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Abstract—Field measurements of wet-snow accretion have 

been made for numerous events in Iceland. The measurements 
are made with load cells in special test spans and, in some cases, in 
operating transmission lines. They can accurately identify the rate 
and size of accumulation and normally include measurements of 
air temperature as well. The largest events include wet snow 
accumulation above 15 kg/m within 10 hours, and they are 
associated with very large amounts of precipitation and/or gale 
force winds. Six cases are selected and used to evaluate how well 
two existing cylindrical accretion models of wet snow can predict 
the accretion of wet-snow icing. The weather parameters that 
were not directly measured in-situ and are needed for the 
accretion models, i.e., wind speed, precipitation rate and 
snowflake liquid water fraction, are derived by using A-WRF 
simulations that were specially made for the cases at high 
resolution, and by studying observations of weather from a dense 
network of weather stations. The performance of the cylindrical 
accretion models is analyzed with special attention to the 
influence of sticking efficiency on the amount and timing of wet-
snow accretion. The strong and weak points of the models are 
discussed. 

I. INTRODUCTION 

Wet-snow icing is often an important aspect of structural 
loading for overhead transmission lines (OHTL), especially at 
low altitude. Wet-snow events are relatively rare, and it is thus 
often difficult to collect sufficient field data for statistical 
evaluation of the loading. It is important to use all available 
data when evaluating the risk of wet-snow icing, and today it is 
becoming more feasible to use icing models to calculate the 
wet-snow icing risk. The icing models need reliable input data, 
e.g., different weather parameters, and these can be prepared 
with state-of-the-art numerical atmospheric models. Several 
different wet snow models have been developed, but there is a 
lack of field data to verify the models.  

Wet-snow icing has posed a great threat to overhead lines 
in Iceland, as revealed by an extensive data collection program, 
which has been in operation for decades [1]. The associated 
database contains detailed information on all known icing 
events on overhead lines, including wet-snow events, which 
are especially frequent and serious in coastal areas. The 
amount of wet snow accumulation varies greatly depending on 
the direction of the OHTLs and topography; often the most 
affected sites are found in downslope winds on the lee side of 
mountains. The wet snow accumulation in Iceland is usually 
combined with relative high wind speed compared to events in 
many other countries, due to orographically enhanced flow as 
well as the relatively low surface roughness associated with 
sparse vegetation. At the time of accumulation, the 10-minute 
average wind speed often ranges from 10 to 25 m/s, concurrent 

with heavy precipitation, as revealed by observations from a 
dense network of weather stations [2]. This often leads to high 
ice load and relatively high density of the snow sleeve ( [3] and 
[4]). Additionally, numerous events of wet-snow accretion 
have been documented in detail by a network of dedicated test 
spans in Iceland. The field measurements can accurately 
identify the rate and magnitude of accumulation and normally 
include measurements of air temperature at conductor height. 
The measurements include events with loading above 15 kg/m, 
and the largest events are associated with very large amounts 
of precipitation and/or gale force winds. In this study, 
measurements from six cases of wet-snow accretion are used to 
evaluate how well two existing cylindrical accretion models of 
wet snow can predict the accretion of wet-snow. The weather 
parameters that were not directly measured in-situ and are 
needed for the accretion models, i.e., wind speed, precipitation 
rate and snowflake liquid water fraction, are derived from 
high-resolution A-WRF simulations and observations of 
weather from a dense network of weather stations. The 
performance of the cylindrical accretion models is analyzed 
with special attention to the influence of sticking efficiency on 
the amount and timing of wet-snow accretion.  

II. ICING MEASUREMENTS 

Field measurements of icing are made in many places in 
Iceland [5]. Most of the measurements are made in special test 
spans, but measurements are also made on some operating 
transmission lines. The measurements are made with load cells 
measuring loading at a frequency of 0.5-1.0 Hz and store 
maximum, minimum and average values for each at 10-minute 
intervals. The test spans are 80 m long, and the conductors are 
strung on wooden poles 10 m above the ground. End tension 
measurements are made, and the unit load of icing is derived 
by assuming equally distributed ice load on the measuring span 
and the guy wires supporting the poles. In operating overhead 
lines the loading is measured in suspension attachments. The 
measured loading includes both ice and wind load. By using 
estimated wind speed and fluctuation in load measurements, it 
is possible to subtract the wind load from the measured data to 
evaluate the ice load.  

III.  SIMULATION OF WEATHER 

The atmospheric parameters needed as input for the wet-
snow accretion models, including those not directly measured 
in-situ, are prepared based on atmospheric simulations with the 
non-hydrostatic mesoscale Advanced Research WRF-model 
[6]. The atmospheric model is forced with input data from the 
ECMWF, and the simulations are done at a horizontal 



resolution of 9, 3 and 1 km. The high resolution is necessary to 
adequately reproduce the complex topography of Iceland and 
the wet snow sites. The most relevant parameterizations for 
studies of wet-snow accretion are those of atmospheric water 
and precipitation processes, which are done with the 
Thompson scheme [7], a scheme previously used for similar 
studies. It is a bulk scheme, and the relevant water phases for 
wet-snow accretion are those of snow, rain and graupel. 

After detailed verification of each simulated event, data at 
relevant locations were carefully post-processed, based on a 
comparison of the simulated data with available observations 
from a dense network of weather stations. This was done in 
order to correct some of the inherent errors in the simulated 
dataset and make it more accurate and suitable for input into 
the wet-snow accretion models. Due to the high sensitivity of 
wet-snow accretion on small variations in, e.g., atmospheric 
water content, temperature and winds, imperfect input data, 
inaccurate model parameterizations and surface characteristics, 
as well as a simplified representation of the accretion process 
itself, are only a few of the important sources of errors. A more 
detailed description of the setup of the atmospheric model and 
the methodology is given in [8].  

IV. CYLINDRICAL ACCRETION MODEL FOR WET-SNOW ICING 

Different models have been proposed for wet-snow icing 
accretion, such as: Admirat [9], Sakamoto [10], Poots [11], 
Makkonen [12], Finstad&Ervik [13], Nygaard et al. 2013 [2]. 
The most used approach is based on the simple time-dependent 
cylindrical accretion model that is described in ISO 12494-
2000 [14]. It describes how particles, which can be either 
liquid (usually super cooled), solid or a mixture of different 
water phases, accumulate on objects. The accumulation rate 
(kg/s) is described by 

��
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where V is particle impact speed perpendicular to object 
(m/s); A is the cross-sectional area (m2) perpendicular to 
object; w is water content (kg/m3); α1 is the collision 
efficiency; α2 is the sticking efficiency, and α3 is the accretion 
efficiency. 

In this study the atmospheric water content for wet-snow 
accretion is based on the results of the aforementioned 
atmospheric simulations and includes the rain (Qr), snow (Qs) 
and graupel (Qg) phases. The snowflake impact speed is the 
vector sum of the wind speed U and the terminal velocity of 
the snowflakes, assumed here as 1 m/s. 

For wet-snow icing it can be assumed that the collision 
efficiency and the accretion efficiency is unity (α1=1 and 
α3=1). The main difference in the wet-snow icing models is 
related to the assumption of the sticking efficiency (α2) and 
density of the accumulation. Presently, theory on the sticking 
efficiency of wet snow is limited, and the available 
approximate methods are empirical equations, based on 
laboratory simulations and some field observations. The main 
factors that may influence the sticking efficiency are believed 
to be the liquid on the surface of the snow particles and the 
impact speed. The best approximation for sticking efficiency 
has been considered to be the Admirat approach [9]. Recently a 

new and promising approach was presented by Nygaard et. al. 
[2]. Below these two methods are briefly described and 
compared for the selected icing cases. 

A. Admirat model (ADM) 

The Admirat parameterization of the wet snow cylindrical 
accretion is mainly based on calibration of data from wind 
tunnel tests and field observations from Japan and France. In 
this study the Admirat model is taken as: 

• Accumulation is in the temperature range of 0 to 2°C 
• Sticking efficiency is  α2 = MAX[ 1/V ; 0.1] 
• Water content is taken as w = Qs + Qr + Qg 
• Density of wet snow = 100 + 20 V 

B. Model by Björn Egil Nygaard et al. (BEN) 

A new approach to modeling wet-snow icing, based on 
atmospheric simulations and the liquid water fraction of snow, 
was presented in [2]. Wet snow is identified in the atmospheric 
model (WRF with the Thompson scheme) when the falling 
snow melts and is transferred from the snow category to the 
rain category. Thus, wet snow conditions are identified when 
snow and rain coexists in a grid box, in prescribed ratios. The 
sticking efficiency in the model is based on the ”fraction of 
frozen precipitation” denoted as SR. It is calculated from the 
WRF output by: SR = (Qs+Qg)/(Qs+Qg+Qr). In this study the 
BEN model is taken as: 

• Accumulation is when SR = (Qs+Qg)/(Qs+Qg+Qr) is 
in range of 0.5 to 0.98 

• Sticking efficiency  �� =
����	(�∙���.�)

�∙��.�
  

when 0.5 < SR < 0.98, otherwise α2 = 0 
• Water content is taken as w = Qs + Qr + Qg 
• Density of wet snow = 700 kg/m3, which is based on 

field measurements in Iceland. 

V. STUDY OF SIX WET-SNOW ICING CASES 

In this study six events of wet-snow icing at five different 
locations are studied. The observed ice load in the events 
varies greatly. Table 1 lists the cases and gives a brief 
description on the type of measurements. Events in Case 1 and 
Case 6 are the most extreme wet-snow events that have been 
recorded and were associated with extensive damage to both 
the electric transmission and distribution systems, and blackout 
in large regions in Iceland [8]. Ice accumulation was measured 
on energized lines in two of the events, up to the point when 
adjacent towers failed. 

Table 1. Wet-snow icing cases 

Case Measurements Acc. Time 
(hours) 

Ice load 
(kg/m) 

1 Susp. point in operating 132 kV OHTL 11.01 14.51 

2 End tension in 80m test span 6.0 2.5 

3 Susp. point in a test line with two spans 14.5 7.0 

4 Susp. point in a test line with two spans 54.0 4.0-8.0 

5 End tension in 80m test span 11.0 2.5 

6 Susp. point in operating 132 kV OHTL 8.5 16.0 

1 
Ice accumulation was ongoing when failure occurred at the measuring site. 



Icing models are often made using the vertical cylinder 
approach, i.e., assuming that particle impact speed is 
perpendicular to the object. The field measurements used in 
this study have horizontal spans with fixed direction, and the 
accretion is thus reduced when the wind direction is not 
perpendicular to the span. The icing models used here (ADM 
and BEN) are used with the actual horizontal cylinder direction 
approach instead of the vertical approach. Potential icing 
accumulation (POT) is also presented for all cases, POT is 
defined as accumulation of all the available water mass (Qs + 
Qr + Qg) when the temperature is in range of 0°C to 2°C; this 
is equivalent to assuming that  α2 = 1.0 in the ADM model. 
The icing models use measured temperatures at sites when 
available, otherwise it uses calculated values from WRF-
analysis. The icing models are run without the option of ice 
shedding. 

CASE 1 –132 KV KS1, SEPT. 2012 

On 10 September 2012, a severe wet snow storm hit 
Northeast Iceland. This event caused extreme ice load on many 
overhead transmission and distribution lines in the area. The 
wet-snow accretion was combined with strong winds, resulting 
in broken distribution poles and 132 kV H-frame towers. Such 
extreme snowfall so early in the autumn is exceptional, 
especially when associated with average wind speeds in excess 
of 20 m/s. There was widespread accumulation of wet snow in 
a certain altitude interval in the region. This event is described 
in more detail in [8].  

The measurements of the wet snow accumulation were 
obtained from a load cell that was in operation in a suspension 
attachment of the 132 kV KS1 transmission line in wooden H-
frame tower (N65°57'32.0'' W16°59'00.7'' 280 m.a.s.l.), see 
Fig. 1. The collected load data describe in detail both the exact 
timing and the magnitude of the load. The wet snow 
accumulation is shown in Fig. 2. The loading increases 
continuously for 11 hours when it suddenly drops. This drop is 
due to failure in adjacent towers that broke down. It is known 
that the accumulation continued for some time after the failure, 
and it can be seen in the load curve, although measurements 
are unreliable after the failure. 

 
Fig. 1. Suspension tower in 132 kV KS1 with measuring equipment in left 

phase at Reykjaheiði site. 

The topography in the region of interest is relatively 
simple, which contributes to the accuracy of the WRF 
simulations that are verified by observations from a dense 
network of both automatic and synoptic weather stations. The 
main uncertainty relates to the quality of the forcing data for 
the atmospheric model (ECMWF-analysis) and the 
representation of the surface characteristics in the region. 

Overall, the observed wind and temperature are well 
reproduced, with the greatest difference associated with 
overestimated temperatures during the accumulation period. 
However, during this period observations of temperature are 
unreliable at many stations as the shelter around the 
thermometer is packed with melting snow, consequently the 
thermometer reading is nearly constant at 0°C for an extended 
period. Due to the extreme wind speeds during the event, 
significant undercatch of the snowfall is expected at all 
precipitation gauges; however, the precipitation and 
atmospheric water content is expected to be reasonably 
reproduced. Several weather stations are located in the region 
with the most extreme wet-snow loading. Data from these 
stations have been used to post-process simulated values at the 
locations where observations of wet snow loading are 
available. The data used in Case 1 is based on the atmospheric 
simulations and observations from the nearby automatic 
weather station at Þeistareykir, which is 5.3 km south of the 
measuring site, as well as several other surrounding but more 
distant stations. The main modifications done are a simple 
correction, based on the error in simulated temperature and 
wind at the wet snow site and at Þeistareykir, but taking into 
account the low reliability of some temperature observations 
during the intense wet-snow accretion. The atmospheric water 
content and the liquid water fraction were adjusted, based on 
investigation of the spatial structure of the precipitation field 
and the adjustment made to the simulated temperature at the 
site. These adjustments lead to accurate parameters for the site. 

 
Fig. 2. 132 kV KS1. Comparison of icing measurements and icing model. 
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The comparison between the measured loading and the 
calculated icing reveals that there is a sufficient flux of water 
to explain the accumulation, see POT curve. The WRF analysis 
predicts that the water content is mainly rain (Qr) in the 
beginning but changes to snow (Qs) later, the SR is in range of 
0.8 to 1.0 at the time of accumulation. Both icing models by 
BEN and ADM predict wet snow accumulation but less than 
observed. The BEN model predicts more icing than the ADM 
model and is closer to measurements, while the icing rate is too 
slow in both models. The accumulation in the icing models 
starts about 6 hours before it is identified in measurements, the 
WRF analysis predicts that SR is less than 0.8 in that period 
with significant amounts of rain. The icing models predict that 
accumulation continues about 12 hours after the loading drops 
due to failure of the adjacent towers. Accumulation did in fact 
continue for some time after the drop in loading, as can 
deduced from the load data.  

CASE 2 – TEST SPAN, GÆSAFJÖLL, SEPT. 2012 

This wet-snow event at Gæsafjöll occurred in same weather 
as is described in Case 1. The location of the measuring site is 
farther inland, 120 m higher in altitude and approx. 19 km 
south of the site in Case 1. Measurements were made in an 80-
m-long test span. (N65°47'17.0'' W17°00'12.8'', 400 m.a.s.l.). 

 
Fig. 3. 80 m test span at Gæsafjöll, 2012. Comparison of icing measurements 

and icing model. 

At the Gæsafjöll site, there is, in addition to the test span, 
an automatic weather station giving accurate observations of 
wind and temperature at high temporal resolution. The overall 

quality of the simulations is the same as for Case 1, and at the 
test span in Gæsafjöll the observations were well reproduced 
by the atmospheric model. Only slight modifications were 
made in the post-process to the simulated data, and the input 
parameters at the site are classified to be accurate and reliable. 

The comparison between the measured loading and the 
calculated icing in Fig. 3 reveals that there is a sufficient flux 
of water to explain the accumulation. The WRF analysis 
predicts that the water content is mainly snow (Qs), and SR is 
in range of 0.85 to 1.0 at the time of accumulation. The icing 
model by BEN predicts the wet snow accumulation rate very 
well but continues hour to long and ends with higher total 
accumulation. The ADM model also predicts accumulation, 
the accumulation rate is too low but it lasts for two hours to 
long. Total loading in ADM is slightly lower than the 
evaluated ice load.  

CASE 3 – TEST SPAN, FLJÓTIN, MARCH 1999 

This event occurred in an area where heavy wet snow 
accumulation has often been experienced on overhead lines, 
and today most of the distribution system has been put 
underground due to regular failures related to wet snow. The 
area’s topography is complex, as it is located on a mountainous 
peninsula in North Iceland, reaching more than 1000 m above 
sea level. Typically, the heaviest ice load occurs in strong 
northeasterly flow when moist maritime air masses are lifted 
over the mountains and subsequently descend down the slopes 
on the lee side. This was also the case on 12 March 1999 when 
there was extreme accumulation of wet snow at the site. The 
accumulation started around 0100 UTC and continued for 15 
hours. During the accretion, the temperature range was 0°C to 
1.5°C, and the 10-minute average wind speed was estimated 
from a nearby weather station to be in the range of 10-25 m/s. 
This event has previously been described in [15] and [16]. 

Measurements are made in a test span consisting of three 
wooden towers; the towers are the remaining part of a 22 kV 
overhead line that has been replaced by underground cable due 
to frequent failure related to wet-snow icing. (N66°03’27.2” 
W19°01’01.8” 20 m.a.s.l.). The station is located leeward to 
the west of the mountains (Fig. 4). 

 
Fig. 4. Test site, two 110m spans facing the ice storms direction. 

The very complex topography in the region complicates all 
atmospheric simulations. There is a relatively large number of 
weather stations in the region, and the atmospheric situation is 
well reproduced at many of the stations but far worse at others. 
The main errors and uncertainty relate to the quality of the 
forcing data for the atmospheric model (ECMWF-analysis), 
the quality of the representation of the surface characteristics in 
the region, and to what extent observations at individual sites 
can be considered representative of the weather on the 
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horizontal scale of the model. Overall, the observed wind and 
temperature are well reproduced on the upstream (eastern and 
northern) side of the Tröllaskagi Peninsula, but as is often the 
case in complex terrain, the greatest errors are found in the lee 
of large mountains to the west. Precipitation was highly 
localized in the lee of the complex terrain, but due to the 
extreme wind speeds during the event, significant undercatch 
of the snowfall is expected at the available rain gauges. 
Precipitation and atmospheric water content is however 
expected to be reasonably reproduced, based on the available 
data and experience with the atmospheric model. 

The location of the test span is characteristic for downslope 
windstorm locations, as is the location of an automatic weather 
station 10 km farther north. The conditions at the test span and 
the weather station are somewhat similar, especially in 
northeasterly and easterly winds. The flow was relatively 
poorly reproduced at the weather station, and hence it is not 
fully clear how well the input parameters at the test span site 
are simulated, where only temperature is measured. The very 
high spatial gradient in wind speed and atmospheric water 
content further complicates the matter but also shows that even 
if the extreme conditions at the site itself are not correctly 
reproduced, such conditions exist within a few grid cells (1-3 
km) further upstream. The necessary adjustments to the data 
were significant, and the input parameters at the site are 
classified to be somewhat accurate. 

 
Fig. 5. Test span, Fljótin 1999. Comparison of icing measurements and icing 

model. 

 
Fig. 6. Sample taken from ground in April 1999, four weeks after the 

accumulation. 

The comparison between the measured loading and the 
calculated icing reveals that there is hardly sufficient flux of 
water in the WRF analysis to explain the accumulation in the 
first hours; almost all the water has to accrete on the wires to 
explain the loading. Both the BEN and the ADM model 
underestimate the accumulation. The BEN model predicts 
accretion more than 6 hours before it is measured, and at this 
time SR is above 0.5 and the temperature above 2°C. 
Presumably the bad fit of the icing models can be explained to 
a large extent by poor input parameters, based on the 
atmospheric simulations. Namely, the wind speed was 
presumably underestimated as was the liquid water content, 
which may be a result of underestimating the spatial extent of 
the downslope windstorm above the lee slopes of the 
mountain, as previously pointed out in [17]. In fact, more wet-
snow accretion is simulated a few km further upstream (not 
shown). 

CASE 4 – TEST SPAN, FLJÓTIN, JAN. 2013 

This is the same measuring site as described in Case 3. The 
event of 28 January 2013 is in most respects very similar to 
Case 3 from 1999. The weather was characterized by very 
strong northeasterly winds of at least 20 m/s, associated with 
extreme amounts of precipitation. The temperature, which was 
only a few degrees above zero, slowly decreased during the 
event. 

The measurements at this test site include three different 
conductor setups, with 2 m spacing between them. The setups 
counted from the icing direction are: (i) 12 mm conductor,  
(ii) 28 mm conductor and (iii) 18 mm conductor. In this event 
the different setups show all the same accumulation tendency, 
although there is a difference in the maximum loading, see  
Fig. 7. The greatest accumulation occurred on the 28 mm 
conductor that is positioned in the middle. The second greatest 
accumulation was on the 12 mm conductor positioned next to 
icing direction, and the lowest ice load occurred on the 18 mm 
conductor farthest away from the icing direction. It is not 
completely clear why loading for the 18 mm conductor gave 
the lowest accumulation, but it may at least partly be related to 
shielding effects.  

Due to how recent this event is, the quality of the input data 
forcing the atmospheric model is somewhat better than for the 
event in 1999; furthermore, there is a greater number of 
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weather stations with available data. The observed wind and 
temperature are overall well reproduced on the upstream 
(eastern and northern) side of the peninsula, but worse at many 
locations in the lee of large mountains. Precipitation was 
highly localized in the lee of the complex terrain, with 
significant undercatch at the available rain gauges, but the 
precipitation and atmospheric water content is nevertheless 
expected to be reasonably reproduced. 

The flow is reasonably reproduced at the weather station 
nearest the site, and hence the quality of the simulated input 
parameters at the test span site is expected to be adequate but 
not necessarily good. As for the 1999 case, there is a high 
spatial gradient in wind speed and atmospheric water content 
further complicating the matter. After the necessary post-
processing, the input parameters at the site are classified to be 
reasonably accurate. 

 
Fig. 7. Test span, Fljótin 2013. Comparison of icing measurements and icing 

model. 

The comparison between the measured loading and the 
calculated icing for the 12 mm conductor reveals that there is a 
sufficient flux of water to explain the accumulation. The WRF 
analysis predicts that the water content is mainly snow (Qs), 
with SR in range of 0.8 to 1.0 at time of accumulation. The 
BEN model predicts the wet snow accumulation pretty well. 
The ADM model predicts too low accumulation in the 
beginning of the event. During the period 2013-01-28 20:00 to 
2013-01-29 14:00 the ADM is predicting accumulation while 
no accumulation is observed. Due to this the peak loading in 
ADM is close to the peak of the evaluated ice load. 

CASE 5 – TEST SPAN, ÓLAFSFJÖRÐUR, OCT. 2001 

The weather during the Ólafsfjörður event of October 2001 
was in many respects similar to the weather during the major 
events at Fljótin, described in cases 3 and 4, and occurs in the 
same region. Winds were very strong from the northeast and 
north, and were associated with large amounts of precipitation. 
Ólafsfjörður is a small fjord located on the upwind site of a 
mountainous peninsula (Tröllaskagi), and the weather there is 
strongly affected by proximity to the ocean on the upwind side 
and the surrounding complex topography (N66°03'50.6'' 
W18°40'49.7'' 10 m.a.s.l.). 

 
Fig. 8. Test span in Ólafsfjörður, 80 m long on wooden poles and 10 m 

above ground. 

Overall the weather at the Ólafsfjörður site and at many 
other weather stations in the region is very well reproduced by 
the atmospheric simulations. Wind speeds and wind direction 
are accurately captured, while the temperature is at some 
locations somewhat overestimated. Large amounts of 
precipitation were observed, but the expected undercatch of the 
rain gauges complicates direct comparison with the simulated 
precipitation field at many locations; however, atmospheric 
water content and precipitation amounts are expected to be 
reasonably accurate. 

There is an automatic weather station near the test span, 
and here winds were excellently captured (approx. 10 m/s and 
directed along the main axis of the fjord), while there was an 
approximate 1°C temperature bias in the simulations. The 
modifications to the simulated data were limited to correcting 
the temperature bias and slightly adjusting the precipitation 
and atmospheric water amounts to reflect the temperature shift 
and observed amounts of precipitation. The post-processed 
simulated values are expected to be accurate and reliable. 
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Fig. 9. Ólafsfjörður 2001, 80 m test span. Comparison of icing measurements 

and icing model. 

The comparison between the measured loading and the 
calculated icing reveals that there is sufficient flux of water to 
explain the accumulation. The WRF analysis predicts that SR 
is in the range of 0.6 to 0.8 in the beginning of the 
accumulation, when the icing rate is slow. SR is in the range of 
0.8 to 1.0 when the icing rate increases. The icing model by 
BEN predicts the wet snow accumulation quite well; the ADM 
model also predicts accumulation but somewhat too low. The 
time of accumulation is well predicted in both models, 
although accumulation in the BEN model stops too soon due at 
SR=1.0 (no sticking). The accumulation in measurements and 
models stops when temperature becomes negative and wind 
speed is reduced. 

CASE 6 – 132 KV MJ1, DEC. 2012 

On 30 December 2012 a severe wet snow storm hit 
Northwest Iceland, with heavy snowfall and very strong winds. 
Icing conditions and icing on overhead power lines were 
observed at many locations in the region, which is 
characterized by very complex orography, while mountains are 
generally not much higher than approximately 700 m. Wet 
snow accumulation on the conductors of transmission and 
distribution lines was mainly confined to locations on the 
immediate leeside of mountains and hills. There are indications 
that the heaviest accumulations were combined with drift snow 
from nearby hills, mountains and other landscape features 
where the flow was locally enhanced. The extreme wet-snow 

accretion and the very strong winds resulted in significant 
damage to both the transmission and the distribution system. 
This event is described in detail in [8]. Measurements are made 
in an operating 132 kV MJ1 overhead transmission line at the 
Kambur location; the load cell is located in a suspension 
attachment to one H-frame suspension tower (N65°29'40.5'' 
W21°57'45.7'' 40 m.a.s.l.).  

 
Fig. 10. Suspension tower at Kambur in 132 kV MJ1 with measuring 

equipment. 

There is a relatively large number of automatic and 
synoptic weather stations in the region with useful data for 
verifying the simulations and analyzing the event. The 
observed atmospheric parameters are on average well captured 
by the simulations, but better captured on the upwind side of 
the mountains and on average very well in the mountains 
themselves. The performance is somewhat worse on the leeside 
of the mountains, including some of the sites where intense 
accumulation was observed. As for other wet-snow events, the 
strong winds during snowfall complicate the comparison of 
observed and simulated precipitation; however, the 
precipitation and atmospheric water content is expected to be 
reasonably captured. Winds are on average well captured but 
in some cases underestimated in the lee of mountains, while 
temperatures are in some cases slightly too high. 

There are two weather stations some kilometers away from 
the icing measurement site at Kambur, which is located in the 
immediate lee of a mountain. At an upstream station in the 
mountains the observed weather is very well reproduced. At 
another leeside station slightly north of Kambur there are some 
errors in the simulated winds and temperatures, but the quality 
of the simulations is on average good. The necessary 
modifications at Kambur are based on a comparison with 
observed values at these two stations and the temperatures 
observed at the measuring site itself. The simulated data for 
Kambur is expected to be reasonably accurate and reliable. The 
model, however, is unable to correctly represent the effect of 
the highly complex and small-scale topographic features at the 
site itself, e.g., those seen in Fig. 10. 
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Fig. 11. Kambur 2012, 132 kV OHTL in operation. Comparison of icing 

measurements and icing model. 

The comparison between the measured loading and the 
calculated icing reveals that the flux of water is hardly enough 
to explain the accumulation. It is believed that local small-scale 
landscape features may accelerate or lift the surface flow, 
causing significant amounts of drifting snow and enhanced 
water flux at the elevation of the conductors (Fig. 10). 
Furthermore, accumulation at the sites may also be affected by 
the advection of super-cooled cloud and rain water possibly 
formed due to orographic uplift in a dramatic gravity wave 
above the mountain. Such gravity waves and formation of 
super-cooled atmospheric water have been simulated at several 
locations in the region during the storm and in other cases 
where extreme wet-snow accretion has been observed on the 
lee-side of the mountains. This matter is subject to further 
investigation and is discussed in more detail in [8]. 

The BEN model predicts accumulation that starts too early 
and is too slow; it starts when SR passes 0.5, and it stops when 
SR becomes > 0.98, while, at the same time, the actual icing 
rate is high and continuous for 3 hours. The ADM model 
predicts small wet snow accumulation and much less than 
observed (Fig. 11).  

VI.  CONCLUSION 

Six cases of moderate to severe wet-snow events have been 
described using field measurements of ice accumulation and 
temperature, observations from a dense network of weather 
stations as well as results from high-resolution atmospheric 

simulations. The accumulated wet-snow icing varies greatly 
between the cases, and the peak loading for each case is in the 
range of 2.5 kg/m to 16 kg/m. The wind speed is in general 
high during these events, and the largest events are associated 
with very large amounts of precipitation and/or gale force 
winds.  

Time series of measured wet-snow loading were compared 
to calculated wet-snow accumulation using two cylindrical 
accretion models (ADM [9] and BEN [2]). The comparison 
reveals that the BEN model predicts more icing and gives 
better results than the ADM model. It predicts the smaller 
events (2-4 kg/m) well but underestimates icing in the larger 
events (> 10 kg/m).  

The ADM model always underestimates the accumulation 
as well as the loading. Part of the explanation why the BEN 
model performs better here is the fact that it was calibrated 
using similar input data (NWP and WRF) and icing conditions 
as in the current events. That is, it was calibrated using 
observed and simulated climate data sets, characterized by 
relatively high winds and large amounts of precipitation, but 
including a large number of moderate to severe wet-snow 
events. The ADM model was calibrated using datasets 
characterized by far weaker winds in e.g., forest-covered 
regions in France and Japan [18], which traditionally give far 
less dense wet-snow sleeves than typically observed in Iceland 
(~700 kg/m3). 

The largest difference between the two icing models is the 
approach to the sticking efficiency (α2), and its dependence in 
the ADM model on a relatively wide temperature range (not 
wet bulb) used to indicate wet snow, while the BEN model 
uses a physically based parameterization of the melting of 
snow in a state-of-the-art atmospheric model. It can be 
concluded that the sticking efficiency is significantly 
underestimated in the ADM model, where it is often equal to 
0.1 (wind speed > 10 m/s). The sticking efficiency in the BEN 
model is most often during accumulation in the range of 0.25 
to 0.40, i.e., when SR is the range of 0.8 to 0.98. The model 
predicts small sticking efficiency when SR < 0.8. The BEN 
model is very sensitive at SR close to 0.98 since the sticking 
efficiency can be rather high at 0.98 but drops to zero when  
SR > 0.98. Small difference in the rain phase (Qr) can thus 
have large influence. There are indications that a better fit with 
observations may be achieved in some of the cases by allowing 
accretion of snow when SR is above 0.98. It is, however, 
difficult to assess if it is due to the evaluation and accuracy of 
SR, i.e., parameterization of atmospheric cloud and 
precipitation physics, or some physics allowing dry particles to 
stick to the accreted snow sleeve on the conductor. 

Overall, using atmospheric data based on the results of high 
resolution numerical meteorological models (WRF), allows for 
a detailed analysis of wet-snow accretion in complex and data-
sparse regions. More so as several of the relevant atmospheric 
parameters are not routinely observed, such as the snow flux 
and its liquid water fraction, which is critically dependent on 
the wet bulb temperature but has previously been based on in-
situ observations of the temperature. Systematic comparison 
with weather observations indicates that the atmospheric 
simulations correctly reproduce the large scale and mesoscale 
flow. The flow is in general best captured away from very 
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complex topography as well as on its upstream side. The worst 
performance, as well as the highest spatial variability in the 
relevant atmospheric fields is found in the lee of and near large 
mountains. Some of the highest wet-snow loading observed in 
the previously described cases may be related to phenomena 
that are poorly reproduced, or not reproduced at all, in the 
input data or in the accretion models. These phenomena can be 
separated into:  

a. Relevant processes not presented in the accretion models 
themselves, which include complex dependence of 
accretion efficiency on the surface temperature and 
humidity of the snow sleeve/conductor, compared to the 
liquid water fraction of the precipitation. That is, accretion 
efficiency is different for a naked conductor compared to a 
snow sleeve, and very wet/dry precipitation may stick to a 
cold/warm and dry/wet-snow sleeve. The current models 
do not account for this. 

b. Poor atmospheric input data, either due to biases in the 
actual parameters or phenomena not reproduced by the 
models. These include, but are not limited to: 1) Errors in 
the spatial extent or location of areas with the most 
favorable conditions for efficient wet-snow accretion, e.g., 
for leeside windstorms which are often associated with 
severe accretion in complex orography. 2) Small-scale 
topography (not represented in the atmospheric model) 
which may channel or lift the surface airflow and introduce 
snow drift or otherwise enhance the precipitation flux at the 
elevation of the conductors. Indications of this have in fact 
been previously found by careful inspection of accumulated 
snow sleeves. 3) Finally, simulations of events 
characterized by localized and severe wet snow 
accumulation in the lee of mountains indicate that gravity 
wave activity aloft may be of significance and enhance the 
surface water flux and accretion on the leeside.  
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