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Evaluation of Wind Data Reliability by Using Logarithmic and Power Laws: A case
study in Southern Iraq

Abstract

In this study, two sites were investigated in the southern region of Iraq: Ali AL-Gharbi and AL-Salman in
Mesan and AL-Muthana provinces, respectively. A theoretical extrapolation between wind speed and
height was carried out for both locations each month using the Logarithmic Law. Power Law was also
applied to achieve calculations of wind shear coefficient (o) by using the actual data collected from the
meteorological mast installed in each site at three levels of 10 m, 30 m, and 50 m, at an interval of ten
minutes. To compare the effects of each law, two laws are employed.
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1. Introduction

Usually, fossil fuel is used to generate electricity;
the world can replace this fuel with renewable energy.
Wind energy can reduce the demand for fossil fuel
when it is used successfully [1]. Wind energy is sus-
tainable and available naturally, while fossil fuel can
be depleted someday.

There is much research on wind energy calculations
in Iraq and the world [2]. Some of them have used
extrapolation laws to calculate wind speeds at specific
altitudes, such as the turbine hub heights and within
different models [3—5]. On a log-based WA°P model to
calculate wind speeds at different altitudes [6], whereas
in others, the law of power was used for wind calcula-
tions [7]. Real data has been used from the erected met
masts for wind energy purposes and for different cities
of Iraq. Determining the wind speed precisely is an
important factor in wind energy calculations since the
wind power density is proportional to the wind speed
cube [8,9]. In this research, two legal survey sites have
been studied in southern Iraq to know the accuracy of
the real data recorded when compared to theoretical
calculations. The prediction of the wind speed at
different heights is very necessary to know the available
speed at a specific site, as well as achieving site
assessment for this site to determine the values of wind
speed and direction. Wind speed can be affected by the
height above the ground level. Generally, wind speed
increases as the height above the ground increases [10]
because there is no friction at higher altitudes. Friction
with ground and obstacles causes turbulence in the wind
flow, which slows down the wind speed [11], while the
laminar flow of the wind is very important to get the
highest records of wind speed.

2. Methodology

More than one formula can be applied to calculate
wind speed at any height; they are suitable from 10 m
to about 100 m in altitude. One of these formulas is
called “Logarithmic Law,” which is used to estimate
the wind speed (V,) at any corresponding height (z) as
in equation (1) [12,13]:

o l2) ()]

where V¢ is the wind speed at height 4, which is 10 m,
7, 1s the surface roughness length that can be chosen

https://doi.org/10.33640/2405-609X.3123

according to the landscape [14]. Another formula that
has been found to relate height and wind speed is called
“Power Law,” as in equation (2) [15,16]:

where V is the wind speed at the height Z;, V, is the wind
speed at the height Z,, o is the wind shear coefficient or
friction coefficient, which is used to estimate the wind
speed at higher elevations, generally, (¢) increases with
roughness length z, [17]. Generally, a power law is
applied to relate wind speeds at different heights to a
reference wind speed at a reference height close to the
ground [ 18]. Practically, the Sonic Detection and Ranging
(SODAR) can be used to estimate the values of wind
speed at various elevations, but its measurement accuracy
cannot match that of cup anemometers because it depends
on the clarity of the air and its instantaneous density. It is
possible to the existence of dust or water vapor in the air,
which is causing attenuation in signals as well as the
electronics problems. This problem may be solved by
using a high acoustical power as possible [19—21].Itisa
fact that atmospheric stability and ground topography
play an important role in shaping wind-speed profiles
against altitudes [22,23]. Many researchers have been
studying the wind speed characteristics and use the
available data to compare wind speed data, site terrains,
and comparison between the Logarithmic and Power
Laws and their improvement [24—26].

After calculating the wind speed at hub height, it is
possible to install suitable wind turbines or wind farm
there, the data which used to achieve the assessment
must be at least for one year. To achieve a good wind
energy assessment, long-term measurements are
needed [27]. The longer the period of collected data,
the more reliable are the estimated wind potentials
[28]. When the actual data (which is logged in a met
mast at any site) is applied in the Logarithm Law, it
must give a similar behavior of the data, which is
calculated theoretically to be sure that this data is right.
Generally, the relation of wind speed versus elevation
is almost direct proportional [29].

Installing a meteorological mast (met mast) is very
necessary to get the actual data at different heights,
which can be lattice or tubular types. It is possible to use
these two types of masts in a study to obtain data to use
it in different calculations [30]. The logged data in the
mast must be recorded every 10 min to ensure the ac-
curacy of the calculations [31]. Depending on the
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necessity of the study, the measurement equipment was
mounted at different levels upon the met mast according
to a global standard [32], including NRG 40C ane-
mometers and NRG 200P dog vanes type. Anemometers
are mounted at the levels of 10 m, 30 m, and 50 m on a
lattice meteorological mast of 50 m height. The data
have been recorded using (Stylitis - 101 data logger).

The comparison between estimated data and actual
data will prove the reliability of actual data. Usually,
actual data gives the real behavior of the wind in any
studied site, and its reliability leads to more accuracy
of site assessment. The reliable data of wind speed and
direction, as well as some other requirements, must
exist to have a perfect choice to install a wind farm on
a specific site [26]. The monthly average wind speed
can be determined by Eq. (3) [33]:

_ 1<
V:H;Vi (3)

where n is the number of recorded wind data, V; is the
wind speed. Logarithmic Law has been applied for the
wind speeds at 10 m height for twelve months along the
year (2016). The actual wind speed (average) for the
levels 10 m, 30 m, and 50 m have been drawn as a
function of height. Each figure has two curves, calcu-
lated and actual data, to compare their behavior. The
monthly average of actual wind speed of the levels 10 m
and 50 m are applied in the Power Law to calculate the
wind shear coefficient (o) for both sites.

2.1. Region of study

Two locations have been selected in this study; the
first one is the site of AL-Reem Natural Reserve in Ali
AL-Gharbi town, which is about 300 km southeast of
Baghdad, with coordinates of E: 4648.470 N: 32
34.981. The second location is the Al-Salman site,
which is about 500 km south of Baghdad, with co-
ordinates of E: 44 34.382 N: 30 34.248. In both loca-
tions, there is a met mast installed to record wind speed
data. Fig. 1 shows the location of each studied site. The
vertical raw refers to the Ali Al-Gharbi site, while the
horizontal one refers to the Al-Salman site.

3. Results and discussions
3.1. Wind speed versus height
Fig. 2 shows the relation between height and wind

speed at altitudes 10 m, 30 m, and 50 m for the first six
months of 2016 in the Ali AL-Gharbi site. While Fig. 3
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Fig. 1. The locations of the studied sites.

shows the same relation for the second six months of
2016. Also, Fig. 4 represents the same relation at the
AL-Salman site for the first six months of the same
year, while Fig. 5 shows the same relation for the
second six months of 2016 for the AL-Salman site.

It is important to note that the value of wind speed
at 10 m is the same in each of the theoretical calcu-
lations and the actual data, while there is some dif-
ference between them in both 30 m and 50 m in height.

Each of the figures above includes the theoretical
calculation of wind speed values (red curve) obtained
by applying the Logarithmic Law, by using the average
wind speed at 10 m as a reference and z, equal to
(0.03 m). These figures include the actual values of
average wind speed (black curve), too.

Both curves have almost the same trend, but the
actual data have higher values than theoretical calcu-
lations. It is very easy to observe these results in the
previous figures. When it just the minimum and
maximum values of wind speed in both sites observed.

For the maximum wind speed in the Ali Al-Gharbi
site at 50 m, the actual value is 7.37 m/s in July, while
the calculated value is 6.3 m/s in July, too. For the
same site and the same altitude, the minimum actual
value of wind speed is 4.44 m/s, while the calculated
value is 3.18 m/s in November for both.

For the minimum wind speed in the Ali Al-Gharbi
site at 30 m, the actual value is 6.65 m/s, while the
calculated value is 5.87 m/s in November for both. For
the same site and the same altitude, the minimum
actual value of wind speed is 3.84 m/s while the
calculated value is 2.96 m/s in November for both.

In the Al-Salman site, at 50 m, the actual wind speed is
6.68 m/s, while the calculated wind speed is 6.16 in May
for both. In the same site and altitude, the minimum actual
wind speed is 4.77 m/s in August, while the calculated
wind speed value is 3.86 m/s in August, too.
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Fig. 2. Wind speed vs. height at Ali Al - Gharbi in the first six months of 2016.

In the Al-Salman site, at 30 m, the actual wind
speed is 6.06 m/s, while the calculated wind speed is
5.73 in May for both. In the same site and altitude, the
minimum actual wind speed is 4.22 m/s in August,
while the calculated wind speed value is 3.59 m/s in
August, too.

The difference occurred between the two sets
because the actual wind speed data give the real and
natural values that suffering some friction with the
ground surface as well as the effects of air density,
humidity, and atmospheric pressure. Both of the stud-
ied sites are located far away from the urban zones.



244 A.B. Khamees et al. / Karbala International Journal of Modern Science 7 (2021) 241—248

July 2016 August 2016
50 y. + 50 ou g
45 45
40 40
o B - 35
E £
£ Zw
© T
- F -
25 25
20 20
15 15
10 o 10
45 5 55 6 65 7 75 35 4 45 5 55 6 6.5
Wind Speed (m/s) Wind Speed (ms)
Sep. 2016 Oct. 2016
50 - - - - A 50 - - v T T v T —
—6&— calculated
a5+ —+—actual 1 45
40 r 40
3B 35
£ £
Eaor 5%
T @
= L
251 5
2 20
151 151
10 L—ef L L L \ 10 —& L . | | | L . L
4 45 5 55 6 6.5 26 28 3 32 34 36 38 4 42 44 46
Wind Speed (m/s) Wind Speed (m/s)
Nov. 2016 Dec. 2016
50 - " 50
45 45
| —&— cakulated
40 —+—actual 40
3B 35
E E
5 30 5 30
2 2
F -3 =
251 25
20 20
151 15
10 L . L 10 f L L L .
25 3 35 4 45 25 3 35 4 45 5 5.5

Wind Speed (m/s)

Wind Speed (m/s)

Fig. 3. Wind speed vs. height at Ali Al - Gharbi in the second six months of 2016.

Therefore, no significant pollution appears, like smoke
or other harmful gas emissions, which can affect the
obtained results.

On the other hand, Logarithmic Law is an empirical
formula with a probability of error utilized to indicate
the values of wind speed mathematically by using the
extrapolation method.

3.2. Monthly distribution of wind speed

Figs. 6—11 show the monthly averages wind speed
for the Ali AL-Gharbi and AL-Salman sites at 10 m,
30 m, and 50 m. Although they demonstrate almost the
same behavior in the three various studied levels of
10 m, 30 m, and 50 m, the values found different. This
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Fig. 4. Wind speed vs. height at Al - Salman in the first six months of 2016.

can depend on the ambient temperature of each month
because increasing the temperature causes increasing
in wind speed. The ripples in these figures may be
found because of the dust rising. Sunlight can be
screened because of dust rising, causing decreasing in
the temperature, which leads to a decrease in the wind
speed in some months. Again, the actual data of wind

speed demonstrates higher values than the calculated
values as mentioned previously.

3.3. Calculating alpha (o)

The average wind speed at 10 m and 50 m of
equation (2) has been determined at both sites for each
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Fig. 12. Monthly values of (o) in the Ali AL-Gharbi site.

month. The monthly values of wind shear coefficient
(@) in each site are illustrated in Figs. 12 and 13 for Ali
AL-Gharbi and AL-Salman, respectively. The annual
average value of (o) in Ali AL-Gharbi is (0.29) while
its annual average value in the AL-Salman site is
(0.24). The greater values of wind speed in summer
mean that a slight effect on terrains. Therefore, (o)
decreases to the minimum values during this season, as
shown in Figs. 12 and 13. The peak, which is formed in
June, in Fig. 12 may be configured due to dust rising.
Dust rising acts to screen sunlight. Therefore, the wind
speed is decreased due to the reduction of temperature.

alpha

month

Fig. 13. Monthly values of (a) in the AL-Salman site.

4. Conclusion

The relation between theoretical calculations and
actual data shows that the actual data demonstrate the
same behavior as theoretical calculations. The exact-
ness of the actual details, which means the credit of
this data, can be considered. The real data values are
higher than those of theoretical calculations; this
comes from the empirical formulation of the Loga-
rithmic Law. Actual data gives the real behavior of the
wind in any studied site, and its reliability leads to
more accuracy of site assessment. The reliable data of
wind speed and direction, as well as some other re-
quirements, must exist to have a perfect choice to
install a wind farm on a specific site.

Wind speed depends on the air temperature or de-
pends on the season, in other words. In Ali AL-Gharbi,
the wind has a peak value in July, while in the AL-
Salman, at the altitudes observed, the greatest value is
in May. In both sites analyzed, alpha (a) is measured
monthly. Ali's AL-Gharbi value is (0.29) and in AL-
Salman is (0.24). In the future, it is possible to take the
improvement of the Logarithmic Law and power-law
into account to obtain results that more close to actual
data.

References

[1] A. Mishaal, S. Nassir, A.B. Khamees, M.A. Abdulsattar, The
temporal and spatial distribution of wind factor in Iraq, Karbala,
Int. J. Mod. Sci. 6 (2020) 53—61, https://doi.org/10.33640/
2405-609X.1363.

[2] R.I. Jabbar, Statistical analysis of wind speed data and assess-
ment of wind power density using Weibull distribution function
(case study: four regions in Iraq), J. Phys. Conf. Ser. (2021),
https://doi.org/10.1088/1742-6596/1804/1/012010.

[3] A.K. Resen, O.F. Ahmed, Wind energy potential assessment to
evaluate performance of selected wind turbines, AIP Conf.
Proc. (2019), https://doi.org/10.1063/1.5138548.

[4] G. Gualtieri, S. Secci, Extrapolating wind speed time series vs.
Weibull distribution to assess wind resource to the turbine hub


https://doi.org/10.33640/2405-609X.1363
https://doi.org/10.33640/2405-609X.1363
https://doi.org/10.1088/1742-6596/1804/1/012010
https://doi.org/10.1063/1.5138548

248 A.B. Khamees et al. / Karbala International Journal of Modern Science 7 (2021) 241—248

height: a case study on coastal location in Southern Italy,
Renew. Energy 62 (2014) 164—176, https://doi.org/10.1016/
j.renene.2013.07.003.

[5] M. EL-Shimy, Optimal site matching of wind turbine generator:
case study of the Gulf of Suez region in Egypt, Renew. Energy 35
(2010) 1870—1878, https://doi.org/10.1016/j.renene.2009.12.013.

[6] A.K. Resen, A.A. Mahmood, J.S. Nmr, Statistical calculations
of wind data utilizing WAsP model, AIP Conf. Proc. (2019),
https://doi.org/10.1063/1.5116956.

[7] EH. Mahmood, A.K. Resen, A.B. Khamees, Wind character-
istic analysis based on Weibull distribution of Al-Salman site,
Iraq, Energy Rep. 6 (2020) 79—87, https://doi.org/10.1016/
j-egyr.2019.10.021.

[8] J.A. Santos, C. Rochinha, M.L.R. Liberato, M. Reyers,

J.G. Pinto, Projected changes in wind energy potentials over

Iberia, Renew. Energy 75 (2015) 68—80, https://doi.org/

10.1016/j.renene.2014.09.026.

A.S.O. Ogunjuyigbe, T.R. Ayodele, B.B. Adetokun, A.A. Jimoh,

Dynamic performance of wind-driven self-excited reluctance

generator under varying wind speed and load, in: 2016 IEEE Int.

Conf. Renew. Energy Res. Appl. ICRERA 2016, 2017,

pp. 506—511, https://doi.org/10.1109/ICRERA.2016.7884388.

[10] C.L. Archer, K. Caldeira, Global assessment of high-altitude
wind power, Energies 2 (2009) 307—319, https://doi.org/
10.3390/en20200307.

[11] F. Porté-Agel, M. Bastankhah, S. Shamsoddin, Wind-turbine
and wind-farm flows: a review, Boundary-Layer Meteorol. 174
(2020), https://doi.org/10.1007/s10546-019-00473-0.

[12] K. Ali, Resen, wind resource estimation and mapping at Ali Al-
gharby site (East-south of Iraq) using WAsP model, Iraqi J. Sci.
56 (2015) 1216—1223.

[13] M. Golbazi, C.L. Archer, Surface roughness for offshore wind
energy, J. Phys. Conf. Ser. (2020), https://doi.org/10.1088/1742-
6596/1452/1/012024.

[14] M. Golbazi, C.L. Archer, Methods to estimate surface rough-
ness length for offshore wind energy, Adv. Meteorol. 2019
(2019), https://doi.org/10.1155/2019/5695481.

[15] EA. Hadi, Diagnosis of the best method for wind speed extrap-
olation, Int. J. Adv. Res. Electr. Electron. Instrum. Eng. (An ISO)
3297 (2007), https://doi.org/10.15662/IJAREEIE.2015.0410058.

[16] N. Khlaifat, A. Altaee, J. Zhou, Y. Huang, Evaluation of wind
resource potential using statistical analysis of probability den-
sity functions in New South Wales, Australia, Energy Sources,
Part A Recover, Util. Environ. Eff. (2020), https://doi.org/
10.1080/15567036.2020.1822956.

[17] E. Holt, J. Wang, Trends in wind speed at wind turbine height of
80 m over the contiguous United States using the north
American Regional Reanalysis (NARR), J. Appl. Meteorol.
Climatol. 51 (2012) 2188—2202, https://doi.org/10.1175/
JAMC-D-11-0205.1.

[18] J.F. Newman, P.M. Klein, The impacts of atmospheric stability on
the accuracy of wind speed extrapolation methods, Resources 3
(2014) 81—105, https://doi.org/10.3390/resources3010081.

[19] A. Sood, K. Suselj, D. Heinemann, Wind resource and site
assessment in the German bight: extreme winds at meso to

[9

—

microscale, Eur. Wind Energy Conf. Exhib. 2007 (2007)
591-597. EWEC 2007.

[20] I. Sointu, M. Hulkkonen, H.J. Jarvinen, D. Raisanen, Wind Profile
Assessment for Wind Power Purposes Analysis and Comparison of
Mast and SODAR Measurements from 17 Sites in Finland, 2014.

[21] S. Lang, E. McKeogh, LIDAR and SODAR measurements of
wind speed and direction in upland terrain for wind energy
purposes, Remote Sens. 3 (2011) 1871—1901, https://doi.org/
10.3390/rs3091871.

[22] C. Xu, C. Hao, L. Li, X. Han, F. Xue, M. Sun, W. Shen,
Evaluation of the power-lawwind-speed extrapolation method
with atmospheric stability classification methods for flows over
different terrain types, Appl. Sci. 8 (2018), https://doi.org/
10.3390/app8091429.

[23] C.W. Kent, C.S.B. Grimmond, D. Gatey, J.F. Barlow, Assessing
methods to extrapolate the vertical wind-speed profile from
surface observations in a city centre during strong winds, J.
Wind Eng. Ind. Aerodyn. 173 (2018) 100—111, https://doi.org/
10.1016/j.jweia.2017.09.007.

[24] D.J. Cannon, D.J. Brayshaw, J. Methven, P.J. Coker,
D. Lenaghan, Using reanalysis data to quantify extreme wind
power generation statistics: a 33 year case study in Great
Britain, Renew. Energy 75 (2015) 767—778, https://doi.org/
10.1016/j.renene.2014.10.024.

[25] A. Albani, M.Z. Ibrahim, K.H. Yong, Wind shear data at two
different terrain types, Data Br. 25 (2019), https://doi.org/
10.1016/j.dib.2019.104306.

[26] S.R. Reddy, Wind Farm Layout Optimization (WindFLO): an
advanced framework for fast wind farm analysis and optimi-
zation, Appl. Energy 269 (2020), https://doi.org/10.1016/
j-apenergy.2020.115090.

[27] Guidelines for Wind Resource Assessment, Best Practices for
Countries Initiating Wind Development, Asian Development
Bank, 2005. https://www.adb.org/publications/guidelines-wind-
resource-assessment-best-practices-countries-initiating-wind-
dev. (Accessed 11 August 2021).

[28] I. Youm, J. Sarr, M. Sall, A. Ndiaye, M.M. Kane, Analysis of
wind data and wind energy potential along the northern coast of
Senegal, Rev. Energy Ren. 8 (2005) 95—108.

[29] M.E. Okorie, F. Inambao, Z. Chiguvare, Evaluation of wind
shear coefficients, surface roughness and energy yields over
inland locations in Namibia, Proc. Manuf. 7 (2017) 630—638,
https://doi.org/10.1016/j.promfg.2016.12.094.

[30] O.E. Orhan, G. Ahmet, A comparative study of virtual and
operational met mast data, J. Phys. Conf. Ser. (2014), https://
doi.org/10.1088/1742-6596/524/1/012120.

[31] D. Menezes, M. Mendes, J.A. Almeida, T. Farinha, Wind farm
and resource datasets: a comprehensive survey and overview,
Energies 13 (2020), https://doi.org/10.3390/en13184702.

[32] IEC 61400-12-1 Wind Turbines-Part 12-1: Power Performance
Measurements of Electricity Producing Wind Turbines, 2017.

[33] Y. Oner, S. Ozcira, N. Bekiroglu, I. Senol, A comparative
analysis of wind power density prediction methods for
Canakkale, Intepe region, Turkey, Renew. Sustain. Energy Rev.
23 (2013) 491502, https://doi.org/10.1016/j.rser.2013.01.052.


https://doi.org/10.1016/j.renene.2013.07.003
https://doi.org/10.1016/j.renene.2013.07.003
https://doi.org/10.1016/j.renene.2009.12.013
https://doi.org/10.1063/1.5116956
https://doi.org/10.1016/j.egyr.2019.10.021
https://doi.org/10.1016/j.egyr.2019.10.021
https://doi.org/10.1016/j.renene.2014.09.026
https://doi.org/10.1016/j.renene.2014.09.026
https://doi.org/10.1109/ICRERA.2016.7884388
https://doi.org/10.3390/en20200307
https://doi.org/10.3390/en20200307
https://doi.org/10.1007/s10546-019-00473-0
https://doi.org/10.1088/1742-6596/1452/1/012024
https://doi.org/10.1088/1742-6596/1452/1/012024
https://doi.org/10.1155/2019/5695481
https://doi.org/10.15662/IJAREEIE.2015.0410058
https://doi.org/10.1080/15567036.2020.1822956
https://doi.org/10.1080/15567036.2020.1822956
https://doi.org/10.1175/JAMC-D-11-0205.1
https://doi.org/10.1175/JAMC-D-11-0205.1
https://doi.org/10.3390/resources3010081
https://doi.org/10.3390/rs3091871
https://doi.org/10.3390/rs3091871
https://doi.org/10.3390/app8091429
https://doi.org/10.3390/app8091429
https://doi.org/10.1016/j.jweia.2017.09.007
https://doi.org/10.1016/j.jweia.2017.09.007
https://doi.org/10.1016/j.renene.2014.10.024
https://doi.org/10.1016/j.renene.2014.10.024
https://doi.org/10.1016/j.dib.2019.104306
https://doi.org/10.1016/j.dib.2019.104306
https://doi.org/10.1016/j.apenergy.2020.115090
https://doi.org/10.1016/j.apenergy.2020.115090
https://www.adb.org/publications/guidelines-wind-resource-assessment-best-practices-countries-initiating-wind-dev
https://www.adb.org/publications/guidelines-wind-resource-assessment-best-practices-countries-initiating-wind-dev
https://www.adb.org/publications/guidelines-wind-resource-assessment-best-practices-countries-initiating-wind-dev
https://doi.org/10.1016/j.promfg.2016.12.094
https://doi.org/10.1088/1742-6596/524/1/012120
https://doi.org/10.1088/1742-6596/524/1/012120
https://doi.org/10.3390/en13184702
https://doi.org/10.1016/j.rser.2013.01.052

	Evaluation of Wind Data Reliability by Using Logarithmic and Power Laws: A case study in Southern Iraq
	Recommended Citation

	Evaluation of Wind Data Reliability by Using Logarithmic and Power Laws: A case study in Southern Iraq
	Abstract
	Keywords
	Creative Commons License


