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Abstract

Monthly rainfall data in Burkina-Faso, West Africa, over a period of 77 years are extracted from three different gridded data sets, 
available either on the web: CRU (Climatic Research Unit, Norwich, UK), SIEREM (HydroSciences Montpellier, France), or from 
the National Meteorological Center of Burkina-Faso. With a view to modelling the runoff-rainfall relationship at the monthly time 
step, these data are used at the 0.5°∗0.5° scale. Despite mean, minimum, standard deviation and inter-annual variability being 
very similar for the period 1922 to 1998, the three gridded data sets used show an important spatial variability of values with time, 
and some differences are observed which lead to significantly different runoff-rainfall simulations. Comparison of the rainfall 
grids has shown that differences between the precipitation grids are more pronounced during years when the rainfall is lower; 
this also applies to areas where the rainfall is lower.  The three different rainfall grids produce differences in mean rainfall of 4 to 
11%, depending on the grids that are compared. While these results are obviously specific to the station networks and interpola-
tion method used, they provide an indication of the differences that can arise. 
 	 It is recommended that as many stations as possible are used to better assess areal rainfall. These biases have a strong influ-
ence on the results of the runoff-rainfall modelling (using the GR2M conceptual model): the Nash criteria show differences of 
about 20% and calculated flow of 30% to 40%. This study illustrates the levels of uncertainty when using available rainfall grid-
ded data sets, for rainfall-runoff studies in West African developing countries, which is important in the context of predicting 
water resources for the future from the GCM outputs for the 21st century.
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Introduction

Accurate simulation/estimation of river flows is important for 
numerous applications in water resource planning and manage-
ment. If we exclude the problem of gathering runoff data from 
African countries, where the observations within the national net-
works were often interrupted during the 1980s (Mahe and Olivry, 
1999), in most catchments there are two major sources of uncer-
tainty that limit accuracy: hydrological modelling (structure and 
parameterisation) and climate data (especially precipitation) used 
to drive hydrological models. The latter is a particular problem in 
most developing countries where meteorological networks are rel-
atively sparse in time and space. For large-scale hydrological mod-
elling, a common approach is to use gridded climate data as input 
to a gridded rainfall-runoff model, where the hydrological grids 
are linked to a drainage network. For example, in West Africa 
Ouedraogo et al. (2001) suggest a semi-distributed conceptual 
modelling of rainfall-runoff at the monthly time step to study cli-
matic variation and its impacts on hydrological variability (Paturel 
et al., 2003a; 2003b). Such an approach allows the prediction of the 
depth of runoff from latitude/longitude grids of rainfall, poten-
tial evapotranspiration and soil-water capacity. Many publications 
on this topic have appeared about Southern Africa, among which 
Hughes (1995) or Lee and Oh (2006), which use different kinds of 
rainfall-runoff models for water resource assessment purposes. In 

West Africa rainfall-runoff models are most sensitive to rainfall, 
and it is therefore important to understand biases of rainfall data 
before their use in a water resource model (Paturel et al., 2003b), 
and the effect of these biases on predicted runoff and river flow 
(Lee and Oh, 2006; Rubarenzya et al., 2007). But accessibility to 
data is a serious problem limiting research performance.
	 This paper is not about the relationships between rainfall dis-
tribution and runoff modelling (others like St-Hilaire et al., 2003;  
Dong et al., 2005; and Lee and Oh, 2006 have done this) or about 
how well or not the existing data sets allow reproduction of the 
‘real’– or most probable – rainfall fields. The purpose of this paper 
is to evaluate data from three gridded rainfall data sets of monthly 
rainfall available for Burkina-Faso over the period 1922 to 1998, 
and to analyse the consequences of each choosing one of them on 
the simulated river flows in 5 basins across Burkina-Faso. The aim 
is to process the data as though we were in the situation of a non-
specialist rainfall data-set user, who will use only one source of 
data, ignoring the consequences. 

Data and rainfall grids

Access to rainfall data in West Africa

Raw data: Raw data are rarely available for free through the 
National Meteorological Services, and costs are sometimes very 
high, although the WMO 40th resolution asks for the free exchange 
of data for research and educational purposes (WMO, 2001). In 
their own countries, African researchers often have great difficul-
ties to obtain access to rainfall data, and especially recent data 
(e.g. after 1990).
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	 Several international institutions and laboratories have gath-
ered raw data for internal research purposes, but they have not made 
these data available on the web, to respect the limitations placed 
on distribution by the National Meteorological Services, except 
the GHCN (Global Historical Climatology Network -NOAA) 
which provides web access to monthly climate data for synoptic 
station data supplied by the National Meteorological Services. The 
IRD (ex-ORSTOM) gathered raw data up to 1980 for a number of 
African countries, in terms of a contract with CIEH (Comite Inter-
africain d’Etudes Hydrauliques) and ASECNA (Agence pour la 
SECurite de la Navigation Aerienne en Afrique et a Madagascar), 
but is not allowed to release them. This IRD database served as a 
basis for the FRIEND-AOC dataset (Flow Regimes from Interna-
tional and Experimental Network Data –UNESCO/PHI –Afrique 
de l’Ouest et Centrale). The FRIEND-AOC dataset has been set 
up along with the FRIEND-AOC UNESCO program since 1994. 
This is a research network involving about 200 hydrologists and 
climatologists from West and Central Africa who can access the 
database via their research theme leaders (FRIEND-AOC, 2007). 
However, there are only a few data after 1990. This database is 
managed and updated by the University Cheikh Anta Diop of 
Dakar (Senegal).
	 Another regional database for West Africa is located at the 
AGRHYMET Centre of Niamey (regional centre for Agro-Hydro-
Meteorology), Niger. This database has been compiled for the 
CILSS countries (Comite inter-africain de lutte contre la secher-
esse au Sahel), with the contribution of each CILSS country, but 
it is basically not accessible outside AGRHYMET or CILSS pur-
poses, even to African researchers.

Gridded data sets: Research Laboratories like CRU (Climatic 
Research Unit, UEA, Norwich UK) or HSM, or international 
institutions like NOAA, through local and restrictive partnership 
research contracts, release ’elaborated‘ data sets, like gridded rain-
fall, most often at the 0.5°*0.5° scale. Gridded data sets, most of 
them covering the world at the monthly time step, are available 
for research purposes, free of charge via the internet, like NCDC-
GHCN (Peterson and Easterling, 1994) or CRU (New et al., 1999, 
2000) or SIEREM (SIEREM, 2007; Boyer et al., 2004, 2006; Dieu-
lin et al., 2006) data sets. They are often the only way for research-
ers to obtain rainfall data for remote areas of the world.  

Satellite-derived rainfall data sets: The techniques for deriving 
rainfall amounts from satellite data are improving (Rouault et al., 

2001); however, the quality and the reliability of these data have 
yet to improve with respect to compatibility with data derived from 
ground measurements (Hughes, 2006; Grimes and Diop, 2003).

The data sources

The three databases used to describe the monthly rainfall between 
the years 1922 and 1998 in Burkina-Faso are (Table 1):
•	 CRU: gridded data extracted from the CRU global climate 

dataset (New et al., 1999; 2000), 2003 version.
•	 SIEREM: station data from the IRD ‘SIEREM’ database, 

which covers a large part of Africa, especially Francophone 
Africa (Mahé et al., 2001). The data include Burkina-Faso 
National Meteorological services data published under an 
agreement between CIEH, ASECNA and ORSTOM (CIEH, 
a; b), updated after 1980 with data extracted from the National 
Meteorology Service database, checked for main errors. Data 
are interpolated to a 0.5° latitude/longitude grid using krig-
ing (Delhomme, 1976), and are available on the HSM website 
(SIEREM, 2007).

•	 METEO: the Burkina-Faso National Meteorological database 
was used for free for creating the METEO gridded data set 
with the same kriging method than for the SIEREM one. 

Each dataset has a different network over Burkina-Faso (Figs. 1 
and 2). The CRU dataset has the lowest number of stations. The 
number of stations increases over the western part of the country 
over the period 1950 to 1980 (Table 1). This dataset has a mark-
edly unequal distribution over the Burkinabe territory, with a 
much lower density in the eastern half of the country. For the rest 
of the study, we distinguished between the western and eastern 
parts of the country, divided along longitude 2°W, because of the 
great difference of density of the CRU network on either side of 
this divide.
	 The SIEREM and the METEO datasets contain the same sta-
tions as CRU, but they also include a number of stations with 
shorter time series, apart from the national protected areas of 
the extreme eastern and south-eastern regions that are not very 
well covered. This provides a more even spatial distribution over 
the Burkinabe territory. The differences between SIEREM and 
METEO are primarily due to a few station-years between 1970 
and 1990, where SIEREM has improved coverage from various 
sources, and to greater quality control leading to the removal of 
several highly unreliable data series.

TABLE 1
Characteristics of gridded rainfall data used in this study

Origin of data CRU METEO SIEREM
CRU stations National meteorology HSM stations

Data review Yes No Yes
Removing stations with too short time series Yes No No

Maximum Number of stations over Burkina-Faso 65 160 156
Mean number of stations each year 28 70 80
Mean number of years for each station 33 34 37
Number of station-years between 1922 and 1998 : 2 157 5 454 6 003
-0	 West of 2°W 1 881 2 786 3 120
-1	 East of  2°W 276 2 668 2 883
Mean 821 824 831
Median 816 819 832
Standard deviation 240 241 230
Minimum 155 163 203
Maximum 1 990 2 306 1 914
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We then analysed the differences between the grids all over the 
entire territory and through the period of record.

Results of the comparative analysis

The main sources of error in the construction of gridded climate 
data from station records are partly due to the quality of the data 
(instrument and information management errors in the databases), 
the interpolation method used and the network density and distri-
bution (New et al., 2000; Willmott et al., 1996; Briggs and Cogley, 
1996; Wahba, 1990). According to the number of stations and the 
geometry of the station network, the resolution of 0.5° is a good 
choice for the majority of countries in West Africa to correctly 
represent the monthly rainfall fields. In the sections that follow we 
quantify the differences between the 3 gridded datasets, and make 
an assessment of the relative contribution of station density and 
interpolation method to these differences.

Annual rainfall

Annual rainfalls calculated from each data set CRU, SIEREM and 
METEO are very similar (Fig. 3). Mean, standard deviation and 
minimum values are very close (Table 1), and only maximum val-
ues show some differences between SIEREM and the two other 
grids. It is therefore surprising that the study found that there were 
a number of other differences arising from the use of these three 
grids.

Time-evolution of differences

We first look at the time-evolution of differences between grids 
over the study area as a whole. Figure 4 shows the area-averaged 
differences between grids for annual rainfall; for each of three 
possible grid-pairings, grid-point differences (Eq. (1)) for annual 
rainfall were calculated, and the mean of all 86 grid-point val-
ues was then determined; the three area-averaged annual val-
ues were then combined into a single mean annual difference.  
The mean differences show marked inter-annual variability, as 
well as an increase after the mid-1970s, coincident with the Sahe-
lian drought. In general, drier years are associated with larger dif-
ferences between grids. There are only slight differences between 
pair of grids SIEREM and METEO while the differences of 
SIEREM and METEO values with CRU are much greater (Fig. 5).
	 The temporal evolution of the differences between the grids 
CRU and SIEREM in the western part of Burkina-Faso clearly 
shows the influence of the number of stations (Fig. 6). Simi-
lar results arise from other combinations of grids. As might be 
expected, differences remain small when the network is similar 
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Figure 1
Rainfall stations used for the construction of the three rainfall 

grids (larger dots show synoptic and main climatological 
stations, with less than 20% of missing data over the period 

1922-1998) and annual rainfall (after CRU)

Figure 2
Number of stations for the three gridded datasets within 

the eastern and western parts of the country

Analysis

We analysed the spatial and temporal distribution of annual rain-
fall amounts for each of the 86 grid points located in the Burkinabe 
territory, during the period 1922 to 1998. We calculated, mesh by 
mesh and year by year, the deviations between grids according to 
the following simple but robust formula: 

	
%diff (val_grl; val_gr2) =100∗ ABS (val_grl - val_gr2)/

	 [(val_grl+val_gr2)/2]     								           (1)

where:
	 val_grl = value grid 1
	 val_gr2 = value grid 2
	 ABS = absolute value
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Figure 3
Mean annual rainfall for all grid points for the 3 gridded data sets
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(up to 1980), and are lowest when the network is both similar and 
relatively large (1960 to 1980). From 1981, differences are larger, a 
reflection of the reduced network density in CRU (while SIEREM 
and METEO remain relatively constant).

Spatial patterns of difference

Figure 7 shows the spatial distribution of the mean differences 
calculated from monthly rainfall. The CRU grid shows some large 
differences to SIEREM, up to 20% at grid points in the border 
areas. The large differences in the borders are a reflection of the 
different network. CRU also show larger differences in the eastern 
parts of the territory, where the network of stations used by the 
CRU is less dense than SIEREM or METEO. The SIEREM and 
METEO grids show only minor differences to each other (less than 
4%) except for 5 grid points in the south-eastern part of the coun-
try where the network is less dense. These observations are con-
firmed by grid-point Student’s t-tests for differences in the mean, 
showing no differences between SIEREM and METEO data but 
several grid points with differences between CRU and SIEREM 
databases (Fig. 8).

Mean differences over Burkina-Faso

Table 2 shows, for the period 1922 to 1998, mean percentages of 
differences between the grids over the western and the eastern 
parts of the country, defined by the 2°W meridian. SIEREM and 

METEO are only slightly different from each other, with a mean 
difference of 1.1% and 2.1% in the west and east, respectively. The 
CRU grid shows much larger differences from both the SIEREM 
and METEO grids, with 4.3% in the west and between 10.2 and 
11.2 in the east, where the density of the networks is different. 
	 Increasing the number of stations from 34 (1998 version of 
the CRU dataset) to 65 (this study; 2003 CRU dataset version), 
distributed only in the western part of the basin (see Fig. 2) leads 
to a reduction of 30% of the difference between rainfall values of 
CRU and other data sets (results not shown). This is not the case 
in the eastern part of the basin, where the recent CRU dataset has 
not incorporated more stations. These differences are higher than 
those cited by Ali et al. (2005), who refer to studies in southern 
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Figure 7

Spatial variability of the time-averaged differences between 
two pairs of grids, and location of the stations used

Figure 4
Annual variability of the mean differences between the 

three rainfall grids over Burkina-Faso (line) and their relation 
to area-averaged rainfall totals (bars)

Figure 5
Annual variability of the differences (%) between the three 
rainfall grids over Burkina-Faso: CRU-METEO (bold line), 

CRU-SIEREM (thin line), SIEREM-METEO (thin dotted line)

Figure 6
Annual variability of the mean differences between rainfall grids 
CRU and SIEREM: difference in the number of stations (bars) 

and in the rainfall amount in the western Burkina-Faso (line) (%)

 Figure 8
Results of the Student’s t-test for difference in means (90% sig-
nificance level shaded) between CRU and SIEREM databases
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Niger which assess the effect of station network density on pre-
cipitation estimates. They report a bias of 10 to 15% when using 
a degraded network of 5 stations over 10 000 km², compared to a 
network of 10 stations over the same area.
	 It is most probable that the rainfall data of SIEREM and 
METEO grids are more representative of the ground truth than the 
data of the CRU grid. This means that in the study area at least, 
it is better to use as many stations as possible to compute rainfall 
grids. The runoff-rainfall modelling we use hereafter in this study 
has two objectives. Firstly, it assists in assessing the significance 
of increasing the number of stations, assuming that the rainfall 
data which are closer to the ground truth will lead to better runoff 
simulations, described by higher Nash criteria (all other variables 
being identical). Secondly, it is used to assess the impact of using 
different gridded-rainfall data sets on runoff simulation accuracy, 
in the context of water resource availability estimation. 

Impacts on the river flow modelling

We have shown that different existing precipitation grids, nomi-
nally describing the same surface climate element, vary signifi-
cantly across the study area, depending on the station network 
used to generate the gridded data. This is a confirmation of what 
has been found in other cases, but it is important to emphasise this 
point before evaluating the effect of such differences on river flows 
simulated with a hydrological model.

Data and method

Previous work has evaluated two different hydrological models 
(GR2M described by Makhlouf, 1994 and WBM described by 
Vorosmarty et al., 1989 and Conway, 1997) over 50 river basins 
in West Africa, using several different sets of data for potential 
evapotranspiration (PE) and soil-water holding capacity (WHC) 
(Paturel et al., 2003a; Dezetter et al., 2008). For West African river 
regimes the results indicated that the best combination of model, 
PE, WHC and calibration/optimisation was:
•	 GR2M hydrological model (better than the WBM)
•	 Standard  Penman PE formulae, better then reference crop PE, 

calculated after Shuttleworth (1993)
•	 WHC, calculated from the FAO digital soil map of the world, 

(FAO, 1981; Girard et al. 2002), and considering the maximum 
value of the range given by the FAO (better than the Dunne 
and Willmott (1996) WHC dataset)

•	 Calibration using the series of Rosenbrock methods (Guilbot, 
1971; Servat, 1986) and Nelder and Mead (Servat, 1993).

We chose 5 catchments in Burkina-Faso (Fig. 9 and Table 3). These 
catchments are between 7 500 to 20 000 km2 in size, and distrib-
uted over Burkina-Faso such that they encompass the North-South 
gradient of rainfall, which varies from 400 to 1 100 mm. The mean 
annual runoff coefficient varies between 2 and 8% and runoff is 
not perennial, except for the Nwokuy River, in the Mouhoun basin 
(71% of runoff in July to October period, Table 3). 
	 We simulate runoff in each catchment using each of the three 
rainfall grids: CRU, METEO, SIEREM. A split-sample procedure 
is followed, running a calibration on two-thirds of the available 
time series of flows (18 to 30 years depending on the specific catch-
ment) and a validation on the last third part of the time series. Our 
comparison covers data from the calibration period and the per-
formance of the model is evaluated using the Nash criteria (Nash 
and Sutcliff, 1970; Perrin, 2000), which compares simulated flow 
(S) against the mean of observed (O) discharges, and is effectively 
a standardised MSE, with a maximum possible value of 100%:

														                	   (2)

TABLE 2
Mean differences (in %) between rainfall grids over West and East Burkina-

Faso over the period 1922 to 1998
WEST EAST

Grids CRU METEO SIEREM Grids CRU METEO SIEREM
CRU 0 4.3 4.3 CRU 0 11.2 10.7

METEO 0 1.1 METEO 0 2.1
SIEREM 0 SIEREM 0

 
Figure 9

Location of the catchments studied, along with the mean annual 
rainfall isohyets and the CRU and METEO rain-gauge network
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Table 3
Characteristics of the catchments studied (JSAO: July to October period).

Station 
name

Basin Surf.
Km²

Annual rain-
fall (mm)

Annual 
runoff (l/s)

% Coef. 
runoff

% of runoff 
in JASO

Runoff time series
Period Length % missing data

WEST 
Long< -0.2

Folonzo Comoe 8366 1028 16273 5.9 95 1969-95 27 23
Nwokuy Mouhoun 15464 1025 27550 5.5 71 1955-95 46 15
Wayen Nakambe 20241 590 10254 2.7 98 1955-95 41 21

EAST 
Long>-0.2

Nobere Nazinon 7850 759 5194 2.7 94 1965-95 31 24
Dolbel Gorouol 7505 442 8440 8.0 98 1961-95 35 4
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Results for the validation period are similar to those of the calibra-
tion period, but with lower values most of time, and are not shown 
here. In addition, for each combination of grids, we compared the 
differences between the monthly flows, expressed in both per-
centage (Eq. (1)) and absolute values. As before, we distinguish 
between the eastern and western parts of the country, on each side 
of the 2°W meridian.

Results

Simulations using the METEO and SIEREM grid produce the best 
results for the Nash criteria for 3 catchments (Folonzo, Wayen and 
Nobere), and the mean of the Nash criteria is 57% over the 5 catch-
ments (Fig. 10); the Nash criteria are higher for simulations using 
SIEREM or METEO than the CRU precipitation grid, between 50% 
and 80%. For the two other catchments (Nwokuy and Dolbel), the 
Nash criteria are similar with the 3 grids, around 40%. Table 4 
shows, for each pair of grids, the percentage difference between 
the Nash criteria (calculated according to Eq. (1)). The relative dif-
ferences in the criteria for the METEO and SIEREM grids are very 
low (<1%), but are highest between both the METEO/SIEREM and 
CRU, and are twice as high for the catchments of the eastern half 
of the country (9.2 to 9.9%) than for catchments in the western half 
(5.9 to 6%). The differences in the Nash criteria are comparable to 
the mean differences in the rainfall data, which are about 4% in the 
west and from 10.7 to 11.2% in the east (Table 2).
	 When the actual flows simulated in the 5 catchments are 
compared (Fig. 11), the largest differences are observed between 
simulations using the CRU and SIEREM/METEO grids: up to 90% 
between CRU and SIEREM/METEO. The smallest differences are 
between the SIEREM and METEO grids, as would be expected 
from the similarity of the precipitation data in these two grids. 
As seen in Table 5, the highest differences are for the catchments 
located in the east (about 70%) where the measurement network is 
less dense. The differences between the rainfall grids are amplified 
in the hydrological response, with differences four times higher in 
the East than in the west in absolute values (m3·s-1). 
	 Figure 12 shows the difference in mean monthly flow using 
CRU and SIEREM. Relative differences are largest during periods 
of low flow (up to 80%), but have relatively low absolute values 

(less than 1 m3·s-1). Conversely, during high-flow months (from 
July to October), which represent between 70 and 97% of the 
annual discharge, the relative differences in flow are smaller (less 
than 40%), but with a greater impact on absolute values up to 5 
m3·s-1. The eastern catchments show the greatest percentage dif-
ferences, particularly in the dry periods. This is due to the com-
bined effect of the rainfall grids varying too much in the east, and 
to lower rainfall amounts in the eastern catchments, compared 
to the catchments in the west. For the Wayen catchment, which 
is in the centre of the country, with half of the catchment in each 
of the western and eastern parts of the country, the results for the 
simulated runoff are between those observed in the eastern and 
western parts (Table 5).

Synthesis and conclusions

Our analysis has enabled us to investigate the sensitivity of river 
flows simulated by gridded hydrological modelling, to the quality 
of available gridded monthly rainfall data sets. 
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Figure 10
Nash criteria (%), during calibra-

tion (left) and validation (right), for 
simulated-observed flow in each 
catchment using the three rainfall 

grids (ranged from West (left) to East 
(right))

Figure 12
Difference in % and 

m3·s-1 between calcu-
lated runoff from CRU 
and SIEREM grids, for 

western basins (Folonzo 
and Nwokuy) and east-
ern basins (Dolbel and 

Nobere)

Figure 11
Mean difference in monthly runoff for 
simulations with different pairs of rain-
fall grids. Left panel is in percent (Eq. 
(1)) and right panel in absolute units
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	 Despite mean, minimum, standard deviation and inter-annual 
variability being very similar, the three gridded data sets used 
show an important spatial variability of values with time. The 
three different rainfall grids produce differences in mean rainfall 
of 4 to 11%, depending on the grids that are compared. While these 
results are obviously specific to the station networks and interpo-
lation method used, they provide an indication of the differences 
that can arise.
	 Comparison of the rainfall grids has shown that differences 
between the precipitation grids are more pronounced during years 
when the rainfall is lower; this also applies to areas where the rain-
fall is lower. These differences have several causes including the 
quality of the data (instrumental errors, recording error, point or 
systematic errors) and the interpolation method which are not dis-
cussed here. This study has focused on the differences related to 
the variability in the density of the measurement network and its 
impact on the calculation of the hydrological balance. Our com-
parison has provided insight into the relative influence of these 
biases on the quality of the grids. The improvement of the data 
quality (SIEREM grid compared to METEO grid) has not had a 
significant influence on the quality of the grid, but the improved 
coverage in the east in both SIEREM and METEO has produced 
quite large differences from CRU, about 4% in the west where the 
networks are more similar, and about 11% in the east where the 
CRU network is much sparser.
	 The maximum differences observed between the CRU and 
SIEREM/METEO grids, of about 11%, represent about 60mm of 
annual precipitation in northern Burkina-Faso and about 120mm 
in the south. These differences in precipitation input are amplified 
in the hydrological responses simulated by the GR2M model. 
	 The impact of differences in the rainfall grids on simulated 
river flow is considerable: a mean difference of 10% between grids 
induces variations of the Nash criteria of about 10% and calcu-
lated variations of flows of about 30% during the flood period and 
about 60% for the rest of the year. Comparisons between the west 
and east of the country show that precipitation network density is 
very important for accurate flow prediction. In the eastern part of 
Burkina-Faso, where the number of stations are reduced, the dif-
ferences between Nash criteria are about twice those in the west, 
and differences between simulated flows are 5 times higher in the 
east.
	 Ideally, the better rainfall gridded data sets should include as 
many stations as possible, while a quality review (SIEREM) of the 
raw data from National Services (METEO), seems to have little 

effect on the results of runoff-rainfall modelling, despite the fact 
that there is a significant difference between grid-point rainfall 
values of SIEREM and METEO. 
	 These results show the major impact of the quality of the rain-
fall dataset used for further purposes (runoff-rainfall modelling 
in this study) in countries where data are scarce, not fully qual-
ity controlled and difficult to access. It is of particular interest to 
be aware of these differences when considering the prediction of 
future runoff from GCM outputs. The hydrological models are 
calibrated and validated on existing gridded rainfall datasets. The 
model parameters that are obtained are used to run the model with 
future rainfall and PE data from GCM outputs (Ardoin-Bardin et 
al., 2006). This increases the uncertainty on the runoff prediction 
for future decades.
	 It would be a great help, in particular for the scientific com-
munity, if one reference rainfall gridded data set could be updated 
for West and Central Africa, and be made freely available via an 
internet website. The Agrhymet Center (CILSS) and the FRIEND-
AOC network of hydrologists (UNESCO) could collaborate for 
this purpose, for example on the basis of the FRIEND-AOC rain-
fall database which is coordinated by UCAD in Senegal. For now, 
the SIEREM gridded database has been put on the web for the 
purpose of African rainfall studies and will be maintained and 
updated as well as possible, with the help of all willing national 
services, guaranteed by the fact that only gridded data are avail-
able through this database. Quick communication of monthly data 
for synoptic rain gauges would allow rapid updating of rainfall 
indices as presented by L’Hote et al. (2003) over the Sahel.

Acknowledgements

The authors wish to thank the Direction Nationale de la Meteor-
ologie and the Direction Generale de l’Inventaire des Ressources 
Hydrauliques of Burkina-Faso for providing data.

References

Ali A, Amani A, Diedhiou A and Lebel T (2005) Rainfall estima-
tion in the Sahel. Part 2: Evaluation of Raingauge Networks in the 
CILSS Countries and Objective Intercomparison of Rainfall Products. 
J. Appl. Meteor. 44 (11) 1707-1722. 

ARDOIN-BARDIN S, DEZETTER A, SERVAT E, DIEULIN C, CASE
NAVE L, NIEL H, PATUREL JE and MAHE G (2006) Application 
of climatic scenarios in hydrological modelling: using GCM outputs. 
IAHS Publ. 308 436-441.

TABLE 4
Mean differences (in %) of the Nash criteria for simulated flow using different rainfall grids (calibration results)

                   WEST - Nwokuy-Folonzo EAST- Nobere - Dolbel Wayen
% avg 
diff.

CRU % avg 
diff.

SIEREM % avg 
diff.

CRU METEO SIEREM % avg 
diff.

CRU METEO SIEREM

CRU 0 6.0 5.9 CRU 0 9.9 9.2 CRU 0 9.8 10.1
METEO 0 0.9 METEO 0 0.7 METEO 0 0.3
SIEREM 0 SIEREM 0 SIEREM 0

TABLE 5
Mean differences (in %) in simulated runoff using different rainfall grids

WEST- Nwokuy-Folonzo EAST- Nobere - Dolbel Wayen
% avg 
diff.

CRU % avg 
diff.

SIEREM % avg 
diff.

CRU METEO SIEREM % avg 
diff.

CRU METEO SIEREM

CRU 0 14.8 14.8 CRU 0 69.5 68.4 CRU 0 33.0 32.9
METEO 0 1.6 METEO 0 20.2 METEO 0 1.0
SIEREM 0 SIEREM 0 SIEREM 0



Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 34 No. 5 October 2008

ISSN 1816-7950 = Water SA (on-line)

536

Boyer JF, Servat E and Dieulin C (2004) A specific method of 
modeling and designing environmental information systems. The 
example of SIEREM, an environmental information system for water 
resources. Proc. BALWOIS Conf.  May 2004, Ohrid, Macedonia.

Boyer JF, Dieulin C, Rouche N, Cres A, Servat E, Paturel 
JE and Mahe G  (2006) SIEREM an environmental information sys-
tem for water resources. IAHS Publ. 308 19-25.

Briggs PR and Cogley JG (1996) Topographic bias in mesoscale pre-
cipitation networks. J. Clim. 9 205-218.

CIEH (a) Annales des Precipitations Journalieres de l’Origine des Sta-
tions a 1965. CIEH – Secretariat d’Etat aux Affaires Etrangeres charge 
de la Cooperation – ORSTOM. Benin, 1973, 522 p.; Burkina-Faso, 
1977, 686 p.; Cameroun, 1978, tome 1, 512 p. tome 2, 906 p.; Centra-
frique, 1990, 678 p.; Congo, 1981, 1026 p.; Gabon, 1979, 404 p.; Cote 
d’Ivoire, 1973, 688 p.; Mali, 1974, 1082 p.; Mauritanie, 1977, 314 p.; 
Niger, 1976, 506 p.; Senegal, 1976, 872 p.; Tchad, 1973, 644 p.; Togo, 
1977, 578 pp.

CIEH (b) Annales des Precipitations Journalieres de 1966 a 1980. CIEH- 
ASECNA-ORSTOM. Benin, 1989, 298 p.; Burkina-Faso 1989, 656 p.; 
Cameroun, 1990, 747 p.; Centrafrique, 1990, 450 p.; Congo, 1989, 642 
p.; Gabon, 1989, 279 p.; Cote d’Ivoire, 1989, 609 p.; Mali, 1989, 782 
p.; Mauritanie, 1990, 181 p.; Niger, 1990, 372 p.; Senegal, 1990, 675 p.; 
Tchad, 1990, 466 p.; Togo, 1989, 369 p.

Conway D (1997) A water balance model of the Upper Blue Nile in 
Ethiopia. Hydrol. Sci. J. 42 841-859. 

Delhomme JP (1976) Application De La Theorie Des Variables 
Regionalisees Dans Les Sciences De L’eau. These de Docteur Ing-
enieur, Paris 6, Ecole des Mines de Paris, 130p.

Dezetter A, Girard S, Paturel JE, MahE G, Ardoin-BAR-
DIN S and Servat E (2008) Runoff simulation in West Africa: 
implementation of a spatialized monthly modelling process. J. Hydrol.  
354 203-212.

Dieulin C, Boyer JF, Ardoin-Bardin S and Dezetter A 
(2006) The contribution of GIS to hydrological modelling. IAHS Publ. 
308 68-74.

Dong XH, Dohmen-Janssen CM and Booij MJ (2005) Appropri-
ate spatial sampling of rainfall for flow simulation. Hydrol. Sci. J. 50 
(2) 279-298.

Dunne KA and Willmott CJ (1996) Global distribution of plant-
extractable water capacity of soil. Int. J. Clim. 16 841-589.

FAO (1981) Digital Soil Map of the World. UNESCO.
FRIEND-AOC (2007) http://armspark.msem.univ-montp2.fr/friendaoc
Girard S, Paturel JE, Mahe G, Ouattara F and Cres A (2002) 

Spatialisation des pluies au Burkina-Faso : impact de la methode et de 
la source de donnees. Sud Sciences Technologies (2IE(ex-EIER) edn.) 
Ouagadougou, Burkina-Faso 9 17-24. 

Grimes DIF and Diop M (2003) Satellite-based rainfall estimation for 
river flow forecasting in Africa. I: Rainfall estimates and hydrological 
forecasts. Hydrol. Sci. J. 48 (2) 567-584. 

Guilbot A (1971) Processus d’optimisation en quatre etapes applique 
a la recherche des parametres des modeles deterministes. Laboratoire 
d’Hydrologie et de Modelisation. Universite Montpellier, note LHM 
16/71

Hughes DA (1995) Monthly rainfall-runoff models applied to arid and 
semi-arid catchments for water-resource estimation purposes. Hydrol. 
Sci. J. 40 (6) 751-769. 

Hughes DA (2006) Comparison of satellite rainfall data with observa-
tions from gauging station networks. J. Hydrol. 327 399-410.

L’Hote Y, Mahe G and Some B (2003) The 1990s rainfall in the Sahel: 
the third driest decade since the beginning of the century. Reply to 
discussion. Hydrol. Sci. J. 48 (3) 493-496.

Lee K and Oh NS (2006) Investigating the spatial scaling effect of the 
non-linear hydrological response to precipitation forcing in a physi-
cally based land surface model. Water SA 32 (2) 145-154. http://www.
wrc.org.za/downloads/watersa/2006/April%2006/1843.pdf 

Mahe G and Olivry JC (1999) Assessment of freshwater yields to the 
ocean along the intertropical Atlantic coast of Africa. Comptes Ren-
dus de l’Academie des Sciences, Series IIa. 328 621-626.

Mahe G, L’Hote Y, Olivry JC and Wotling G (2001) Trends and 
discontinuities in regional rainfall of West and Central Africa : 1951-
1989. Hydrol. Sci. J. 46 (2) 211-226.

MakhlouF Z (1994) Complements Sur Le Modele Pluie-Debit GR4J Et 
Essai D’estimation De Ses Parametres. These de doctorat, Universite 
Paris-Sud. 413 pp.

Nash JE and Sutcliffe JV (1970) River flow forecasting through 
conceptual models. Part I – A discussion of principle. J. Hydrol. 10 
282-290.

New M, Hulme M and Jones P (1999) Representing twentieth century 
space-time climate variability. Part I: Development of a 1961-1990 
mean monthly terrestrial climatology. J. Clim. 12 829-856.

New M, Hulme M and Jones P (2000) Representing twentieth cen-
tury space-time climate variability. Part II : Development of 1901-1990 
monthly grids of terrestrial surface climate. J. Clim. 13 2217-2238

Ouedraogo M, Paturel JE, Mahe G, Servat E, Dezetter 
A and Conway D (2001) Influence de la nature et de l’origine des 
donnees sur la modelisation hydrologique de grands bassins versants 
en Afrique de l’Ouest. AIHS Publ. 270 209-216.

Paturel JE, Ouedraogo M, Servat E, Mahe G, Dezetter 
A and Boyer JF (2003a) The concept of hydropluviometric normal 
in West and central Africa in a context of climatic variability. Hydrol. 
Sci. J. 48 (1) 125-137.

Paturel JE, Ouedraogo M, Mahe G, Servat E and Dezet-
ter A (2003b) Utilisation de modeles hydrologiques pour evaluer 
les ressources en eau de surface et leur evolution spatio-temporelle – 
application a l’Afrique de l’Ouest. IAHS Publ. 280 117-223.

Perrin C (2000) Vers Une Amelioration D’un Modele Global Pluie-
Debit Au Travers D’une Approche Comparative. These de Doctorat, 
Institut National Polytechnique de Grenoble. 276 pp.

Peterson TC and Easterling DR (1994) Creation of homogeneous 
composite climatological reference series. Int. J. Clim. 14 671-679. 

Rouault M, Jobard I, White SA and Lutjeharms JRE (2001) 
Studying rainfall events over South Africa and adjacent oceans using 
the TRMM satellite. S. Afr. J. Sci. 97 455-460.

Rubarenzya MH, Willems P and Berlamon J (2007) Identifi-
cation of uncertainty sources in distributed hydrological modelling: 
Case study of the Grote Nete catchment in Belgium. Water SA 33 (5) 
429-436. http://www.wrc.org.za/downloads/watersa/2007/Oct%20
07/2166.pdf. 

St-Hilaire A, Ouarda TBMJ, Lachance M, Bobee B, Gau-
det J and Gignac C (2003) Assessment of the impact of meteoro-
logical density on the estimation of basin precipitation and runoff: a 
case study. Hydrol. Proc. 17 (18) 3561-3580.

Servat E (1986) Presentation De Trois Modeles Globaux Conceptuels Et 
Deterministes: CREC5, MODGLO Et MODIBI. Centre ORSTOM de 
Montpellier, Novembre 1986

Servat E (1993) Evaluation Regionale Des Ressources En Eau: Applica-
tion A La Cote d’Ivoire. Rapport de synthese du programme ERREAU. 
Antenne hydrologique ORSTOM Abidjan, 154 p.

Shuttleworth WJ (1993) Evaporation. In: Maidment RD (ed.) Hand-
book of Hydrology (Chapter 4).  McGraw-Hill, New-York.

SIEREM (2007)  http://www.hydrosciences.fr/sierem
Vorosmarty CJ, Moore III B, Grace AL, Gildea MP, 

Melillo JM, Peterson BJ, Rastetter ED and Steudler 
PA (1989) Continental-scale models of water balance and fluvial trans-
port: An application to South America. Global Biogeochem. Cycles 3 
(3) 241–265.

Wahba G (1990) Spline models for observational data. Proc. CBMS-
NSF Regional Conference Series in Applied Mathematics. 59. Date 
conference held? Philadelphia, PA: SIAM, XII.

Willmott CJ, Robeson SM and Janis MJ (1996) Comparison of 
approaches for estimating time-averaged precipitation using data from 
the United States. Int. J. Clim. 16 1103-1115.

WMO (2001) World Meteorological Organization. http://www.wmo.ch/
web/www/DPS/ RA%20VI%20WG%20Commercialization%202001.
htm/

http://armspark.msem.univ-montp2.fr/friendaoc
http://www.wrc.org.za/downloads/watersa/2006/April 06/1843.pdf
http://www.wrc.org.za/downloads/watersa/2006/April 06/1843.pdf
http://www.wrc.org.za/downloads/watersa/2007/Oct 07/2166.pdf
http://www.wrc.org.za/downloads/watersa/2007/Oct 07/2166.pdf
http://www.hydrosciences.fr/sierem
http://www.wmo.ch/web/www/DPS/ RA VI WG Commercialization 2001.htm/
http://www.wmo.ch/web/www/DPS/ RA VI WG Commercialization 2001.htm/
http://www.wmo.ch/web/www/DPS/ RA VI WG Commercialization 2001.htm/

