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ABSTRACT 
 
Wind Energy remains one of the few bright spots in renewable energy in the 21st 

Century. Wind farms can provide clean, renewable energy to homes, businesses 
and the agricultural sector. Though Wind energy is the fastest growing component of 
renewable energy sources, it is highly fluctuating in time and space due to the 
intermittent nature of near-surface winds. Understanding of uncertainties in short-
term prediction of wind energy is becoming increasingly important for a variety of 
issues, such as integration into an electricity supply system, local energy balancing, 
and management of energy resources. To overcome the shortfall of high resolution 
in-situ regional wind observations for wind resources assessment in West Africa, the 
wind conditions have been estimated utilizing the next-generation mesoscale 
numerical weather prediction system, the Weather Research and Forecasting (WRF) 
Model. The main aim of this study is to evaluate the performance of (WRF) Model in 
wind prediction over two regions in West Africa. The present case study shows that 
the model has performed reasonably well over Dakar, Senegal. On the other hand, 
the model performance over Ouagadougou, Burkina Faso was unsatisfactory. 
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INTRODUCTION 
 
West Africa, a region larger than Western Europe, and covering a population of 
almost 300M people, is one of the most power-deficient parts of the world. The 
developing nations of Africa are popular locations for the application of renewable 
energy technology. Currently, many nations already have small-scale solar and wind, 
providing energy to urban and rural populations. These types of energy production 
are especially useful in remote locations because of the expensive cost of 
transporting electricity from large-scale power plants. The application of renewable 
energy technology has the potential to resolve many of the problems that face 
Africans every day. Though a high resolution in-situ regional wind observations are 
required for the assessment of wind resources in order to get access to wind energy 
as Wind energy is highly fluctuating in time and space due to the intermittent nature 
of near-surface winds[1], There is a shortfall of high resolution in-situ regional wind 
observations data in West Africa (Figure1).The objective of this study is to estimate 
the wind component , utilizing the next-generation mesoscale numerical weather 
prediction system, the Weather Research and Forecasting (WRF) Model. The 
estimated modeled wind has been validated against observed wind data obtained 
from two weather stations in West Africa. 
 
  
NUMERIC WEATHER PREDICTION (NWP) 
 
Several physical models have been developed based on using weather data with 
sophisticated meteorological for wind speed forecasting and wind energy predictions 
[2][3]. These models take into accounts several factors including shelter from 
obstacles, local surface roughness and its changes, and effects of orography, speed 
up or down, scaling of the local wind speed within wind farms, wind farm layouts and 
wind turbines power curves. The NWP system usually provides wind speed forecasts 
for a grid of surrounding points around the wind generators. According to the type of 
NWP system, these forecasts are given with a spatial resolution. The physical 
approach uses a meso-scale or micro-scale model for the downscaling, which 
interpolate these wind speed forecasts to the level of the wind generators [4]. For 
running the downscaling models, it is necessary to have a detailed description of the 
terrain surrounding the wind generators. However, collecting the information of 
terrain conditions is one of the main difficulties in the implementation of physical 
models. Several more sophisticated flow modeling tools, such as mesoscale 
meteorological model (MM5), CFD, have been used for the wind speed prediction. 
These advanced models have the potential to improve the modeling of the wind flow, 
particularly in complex terrain. However, further validation work and more computer 
power are required before these models are use. Since NWP models are complex 
mathematical models, they are usually run on super computers, which may limits the 
advantage of NWP methods.  
 
Therefore, the performance of physical models is often satisfactory for long (larger 
than 6 hours ahead) time horizons and they are on the other hand inappropriate for 
short-term prediction (several minutes to one hour) alone due to difficulty of 
information acquisition and complicated computation. An unstable atmospheric 
condition can lead to very poor numerical weather predictions and thus to inaccurate 
wind energy ones. In contrast, as the atmospheric situation is stable, one can expect 
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more accurate predictions for wind energy because wind speed is the most sensible 
input to wind energy prediction models. In general, a common approach to short-
term wind energy prediction is to enhance the output of numerical weather prediction 
(NWP) models operated by weather services to obtain the local wind data [5]. 
 
 
WRF MODELING SYSTEM 
 
The Weather Research and Forecasting (WRF) model is a numerical weather 
prediction (NWP) and atmospheric simulation system developed for both research 
and operational applications and is a supported “community model”, that is, a free 
and shared resource with distributed development and centralized support[6]. Its 
development is led by the National Center for Atmospheric Research (NCAR), the 
National Oceanic and Atmospheric Administration (represented by the National 
Centers for Environmental Prediction (NCEP) and the (then) Forecast Systems 
Laboratory (FSL)), the Air Force Weather Agency (AFWA), the Naval Research 
Laboratory, the University of Oklahoma, and the Federal Aviation Administration 
(FAA). The Advanced Research WRF (ARW) dynamical core has an equation set 
which is fully compressible, Eulerian and non- hydrostatic with a run-time hydrostatic 
option [7]. It is conservative for scalar variables. The model uses terrain-following, 
hydrostatic-pressure vertical coordinate with the top of the model being a constant 
pressure surface. The model supports both idealized and real-data applications with 
various lateral boundary condition options. The model also supports one-way, two-
way, and moving nest options [8]. 
 
 
EXPERIMENT DESIGN AND MODEL SETUP 
 

• The WRF model (version 3.4.1) will be configured with three domains using 
two-way nesting with a horizontal resolution of 9KM at the first domain, 3 KM 
at  the second domain and 1km at third domain as shown in  (Figure2). 
http://www.mmm.ucar.edu/wrf/users/downloads.htm  
 

• The initial and lateral boundary meteorological data ,used to run the model, 
have been downloaded from the National Centers for Environmental 
Prediction (NCEP), global final analyses on 1◦×1◦ degree from Global 
Forecasting 
System (GFS) and it is updated every six hours. 
http://rda.ucar.edu/datasets/ds083.2  
  

•  In the present study a 72 hours wind simulation using WRF has been 
produced,  the maximum and  minimum daily wind speed and the maximum 
daily wind  during the  have been simulated four times during the year 2012  
for each site with a total of 576 hours of simulation for each of the selected 
sites; 
1- Coastal station; Dakar, Senegal (14.3N, 17.63W). 
2- Inland station; Ouagadougou, Burkina Faso (12.35N, 1.51W). 
 

• The data used for validation of surface wind is derived from: The observations 
are taken using standards techniques and practices as laid out by WMO [9]. 
http://www.ncdc.noaa.gov  
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STUDY AREA 
 
First site (DAKAR-Senegal); it is located on the Cap-Vert Peninsula on the Atlantic 
coast and is the westernmost city on the African mainland (14.3N, 17.63W). Its 
elevation above sea level is 24 meters. Dakar has a hot semi-arid climate with a 
short rainy season and a lengthy dry season. Dakar's rainy season lasts from July to 
October while the dry season covers the remaining eight months. The climate of 
Dakar is very much influenced by the marine trade winds and the monsoon which 
respectively blow in the region from November to June and from July to October in 
the direction of N-NW and S.SE [10]. 
 
Second site (Ouagadougou-Burkina Faso); it is located on the central plateau 
(12.35° N 1.5° W). Its elevation above sea level is 306 meters.  The climate of 
Ouagadougou consists of a dry period from October to April with wind blowing in 
from the Sahara in the north and north-east, and a wet period from May to 
September averaging 700 mm of rain. Average daily temperatures range from 25°C 
to 33°C [11]. 
 
 
RESULTS AND DISCUSSION 
 
Statistical measures such as Pearson correlation (r), Root Mean Squared Error 
(RMSE) and Fractional Bias (FB) have been used for evaluation of model 
performance [12, 13]. Statistical analysis of wind speed has been performed for 
estimations at both stations Dakar and Ouagadougou for maximum wind conditions 
in Tables 1a & 2a and minimum wind conditions Tables 1b-2b., general tendency by 
the model to over predict wind speed is observed in all the different times through 
the year which has also been observed in many earlier studies [14, 15, 16]. 
Performance of WRF is Satisfactory over Dakar (Figs. 3a & 3b)with acceptable to 
good correlation (r) and RMSE performance regarding wind speed except in the 
case of 27-29/07/2012-Table 1a, where the WRF model has a poor correlation due 
to sporadic wind in that day where the wind speed exceeds 15m/s for only one 
observation which can be difficult to model in terms of intensity and timing[17], but 
the performance of the model is unsatisfactory over Ouagadougou regarding wind 
speed and direction, with a poor correlation( r) in almost all the cases(Maximum and 
Minimum conditions) , that can be attributed to the short fall of the continuous 
observed hourly data during the simulation periods, in addition to the effect of the 
thermal wind system[11] which can cause a large variability in wind speed and 
direction Thus wind sensitivities tend to have more “noise”(Figs. 4a & 4b) . Wind 
direction, being an angular quantity, has not been analyzed statistically because 
statistical measures are based on arithmetic difference between observed and 
estimated quantities which is not applicable for vector parameters like wind direction 
[6], however, it can be noted that WRF model performance is very satisfactory in 
regards to wind direction in Dakar, Senegal in both maximum and minimum 
conditions (Figure 5a & Figure 5b). WRF model performance is not satisfactory in 
regards to wind direction in Ouagadougou, Burkina Faso in both maximum and 
minimum conditions (Figure 6a & Figure 6b). 
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CONCLUSION 
 
The present case study shows that the model performance is satisfactory over 
Dakar, Senegal. Furthermore, with more studies conducted, model biases can be 
determined and adjusted for, as in any forecasting tool. Performance over 

Ouagadougou, Burkina Faso is unsatisfactory .More studies with different physics 
options applicable in WRF model may lead to better agreement between both 
modeled and observed wind Data. 
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Table 1a. Statistical evaluation of Maximum wind simulations, Dakar. 

Date 19-21/012012 27-29/04/2012 27-29/07/2012 13-15/11/2012 
RMSE 1.54 0.97 2.15 1.21 

r 0.65 0.74 -0.05 0.5 
FB -0.095 -0.049 -0.136 -0.071 

 

 

Table 1b. Statistical evaluation of Minimum wind speed simulations, Dakar. 

Date 08-10/01/2012 20-22/04/2012 17-19/07/2012 09-11/11/2012 
RMSE 1.03 0.96 1.2 1.4 
R 0.66 0.73 0.63 0.7 
FB -0.03 -0.07 0.2 -0.16 

 

 

Table 2a. Statistical evaluation of Maximum wind speed simulations, Ouagadougou. 

Date 05-07/02/2012 24-26/05/2012 20-22/06/2012 03-05/12/2012 
RMSE 1.4 0.09 2.4 1.37 

R 0.41 0.17 -0.37 0.43 
FB -0.062 0.09 -0.13 -0.15 

 

 

Table 2b. Statistical evaluation of Minimum wind speed simulations, Ouagadougou 

Date 6-8/02/2012 5-7/4/2012 24-26/08/2012 17-19/12/2012 
RMSE 1.3 2.1 1.3 1.1 
R 0.5 0.4 0.4 0.26 
FB -0.31 -0.17 -0.14 -0.12 
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Fig. 1. Location of the world’s key weather stations shows huge areas where 

information is not gathered. 
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Fig. 3a. Comparison of difference between observed and estimated maximum wind   

speed at four different times through the year 2012 for Dakar, Senegal. 
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Fig. 3b. Comparison of difference between observed and estimated minimum wind 

speed at four different times through year 2012 for Dakar, Senegal. 

0

2

4

6

8

10

12

14

16

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69

W
in

d
 s

p
e

e
d

 m
/s

Time hourly

Dakar 08-10/01/2012

Observed Data

WRFout

0

2

4

6

8

10

12

14

16

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

W
in

d
 s

p
e

e
d

 m
/s

Time hourly

Dakar(Min) 20-22/04/2012

Obseved data

WRFout

0

2

4

6

8

10

12

14

16

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

W
in

d
 S

p
e

e
d

 m
/s

Time hourly

Dakar (Min) 17-19/07/2012

Obseved data

WRFout

0

2

4

6

8

10

12

14

16

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

W
in

d
 S

p
e

e
d

 m
/s

Time hourly

Dakar (Min) 09-11/11/2012 Obseved data

WRFout



134 MP  Proceedings of the 16th Int. AMME Conference, 27-29 May, 2014 

 

 

 

Fig. 4a. Comparison of difference between observed and estimated maximum wind 

speed at four different times through year 2012 for Ouagadougou, Burkina 

Faso 
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Fig. 4b. Comparison of difference between observed and estimated minimum wind 

speed at four different times through year 2012 for Ouagadougou, Burkina 

Faso 
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Fig. 5a. Comparison of difference between observed and estimated maximum wind 
speed and direction at four different times through the year 2012 for Dakar, 

Senegal using a wind rose plot. 
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Fig. 5b. Comparison of difference between observed and estimated minimum wind 
speed and direction at four different times through the year 2012 for Dakar, 

Senegal using a wind rose plot 
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Fig. 6a. Comparison of difference between observed and estimated maximum wind 

speed and wind direction at four different times through year 2012 for 

Ouagadougou, Burkina Faso using wind rose plot. 
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Fig. 6b. Comparison of difference between observed and estimated minimum wind 

speed and wind direction at four different times through year 2012 for 
Ouagadougou, Burkina Faso using wind rose plot. 


