinces of Oubritenga and Kourweogo
to the north, Ganzourgou and Oubritenga to the east, Bazega to the south and Boulkiemde to
the west. The Ouagadougou weather station is located at latitude 12°22® and longitude
1°31&V, at an altitude of 296m. The province's areais 2881km?2.

Climate

This province falls within Sudanese and Sahelian climatic zones and receives an annual
rainfall ranging between 600 and 900mm from north to south. Rainfall averages for the
period 1963-2003 were around 756mm (Figure 10), but there was very significant inter-
annual variability and also a declining trend in rainfall amounts, with 1977-1984 being the
driest period, when annual rainfall ranged from 569 to 730mm. The highest values were
recorded in the 1960s, when rainfall exceeded 1000mm.

Figure 11 shows the trends in maximum, average and minimum temperatures under shade in
the Ouagadougou station. During the last 40 years there has been significant inter-annual
variation in temperature, with the minimum temperature showing arising trend. The average
annual minimum temperature increased from 21.2 to 23.3°C, by a margin of 2.1°C, with an
overall average of 21.9°C, and the maximum from 34.0 to 35.7°C, by amargin of 1.7°C, with
an overall average of 35.0°C. The average temperature from 1963 to 2003 was 28.4°C.

The relative humidity is low here, particularly during the dry season. The average annual
minimum for this period was 30%, and the average maximum 68%, with an average of 49%
(Hav). The minimum relative humidity varied from 25 to 36% and the maximum from 62 to
74% (Figure 12). The inter-annual variation is therefore significant.

Vegetation

The vegetation is typical of Sahelian zones in the northern parts of the province and of
Sudanese zones in the southern parts. It is mostly a steppe with large and small shrubs and
scattered trees, whose density increases from north to south. The sparse trees include several
useful species, such as Vitellaria paradoxa, Parkia biglobosa, Lannea microcarpa, and
Tamarindus indica. Other species, such as Combretum glutinosum, Bombax costatum,
Scleocaria birrea and acacia macrotachya, are also found here. The grass cover is mostly
annual grasses, which form patches alternating with bare areas. Recently cleared fields and
new fallows are covered with Schizachyrium and Loudetia togoensis, while old fallows are
often invaded by perennial grass, such as Cymbopogon schoenanthus and Andropogon
gayanus.

Geomorphology and soils

The landscape is amogt flat, with a gently undulating relief marked by hillocks, uplands and
depressions. The area is part of the African shield, constituted by a crystalline platform and
by Birrimian formations from the Precambrian, constituted of sedimentary, volcanic or
plutonic elements. The nature of the soils is related to geological formations and
geomorphology: the plateau soils are shallow and of the compacted ferruginous type; the
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upland soils are gravelly, sandy or sandy-loamy, often compacted, with low permeability; and
the lowlands have hydromorphic sandy-loamy, loamy or clayey soils, which are deeper and
richer and are potentially the most productive.

Population

In 1985 the central region or central plateau hosted 48% of the total population of Burkina,
with densities ranging from 50 to 90 inhabitants per km?, as opposed to the national average
of 29 per km2 According to the 1996 Census, Kadiogo Province (Ouagadougou) had
941,894 inhabitants, compared to 421,302 and 249,583 respectively for the provinces of
Boulkiémdé and Sanguié.

Farming systems

Rainfed cultivation of millet and sorghum, the traditiona staple crops, is the core of
agriculture. Farmers generally maintain three types of fields at varying distances from the
homestead (compound fields, upland fields and lowland fields) which also differ in soil types
and crops grown. The most common crops grown in compound fields are maize, groundnut
and small amounts of cowpea. Sorghum and millet are cultivated on the sandy soils of upland
fields, but also in compound fields. Rice is occasionaly cultivated in the lowlands. During
the dry season, only vegetables are grown in the lowlands, amost entirely for domestic
consumption.

Yields depend on the soil’s natural level of fertility and capacity to regenerate, which islow.
Soil management consists of hoeing and ridging at the end of the dry season, followed by two
or three weedings, according to the length of the rainy season and the available labor. Manure
application is limited by the poor development of livestock farming, which is still largely
extensive in nature. Crop residues are removed from the fields to be used as animal feed and
as fuel. Animal traction is uncommon because of the absence of cash crops and the frequent
water deficits.

Livestock production

Livestock — cattle, goats, sheep, donkeys, pigs and poultry — is farmed according to
traditional extensive methods. The carrying capacity of the region has been exceeded,
resulting in serious degradation of the cattle corridors.

2.5 Yatenga Province: Ouahigouya

Geography

Y atenga Province is situated in the northwestern region of Burkina Faso. Ouahigouya is its
administrative center. It is bordered by the provinces of Sourou, Zandoma and Passore to the
south, Bam to the east, Lorum to the north, and the Mali Republic to the west. The latitude
and longitude for Ouahigouya are 13°35® and 19°W and its altitude is 329m. The province's
total areais 6799 kmz.
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Climate

Ouahigouya is situated between the Sudano-Sahelian and the Sahelian climate zones. Its
climate is characterized by an extended dry season, rendered even drier by the harmattan in
February. Rainfall averages for the period 19632003 situate the zone between the 358mm
(to the north) and 836mm (to the south) isohyets, and yield an annual average of 617mm
(Figure 13). Rainfall is marked by a considerable inter-annual variability, as shown in Figure
13 (data from Ouahigouya’ s synoptic weather station).

Figure 14 shows trends in maximum, average and the minimum temperatures for the
Ouahigouya station. The lowest daily temperature seldom falls below 15°C, whereas the
highest may riseto 42.7°C in April (asit did in 1983). During the last 40 years there has been
a dignificant inter-annual variability in temperature, showing an overall increasing trend.
Thus, the average annual minimum temperature increased from 20.6 to 23.9°C, by a margin
of 3.3°C, with an overall average of 22.3°C, and the annual maximum increased from 34.8 to
36.7°C, by a margin of 1.9°C, with an overall average of 35.9°C. The average temperature
from 1963 to 2003 was 29.1°C.

Two types of wind alternate in this province, the harmattan, which blows from the Sahara
desert in a NNE-SSW direction and is the main factor in wind erosion, and the monsoon,
which blows from the ocean in a SW-NE direction, a cold wet wind which announces and
brings the rains and is an indirect cause of erosion. The average wind speed for the period
1963-2003 was 2.1 m/s.

Figure 15 shows very significant inter-annual variability in relative humidity in Ouahigouya.
The minimum varies from 20 to 32% and the maximum from 53 to 71% . The average annua
minimum and maximum relative humidity for this period are 26% and 62.8%, with an overall
average of 44.4%.

Topography

Y atenga Province has an undulating surface, dominated by hills and hardpan hillocks, steep
blocks of cliffs and a gentle slope varying between 1 and 3% (Boulet 1968; Marchal 1983).

Vegetation

The vegetation here is typical of savanna environments, giving way to a steppe to the north.
Five types of vegetations have been identified, from arboreous savannas to systems prone to
flooding (Guinko 1984 ).

The arboreous savannais located in the lower zones. The dominant woody species are found
in either cleared, fallow or cultivated lands. These trees provide people with domestic fuel
and timber for building. Some also provide food during periods of food insecurity, such as
the fruits of sheatrees, baobabs, and néré trees.

The spotted bush or shrub/thicket steppes are found on the higher parts of the slopes. The
woody species are Combretum micrantum, Aristida adscensionis, Guiera senegalensis and
Pterocarpus lucens. The less thick herbaceous stratum is constituted by Loudetia togoensisin
Yatenga. In the Soum the grass cover, which intermittently covers the dune ranges, is
composed of Combretum glutinosum and Cenchrus biflorus.
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A steppe, with vegetation ranging between shrubby and thorny, covers the slope. The trees
and thorny shrubs found here are Acacia seyal and Acacia raddiana.

Forest galleries are situated along the water courses and around the lowlands. The woody
vegetation is dominated by Anogeissus leiocarpus and Acacia seyal. The grass cover is low
and sparse, totally disappearing from October to November because of animal grazing.

The systems prone to flooding are dominated by hydrophytic vegetation. They are
characterized by grasslands with or without woody species. The vegetation here is degraded
by frequent climate shocks, continuous grazing, unregulated wood cutting and
overexploitation of the soil (Boulet 1968; BUNASOLS 1992).

Soils

The soils were studied by the Institut de Recherche pour le Développement (IRD) (formerly
ORSTOM) and particularly in 1968-1969 by Boulet and Leprun, who produced maps at
1/50,000 scale illustrating the five main soil groups. The relative prevalence of various soil
types in a village territory and their fertility level (which is generaly linked to population
density) determine their productive potentials.

The gravelly soils, situated on the plateau and hills, have poor water-holding capacity and
low fertility, and are shallow and prone to extreme runoff. They are cultivated with cowpea,
groundnut and millet. The less developed soils deriving from the dismantling of ferruginous
hardpans are used for agriculture or pasture according to whether they are deep or not. The
clayey soils or soils with dominant clayey texture, resulting from the ateration of basic
metamorphic and crystalline rocks, are found in the lowlands and around the edges of ponds,
and are therefore frequently flooded. They are often cultivated with rice, sorghum, maize,
sesame and okra. The leached tropical ferruginous soils, which may be compacted on the
uplands, are low in organic matter, nitrogen, phosphorus and calcium and are sensitive to
erosion. These are normally cultivated with sorghum, millet and groundnut. The sandy-clayey
soils are located at the bottom or in the middle of slopes and are cultivated with sorghum,
millet, groundnut and Bambara groundnut. They are relatively fertile and easy to work with
hand-held tools.

In sum, the physical environment of this area appears very fragile. It has poor soils, subject to
high degree of degradation through runoff or erosion, the intermittent vegetation appears in
good shape only during the rainy season, and the tendency over the last 40 years has been for
rainfall to decrease and temperatures to rise.

Population

The population in the Ouahigouya region is around 444,563 (according to the last census of
1996). The average density is 48 per km?, but most of the population is concentrated around
the towns. From 1910 to 1996 population density in Yatenga Province tripled, increasing
from 16 to 48 inhabitants per kmz, without any increase in the available arable land. This put
pressure on the land and caused out-migration towards other farming areas, or gold mining
areas. Since the 1970s the cotton zone of western Burkina Faso and the coffee and cocoa
plantations established by Burkinabé in Cote d'Ivoire have been the main destinations for
migrants. Generally men leave first, followed by whole families.
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Farming systems

Most of the population living in this zone engage in both crop and livestock production, in
proportions that vary according to climatic and socio-economic conditions, resulting in
diversified production systems (INERA 1995). Farming systems vary according to
topography. In the lowlands, sorghum occupies 85% of planted areas. On the uplands, millet
occupies 75 to 90% of the planted area, sorghum only 5 to 25%, and maize 2 to 3%, being
grown mainly in small plots in compound fields. Groundnut and Bambara groundnut are in
decline, occupying only 5 to 10% of the planted area. Farming is largely based on hand-held
tools, athough animal traction has been promoted by extension (8% of cultivated areas in
Yatenga are managed by means of modern techniques and only 3% by mechanized
equipment (Dugué 1985).

Organic manure is usually applied to compound fields, but also increasingly to bush fields,
where the technique of zai may be practiced.? When chemical fertilizer is used, it is applied in
limited doses (< 20 kg / ha).

Crop yields vary from 100 to 1200kg/ha (Dugué 1985). Marginal lands can yield at the most
300 kg/ha, regardless of rainfall. Other types of land may produce 600kg/ha, while sandy
soils, which are rich in organic matter, can produce more than aton per hectare.

Livestock production

Livestock production is evolving from transhumance to agro-pastoralism. Transhumant
pastoralism is still practiced by Fulani herders more as a way of life than an economic
activity. The average herd size is 100 heads. Herds include several parks, that is, livestock
belonging to several owners belonging to the same family or to several families. Agro-
pastoralism, based on a combination of crop and animal production, is practiced by Mossi
and Fulani farmers. This system has arisen from the integration of two production systems
which were formerly separate. The most obvious advantages of this system are the production
of fodder for cattle and organic manure for the fields. It is still practiced extensively, but
women are starting to practice fattening of livestock, and may expand this practice further if
it proves profitable. In Y atenga, livestock management is beginning to change in response to
the decline in availability of natural resources since the 1970 and 1980 droughts.

2.6 Seno Province: Dori

Geography

Séno Province belongs to the Sahelian region of Burkina Faso and has Dori as its
administrative center. It is bordered by Oudalan Province to the north, Soum and
Namentenga to the west, Gnagna and Y agha to the south, and Niger to the east. Dori is
situated at latitude 14°02® and longitude 2°88®&V, at an altitude of 288m. The province's
total areais 7020 kmz.

2 7ai is atechnique consisting of digging small holes during the dry season in the barren soil, putting a handful
of manure in each hole and waiting for the first rainfall to sow cropsin them. This makes the soil productive.
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Climate

The climate here is sub-Sahelian, with an average annual rainfall of less than 600mm. The
overall average rainfall for 1963-2003 was 480.5mm. During this period, the highest
amounts of rain were recorded in 1963 (748mm), in 1966 (736mm) and in 2003 (753mm).
There was, however, considerable inter-annual variability (Figure 16). The tendency has been
for ageneral declinein rainfall over these years. It decreased from 748mm in 1963 to 259mm
in 1987. The driest period was between 1977, with 279mm, and 1987, with 259mm (Figure
16).

Figure 17 shows the trends in maximum, average and minimum temperatures, under cover at
Dori for the period 1963-2003. Inter-annual variability in temperature was significant, with a
rising trend throughout the years. The average annual minimum temperature varied from 20.5
to 23.5°C, by a margin of 3.0°C, and the average was 21.8°C. The average annual maximum
temperature varied from 36.3°C to 38.4°C, by a margin of 2.1°C, and the average was
37.2°C. The overall average temperature from 1963 to 2003 was 29.5°C. The highest daily
temperatures recorded were 43.7°C in April 2000 and 44.2°C in May 1993. The minimum
daily temperatures can fall to aslow as 11°C in January or December.

The relative humidity is low here, particularly during the dry season. The annual average
relative humidity for this period ranged from 35 to 51%, with an average of 43%. The
minimum relative humidity ranged from 21% to 31%, and the maximum from 50 to 72%
(Figure 18).

Topography

This region is composed mostly of granite rocks and sand. It has a monotonous landscape
characterized by low relief. The main topographic forms are the following: shifting sand
dunes, found in the extreme north of Burkina Faso; rocky or compacted hillocks, which are
either piles of rocks fallen from larger blocks (granite and schist) or isolated rocky hillsrising
steeply from the plain; flat or gently sloping uplands crusted with materials stemming from
the dismantling of ferruginous plates, or bare uplands with a gravelly ferruginous depth
profile, resulting from previous laterization; and lowlands, where the water courses exploit
some faults and fractures in the crystalline platform, beginning on the top of hillocks,
elevations, and impermeable uplands and concentrating in the lower levels of the topo-
sequence. These last often have clayey soils, with very dense grass cover with Panicum
laetum and some shrubs (Acacia seyal and Acacia senegal) used for pasture by the Fulani.

Vegetation

The vegetation here is sparse with river formations and elements prone to flooding.
Pasturelands are less abundant but of higher quality than in other areas of the country. The
woodland cover forms a thick or patchy steppe, with large and small shrubs and trees. The
characteristic species of this environment is the Acacia, especially Acacia seyal and Acacia
radiana. It is also found in the cultivated areas along with other trees such as Balanites
aegyptiaca, Adansonia digitata, Hyphaene thebaica and Acacia albida. The grass cover is
composed of annual species, including Aristida, Cenchrus or Shoenefeldia and Papilionacae
(Alysicarpus ovalifolius and Zornia glochidiata). It provides a continuous or intermittent
cover according to soil conditions.
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The hydrological system is moderately dense and largely linked to the rainy season. It is
connected to the Niger river basin. The established dunes have increased the tendency for
runoff to form permanent or semi-permanent ponds rather than rivers.

Soils

Several soil studies have been undertaken in the Sahelian region (Leprun 1977, BUNASOLS
1981). In a study for the Burkinabe Sahelian region, based on three transects (Oursi-Tin
Akoff, Gorom-Markoy and Dori-Falagountou), Pallo (1994) highlights the importance of
isohumic soils and the presence of iron and manganese sesquioxide and sodic soils.

The sub-arid red brown soils, slightly differentiated or haphic arenosols, and the sub-arid red
brown modal soils or luvic arenosols are constituted of aeolian sands. They have a solid
structure, alow to average cohesion and low organic matter contents (< 3%).

The sub-arid brown alkaline soils are associated with sesquioxides and are located on uplands
with a gentle dope. They are made of clayey-sandy materials resulting from water erosion.
Their structure, which is cubic on the surface, becomes heavy at greater depth. They have a
very hard cohesion. The brown sub-arid vertic soils are found on sloping uplands and on
clayey materials of poorly drained plains. They have a high rate of saturation (90% on
average) of the surface profile and a pH from dightly acid to neutral at the surface and
alkaline at greater depth. The iron and manganese sesquioxide soils are composed of |eached
tropical ferruginous soils. They cover alarge part of the Sahelian region of Burkina because
of their aeolian origin (sandy deposits blown by the wind) and the low rainfall, which does
not allow for much leaching of clay material. The sodic soils are developed from granite.
They are characterized by limestone accumulation, in the form of nodules, black concretions
and hydromorphic spots, which are signs of poor drainage.

Population

The population of Séno Province is estimated at 201,760 according to the general census of
1996. Population density varies from 10 to 17 per kn?, but in arable rural areas between 1984
and 1988 it was 54 per km2. The main ethnic groups are the Fulani (Liptako, Djelgobé,
Rimaibé), Bella, Sonrai and Mossi. Population movements consist of seasonal transhumance,
and out-migration or migration to the towns by young people.

Farming systems

Sahelian agriculture is largely rainfed, and centered on food crops, particularly cereals.
Farming is still practiced according to traditional methods, with planting being done while
standing or by broadcasting, and cultivation by means of the iler (a wooden spade-like tool
used in the Sahel). Application of manure is widespread, but animal draught is hardly
practiced. The inter-annual cerea yields are more significantly influenced by temporal and
spatia distribution of rainfall than by differences in farming techniques. The main crops
grown are millet, sorghum and, to a lesser extent, maize and rice. Cash cropping is
insignificant, mostly groundnut, cowpea and sesame. Irrigated agriculture is hardly known
and vegetable production is poorly developed. Among vegetables grown are onion, tomato,
cabbage, potato, cassava, eggplant and cal abash.
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Agriculture is practiced extensively, using large amounts of land. Cultivated areas grow by
2.25% per year. Yields are generally very low, ranging from 300 to 400kg/ha for dry cereals.
The cereal (food) balance for Séno Province registers frequent deficits.

Livestock production

Animal breeding constitutes the main source of cash income for rural households in the
Sahel. The region has a diversified livestock production system. Livestock include cattle,
goats, sheep, pigs, donkey, horses, camels and poultry. Livestock management centers on
water points, particularly during the dry season. Trees are well integrated into the sylvo-
pastoral system asthey provide feed for livestock.

3. Crop water requirements

3.1 Water requirements for the main cropsin the Bobo-Dioulasso region

Figures 19 to 38 show the maximum evapotranspiration (ETM), i.e. the crop’s water
requirements, the variation in the amount of rainwater actually used by the crop (Ef rain), and
the irrigation water requirement (lIrr req).

Water requirements for cotton

Figure 19 shows that rainfall increases from the planting date to mid-August. During this
period, the cotton crop’s water requirements, which range from 20 to 60mm for each ten-day
period (shown as ‘decade’ in the Figures), are generally met. From September on, its water
requirements are greater than the actual effective rainfall, which increases the need for
irrigation from mid-September to late October.

Water requirements for groundnut

Figure 20 shows that the water requirements are met in full by the amount of rainwater
available to the crop (ETM < Efr) until 9 September, when the available amounts of rainwater
are fully used up by the crop (value of the ETM = Efr = 39mm). From this date, rainfall alone
is unable to meet the groundnut crop’s requirements. Supplementary irrigation is therefore
needed to alleviate the water deficit. The need for irrigation increases until the end of the
growth cycle, as shown by the curve.

Water requirements for maize

Figure 21 shows that the quantities of rainwater are sufficient to meet the crop’s water
requirements from planting time to about 2 September, before the rainwater supply becomes
less than the requirements, which remain high until 19 September. Therefore for optimal
yields in this region maize would require supplementary irrigation to enable it to complete its
growth cycle. However, irrigation needs do not exceed 1mm/ ten days.

Water requirements for sorghum

Figure 22 shows that the amount of rainwater available to the crop varies between 30 and 57
mm/ ten days, while its requirements vary from 17 to 52mm/ ten days during the vegetative
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stage. In this region, therefore, sorghum does not require irrigation when the rainy season is
normal.

3.2 Water requirements for the main cropsin the Gaoua region
Water requirements for cotton

Figure 23 shows two distinct phases. At first, from planting (late May) to late August, the
cotton crop’s water requirements are met by effective rainfall. Effective rainfall increases
from 20mm to about 50mm/ ten days, while water requirements (ETM) increase from 25mm
to about 50mm/ ten days. At the end of the rainy season this crop needs irrigation to reach its
potential yield. The second period, from September to late October, is marked by a decline in
effective rainfall, from 50mm to nil from late October onwards. During this time, the ETM
decreases, but continues to exceed effective rainfal. During this period irrigation needs
increase, ranging from less than 1mm/ ten days in early September to 40mm/ ten days at the
end of October.

Water requirements for groundnut

Water requirements for groundnut in this region are satisfied by effective rainfall (Figure 24).
During the crop’s entire growth cycle, effective rainfall amounts exceed the ETM after 7
September. However a substantial increase in ETM, from 20mm to 50mm/ ten days, occurs
between 20 and 80 days after planting.

Water requirements for maize

Irrigation needs for maize in this region are moderate if planting is done in early June (Figure
25). Rainfall here varies from 15mm to 50mm/ ten days. Maize demands considerable
amounts of water. A significant increase in ETM occurs from 20 days after planting to mid-
September. After this period, the ETM is higher than effective rainfall. In this case irrigation
is needed.

Water requirements for sorghum

This crop’s variation in potential evapotranspiration (ETP) is low (39 to 40mm/ ten days).
During the entire growth cycle of sorghum, water requirements (ETM) are lower than the
effective rainfall, if planting occurs in late May (Figure 26). Given the region’'s favorable
rainfall conditions, cereal production does not need supplementary irrigation.

3.3 Water requirementsfor the main cropsin the Fada N’ Gourma region
Water requirements for cotton

Water requirements for cotton are highly variable according to stages in the growth cycle.
Figure 27 shows the maximum evapotranspiration (ETM) for cotton is very low in the first
ten to 30 days after planting but increases substantially until late August. Water requirements
are met by effective rainfall only during the first two months after planting. From 6 August
(70 days after planting), the ETM values exceed the effective rainfall. Therefore irrigation
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needs increase from 2mm/ ten days to 40mm/ ten days in mid-October. After this period,
irrigation needs equal the water requirements for cotton, because of the absence of effective
rainfall.

Water requirements for groundnut

Figure 28 indicates that groundnut water requirements are not met by the effective rainfall.
Although effective rainfall exceeds the ETM at first, it falls beneath the ETM from late July
on, about 45 days after planting. Irrigation needs increase from this date and reach 40mm/ ten
days in early October.

Water requirements for maize

Figure 29 shows three phases of water requirement for maize. During the first phase, from
planting (around mid-June) to early August, both effective rainfall and ETM grow and water
requirements are met by rainwater alone. During the second phase, from August to late
September, the ETM stay constant while effective rainfall decreases. Irrigation needs are low
(< 20mm/ ten days). In the third phase there is a decline in effective rainfall and in ETM, but
the ETM still exceeds the effective rainfall so irrigation needs increase up to 40mm/ ten days.

Water requirements for sorghum

Water requirements are met by rainfall if planting occurs in the first ten days of June (Figure
30). The effective rainfal is higher than the ETM during the sorghum crop’s development
cycle. The ETM increases substantially between late June and late July (17mm to 45mm/ten
days). The ETM stays constant between late July and late August and declines to 12mm/ten
days at the end of season.

3.4 Water requirements for the main cropsin the Ouagadougou region
Water requirements for cowpea

The water requirements here have two phases (Figure 31). During the first phase, from July
to mid-August, effective rainfall increases to exceed the cowpea crop’'s ETM. During the
second phase, from mid-August to late in the season, water requirements exceed effective
rainfall, although irrigation needs remain less than 25mm/ ten days.

Water requirements for sorghum

Between late June and the first ten days in September, water requirements for sorghum in the
Ouagadougou region are met by rainfall (Figure 32). During this time, effective rainfall
increases from 30 to 50mm/ ten days. The ETM also increases substantially, from 20mm to
50mm/ ten days, although it remains below the effective rainfall until 13 August. Afterwards,
the ETM stays constant until 24 September, while rainfall decreases sharply, athough the
ETM exceeds the effective rainfall. Irrigation needs therefore increase, from 1.0mm/ ten days
in early to mid August to 40mm/ ten days in mid-October.
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3.5 Water requirements for the main cropsin the Ouahigouya region
Water requirements for cowpea

Figure 33 shows that effective rainfall here meets the water requirements of the cowpea
development cycle only during the first 40 days after planting (from late June through July).
At the end of this period, the ETM risesto 70mm/ ten days, while effective rainfall falls from
40mm to 10mm/ ten days. Irrigation needs grow from 10mm/ ten days to 40mm/ ten days.

Water requirements for maize

From August on, effective rainfall does not meet water requirements for maize (Figure 34).
At about 20 to 60 days after planting, the ETM increases substantially and becomes higher
than the effective rainfal. From mid-August, the ETM and the effective rainfall decrease.
However, the ETM remains higher than the effective rainfall. This results in an increase in
irrigation needs from 5mm to 60mm/ ten days from mid-August to late September.

Water requirements for sorghum

Effective rainfall here meets sorghum water requirements from late June to late July (Figure
35). During this period, effective rainfall increases from 20mm to 40mm/ ten days while the
ETM increases from 20mm to about 60mm/ ten days and exceeds the effective rainfall. The
water deficit coincides with the flowering and grain formation stages of sorghum and
therefore rainwater must be supplemented by irrigation to prevent adrop in yields.

3.6 Water requirementsfor the main cropsin the Dori region
Water requirements for cowpea

Figure 36 shows that water requirements for cowpea are met by effective rainfall only during
a short period of the crop’s cycle, from 10 July to 10 August. Rainfall amounts fall gradually
while water requirements continue to increase, reaching 70mm/ ten days at a point where
rainfall is less than 30mm/ ten days. Irrigation is therefore needed for two months before the
end of the development cycle, reaching a maximum of 30mm/ ten days around 29 September.

Water requirements for sorghum

Figure 37 shows the trends in ETP, ETM, effective rainfall and irrigation needs during the
development cycle of sorghum. It shows that, until 17 August, water requirements for
sorghum can be met by rainfall, since the Efr values are greater than the ETM. From 17
August to 26 September the supply of rainwater falls below the crop’s water requirements,
which increase to above 15mm/ ten days and then decrease. The need for irrigation increases
from 7 August and is highest between 26 September and 10 October.

Water requirements for millet

Figure 38 shows the ETM for this crop varies between 21mm and 65mm. Millet cropping is
almost impossible without supplementary irrigation.
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For each province the total water to withdraw for supplementary irrigation to allow crops to
reach their potential yield, if they were to be irrigated, was calculated using the methodol ogy
proposed by FAO (1992). These are presented in Tables 1 to 5. The crop water use for all the
crops within the provinces was assessed as presented in Table 6.

4. Soil water balance
4.1 Soil water balance in the Bobo-Dioulasso region

Figures 39 to 59 show the variations in the useful reserve (total available moisture — TAM),
the easily usable reserve (readily available moisture reserve, i.e. the difference between the
amount of water retained in the soil to fill the capacity of the field and that which resultsin
constant overflowing — RAM) and the soil water deficit (soil moisture deficit — SMD).

Soil water balance in a cotton plot

Figure 39 shows that the soil water balance in the cotton plot is generally positive until 27
September, after which it begins experiencing an increasing deficit, which reaches 100mm
every five days at end of the season. This increase in SMD occurs at the end of the rainy
season, which ranges from late September to October (Some & Sivakumar 1994). This period
is characterized by irregular and infrequent rainfall and by average daily rainfall that is less
than the evaporative demand (Hien 1995).

The RAM and TAM have two phases: the first, from late May to mid-August, shows a
replenishing of reserves, with 118mm/ five days for RAM and 120mm/ five days for TAM.
This period falls between the onset of the rains and the time of heavy rains. The onset occurs
between May and mid-July and is characterized by irregular rainfall. The period of heavy
rains, between late July and late September, is characterized by frequent rains that exceed the
evaporative demand. The trend in TAM remains constant, while the RAM trend beginsto rise
around 11 October to reach 146mnv five days at the end of the season. Water deficit reaches
50% of the RAM on 26 October, at which point supplementary irrigation is needed.

Soil water balance in a groundnut plot

Figure 40 shows that the SMD is relatively insignificant for groundnut until 3 October. The
deficit increases to reach 40mm/ five days at the end of the season. The RAM and TAM
curves rise to mark a period of replenishing of reserves. This period extends to 7 August,
when RAM and TAM are respectively 49 and 110mm/ five days. The SMD reaches 50% of
the RAM between 16 October and 21 October, but this happens during maturation, having no
impact on yields.

Soil water balance in a maize plot

In the Bobo-Dioulasso region, the soil water balance is overall positive for maize, since the
SMD is insignificant for the entire season, as shown in Figure 41. The trend for the
immediately available RAM has three phases: a phase of growth from 8 June to 12 August,
characterized by replenishing, followed by a phase between 12 August and 21 September
when its values stay constant, and, finally, a third phase of growth, from 21 September to the
end of the season. The TAM develops in two phases: a phase of replenishing, when reserves

24



reach 200mm on 24 July, and a phase when reserves stay constant, from this date to the end
of the cycle. In this area maize does not require irrigation to produce good yields.

Soil water balance in a sorghum plot

In Figure 42 the SMD is insignificant during the two first months after sowing beforerising a
little to 20mm. The RAM reserve has three phases. The TAM rises rapidly to 120mm after
only one month after sowing and stays constant until the end of rainy season.

4.2 Soil water balance in the Gaoua region
Soil water balance in a cotton plot

Figure 43 shows that soil water balance is positive overall until the end of September, after
which the deficit gradually increases to 79mm/ five days at the end of the season. The RAM
and TAM have two distinct phases: a first phase characterized by a replenishing of the soil
water reserves until mid-August, with respective values of 118mm and 196mn/ five days for
the RAM and TAM. After that, the TAM remains constant until the end of the cycle, while
from the first ten days in October on, the RAM rises to reach 150mm/ five days at the end of
the season. At this time the SMD also increases to reach more than 50% of the RAM,
suggesting the need for supplementary irrigation, although this deficit occurs towards the end
of the cycle, when the crop no longer needs water to complete maturation.

Soil water balance in a groundnut plot

Figure 44 shows that water requirements for groundnuts are largely met by rainfall, and
therefore the SMD is negligible. The TAM increases in two distinct phases. At first, between
early June and early August, it increases from 40mm to approximately 115mm/ five days,
resulting in an accumulation of water in the soil shortly after the onset of the rains. During the
second period, from August to the end of the season, the TAM remains constant, at 117mm
of water/ five days. The RAM follows a similar pattern. It rises between June and August and
then stabilizes to 50mm/ five days. The RAM varies according to crop and root depth. Since
the soil water balance is low, groundnut in Gaoua does not need irrigation.

Soil water balance in a maize plot

Figure 45 shows the TAM increasing early in the season, and then stabilizing in mid-August.
The TAM reserve increases according to rainfall, as August usually registers the heaviest
rains in the season. From mid-August on, as rains diminish, the TAM stabilizes at 140mm/
five days, remaining constant until the end of the cycle. The variability in RAM is aso
significant, registering an increase from 20 to 60mm/ five days between June and early
August. Between mid-August and mid-September, the RAM reserve is constant. Then it rises
again from 60 to 120mm/ five days at the end of September. The soil water balance remains
low during the entire development cycle of maize.

Soil water balance in a sorghum plot

The SMD for sorghum in Gaoua is very low to nil, and remains relatively constant (Figure
46). This means that soil moisture is sufficient. Between the end of May and the end of July
(during the first 60 days after planting), the TAM increases from 50 to 200mmn/ five days, and
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then it stabilizes at 200mm/ five days to reach the end of the sorghum cycle (Figure 46). The
RAM follows a similar pattern, increasing from 25 to 100mm/ five days between late May
and late July, and then stabilizing at 100mm/ five days in August. From September on, it
increases again, to 150mm/ five days, which means that moisture is easily available to
sorghum and the water deficit is negligible.

4.3 Soil water balance in the Fada N’ Gourma region
Soil water balance in a cotton plot

Until 23 September, the SMD for cotton remains negligible (2.0mm to 5.0mnv five days),
then, at the end of the cycle, it rises to 144mm/ five days to approximate the RAM values
(Figure 47). The RAM and TAM increase to 120mm and 200mrm/ five days respectively in
mid-August. The TAM then stabilizes until the end of the crop cycle, while the RAM
increases from the middle decade of October on, to reach 144mm/ five days at the end of
season. The SMD remains low until mid-September (1.3mm to 5.0mm/ five days), but then
increases to reach 144mm/ five days in late October. This mean that irrigation is needed to
alleviate water stress at the time of flowering and capsule formation.

Soil water balance in a groundnut plot

Figure 48 shows that the SMD for groundnut here remains insignificant until late September,
that is until 23 days before the end of the crop cycle, after which it gradually increases to
reach 150mm/ five days at the end of the season. Its effect is thus negligible for this crop. The
RAM and TAM gradually rise since early in the cycle, to reach 40mm and 120mm/ five days
respectively on August 3rd. These values stay relatively stable until the end of the crop cycle.

Soil water balance in a maize plot

Figure 49 shows that the SMD for this crop remains very low until 22 September, before
rising to reach 80mm/ five days at the end of the cycle. This increase in water deficit
coincides with a slight rise of the RAM in late September—October. SMD and RAM show a
similar trend. The TAM rises between the beginning of cycle and 19 August, to reach
138mm/ five days, then stays constant until the end of the cycle. The RAM rises until 19
August to reach 70mm/ five days, then stays constant until 27 September, before rising again
to 112mm/ five days at the end of the season.

Soil water balance in a sorghum plot

Here the SMD isvery low (< 4.0mm/ five days) for the entire development cycle of sorghum
(Figure 50). The water balance is therefore positive. In fact, between June and August, the
TAM grows significantly and, at the end of this period, it stabilizes at 196mm/ five days. On
the other hand, the RAM increases in three phases. At first it increases, then it stabilizes at
98mm/ five days, and finaly it increases again to 151mm/ five days from September on.
During this third phase, the difference between the TAM and the RAM is low, which
indicates that water is available to the crop.
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4.4 Soil water balance in the Ouagadougou region
Soil water balance in a cowpea plot

Figure 51 shows that the TAM for cowpea has two phases, increasing between July and
August and stabilizing from the end of August to mid-October, with values ranging from
44mm to 140mm/ five days. The RAM has three phases: it increases in July-August, with
values ranging from 20 to 63mmm/ five days, then between late August and late September it
stabilizes at 63mm/ five days, and then from late September to mid-October it rises again to
81mm/ five days (Figure 51). The SMD varies slightly between July and mid-September,
rising from 2.0mm to 6.0mm/ five days. Between late September and mid-October it becomes
more significant, increasing 6.0mm to 58mm/ five days. The increase in SMD at thistime is
due to adeclinein rainfall. At this stage supplementary irrigation may be considered.

Soil water balance in a maize plot

Variability in TAM is very significant at the beginning of the season, with maximum and
minimum values of 140mm/ five days and 46.5mm respectively (Figure 52). The TAM
gradually increases with the establishment of the rains, and then stabilizes from September
on. The RAM follows the same trend, increasing from 23.3mm/ five days in early July to
82.6mnV/ five days in mid-October. The SMD becomes significant from mid-September on,
(45 days before the end of the maize cycle). Between mid-September and late October, the
water deficit increases. Water requirements for maize increase substantially 15 to 20 days
before and after flowering. During this period irrigation may be needed to prevent a decline
inyields.

Soil water balance in a sorghum plot

The TAM for sorghum is very significant and rises from 44mm to 196mm between late June
and late August. During the same period the RAM increases from 27mm to 98mm/ five days
(Figure 53). This increase reflects the increase in rainfall as the rainy season advances. The
TAM then stabilizes a 196mm/ five days from late August to late October. On the other
hand, the RAM stays constant from mid-August to mid-September but then increases from
63mm to 84mm/ five days between mid-September and late October, depending on the
fluctuations in rainfall and water use by the crop at different phases of development. For the
first three months after planting, the SMD remains low, ranging from 1.3mm to 5.0mm/ five
days, but it increases significantly, from 5.0mm to 60mm/ five days, between late September
and late October.

4.5 Soil water balance in the Ouahigouya region
Soil water balance in a cowpea plot

Figure 54 shows that the TAM for cowpea rises from 50mm to 140mm/ five days between
late June and the first ten days of August, while the RAM grows from 22mm to 62mm/ five
days. During this period, the water deficit is negligible, ranging from 2.0mm to 5.0mm/ five
days. Between mid-August and mid-September, the RAM stays at 63mm/ five days, while the
SMD grows to 23mm/ five days (Figure 54). After this time, the RAM and SMD increase
respectively from 63mm to 84mm/ five days, and the SMD from 23mm to 40mm/ five days.
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Soil water balance in a maize plot

The TAM here increases significantly during the first two months after maize planting.
Around late August, water reserves remain constant, at 120mmy/ five days (Figure 55). The
RAM has three phases: at first, between mid-June and mid-August, it increases from 23mm
to 50mm/ five days; then between mid-August and late September it remains constant.
During the first phase, the SMD is low, ranging from 1.4mm to 6.0mm/ five days, but it
becomes more significant during the second and third stage, increasing from 6.0mm to
50mm/ five days.

Soil water balance in a sorghum plot

Figure 56 shows that between late June and mid-August, the variationsin TAM and RAM are
very significant, ranging from 20mm to 100mmnv five days and from 50mm to 170mnv five
days respectively. From late August to September values stabilize at 170mm/ five days for
the TAM and 100mm/ five days for the RAM.

4.6 Soil water balance in the Dori region
Soil water balance in a cowpea plot

Here RAM and TAM increase during two phases. at first, they gradually increase from the
onset of the season to late August (the time of the heavy rains). They then stabilize around
40mm and 138mm/ five days respectively (Figure 57). The SMD remains low until late
August, gradually increasing thereafter to equal the RAM around 22 September. This
happens because rains become irregular, while water requirements for the crop remain
significant, so that the RAM is gradually consumed by the crop. After this time, the SMD
decreases to reach 15mm/ five days on 27 September, before rising again to equal the RAM
at the end of the season (Figure 57).

Soil water balancein a millet plot

Figure 58 shows that the soil water balance remains positive over most of the millet cycle.
The SMD curve describes very low values until the end of August. From early September to
early October it increases from 6.0mm to 80mm/ five days. This substantial increase in SMD
coincides with the stages of heading, flowering and grain formation, therefore supplementary
irrigation may be needed to optimize yields. The RAM and TAM rise from early in the
season to late September, with respective values of 101mm/ five days and 168mm/ five days.
These values remain constant until the end of the cycle.

Soil water balance in a sorghum plot

As shown in Figure 59, TAM and RAM are replenished between the beginning of the cycle
and the end of August, reaching respective values of 98mm and 196mm/ five days. The SMD
for sorghum remains negligible until the end of August. Between early September and mid-
October it rises from 6.0mm to 122mm/ five days. Since this period coincides with grain
formation, the deficit can severely affect sorghum yields.
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5. Conclusion

This study shows that soil water reserves naturally increase according to rainfall: they
generally decrease at the onset of the rainy season (May to mid-July), sharply increase during
the period of heavy rains to reach a maximum value in early September, and then decrease as
rains become infrequent, to reach their minimum level at the end of the dry season. In the
regions of Bobo and Gaoua, water requirements for cereal crops and groundnut are met by
the rainfall, while in the Sudano-Sahelian and Sahelian regions water deficits are experienced
towards the end of the rainy season. In the southwestern and western regions of the country,
irrigation needs for cotton and maize are very low, but in the centre, the north and the Sahel
irrigation needs at the end of the season are substantial.
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Table 1: Area, crop evapotranspiration, effective rainfall and total water withdrawn for
irrigated cropsin Houet Province

Houet (Bobo-Dioulasso)

Crop evapo- Effective \I,\:;;granon Irrigation x?;gr ;3\/ Total water
Crop Area(ha) transpiration rain (cubic . efficiency . to withdraw

(cubicm/ha) m/ha)  heduirements (eubic o bic km)

(cubic m/ha) m/ha)

Sorghum 73690 4128 5680 205 70 267 0.020
Maize 56571 4944 5680 205 70 267 0.015
Groundnut 11041 5151 5237 960 70 1248 0.013
Cotton 58050 7972 6304 2759 70 828 0.050
Total 0.098

Table 2: Area, crop evapotranspiration, effective rainfall and total water withdrawn for
irrigated cropsin Poni Province

Poni (Gaoua)

Irrigation Water

Crop evapo- Effective water Irrigation withdrawn Total water
Crop Area(ha) transpiration rain (cubic . efficiency . withdrawn

(cubicm/ha) m/ha) equirements (cubic o ihic km)

(cubic m/ha) m/ha)

Sorghum 33170 4047 4063 4889 70 6356 021
Maize 9936 4753 4966 791 70 1028 0.010
Groundnut 2312 513 4966 960 70 1248 0.003
Cotton 10070 745 5497 2574 70 3346 0.033
Total 0.256

Table 3: Area, crop evapotranspiration, effective rainfall and total water withdrawn for
irrigated cropsin Gourma Province

Gourma (Fada N’ Gour ma)

Crop evapo- Effective \Ilcgége;ratlon Irrigation &Vi?;grawn Total water
Crop Area (ha) transpiration rain (cubic . efficiency ) withdrawn

(cubicm/ha) m/ha)  Leauirements (cubic o bic km)

(cubic m/ha) m/ha)

Sorghum 45644 4224 3613 1066 70 1386 0.063
Maize 9100 5048 3614 1989 70 2586 0.023
Groundnut 9478 5456 3613 2163 70 2812 0.026
Cotton 5049 7888 3899 4286 70 5572 0.028
Total 0.140
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Table 4: Area, crop evapotranspiration, effective rainfall and total water withdrawn for
irrigated cropsin Yatenga Province

Y atenga (Ouahigouya)

Crop evapo- Effective \I,\:;;granon Irrigation x?;gr awn Total water
Crop Area(ha) transpiration rain (cubic . efficiency . withdrawn
(cubicm/ha) m/ha)  heduirements (eubic - bic km)
(cubic m/ha) m/ha)
Sorghum 86386 5294 3002 2408 70 3130 0.270
Cowpea 2386 5393 3001 2420 70 3146 0.007
Maize 3021 6192 2798 3842 70 4995 0.015
Total 0.292

Table 5: Area, crop evapotranspir ation, effective rainfall and total water withdrawn for
irrigated cropsin Seno Province

Seno (Dori)

Crop evapo- Effective \I,\:;gratlon Irrigation x?;grawn Total water
Crop Area(ha) transpiration rain (cubic . efficiency . withdrawn

(cubicm/ha) m/ha)  Leduirements (eubic - bic km)

(cubic m/ha) m/ha)

Sorghum 31188 5559 3477 3016 70 3921 0.122
Cowpea 2350 5491 1838 3725 70 4842 0.011
Millet 14742 5928 2986 2955 70 3841 0.056
Total 0.189
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Table 6: Summary of water use by main cropsin the studied regions

Province Crops Etm Etcrop Ky Ya(t) Ym(t) Ks Area Etactual Crop
(mm)  (mm) (ha) (mm)  water
use
Sorghum 41284 41280 090 100 450 014 73690.82 5655 4167226
Cotton 82235 797.20 110 104 250 0471 58049.99 37526 21768750
Houet  \iaize 49435 49440 125 166 750 0377 56570.99 18649 10549926
Groundnut 51512 51300 070 087 200 0195 1104122 100.04 1104542
Sorghum 40631 40470 090 103 450 0143 33170.12 5801 1923860
Cotton 74740 74550 110 078 250 0376 100699 280.31 281960
Poni Maize 47678 47530 125 082 750 0287 993572 13639 1351296
Groundnut 51549 51350 070 096 200 0254 231233 130.67 302872
Sorghum  424.04 42240 090 103 300 0271 45644.64 11461 5203416
Cotton ~ 790.85 78880 110 089 150 0630 5049.16 497.18 2509353
Gourma ;e 506.48 504.80 125 121 350 0.477 910038 24061 2193100
Groundnut 547.84 54560 070 098 120 0737 947836 40211 3810156
Sorghum 55852 55590 090 059 150 0.328 3118832 18210 5676216
Millet 592.75 592.80 090 0.60 350 0080 14742.00 47.42 692874
SN0 Compea 55200 549.10 150 045 150 0333 235000 18285 430050
Sorghum  478.84 46720 090 084 300 0199 669548 92.84 622635
Maize 57560 57300 125 078 350 0379 119374 217.03 259098
Kadiogo -nynen 48621 48330 150 055 150 0333 203500 16110 327635
Sorghum 53143 52040 090 067 150 0382 8658651 20247 17490372
Yatenga Maize 621.65 61920 125 067 350 0353 302134 21867 658578
Cowpea 54211 53930 150 045 15 0333 453500 179.77 816300
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Map 1. Burkina Faso showing the provinces selected for the study

34



1600,0
1400,0 2 o
1200,0 A A K AA\ /ﬂ\

1000,0 hd A A=t

R R A YV /¥ R A a2 = e
600,0

400,0

200,0
010\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Rainfall (mm)

> © &) 1V \a) o) N ™ A Q $o) © &) a4
© © © A A\ A\ o) o) O ) ) ) ) Q
RSN S SHIRCALGIRC AR SR UIRC SN IR IR R G N

Year

—e— Rainfall (mm)

Linear (Rainfall (mm))

Figure 1: Rainfall trendsin Bobo-Dioulasso (1963-2003)

40
35
30
25
>0 WW
15
10

Temperature (°C)

Jgeq |

5

0] ——
g & LNl R TS PEE Y
$9 99 ¢ ¢ 95998999

Year

‘ —— Tmax —— Tmin —— Tav ‘

Figure 2: Temperaturetrendsin Bobo-Dioulasso (1963-2003)

70‘_\MA,‘/\/\\./A/\—;AMM‘ A
- Nl = l’-\/ L i

T

50 TNATI e A AN A A L Ao
v ¥ AV —t——y

Humidity (%)
N
o

P N N N W N N i

20 .
10
o——r——TTTTTT T T T
S LT FFE LSS SEFSSSSSS
NN YN NYNY NN NN YN NN NN NSNS NN NG

—=— HmMin —— Hmax —e— Hav

35



Figure 3: Relative humidity trends Bobo-Dioulasso (1963-2003)
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Figure 8: Temperaturetrendsin Fada N’ Gour ma (1963-2003)

90

80

70 ;r%%wwv
60

£ 50 Mﬂ#‘%ﬁ%&%

E 40

é‘ 30 %'J" '\.,')\\./'\ _/I"\)\____/-\I\-/-\'_'_')_.\._'\ \‘

S

IS 20 \-

-]

L 10
O 1 T o r1o 1 11— 11 1 1 ‘17 1771 177 17 1 17 1. 17 1T 1 1 T T T T T T T T T T T T T T TT
0] © ) Qs %) (o) N A (%] © (©)) v
S & QA LR v F P F KPS
e 9 99 9 9L 99 9999 9P

Year

—=— HmMin ——Hmax ——H av‘

38



Figure 9: Relative humidity trendsin Fada N’ Gour ma (1963—-2003)
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Figure 12: Relative humidity trendsin Ouagadougou (1963-2003)
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Figure 13: Rainfall trendsin Ouahigouya (1963-2003)
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Figure 14: Temperaturetrendsin Ouahigouya (1963-2003)



Figure 15: Relative humidity trends in Ouahigouya (1963-2003)
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Figure 16: Rainfall trendsin Dori (1963-2003)
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Figure 17: Temperaturetrendsin Dori (1963-2003)
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Figure 18: Relative humidity trendsin Dori (1963-2003)
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Figure 19: Water requirementsfor cotton in Bobo-Dioulasso

Decade

—a— ETM —=— Ef Rain (mm/p) —%— Irr Req (mn/p)

Figure 20: Water requirementsfor groundnut in Bobo-Dioulasso
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Figure 21: Water requirements for maize in Bobo-Dioulasso
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Figure 22: Water requirementsfor sorghum in Bobo-Dioulasso
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Figure 23: Water requirementsfor cotton in Gaoua
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Figure 24: Water requirementsfor groundnut in Gaoua
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Figure 25: Water requirements for maize in Gaoua
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Figure 26: Water requirementsfor sorghum in Gaoua
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Figure 27: Water requirementsfor cotton in Fada N' Gourma
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Figure 28: Water requirementsfor groundnut in Fada N' Gour ma
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Figure 29: Water requirementsfor maizein Fada N' Gourma
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Figure 30: Water requirementsfor sorghum in Fada N’ Gourma
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Figure 31: Water requirementsfor cowpea in Ouagadougou
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Figure 32: Water requirementsfor sorghum in Ouagadougou
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Figure 33: Water requirementsfor cowpea in Ouahigouya
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Figure 34: Water requirements for maize in Ouahigouya
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Figure 35: Water requirementsfor sorghum in Ouahigouya
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Figure 36: Water requirementsfor cowpeain Dori
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Figure 37: Water requirementsfor sorghum in Dori
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Figure 38: Water requirementsfor millet in Dori
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Figure 39: Soil water balancein a cotton plot in Bobo-Dioulasso
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Figure 40: Soil water balancein a groundnut plot in Bobo-Dioulasso
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Figure 41: Soil water balance in a maize plot in Bobo-Dioulasso
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Figure 42: Soil water balancein a sorghum plot in Bobo-Dioulasso
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Figure 43: Soil water balancein a cotton plot in Gaoua
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Figure 44: Soil water balance in a groundnut plot in Gaoua
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Figure 45: Soil water balance in a maize plot in Gaoua
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Figure 46: Soil water balance in a sorghum plot in Gaoua
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Figure 47: Soil water balancein a cotton plot in Fada N’ Gour ma
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Figure 48: Soil water balance in groundnut plot in Fada N’Gour ma
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Figure 49: Soil water balance in a maize plot in Fada N’Gourma
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Figure 50: Soil water balance in a sorghum plot in Fada N’ Gourma
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Figure 51: Soil water balance in a cowpea plot in Ouagadougou
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Figure52: Soil water balance in a maize plot in Ouagadougou
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Figure 53: Soil water balancein a sorghum plot in Ouagadougou
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Figure 54: Soil water balance in a cowpea plot in Ouahigouya
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Figure 55: Soil water balancein a maize plot in Ouahigouya
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Figure 56: Soil water balance in a sorghum plot in Ouahigouya
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Figure 57: Soil water balancein a cowpea plot in Dori
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Figure 58: Soil water balance in amillet plot in Dori
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Figure59: Soil water balancein a sorghum plot in Dori
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