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Abstract 

Mean annual wind speed for Sudan and South Sudan  for the period 1981- 2010 was 

obtained as normal data for 19 stations, and analyzed for correlations between  wind 

speed on the one hand and latitudes, longitudes and elevations on the other hand. The 

data was analyzed using Excel statistical package. Wind speed increased on average with 

increase in latitudes at a rate of about 0.19 meters per second per degree  showing a 

significant linear correlation (P= 0.007). Analysis for the effect of longitudes showed 

positive mild effects on wind speed, (P=0.24). Altitudes on the other hand showed a rather 

stronger linkage with mean annual wind speed compared to longitudes and the 

correlation was significant at P=0.04 where the wind speed   decreased for the 19 stations 

at a rate of about 0.003 meter per second per meter above sea level. The effects of the 

combination of latitudes and longitudes, latitudes and altitudes, longitudes and altitudes 

and the three parameters together on mean annual wind speed showed, generally, 

stronger correlations, higher significances and lower standard errors compared to the 

single parameters. Over all, four equations were recommended for prediction of the mean 

annual wind speed in areas where no measurements are available. 
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Introduction 

Wind is an important climatic 

element that affects life in many ways 

including effects on evaporation, 

transpiration, earth's energy balance, 

distribution of organisms, effects on 

crops and animals. Wind is defined as the 

air in motion in response to high and low 

pressure difference. It constitutes an 

important attribute of renewable energy 

and according to Monforti (2011) many 

African countries had already generated 

or on the verge of generating energy from 

wind power. Wind energy is regarded as 

free, clean and inexhaustible energy, 

(Salih and Aydrous, 2015). On the other 

hand, little attention is given to wind 

speed regarding its distribution over a 

huge country like Sudan. The objective 

of this study is to investigate statistically 

if there are correlations between mean 

annual wind speed on the one hand and 

latitudes, longitudes and altitudes on the 

other hand and to develop simple 
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equations for perdition of wind speed in 

areas where no measurements are 

available. 

 

Methodology 

Study Area 
The study area included Sudan and 

South Sudan (SS) represented by 19 

stations scattered along and across the 

country. According to Fayed (1966) 

Sudan covers a large area and extends 

between latitudes 3° and 23°N and 

longitudes 21° and 39° E. The 19 stations 

were distributed as five stations in 

northern Sudan, north of Khartoum, five 

stations in central Sudan, three stations in 

eastern region, four in the western region 

and two in South Sudan. Table1 shows 

the stations and their coordinates in 

degrees and elevations in meters above 

mean sea level. 

 

Table 1: Latitudes, longitudes and altitudes of the 19 stations   

 

Data Type and Analysis 
Mean monthly and annual wind speed 

in miles per day were obtained for Sudan 

and SS as normal values for the period 

1981-2010 for 19 meteorological stations 

from Sudan Meteorological Authority 

(SMA). The data was converted to meters 

per second and analyzed using excel 

statistical package to investigate if there 

are linkages between the magnitude of 

the mean annual wind speed on the one 

hand, and latitudes, longitudes, altitudes 

and their combinations on the other hand 

using regression. In addition, the data on 

monthly basis was also analyzed for 

variations between months and between 

stations using ANOVA. 

 

 

 

Results and Discussion 

Effect of Latitude on Mean Annual 

Wind Speed  
Table-2 shows parameters of 

correlation between mean annual wind 

speed and latitudes (Lat.) for the 19 

stations. Wind speed (WS) generally 

increased with increased latitudes at an 

average rate of  0.19 meters per second 

per degree, showing a moderate 

correlation coefficient (R) and a high 

significance, (P=0.007) and the lowest 

standard error, (SE). Figure 1a shows a 

linear correlation between WS and 

latitudes. It is clear from the figure that 

some stations in the arid region north of 

latitude 13.00 N including Abu hamad, 

Khartoum and Obied recorded relatively 

higher wind speeds during the period and 

therefore rather deviating points. 

 

  Station Latit. Longit. Altit.      Station Latit. Longit. Altit.    

W.halfa 21.82 31.35 190       

Dongola 19.17 30.48 228 Juba 4.87 31.6 457  

Karima 18.55 31.85 249 Portsudan 19.58 37.22 2 

Abuha. 19.53 33.33 315 Kassala 15.47 36.4 500 

Atbara 17.7 33.97 345 Gedarif 14.03 35.4 599 

Khart. 15.6 32.55 380 Kosti 13.17 32.73 380 

Medani 14.38 33.48 405 Obied 13.17 30.23 574 

Sennar 13.55 33.62 418 Kadugli 11 29.72 499 

Damaz. 11.78 34.38 470 Elfasher 13.63 25.33 730 

Malakal 9.55 31.65 390 Nyala 12.05 24.88 674 
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Table 2: Effect of latitude, longitude and altitude on annual mean wind speed 
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Fig. 1a: Wind speed vs. latitudes for 19 

stations for 1981-2010 

For comparison with the 1961-1990 

normal data, which is generally 

considered as a reference period, the 

regression was computed for similar 19 

stations for that period as shown in figure 

1b. Figure1b showed both lower slope 

and intercept for the 1961-1990 period, 

which meant a higher WS during the 

1981-2010 period, particularly in the arid 

areas. This may be attributed to an 

increased air temperature, (Mohamed, 

2016) and a decreased rainfall 

(Mohamed, 1998). Similar linear trends 

were reported for Piche evaporation 

(Mohamed, 2015).  

Effect of Longitude on Mean Annual 

Wind Speed  
Table 2 shows parameters of 

regression between mean annual wind 

speed and longitudes (Long.) for the 19 

stations. Wind speed generally increased 

with increased longitudes at a mild rate 

of 0.11m/s per degree. The correlation 

was weak, with low significance and high 

standard error. Figure 2a shows that in 

fact the linear correlation can be viewed 

as of two components, each representing 

a more stronger linear  trend; a mainly 

hyper- arid and arid linear trend stations 

including Abu hamad, Khartoum, 

Karima, Obied and Portsudan stations, 

and the rest of the stations which include 

semi arid, sub-humid and humid stations. 

On comparison with the 1961-1990 WS 

data set represented with figure 2b, the 

latter period, (1981-2010), recorded 

higher WS, higher correlations and 

higher significances.  
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Fig. 1b: Wind speed vs. latitudes for 19 

stations for 1961-1990 
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Fig. 2a: Wind speed vs. longitudes for 19 

stations for 1981-2010. 

No. of stations    R       R
2 
         P            SE                  Equation 

     19              0.58      0.34      0.007        1.09          WS = 1.16 + 0.19Lat…….…..(1) 

     19              0.27     0.07       0.24          1.30         WS = 0.71 +0.11 long…..…….(2) 

     19              0.46      0.21       0.04         1.19         WS = 5.89 - 0.003 Alt…….…..(3) 

Ethiopian Journal of Environmental Studies and Management Vol. 11 no.1 2018 



4 

 

y = 0.0213x + 2.3903

R2 = 0.005

0

1

2

3

4

5

6

0 10 20 30 40

Longitudes in degrees east

W
in

d
 s

p
e
e
d

 i
n

 m
/s

 
Fig. 2b: Wind speed vs longitudes for 19 

stations for 1961-1990 

 

Effect of altitude on mean annual wind 

speed 
Altitudes (Alt.) on the other hand, 

compared to longitudes, showed in 

general a more significant (P= 0.04), but 

still weak effect on Sudan and SS wind 

speed, (Table 2). Wind speed decreased 

with altitude for the 19 stations at a rate 

of about 0.003 m /sec per meter above 

sea level. The correlation was moderate 

and the SE was relatively high. Figure 3a 

shows the linear trend of WS vs. 

altitudes. In fact, it was only the 

deviation of the hyper–arid stations that 

contributes to the lower significance; 

otherwise, a highly stronger linear 

correlation connects the remaining 

stations. When compared to the similar 

set of the stations for the period 1961-

1990, as shown from figures 3a and b, the 

latter period showed higher WS and 

higher variability as well. The higher WS 

in the latter period was most probably a 

result of the global warming, (Mohamed, 

2016; IPCC, 2013). 
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Fig. 3a: Wind speed vs. altitudes for 19 

stations for 1981-2010 
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Fig. 3b: Wind speed vs. altitudes for 19 

stations for 1961-1990 

 

Effect of the Combinations on Mean Annual Wind Speed 
Table 3: Effect of the combinations on annual mean wind speed 

No. of stations           R         R
2 
        P        SE                    Equation 

           19               0.60     0.36      0.026     1.11    WS = 0.17Lat +0.05Long-0.005……..…(4) 

           19              0.60     0.36      0.025     1.11     WS = 0.26+0.15Lat-0.001Alt………..…(5) 

           19               0.46     0.22      0.13      1.23     WS = 5.2+0.01Long-0.003Alt……….…(6) 

           19               0.61     0.37      0.06      1.14    WS = 1.27+0.15Lat+0.03Lon-0.000Alt… (7) 
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Variations of Mean Annual Wind Speed 

between Months and between Stations  
Investigation of wind speed variations 

between stations and between months 

using normal wind speed data for the 

period and for the 12 months showed 

significant differences between stations 

(P=2.4E-116) with Abu hamad (19.53 N) 

as the station of the highest mean wind 

speed,(7.6 m/s) and Juba, (4.87  N  ) as 

the station of the lowest mean wind 

speed,(3.1 m/s). As across months the 

highest mean wind speed (3.2m/s) was 

recorded for February, while the lowest 

was recorded as (2.5m/s) for September 

and October. These results were expected 

because of the higher air temperature and 

the lower rainfall as latitudes increase 

northward in addition to the fact that 

most of wind prevailing in Sudan enters 

the country from north and north-easterly 

directions. Data reported in this study 

generally lies within the scope of the 

values reported by Omer (2007) and Abu 

Bakr, (1988). For comparison with the 

current study, some yearly averages of 

wind speeds were reported for Cairo, 

Asmara and Addis as 3.7m/s,3.0 and 3.5 

m/s respectively, (Weather-and 

Climate.com, 2017). In Ethiopia a study 

showed that wind speeds are as high as 

8.0 and 6.8 m/s in Ashegoda and 

Nazareth and as low as 4.0 and 3.5 m/s in 

Birhan and most of the eastern part 

respectively, (World energy council, 

2017). The present study although 

confirms results reported by the author 

for an earlier period in as far as stations 

and months are regarded, (Mohamed, 

2016), current wind speed values are 

higher in magnitudes, particularly in the 

hyper arid zone. This may be attributed to 

the increasing air temperatures and 

decreasing rainfall. 

 

Conclusion 

The analysis of the 1981-2010 data 

sets for 19 stations showed that Sudan 

and South Sudan wind speed increased 

with latitudes at an average rate of about 

0.19 m/s per degree. Highest wind speeds 

therefore were expected to prevail in 

northern Sudan and on the Red Sea coast. 

Omer (2007) also reported that the higher 

wind speeds prevail in the north. 

Longitudes on the other hand showed 

little positive effects on wind speed. 

Wind speed decreased with altitudes at a 

rate of 0.0003m/s per MASL. The present 

study confirms trend wise relevant 

finding by the author for 41 stations in 

Sudan and South Sudan for the period 

1961-1990, (Mohamed, 2016), however 

they showed a difference in the 

magnitude of WS. With the air 

temperature increasing, WS is expected 

to increase particularly in the dry areas. 

Equations (1, 4, 5 and 7) gave the best 

result regarding correlation coefficient, 

significance and standard errors as can be 

seen from tables 2 and 3 and may be used 

for prediction of wind speed in Sudan 

and SS in areas where no measurements 

are available. Similar equations were 

developed for estimation of various 

climatic parameters (Sellers, 1960; 

Diskin, 1970, Mohamed, 2015). To 

utilize wind speed for energy purposes, a 

more intensive study covering the wind 

profiles and directions may also be 

required although the predominant winds 

in most of the year and stations are the 

northerly and the north-easterly as 

reported by Abu Bakr (1988). 
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