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ABSTRACT 
 

Difficulties in the measurement of precipitation are a remaining area of concern in quantifying 
global and regional trends induced by climate change. It is well known and documented that 
precipitation measurements have a significant, mostly wind dependent bias which is 
especially apparent during solid precipitation events. Especially in high latitude countries, 
where climate is characterized by cold temperatures and thus many solid precipitation events 
often combined with high wind speeds, an improved measurement accuracy would be 
beneficial for regional climate modeling.   
 
The set of functions currently recommended in Norway for adjustment of precipitation 
measurements are based on the findings of an extended international intercomparison 
campaign coordinated by the World Meteorological Organization (WMO). Measurements 
were not done in Norway and the conditions during the experiment did only allow approval of 
the adjustment functions up to 7 m/s windspeed. Furthermore,today's automated 
measurements  monitor precipitation at much higher frequencies than the mostly manually 
performed measurements during the intercomparison. These limits the applicability of the 
adjustment functions for todays precipitation measurements in Norway.  
 
The Norwegian Meteorological Institute, Statkraft and other Norwegian energy companies 
are cooperating and preparing an extended field experiment. The experiment aims on the 
development of a new set of adjustment functions which are more suitable for Norwegian 
climate and thus improving the data quality of Norwegian precipitation measurements. Over 
the course of three consecutive years, data of Norway's current standard precipitation 
measurement system, Geonor rain gauge and Alter windshield, will be compared with data of 
a Geonor rain gauge with Alter windshield inside a double fence (DF) construction which 
diminuishes the influence of wind on the measurements. The designated test site is a 
mountain plateau in Southern Norway often exposed to high wind speeds combined with 
snow fall and mixed precipitation, thus representing typical Norwegian climate conditions. 
The higher quality of precipitation data will, beside the expected improvement of regional 
climate models, also help energy companies with budget and production calculation of the 
country's hydroelectric power plants. 
 
This paper presents details of the planned test site and results of the measurements of the 
preparation phase to characterize the homogeneity of the observation site. Further analysis 
of the data give the statistical distribution of precipitation events at various windspeeds. 
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Description of the Testsite 
 
The testsite ”Haukeli” is located at the European Road E134 in a mountaineous area in 
Southern Norway at an altitutde of 990 m.a.s.l., coordinates 59.81°N and 7.21°E. The 
landscape is dominated by two lakes (altitude 980 m.a.s.l.), which provide especially during 
the winterseason a large, relatively flat area around the testsite. Local altitude variations of a 
few metres up to 20 m can be found within a hundred metres distance to the site. Mountain 
tops with an altitude between 1300 and 1500 m.a.s.l. are found westwards in a distance of at 
least 3 km. Eastwards, the landscape is ascending relatively quickly and the mountain tops  
are reaching 1250 m.a.s.l. at 1.7-2.5 km distance.  
The closest mountain (1162 m.a.s.l.)  is about 1 km away in north east direction. Statistically, 
only very few wind events occure from this direction and therefore we expect the influence of 
this close mountain to be neglectable. The landscape south of the site is relatively open and 
the closest mountain top is over 4 km away. Figure 1 shows the distribution of wind 
directions during precipitation events embedded in the topopgraphy of the testsite. 
 
 

 
Figure 1: Topographic map of the testsite, wind rose display the distribution of wind directions during solid 
precipiation events, based on a 10 year record. 

 
 

Instrumentation 
 
It is planned to finish all construction and installation at  the site  before the coming 
winterseason 2010/2011. The project is designed for at least three years of measurements. 
Main instruments are three similar rain gauges of type Geonor with Alter wind shield which 
will be placed in a North-South line, perpendicular to the main wind direction.  One of them 
will be surrounded by an octagonal double fence (DF) construction (Figure 2) and work as 
the reference.  
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Figure 2: Schematical drawing of the Double Fence construction which provides shelter from wind influence on the precipitation 
measurements. The rain gauge in the figure is a Tretyakov gauge as used in the WMO DFIR. For the described study wel will 
replace the rain gauge with a Geonor. Source: Goodison et al. (1998). 

 
For correcting the reference precipitation measurements  from the Geonor-DF for wind speed 
we will refer to a study by Smith and Yang (2010), who compared a similar constructed 
Geonor-DF to the WMO Double Fence Intercomparison Reference (DFIR). The DFIR uses 
the same specifications for the fence as the Geonor-DF, but has a manually Tretyakov gauge 
in the centre. It is the WMO recommended standard reference for precipitation comparisons.  
 
At each rain gauge, wind is measured with an ultrasonic windsensor in sensor height, right 
outside the Alter wind shield. At the Geonor-DF, the windsensor will be placed inside the 
double fence construction and by this allow to measure directly the effect of the reference 
wind shield on the wind. Standard meteorological parameters as temperature, humidity and 
wind in 10 m altitude will be measured on a nearby meteorological mast. Additionally, we will 
monitor snow height and precipitation type. Precipitation sensors in different heights will 
allow to distinguish between drifting snow and snowfall. Two digital cameras will provide a 
tool to identify irregularities, e.g. snow build ups, which might influence the measurements.  
 
Wind and Precipitation Statistics 
 
Regular meteorological measurements were performed during the period 1984-1995 at a 
winter service station in the close vicinity of the chosen site. Observations were done 4 times 
daily, precipitation measurements twice daily at 6h and 18h. Only winter observations 
(October-April) are analysed, since the focus of the study will be the measurement of solid 
precipitation. 
The wind roses in figure 3 show the distribution of wind direction for all wind-measurements 
(6710 observations) and for those with precipitation events (more than 0.3 mm in 12 hours) 
where more than 5 m/s wind was measured (1059 observations). Main wind directions are 
from East and West in both cases. During precipitation events a westerly wind direction 
dominates.   
Figure 4 gives details about maximum windspeed during precipitation events. As 
precipitation was measured in 12 hour intervals, the maximum windspeed during that period 
represents the windspeed better than the actual windspeed at the end of the 12 hour period 
and was used in the figure.  
More than 600 precipitation events in 10 years occur for which maximum windspeed reaches 
between 5 and 10 m/s. A bit less than 600 events feature windspeeds between 10 and 15 
m/s. That means we can expect about 50 events in these classes in each year. An amount 
which allows for statistical analysis of the data. Precipitation events where windspeeds are 
between 0 and 5 m/s or 15 and 20 m/s occur ca. 20 times a year. Over the course of 3 years 
(planned period for the teststation) we can expect about 50-60 events in these classes as 
well. 
 



 4

  
Figure 3: Wind roses showing the distribution of wind speeds during winter months (left panel) and during solid 
precipitation events (right panel). Data are based on 10 year record. 

 
 

 
Figure 4: Distribution of maximum windspeed during solid precipitation events. Data are based on a 10-year data 
record. 

 
 
During winter 2010, prestudy measurements were performed at the testsite. Two Geonor rain 
gauges with Alter wind shields were mounted about 25 m apart from each other. Wind 
measurements were performed simultaneously at each sensor with a Gill Wind Observer II. 
Power supply, communication and additionally temperature and humidity measurements 
were installed at a power mast about 25 from the northern rain gauge.  
 
Figure 5 shows the wind direction distribution for 2010 measurements for all observations 
and only those with measured precipitation. Both show a different distribution than the 10 
years record.  
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Figure 5:  Wind roses showing the distribution of wind speeds during winter months (left panel) and during solid 
precipitation events (right panel). Data are based on data observed in February-May 2010. 

 
 
 
The windspeed distribution during precipitation events is different from the 10 year record 
(figure 6) as well. Far less precipitation events were observed and the wind speed during 
events was generally lower than in the 10 year analysis. This winter was atypical in wide 
parts of Norway and we clearly see this effect in the data. It is not obvious, however, whether 
the tilted wind rose is only caused by the non-normal winter. It might also be caused  by the 
slightly different localization between the ten-year record and the last winter data. 
 
 

 
Figure 6: Distribution of maximum windspeed during solid precipitation events. Data are based on data observed in 
February – May 2010. 
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Homogeneity of the Site 
 
In order to assess the homogeneity of the testsite, two similar precipitation gauges (Geonor 
plus Alter wind shield) were set out and operated concurrently. Additional wind 
measurements at sensor height (at both sensors) and temperature measurements at a close-
by mast were performed. Goodison et al. (1998) presented a set of formulas to objectively 
evaluate the homogeneity of a comparison. For the homogeneity analysis only precipitation 
events with more than 0.5 mm in three hours were used.  
 
Table 1 shows the calculated homogeneity parameters for the precipitation events measured 
at Haukelistation. The mean precipitation and the mean root square deviation of the data 
series of north and south sensor are almost identical. The high correlation coefficient of 0.94 
and a random error of 0.07 mm or 8.2% testify a good homogeneity of the measurement site.  
 

mean precipitation P  [mm]  87.0;89.0  SN PP  

mean root square deviation P [mm] 30.0;30.0 
SN PP   

correlation coefficient r  0.94 
natural variability P [mm] 0.29 

random error P [mm (%)] 0.07 (8.2%) 
measure of relative error   [mm] 0.25 
number of observations 44 

 
Table 1: Summary of homogeneity evaluation of  Haukeli teststation. Precipitation events were observed with two 
similar rain gauges and compared. 
 

Also the graphical comparison of the recorded precipitation events at both sensors, shown in 
the left panel of Figure 7, demonstrate a satisfying homogeneity. The points are spread 
evenly around the one-to-one relationship. We applied the same test on wind measurements. 
The right panel of Figure 7 shows the comparison of mean wind recorded at both sensors 
and table 2 summarizes the results for all wind parameters. 
 

 
Figure 7: Comparison of precipitation events (left) and wind measurements (right) from north and south sensor at Haukeli station 
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 FF FG FX FF_mean 
Mean(X_S) 4.07 5.1 6.85 4.05 
Mean(X_N) 3.92 4.94 6.75 3.91 

SX _  3.14 3.34 4.4 3.07 

NX _  3.11 3.31 4.32 3.04 

r  0.99 0.99 0.99 0.99 

X  3.11 3.31 4.34 3.05 

X  0.29 (7,2%) 0.29 (5.8%) 0.36 (5.3%) 0.25 (6.3%) 
  0.09 0.09 0.08 0.08 
n 1747 1751 1750 1751 
 
Table 2: Summary of homogeneity evaluation of  Haukeli teststation. Wind parameters were observed with two similar 
wind sensors and compared. 

 
Summary and Outlook 
 
The Norwegian Meteorological Institute has in coopereation with Statkraft AS and other 
energy companies in Norway started an initiative for the improvement of solid precipitation 
measurements in the Norwegian weather station network by developing a new set of wind 
correction functions. A testsite in the Southern Norwegian mountaineous area was chosen 
which offer a sufficient amount of precipitation events under different wind speeds. Available 
data is a 10 year record measured at a nearby winter service station. Statistical analysis of 
this data record let expect ca. 50-60 solid precipitaion events per year for the wind speed 
intervals 5-10 m/s and 10-15 m/s. For lower (0-5 m/s) and higher (15-20 m/s) wind speeds an 
average of about 20 precipitation events per year were counted. Intensive measurements of 
precipitation and auxiliary parameters are planned for the course of three consecutive winter 
seasons and thus ensure the sufficient amount of data for a meaningful analysis. 
Last winter season was used for a homogeneity evaluation of the testsite. Both, precipitation 
and wind wind measurements from two similar sets of instruments showed very good 
agreement and testified a sufficient homogeneity of the location. 
Currently, the instrumentation for the testsite is in preparation. We are planning to install 
three Geonor rain gauges in a North-South line, one of them within a double fence 
construction. Wind measurements will be performed beside each rain sensor in sensor 
height and at a meteorological mast in 10 m height. Temperature and humidity will be 
monitored as well as various auxiliary parameters. Measurements are planned to start in the 
beginning of the winter season 2010/2011 and continued throughout the three following 
winters.  
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