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ABSTRACT

The wind climate of Ireland has been calculated with the Karlsruhe Atmospheric Mesoscale Model KAMM using
the statistical-dynamical method. The large-scale climatology is represented by 65 classes of geostrophic wind.
From the frequency of the classes and the simulations the climatology of the surface wind is determined. The
simulated winds are processed similar to observed data to obtain LIB-files for the Wind Atlas Analysis and Appli-
cation Program WASP. Comparisons are made with mast observations which have been analyzed by WASP. Sites
with high wind power potential are well predicted. Places with low observed wind power are overpredicted.

1 INTRODUCTION

The Wind Atlas Analysis and Application Program, WASP
[7, 8] is a standard tool for the siting of wind turbines. It
allows to extrapolate measurements of wind speed and direc-
tion from one place to other places in the same climate region
in not too complex terrain. However, carefull measurements
are costly, and to obtain a reasonable climatology requires
several years of observation. Simultaniously, data archives of
upper air or geostrophic wind from many years of numerical
weather prediction do already exist.

To supplement WASP in regions of poor data coverage and to
use the upper air data archives a method is presented which
uses numerical simulations with an atmospheric mesoscale
model to predict the wind climate near the surface. We
employ the statistical-dynamical downscaling approach {11,
5, 4] together with the Karlsruhe Atmospheric Mesoscale
Model KAMM [2, 1].

This paper presents a detailed comparison between a wind
atlas obtained from observations and an atlas based on nu-
merical simulations for Ireland. Previous studies appeared in
(3. 4].

2 DATA DESCRIPTION

Most of the measurements are from 14 synoptic stations of
the Irish Meteorological Service. They have been taken ev-
ery hour and cover a period of 20 years (1974-93). In addi-
tion four masts have been operated by the University Col-
lege Dublin and the Electricity Supply Board for three years
{1992-94). They are typically equipped with wind speed and
direction sensors at 10 and/or 30 meters. The masts collect 10
min averages every hour. See [4, 107 for more information.

To see the uncertainties in the climatological mean wind or
mean power density, data which has been employed in the
European Wind Atlas [8] is included in some figures. These
measurements cover only 10 years. At most stations it is the
period 1970-79.

A wind atlas is determined from this data using the Wind At-
las Analysis and Application Program, WASP [8, 7, 9]. WASP
is the link from the local site to the regional scale which is
resolved in the simulations. This processing of the observa-
tions will introduce additional errors. However, we think a
comparison of simulations to processed observations is bet-
ter than to real observations because the simulations repre-
sent only idealized conditions and local effects on scales of
less than a few kilometres cannet be simulated for this big
area. WASP is also used to calculate the expected energy pro-
duction of a wind turbine at the sites.

The geostrophic wind, which is the large-scale forcing of
the simulations, has been determined from 9 years (1983-
91) analysis of the wind at 850 mb by ECMWF. The spatial
resolution is 1.5°, approximately 100 x 160 km?. A map of
the third moment of wind speed at 850 mb, which is propor-
tional to the power density of the wind, is shown in Figure 1.
The speed and power increases from the south-east towards
the north-west of the island.

3 METHOD AND DATA PROCESSING

3.1 The statistical-dynamical metbhod

To calcuiate the surface wind climate we use the statistical
dynamical approach of regionalization of large-scale clima-
tology [5]. It rests on the assumption that the local surface
layer climate is determined uniquely by a few parameters of
the larger, synoptic scale and parameters of the surface. This
parameter space is decomposed into several representative
situations. Numerical simulations of these situations are per-
formed with a meso-scale model to calculate the meso-scale
state of the atmosphere. Then, the meso-scale climatology is
calculated from the results of the simulations together with
the frequency of the typical situations.

The main large-scale parameters to influence the surface
wind at the mid-latitudes are the geostrophic wind and the
stratification of the atmosphere. The main surface parameters
are surface elevation and roughness, and soil or sea surface
temperature.

309



EUROPEAN WIND ENERGY CONFERENCE, OCTOBER 1997, DUBLIN CASTLE, IRELAND.

-—~—~ 400D
= 3800
— 3500
—-= 3400
— 3200
=== 3000
—= 2800

0 100 200 300 400
ING E [km])

Fig 1. Third moment of wind speed (in m3s—3 ) at
850 mb from the analysis of ECMWF for 1983-9]. The
position of the measurement sites is indicated by 3 let-
ters.

We assume the dominating influence over Ireland is the
geostrophic wind. The mean stratification js assumed not to
vary significantly because Ireland has a moderate, oceanic
climate. Also, it is assumed that thermally forced circula-
tions are less important than those driven by the large-scale
pressure gradient. Therefore, only steady states with no daily
cycle of insolation are simulated. Soil and sea surface tem-
perature are kept constant during a simulation,

The assumptions are influenced by the goal to reduce the
number of simulations which are necessary to yield a good
representation of the original parameter space. We ended up
with 65 classes of geostrophic wind in 12 sectors of 30° (see
also [3, 41).

3.2 The simulations

The nrumerical simulations were done with the non-
hydrostatic  Karlsruhe Atmospheric Mesoscale Model
KAMM [2, 1). The model is initialized with a hydrostatic
and geostrophic basic state. The large-scale pressure gradient
and the daily cycle of radiation represent the extemnal forcing
of the model.

The mode! domain consisted of 50 x 60 points in the horizon-
tal with a resolution of 10 km. In the vertical direction 36 lev-
els were used up to 5000 m height with finer resolution near
the surface. The orography was generated from a 1:625,000
scale map (Ordnance Survey, 1972) The rou ghness has been
generated from the CORINE land-use database [6]. See [4]
for details on the simulations.

During one simulation the geostrophic wind was constant
and uniform throughout the model domain. The wind climate
was constructed from the different simulations by calculating
the weighted mean of the simulated wind after 6 h simulation
time when the the atmospheric model is considered to be in
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equilibrium. The weights are the frequencies assigned to the
geostrophic wind classes.

3.3 Data processing

The simulations are processed in a similar way to the mea-
surements. The geostrophic drag law is used to transform the
simulated friction velocity u,, temperature scale 8., and Io-
cal roughness length 2z, to 3 logarithmic wind profile in a
neutrally stratified atmosphere over a given standard rough-
ness zo». This wind profile is modified to account for the
climatological mean stratification as in WASP (see [8], Ch.
8). '

The non-uniformity of the geostrophic wind (Figure 1) was
accounted for by using different frequencies of the classes at
each individual grid point of KAMM. They had been caicu-
lated separately for each grid point of the BCMWF analysis,
and were interpolated to the KAMM grid.

In Figures 4-6 results from the simulation are compared
with the WASP-analysis. There, the KAMM value is the
weighted mean of the four nearest grid points. The weights
are exp(~r/(0.25Az)), where r is the distance from the ob-
servation site to a grid point and Az is the grid size. Only
grid points over land are included in the interpolation,

The calculation of Weibulr parameters for individual sectors
is complicated because each simulation represents a 30° sec-
tor of geostrophic wind directions, and the rotation of the
surface wind relative to the geostrophic wind is different for
each simulation. If a modeled surface wind lies close to the
boundaries of one sector than it should be weighted partly
in this sector and partly in the neighboring sector. This was
achieved by randomizing the simulated surface winds using
a Weibull distribution for speed and uniform distributions
for direction in one class. The shape and scale parameters
for randomization were calculated from the mean speed and
mean power of surface wind corresponding to a geostrophic
sector. The maximum and minimyum directions were linearly
interpolated between the simulated direction and those of the
neighboring geostrophic sectors depending on the random
speed. Half of the random directions were distributed uni-
formly to the right of the simulated direction and the other
half lay to the left of it. 40000 random snrface winds were
generated for a grid point. Histograms with 1 mgs—! bins were
created from which the Weibull parameters for each sector
were calculated.

A map of the modeled wind power density at 50 m height
above the ground and roughness length zo = 3 ¢m is shown
in Figure 2, At each grid point of the model the mean power
is shown by a small square. For comparison the values from
the analysis of the new data by WASP are written at the posi-
tion of the stations. The terrain height is indicated by isolines
at 100 m intervals,

As canbe expected the highest power production is predicted
near the north and west coast and in the Wicklow Mountains
south of Dublin. The picture changes somewhat if we nor-
malize the predicted wind with the speed which would be
expected from the drag law for a flat, uniform surface using
the geostrophic wind and roughness 3 cm (Figure 3). This
removes the effect of the non-uniformity of the geostrophic
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Fig 2. Wind power density in Wm™? at a height of 50 m
and roughness length zo = 3 cm over Ireland caicu-
lated by KAMM. The values from the wind atlas anal-
ysis of WASP are written at the position of the stations.
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Fig 3. Normalized wind power at a height of 50 m and
roughness length zo = 3 cm over Ireland calculated by

KAMM.

wind. Everywhere, the normalized power is close to one. In
general, it is less than one in the interfor. Owing to the pre-
dominance of westerly winds the west coast tends to greater
normalized power than the east coast.

4 COMPARISON OF OBSERVED AND SIMU-
LATED DATA

In Figure 4 the power density at height z = 50 m over a flat,
uniform surface with roughness zo == 3 cm as analyzed with
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Fig 4. Comparison of the wind power density in Wm=2
atz = 50 m, 29 = 3 cm at-18 stations in Ireland
calculated with WASP from observations (atlas value)
and by KAMM. See the text for an explanation of the
error bars.

WASP is compared with the simulated values by KAMM. The
range of wind power at the four nearest grid points is show
by vertical error bars. This can be interpreted as a range of
uncertainty. The horizontal error bar shows the difference be-
tween the 20 years of new data and the 10 years for the Eu-
ropean Wind Atlas, or between the data measured at 30 m
and 10 m. The dotted lines are the perfect agreement and de-
viations of +20 %. KAMM overpredicts the sites with low
wind power. Sites with great wind power potential seem to

‘be better predicted.

The shape parameters & of the Weibull distributions are corn-
pared in Figure 5. KAMM predicts greater values which
means that the predicted distribution is narrower than that an-
alyzed by WASP. This is not astonishing because all simula-
tions were with stationary forcing. Therefore, the variability
of transient phenomena like fronts is not present. Consider-
ing this, the predictions of KAMM are remarkably good.

To show how the data can be used we calculated the expected
yearly energy production of a Vestas V42-600 wind turbine
at the position of the observations with WASP using the LIB-
files from the analysis of the measurements and those from
the simulations. The turbine has a hub height of 40.5m and a
rated power of 600 kW. This comparisonis very good (Figure
6). However, the strongest influence is by the local terrain
and roughness. Again, the sites with low energy production
are overpredicted by KAMM.

5 SUMMARY

A wind atlas has been made for Ireland from numerical simu-
lations using the statistical-dynmaical method with the Karls-
ruhe Atmospheric Mesoscale Model KAMM. The results are
compared with measurements which were processed by the
Wind Atlas Analysis and Application Program WASP. The
comparison is only fair. Regions of high wind power density
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Fig 5. Comparison of the shape parameter k of the
Weibull distribution for all sectors for z 50 m,
zg = 3 cm at 18 stations in Ireland calculated with
WASP from observations (atlas value) and by KAMM.
The errorbars have the same meaning as in Figure 4.
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Fig 6. Comparison of the predicted yearly energy pro-
duction in GWhy™! of a Vestas V42-600 wind turbine

at the measurement sites. The errorbars have the same
meaning as in Figure 4.

are well predicted, but regions with low power density are
overpredicted. A comparison of the expected annual energy
production by a large wind turbine at the sites of the measur
ments is very good.
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