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Abstract— Wet-snow events cause serious problems for the 

safety and operation of the Italian Electric System. As these 

extreme phenomena are projected to persist or exacerbate in 

the next decades, there is an urgent need to set up an 

appropriate Climate Change Resilience Planning of the entire 

electrical system. Indeed, an important request of stakeholders 

and policy-makers consists of planning properly the future 

overhead lines, as well as strengthening the existing network by 

taking into account the snow loads expected in the coming 

decades over the whole national territory. As the current 

climate information do not allow to develop an accurate action 

plan and to integrate it into decision making, some wet-snow 

projections expected in medium and long term have been 

elaborated on the basis of the state of art climate models: 14 

EURO-CORDEX simulations at horizontal resolution of 0.11° 

(about 12 km) under the emission scenario RCP 8.5 have been 

used. Wet-snow events are projected to decrease considerably in 

the areas nowadays affected by these phenomena, whereas they 

are likely to increase significantly over Alpine Regions, kept 

free of wet-snow until now. The results highlight a likely wet-

snow load increase of about 70-100 % over the Alps, especially 

in the Northern and Western mountain regions, whereas a 

decrease of about 20-40 % in the Po valley with a medium 

confidence. In the Central and Southern Italy the signal is 

weaker (wet-snow is expected to decrease of about 10-20 %) 

with low confidence. Larger uncertainties characterize the 

Central and Northern Apennines where the signal is almost 

absent and no useful information can be inferred for these 

areas. 

Keywords— wet-snow, resilience, regional climate model, wet 
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I. INTRODUCTION 

The heavy wet snowfall occurred on January 2017 in the 

Abruzzo region caused serious problems for the safety and 

operation of the Italian Electric System. During this event, 

wet snow sleeves on overhead lines reached 15 kg/m in areas 

whose design criteria was below 5 kg/m. Moreover, the 

frequency and intensity of these extreme phenomena have 

been increasing over the Italian territory in the last 15 years. 

As they are projected to persist or exacerbate in the next 

decades, there is an urgent need to set up an appropriate 

Climate Change Resilience Planning of the national electrical 

system. 

The weather forecast system WOLF [1], developed by 

RSE, support the electric Italian stakeholders in the operative 

management by forecasting the potential wet-snow risk for 

the next 72 hours. The other important need felt by 

stakeholders and policy-makers stems from the fact that by 

the 2050s, i.e. within the lifecycle of energy infrastructures, 

network resilience will have to cope with climate changes, 

expected to be characterized by extreme events increasing in 

both frequency and intensity. 

To bridge the gap between the climate models’ results and 

the tailored information requested in planning a more 

resilient power grid for the next climate conditions, future 

climate change projections and future wet-snow load 

scenarios have been elaborated over Italy on the basis of the 

state of art climate models, developed in the framework of 

the European Project Euro-CORDEX. 

To describe the work the paper is structured as follows: 

some key concepts about WOLF system, used in its 

simplified version to deal with climate projections, are 

summarized in Section 2; the research activities developed to 

investigate future changes in wet-snow events and their 

impacts are reported in Section 3; summary and conclusions 

are reported in Section 4. 

II. WET-SNOW FORECAST SYSTEM 

In operational management, the Transmission and 

Distribution operators require accurate weather forecasts to 

alert the areas affected by extreme events and, at the same 

time, they ask for appropriate information to adopt efficient 

adaptation actions to increase the resilience of the system. To 

this aims RSE has developed the weather forecast system 

WOLF (Wet-snow Overload aLert and Forecast), based on 

the outputs of a Numerical Weather Prediction model and the 

Makkonen model [2][3], a simple cylindrical accretion 

model for wet snow, to estimate ice loads expected on high 

and medium voltage national grid. Moreover, on the basis of 

the forecasted meteorological conditions, the system 

provides an estimation of the current required to maintain a 

power line ice-free [4]. 

In wet snow conditions, i.e. -2°C ≤ Ti ≤ 2°C, where Ti  is 

the hourly surface air temperature, snowflakes promote the 

growth of sleeve around the conductor. The hourly evolution 

of a typically cylindrical snow sleeve Mi [kg/m] at the time-

step i, accreted on the conductor during the interval time 

∆t=1h, is described by the following equation: 

Mi = ɑ·Mi-1 + Ii Di-1 ∆t 

where  

• Mi-1 is the snow sleeve at the previous step i-1 

• Ii is the intensity of snowfall (equivalent mm/h from 

hourly precipitation Pi) over the conductor 

• D i-1 is the diameter of snow sleeve at the previous step 

• ɑ is a dimensionless reduction factor, the so-called 

sticking coefficient of snowflakes on conductor. It 

depends on the temperature Ti and wind intensity Wi. It 

has been derived from long time measurements recorded 

thanks to the WILD station [5].  
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To investigate the future trend of the climatic signal 

related to wet snow events, the Makkonen model has been 

applied by using climate models outputs. As these data have 

a daily time resolution, some simplification have been done 

to the operational algorithm, by assuming a simplified 

cylindrical wet-snow accretion model with reference to High 

Voltage Conductor (ACSR - d 31.5 mm). 

Wet-snow conditions are identified by using daily 

minimum and maximum temperatures threshold values, 

respectively TN ≥ -2°C & TX  ≤ 2°C, and precipitation 

values P > 1mm/d. To evaluate wet-snow load the daily 

precipitation values have been used once they have been 

equally divided over the 24 hours. The wind intensity is 

considered constant (equal to 2m/s) and it was assumed a 

conservative model, without shedding. 

In order to simulate a realistic process, it is supposed a 

maximum time of 2-days during which the wet snow 

accretion may occur after that the breaking of the sleeve is 

expected. 

III. CLIMATE ANALYSIS 

An ensemble of state of art regional climate models has been 

considered to investigate wet-snow events for three different 

future periods. Then some assessments about maximum wet 

snow loads have been done to characterize the wet-snow 

impacts on headline electric networks expected in the next 

years. At first the data-sets and methodology have been 

presented, then the results are discussed. 

A. Data-sets and Methodology Analysis 

EURO-CORDEX is the European branch of the international 

CORDEX initiative, whose program sponsored by the World 

Climate Research Program (WRCP, https://www.wcrp-

climate.org/) is to organize an internationally coordinated 

framework to produce improved regional climate change 

projections for all land regions world-wide.  

TABLE I. LIST OF EURO-CORDEX SIMULATIONS CONSIDERED IN 

THIS STUDY. THE SIMULATION NAMES IDENTIFY THE REASEACH 

INSTITUTE, THE GLOBAL CIRCULATION MODEL AND THE REGIONAL 

CLIMATE MODEL 

Mod Institute Climate model Simulation 

1 IPSL IPSL_CM5A-MR_WRF331F' 

2 KNMI KNMI_EC-EARTH_RACMO 

3 CLMcom CLMcom_EC-EARTH_CCLM 

4 CLMcom CLMcom_MPI-ESM-LR_CCLM 

5 CLMcom CLMcom_CNRM-CM5_CCLM 

6 DMI DMI_EC-EARTH_HIRHAM 

7 KNMI KNMI_HADGEM2-ES_RACMO 

8 CLMcom CLMcom_HADGEM2-ES_CCLM 

9 SMHI SMHI_CM5A-MR_RCA 

10 SMHI SMHI_CNRM-CM5_RCA 

11 SMHI SMHI_MPI-ESM-LR_RCA 

12 SMHI SMHI_EC-EARTH_RCA 

13 SMHI SMHI_HADGEM2-ES_RCA 

14 CNRM CNRM_CNRM_CM5_ALADIN53 

A set of 14 EURO-CORDEX simulations with a horizontal 

resolution of 12.5 km under the radiative forcing RCP 8.5 

has been considered (Table 1). Moreover the observational 

data-sets E-OBS [6] and MESAN [7] have been used as 

reference data in analysing the current climate, as well as 

SYNOP measures have been used for investigating snowfall 

events. 

Three future change scenarios have been elaborated for the 

30-years periods: 

• FUT1 = 2021-2050 

• FUT2 = 2041-2070 

• FUT3 = 2071-2100 
with reference to the baseline period REF=1971-2000. 

Such scenarios have been analysed at annual (YEA) and 

seasonal scales. The four seasons are defined as follows: 

• Winter  or DJF (Dec, Jan, Feb) 

• Spring  or MAM (Mar, Apr, May) 

• Summer  or JJA (Jun, Jul, Aug) 

• Autumn  or SON (Sep, Oct, Nov). 

The procedure developed can be outlined in four steps: 

1) At first the models’ performances in reproducing 

present-day climate have been checked. Then models with 

some deficiencies in representing adequately the observed 

climate conditions and wet-snow phenomena have been 

discarded in elaborating future scenarios. 

2) Future change projections about wet-snow 

frequency have been elaborated for the three future periods 

respect to the REF time-frame. 

3) Mean values of wet snow load (estimated from the 

simplified Makkonen Model) have been calculated over REF 

and FUT1 periods. Then the percentage differences in the 

future period with respect to the baseline REF have been 

computed to estimate the expected changes. 

4) Climate future scenarios have been evaluated by 

considering only the results with statistically significant 

differences respect to the REF period. The robustness of the 

results has been investigated by considering the degree of 

agreement among the models. 

B. Analysis of the results 

1) Models’ performances evaluations 

The models’ performances in reproducing present-day 

climate and the convergence of the simulated changes across 

models have been considered in order to measure the 

reliability of simulated climate changes from ensembles of 

model simulations, according to the “Reliability Ensemble 

Averaging” (REA) method [8]. 

The models describe satisfactory the typical seasonal 

cycle of precipitations of Mediterranean Region in line with 

both E-OBS and MESAN dataset, with the exception of 

simulations Mod1 and Mod14 (Table 1) using respectively 

the regional models WRF331F and ALADIN53 (Fig. 1). In 

fact they show unrealistic intra-annual variability in 

precipitations. For these reasons they have been discarded to 

elaborate wet-snow scenarios. 

In comparison with local observations, the gridded data-

set E-OBS and MESAN underestimate wet-snow phenomena. 

In particular, E-OBS has been found to over-smooth both 
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precipitation and temperature over complex topography, 

leading to a reduced area-averaged data [6]. Therefore 

SYNOP observations have been chosen to check models’ 

performances in describing these events. The Fig. 2 

represents the wet-snow events recorded by SYNOP stations 

in the period REF=1971-2000. 

Fig. 1 Seasonal cycle of precipitation according to the 14 Euro–

CORDEX simulations and E-OBS data (colored lines and blue 

dashed lines, respectively, calculated for the period 1971-2000) and 

MESAN (black dashed lines for the years 1979-2000) 

 

 

 

Fig. 2 Wet snow events observed by SYNOP stations sited 

over the Italian territory. Such events are colored according to the 

legend in the bottom of the figure. The empty circles represent 

SYNOP data with no snow events recorded during the period 

1971-2000. 

By analysing the modelled wet-snow events, the 

simulations from Mod=2 to Mod=8 (Table 1) are in good 

agreement with SYNOP observations. Instead the others 

Mod9÷Mod13 (simulations with RCA regional model) show 

strong underestimations, especially over the Po valley (not 

shown). So the following analysis has been carried out by 

considering Mod2÷Mod8 simulations, the sub-set used to 

elaborate the multi-model scenarios. Fig. 3 illustrate the 

multi-model wet snow numerical reconstruction for the REF 

period. The results, expressed in percentage values respect to 

the number of days of each season, are comparable with the 

observed phenomena, once the number of events inferred 

from SYNOP data is expressed in the same form. 

2) Future change projections 

Future wet-snow scenarios have been elaborated for the 

three future periods FUT1, FUT2 and FUT3. The wet-snow 

changes have been assessed by computing the differences 

between the number of wet-snow days in future and REF 

periods. 

At first the anomalies have been analysed distinctly for 

each model (Fig. 4). Then the multi-model scenarios have 

been elaborated to summary the results (Fig. 5).  

By analysing the results inferred from each model 

separately, the scenarios in the three future periods show 

analogous patterns with variations expected to increase 

during the century, consistent with the global warming.  

Fig. 4 illustrates the results for the scenarios at short 

(FUT1), medium (FUT2) and long term (FUT3) at annual 

scale. 

Alps will be likely affected by an increase of wet-snow 

phenomena. Over Alpine Region the increasing of the events 

is projected to range between 1-2 (FUT1) and ~5 (FUT3). 

Instead low and mid-altitude area will be interested by an 

strong decrease of these events: the wet-snow occurrences 

will decrease between 2-3 (FUT1) and 6 (FUT3). The FUT2 

scenario is characterized by intermediate variations. 

No changes are found out for areas for which wet-snow is 

a rare event (in particular coastal areas). 

For each cell grid it was also applied the Wilcoxon rank-

sum test to identify the area affected by an significant 

changes.  

In FUT1 period the phenomena are expected to decrease 

significantly over low-medium altitude areas, in particular 

the Po Valley. Instead the events are projected to increase 

everywhere over the Alpine Regions, but only some local 

area will be interested by significant changes. 

Throughout the century, the areas characterize by 

significant changes will be extended. In particular, the 

decrease will affect all the Apennines and the increase will 

interest most of the Alps.  

The multi-models scenarios have been analysed by 

considering the average projections, inferred from the results 

of Mod2÷Mod8 simulations, together with the degree of 

agreement among them to assess the robustness of the results.  

The analysis has been made at annual and seasonal scale, 

with enhanced attention to winter season. 

Fig. 5 show the results. The grid cells are stippled in case 

of very likely changes, i.e. agreement more than 60% among 

models. 
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Fig. 3 Wet-snow days estimated for the reference period REF=1971-2000 expressed in percentage values respect to the days of the year (first map) and the 

days of each season (in the order winter, spring, summer and autumn) inferred by averaging the seven Euro-CORDEX simulations Mod2÷Mod8 of Table 1 

Fig. 4 Annual variations of the wet-snow events at short-term (FUT1= 2021-2050, a), medium (FUT2=2041-2070, b) and long term (FUT3=2071-2100, c) 

compared to REF=1971-2000, for the seven model Mod2÷Mod8 of Table 1. The black dots mark the pixels for which the difference between the future 

scenario and historical period is statistically significant at 5% according to the Wilcoxon rank-sum test. Such models have been considered for elaborating 

the multi-model scenarios 
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Fig.5 Wet-snow change projections  inferred by multi-model scenarios at annual (first column) and seasonal scale. The other four column indicate the 

anomalies expected respectively in: winter (DJF), spring (MAM), summer (JJA) and autumn (SON) at short (first row), medium (central row) and long term 

(third row). The grid cells are stippled in case of very likely changes, i.e. agreement more than 60% among models. 

 

As was inferred from the previous analysis, the models 

agree in projecting an increase of wet-snow phenomena over 

very altitude region: some episodes are likely to happen 

slightly over Alps in DJF at short term but they will increase 

consistently toward the end of the century. In the other 

regions the occurrences of wet-snows are expected to 

decrease with high confidence, 

3) Elaborating wet-sow loads 

The number of outages for snow sleeves recorded by the 

Italian distribution network (in the years 1999-2004) and 

transmission network (in the period 2014-2016) have been 

considered to estimate wet-snow impacts occurred in the past 

(Fig. 6). Even if the information related to the outages do not 

overlap with the reference period, these data can be 

considered a good indicator to identify the critical areas over 

the national territory, as well as assess the reliability of 

climatic models in describe these events. 
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Fig 6 Outages due to Snow Sleeves recorded by the Italian Networks: the 

red lines indicate the occurrences of at least 1 outage affected the 

Transmission Network in the years 2014-2016; the points, colored 

according to the legend, highlight the number of outages documented by 

the Distribution Network in the period 1999-2004. 

By applying the simplified wet-snow accretion 

Makkonen model on a reference conductor, a Wet Snow 

Load map [kg/m], has been estimated for every single 

simulation of the sub-set Mod2÷Mod8 in the reference 

period 1971-2000. Then maps about the future change of 

wet-snow load have been elaborated by considering the 

winter period characterized by the six months Nov, Dec, 

Jan, Feb, Mar, Apr. 

4) Multi-model scenarios 

After the analysis of the wet-snow load anomalies 

projected by each model (not reported for sake of brevity) a 

multi-model scenario has been inferred to gather the most 

likely variations in wet-snow loads (Fig. 7). 

In the future scenario 2021-2050 there is a good 

agreement among the models in highlighting an increase of 

wet-snow load of about 70-100 % over the Alps, especially 

in the Northern and Western mountain regions, whereas a 

decrease of about 20-40 % is expected in the Po valley with 

a medium confidence. In the Central and Southern Italy the 

signal has been found weaker (wet-snow is expected to 

decrease of about 10-20 %) with low confidence, even for 

the Central and Northern Apennines where the signal is 

almost absent and no information can be inferred. 

 

 
Fig. 7 Expected changes in wet-snow loads inferred by averaging the 

statistically significant model signals (left panel). Confidence map 

indicating the percentage agreement among models giving a certain 

statistical signal (if increasing/decreasing in blue/red colors) (right panel). 

 

IV. CONCLUSIONS 

A set of 14 simulations with a horizontal resolution of 

12.5 km has been considered and future scenarios have been 

elaborated to investigate the expected changes in wet-snow 

events and wet-snow load. 

Despite some uncertainties, we-snow events are projected 

to increase significantly al medium-long term over Alpine 

Region. Instead, in the other regions the phenomena are 

likely to become increasingly scarce, in particular over the 

Apennines, nowadays affected by heavy wet-snow events.  

Moreover, models agree in highlighting an increase of 

wet-snow load of about 70-100% over the Alps in the future 

scenario 2021-2050 with respect to the reference period 

1971-2000, especially in the Northern and Western mountain 

regions. A decrease of about 20-40% in the Po valley is 

expected with a medium confidence. In the Central and 

Southern Italy the models give a weaker signal (wet-snow is 

expected to decrease of about 10-20%) with low confidence. 

Finally, for the Central and Northern Apennines the signal is 

almost absent and no information can be inferred.  
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