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1996 EUROPEAN UNION WIND ENERGY CONFERENCE 20-24 May 1996 GOTEBORG, SWEDEN 

MEASUREMENTS AND MODELLING IN COMPLEX TERRAIN 

Erik L. Petersen, Niels G. Mortensen and Lars Landberg 
Department of Meteorology and Wind Energy 

Ris!ll National Laboratory 
Roskilde, Denmark 

ABSTRACT: The main results of the EU-project "Measurements and Modelling in Complex Terrain" are presented. 
These include the preparation of the second volume of the European Wind Atlas - specifically directed towards wind 
resource assessment and siting issues in mountainous terrain - as well as the establishment of a comprehensive, CD
ROM-based database containing new, high-quality wind data from several topographically and climatologically complex 
regions of Europe. In the course uf the project the limitations of the current Wind Atlas methodology has been identified 
and quantified, a novel concept of nested meso- and micro-scale models for wind resource assessment has been estab
lished, and a new model for the estimation of turbulence in complex terrain has been constructed. 
Keywords: Wind Atlas, Mountains/High Terrain, Data Bases, Siting. 

INTRODUCTION 

The next volume of the European Wind Atlas - Volume 
II: Measurements and Modelling in Complex Terrain - is 
now being processed [9]. The new Atlas contains in con
densed form the results of a comprehensive, multinational 
six-year EU-JOULE project with participants from 12 Euro
pean countries. 

The project itself has had four distinct tasks: 1) New 
wind measurements in mountainous terrain, 2) Meso-scale 
modelling, 3) Regional wind resource maps, and 4) Improve
ment of site-specific modelling. The work had several pur
poses: 1) To improve the knowledge of the European wind 
resources, 2) To improve the understanding of the existence 
and variability of the wind resources in mountainous terrain, 
3) To improve the models for calculation of the wind re
sources and siting of wind farms in mountainous terrain, 4) 
To establish a database of the time-series of wind speeds and 
-directions measured during the project and a database of the 
turbulence data measured during experimental campaigns in 
Greece, France, Sweden and Denmark. 

2 WIND MEASUREMENTS 

Wind measurements have been carried out in Northern Por
tugal, in Galicia and the Ebro Valley in Spain, in Central 
Italy, in Ireland, on the Greek islands of Crete and Andros, 
in the Finnish Archipelago and Finnish Lapland, in North
ern Sweden, and in Southern France. The measuring periods 
range from one to four years and the measuring heights from 
ten to thirty meters above ground level. Approximately 70 
masts were operated. 

The data are summarized for each station following an 
extended version of the layout in the European Wind Atlas 
[8]. An example of the new four-page station presentation 
is given in Fig. 1: Each station summary is printed on two 
pairs of facing pages. The first opening (upper panel) con
tains the station description, the station topography, the to
pographical model corrections employed, and several raw 
data summaries. The second opening (lower panel) pro
vides the wind climatological fingerprint, the seasonal and 
inter-annual variation of wind speed, the calculated regional 
Weibull parameters, and the calculated regional mean wind 
speeds and energy densities. 
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All the raw data and derived statistics are furthermore col
lected in a database which will be made publicly available 
on a non-commercial basis. 

2.1 Measurement recommendations 
While a main purpose of the present project has been to pro
vide wind data and wind atlas climatologies for several to
pographically complex regions of Europe - where the data 
coverage until now has been scarce or non-existent - much 
effort has also gone into securing the quality of the wind 
measurements. As atmospheric models and flow modelling 
becomes more sophisticated and accurate, the need for long
term, high-quality wind measurements becomes more and 
more apparent. 

The accuracy of wind speed and direction measure
ments, as well as the applicability of these to wind energy 
studies, depend on a number of factors which were recently 
summarized by Mortensen [5]. These include: 

• Tower shadow and other effects 
• Boom and clamp effects 
• Anemometer design (e0 ) 

• Turbulent biases for cup anemometers [4]: 

- Overspeeding: u-bias oc (au/U) 2 

- DP-error: v-bias oc (av/U) 2 

- Angular response: w-bias oc (aw/U) 2 

- Stress-biasoc (uw}/U2 

• Calibration procedures: 

- Wind tunnel studies 

- Atmospheric (in situ) 

• Anemometer maintenance 
• Siting of anemometers 
• Documentation of wind measurements and 

measurement conditions 

Careful attention to each of these factors and comprehensive 
documentation of the measurement conditions are prerequi
sites to obtaining high-quality wind data suitable for wind 
energy applications and/or testing of models. Given the im
portance of this, a series of measurements recommendations 
have been worked out during the project and included in the 
Atlas. 
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Figure 1: Sample four-page station statistics summary (ie two openings) for the Portuguese station Drave [9]. 
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3 MODELLING 

An important objective of the measuring campaigns has been 
to provide wind data which are adequate for the improve
ment of models for site-specific calculations and for the con
struction of a model system for regional wind resource as
sessments. Four regions in four countries with different com
plex topography and climatic conditions were selected for 
the measuring campaigns. The regions are depicted in Fig. 2. 

Figure 2: The four regions selected for intensive measure
ment and modelling campaigns. 

The modelling work has thus concentrated on three main 
themes: l) Investigating the accuracy and limitations of cur
rent wind resource assessment and siting tools - thereby pro
viding data and information for the improvement of these 
models, 2) Implementing a new concept of nested models 
for regional wind resource assessment, and 3) Constructing 
a new model to estimate the turbulent wind conditions in 
complex terrain. 

3.1 Limitations of WASP 
The model used for the European Wind Atlas [8] has a num
ber of characteristics which limits its straightforward use to 
certain atmospheric and/or topographical conditions: 

• Prevailing conditions must be near-neutral 

• Orography must be gentle (attached flow) 

• Meso-scale effects are not accounted for. 

The influence of atmospheric stability has been investigated 
both over land and offshore - examples of the results ob
tained are given in this volume by Barthelmie et al. [1] and 
Mortensen and Said [7]. 

Also in this volume is a report on the achievement on the 
purpose of improving micro-siting models given by Bowen 
and Mortensen: Exploring the Limits of WASP - the Wind 
Analysis and Application Program [2, 6]. It has especially 
been attempted to understand the magnitude and variability 
of the wind resource in mountainous terrain and to quantify 
the limitations of current micro-siting models in such terrain. 
Most importantly, a simple indicator of the complexity of a 
given terrain has been established, which provides some in
sight into the accuracy of WASP predictions in mountainous 
terrain. 
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3.2 Nested models for resource assessment 
The meso-scale effects not accounted for by the current 
Wind Atlas methodology have been addressed by nesting 
meso- and micro-scale models in the calculation of the re
gional wind resources of a region. These results are reported 
in detail elsewhere in this volume by Frank and Landberg: 
Modelling the Wind Climate over Ireland [3]. 

3.3 Turbulence in complex terrain 
Finally, the WASP model [6] has been extended by a mod
ule which can predict the turbulence component spectra of 
( u, v, w) over moderately complex terrain as depicted in 
Fig. 3. The model builds on the the rapid distortion theory. 

4 CONCLUSIONS 

The EU-project Measurements and Modelling in Complex 
Terrain (JOUR/0067) has contributed substantially to our 
knowledge of the European wind resources and to our un
derstanding of the variability and magnitude of these wind 
resources in mountainous terrain. Concurrently, the models 
for calculation of wind resources and siting in mountainous 
terrain have been improved. Specific results and outputs of 
the project are: 

• A database on a CD-ROM containing new high-quality 
wind data from several complex regions of Europe, ie 
mean wind speed data, turbulence data, and wind atlas 
data sets. 

• A second volume of the European Wind Atlas [9]. 

• The limitations of WASP quantified [2]. 

• Improved model for siting (WASP), including a model 
for turbulence over complex terrain. 

• New and improved wind atlas data sets for some moun
tainous regions of Europe and a model-complex for pro
ducing such data: the Karlsruhe Atmospheric Mesoscale 
Model + WASP. 
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