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Introduction

According to BTM, nearly 100 GW of wind power is currently installed in low temperature and icing
climates making it one of the largest “non-standard” markets in the world today [1]. Ice accretion on wind
turbine blades is one of the largest challenges when operating wind turbines in low temperatures and icing
climates. Ice changes the aerodynamics of the turbine blade and causes production losses, potential
increase in turbine vibration, increased noise emissions and falling ice present a health and safety risk in
the vicinity of the turbine.

Ice accretion on an object requires the presence of liquid water and freezing temperatures. The most
typical form of icing in Europe is rime icing as a result of low level clouds below freezing temperatures. If
the cloud height is below the level of wind turbine rotor, ice will be collected on the turbine blades.

For assessing icing risks in pre-construction phase for a wind farm, mainly two different methods exist: 1)
use icing measurements from a location nearby (turbine production data, ice measurements or met station
measurements) or 2) perform meteorological modelling of site icing conditions. Often nearby icing
measurements are not available because icing measurements are not systematically part of frequently
meteorological measurements. As a result, weather modelling is often solely used to evaluate icing risks.

In this study, long-term cloud base height observations from met stations and airports during 2000-2015
from 144 stations in Finland, Sweden and Norway are studied and compared to WRF modelled cloud base
height from same locations. Statistical methods are used to evaluate main similarities and differences in
using the two approaches for cloud base height measurements.

Approach

In order to evaluate icing risks for wind turbines, measurements of cloud base height provide a great proxy.
If the cloud base is in the area of the wind turbine rotor and temperature is below freezing, the conditions
are suitable for meteorological icing and ice to form on the rotor blades. In this study, 144 met stations in
Scandinavia from time period 2000-2015 are selected and observed and modelled cloud base heights are
compared. Only cloud base height is compared in order to limit the potential sources of errors in the
comparisons.

Cloud base height observations are primarily from long-term weather stations and airports. Using the cloud
base height observations in combination with temperature measurements has shown promising results as a
meteorological icing proxy for wind power applications. [2] [3] [4].



Based on mesoscale weather simulations using the Weather Research and Forecast model (www.wrf-
model.org) a wind and icing map for Norway was produced by Byrkjedal & Åkervik (2009) [5] and compared
against icing calculations based on airport data in Harstveit (2009) [8]. The methodology for using airport
data to calculate in cloud icing is further described in Harstveit (2002, 2009) [6][7][9][10]. Wind and icing
maps has later also been produced for Sweden and Finland using a similar methodology. In this paper, time
series of cloud base heights and temperatures are retrieved from Kjeller Vindteknikk’s hindcast archives of
meteorological simulations.

Statistical methods are used to evaluate Mean Absolut Errors (MAE) and bias of observed and modelled
results.

Main Body of Abstract

Long-term icing estimation is needed for assessing icing risks in pre-construction phase of wind farm.
However, interannual variation in icing is large. If field measurements of icing are performed at planned site
it is important to know the icing severity during measurement period compared to long-term average. In
order to find out how observations and model correlate with each other with different time scales cloud
base heights are compared on 1) long-term average, 2) yearly average and 3) monthly average values from
multiple elevations above ground level. MAE and biases are calculated per a) station, b) country and c)
latitude and longitude coordinates to identify main driver for differences in results.

Conclusions

Long-term average values of observed and modelled cloud base height correlate well. When going into
shorter time scales (yearly and monthly values), mean absolute errors (MAE) and biases increase for the
whole 144 station dataset. The reason of increased MAE and bias errors might be the temporal and spatial
differences in the WRF modelling results compared to observed values from met stations.

Learning objectives

Market potential in low temperature and icing climate wind power is huge and icing severity has to be
known when building or operating wind farms in icing climate. It is important to understand how different
methods can be used for icing estimation without icing measurements. Cloud base height of mesoscale
weather simulations and weather observations have not been compared with each other at this extent
before.

References

[1] Navigant Research, "World Market Update 2012," Navigant Research, ISBN: 978-87-994438-4-0,
Copenhagen, Denmark, 2013.

[2] V. Lehtomäki, S. Rissanen and M. Wadham-Gagnon, "Low temperature & icing map for Québec,"
Quebéc, Gaspé, Canada, 2014.

[3] V. Lehtomäki, T. Karlsson and S. Rissanen, "Wind Power Icing Atlas – tool for financial risk assessment,"



in WinterWind, Sundsvall, Sweden, 2014.

[4] S. Rissanen and V. Lehtomäki, "Wind Power Icing Atlas (WIceAtlas) & icing map of the world," in
WinterWind, Piteå, Sweden, 2015.

[5] Byrkjedal & Åkervik (2009) Vindkart for Norge, NVE oppdragsrapport A9/2009.

[6] K. Harstveit in "Using Routine Meteorological Data from Airfields to Produce a Map of Ice Risk Zones in
Norway., IWAIS X (10th Int. workshop on Atmospheric Icing of Structures), Brono, Czech Republic, 2002.

[7] K. Harstveit and J. Hirvonen  "Measurements of Cloud Water Content and Droplet Density; and
Calculation of Cloud Water Gradients at Kuopio, Finland" in IWAIS XIII, Andermatt, Switzerland, 2009.

[8] K. Harstveit, Ø. Byrkjedal and E. Berge, "Validation of Regional In-Cloud Icing Maps in Norway." in IWAIS
XIII, Andermatt, Switzerland, 2009.

[9] K. Harstveit, "Validation of an in-cloud icing model based on cloud water gradient calculated from metar
airport data." in IWAIS XIII 2009, Andermatt, Switzerland, 2009.

[10] K. Harstveit, "Using Metar-Data to Calculate In-Cloud Icing on a Mountain Site near by the Airport",
IWAIS XIII, Andermatt, Switzerland, 2009.


