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Ice accumulation on ships
Marine/sea-spray icing (saline water)
- Wave-ship interaction icing
- Wind-driven icing

Atmospheric icing (fresh water)
- Snow
- Freezing rain
- Supercooled fog

Combination of saline and fresh water icing
- Spray icing and snow is a common combination

Freezing temperature dependent on salinity:

Tf = -4 deg C in the mean, 
due to salt expulsion the Tf is lower than out in the sea 

Photos: 10 May 2022, Ine-Therese Pedersen, 
Longyearbyen



Icing may cause capsizing of small boats
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14 February 1979 in Denmark
- 6 ships capsized
- 15 deceased

-8 gr

NORA10, 
T2m

-22 gr

NORA10, T850

Dhar et al. (2022), conference paper

Kilde: http://www.tvmidtvest.dk/midt-og-vestjylland/den-hvide-dod-den-morkeste-dag-vi-nogensinde-har-haft

December 2020



Safety risk, expensive
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https://www.youtube.com/watch?app=desktop&v=iQcf964yZK4

Samuelsen et al. (2015)
“Spray-icing during a most beautiful polar low”
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(Historically)



PhD thesis, Samuelsen (2017): https://hdl.handle.net/10037/11801

Main result:
Spray-icing model for ships based on 
heat-flux calculation and spray-flux 
calculation



Modelling wave-ship interaction icing
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Using reference ship: KV Nordkapp



Spray-flux calculation
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Time averaging terms!

Borisenkov et al. (1975)

Important to use observed or modelled 
wave height from a physical model

Ri <= Rw (ice amount always less then spray amount 
in pure spray-icing events)
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k*: interfacial distribution 
coefficient

Currently set to constant in 
the icing model. May easily 
be adjusted according to the 
results from the 
MICROSPRAY project.
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50 percentile

90 percentile

Icing-rate severity based on frequency



Verification in classes
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Coast guard data. 
KV Nordkapp ship type

Data from Alaska and Canada (and KV Nordkapp). Different 
types of ships.

3 most important parameters:

Wave height

Wind speed

Air temperature
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145.000 ship observations 
with wave heights and 
temperature

in nature
MSLP anomaly and T850 
anomaly during icing events

Mean flow during icing events
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Too high convective heat transfer! Do not apply!



Spray-flux calculation

Atmospheric variables

Ocean-wave variables

Ocean variables

Ship variables

Icing-rate calculation

MINCOG model in an operational system

Samuelsen et al., 2017



Updated domain in October 2021
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Previous domain

New domain

Ship variables set to constant values:
vs = 5 m/s
beta = 180 degree
(but may also be calculated in a more dynamic 
manner)

The model output is 
visualized on Barentswatch

And also available on:
https://thredds.met.no/thredds/project
s/vesselicing.html
Archive since September 2019
NB! some bug fixes, and changes 
during the years.



Atmospheric input
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Arctic 2.5 km + MEPS 2.5 km + ECMWF 
(AA first, then MEPS, finally ECMWF)
- Wind speed 10 m
- Temperature 2 m
- Relative humidity 2 m
- MSLP

Some assumptions:
- Incoming shortwave radiation (SW) = 0 
- Incoming longwave radiation (LW) equal 

to: 
- 0.7 * sigma * T^4



Wave models
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Wam 800 m (5 models, MEPS wind) + Wam 4 
km (ECMWF + MEPS wind) + Wam 3 km 
(ECMWF wind)
- Sig. wave height
- Mean wave period

 (Ideally take the wave spectrum and the energy 
of the waves hitting the ship better into account)



Ocean models
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Norkyst 800 m + Barents 2.5 km + Topaz5
- Sea water salinity
- Sea ice (undefined with above 40 % 

ice-concentration, no sea ice in Norkyst 
800 m)

- Depth (for wave-speed calculation)
- Sea-surface temperature (may also be 

extracted from Arome/IFS)
Salinity is important when there is large 
variation in it, e.g. in Bottenviken where there 
is low salinity



Icing warnings in 2021
12 warnings issued on the coast/in the fjords of mainland Norway in 2021:
- 2 incidents of severe icing:
- Frank (21 -22  January 2021)
- Orange wind and icing warning (21-23 February 2021)

This is a high number. Most warnings are normally issued further north.



Some of these cases
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Åsgårdsstrand (Ytre Oslofjord)

Photo: Kristian T Bollæren

Hammerfest, Photo: iFinnmark/private

Båtsfjord/Kildinbanken, Photo: ?

Torsvåg, Photo: Audun Mathiassen
Dyrøy, Photo: Cecilie Larsen



Testing out different EPS methods
Wave height and period calculated from AAeps wind speed and 
constant fetch. SST from AA.
2 spray flux formulation tested. 22 members

Probability for moderate icing
Suboptimal to calculate waves from winds with constant fetch

Wave height and period from wam 
4km.
Standard spray flux formulation 
tested. 51 members

ECEPS
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Hakkstabben, Photos: Merete Bergly

Hammerfest, Photo: iFinnmark/private



Icing warnings in 2022
10 warnings issued on the coast/in the fjords of mainland Norway so far in 2022:
- No incidents of severe icing issued, probably one observed.
- Orange wind warning (4 February 2022)

Rare to have icing so late in the season as 28 April 2022



26 March 2022. Pure spray icing. Photo: Redningsselskapet 26 April 2022. Spray and snow icing. Photo: Redningsselskapet

Even without 
considering 
snow there is 
some moderate 
icing in the 
model



Sushmit will focus on measurements and data 
collection of spray (and other variables) in SPRICE

Spray measurements in Gratangen

Fish farms- fixed location



May wind-generated spray in conjunction with mountain waves be included in the 
model?

Photo: Bernt Aksel Jensen, 23.08.2022 Photo: Mary-Ann Ring, 14.09.2014
Photo: ✞ Heidi Nilima Monsen, 26.05.2018



But then we probably would need a better atmospheric model

Arome Arctic
dx = 2.5 km
20 km 
downstream

Arome 500 m
dx = 0.5 km
No DA.
150 km 
downstream.

SAR vind:
Lx = 10 km
188 km downstream



Arome dx = 300 m

Arome dx = 2500 m
(operational model used in 
current icing forecasts)

- Potential temperature
- Wind speed



Icing rate calculated from atmospheric 
model with dx = 300 m

Strange features

Artifical islands in the physiography 
making unrealistic low air and sea 
temperatures in the sea



Masking output where SST < Tf based on salinity



dx = 2.5 km atmospheric input



dx = 300 m atmospheric input

- Wind driven spray is 
not considered

- Waves are not forced 
by the new model



Questions/comments?

eiriks@met.no

SPRICE web page:
https://uit.no/project/sprice


