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ABSTRACT 
        The aim of this  paper is to estimate the mean monthly values of wind power density in four 
meteorological stations in Nineveh Governorate (Mosul, Rabea, Talafar, Sinjar) for the period             
(1980 – 2010) using different meteorological parameters.  Five different models (Linear, Quadratic,  
Logarithmic, Linear Logarithmic, power) were used to estimate the wind power density. The 
performance of this  regression models  were  evaluated. Several statistical test were used to control  
the validation and goodness of the regression models in terms of (R, R2, MAE, RMSE). Linear 
model gave the best fit for  the relation  between WPD and (P, n, H, C) in all stations. Quadratic  
model and Linear  model gave the best  fit between WPD and (Rad. RH, T) in all stations. 
Logarithmic  model give the  best fit between WPD and Rad in Mosul station.  
 
Keywords: Wind Power Density, Correlations, meteorological, parameters wind energy, clean 
energy.  

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

  علاقات الارتباط بين كثافة قدرة الرياح والعناصر الانوائية المختلفة في محافظة نينوى
  

  الملخص

 محافظـة نينـوى      محطات انوائية في   لأربعالهدف من هذه الدراسة هي للتنبؤ بقيم المعدلات الشهرية لكثافة قدرة الرياح                   

 وتـم اسـتخدام     . عناصر انوائية مختلفة   باستخدام) 2010 -1980( للفترة الزمنية من  ) تلعفر ،سنجار،   ربيعة ،الموصل( وهي

 .لتخمين كثافة قدرة الرياح) Linear, Quadratic,  Logarithmic, Linear Logarithmic, power( خمسة نماذج رياضية

 R, R2, MAE, RMSE (.  Linear model(  القيم الجيدة والمناسـبة لحـساب  لإيجادئية وتم استخدام عدة اختبارات احصا

 Linear  model و.Quadratic  model   في كل المحطـات  ( P, n, H,C)و WPD الارتباط بين علاقة  ل جيدةاًاعطى قيم

 جيدة اً قيمأعطى Logarithmic  model. في كل المحطات(Rad. RH, T)   وWPD  جيدة لعلاقة الارتباط بيناًاعطى قيم

                          .فقط في محطة الموصلRad    وWPDلعلاقة الارتباط بين 
   

  . الطاقة النظيفة، طاقة الرياح، العناصر الانوائية، علاقات الارتباط،كثافة قدرة الرياح :الكلمات الدالة

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
INTRODUCTION 

 Among the sources of renewable energy, wind energy is the most common and fastest growing  
energy technology  in terms  of percentage of yearly growth of installed capacity (Ohnakin, 2010). 
The potential benefits of wind power are a clean, renewable and economic energy source. Wind 
resources are seldom  consistent and vary  with time of the day, season of the year, height above the 
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ground, type of terrain and from year to year, hence should be investigated carefully and completely 
(Rehmam, 2013).  

Wind energy potential assessment is critical factors for suitable development of wind power   
application at a given location (Kidmo, 2015). Some parameters are important in determining  
power extracted from wind turbine such as:   

Wind  velocity,  relative  humidity,  pressure,  air density, rain, dust  and temperature            
(Klumpner, 2011, Barthlmin, 2010, Perkevic, 2013).  

Air temperature affects extracted  power from wind, this effect is dependent on the altitude 
and the value of air temperature (Abdul Kareem, 2015). The humidity is  also  an  important 
variable that effect  on the wind  power (Nolan, 2011). 

In this paper correlations are proposed for the mean  values  of  Wind   Power   Density  
(WPD) for  (Mosul, Rabea, Sinjar, Talafr) stations in Nineveh Governorate based on meteorological 
parameters for the period (1980–2010).  

                     
THEORTICAL 

Mean monthly values of the different meteorological paramrters (total solar radiation, 
sunshine duration, relative humidity, air temperature, wind speed, cloudiness, pressure) were 
obtained from Iraqi meteorological organization  for  the period (1980 – 2010) for (Mosul,  Rabea,  
Sinjar, Talafr) stations. 

The geographical coordinate of the four stations were listed in (Table  1).  
Fig. (1)  shows the locations of the four stations in Nineveh Governorate.  

 
 Table 1: Geographical coordinates of the four meteorological stations in Ninava Governorate  
 

Elevation(m) Longitude Latitude Stations 

223 43o09' 36o19' Mosul 

273 42o28' 36o22' Telafar 

465 41o50' 36o19' Sinjar 
382 42o06' 36o48' Rabea 

 
Fig.  1: Location of the four meteorological stations in Ninava Governorate  

 

         Tables (2, 3, 4, 5) show the values of the mean monthly meteorological parameters in all 
stations during the period (1980 – 2010). 
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Table 2: Mean Monthly values of meteorological parameters and Wind Power Density for 
Mosul station at 10m height for the period (1980- 2010) 

 

DEC NOV OCT SEP AUG JUL JUN MAY APR MAR FEB JAN 
Mon. 

Met. el . 

0.6 0.3 0.4 0.8 2 3 3.5 3.5 2 1.7 1.3 0.6 WPD(w/m2) 

1 0.8 0.9 1.1 1.5 1.7 1.8 1.8 1.5 1.4 1.3 1 V(m/s) 

4.6 6.4 8.1 10.3 11.3 11.9 12.2 9.9 7.9 6.8 5.6 4.7 Sun shine(hr) 

1021 1019 1014.6 1008.4 1001.6 999.6 1004 1010 1013 1015 1019 1021.3 Pressure(mb) 

8.7 13.6 21.7 28.7 33.8 34.6 31.2 24.7 18.1 12.9 8.7 6.9 Tmean(Co) 

78 65 46 31 27 25 28 43 62 68 74 79 RH% 

1690 2301 3277 4684 5444 5960 6027 5528 4478 3500 2700 1850 Radation 

4.3 3 2.4 0.6 0.3 0.4 0.9 2.7 3.8 3.9 4.2 4.3 Cloud(octa) 

 
Table 3: Mean Monthly values of  meteorological parameters and Wind  Power Density for  

Rabea station at 10m height  for the period (1980- 2010)  
 

DEC NOV OCT SEP AUG JUL JUN MAY APR MAR FEB JAN 
Mon. 

Met. el . 

1.7 1.7 2.5 3.5 4.8 5.6 5.6 5.6 3.5 3.5 3 2.5 WPD(w/m2) 

1.4 1.4 1.6 1.8 2 2.1 2.1 2.1 1.8 1.8 1.7 1.6 V(m/s) 

6.4 5.9 8 10 11.5 12.3 12.2 9.8 7.9 6.4 5 4.6 Sun 
shine(hr) 

1020.7 1018 1014 1007 1001 999.3 1003.5 1008.6 1012 1014.5 1017 1020 Pressure(mb) 

7.5 12.6 20.4 26.8 31.5 32.4 28.9 22.6 15.8 10.4 7 5.5 Tmean(Co) 

81 69 47 33 31 30 32.7 50 66 70 76 80 RH% 

2050 2231 3246.7 4629 5518 6053.8 6115.8 5283 4368 3388.7 2411 1863 Radation 

4.3 3.3 2.45 1.2 0.6 0.9 1.34 2.6 3.6 4 4.1 4 Cloud(octa) 

 
Table 4: Mean Monthly values of  meteorological parameters and Wind Power Density  for 

Sinjar station at 10m height  for the period (1980 - 2010)  
 

DEC NOV OCT SEP AUG JUL JUN MAY APR MAR FEB JAN 
Mon. 

Met.el . 

3 3 6.4 21.7 38.7 51.5 51.5 38.7 19.8 18.3 7.4 4.2 WPD(w/m2) 

1.7 1.7 2.2 3.3 4 4.4 4.4 4 3.2 2.8 2.3 1.9 V(m/s) 

5 6 8.4 10.3 11.4 11.9 11.7 9.1 7.6 6.6 5.6 4.9 Sun 
shine(hr) 

1020 1019 1014 1007.3 1000.6 999.4 1004 1009 1012 1015 1018.6 1020.5 Pressure(mb) 

9.5 14.8 23.8 30.1 34.4 35 31.3 25.2 18.6 13 8.7 7 Tmean(Co) 

65.8 51.7 37 24.7 21.8 20.9 23.2 33.1 47.2 55.2 62 65.4 RH% 

1888 2472 3527 4972 5888 6388 6361 5527 4500 3555 2638 1972 Radation 

3.8 3 2.2 1 0.9 0.8 1.2 2.6 3.6 3.7 4.1 4 Cloud(octa) 
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Table 5: Mean Monthly values of meteorological parameters and Wind Power Density for 
Talafar station at 10m height for the period (1980 - 2010)  

 
DEC NOV OCT SEP AUG JUL JUN MAY APR MAR FEB JAN 

Mon. 
Met. el . 

36 38.7 48.1 71.2 90.1 95.3 80.3 80.3 55.1 48.1 41.7 33.2 WPD(w/m2) 

3.9 4 4.3 4.9 5.3 5.4 5.1 5.1 4.5 4.3 4.1 3.8 V(m/s) 

5 6.1 8.1 10 11.4 12.2 12.1 9.8 7.9 6.9 5.5 5.1 Sun 
shine(hr) 

1021 1020 1017 1010 1003.7 1001.6 1006 1012 1015 1018.6 1021.4 1024 Pressure(mb) 

8.7 14 23.3 30.4 32.8 35 30.9 26.5 18.6 12.4 8.3 7.1 Tmean(Co) 

73 58 36 24 23.1 22 23 37 54.6 61 70 76 RH% 

1801.7 2269.7 3272 4525 5518 6011 6072 5283 4368 3510 2504 1899 Radation 

4.3 3.3 2.4 1 0.6 0.84 1.2 2.8 3.3 3.7 4 4.4 Cloud(octa) 

 
Wind Power Density may be estimated as:  
          WPD =   ρ V3  ------------------------------------ (1)         

Where                                  
           ρ = is the air density   
           ρ = 1.225 kg/m3 at average atmospheric pressure at sea level and 15Co. 
Air density depends on altitude, air pressure and temperature.           
Air density can be computed from the following equation: 
                  
          ρ =1.225-(1.19x10-4x Z)  ------------------------- (2)   
  

s  elevation above sea level in (m).  where    Z = the location'  
              V = is the monthly mean wind speed. 
  
        In our paper the air density assumed to be 1.225 kg /m3 as mentioned in many papers. The  
mean  monthly values of  wind power density for the  different  stations were computed using 
equation (1), and listed in tables (Rehmam, 2013; Kidmo, 2015;  Klumpner,  2010;  Barthlmie, 
2010). In order to estimate the wind power density at height  (20, 30, 40, 50, 60) m. power law must 
be used to estimate the wind speed at these heights. The power law which predicts the wind speed 
as function of a latitude expressed as: 
 
Vh / Va  = (Zh / Za )α -------------------------------  (3)   
    Where                        
              Vh = is the wind speed in m/s at normalized height  Zh (10m).  
              Va = is the wind speed in m/s at height Za in m.  
              α = is an exponent which depend on surface roughness and atmospheric stability. The most 
frequently adopted value of α is (1/7) (Patel, 2005).   
         A number of  regression  models (Linear, Quadratic, Logarithmic, Linear Logarithmic, power) 
were used to investigate and validated to estimate the mean monthly wind power density using 
different meteorological parameters in the four stations.  
         In order to select  the  best  model, Coefficient of variation (R). Coefficient  of determination  
( R2 ),  Mean  Absolute Error ( MAE ), Root Mean Square Error (RMSE) were used.   
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RESULTS AND DISCUSSION 
Fig.  (2) shows  the correlations between the Wind Power Density and the Sunshine (n) in all 

stations. Liner Models is the best fit for all stations. The  coefficient  of  determination  ( R2)  exist   
between (WPD  and  n)  ranged between (0.72 -  0.93), this mean that (72% - 93%) of WPD can be 
accounted using the mean  monthly (n). This implies that there are statistically significant  
relationship between (WPD and n).  

Fig. (3) shows the correlations between the Wind  Power Density and atmospheric pressure 
(P)in all stations. Liner Model is the best fit for all stations. The coefficient of determination (R2) 
exist between (WPD and P.) ranged between  (0.90– 0.99). This mean that the correlations is highly 
acceptable in all stations.  

Fig. (4) shows the correlations between the Wind Power Density and Cloudiness (C) in all  
stations.  It can be seen that the  coefficient of  determination ( R2 ) between ( WPD and C) is low in 
Mosul, Rabea and Sinjar stations and ranged between (0.35 -0.55 ) while in Talafar it reach (0.79).   
This mean that the correlations are not Statistically Significant in all stations except in Talafr 
station.   

Fig. (5)  shows  the correlations  between Wind Power Density and Solar Radiation (R). 
Quadratic model is the best fit in all stations except in Mosul station where Logarithmic Model is 
the best fit. The correlations is highly acceptable in all stations where the coefficient of 
determination (R2) are ranged between (0.84- 0.97).  

Fig. (6) shows the correlations between Wind Power Density and Relative Humidity (R H) in 
all stations. Linear Model is the best fit in all stations except in Sinjar station, where as Quadratic 
model is the best fit. 

The coefficient of determination (R2) exist between (WPD and R.H) ranged between  (0.7 – 
0.8 ), for all stations except in Rabea station which give a weak correlations.                       

Fig. (7) shows the correlations between Wind Power Density and air temperature (T) Linear 
Model is the best fit in all stations  except in Talafr station where quadratic model is the best fit.                   
The coefficient of determination (R2 ) exist between  (WPD and T) ranged between (0.6 -0.76) for 
all stations except in Talafr station where (R2) equal to (0.91). A Highly acceptable correlations 
were obtained between Wind Power Density and Height as shown in Fig.(8)where the values of   
(R2 ) are arranged between (0.93- 0.96) in all stations.  
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Fig.  2: Correlation between the wind power density and sunshine for all stations  in Nineveh 
Governorate   
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Fig.  3: Correlation between the wind power density and pressure for all stations in Nineveh 

Governorate  
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Fig. 4: Correlation between the wind power density and cloudiness for all stations  in 
            Nineveh Governorate. 
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Fig.  5: Correlation between the wind power density and radiation for all stations in  
                      Nineveh Governorate 
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Fig. 6: Correlation between the wind power density and relative humidity for all stations in 

Ninava Governorate. 
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Fig.  7: Correlation between the wind power density and air temperature for all stations in    
Nineveh Governorate. 
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Fig. 8: Correlation between the wind power density and height for all stations in Nineveh 

Governorate  
 

Table (6) contain Summaries of regression  statistics obtained  from the different models in all 
stations. The correlation coefficient (R), coefficient of determination (R2), Mean Absolute Error 
M.A.E ) and Root Mean  Square  Error ( RMSE ) varies from one station to another, and also vary 
from one variable to  another.    

The lowest values of MAE (2.7- 6.4) % was obtained in the  correlations between WPD and 
elevation. This indicate that  these correlations are  highly  acceptable for the estimation of WPD in 
all stations. MAE is found in  the range (7- 25) % for the  correlations  between (WPD and n) and in 
the range (4-16.5) % for the correlations between (WPD and P) and in the range (8.3-21)%for the 
correlations between (WPD and Rad)  and in the range (9 - 35) %  for the correlations between 
(WPD and T). This mean that there are  Statistically Significant relationship between WPD and       
(n , Rad , P, T) in all stations.   

A fairly good fitting was obtained between WPD and RH. The highest value of MAE was 
obtained in the correlations between WPD and C in Mosul and Sinjar stations, where  its values are              
(115-110)% respectively. This mean that these correlations are non significant.                  
RMSE show acceptable values for the correlations between WPD and (n, Rad, P, RH,T) in all 
stations. High values of RMSE was  obtained for  the correlations  between  WPD and   C  in Mosul  
and  Sinjar  stations, where  its values are (177 -  300) %  respectively. A according  to  the  
Statistical  tests (R, R 2, MAE, RMSE) we can arrange the correlations between WPD and the 
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different meteorological parameters according to their best fit as:                   
 1-WPD and Height    2-WPD and P  3-WPD and Rad  4-WPD and n  5-WPD and T  6-WPD and 
RH   7-WPD and C 

 
            

Table 6: Summaries of Regression Statistics obtained from the different models in all stations 
     

%RMSE %MAE R2 R Correlation WPD and n Stations 

22 17 0.72 0.85 WPD=0.307n - 0.735 Mosul 
31 25 0.74 0.86 WPD= 0.423n+0.009 Rabea 
24.6 17.4 0.81 0.90 WPD=6.279n-29.35 Sinjar 
8.9 7 0.93 0.96 WPD=7.987n - 6.783 Talafar 

 
%RMSE %MAE R2 R Correlation WPD and P Stations 
14.8 14 0.90 0.94 WPD=- 0.122P+125.3 Mosul 
15.5 11 0.92 0.95 WPD=-0.173P+178.8 Rabea 
25 16.5 0.99 0.99 WPD=- 2.335P+2385 Sinjar 
5.3 4 0.99 0.99 WPD=-2.865P+2964 Talafar 

 
%RMSE %MAE R2 R Correlation WPD and C Stations 
177.8 115 0.35 0.59 WPD=-0.379C+2.824  Mosul 
34 27 0.47 0.68 WPD=-0.731C+5.599  Rabea 
300 110 0.55 0.74 WPD=-10.6C+49.31  Sinjar 
15.5 10.8 0.79 0.88 WPD=-14.18C+79.08   Talafar 

 
%RMSE %MAE R2 R Correlation WPD and Rad  Stations 
18.4 13.6 0.84 0.92 WPD =2.051ln(R)-14.85 Mosul 
16.6 14 0.88 0.93 WPD=1E-07R2-2E-05R+1.746 Rabea 
26.6 21 0.97 0.98 WPD=2E-06R2-0.008R+11 Sinjar 
19 8.3 0.93 0.96 WPD=1E-06R2+0.003R+23.41 Talafar 

 
%RMSE %MAE R2 R Correlation WPD and RH% Stations 
78 68 0.7 0.83 WPD=- 0.736RH+60.59  Mosul 
32 25 0.54 0.74 WPD=-0.053RH+6.564 Rabea 
37 33 0.72 0.85 WPD=0.018RH2-.45RH+87.6 Sinjar 
17 12 0.81 0.89 WPD=0.947RH+103.8 Talafar 

 
%RMSE %MAE R2 R Correlation WPD and T Stations 
38 27.8 0.76 0.87 WPD=1.5171T+9.725 Mosul 
31 25 0.6 0.77 WPD= 0.113T+1.527 Rabea 
43 35 0.69 0.83 WPD=1.498T-9.37 Sinjar 
10.8 9 0.91 0.95 WPD=0.054T2+0.215T+35.83 Talafar 

 
%RMSE %MAE R2 R Correlation WPD and H Stations 
3.5 2.7 0.96 0.98 WPD=0.02H+0.963 Mosul 
4.9 4.3 0.96 0.98 WPD=0.067H+3.478 Rabea 
6.4 4.4 0.94 0.97 WPD=0.306H+16.36 Sinjar 
4.5 4.1 0.96 0.98 WPD=1.119H+55.31 Talafar 
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CONCLUSION 
The Wind Power Density for all meteorological stations in Ninava Governorate has been 

expressed of (Sunshine, Solar Radiation, Height, Air pressure, Air Temperature, Relative Humidity, 
Cloudiness ) applying a variety of Regression Models .  

The Significance and Performance Characteristics of the Models have been viewed using 
several statistical tests (R, R2, MAE, RMSE).   

The results showed that the best correlation was obtained WPD and Height followed by WPD 
and atmospheric Pressure, then WPD and Solar Radiation, then WPD and Sunshine, then WPD and 
Air Temperature, after that WPD and Relative Humidity. A weak correlation was obtained between 
WPD  and Cloudiness.             

Linear Models  give the best fit for the relation between WPD and (n, H, P, C) in all stations.  
Quadratic Model and Linear Model gave the best fit between WPD and (Rad, RH, T) in all 

stations. Logarithmic Model give the best fit between WPD and Rad in Mosul station.  
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