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ABSTRACT 
 
 

This report analyses accuracy of wind speed predictions using wind atlases for the application of 
wind farm project development. The report aims to compare publicly available New European 
Wind Atlas (NEWA) mesoscale model data with the NEWA microscale model data. Later, NEWA 
microscale predictions are checked with manual WindPro WAsP calculations, which use real wind 
statistics. 9 locations (3 surface roughness types and 3 distances to Baltic coast) are examined. The 
results show three key-findings: first, the NEWA mesoscale and microscale models are most 
consistent in coastal open-field locations. Second, NEWA microscale model is most consistent 
with WindPro WAsP calculations in coastal and mid-coastal forested areas. Lastly, WindPro 
WAsP calculations significantly reduced wind speed estimates for in-land locations. 
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a.g.l. – above ground level 
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1. INTRODUCTION 

1.1 Introduction and Problem description 

Wind energy is one of the most important energy sources needed to achieve the 2015 Paris 
Agreement aims of keeping global temperature rise this century well below 2°C above pre-
industrial levels, pursuit to limit increase to 1.5°C (United Nations, 2018) and the aim for the 
United Nations’ Global Sustainable Goals (focussing on Goal 7 – clean and affordable energy) 
(United Nations, n.d.). 
 
Wind energy is considered to provide the largest contributions to the European Union’s (EU) 
renewable energy targets beyond 2020, and by 2030 wind could supply 24% (350GW) of 
electricity demand in the EU (European Commission, 2022). Successful implementation of quality 
projects opens broader possibilities of deployment of renewables, which directly contribute to EU 
and Lithuania’s national energy goals. 
 
During the initial stage of wind farm projects, wind resource assessment is a critical task that 
project developers must conduct thoroughly. Careful and precise measurements both directly and 
indirectly contribute to the profitability of the wind farm: first, it allows to predict wind speeds at 
a given region, thus optimising location choice to fullest wind potential; secondly, accurate wind 
assessment (therefore accurate electricity generation forecasts) decreases capital interest rates due 
to lower financial risk. In other words, more clarity and less uncertainty on revenue projections 
reduces financial (credit) risk of the project, allowing for investors and capital lenders to reduce 
interest rates which counterweigh the project’s risk of default (insolvency). 
 

1.2 Relevance 

Wind power project management knowledge is a must-have for successful future wind farm 
development in Lithuania. Wind resource assessment is one aspect of wind farm project 
development, thus it contributes to the increase in project development skills. This know-how is 
relevant for Lithuania due to the expected growth in wind power, which is outlined in the National 
Energy Strategy. 
 
According to the National Energy Independence Strategy of Lithuania, the four energy goals for 
2030 are (Ministry of Energy of Lithuania, 2018): 1) Keeping energy intensity below EU average. 
2) Renewable energy source expansion, with focus on wind energy, prosumers (private solar), and 
district heating. 3) Alternative fuel and electrification of transportation. 4) Improving legislative 
and economic conditions for smaller scale non-polluting energy source development. 
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It is projected, that until 2030, no less than 45% (7 TWh) of electricity demand in Lithuania will 
be produced from renewable energy sources, out of which no less than 53% could be wind 
generation (Ministry of Energy of Lithuania, 2018). For comparison, in 2019, the share of 
renewables in electricity generation reached 60.1%, out of which 8.2% came from wind power 
(Official Statistics Portal, 2019). 
 
There is a clear growth of wind resource expansion in the upcoming decade, thus, this thesis serves 
as aiding material for future wind farm project development. It would help raise knowledge of the 
planning process, hence contribute to enhanced and more efficient project development. 
 
It is to be noted that at the time of writing, the 2022 War on Ukraine, started by Russia, may have 
substantial positive influence over the national energy and energy independence strategies, thus 
there may be change in the overall goals. Nevertheless, wind power development should only 
further reduce Lithuania’s energy dependence and it would commit to the enlarging of deployment 
of renewable energy sources. 
 

1.3 Research question 

This research thesis aims to check the variation of wind speed and power density between the New 
European Wind Atlas (NEWA) mesoscale and the NEWA microscale model data. Locations over 
different surface roughness types and impacts over distance to the Baltic Sea were tested. In total, 
nine locations were assessed. The downscaled NEWA microscale linear model data was compared 
with manual WAsP wind resource calculations at the same sites, using actual meteorological 
station measurements in Latvia. The research question and objectives in mind throughout the 
report are as follows: 
 
Research question: 
How does wind speed and power density vary between the NEWA mesoscale model and NEWA 
microscale model data for the region of Lithuania? 
 
Research sub-questions: 

- How does wind speed and power density vary between the NEWA mesoscale model and 
the downscaled NEWA microscale model data over different surface roughness and 
distance to shore? 

- How does wind speed and power density from the NEWA microscale model differ from 
manual WAsP calculations based on real wind statistics? 

- Which surfaces can be trusted to estimate wind resources solely with NEWA mesoscale 
data without making downscaled WAsP model calculations? 

 
The provided theory on wind will cover wind formation, interaction with orography and 
topography as well as describing key units/properties of measurement (Weibull distribution, power 
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curve, k-factor). An evaluation of advantages and disadvantages between a linear and mesoscale 
model act as a description of the models used. Lastly, after computing the wind speeds with both 
programs, the causes for the difference in wind speed predictions will be analysed – identifying 
which properties of wind are included in each of the wind models and how they might impact the 
end result. 
 
Thesis outline 
The thesis is structured as follows: Chapter 1 introduces the importance of wind resource 
assessment, its relevance for Lithuania, describes the research questions and provides a literature 
review on the current state of research within the topic of wind model comparison for the region 
of Lithuania. Chapter 3 describes the research methods, assessment location choice and other 
considerations. Chapter 2 focusses on the theoretical background of wind formation, how 
orography and topography influence wind speed. Chapters 3.3, 3.4, 3.5 characterise the wind 
models used for the study and their computational settings. Chapter 4 discusses the key results at 
100m above ground level (a.g.l.): comparison between NEWA meso- and microscale, between 
NEWA microscale and manual WAsP calculations. Chapter 5 includes a discussion on the 
outcomes. Lastly, chapter 6 sets the conclusions. 
 

1.4 Literature review 

While there are already articles on the various aspects of wind resource assessment, so far little 
research has been conducted on wind model prediction comparisons in Lithuania. 
 
There are several studies on the topic of comparison of wind atlas wind resource predictions. 
Thomas (2021) conducted a study of the New European Wind Atlas (NEWA), Global Wind Atlas 
(GWA) and Swedish Wind Atlas (SWA) for 14 locations in Sweden. The location of analysis were 
of simple terrain but forested. Their conclusion indicates that publicly available wind atlas data is 
enough for wind speed prospecting, but only for greenfield projects (Thomas, 2021). Otherwise, 
measurement campaigns are necessary. However, out of the 3 atlases, NEWA aligned most with 
actual measurement data according to Thomas (2021). 
 
A similar report was made by Cho (2020), where NEWA mesoscale wind speed data was checked 
with SCADA measurements for two onshore sites in Sweden. In addition, annual energy 
production estimates were carried out using linear and non-linear flow models. Their results 
suggest that for both locations, NEWA wind speeds are higher when checking with tower 
measurements (6.19m/s for NEWA and 5.25 m/s for met. tower) (Cho, 2020). In addition, slight 
increase in wind speed is observed from downscaling the NEWA mesoscale model (0.2%). 
Moreover, one location experiencing slight changes in wind direction. Cho (2020) concludes that 
the NEWA mesoscale model represents wind resources well for simple terrain, but 
overestimations are visible for forested terrain. 
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Other research on wind speed modelling exist for the region of Lithuania, however comparison of 
wind atlases for the region is not present. Katinas, et al. (2017) made a study on wind 
characteristics estimated with Weibull methods in the coastal region of Lithuania and determined 
that the Weibull shape value at 10m above ground is roughly k=2.66, giving an annual average 
wind speed at 100m above ground of 7.07m/s. Gecevičius, Katinas and Marčiukaitis (2018) also 
have tried to find the best computational methods for Weibull parameter and wind speed 
estimations. They concluded that most probability density function calculations yield reliable 
results, outlining that WAsP method was one of the most reliable. 
 
There also exist studies on wind direction estimation in the Baltics (Pogumirskis et al., 2021); 
Jankevičienė and Kanapickas (2021) analysed long-term variation in wind speeds at 10m above 
ground level, concluding that a slight decrease (up to 12%) is expected for all scenarios for 2006-
2100 projections. Katinas, et al. (2001) studied wind measurements across Lithuania with different 
distance to shore, not accounting for the effect of orography, and deduced that approximation 
methods with Weibull parameters are suitable for wind resource assessment in the context of wind 
farm projects. Birgiolas and Katinas (2006) additionally calculated average wind speeds from a 
station in the coastal region of Klaipėda, their computations yielded an average annual wind speed 
50m above ground level of around 6.4m/s, which is varying in magnitude, turbulence intensity and 
direction. 
 
Last but not least, Marčiukaitis, et al. (2009) conducted a study on the variation of wind resources 
in the coastal region of Lithuania, however, no comparison was made between in-land areas. Their 
results showed that average annual wind speed 20km from the shoreline at 100m above ground 
level decreases 22% compared to the coastal area. 
 
Thus, to the author’s knowledge, comparison between a linear and mesoscale wind models for 
resource assessment is lacking for the region of Lithuania, however, similar studies exist for other 
countries. When looking at wind research for the region of Lithuania, it mainly focusses on 
statistical wind speed and Weibull parameter estimations for specific locations. Therefore, this 
report would help fill the knowledge gap of wind atlas comparison in Lithuania. 
 

2. THEORY OF WIND FORMATION 

2.1 Wind in the atmospheric boundary layer 

Wind forms due to the sun’s uneven heating of the Earth’s surface: near the Earth’s surface regions 
of low-pressure cold air moves to regions of warm thin air resulting from the Earth’s rotation, 
distance from the equator (solar irradiance at an angle), 23.5° tilt of the rotation axis. 
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Wind varies both geographically and over time: due to local orography, land-sea circulation and 
mountain-valley circulation. Local impact of orography on wind will be discussed later. The time-
dimension is simply the world’s oceans and ocean currents, clouds acting differently over time. 
Air over land warms quicker than over oceans (water stores heat better than soil, but also dissipates 
it slower), thus creating the sea breeze at day (wind from water towards land) and land breeze at 
night (opposite direction) (Wizelius, 2015). Additionally, at night,  heat is radiated from clouds 
(Wizelius, 2015), amplifying the variation of wind over time. 
 
The atmospheric boundary layer is the bottom layer of the troposphere which is in contact with 
the Earth’s surface, extending roughly 100-1,000m directly above ground (Petersen et al., 1998). 
It is the layer of air between the laminar flow and turbulent wind flow. Or as Emeis (2018) 
describes,  it is the part of the atmosphere where frictional forces play a role, and where 
temperature, atmospheric stability exhibit variations. It usually contains less wind momentum but 
more turbulence, different heat and moisture concentrations than in the atmosphere above (Emeis, 
2018). Wind speeds over the vertical scale can be visualised by using a wind profile (wind 
gradient/shear), for example, Figure 1 displays a logarithmic wind profile for day and night times 
withing the boundary layer of up to 500m a.gl. It resembles a logarithmic shape and varies slightly  
 

Because the atmospheric boundary layer is relatively large, different characteristics are imposed. 
Thus, differentiation between the Prandtl and Ekman layers is needed. 
 

2.1.1 Surface layer (Prandtl layer) 
 

The Prandtl layer is that layer where turbulent heat fluxes of momentum, heat and moisture deviate 
less than 10% from their surface values and where the Coriolis force influence is negligible 
(Emeis, 2018). It usually covers roughly 10% of the atmospheric boundary layer. 
 
 

Figure 1. Vertical logarithmic wind profile with measured monthly mean data (bold line). Left: daytime profiles, right: 
night-time profiles, both from SODAR data for August 2002 in Hannover (Germany) (Emeis, 2018). 
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2.1.2 Ekman layer 
 
The Ekman layer lies above the Prandtl layer, yet still within the atmospheric boundary layer, 
meaning the influence of surface frictions still plays an important role. Additionally, the Coriolis 
force becomes important because wind direction change with height (Emeis, 2018). Within the 
Ekman layer, the maximum of wind speeds is reached in so-called low-level jets. 

2.1.3 Internal boundary layer 
 
When wind switches from one surface type to another, the flow and its structure changes, creating 
the internal boundary layer, for example from sea to coast or from forest to flat land. Moreover, 
the internal boundary layer can change due to different surface temperatures, causing temperature, 
moisture and turbulence changes.   
 

2.2 Local impacts on wind 

As noted by Landberg (2015), the main impacts on wind formation are orography, roughness, 
height and  thermal stability. 

2.2.1 Roughness length (roughness classes) 
 
Roughness is classified into 5 roughness classes (Wizelius, 2015) grouped by the corresponding 
roughness lengths (EMD-International, 2022). The roughness length is not the height of obstacles 
or vegetation, but a mathematical factor used in calculations. The roughness classes are as follows: 

• Class 0. (Roughness length: 0.0002) Sea and lakes: Open water terrain with no obstacles 
• Class 1. (Roughness length: 0.03) Open landscape: Flat plains to smooth hills, low 

vegetation, around 0-3 farms/km2. 
• Class 2. (Roughness length: 0.10) Countryside with a mix of open areas and vegetation: 

Plain to hilly terrain, small woods, tree lined roads, up to 10 farms/km2, some villages 
and small towns present. 

• Class 3. (Roughness length: 0.40) Small towns or countryside with many farms, woods 
and obstacles: Plain to hilly terrain, many woods and vegetation, tree lined roads, 
>10farms/km2, many villages, small towns or suburbs, dense forest cover. 

• Class 4. (Roughness length: 1.60) Large cities or forests: Plain to hilly terrain, with large 
cities as the surface, open canopy forests. 
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Increasing roughness length reduces the wind speed, as shown in Figure 2, however, the maximum 
wind speed at the boundary layer appears in the low-level jets as discussed later in the chapter. 

2.2.2 Turbulence 
 
Turbulence – waves and eddies – is air moving in different directions at different speeds (non-
linear flow). It can be either thermally or mechanically induced. If thermally – during solar 
irradiance, air close to the surface gets warmer than air above ground and due to temperature 
differences, vertical flow movement is initialised, which interferes with horizontal air flow 
(Wizelius, 2015). If mechanical – turbulence then forms at the downstream of objects, when linear 
laminar flow passing through uneven obstacles induces wakes in the downstream. Turbulence is 
measured in turbulence intensity – calculated as standard deviation in wind speed divided by the 
mean. For example different surfaces have different in intensities: sea: 8%; flat grassland: 13%; 
complex terrain: >20% (Petersen et al., 1998). 
 

2.2.3 Terrain/topography 
 
Wind flow over hills is characterised by an increase in wind speed, with a maximum value at the 
hill’s summit (Emeis, 2018). Due to the continuity equation, a decrease in area for the wind to 
travel will result in the increase of wind velocity because the same amount of air must pass through 
a reduced area. The boundary layer over the crest is separated into two layers: thinner inner layer 
(1-2% of half-width of hill) where frictional forces dominate; and outer layer (where turbines with 
100m hub height would be located), where inertial forces of the wind play a bigger role in wind 
flow (Emeis, 2018).  
 
 
 

Figure 2. Wind gradient over surfaces of different 
roughness, long-term average model (Global Wind Atlas, 
n.d.). 
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It is to be pointed out that increases in velocity over a hill will vary over different elevation levels 
(Wizelius, 2015), however the maximum is achieved at some height above the crest (see Figure 4, 
where the maximum increase is achieved at around 16.5m a.g.l.) As mentioned earlier, surface 
friction is responsible for reduced increase very close to the surface. After passing the hill, the 
velocity stabilises back to normal pre-obstacle levels but not immediately, instead – some distance 
behind the escarpment (Emeis, 2018). Figure 3 visualises such increase in air speed above a hill 
by longer streamlines at some altitude above ground level. Very close to the ground, the 
streamlines are reduced to zero due to surface roughness (wind at zero-elevation is always assumed 
to be null). However, the effect of speed increase over escarpments is only valid on mild slopes – 
no more than 40° for a hill in  a perfectly flat slope (Wizelius, 2015). In fact, uneven topography 
with obstacles could obscure the flow even at 5° slopes (Wizelius, 2015). With steeper hills, flow 
separation occurs, invoking turbulent air (see Figure 3). 
 

In addition, flow over hills also depends on atmospheric stratification (Bergström, 2013). After 
hills (ups and downs in elevation), wind velocity at the crest may even slow down (Bergström, 

Figure 3. Wind flow over hills (Gasch & 
Twele, 2012). 

Figure 4. Vertical wind profiles over a ridge with height of 200m. The middle profile resembles the hill crestline. 
Dashed line: wind profile for horizontally flat terrain (Emeis, 2018). 
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2013), thus in reality, the wind gradient is much more complex than only simple theoretical 
models. 
 

2.2.4 Obstacles 
 
Obstacles create turbulent air in the internal boundary layer, for example, a sea breeze above land 
will become more turbulent due to surface roughness such as trees, houses, other vegetation or 
buildings. This turbulence in turn reduces wind speed, therefore the rougher the surface is (the 
more obstacles), the lower the wind speed over that surface. The turbulence occurring after the 
wind passes objects (trees, buildings…) depends not only on the shape but also the porosity of the 
object (how much air can pass through it). Figure 5 shows that the wind stream is influenced by 
obstacles 3 times their height upward and even 50 times their height behind. 

2.2.5 Thermal stratification (atmospheric stability) 
 
Thermal stratification is the vertical temperature gradient – the vertical temperature profile –  
which influences turbulence conditions and wind speed. Wind speeds and atmospheric stability 
correlate among each other (Emeis, 2018) and are grouped into three states: stable, unstable, and 
neutral. However, the impact of thermal stratification is largest for low speeds and reduces with 
increasing height, however, its impact on wind speed gets more important for deeper atmospheric 
layers (more impactful for larger hub heights) (Emeis, 2018). 
 
Neutral thermal stratification is when the surface boundary layer is neither heated nor cooled more 
than air above it. The temperature profile is called adiabatic and frequently at higher wind speeds 
(Gasch and Twele, 2012). Adiabatic means the temperature drop is around 1K per 100m. 
 

Figure 5. Reduction in free-stream wind caused by obstacles. x-axis: 
distance from the obstacle normalized to its height; y-axis: height above 
ground level, normalized by obstacle height (Landberg, 2016). 



THEORY OF WIND FORMATION 20 

However, thermal stratification of the surface layer is rarely neutral – instead, there is mostly 
potential heat flux at the ground which results in thermal stratification of the surface layer (Emeis, 
2018). Unstable conditions are also found over waters or land which are warmer than the air above 
and usually occur in the summer due to intense heating of the surface. During unstable 
stratification warm air particles rise from the surface to the unstable layer. This results in 
interference of the vertical and horizontal wind flows, which in turn increases turbulence (Gasch 
and Twele, 2012). In unstable conditions, the vertical wind shear is less than in stable conditions 
(Emeis, 2018). 
 
Stable atmospheric stratification is described by downward heat flux and usually appears in night-
time, over bodies of water that area colder than the air above it, over ice and snow surfaces (Emeis, 
2018). Colder air near the surface lowers vertical movement of air, thus reduces the interaction 
with horizontal movement. This in turn reduces turbulence levels and, under certain circumstances, 
significant directional shear at different elevations is imposed (Gasch and Twele, 2012). 
 

 
To better visualise, Figure 7 shows the wind speed gradient over different atmospheric stability 
conditions. At unstable thermal stratification, wind speed close to the surface is much greater 
compared to stable stratification or even neutral. However, at a certain point (in this specific case 
~28m) we observe an inflection point and wind speeds for unstable conditions are lower than for 
stable or neutral stratification at a given elevation level. When dealing with wind turbines, the 
rotor height, not near-surface height, is more relevant, hence stable thermal stratification if 
preferable in most cases due to higher wind speeds, thus greater power production. 
 

Figure 7. Generalized wind gradient at different 
thermal stratification levels (Gasch & Twele, 
2012). 

Figure 6. Vertical turbulence intensity profiles for neutral (full 
curve), unstable (dash-dotted curve) and stable (dashed curve). 
Left: onshore conditions (0.5 roughness length); right: offshore 
conditions (0.0001 roughness length) (Emeis, 2018). 
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Figure 6 also displays the wind turbulence intensity profile for onshore (left) and offshore (right) 
conditions. For offshore, higher turbulence intensity is observed in unstable thermal stratification.  
The turbulence intensities for offshore conditions are lower in general. 
 

2.3 Wind variation and distribution 

2.3.1 Mountain/valley breeze 
 
The mountain breeze is the effect of daily change in wind direction: in mornings, air heated up at 
the cold surface starts rising up the slopes and up the valley. At night, the direction reverses due 
to accelerated cooling of the Earth’s surface, air near the ground drops in temperature faster than 
in the free atmosphere (not above mountains) of equal elevation (Gasch and Twele, 2012). Figure 
8 visualises the direction of wind flow during day and night. 

2.3.2 Seasonal and diurnal variation 
 
Diurnal changes in the vertical wind profile occur due to changes in thermal stratification. Of the 
atmospheric boundary layer, however are practically found only above land since the heat capacity 
of water does not allow for large temperature changes (Emeis, 2018). Wind speeds during the 
winter season are generally higher than during the summer months due to different solar radiation 
intensity in summer and winter (Katinas et al., 2017). As Katinas, et al. (2017) present in their 

Figure 10. Seasonal variation of average monthly wind 
speeds at different measuring locations and heights above 
ground level (Katinas, et al., 2017). 

Figure 9. Monthly mean wind speeds for more windy 
location (Laukuva) and less windy location (Varėna) in 
Lithuania, 10m a.g.l (Katinas et al., 2018). 

Figure 8. Mountain-valley breeze at day (left) and night 
(right) (Gasch & Twele, 2012). 
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study on Weibull parameter estimation for the coastal and inland region of Lithuania, 
measurements taken from Klaipėda (10m a.g.l.), Laukuva (10m a.g.l.), Giruliai (50m a.g.l.), 
Kaišiadorys (30m a.g.l.) and Varėna (10m a.g.l.) (Katinas, Gecevičius and Marčiukaitis, 2018) 
show visible increase in wind speeds over colder periods. Figure 10, Figure 12 and Figure 9 depict 
the seasonal difference for the forementioned locations of the reports. It is worth noting that 
increased power production in winter is also due to increased air density, which further amplifies 
the wind speed force. 

As an example, for the same locations as in Figure 9, most intense wind speeds occur at around 
mid-day (see Figure 13). Diurnal changes also depend on height also: as seen in Figure 11, daytime 
experiences larger wind speeds for height up to around 125m, but lower above, and vice-versa. 
During night time, the boundary layer stabilises due to radiative cooling of the surface, so winds 
below the cross-over height don’t feel the driving winds from layers above, while winds above – 
speed up due to the missing frictional force from below (Emeis, 2018). The speed up in this level 
is the cause for low-level jets. 
 

Figure 12. Seasonal wind speed distribution at Varkales 
(Kaisiadorys rural location), 30m a.g.l. (Katinas, et al., 
2017). 

Figure 13. Diurnal mean wind speed variation in 
Laukuva and Varėna, 10m a.g.l., in the year 2014 
(Katinas, Gecevičius and Marčiukaitis, 2018). 

Figure 11. Average monthly vertical wind profiles in 
Hannover (Germany),  April 2003, taken from SODAR 
measurements. Thin full line: daytime; dashed line: night time 
(Emeis, 2018). 
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2.3.3 Low-level jets 
 
Low level jets are a maxima of wind speeds that appear withing the boundary layer during stable 
thermal stratification. Typical height of occurrence are 150-500m (Emeis, 2018). As Emeis (2018) 
describes , these jets are frictionless oscillations in the winds inertia which arises due to sudden 
stabilisation of the surface layer after sunset (thus happens once a day) or passing the coast-line 
towards the sea. The wind must flow from unstable or neutral stratification (pressure, Coriolis 
force and friction balance each other out) to stable stratification (where only pressure and Coriolis 
force stabilise each other). The disappearance of the effects of friction drive the sudden increase 
in inertia of the horizontal wind vector (Emeis, 2018). For this transition, a change from surface 
warmer than the air to a smooth surface colder than the air is needed (Emeis, 2018). The wind 
profile of low level jets is shown in the example of Figure 14 – it is indicated by the maximum of 
wind speed reached at a height of roughly 300m a.g.l. 
 

 

2.3.4 Wind/power relation 
 
When assessing wind resources for wind farm project due diligence, it is very important to always 
optimise the power production of a wind turbine, and not the wind speed or its frequency. The 
general equation is that the increase of wind speed increases the power in the wind by the power 
of three (𝑃 = 𝑣!) (Danish Wind Industry Association, 2003). This notion will be relevant in the 
later chapter. 
 

Figure 14. SODAR measurement of nocturnal low-level jet in Paris Airport Charles 
de Golle, 2005 at six consecutive half-hour averaged profiles (Emeis, 2018). 
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2.3.5 Weibull distribution 
 
The Weibull distribution is a wind frequency distribution (probability density function, PDF) used 
to determine the frequency distribution of wind speed when only the mean wind speed at a specific 
location is known. The input parameters for the PDF are: 

• Mean wind speed, m/s 
• Scale parameter 
• Shape factor 𝑘, 𝑘𝜖[1.0, 3.0] 

 
The input parameters, in addition to the actual wind speed measurement on the desired location, 
are used to alter the skewness (𝑘) and scale of the probability density function to get as accurate 
fit to reality as possible. Estimations using a lower shape factor 𝑘 tend to increase power 
production predictions for wind turbines at higher wind speeds. The reasoning is that lower 𝑘 
factor make the PDF more spread to both directions, thus increasing the probability of the very 
weakest and the very strongest winds (see Figure 15). Albeit the strongest winds do not occur 
frequently, even a relatively small increase in their frequency of occurrence may be enough to 
upset the wind power production for wind turbines, because it poses significantly more power (see 
Figure 16). The latter consequence is the effect of the wind/power relation described in chapter 
2.3.4. Note that the output graph (wind speed probability distribution) will still be an estimation, 
i.e. it is a statistical model, and may not perfectly resemble true conditions. If, however, there are 
no wind speed data from the targeted location, a best-case estimate of the Weibull distribution will 
be applied (shape factor 𝑘 = 2.0, known as the Rayleigh distribution (Wizelius, 2015)), however, 
it may not be the most accurate model, if the actual 𝑘 factor is different at the location of 
assessment.  

Figure 15. Weibull distributions with different k-factors (Homer 
Energy, n.d.). 

Figure 16. Annual energy production 
estimations of a 0.6MW turbine with 
different Weibull k-factor (Danish Wind 
Industry Association, 2003). 
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3. METHODOLOGY 

3.1 Methodology 

3.1.1 Data retrieval process 
 
Since the main goals is to compare wind speed and power density between the NEWE (New 
European Wind Atlas) mesoscale model and its WAsP downscaled version, both types of data 
were retrieved for nine areas differing in distance to the Baltic coast and roughness type (height 
of 100m a.g.l.). Wind speed (m/s) and power density (W/m2) was retrieved at 9 areas (see Figure 
18), each having 4 turbines to imitate a wind farm and produce more credible results. The 9 areas 
differ in surface roughness/orography and distance to the Baltic Sea coast (values of roughness 
type and distance to shore are given in ). In total, data from 36 points were collected for each 
model. 
 
The NEWA Mesoscale and NEWA Microscale data were received via the NEWE API (application 
programming interface) by making http requests in a Python script (Deksnys, 2022). General 
information and model data about the NEWA is provided by New European Wind Atlas (n.d.). 
The New European Wind Atlas team provided Swagger documentation for the mesoscale API 
(2022) and microscale API (2022). Additionally, manual WAsP computations in WindPro were 
made to compare the NEWA WAsP data based on the mesoscale model with WAsP data based on 
actual wind statistics. The flowchart for the process is visualised in Figure 17. 

 

3.1.2 Data comparison to manual WAsP calculations 
 
Later, downscaled NEWA microscale data is compared to manual WAsP calculation predictions, 
which are initialised using real wind measurement statistics from two meteorological masts in 
Latvia. The calculations at the same 9 locations are done in WindPro, using the WASP Interface 
module, which utilises the industry-standard wind atlas calculation model to compute wind energy 
resources (EMD International, n.d.). The period for wind statistics for WindPro (1981-1990) and 
the NEWA model data (1989-2018) periods differ, however, no long-term correction for WAsP 
calculations was made due to simplicity and time constraints. The heights of wind speed 
assessment are made at 100m above ground level – roughly similar to the hub height of most wind 

Figure 17. Flowchart of the data retrieval/comparison process. 
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turbines today: for example, the average hub height for project commissioned in Germany in 2017 
were 128m (Lantz et al., 2019), while the U.S. reports the average hub height of around 90m 
(Office of Energy Efficiency & Renewable Energy, 2021) 
 

3.2 Location choice 

9 on-shore areas in Lithuania were assessed with three different groups of orography (surface 
roughness) and three different groups of distance to the Baltic coastline (the locations are mapped 
in Figure 18). The locations were hand-picked by searching for the largest areas of each surface 
roughness type in order to get a more accurate wind resource calculations result. 
 
 

 
 
 
 
 
The exact coordinates of the nine assessment locations in WGS-84 format (decimal degrees, DD) 
are given in Table 1. To make a fair comparison of the wind power density variation at one of the 
nine locations, several turbine spots needed to be tested. Four points around an area were chosen, 
thus in total, 36 locations were assessed. The four specific points form a linear grid, with the 
locations being positioned as follows: (original location), (+0.015 in longitude), (-0.015 in 
latitude), (-0.015 in latitude and +0.015 in longitude). Figure 19 visually displays a diagram of the 
location selection. 0.015 in longitude difference in northern part of Lithuania represent around 
900m distance difference, which is equivalent to roughly 7 rotor diameter (125m) distance, whilst 
-0.015 latitude represents distance of 1700m, equivalent to 13.6 rotor diameters (as checked with 
the Latitude/Longitude Distance Calculator (National Hurricane Center, 2022)). Thus, different 
downscaled NEWA WAsP model values should be captured during the assessment and make it 
possible to track deviation of the values within the 4-turbine grid. 
 

Figure 19. Diagram of choice of the four 
location points at each of the nine 
selected areas. The mesh grid resembles 
square of length and width of 0.015 
decimal degrees. Blue dots depict location 
points. 

Figure 18. Small scale map of assessment locations and wind statistics 
measurement locations (Google, 2022). 

A 
B 
C 
D 
E 
F 
G 
H 
I 
M1 
M2 

Location name 
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Table 1. Location information used for assessment. 

 
 
The areas were primarily aimed at a near-coastal site (<2km from sea), mid-coastal site (<20km 
form sea) and deep in-land site (>100km). For the near-coastal and mid-coastal areas, the northern 
part of Lithuania is chosen due to its proximity to the closest wind data statistics station available 
in WindPro – the station of Liepāja (Latvia) is used, at a distance of 46.3 km from the assessment 
location (EMD-International, 2022). Similarly for deep-inland location, the northern Lithuanian 
border is considered due to proximity to meteorological station proximity (Dobele, ~50km from 
assessment location).  
 

3.3 Mesoscale WRF model (New European Wind Atlas) description 

The New European Wind Atlas (NEWA) itself is a project of 30 partner institutions from 8 
European countries funded by the European Commission and 9 national funding agencies (NEW 
EUROPEAN WIND ATLAS, 2022). The NEWA project encompasses a mesoscale and 
microscale wind model. The mesoscale atlas covers the entire EU area, Turkey, 100km offshore, 
all of North and Baltic seas. The atlas data is based on the Weather Research and Forecasting 
(WRF) model, a numerical  weather prediction system, initiated by of the National Centre for 
Atmospheric Research, the National Oceanic and Atmospheric Administration of the United States 
(Mesoscale & Microscale Meteorology Laboratory, 2022). 
 
In general, mesoscale models typically have a scale of 100,000 to 1,000m scale and a timescale 
resolution of 6h – 1min (Witha et al., 2019). In the NEWA case, a grid of 3x3km and simulation 
period of 30 years (1998-2018) was used for the WRF model computations (New European Wind 
Atlas, 2022a). The resulting calculations were made for generalised heights of 50, 75, 100, 150, 
and 200 m above ground level. The mesoscale atlas cannot capture local flow within the unit grid 
that result from local orography and topography in the grid (Dörenkämper et al., 2020), thus for 
more refined local wind climate calculation downscaling is needed.  
 

Location name Area type Surface roughness type Coordinates (WGS-84)
Distance to LT Baltic 
coast (km)

Distance to wind 
statistics station 
(WindPRO) (km)

A Coastal Open field 56.066587, 21.085157 1.19 45.6
B Coastal Field w/ obstacles/vegetation 56.041954, 21.092528 2.20 48.5
C Coastal Forest 56.065884, 21.151737 5.25 46.3
D Mid-coastal Open field 56.066029, 21.243481 10.90 47.6
E Mid-coastal Field w/ obstacles/vegetation 56.054663, 21.286504 13.38 49.6
F Mid-coastal Forest 56.006228, 21.268426 12.60 55.0
G In-land Open field 56.244207, 23.509103 152.93 43.7
H In-land Field w/ obstacles/vegetation 56.272789, 23.465436 150.35 39.6
I In-land Forest 56.292313, 23.206477 135.53 37.5
Met-station 1 Coastal Field w/ obstacles/vegetation 56.475593, 21.020617 1.32 (Liepāja, LV) -
Met-station 2 In-land Field w/ obstacles/vegetation 56.619549, 23.318879 42.29 (Jūrmala, LV) -
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3.4 NEWA Microscale model (downscaled with WAsP) description 

The Wind Analysis and application Program (WAsP) model is a linearized flow model, containing 
physical wind models to describe flow over various terrain, a wake model, stability model for heat 
flux conditions and model for vertical extrapolation of the wind predictions (WAsP.dk, n.d.). The 
wind atlas methodology of WAsP is based on calculating generalised wind climate and then 
applying the wind climate to a specific location. As Mortensen (2018) describes, given recorded 
actual wind speed data from meteorological masts, WAsP removes the effects of obstacles, 
sheltering, roughness and terrain and creates the generalised wind climate (varies only vertically). 
If from the start mesoscale wind data is used, the previous step is omitted. Vertical extrapolation 
is done with drag law relations (Dörenkämper et al., 2020), and finally, the reverse process is 
implemented to estimate wind resources by adding the effects of topography, orography, obstacles 
to the generalised wind climate. 
 
The two most important assumptions in WAsP estimations are: first, that the generalised wind 
climate is assumed to be almost identical to the site of the meteorological mast data and the site of 
which the predictions are made (ex. turbine location); Secondly, historical wind measurements are 
presumed to remain constant in the future (Mortensen, 2018), i.e. the predictions would be 
representative for the lifetime of the wind turbines. The two assumptions therefore raise the need 
to select a measurement mast that is as close to the site of prediction as possible. 
 
WAsP predictions are based on wind data from meteorological wind stations or generalised wind 
climate data from mesoscale models. In this report, both options were used: for comparison with 
NEWA, wind data from the mesoscale NEWA model was fed and later, WAsP calculations were 
manually made using the WindPro software with meteorological tower data. 
 
For both NEWA mesoscale and microscale models, terrain values from Shuttle Radar Topography 
Coverage Version 3 (SRTM v3) dataset was used (south of 60°N) (Dörenkämper et al., 2020). 
Land use (roughness) datasets were from CORINE (100m grid) and ESA CCI where CORINE 
was not available (Dörenkämper et al., 2020). 
 
In the NEWA downscaled model calculations, surface roughness lengths presented in Table 2 
were used.  The WAsP model with a 50x50m grid was used in the downscaling of the NEWA 
model (New European Wind Atlas, 2022a). The predictions were computed for 100m above 
ground level for the downscaled WAsP calculations. 
 
Both the mesoscale and downscaled WAsP predictions of NEWA were validated against 291 
meteorological mast measurements, however, none were from Lithuania or the Baltic states 
(Dörenkämper et al., 2020). Wind speed measurements from cup or sonic anemometers from 40-
150m above ground level were used. Direction measurements from sonic anemometers and 
directional vanes (usually 0-40m below wind speed measurements) were used, both quality-
controlled by the in-house method of the data provider for measurement errors. 12 months of data 
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were taken from each mast from the period of 2007-2015 (highest availability of data) with a data 
recovery of 90% for every month (Dörenkämper et al., 2020) 

 

3.5 Manual WAsP calculation conditions 

WAsP calculations have been made using WindPro for the same 9x4 locations in different 
distances to shore and varying orography. The objects and calculation module settings are given 
below: 
 
Background maps 
 
Aerial view background maps from Google Earth were used to visually check the location of the 
turbine locations. The map screenshots, for three locations based on distance to shore, was geo-
referenced by aligning the three points to the longitude and latitude grid lines on the map. 
 
LINE object 
 
The LINE object (containing elevation data) was placed at the exact area locations listed in Table 
1. The elevation dataset from EU-DEM Pan European DSM (v1.1) were used with a 25x25m grid 
and 5.0m contour separation step for each of the nine locations. The dimensions of the LINE object 
are 20,000m in width and 20,000m in height The datasets are found under Online-data in the Line 
object Data settings tab. TIN is set to be calculated “On the fly”. 
 

Table 2. Surface roughness lengths (m) for different land surface categories in WAsP and WRF model computations 
(Dörenkämper et al., 2020). 
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AREA object 
 
The AREA object (containing surface roughness data) was placed at the exact area locations listed 
in Table 1. Roughness datasets from CORINE (2018) were used with a background roughness 
class of 1.5 and grid size of 100x100m. The dimensions of the roughness data map are 60,000m 
in height and 60,000m in width. The datasets are found under Online-data in Area object Data 
settings tab. 
 
SITE-DATA object 
 
The SITE-DATA object (blue, for WAsP) was placed at the exact locations using data from an 
Excel sheet involving all 36 location coordinates. For locations A, B, C, D, E, F (see Table 1) wind 
statistics from the Liepaja station (13.0m a.g.l.) in Latvia (~50km from assessment locations) in 
Latvia was used. For locations G, H, I (see Table 1), wind statistics from the Dobele station (12.8m 
a.g.l.) in Latvia (~40km from assessment locations) were used because it is much closer than the 
station in Liepaja, thus should resemble real conditions more accurately. Both wind datasets are 
from 1981-1990 and are assumed to resemble the long-term mean wind speed. No additional long-
term averaging was made. 

 
Figure 20 suggests the prevailing wind direction is N, W (rather uniform for directions N-S), least 
frequent are E, ENE, ESE directions. For Dobele, E-N directional wind occurs least frequently, 
prevailing directions include NNW, SSW, overall direction range NNW-ESE is similar (Figure 
21). 
 

Figure 20. Wind speed/direction rose for 
Liepaja weather station (WindPro, 
2022). 

Figure 21. Wind speed/direction rose 
for Dobele weather station (WindPro, 
2022). 
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WTG object 
 
The WTG (Wind Turbine Generator) objects were placed at the exact locations using data from 
an Excel sheet involving all 36 location coordinates. The default-choice Vestas 3.0 MW turbine 
was used with original hub height of 86m (later for key result calculation, 100m a.gl. is used). 
 
WASP INTERFACE Calculation Module 
 
The WAsP INTERFACE module was used for computing wind resources at each individual 
turbine location (36 in total) at 50-200m a.g.l with 50m intervals (key results retrieved from 100m 
a.gl.). Location coordinates were hand-typed from a location list, involving all 36 turbine 
locations. Result reduction was not used (0% net reduction). Standard air density settings from 
Klaipėda weather station were used (1013.3hPa at 0m, 7.5°C at 5.0 m base height). 
 

3.6 Ethical/other considerations 

Any ethical considerations are minimal – the fair use of wind model computational software 
following the software developer’s rules and recommendations. This has been taken care of by 
utilising an officially accredited WindPro license issued by the University of Uppsala. The main 
limitation of the thesis is regarding time – 8 weeks in total. 
 

4. RESULTS 

4.1 NEWA Mesoscale 100m a.g.l.  

Figure 22 encompasses result wind speed and Figure 23 power density data from the NEWA 
Mesoscale wind model. Distance to shore is labelled as “Coastal” (≤5.25km), “Mid-coastal” (10.9 
– 12.6km), “In-land” (135 – 152km). Surface roughness types are defined as “Open-field” (no 
obstacles), “Field w/ obstacles” (field with bushes and standalone trees, other obstacles) and 
“Forest”. In the comparison, a height of 100m a.gl. is used. 
 
The general trend follows the theory explained in Chapter 2, which describes that increase in 
surface roughness reduces the wind speed. Forest has the greatest surface roughness, thus lowest 
wind speed (7.37m/s) when comparing to other surfaces (field with obstacles: 7.77m/s, open filed: 
7.85m/s). A visible exception is the in-land region, described later.  
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4.1.1 Mesoscale data in relation to surface roughness (cases grouped by proximity to 
shore) 

 
In the coastal area (≤5.25km to shore), highest wind speed is observed in the open field (7.85m/s), 
slightly lower in the field with obstacles/vegetation (7.77m/s) and lowest in forest (7.37m/s) as 
expected. The respective wind power density is 540.7, 528.4, 435.9W/m2 accordingly. This 
supports the argument that higher surface roughness leads to lower wind speeds. Standard 
deviation (see Table 3 in Appendix 1) of wind speed is lowest in forest (0.02m/s), higher in open 
field (0.19m/s) and field with obstacles (0.24m/s). Standard deviation for wind power density is 
2.89, 40.98, 50.57 W/m2 accordingly. 
 
In the case of mid-coastal area (10.9 – 12.6km to shore), highest wind speed is observed in the 
open field (7.27m/s), slightly lower in the field with obstacles/vegetation (7.22m/s) and lowest in 
forest (7.13m/s). The respective wind power density is 405.4, 391.9, 381.0W/m2 accordingly. 
Standard deviation of wind speed (see Table 3 in Appendix 1) is lowest in the field with obstacles 
(0.01m/s), higher in forest m/s) and open field (0.06m/s). Standard deviation for power density is 
1.13, 4.40, 12.44W/m2 accordingly. 
 
The case of the in-land area (135 – 152km to coast) is an exception case, because wind speed over 
forest is higher than open filed or field with obstacles. It is unexpected, because the theory in 
chapter denotes that increase in surface roughness should reduce the wind speed. The forest wind 
speed was 7.29m/s, 7.27m/s over field with obstacles and 7.25m/s in open field. The respective 
wind power density is 386.4, 386.9, 385.2W/m2 accordingly. Even though the changes are 
minimal, it contradicts the results for coastal and mid-coastal regions by the absence of slowing 
down of wind a strange phenomenon which could be a cause of overlapping of the grid in the 
mesoscale model. However, looking at Figure 24, which displays the aerial photos of the in-land 
region, it is possible to see that the forest diameter is relatively large (5km) and no significant 
forested areas surround the open field and field with obstacles. The standard deviation is also low: 
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0.01m/s. Another explanation might lie in the topography – wind speed increase over hills. 
However, no significant height differences were found. The explanation thus remains unclear. 
 
In the in-land region, standard deviation of wind speed (see Table 3 in Appendix 1) is lowest in 
the forest and field with obstacles (both 0.01m/s), higher in open field (0.04m/s). Standard 
deviation for power density is 2.87, 1.49, 4.35W/m2 accordingly. 
 

4.1.2 Mesoscale data in relation to proximity to coast (cases grouped by surface roughness 
type) 

 
In open fields, highest wind speed is observed in the coastal area (7.85m/s), significantly lower in 
mid-coastal (7.27m/s) and in-land regions (7.25m/s) as expected. The respective wind power 
density is 540.7, 405.4, 385.2W/m2 accordingly. 
 
Similarly, in the case of fields with obstacles, highest wind speed is observed in the coastal area 
(7.77m/s), lower for in-land (7.27m/s) and mid-coastal regions (7.22m/s) as expected. The 
respective wind power density is 528.4, 386.9, 391.9W/m2 accordingly. 
 
In the case of forests, highest wind speed is observed in the coastal regions (7.37m/s), lower for 
in-land (7.29m/s) and lowest for mid-coastal regions (7.13m/s). The respective power density is 
435.9, 386.4, 381.0W/m2 accordingly. 
 

Figure 24. In-land locations ("G","H","I") with 4 turbines each. Yellow line resembles distance of 5.0km 
(Google, 2022). 
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4.2 NEWA Microscale WAsP (Downscaled) 100m a.g.l. 

Table 4 shows the NEWA WAsP microscale (downscaled) wind data based on the NEWA 
mesoscale model as input. Because the model input is the mesoscale data, discussed in chapter 
4.1, the characteristic trends are near-identical, most of the time the magnitude of the values differ. 
 
The general trend that higher surface roughness results in lower wind speeds preserves. Moreover, 
contrary to the findings of the mesoscale model and in accordance with the theory of wind 
formation in Chapter 2, the same trend preserves also for the in-land region. Wind speed is highest 
for open fields, lowest for forests for all distance to shore. 
 

 
 

4.2.1 Microscale data in relation to surface roughness (cases grouped by proximity to 
shore) 

 
In the coastal area (≤5.25km to shore), highest wind speed is observed in the open field (7.85m/s), 
slightly lower in the field with obstacles/vegetation (7.67m/s) and lowest in forest (6.86m/s). The 
respective wind power density is 547.1, 510.7, 339.2W/m2 accordingly. Standard deviation (see 
Table 4 in Appendix 1) of wind speed is lowest in forest (0.01m/s), higher in field with obstacles 
(0.11m/s) and highest in the open field (0.13m/s). Standard deviation for wind power density is 
4.34, 21.78, 28.93W/m2 accordingly. 
 
In the case of the mid-costal region, highest wind speed is observed in the open-field (6.97m/s), 
slightly lower in the field with obstacles/vegetation (6.93m/s) and lowest in forest (6.75m/s). The 
respective wind power density is 346.6, 337.9, 316.6W/m2 accordingly. Standard deviation (see 
Table 4 in Appendix 1) of wind speed is similar in all surface types: forest (0.04m/s), open-field 
(0.05m/s) and field with obstacles (0.04m/s). The standard deviation of power density is 5.66, 
9.04, 6.82W/m2 accordingly. 
 
In the case of the in-land region, highest wind speed is observed in the open-field (7.64m/s), similar 
in the field with obstacles (7.62m/s), but lowest in the forest (7.24m/s). The respective power 
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Figure 25. NEWA Microscale model wind 
speed at 100m a.g.l. 
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Figure 26. NEWA Microscale model wind power density at 100m 
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densities are 438.7, 434.2, 370.0W/m2 accordingly. Standard deviation (see Table 4 in Appendix 
1) of wind speed is lowest in open field and filed with obstacles (both 0.01m/s), but higher in the 
forest (0.04m/s). The corresponding standard deviation in power density is 1.43, 1.44, 8.01W/m2 
respectively. 
 

4.2.2 Microscale data in relation to proximity to coast (cases grouped by surface 
roughness type) 

 
In the case of open fields, wind speed is highest for the coastal region (7.85m/s), lower in mid-
coastal area (6.97m/s) and an unusual mid-value of 7.64m/s for in-land regions. The corresponding 
power densities are 547.1, 346.6, 438.7W/m2 accordingly. 
 
Fields with obstacles retain a similar tendency: wind speed is highest for the coastal area (7.67m/s), 
lower for the in-land region (7.62m/s) and lowest for the mid-coastal area (6.93m/s). The power 
densities correspond to 510.7, 434.2, 337.9Wm2. 
 
For the case of forests, the findings do not align with the previous two cases: wind speed is highest 
for in-land forests (7.24m/s), lower for coastal forests (6.86m/s) and lowest in mid-coastal forests 
(6.75m/s). The corresponding power density values are 370.0, 339.2, 316.1W/m2. 
 

4.3 NEWA Mesoscale/NEWA microscale (downscaled) comparison 100m a.g.l. 

Figure 27 and Figure 28 depict wind speed, wind power density difference between the NEWA 
Mesoscale and NEWA Microscale models (microscale – mesoscale) for each of the nine locations 
at 100m a.g.l. 
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Figure 27. Wind speed difference between NEWA 
mesoscale and NEWA microscale models at 100m 
a.g.l. (percentage of mesoscale). 

-2.82%

12.22%

-13.78%

-22.19%

-4.23%

-17.01%

1.80%

13.92%

-14.43%

-25.00%

-20.00%

-15.00%
-10.00%

-5.00%

0.00%
5.00%

10.00%

15.00%
20.00%

Coastal In-land Mid-coastal

W
in

d 
po

w
er

 d
en

si
ty

 (%
 o

f m
es

o)

Microscale - Mesoscale

Field w/ obstacles Forest Open field

Figure 28. Wind power density difference between NEWA 
mesoscale and NEWA microscale models at 100m ag.l. 
(percentage of mesoscale). 



RESULTS 36 

Overall, the downscaled NEWA WAsP model yields 1.31% lower wind speed (5.17% lower wind 
power density) in comparison to the mesoscale NEWA model (see Table 5 in Appendix 2). The 
cause of this most likely is the fact that the microscale model has a higher precision grid (50x50m 
vs 3,000x3000m), i.e. the accuracy of each grid computation results in less averaging of the surface 
roughness, height contour changes for the 4 turbine locations. Each smaller grid value can include 
more detailed roughness and elevation input data, resulting in a more refined and accurate 
estimation for a specific location point. 
 

4.3.1 Wind speed difference in relation to surface roughness (grouped by distance to 
shore) 

 
The differences in wind resources are expressed as changes in relation to the NEWA mesoscale 
model. In the case of coastal areas, the forest and filed with obstacles experienced a reduction, 
while open field experienced an increase in wind speed when evaluating data with the NEWA 
microscale model. The most significant reduction in the coastal region was the forest: -0.51m/s (-
6.86%) change in wind speed, or -22.19% change in wind power density (see Figure 27, Figure 
28). In the coastal region, field with obstacles had a lower reduction: -0.10m/s (-1.20%) in wind 
speed, or -2.82% in power density. The coastal open field did not change in wind speed but 
increased in power density (+1.80%). This might seem counter intuitive, but as described in 
chapter 2.3.5, the different Weibull parameter in the microscale model might play a role despite 
constant wind speed (different distribution of wind speeds, while mean value remains the same). 
The reduction for forested areas is greatest due to the finer grid resolution of the microscale model 
(3,000x3,000m vs 50x50m), which allows for less averaging of the wind speed because the surface 
roughness is better resembled, and each grid square does not overlap with surface of different 
surface roughness types. More concretely, Figure 29 displays the aerial view of the coastal area, 
from which it is possible to depict that the diameter of the forest is roughly 4.4km. Because the 

Figure 29. Coastal locations ("A", "B", "C") with 4 turbines each. Yellow line 
resembles distance of 4.4km (Google, 2022). 



RESULTS 37 

mesoscale model grid is 3x3km, the grid possibly overlapped with surrounding open field areas, 
thus involving wind speed estimations for both forest and open fields, averaging both out in the 
end. 
 

In the case of the mid-coastal area, differences are more subtle. All three surface roughness types 
experience reduction in wind speed with the microscale model: greatest in forest: -0.31m/s (-
5.32%) or -17.01% in power density. Lower reduction is present in filed with obstacles: -0.24m/s 
(-3.93%) or 13.78% in power density. Smallest reduction is observed in open fields. The largest 
decrease over forested areas might again be due to overlap of the mesoscale grid over different 
surface roughness, although all three locations may have overlaps (see Figure 30). In the case that 
all three roughness types experience overlaps, the overlaps between similar roughness types (e.g. 
open field/fields with dwellings) will have a more consistent average value than greatly different 
roughness (e.g. forest/open field). Because the offset in estimation during averaging will be less 
extreme. This means that the more detailed (finer grid) microscale computations will have 
relatively similar estimates to the surfaces, where the difference in the roughness is less 
pronounced (e.g. open field/field with dwellings). 
 
In the case of the in-land region, microscale estimates for open field and field with obstacles are 
higher than that of mesoscale. In forest, however, microscale results are lower than mesoscale. 
The increase over open field is +0.39m/s (+5.36%) in wind speed or +13.92% increase in power 
density. For the field with obstacles, the increase with microscale modelling is +0.35m/s (4.82%) 
wind speed or +12.22% in power density. Therefore, the findings opposite from coastal and mid-
coastal conditions. The reason for higher estimates could again be the finer grid resolution, which 

Figure 30. Mid-coastal locations ("D, "E", "F") with 4 turbines each. 
Yellow line resembles distance of 3.6km (Google, 2022). 



RESULTS 38 

does not overvalue/overrate high roughness areas, such as forests, because the incorporation of it 
is not included for the whole surrounding area. In the mesoscale model, the whole 3x3km grid 
square would then increase the roughness length of fields (low roughness) due to averaging with 
forests (high roughness). As a result, wind estimations with the mesoscale model are lower than 
for microscale. This averaging effect is opposite for areas with high roughness length (forest), 
where the mesoscale model estimates are higher than microscale. It is important to note, that these 
conditions are not implicitly assumed for all cases, because each region with its orography 
influences is individual. Moreover, prevailing wind directions may be another factor (for example, 
wakes behind forests will influence the estimations for a specific site if it falls withing the wake 
shadow, while still being in a relatively low roughness environment). 
 
To conclude, when estimating wind resources with the NEWA mesoscale and microscale models, 
highest differences in estimations occurred for the mid-coastal region (on average -4.45% in wind 
speed or -15.07% in power density for microscale, see Table 5 in Appendix 2), most consistent 
were coastal areas (average -2.66% in wind speed or -7.74% in power density for microscale) 
when comparing with the mesoscale model in term of distance to the Baltic coast. However, 
influences of surface roughness should be considered. 
 

4.3.2 Wind speed difference in relation to proximity to shore (cases grouped by surface 
roughness) 

 
The result may be interpreted from a different angle when analysing distance to coast instead of 
surface roughness. For the open field roughness type, the changes are all different depending on 
distance to shore when evaluating with the microscale model (see Figure 27, Figure 28): in the 
coastal area, wind speed is practically unchanged (too few decimal places to be visible): +0.00m/s 
(+0.09%) and +1.80% power density. In the mid-coastal region, open field experiences reduction 
in wind speed: -0.30m/s (-4.10%), or -14.43% in power density when evaluating with the 
microscale model. For the in-land region, the microscale model has increased estimates: +0.39m/s 
(+5.36%) or +13.92% in power density. Thus, each case is different for open fields: coastal – 
unchanged, mid-coastal – reduction, in-land – increase. As discussed in chapter 4.1, the exact 
reasons for increase in wind speed for the microscale model over the in-land region remains 
unclear. However, the higher microscale estimates over the in-land region might be because the 
speed-ups and increases in each mesoscale grid are too pronounced in the microscale model, which 
artificially increases the estimations, in other words, the averaging resembles the average 
environment better. 
 
In the case of field with obstacles/vegetation, the same trend occurs as in plain fields, but with 
lower magnitude. The coastal field with obstacles has reduction of -0.10m/s (-1.20%) or -2.82% 
in power density. The mid-coast field is changed by: -0.28m/s (-3.93%) or -13.78% in power 
density. In-land field with obstacles had increase of +0.35m/s (+4.82%) or +12.22% in power 
density. The similar trend is less pronounced than that of open fields because the roughness of the 
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field with obstacles during averaging in the mesoscale model grid has lower spread for highly 
varying roughness than for small roughness variations as discussed in chapter 4.3.1 section on in-
land regions. 
 
For the case of forests, all forested areas experience a decline in wind speed with the microscale 
model. The reason woodlands are reduced everywhere is the finer grid resolution, as discussed in 
several cases in this chapter – smaller grid size allows for less averaging of the estimations, 
because each smaller grid better captures the roughness classes. Highest reduction is for coastal, -
0.51m/s (6.86%) or -22.19% in power density. Coastal reduction is similar: -0.38m/s (-5.32%) or 
-17.01% in power density. Least amount of decline for the in-land region: -0.05m/s (-0.64%) or -
4.32% in power density. It could be deduced that the in-land forest diameter is largest (5km) 
compared to coastal (4.4km) and mid-coastal (3.6km), thus the likelihood of the (3x3km) grid 
overlap for the in-land forest is lower, which in turn should produce more accurate wind 
estimations. This is one of the reasons why the lowest difference between forests in the mesoscale 
and microscale models is smallest. 
 
To conclude, when evaluating wind resources with the NEWA mesoscale  and microscale models, 
highest difference in estimations was observed for forests (average -4.27% in wind speed or -
14.48% in power density for microscale, see Table 5 in Appendix 2). Most consistent were open-
fields (average +0.45% in wind speed or +0.43% in power density for microscale) when comparing 
with the mesoscale model in terms of surface roughness. Nevertheless, these are only average 
values and closer inspection should be made by inspecting influence of distance to shore. Thus, 
coastal open-field areas can be relatively accurately predicted using the NEWA mesoscale model 
alone. To verify this claim, a comparison is made between the NEWA microscale model and 
manual WindPro calculations in Chapter 4.4. It is to be noted that different computation results 
between the NEWA mesoscale and NEWA microscale model could have also occurred due to the 
different interpretation of surface roughness length as presented in Table 2. 
 

4.3.3 Comparison of standard deviation between mesoscale and microscale models 
 
A valuable comparison between the NEWA mesoscale and NEWA microscale models is to 
analyse standard deviation in each of the nine locations. It is to be expected that deviations in the 
microscale model should be larger, because the grid size is smaller and each of the four turbines 
at the location falls into different values, whereas for the mesoscale model all four turbines could 
even fall into one category (the distances between the turbines are ~0.9km or ~1.7km). Figure 31 
displays the standard deviation of wind speed by model type. The general trend is that inland and 
mid-coastal regions have lower deviations in each wind farm test site than the coastal area. 
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The results show that standard deviation differences vary for each of the nine locations. For 
instance, in the microscale model, it is higher than the mesoscale model only for in-land forests 
and mid-coastal field with obstacles. In all other cases, the standard deviation is smaller in the 
microscale model. The reasoning behind contradiction to our previous claim (higher for 
microscale) could be that the turbines in the mesoscale model hardly ever fall within one grid 
square, and that the differences between the mesoscale grid due to surrounding orography are 
larger than that of the microscale (because larger grid). 
 
The highest variation in standard deviation occurs in the coastal field with obstacles: 3.11% for 
mesoscale (highest for mesoscale overall), 1.37% for microscale. The explanation could be the 
reasoning above. The highest standard deviation for microscale model occurs in the coastal open 
field (1.66%) and coastal field with obstacles (1.37%). The reason may be wind-shadowing of the 
smaller surrounding obstacles (bunched trees, buildings), which introduce turbulence (and reduce 
wind speed) only for certain directions. In the mesoscale this shadowing could have been 
incorporated as an average value (again, larger grid size), thus it is not as pronounced. Lowest 
variation in standard deviation occurred in mid-coastal forest (0.54% mesoscale, 0.53% 
microscale), however, as mentioned in the beginning, all but coastal open-field and coastal field 
with obstacles experience relatively low difference in standard deviation for both the mesoscale 
and microscale model. 
 
To conclude, largest standard deviation occurred in coastal field with obstacles (mesoscale: 3.11%, 
microscale: 1.37%) and coastal open field (mesoscale: 2.39%, microscale: 1.66%), which are 
noticeably larger than all the remaining cases. Low standard deviation is observed for the in-land 
region (mesoscale: 0.17-0.49%, microscale: 0.10-0.51%). Similarly for mid-coastal areas 
(mesoscale: 0.10-0.82%, microscale: 0.53-0.66%). In terms of surface roughness, in both models, 
forests had lowest deviation (mesoscale: 0.20-0.54%, microscale: 0.16-0.53%). 
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4.4 NEWA microscale/manual WAsP calculation comparison 100m a.g.l. 

In order to verify the accuracy of the NEWA microscale model, a comparison with manual 
WindPro resource estimations was made. Figure 33 and Figure 32 (further details in Table 6 of 
Appendix 2) summarize wind speed, wind power density difference between the NEWA 
microscale model and manual WAsP calculations made using the WAsP module in WindPro for 
the same locations at 100m a.g.l. Overall manual WindPro calculations are significantly lower 
than NEWA microscale estimations. The reason for the reductions could be the use of real wind 
speed measurements used to initialise the calculations, which possibly more accurately describe 
the wind climate in the region than the NEWA mesoscale model. 

 
 

4.4.1 Wind speed difference in terms of surface roughness (cases grouped by proximity to 
shore) 

 
In the case of coastal areas, highest difference occurs in the open-field: -0.70m/s (-8.89%) wind 
speed or -14.55% in power density (see Figure 33 and Figure 32) when estimating with the manual 
WAsP calculations in comparison to the NEWA microscale model. Lowest difference is observed 
in forested areas: -0.34m/s (-4.97%) wind speed or -1.93% in power density. 
 
A similar trend occurs in mid-coastal areas: highest difference occurs in the field with obstacles: -
0.41m/s (-5.98%) wind speed or -4.32% in power density compared to the NEWA microscale 
model. The opposite difference in speed and power density occurs likely due to different Weibull 
parameters. Lowest difference is observed in forested areas: -0.32m/s (-4.72%) wind speed or -
2.91% in power density. 
 
A different scenario is with in-land all in-land manual WAsP calculations over different surface 
roughness types are on average 2.4 times more overestimated in wind speed (4.7 times in power 
density) than coastal and mid-coastal locations. The differences are similar in all roughness cases. 
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Figure 33. Mean wind speed difference between manual 
WindPro WAsP calculations and NEWA microscale 
model at 100m a.gl. (% of NEWA microscale). 
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In the forest: -1.15m/s (-15.84%) or -35.61% in power density. For open-field: -1.13m/s (-
14.82%), -33.86% power density. For the field with obstacles: -1.14m/s (-15.00%), -34.16% power 
density. The reasoning behind larger differences for the in-land area is different wind statistics 
used (described in Chapter 3.5). The different initialisation wind data may have not resembled true 
conditions at the site despite also being in-land and only ~40km away. Factors such as wind 
distribution, direction and turbulence may have played a role. 
 

4.4.2 Wind speed difference in terms of proximity to shore (cases grouped by surface 
roughness) 

 
The general trend applies to all surface roughness types: highest reduction applies for in-land 
regions, coastal and mid coastal have lower but similar reductions (coastal slightly more). For 
more details, refer to Figure 33 and Figure 32. Variation due to the different surface roughness 
and elevation is unlikely because all estimates used the same datasets as input: for roughness both 
NEWA mesoscale, microscale as well as manual WAsP calculations used the CORINE dataset. 
For elevation data NEWA mesoscale and microscale model used the Shuttle Radar Topography 
Coverage Version 3 (SRTM v3) dataset, upon which the EU-DEM Pan European DSM (v1.1) 
dataset is based, that is used in the manual WindPro WAsP calculations (DHI GRAS, 2014). 
 
The reduction values are similar by distance to coast when looking at the manual WAsP 
estimations in comparison to NEWA microscale data. Open-fields have a change of -0.74m/s (-
9.78%) or -17.66% in power density. Fields with obstacles have a difference of -0.72m/s (9.59%) 
or -16.44% in power density. Forests would have an average change of -0.60m/s (-8.51%) wind 
speed or -13.48% power density. 
 
Thus, a conclusion could be made that wind speed predictions are less dependent on surface 
roughness when analysing from the distance to shore point of view – in-land areas in general will 
have larger reductions than coastal or mid-coastal regions. 

5. DISCUSSION 

5.1 Comparison to other evaluation reports 

The official report (pt.2) of the making of the New European Wind Atlas concludes that the mean 
wind speed bias, after evaluating with data from 291 measurement masts (unfortunately, none 
from Lithuania or the Baltic states), is +0.02 ± 0.78m/s for the WRF model (mesoscale model) and 
+0.28 ± 0.76 m/s for WAsP (Dörenkämper et al., 2020). This means that both the meso- and 
microscale models overestimate wind speed after all, with WAsP amplifying the overestimations 
more. One must treat the conclusion critically as it is based for the whole region of Europe and 
may not resemble location conditions analysed in this report. Nevertheless, the conclusion by 
Dörenkämper et al. (2020) that the microscale model has higher estimates than the mesoscale mode 
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does not hold for this report, because NEWA microscale modelling showed a total average 0.10m/s 
reduction in wind speed compared to NEWA mesoscale (see Table 5 in Appendix 2). In other 
words, our mesoscale estimates were higher than microscale. A small-scale diagram (Figure 34) 
from the forementioned report supports our argument for the coastal area (not for in-land), where 
the WRF model has a negative difference as shown in slight blue shading for the coastal area 
(WRF results larger than WAsP). Note that the WAsP grid size in Figure 34 is 500x500m. 

 
When compared to Marčiukaitis, et al. (2009) conclusion that wind speed in coastal Lithuania at 
100m a.g.l. 20km from shore drops 22%, the findings in this report suggest a drop of 5.96% in 
wind speed for the mesoscale model and drop of 7.73% in wind speed for NEWA microscale 
model (see Table 3, Table 5 in Appendix 2). The distance from shore in this report is about 10.9 – 
13.4 km from the shore. Thus, our findings suggest a relatively lower reduction in windspeed 
moving away from shore than the findings of Marčiukaitis, et al. (2009). However, note the 
difference in proximity to coast. 
 

5.2 Faults and limitations of findings 
 
The main limitations of the findings are as follows: 

- Overlapping of different surface roughness types in the NEWA mesoscale model 
- Turbine locations not in correct roughness type (relevant for microscale) 
- Too few points of comparison 
- Inconsistent wind statistics period between NEWA and WindPro 

 
First, as mentioned in chapter 4.3, the large 3x3km grid induces possibility for overlapping of area 
types, when assessing only one specific roughness class. It was not possible to extract the data of 
which grid each turbine point belongs to, but overlap is possible (see Figure 24, Figure 29, Figure 

Figure 34. Mean wind speed differences (WAsP-WRF) , 
WAsP grid spacing: 500x500m (Dörenkämper et al., 2020). 
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30, where the forest size may be roughly the size of one grid square). Moreover, location areas 
“A”, ”B”, ”C” (see Figure 29) may be too close to each other and an overlap between grids 
belonging to the datapoints themselves is possible. 
 
Second, some points grouped in the same roughness category may resemble a different roughness 
type given their location. For example, in the case of mid-coastal locations (see Figure 30), two of 
the four points in the roughness class declared as “field with obstacles” seem to be inside a forested 
area. Thus, the results for mid-coastal wind speeds for fields with obstacles will likely be offset 
making predictions in the NEWA microscale model or manual WAsP calculations. 
 
Third, there are only 36 location points of comparison – 4 turbine locations for each of the nine 
areas. A suggestion for further analysis is to not only increase the size of the “wind farm” (i.e. >4 
turbines for each area), but also include more areas for the same roughness category (i.e. >9), 
presumably spread out over the country. 
 
Lastly, the major drawback in the comparison is the inconsistent wind statistics measurement 
period. Simulations for the NEWA models are derived from wind statistics from 1989-2018. For 
the WAsP calculations in WindPro, the wind statistics for both measurement stations are from the 
period 1981-1990. Thus, the general wind speed trends may differ slightly due to long term 
variation. This is however mentioned as an assumption for this analysis (see chapter 3.5). 

6. CONCLUSIONS 
 
The aim of this research was to distinguish how surface roughness and distance to shore affects 
wind speed predictions of the NEWA mesoscale and NEWA microscale models. To verify 
findings, the results were compared to manual WindPro calculations. 
 
Wind speed and wind power density has been calculated using three methods: NEWA mesoscale 
model (3x3km grid); NEWA microscale WAsP model (dowscaled meso- data, 50x50m grid); 
manual WAsP calculations in WindPro based on real wind measurements. In total, 9 locations 
have been compared, each having different distance to the Baltic coast and different surface 
roughness. Each of the 9 locations contained 4 turbines to imitate a wind farm and provide more 
credible results. 
 
The following conclusions can be made (for 100m a.g.l.): 

1. The smallest variation between the NEWA mesoscale and NEWA microscale models is 
observed in coastal open field locations. The microscale model has a change of +0.09% 
(+1.8%) in wind speed (power density). Largest variation between the NEWA mesoscale 
and NEWA microscale models is observed in the coastal forest: -6.86% in wind speed (-
22.19% power density) for the microscale model. However, manual WAsP estimates for 
the coastal region were still 7.22% lower than NEWA microscale 
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Thus, wind resources in coastal open fields can be relatively accurately predicted with the 
mesoscale model alone. 
 

2. The NEWA microscale and manual WAsP computations were most consistent in coastal 
and mid-coastal forested areas: manual WAsP estimations differ by -4.97% (-1.93%) in 
wind speed (power density) and -4.72% (-2.91%) in wind speed (power density) 
respectively when compared to NEWA microscale. Additionally, the microscale model 
had low standard deviation in coastal and mid-coastal forested areas (0.16%, 0.53% 
respectively). 
Hence, NEWA microscale estimates for coastal and mid-coastal forested areas seem to 
resemble actual wind speeds most accurately. 

 
3. It is unclear if NEWA microscale and manual WAsP data are consistent for in-land 

locations. Manual WAsP computations pose high reduction in all surface types. In open 
field: -14.82% (-33.86%), field with obstacles: -15.00% (-34.16%), forest: -15.84% (-
35.61%) in wind speed (power density). This data inconsistency, compared to coastal 
areas, may be caused by use of different wind statistics. 
Therefore, in-land locations require further analysis and wind resources cannot be 
accurately measured only from the NEWA microscale model. 

 
To conclude, the findings in this research could aid project developers, political decision makers, 
wind power investors and other parties at stake in the initial wind farm project development stage 
by providing awareness of the possible bias in wind resource assessment due to different models, 
which may ultimately alter revenue projections. Acknowledging the differences between the 
NEWA Mesoscale and Microscale models, as well as being aware of how the wind speed and 
power density estimates relate to WindPro calculations is valuable for an overall picture of the 
possible variation in wind assessments over varying surface roughness and distances to shore. 
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Height a.g.l. (m) 100

Column Labels
Row Labels Coastal Mid-coastal In-land Grand Total

Average of wind speed mesoscale (m/s)
Forest 7.37 7.13 7.29 7.26
Open field 7.85 7.27 7.25 7.45
Field w/ obstacles 7.77 7.22 7.27 7.42

Average of power density mesoscale (W/sq.m)
Forest 435.89 381.05 386.38 401.11
Open field 540.71 405.44 385.16 443.77
Field w/ obstacles 528.37 391.88 386.91 435.72

Min of wind speed mesoscale (m/s)
Forest 7.33 7.09 7.27 7.09
Open field 7.66 7.21 7.19 7.19
Field w/ obstacles 7.46 7.21 7.25 7.21

Max of wind speed mesoscale (m/s)2
Forest 7.38 7.17 7.30 7.38
Open field 8.03 7.33 7.29 8.03
Field w/ obstacles 8.03 7.22 7.28 8.03

Min of power density mesoscale (W/sq.m)
Forest 430.89 376.64 383.51 376.64
Open field 499.73 393.01 378.10 378.10
Field w/ obstacles 464.42 390.75 384.96 384.96

Max of power density mesoscale (W/sq.m)2
Forest 437.56 385.45 389.25 437.56
Open field 581.69 417.88 389.95 581.69
Field w/ obstacles 581.69 393.01 388.53 581.69

StdDevp of wind speed mesoscale (m/s)
Forest 0.02 0.04 0.01 0.10
Open field 0.19 0.06 0.04 0.30
Field w/ obstacles 0.24 0.01 0.01 0.29

StdDevp of power density mesoscale (W/sq.m)
Forest 2.89 4.40 2.87 24.94
Open field 40.98 12.44 4.35 73.38
Field w/ obstacles 50.57 1.13 1.49 71.76

Total Average of wind speed mesoscale (m/s) 7.66 7.20 7.27 7.38
Total Average of power density mesoscale (W/sq.m) 501.66 392.79 386.15 426.87
Total Min of wind speed mesoscale (m/s) 7.33 7.09 7.19 7.09
Total Max of wind speed mesoscale (m/s)2 8.03 7.33 7.30 8.03
Total Min of power density mesoscale (W/sq.m) 430.89 376.64 378.10 376.64
Total Max of power density mesoscale (W/sq.m)2 581.69 417.88 389.95 581.69
Total StdDevp of wind speed mesoscale (m/s) 0.28 0.07 0.03 0.26
Total StdDevp of power density mesoscale (W/sq.m) 60.02 12.57 3.21 63.73

Table 3. NEWA Mesoscale wind speed and wind power density statistics of all 36 locations. Height: 100m 
a.g.l. 
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Height a.g.l. (m) 100

Column Labels
Row Labels Coastal Mid-coastal In-land Grand Total

Average of wind speed microscale (m/s)
Forest 6.86 6.75 7.24 6.95
Open field 7.85 6.97 7.64 7.48
Field w/ obstacles 7.67 6.93 7.62 7.41

Average of power density microscale (W/sq.m)
Forest 339.15 316.12 370.00 341.76
Open field 547.13 346.56 438.72 444.13
Field w/ obstacles 510.71 337.89 434.18 427.60

Min of wind speed microscale (m/s)
Forest 6.84 6.69 7.19 6.69
Open field 7.70 6.91 7.63 6.91
Field w/ obstacles 7.56 6.88 7.61 6.88

Max of wind speed microscale (m/s)
Forest 6.87 6.79 7.29 7.29
Open field 8.00 7.02 7.65 8.00
Field w/ obstacles 7.79 6.97 7.63 7.79

Min of power density microscale (W/sq.m)
Forest 334.76 307.80 359.18 307.80
Open field 517.03 335.11 437.46 335.11
Field w/ obstacles 487.01 328.85 432.57 328.85

Max of power density microscale (W/sq.m)
Forest 345.24 323.78 380.54 380.54
Open field 578.16 356.60 441.15 578.16
Field w/ obstacles 537.64 344.51 435.86 537.64

StdDevp of wind speed microscale (m/s)
Forest 0.01 0.04 0.04 0.21
Open field 0.13 0.05 0.01 0.38
Field w/ obstacles 0.11 0.04 0.01 0.34

StdDevp of power density microscale (W/sq.m)
Forest 4.34 5.66 8.01 22.93
Open field 28.93 9.04 1.43 83.82
Field w/ obstacles 21.78 6.82 1.44 71.93

Total Average of wind speed microscale (m/s) 7.46 6.88 7.50 7.28
Total Average of power density microscale (W/sq.m) 465.66 333.52 414.30 404.50
Total Min of wind speed microscale (m/s) 6.84 6.69 7.19 6.69
Total Max of wind speed microscale (m/s) 8.00 7.02 7.65 8.00
Total Min of power density microscale (W/sq.m) 334.76 307.80 359.18 307.80
Total Max of power density microscale (W/sq.m) 578.16 356.60 441.15 578.16
Total StdDevp of wind speed microscale (m/s) 0.44 0.10 0.18 0.40
Total StdDevp of power density microscale (W/sq.m) 93.10 14.74 31.74 79.09

Table 4. NEWA Microscale (downscaled) wind speed and wind power density statistics of all 36 locations. 
Height: 100m a.g.l. 
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Height a.g.l. (m) 100

Column Labels
Row Labels Coastal Mid-coastal In-land Grand Total

Avg. wind speed difference (micro-meso) (m/s)
Forest -0.51 -0.38 -0.05 -0.31
Open field 0.00 -0.30 0.39 0.03
Field w/ obstacles -0.10 -0.28 0.35 -0.01

Avg. wind speed difference (micro-meso), % of meso
Forest -6.86% -5.32% -0.64% -4.27%
Open field 0.09% -4.10% 5.36% 0.45%
Field w/ obstacles -1.20% -3.93% 4.82% -0.10%

Avg. power density difference (micro-meso) (W/sq.m)
Forest -96.74 -64.92 -16.37 -59.35
Open field 6.42 -58.89 53.56 0.37
Field w/ obstacles -17.66 -53.99 47.28 -8.12

Avg. power density difference (micro-meso), % of meso
Forest -22.19% -17.01% -4.23% -14.48%
Open field 1.80% -14.43% 13.92% 0.43%
Field w/ obstacles -2.82% -13.78% 12.22% -1.46%

Total Avg. wind speed difference (micro-meso) (m/s) -0.20 -0.32 0.23 -0.10
Total Avg. wind speed difference (micro-meso), % of meso -2.66% -4.45% 3.18% -1.31%
Total Avg. power density difference (micro-meso) (W/sq.m) -35.99 -59.26 28.15 -22.37
Total Avg. power density difference (micro-meso), % of meso -7.74% -15.07% 7.30% -5.17%

Table 5. Wind speed and wind power density difference between NEWA Mesoscale and NEWA Microscale 
(microscale – mesoscale) for all 36 locations. Height: 100m a.g.l. 

Height a.g.l. (m) 100

Column Labels
Row Labels Coastal Mid-coastal In-land Grand Total

Average of wind speed difference (wasp-micro) (m/s)
Forest -0.34 -0.32 -1.15 -0.60
Open field -0.70 -0.39 -1.13 -0.74
Field w/ obstacles -0.60 -0.41 -1.14 -0.72

Average of wind speed difference (wasp-micro), % of micro
Forest -4.97% -4.72% -15.84% -8.51%
Open field -8.89% -5.63% -14.82% -9.78%
Field w/ obstacles -7.79% -5.98% -15.00% -9.59%

Average of power density difference (wasp-micro) (W/sq.m)
Forest -6.56 -9.17 -131.78 -49.17
Open field -80.07 -16.11 -148.56 -81.58
Field w/ obstacles -55.52 -14.68 -148.34 -72.84

Average of power density difference (wasp-micro), % of micro
Forest -1.93% -2.91% -35.61% -13.48%
Open field -14.55% -4.58% -33.86% -17.66%
Field w/ obstacles -10.82% -4.32% -34.16% -16.44%

Total Average of wind speed difference (wasp-micro) (m/s) -0.55 -0.38 -1.14 -0.69
Total Average of wind speed difference (wasp-micro), % of micro -7.22% -5.44% -15.22% -9.29%
Total Average of power density difference (wasp-micro) (W/sq.m) -47.38 -13.32 -142.89 -67.86
Total Average of power density difference (wasp-micro), % of micro -9.10% -3.94% -34.55% -15.86%

Table 6. Wind speed and power density difference between NEWA microscale (downscaled) WAsP and manual 
WAsP calculation (Microscale – WAsP), 100m a.g.l. 


