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Abstract—This paper presents a study on wet snow icing on 

cables by comparing modeled wet snow icing in Iceland with 

available data on measured and observed wet snow icing. The 

icing model uses as an input a 25 years data series with hourly 

data in a 2 km x 2 km grid obtained from a state-of-the-art 

numerical weather prediction model simulation. Wet snow icing 

is calculated using a cylindrical icing model in 454 locations. Sites 

have various terrain conditions and were selected to be near 

transmission lines, test spans and weather stations. 

Results from the icing model are compared to available field 

measurements in transmission lines and test spans and historical 

field registration of icing. The paper shows how well icing models 

predict and quantify wet snow icing with current knowledge and 

tools. Discussion and classification are made on the 

topographical conditions where the most extreme wet snow icing 

has historically occurred. The strong and weak points of the 

results are discussed. 

Keywords— Wet snow accumulation, WRF, icing model, field 

measurements, perturbation method, hindcast simulation. 

I. INTRODUCTION 

Wet snow icing is generally a rare event that can have a 

devastating effect on the reliability of overhead transmission 

lines. Experience shows that long-term measurements (>30 

years) are often needed to evaluate the risk of wet snow icing 

appropriately. Recent development in hindcast simulation of 

weather and improvements in wet-snow icing models has led 

to greater confidence in the results of such models. These 

models have great potential in making a reliable icing 

prediction and better knowledge of frequency and 

quantification of the wet snow icing considering the local site 

condition.  

The study aims to use the large dataset of historical wet 

snow events in Iceland to evaluate the accuracy of the 

modeling and make model improvements and calibration.  

The study uses atmospheric hindcast data prepared with the 

Weather Research and Forecasting (WRF) model, where 

cloud microphysics, including the generation of precipitation 

particles through autoconversion, is handled by the Thompson 

scheme [1]. This model has previously been extensively used 

in icing studies, e.g. [2], [3], [4]. 

Different models have been proposed for wet-snow icing 

accretion and significant steps have been made in models by 

Admirat [5], Sakamoto [6], Poots [7], Makkonen [8], 

Finstad&Ervik [9], Nygaard, et al. 2013 [2], Ueno et al. [10], 

[11]. The most used approach when dealing with large-scale 

simulation is based on the simple time-dependent cylindrical 

accretion model described in ISO 12494-2000 [12]. This study 

uses the simple time-dependent cylindrical accretion model 

with sticking efficiency from [2], it also uses ideas on post-

processing ensemble from [3].  

Shedding of wet snow icing is important when modeling a 

continuous long-term icing simulation on conductors. 

Significant steps in the understanding and modeling of the ice 

shedding of wet-snow icing are in [13], [14] and [15]. The 

main findings from these studies were considered when a 

simplified ice shedding model was implemented in the present 

study. 

The total number of points in the WRF analysis of Iceland 

was ~82.000 and out of them were 454 points selected for the 

icing study. The sites were chosen to be near transmission 

lines, test spans and automatic weather stations. Fig. 1 shows 

the location of the sites used in the study. 

 

Fig. 1 Locations of sites in Iceland used in the study.  

II. ICING OBSERVATIONS AND MEASUREMENTS 

In a global context, wet snow accretion is frequent on 

overhead power lines in Iceland. It may occur in all regions, 

but some parts are more exposed than others, and the 

frequency and the amount have significantly varied between 

locations. Wet snow icing in Iceland is usually combined with 

strong winds, which enhance the accretion intensity and ice 

density. In a few cases, extreme wet snow accretion has been 

measured or observed between 15-20 kg/m in Iceland. The 

icing condition during extreme cases varies, but the following 

values indicate a typical situation in severe cases: 
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• Wind speed (10min) ~ 15-25 (m/s) 

• Heavy snowfall 

• Length of accumulation ~ 6-20 (hours) 

• Density of wet-snow ~ 700 (kg/m3) 

A great effort has been made to collect, measure and 

register all known icing events. Available data can be 

classified into (A) direct measurements of icing performed in 

an operating transmission line or specially erected test spans 

and (B) observation of icing on overhead lines. 

A. Measurements of ice load in test spans and operating 

transmission lines 

Icing measurements started in 1972 and have been 

continuous since. Measurements have been made at 61 

locations and many have 10-50 years of continuous 

measurements. Ref. [16] describes the measurements in some 

detail. Most of the measuring sites (~88%) are at altitudes 

between 300 and 1150 m, where rime icing is the primary 

icing type. A large dataset of icing from these sites is available, 

but quite a few cases contain wet-snow icing that is not partly 

combined with rime icing. Nine measuring sites are below 300 

m and they include more reliable measurements of wet-snow 

icing. Some of the sites are subjected to terrain-induced 

enhancements of wet snow accumulation. Ref. [4] and [17] 

show some of the measured wet-snow cases. 

B. Observed icing on overhead lines 

A systematic collection of data and registration of all icing 

events on power lines was started in 1976 and has been 

continuous since. An effort has been made to find information 

on earlier events. A reasonably good overview is now 

reaching back to 1930, with the database containing data from 

power lines of all voltages and some older telephone lines. The 

largest part of the records is related to wet snow accretion on 

the 11-33 kV distribution net. Descriptions of individual icing 

events are done for all affected line sections. They contain 

estimates and, in some cases, actual measurements of typical 

and maximum ice diameters on the section, type of accretion, 

and information on wind and eventual failures. A description 

of the registration is in [18]. A figure showing locations where 

high wet-snow icing has been observed on transmission lines 

is presented in [19].  

III. HINDCAST DATA 

A. Hindcast data (WRF) 

The atmospheric hindcast data is prepared with the 

Weather Research and Forecasting (WRF) model. The 

hindcast simulation was set up using the aerosol-aware 

Thompson microphysics scheme [1] that features the 

modifications made to wet snow predictions as described in 

[20]. The hindcast data has a horizontal resolution of 2 km x 

2 km with 51 vertical levels. The model is forced by the ERA-

5 reanalysis dataset from the European Centre for Medium-

Range Weather Forecasts (ECMWF). The model was run for 

25 years and covered the period between September 1994 and 

September 2019. 

 

Fig. 2 Model domain set up showing the two nested domains of the 

WRF simulation. The horizontal grid spacing is 8km x 8km 

(d01) and 2km x 2km (d02), respectively, for the outer and 

the innermost domains. 

The highest spatial grid resolution of the nested WRF 

model is 2km x 2km, enabling good representations of 

atmospheric flow in large- and medium-scale terrain 

complexity. However, the resolution is insufficient to capture 

local terrain complexity where the topographic length scale 

has a similar dimension to the model grid (or smaller). Some 

of the historical icing events have occurred in such areas as a 

narrow valley (width 4-10 km) or behind a narrow mountain 

ridge. The terrain flow and temperature can be somewhat off 

in those areas. 

B. Verification of data accuracy in WRF analysis 

Temperature and wind speed variables simulated by the 

WRF hindcast data were compared to measurements in 

automatic weather stations at 171 locations. All stations had a 

measuring period exceeding ten years. Table 1 compares data 

in conditions favorable to wet snow with the hourly 

accumulated precipitation (RR1h) >= 1mm/hour and 

temperature in the range of 0 to 2°C in either or both WRF and 

measurements. The temperature bias is small on average but 

with some scatter. The absolute temperature differences at 

individual time stamps are somewhat larger, as expected. The 

WRF data has a higher wind speed than measured. It is partly 

explained by height above ground, since it is ≈20 m in the 

WRF model while measurements are mostly in 10 m and 

partly in 6 m. 

TABLE I. COMPARISON OF WRF RESULTS AND MEASUREMENTS AT 

EACH MEASURING SITE. CONDITIONS FAVORABLE TO WET SNOW. 

 Temperature 

bias* 

Average 

absolute 

temp. 
difference

** 

Wind 

bias* 

Average 

absolute 

wind 
differences

** 

Average, all sites -0.09 °C 1.12 °C 1.9 m/s 3.4 m/s 

Standard 
deviation, all sites 

0.58 °C 0.31 °C 2.0 m/s 1.2 m/s 

*  Temperature and wind bias is defined as the difference in average values 
in WRF and measurement at each measuring site. 

**  Absolute temperature and wind difference are absolute differences 

between WRF and measurement at individual time stamps. The average 
absolute difference is given at each measuring site. 
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C. Water particles and precipitation in WRF 

Information on water content at each timestep is needed in 

the icing model. It can either be obtained from the WRF 

results by using the hydrometeor mixing ratios (Q-parameters) 

or the hourly accumulated precipitation parameters (RR1h 

variable) in combination with fallspeed estimates. The 

Thompson scheme includes four water particles: cloud water 

(QCLOUD=Qc), snow (QSNOW=Qs), rain (QRAIN=Qr) and 

graupel (QGRAUPEL=Qg). The instantaneous values of the 

Q particles were saved on the hour and the time step in the 

WRF analysis is ~10 seconds. Thus, the Q-parameters do not 

necessarily represent well the average hourly value. However, 

the accumulated precipitation parameters (RAINNC=RR1h, 

SNOWNC and GRAUPELNC) provide a sum of each 

precipitation type over the hour. Hourly precipitation rates 

(RR1h) are obtained from time derivatives of the NC-

variables. Previous studies by the authors indicate that using 

precipitation rather than Q-parameters on the hour may 

provide more stable results. Thus, the study used the 

precipitation output from the WRF.  

Snowflakes need to be wet to stick to the accumulation 

surface. It has been argued that it only occurs when the wet-

bulb temperature (Tw) exceeds zero [8]. Hence, it is important 

to relate the basic measurement to the wet-bulb temperature. 

Figures 3 to 7 show a collection of some basic parameters 

from the WRF dataset depending on the wet-bulb temperature; 

they give insight into the data in the WRF dataset. Fig. 3 and 

Fig. 4 show the relative sum of all water particles for the 25 

years in the temperature range of -5°C to 10°C for sites below 

and above 300m. The shift from snow into rain based on wet-

bulb temperature (Tw) can be seen as well as the influence of 

the site elevation on cloud water. Graupel constitutes a 

relatively small part of the water content. 

 
Fig. 3 Relative sum of water particles (Qc, Qr, Qs, Qg) for sites 

below 300 m.a.s.l., depending on wet-bulb temperature (Tw). 

 
Fig. 4 Relative sum of water particles (Qc, Qr, Qs, Qg) for sites 

above 300 m.a.s.l., depending on wet-bulb temperature (Tw). 

It is possible to have a large amount of cloud water (Qc) 

combined with snow (Qs) at a wet-bulb temperature below 

zero. It can lead to sufficient wetness of the snowflakes so they 

can accumulate in combination with the rime icing. 

Measurements in test spans indicate that a few extreme cases 

might be related to this combination. Here this icing is 

classified as rime icing and not included in this study.  

Fig. 5 shows the influence of wet-bulb temperature on the 

sum of hourly precipitation (RR1h) for all sites and the 

average value when precipitation occurs. There is an increase 

in average hourly precipitation with increased wet-bulb 

temperature. The highest precipitation values occurs in the 

temperature range of -0.5 to 5°C and decreases to both ends. 

 

Fig. 5 Sum of RR1h and average RR1h for all WRF data depending 

on wet-bulb temperature (Tw). Relative values are presented. 

The freezing fraction (SR) of precipitation is used in the wet 

snow model in the study. The basic definition of SR in terms 

of Q-parameters is:  

SR = (Qs + Qg) / (Qs + Qr + Qg + Qc) 

Often the Qc variable is not included in the SR, e.g., [2]. It 

is also practical to relate SR to the ratio of snow and rain for 

wet snow and treat graupel and cloud water separately. Here 

the notation SRS&R is used for it.  

The SR-Tw relation was calculated for the whole WRF 

dataset. Fig. 6 shows the mass-weighted average SR-Tw 

relationship for three different definitions of SR. 

 

Fig. 6 Average SR depending on wet-bulb temperature (Tw) and 

definition of SR. 

Particle fallspeed is needed to convert precipitation to water 

content in the air. Fig. 7 shows a relation between RR1h 
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fallspeed and freezing fraction when comparing RR1h and Q-

parameters for the whole WRF dataset. 

 

Fig. 7 Fallspeeds of RR1h depending on the freezing fraction (SR). 

IV. ICING MODEL 

A. Basic icing model 

An icing model used for a continuous long-term simulation 

of icing on conductors has the processes of (i) ice 

accumulation, (ii) ice persistence and (iii) ice ablation. At each 

hour, the change in icing mass consists of accumulation due 

to rime icing, wet-snow icing and glaze icing and ablation due 

to sublimation, melting, and ice shedding. In this study, the 

focus is on wet snow icing. Thus, the process of rime 

accumulation, glaze accumulation and dry snow accumulation 

are excluded from the model. 

B. Wet snow accumulation 

The wet snow accumulation model applied in the study is 

founded on the well-known cylindrical icing model described 

with the following formula. 

𝑑𝑀

𝑑𝑡
= 𝛼1 ∙ 𝛼2 ∙ 𝛼3 ∙ 𝑤 ∙ 𝑉𝑁 ∙ D 

where 1 is the collision efficiency, 2 is the sticking 

efficiency, 3 is the accretion efficiency, w is water content 

(kg/m3), D is the effective accretion dimension (m) 

perpendicular to the object, VN is the velocity of the particles 

perpendicular to the object (m/s).  

Ice accumulation is calculated for an object's specific 

direction (horizontal span approach) as well as assuming 

accumulation from all directions (vertical approach). When 

comparing icing to experience in particular transmission lines 

or test spans, the actual span direction of the line is used; in 

other calculation points, the vertical approach is used. 

A cylindrical wet-snow accumulation model is used with 

improvements made in [2] on the sticking efficiency (2). The 

sticking efficiency in the model is based on the "fraction of 

frozen precipitation," denoted as SR. 

Following assumptions are used in the model: 

• Water content (w) was calculated using hourly 

precipitation (RR1h) and fallspeed. 

 
1 Ref. [2] used the criteria 0.5<SR<0.98. Here SR<0.98 is 

replaced by Tw≥0.98. 

• 1 is calculated using general formulas for collision 

efficiency, assuming an equivalent droplet size of 

0.323mm.  

• 𝛼2 =  
1−cos (9∙𝑆𝑅−4.5)

2∙𝑉0.4  when1  Tw ≥0°C and SR < 0.5 

otherwise 2 = 0. 

• 3 is assumed = 1 

• Frozen fraction (SRS&R) was assessed based on wet 

temperature and the relation between SR-Tw presented 

in Fig. 6. 

• The density of wet snow (kg/m3) accumulation at given 

hour is assumed = 300+42.6VN–1.73VN
2 +0.0222VN

3 

but less than 750 kg/m3. 

The sticking factor 2 can be directly related to wet-bulb 

temperature and wind speed when using the assumptions 

mentioned above, see Fig. 7 

 

Fig. 8 Sticking factor 2 depending on wet-bulb temperature and 

wind speed when using SR-Tw relationship in Fig. 6. 

The SRS&R value was corrected in cases with large cloud 

water contents. The correction was made by including the 

cloud water as part of the water in SR, i.e., defining 

SR=(Qs+Qg)/(Qs+Qr+Qc) and adjusting the SR-Tw ratio 

accordingly. Before the correction was implemented, it led to 

a gross overestimation of wet snow in open areas at high 

altitudes, e.g., mountain tops frequently exposed to rime icing. 

Comparison with measurements in test spans confirmed the 

overestimation.  

Graupel (Qg) was present in the WRF data in some wet 

snow events. When graupel is present, it indicates that riming 

on snow has occurred to a certain degree, increasing the 

particle density and thus reducing the sticking efficiency. It 

could both reduce ice initiation as well as causing reduced 

icing intensity. When graupel was present in the model, the 

sticking efficiency (2) was reduced by a factor of kg=1.0-

1.8*(Qg/(Qs+Qr+Qg)) but ≥ 0.1. 

The sticking factor is here dropping to zero near 1.2 °C 

since it assumes that high liquid water content (LWC) in 

incoming snowflakes will lead to immediate ice shedding. It 

would be more appropriate to reduce the ice shedding 

influence in 2 and treat the ice shedding separately in the 

model. See discussion on ice shedding and thermodynamics 

in the following sub-chapters.  
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C. Thermodynamic criteria 

Wet snow occurs with a wet-bulb temperature above 0°C; 

it leads to positive net heat exchange of convection, 

evaporation and condensation and to melting of the accreted 

snow sleeve. The heat exchanges from air to the snow sleeve 

surface and bare conductor are essential in the wet snow icing 

process. The thermodynamic effect tends to reduce 

accumulation in the initiation phase when the accumulation 

rate needs to overcome snow sleeve melting rate. The melting 

of accumulated snow increases the liquid water content (LWC) 

of the snow sleeve, eventually leading to ice shedding. 

The icing model used thermodynamic criteria with the 

following thermal processes: convective heat, 

evaporation/condensation heat, shortwave radiation heating, 

kinetic heating of air and melting heat. Formulas for the 

thermal processes can be found in literature, e.g. [15], [11], 

[7], [8] and [7]. The Nusselt number has a noticeable effect on 

the thermodynamic process and different formulas have been 

used. The Nusselt number formula from [21] was used in the 

calculation.  

Joule heating of the conductor was not used in the 

calculation; thus, it represents unenergized wire (e.g., ground 

wire) and overestimates ice load on an energized conductor. 

D. Ice ablation 

Ice ablation is vital when modeling icing with a continuous 

data series. The cross-section's average liquid water content 

(LWC) was calculated for each hour using thermodynamics, 

including melting and sublimation of the snow. Ice shedding 

was assumed to start when the LWC reached 40%. The ice 

shedding ratio of ice weight at a given hour was assumed to 

be increasing linear with LWC from zero shedding at and 

below 40% LWC to 100% shedding at 60% LWC. 

E. Perturbation method 

Wet snow events are rare in nature, and their occurrences 

are sensitive to the vertical temperature profile. The analysis 

shows that the wet snow icing model is extremely sensitive to 

the wet-bulb temperature (Tw). A modest temperature shift of 

0.2 to 0.3°C can significantly affect the predicted loading. A 

study of the model results shows that it is challenging to 

predict the ice load at individual sites well during an icing 

event, although the whole event on a larger scale is well 

predicted. The icing accumulation zone is often shifted in 

altitude and occurs where the temperature is slightly different.  

In the study, a method of post-processing ensemble was 

used, whereas the perturbation method was used for sensitivity 

analysis and to enlarge the dataset. The perturbation method 

can be viewed as a sensitivity analysis of given weather or 

extending the data series by reproducing similar weathers with 

slightly different temperatures. It is a method developed and 

first used in conjunction with wet snow icing in [2]. It 

consisted of making 41 analyses of each time series instead of 

only one. In each analysis, the Tw is shifted by 0.1°C. Thus, 

the shifted range spans -2°C to 2°C. For each Tw shift, the 

freezing fraction changes according to the SR-Tw relationship 

shown in Fig. 6. The precipitation amount and relative 

humidity are assumed to remain the same as in the base case. 

Fig. 9 to Fig. 11 shows results from three sites when the 

analysis uses the perturbation method. It shows the three 

largest icing events for each temperature shift. A significant 

change in the maximum events sometimes occurs with a slight 

temperature shift. The largest events clustered together are 

usually from the same event. 

 
Fig. 9 Site SN1-30, three highest events in each analysis. 

Temperature is shifted in steps of 0.1 °C between in each analysis.  

 
Fig. 10 Site Brúnastaðir, three highest events in each analysis. 

Temperature is shifted in steps of 0.1 °C between in each analysis. 

 
Fig. 11 Site KS1-170, three highest events in each analysis. 

Temperature is shifted in steps of 0.1 °C between in each analysis. 

F. Extreme evaluation 

Wet snow icing is rare, and data series of 25 years is 

sometimes relatively short concerning a reliable estimate of a 

large return period of wet snow. The use of the perturbation 

method allows more data to get into the evaluation process. 

The 50-years return periods (I50) were calculated using the 

perturbation method results as one combined dataset. 

Extremes were calculated for five different ranges of 

perturbation sets: ±0.5°C, ±1.0°C, ±1.5°C, ±2.0°C. Results of 

the sets were weighted together into the final evaluation using 

weight factors of 0.40, 0.30, 0.20 and 0.10 to the sets. Extreme 

values were analyzed with the Peak-Over-Threshold method 

(POT) using the Generalized Pareto distribution (GPA). 

Parameters were fitted with the method of Probability-
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Weighted-Moments (PWM). The shape factor of GPA was 

restricted to be between 0 and -0.3. 

There is some correlation between significant events when 

combining different perturbation sets into a larger dataset. The 

benefit of a larger dataset was assessed to outweigh the 

correlation effect. 

V. RESULTS 

A. Comparison to field observation 

There is generally a good correlation between areas that 

have been found to be exposed to wet snow and modeled wet 

snow. Overall, the icing model captures the difference 

between high and low icing areas. Ref. [17] defines five main 

topographical conditions leading to high wet snow icing 

accumulation. Most exposed areas are usually on the lee side 

of high mountains (~600-1000 m) within ~40 km from the 

ocean. These locations are generally well predicted, but some 

have complex terrain topography that is not sufficiently 

resolved in the 2 km x 2 km WRF grid. Snowdrift has also 

influenced extremes at a few measuring sites and it is not 

included in the model. 

Individual icing events are reasonably predicted. Generally, 

the icing events are well predicted, but the main icing area 

may be somewhat shifted in elevation. The perturbation 

analysis is valuable to see how much shift is needed as well as 

to study the sensitivity of the results. 

Fig. 12 shows a comparison of 50-years loading predicted 

using field observations compared to model results at 21 

locations known to have frequent wet snow icing. It is not 

straightforward to compare all the sites due to various factors2 

influencing the comparison. The best line through the data 

shows consistency between model and observations, although 

there is considerable scatter in the results, and they vary 

significantly for some locations. Many locations with large 

difference have local terrain complexity not well resolved in 

the WRF terrain model. 

 

Fig. 12 Comparison of 50-years ice prediction at 21 sites using 

field observations and icing model.  

In some cases, the basic model predicts the highest loading 

within the 25 years data series to exceed the second-highest 

event by a large factor, e.g., factor 4 to 10. It matches 

 
2 Example of uncertainties in icing evaluation are (i) single 

event sometimes dominates the extreme, (ii) many icing 

values are evaluation and not direct measurements, (iii) icing 

area is not always occurring at the same line section within 

experience at some sites when compared to historical icing. 

The perturbation method is especially valuable in these cases. 

B. Comparison to measurements 

Model results were compared to available measurements of 

wet snow icing. Overall, the model was found to give 

acceptable results. Unfortunately, the measuring site with the 

highest and most frequent wet snow could not be compared 

reliable since it has complicated terrain not resolved 

sufficiently in the WRF model.  

Fig. 13 and Fig. 14 show a case from site KS1-168 in Sept. 

2012. This event has previously been described in [4], [22] 

and [17]. Fig. 13 shows a comparison of measurement and the 

basic model. In this event, the loading increased continuously 

for 11 hours and exceeded 15 kg/m before it suddenly dropped 

due to failure in adjacent towers that broke down. The 

accumulation continued after the collapse, although not shown 

in measurements. The icing model predicts the initiation of 

icing a bit too early, the slope of the loading increase is less, 

and the accumulation extends the failure of the tower. 

Measured ice load exceeds predicted ice load at the time of 

failure. Fig. 14 shows results from the perturbation method of 

this event. It shows how the extreme icing depends on the 

temperature shift of the dataset. Shifting the temperature 

0.1°C upward or -0.4°C or more downward results in a 

significant reduction of the ice load. 

 

Fig. 13 Comparing measured icing and modeled icing at site KS1-

168 in Sept. 2012. 

 

Fig. 14 Site KS1-168 in Sept. 2012. Showing the influence of 

temperature shift on extreme icing (perturbation method). 

  

reference area. Different reference period is used for field 

observations than for model etc. 
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C. Extreme icing events 

Historically, the most severe wet snow events are related to 

specific weather events that typically occur once every ten 

years on average. In the period covered by the WRF 

simulation, two significant events happened in the north part 

of the country on 23-25 Sept. 1995 and 12.Sept. 2012. These 

events are well predicted in the model and contain extreme 

icing values at many sites. Fig. 15 shows the perturbation 

method results for 18 locations in the event from Sept. 1995. 

All locations have a high ice load potential at a specific 

temperature range. The model results confirm the severity of 

this event. 

 

Fig. 15 Event Sept. 1995, maximum ice load from 18 selective sites 

depending on temperature shift in the perturbation method.  

D. Return period of 50 years 

Fig. 16 shows the distribution of the 50 years return period 

(I50) for all WRF points used in the study. The I50 is 

presented for 30 mm reference conductor diameter and 12 mm 

conductor diameter. Ice load on a 12 mm conductor is of 

particular interest since a large part of the field observation is 

on a 12 mm conductor used in the 11 kV distribution grid. 

 

Fig. 16 Distribution of wet snow load with 50-year return period for 

12 mm and 30 mm conductor for all locations, vertical wet 

snow icing model.  

The distribution of the I50 is reasonable, although believed 

to overestimate the experienced icing on overhead lines 

slightly. The model is here analyzed without the effect of 

conductor Joule heating, and it reduces the loading when 

included.  

Fig. 17 shows how the 50 years wet snow ice load depends 

on the height above sea level. 

 

Fig. 17Predicted 50 years loading from wet snow (30 mm conductor) 

related to the height of WRF point above sea level. 

The highest ice load is within 80 m above sea level, and 

there is no correlation found in the wet snow loading with 

height above sea level. The location of the two highest loading 

points (24.6 kg/m and 27.5 kg/m) is in exceptional 

circumstances at the foot of the largest glacier in Europe 

(Vatnajökull). 

E. Influence of conductor diameter in wet snow accumulation 

Fig. 18 shows the difference in I50 when comparing a 12 

mm conductor and a 30 mm conductor. The effect of 

conductor diameter on wet snow loading is noticeable in the 

model results in Fig. 16 and Fig. 17. The accumulation can be 

described as near radial ice accumulation.  

 

Fig. 18 Comparison of 50 years loading for different conductor 

diameters, i.e., 12mm and 30 mm conductor. 

The effect of conductor diameter on wet snow 

accumulation has not gained particular attention. Loading is 

often specified for a 30 mm conductor without appropriate 

calibration for different diameter sizes. Further studies on the 

effect of conductor diameter are recommended. They should 

also consider the influence of the additional rotational 

stiffness on the loading. 

VI. SUMMARY AND CONCLUSIONS 

Hindcast weather simulation with 25 years data series 

combined with wet snow icing model and perturbation method 

was used to calculate icing at 454 sites. Many of the sites were 
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specially selected based on knowledge of historical icing and 

available icing measurements. The accumulated wet-snow 

icing was found to vary significantly between sites, and the 50 

years loading prediction ranged between 0.8 kg/m to 28 kg/m. 

Comparison between the predicted icing and historical data 

revealed reasonable good consistency and the model captured 

well the larger scale terrain effect on the icing risk. Historical 

events show that some of the most exposed icing areas are in 

rather complicated topography. The model predicted them 

reasonably well, although a grid resolution of 2 km x 2 km in 

the hindcast simulation is not expected to capture icing at 

these sites in great detail. Wet snow icing is rare, and it is 

preferable to have a hindcast simulation with more than 40 

years of data to have good coverage of different extreme 

weather. 

The icing model is sensitive to slight variations in 

temperature and therefore, a perturbation method was used to 

evaluate the icing. The perturbation method was valuable, 

although further investigations are needed on how it is best 

used in an extreme analysis. The sticking efficiency (2) and 

the ice shedding are essential factors in the model. The 

sticking efficiency was modeled by relating it to wet-bulb 

temperature and wind speed. It allows the model to be used 

forced by standard meteorological variables, either from 

measurements or from conventional weather prediction 

models. The ice shedding was related to the liquid water 

content by assuming initiation of ice shedding when it 

exceeded 40% and linear shedding factor at each hour until 

complete ice shedding occurred at 60%.  

The conductor diameter influences the model's predicted 

icing, and the accumulation is near radial icing accumulation. 

Limited guidelines are in the literature and standards on 

assessing wet snow loading on different conductor diameters. 

Further studies should be undertaken on the effect and 

quantify the influence of the increased rotational stiffness of 

the larger conductor on the ice load.  

Overall, the model replicates the historical observation of 

wet snow icing well and gives reasonably reliable results. 
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