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ABSTRACT 

To improve the overall efficiency of a wind power plant, wind regime of the region in terms of 

wind speed, Wind durability, turbulence of wind regime of the region and k, Ct, Cp variables, 

will be examined in order to reduce losses for achieving maximum power generation from wind 

energy. In this research, mountainous Areas of north western of Iran which has a appropriate 

wind regime for constructing of the power plant in terms of wind regime variables and regional 

components for wind power plant construction, is being examined.In this study, 6 regions with 

different topographies and completely different altitudes have been selected. These points have 

been modeled and analyzed by using the specialized wind analysis software (wida) and finally 

by using the diagrams obtained from the software with specialized analysis of the charts 

according to the effective parameters in locating the wind turbine installation site for producing 

maximum energy and minimizing the risks caused by passible attacks of the regional wind 

regime. First, the region is examined in terms of the wind regime formed in the region based 

on the prevailing topography in the region, finally the areas has been investigated for wind 

energy attacks for friction and early failure of wind turbines. Comparing downscaled numerical 

weather prediction wind speed with measurements from a large number of stations throughout 

Iran resulted in overall improved correlations and distribution statistics. Since we used a large 

number of model topographies to derive the subgrid parameterization and the downscaling 

framework, 6 regions are not scale dependent nor bound to a specific geographic region. 6 

regions can readily be implemented since they are based on easy to derive terrain parameters. 

Finally by comparing the results obtained from the software for these 6 regions, the direct effect 
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of the height of the region on the wind speed on the ground and at a Height of, 100 meters, 

direct impact of topography and wind roughness on wind formation and wind speed of the 

region, identify the prevailing wind direction in 6 areas. Direct impact of topography on the 

ratio of vertical speed changes in the region and finally the effect of the variables k, c, at 

modeled velocities, is obtained. 

Keywords: wind energy, computational fluid dynamics, wind regime modeling, earth 

topography, multiverse optimization, Weibull distribution, wind resource assessment, 

numerical methods, wind data 

 

 

 

1. INTRODUCTION 

Today, the use of renewable energy sources is growing day by day, and the use of wind energy 

and wind farms has the largest share in this growth. Although the use of these energy resources 

has been economical, to get the most out of this energy, the topological features of the 

extraction site play an important role. One of the most important goals of this research is to 

achieve the best point for the construction of wind turbines to achieve maximum turbine 

production capacity in mountainous areas with high turbulence. The most important effect of 

this research is on the process of site identification and better understanding of wind resources 

analysis. This process will ultimately play a significant role in the micro-siting and more 

accurate design of the wind farm and increase the efficiency of these power plants. 

Complex topography is known to influence the surface energy balance in mountainous 

terrain. This is in part caused by the wind field controlling turbulent heat and vapor exchange. 

Boundary layer wind fields are significantly altered by topography, giving rise to sheltering in 

lee directions or speed up in windward directions of mountain slopes. 

Estimating wind conditions in areas with complex natural features and considering that input 

information should be considered for a large area, basically requires simulation and modeling 

calculations. Just as obstacles can cause turbulent flows, the presence of hills, mountains, and 

the complexity of topography or forest and precipice can also cause turbulent flows, so the 

more complex the topographic conditions, the more turbulent currents are formed. In this 

research, the study area (different mountainous areas of the northwestern strip of Iran) that has 

different topographies will be considered. The purpose of selecting this area is to investigate 

the effect of mountaineering features with different angles and shapes on wind speed and the 

effect of these slopes will be done by modeling the software and reviewing and analyzing the 

graphs. Finally, the results are compared with each other and the effects of different 

topographies on the wind regime are examined and concluded. Mountaineering or large vertical 

effects on the earth's surface can have a major effect on wind speed profile. In real life, wind 

currents are not only exposed to the effects of hills, ridges and precipices, but the effects of 

these effects are very significant. It is important to know how the wind blows on a hill to affect 

the environment. This study analyzes these effects and their effects on wind flow. 
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2. LITERATURE REVIEW 

Complex topography is known to influence the surface energy balance in mountainous terrain 

[21]. This is in part caused by the wind field controlling turbulent heat and vapor exchange. 

Boundary layer wind fields are significantly altered by topography, giving rise to sheltering in 

lee directions or speed up in windward directions of mountain slopes. 

Topography is mostly unresolved in course-scale atmospheric models, especially over 

alpine terrain. This leads to underestimated topographic impacts on predicted variables 

[18,14,5]. Unresolved topographic features are however relevant for surface wind field 

simulations [1,20,16]. Complex topographic features lead to a net drag of turbulent flow 

associated with a phase shift of the pressure field relative to the topographic features [26]. 

Because of this net drag, area-averaged wind speed over topography are lower. Accounting for 

the effects of unresolved fine-scale orography on wind speed in coarse grid cells is therefore 

required. 

Parameterizations for gravity wave drag and flow blocking due to meso-scale mountain 

ranges are commonly applied in numerical weather prediction (NWP) models [17]. With the 

increased horizontal grid cell resolutions in climate or NWP models, turbulent form drag (drag 

below the blocked flow drag) exerted by subgrid topography also needs to be accounted for. 

Turbulent form drag thus acts on scales smaller than the gravity wave and flow-blocking 

dynamics. Unresolved drag was originally tackled by introducing an effective roughness length 

to describe the momentum loss to the surface over mountainous terrain [6, 19]. Applying this 

so-called effective roughness length approach increases the surface roughness length based on 

the underlying topography. Area-averaged wind profiles, using the effective roughness length, 

are assumed to follow a logarithmic height profile similar to the wind profile using a surface 

roughness length [25,26]. Turbulence data measured well above topography confirmed the 

effective roughness length concept [8]. 

Given these studies, it was concluded that an effective roughness length can be applied to 

parameterize the drag in NWP models [26, 1, 4]. However, some important limitations exist 

such as corrections for overestimations in heat- and moisture-related processes [27, 1, 16]. A 

different approach therefore introduced turbulent form drag as an extra sink term (momentum 

flux) in the momentum equations [27]. The overall form drag induced by subgrid topography 

on mean wind speed is then treated using a concept similar to existing gravity wave drag 

parameterizations in meteorological models. 

Nowadays, many NWP models have implemented the concept of Wood et al. [2001]. 

Various terrain parameters are used to scale subgrid topographic drag on mean wind speed, 

virtually all related to slope parameters. Jimenez and Dudhia [2012] suggested a combination 

of the standard deviation of subgrid terrain elevations and a nondimensional version of the 

Laplacian of resolved terrain elevations using empirical thresholds. Beljaars et al. [2004] also 

suggested a formulation applying the standard deviation of subgrid terrain elevations. Rontu 

[2006] proposed a simplified version of the parameterization of Wood et al. [2001] to describe 

orographic drag due to unresolved fine-scale topography in the High-Resolution Limited Area 

Model (HIRLAM) based on the mean maximumof subgrid slopes in a coarse grid cell. 
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Suggested terrain parameters to parameterize unresolved form drag were only empirically 

derived. Mostly numerical model experiments were used for verification with a previous model 

version as reference. Furthermore, a limited number of ground stations in specific geographical 

regions were used for validation of coarse-scale wind speed. For instance, Rontu [2006] used 

Icelandic synoptic stations whereas Jimenez and Dudhia [2012] used measured ground wind 

speed in the northeast of the Iberian Peninsula. It is however questionable if coarse-scale 

simulated wind speed can represent measured wind speed at the ground in complex topography. 

Wind speeds can show large spatial variability below typical NWP model grid cell sizes. 

Without using terrain parameters but also covering hilly areas Sweeney et al. [2013] found 

reduced wind speed errors when applying adaptive statistical postprocessing methods on NWP 

output. This approach required training each day on data from previous days and was also only 

tested for stations around Ireland. 

 

3.  METHOD 

In this study, 6 areas with different topographies were selected and modeled and analyzed using 

specialized software for a height of 100 m above the ground, and the variables of the wind 

regime for each were obtained separately. In the first stage, the regions are analyzed by 

topography, in the second stage, the regions are examined in terms of wind regime variables. 

Instead of simulating spatial wind speed fields on a limited number of real topographies, 

which can bias our conclusions,   we simulated wind fields on isotropic Gaussian random fields 

(GRF) with a Gaussian covariance as a simplified topography model. Gaussian statistics give 

a reasonable description of various geometrical characteristics of real, complex topographies. 

For a set of real topographies from the U.S. and Switzerland, averaged standard deviations of 

slope components in orthogonal directions were roughly isotropic which further motivated the 

constraint to isotropic GRF as model topographies. Furthermore, stochastic topographies were 

successfully applied to analyze radiative transfer in complex topography and to generalize an 

analytical approximation of the sky view factor in complex terrain for coarse grid cells. Since 

simulated topographies from discretized GRF can cover a wide variety of topographic 

characteristics, they allowed us to conduct a detailed analysis of domain-averaged (i.e., average 

over a grid square) simulated wind speed in complex terrain. And finally, the regions are 

compared and statistically analyzed. 

 

4. CASE STUDY AREA 

In this study, 6 areas with completely different topographies and heights from different land 

levels are examined. Table 1 shows the area specifications. 
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Table 1. Specifications of the studied areas 

 
 

 

4.1. Smooth Valley [7] 

In this section, we consider a single valley with a medium depth for Region 1. The formation 

of a forced canal creates a current of wind flowing along the axis of the valley, and a sudden 

reversal of the direction of the wind when the flow of air flows from a line perpendicular to the 

axis of the current valley. The turbulent downward displacement of the horizontal momentum, 

which also occurs on flat ground, creates wind directions in the valley that are similar to the 

direction of the wind flow with slight rotation due to friction near the ground. During the 

formation of the canal, the winds inside the valley are created by the gradient component of 

the wind flow pressure along the valley axis, and the return of the wind direction occurs when 

the wind moves along the valley axis. The relative importance of different streams depends on 

the size, depth and width of the valley. 

 

4.2. Smooth Region 

The simplest type of land is regional, which can be described as smooth and almost 

homogeneous by considering the surface characteristics of the stream that affects the boundary 

layer. The type of soil in these areas is usually clay. Soil is sandy and so on. In this position, 

horizontal air movement can be avoided and the system can be considered in local equilibrium 

conditions. According to the similarity theory, the vertical structure of the Earth's atmospheric 

boundary layer, and of these two vertical profiles, the aerometric variables are determined by 

the disturbed surface fluids of the momentum, temperature and humidity. The wind flow 

characteristics (wind speed and direction) are then determined by the current (or larger scale) 

flow source, which is outside the vertical structure of the dominant atmospheric boundary layer, 

with changes determined by local surface fluids with It fits. 

 

4.3. Hill land 

We can define a hilly terrain as a topography made by rows of hills and valleys, or more 

generally, the alignment of individual hills. Atmospheric flow at the top of a medium-sized hill 

is a case of wind flow in a complex topographic zone, which has undergone many theoretical 

and experimental studies over the past 20 years. Experimental studies have been performed in 

the atmosphere and laboratories. Changes in disturbed values were investigated in depth. These 

Long Lat

1 Valley - Flat 2200 44.5637 38.492046

2 Valley - Flat (residential area) 2100 44.4762 38.080796

3  Flat (residential area) 2000 44.3937 37.933006

4 Mountaintop 2300 44.7001 36.734381

5
Mountainous  (Complex 

topography)
1000 44.722 36.632371

6 Rolling Road 900 44.1918 36.255362

Num
Type of topography of the 

area

Above sea level 

(m)

Coordinates
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studies made it possible to obtain a satisfactory knowledge of the changes created by a single 

topographic barrier in moderate and turbulent atmospheric variables under neutral and constant 

conditions. 

The main characteristics of the flow at the top of a hill are determined not only by the shape 

of the hill but also by its size and atmospheric stability. In steady-state conditions, vertical 

displacement of air occurs when the wind is blowing along the hill, in the opposite direction to 

the gravitational force, and then the current is affected by the bionic force. If the size of the hill 

is large enough to change the entire depth of the boundary layer, the boundary effects can also 

be significant during the day due to the thermal layering at the top of the atmospheric boundary 

layer. In neutral conditions, the current generally indicates a decrease in velocity near the foot 

of the hill windbreak and acceleration on a slope in the opposite direction to the wind. The 

maximum speed is near the top of the hill. A significant decrease in current on the back side of 

the hill has been observed, which can cause the separation of the flow and the very turbulent 

area. The presence of a constant vertical temperature gradient affects the intensity and position 

of topographic disturbances. In stable conditions, the kinetic energy of the flow may not be 

sufficient to raise the air above the hill. Wind flow is more likely to flow around a hill than it 

is to flow over the hill, in which case the concept of dividing line can be introduced. The 

dividing line separates the vertical lines that pass through the top of the hill from the ones 

around it vertically. 

Even a short hill creates significant disturbances in the flow that can have a detrimental 

effect on dispersion. In neutral or low conditions, the flow at the top of a hill can be completed 

by analytical solutions of Navier Stokes equations based on linearization methods as a low-

cost alternative to numerical solutions of a complete set of equations. Survival is described. 

The topographic flow discussed in this section can generally consider the characteristics of the 

local scale flow. 

  

 4.4. Complex topography 

Complex topography can be summarized as landscaping, commonly known as mountains. This 

type of land is made up of systems of barriers and valleys, which can be identified by steep 

slopes, increasing thermal circuits such as mountain-valley breezes, the wave it creates 

mountain streams and drastically changes the flow characteristics. 

Mountain-valley breezes are more easily seen in tornadoes in summer. In such situations, a 

slight warming around the mountain of horizontal gradations increases the temperature and 

pressure that the winds create. The characteristics of wind systems depend on the geometry and 

orientation of the valley. Mountain winds can generally be divided into two categories: down 

winds and valley winds. 

Falling winds are created by the bovine forces by the temperature difference between the air 

adjacent to the inflow and the ambient air at the same height away from the inflow (e.g. in the 

center of the valley). Low winds blow upwards during the day and downwards during the night. 

To maintain continuity, a closed circulation is developed throughout the valley, which includes 

the downward moving air in the center of the valley during the day and upwards during the 

night. The circulation of the valley transfers heat by heating or cooling the entire valley space 
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throughout the valley and thus contributes to the development of valley winds. These winds 

are created by horizontal compressive gradients that develop as a result of the temperature 

difference between the air inside the valley and the air at the same height on the adjacent plate. 

The valleys wind parallel to the longitudinal axis of the valley in the upward direction of the 

valley during the day and the bottom of the valley during the night. This circulation is closed 

at the top of the mountain ridges by the reverse flow of the wind in the opposite direction. The 

actual development of thermally generated winds is often complicated by other wind systems 

developed on a variety of scales. These thermal winds show significant seasonal changes in 

frequency and intensity that are generally stronger during the summer, while snow-covered 

slopes during the winter can create cold breezes that can occur during the summer. The day 

will remain [12]. 

 

5. SIMULATED WIND FIELDS 

We computed high-resolution atmospheric wind flow fields with the three-dimensional 

nonhydrostatic and compressible atmospheric model Advanced Regional Prediction System 

(ARPS), developed at the Center for Analysis and Prediction of Storms (CAPS), University of 

Oklahoma. Simulated ARPS wind fields, replicated typical measured wind field characteristics 

well, even over real complex topographies. Using ARPS wind fields, even snow drift in very 

complex terrain was successfully modeled. ARPS is therefore suitable to investigate spatial 

wind speed over complex terrain. 

Since the focus in this study was to analyze the influence of topography on wind speed, we 

suppressed thermally induced circulations like mountain valley breezes by neglecting radiation 

effects and by setting atmospheric stability to neutral, i.e., the sub grid parameterization and 

the downscaling scheme are developed for neutral atmospheric stability. This was done for two 

reasons. First, our main focus is on the drag exerted by topography on near-surface wind flow, 

which was found under neutral static conditions. Second, to account for a variety of 

atmospheric stabilities, especially over snow-covered terrain, a large number of additional 

ARPS simulations would be required. This is beyond the scope of our work, for which we 

already performed ARPS simulations on a total of 9000 model topographies. Furthermore, 

Cullen et al. [2007] showed that near-neutral conditions dominate over snow-covered complex 

terrain. 

 

5.1. Modeling using specialized software [15] 

This software is useful in the field of turbines and wind farms, which uses a linear method to 

analyze wind energy equations and wind data. The procedure with this software is as follows: 

 

5.2. Principles of energy calculation 

General information for energy calculations has two main sets of data needed to estimate AEP 

for a turbine: the distribution of wind speed at the height of the turbine hub and the power curve 

for the turbine corrects the air density and ultimately corrects the turbulence. If more turbines 

are to be placed side by side and in clusters or a wind farm, the wind speed distribution, the 

exact location of the turbines, and the C-curve must also be known. 
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5.3. Wind speed distribution 

The distribution of wind speed indicates the probability of a certain wind speed versus wind 

speed. The two parameters of the probability distribution of the weibull are often used to 

express the wind speed distribution. Figure 1 shows examples of a wobble measurement 

distribution curve. 

 

5.3.1. Distribution Characteristics for Wind Data 

The dynamic nature of wind can be studied with the application of the probability density 

function. The probability density function f (v) gives an idea about the occurrence of wind 

velocity and the cumulative distribution F(v) tells whether the wind velocity is less than or 

equal to that wind velocity. There are several methods that can be applied to analyze the wind 

data for estimating the wind potential [13,14] for a particular region. It was found from the 

literature that Weibull and Rayleigh [15] are the most preferred methods for determining the 

wind energy potential. In order to implement the Weibull and Rayleigh distribution, we need 

to estimate the shape and scale parameter. Many researchers have done studies for evaluating 

the wind potential through different probability density function. The results showed that the 

Weibull and Rayleigh distribution have presented the wind distribution in a better manner [16–

24]. 

 

5.3.1.1. Weibull Distribution 

This distribution has been used for many years for fitting source data, i.e., actual wind data. 

The wind data characteristics in any region can be analyzed by using the probability 

distribution function [25,26]. 

Another approach is to follow the Rayleigh distribution, which has also been used as one of 

the statistical tools to analyze wind data. To perform both Weibull and Rayleigh we required 

shape and scale parameters (k and c) [27]. The shape parameter value decides the type of 

distribution whether it should be Weibull or Rayleigh. When the shape parameter is less than 

2 then it takes a Weibull distribution. When it is exactly 2 it is known as the Rayleigh 

distribution, if it exceeds 3 it takes the Gaussian distribution [28]. 

The Weibull distribution function or Weibull probability density function is calculated as 

[29]: 

 

                                                                           (1) 

 

 

Where, f (v) is the probability of wind speed, v is the wind velocity, k and c are the shape 

and scale parameters. k has no dimensional units whereas the c parameter has the 

dimensional unit as (m/s), similar to wind speed. 

 

On integrating the Weibull probability distribution, we get the Weibull cumulative 

distribution function [30] and it is expressed as: 
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                                            (2) 

 

 

where α represents the highest wind speed under consideration and it changes according 

to the site. 

 

The expected value of the wind speed otherwise known as the average wind velocity is 

obtained from the Weibull distribution parameters of k and c and is given by: 

 

                                                                                     (3) 

 

 

where “Г” is known as the gamma function and it is defined as: 

 

 

                                                                 (4) 

 

 

Now the standard deviation for the Weibull distribution is given as: 

 

 

                                  (5) 

 

After calculating the values of σ and υm , the shape and scale parameters can be evaluated 

as follows: 

 

 

                                                            (6) 

 

 

From expression (6) k can be found and once k is calculated, c is determined from the 

following: 

 

 

                                                                                (7) 

 

 

Now the Weibull probability density function is found using Equation (1). 

 

5.3.1.2. Rayleigh Distribution 
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It has already been mentioned that when shape factor “k” is 2 then such a distribution is known 

as the Rayleigh distribution [30]. Now after rearranging Equation (1), the Rayleigh probability 

density function is given by: 

 

 

                                                         (8) 

where α  is the scale parameter and its units are m/s and its value is given by: 

 

 

                                                                                      (9) 

 

 

The Rayleigh cumulative distribution F(υ) is calculated from the expression: 

  

 

                                                        (10) 

 

In order to calculate the most probable wind speed (VMP) and the most energy (VMaxE) from the 

wind speed, it can be estimated from the equations as shown below: 

 

 

 

                                                   (11) 

 

 

 

                                               (12) 

    

 

 

 

5.4. Performance Measures 

We compared subgrid parameterized and downscaled wind speed to ARPS wind fields and to 

AWS data throughout Iran. To characterize the performances we used a variety of measures: 

absolute error measures, namely, the root-mean-square error (RMSE), normalized root-mean-

square error (NRMSE) (normalized by the range of data), mean- absolute error (MAE), a 

relative error measure, namely, the bias error (Bias), and the Pearson correlation coefficient r 

as a measure for correlation. Finally, we judged the performance by analyzing the probability 

density functions (pdf). We used the two-sample Kolmogorov-Smirnov test (K-S test) statistic 

values D for the pdf’s (nonparametric method), and we computed the RMSE for Quantile-

Quantile plots (RMSE quant) for probabilities with values in [0.1, 0.9]. 
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6. RESULTS AND DISCUSSION 

In this study, the main concern is associated with topographical effects. The presence of hills, 

ridges and escarpments can have significant number of effects in different scales of topographic 

factor. Hills differ from ridges in that the wind can   diverge over sides in addition to speeding 

up over crests. The degree of topographic effects for hill is thus generally less than that for a 

ridge of the identical slope.  

In the considered geophysical features of case studies it is found that types of slope for all 

case studies are mostly shallow.  For shallow topography, no separation of flow occurs. The 

topographic factor is shown different results by the influence of different parameter in each 

code and slope of topography in direction wind is blowing. In the comparison of topographic   

factors, it is found that topographic factor value using the original codes are tended most likely 

to be greater than that using MPM. The rationalized formula among the codes also has been 

highlighted to comprehend why the results of topographic factor in each code are different 

when the wind comes from the identical direction. Hence, it is found that topographic factors 

are influenced by hill shape factor, distance of structure factor, and height of building factor. 

The software output is shown as a graph for wind regime variables, wind direction, wind 

speed, weibull, and variables Cp, Ct , and k. 
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 Region 1: It has a smooth topography and is located in the valley of a mountainous region 

with an altitude of 2200 meters above sea level. The diagrams in this area are shown below. 

 

      
Fig. 1 - Weibull diagram (Region 1) 

 
Fig. 2 - Dominant wind direction (Region 1) 
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Fig. 3 - Vertical distribution of wind speed with logarithmic equation (Region 1) 

 

 
Fig. 4 - Vertical wind speed curve (Region 1) 
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Fig. 5 - Comparison of observed speed with modeled velocity (Region 1) 
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 Region 2: It has a flat topography in the valley and in a residential area, with an altitude of 

2100 meters above sea level. The diagrams in this area are shown below. 

 

    
Fig. 6 - Weibull diagram (Region 2) 

 

 
Fig. 7 - Dominant wind direction (Region 2)      
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Fig. 8 - Vertical distribution of wind speed with logarithmic equation (Region 2) 

 

 
Fig. 9 - Vertical wind speed curve (Region 2) 
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Fig. 10 - Comparison of observed speed with modeled velocity (Region 2) 
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 Region 3: It has a flat topography in a residential area, 2000 meters above sea level. The 

diagrams in this area are shown below. 

 

     
Fig. 11 - Weibull diagram (Region 3) 

 

 
Fig. 12 - Dominant wind direction (Region 3)      
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Fig. 13 - Vertical distribution of wind speed with logarithmic equation (Region 3) 

 

 
Fig. 14 - Vertical wind speed curve (Region 3) 
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Fig. 15 - Comparison of observed speed with modeled velocity (Region 3) 
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 Area 4: Located on the top of a mountain, 2300 meters above sea level. The diagrams in 

this area are shown below. 

 

     
Fig. 16 - Weibull diagram (Region 4) 

 

 
Fig. 17 - Dominant wind direction (Region 4)      
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Fig. 18 - Vertical distribution of wind speed with logarithmic equation (Region 4) 

 

 
Fig. 19 - Vertical wind speed curve (Region 4) 
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Fig. 20 - Comparison of observed speed with modeled velocity (Region 4) 
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 Region 5: It has a complex topography in the mountainous region, with an altitude of 1000 

meters above sea level. The diagrams in this area are shown below. 

 

 
Fig. 21 - Weibul diagram (Region 5) 

 

 
Fig. 22 - Dominant wind direction (Region 5)      
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Fig. 23 - Vertical distribution of wind speed with logarithmic equation (Region 5) 

 

 
Fig. 24 - Vertical wind speed curve (Region 5)  
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Fig. 25 - Comparison of observed speed with modeled velocity (Region 5) 
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 Area 6: Located in the area of Mahur hill, with a height of 900 meters above sea level. The 

diagrams in this area are shown below. 

 

     
Fig. 26 - Weibul diagram (Region 6) 

 

 
 Fig. 27 - Dominant wind direction (Region 6)     
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Fig. 28 - Vertical distribution of wind speed with logarithmic equation (Region 6) 

 

 
Fig. 29 - Vertical wind speed curve (Region 6) 
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Fig. 30 - Comparison of observed speed with modeled velocity (Region 6) 
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7. SUMMARY AND CONCLUSION 

By modeling the softening of the studied areas, areas with different heights and topographies 

were evaluated and finally the variables of the wind regime of 6 regions, in Table 2, are 

compared for comparison as follows. 

 

Table 2 - Models of modeled wind regime of the studied areas 

 
 

In this study, 6 regions have been selected with completely different topographies and 

different heights by software modeling the wind regime in 6 regions. We have obtained the 

main variables of the wind regime. The selected points have been selected from the north of 

the country to the south of the country in the mountainous strip of the northwest of the country, 

respectively.  

According to the above table the following results are obtained: 

 

1- Wind speed on the ground is directly related to the altitude and topography of the region, 

meaning that the region with higher altitude has higher wind speed and the roughness of the 

ground plays an important role in shaping the wind regime and the speed of the ground. 

2- Wind speed after full formation due to the effect of topography with increasing altitude 

result in increasing of maximum speed in the region. However, according to the topography 

of the region and the obtained average speed, the average speed is affected by the 

topography and has nothing to do with height. 

3- The wind direction in these 6 regions according to the modeling, is usually from the east, 

except two regions from the west. The wind direction in this study is not affected by height 

and topography and depends on the wind formation in the region. 

4- The ratio of speed changes to the height is also directly related to the topography and 

roughness of the region, the topography of the region is smooth and has minimum 

roughness. In this study, the minimum of this ratio is 0.55 for mountain peaks and the 

maximum is 0.159 for residential areas that have artificial barriers in residential areas. 

5- In this 6 regions, the hourly changes of average wind speed in comparison to the average 

annual speed (K), except mahour hill region. Which its value is 2. other region have almost 

the same value and less than 1.5 , which means that continuity of wind speed in these regions 

does not have a certain value and the changes in wind speed in one hour have the maximum 

value and it is not dependent on the topography and height. 

min Ave max c k 20% 50% 90%

1 Valley - Flat 2200 0.02 5.62 30.5 4 W 0.076 6.67 1.72 4.26 8.62 5.52 2.88

2
Valley - Flat 

(residential area)
2100 0.01 6.29 30.7 3 E 0.106 5.95 1.2 6.526 9.19 4.25 1.63

3  Flat (residential area) 2000 0.02 6.22 28.9 2 SSW 0.159 6.59 1.44 5.439 9.23 5.16 2.28

4 Mountaintop 2300 0 6.02 33 3.5 SE 0.055 4.92 1.4 3.477 6.96 3.58 1.75

5
Mountainous  

(Complex topography)
1000 0.01 2.32 30.9 3 E 0.064 4.93 1.28 3.731 7.47 3.58 1.39

6 Rolling Road 900 0.02 5.24 22.1 2.5 E 0.106 6.07 2.07 4.322 7.68 5.04 2.95

Above 

sea level 

(m)

Type of topography of 

the areaN
u

m

Wind speed (m/s) Weibull FrequencySpeed at 

ground level 

(m/s)

The prevailing 

wind direction

Ratio speed 

change to 

height

Standard 

deviation
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6- Finally, according to the variables of Weibull distribution for these regions and the 

percentage of repetition of the modeled speed for these region, we can see the effect of 

coefficient (K) on the modeling result. For this purpose In the region of mahour hill , which 

has k=2 , obtained speeds from modeling are 7.68 , 5.04 and 2.95 which have repetition 

percentage of 20 , 50 and 90 percent  In comparison to other regions which have obvious 

and acceptable changes . However in other places, this difference between 3 obtained 

speeds, has more values. 

 

In this study, it is found that codes underestimates topographical effects when terrain is 

undulating, therefore it requires to investigate more for the terrain of undulating and 

mountainous. In spite of complexity involved in evaluating the topographical effects for 

undulating and mountainous terrain, there is an obvious necessity for an international 

harmonization of calculating methods for the topographical effects, particularly when terrain 

is undulating. 

The proposed method had few limitations such as computational complexity and it depended 

on the number of iterations, number of universes and universe sorting mechanism. The 

limitations also included the parameters to be estimated suffered from consistency when the 

measured wind data was not good. In order to achieve better results the measuring instrument 

must be properly calibrated before analyzing the data. The proposed MVO technique depended 

on the geographical location and also on the maximum and minimum wind speed limits. In 

future work, to forecast the wind speed, the MVO technique should be first implemented to 

find the Weibull parameters from the wind speed data and create hourly wind speed randomly. 

Now by applying randomly generated wind data to ANN for matching actual wind speed until 

the forecasted errors are minimized. 
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