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INTRODUCTION  

 

The development of powerful icebreakers and ice -strengthened cargo vessels has made 

winter navigation possible in the northern parts of the Baltic Sea as well as in some other 

seasonally, or even permanently, ice -covered sea areas. Thus the ice barriers, which 

previously closed these coasts and sea areas from shipping, have been mostly overcome.  

Briefly, the consequences of the current hazards of winter navigation seem to be limited 

to minor structural damage. No ice related ship disasters with large -scale consequences 

measurable in human or environmental losses have taken place in the Baltic Sea during 

the last decades. However, it should not be forgotten that some of the worst accidents in 

the history of shipping are closely related to ice. Titanic hit an iceberg in 1912 with the 

loss of life over 1500 persons. Exxon Valdez was grounded in 1989 w hen trying to avoid 

ice on its route with the result of more than 40 000 tons of spilled oil. This kind of huge 

disasters must be avoided in the Baltic Sea by careful risk management. On the other 

hand, the ability to counteract small but frequently occurr ing accidents, oil spills for 

instance, is important, too.  

The amount and patterns of traffic in the Baltic Sea have been in a process of a rapid and 

remarkable change after 1990. The ship traffic in the Gulf of Finland has grown 

considerably during the last decade s, and it is still growing, which is a result of growing 

economic activity in the area. Covid -19 , war in Ukraine and related sanctions have had a 

decreasing effect on the traffic, but recovery is expected.  

The objective of the current study is to analyse alternatives and propose an optimal 

solution for icebreaking services in Estonia for the period of 2029 -2054, incl. which vessels 

or combinations of vessels the state should prefer to ensure an optimal solution that is 

technically and e conomically feasible. Also, ownership of any potential new icebreakers is 

to be analysed.  

The analysis tak es into account the traffic flows of Estonian ports receiving icebreaking 

services, assess the impacts of the different scenarios proposed (incl. the expediency of 

providing icebreaking services to ports) on the private sector and the state, highlight the 

investments needed for and the expected lifetime of existing icebreakers, assess the cost 

of different forms of ownership of the icebreakers, IMO and EU regulations, propose the 

optimal solutions and recommended actions for the future for t he Estonian Transport 

Administration and other parties involved (e.g. Ministry of Climate ).  

The  objective  of organising icebreaking services in Estonia is to make sure the service and 

the ports using it are economically sustainable and to do so in a manner that is optimal 

for the economy of the entire state.  
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THE TEAM  

The report was written by a consortium consisting of four organizations with different 

competencies relevant for the analysis of alternatives for providing icebreaking services in 

Estonia.  

The consortium is led by Tallinn University of the Technology (TalTech), where Estonian 

Maritime Academy (EMERA) leads the work and is sided by the Marine Systems Institute 

(MSI). TalTech is supported by a consultancy Saaresalu, which carries out project 

m anagement and stakeholder involvement while executing the tender contract. In addition 

to Estonian counterparts, knowledge is involved from Finland, where Aker Arctic and a 

Finnish consultancy logscale oy contribute to the fulfilment of the contract by spe cific 

knowledge.  

TalTech EMERA 

EMERA is the only center of maritime excellence of its kind in Estonia. The maritime 

research group is led by Professor  Ulla Tapaninen with help of early -stage  researcher T»nis 

Hunt. Ulla Tapaninen has 30 years of experience in Finnish shipping companies, 

universities and public sector in the areas of logistics and maritime transport. She was 

named as the logistics  professional of the year in 2022 in Finland. T»nis Hunt has been 

over 25 years in charge of the port and shipping management education in Estoni a.  

For the current project, expertise of the system level simulation of the winter navigation 

system in the Baltic Sea is brought into the project by Professor Pentti Kujala, who has 

long background in Finnish ice breaker building both in shipyards  and academy. Professor 

Pentti Kujala won the Transportation Research Award 2020 in the field of waterborne 

transportation for his extensive track record of projects aimed at improving the safety of 

shipping in ice -covered waters of the Baltic Sea as well as Arctic a nd Antarctic waters. 

These projects were funded by the European Commission, the Lloyd ôs Register Foundation 

and the Finnish government.  Prof essor  Kulaja is supported by Assistant Professor Mashrura 

Musharraf as an expert especially on data science and analytics, and  Aleksandr 

Kondratenko and Liangliang Lu.  

TalTech MSI  

Department of Marine Systems (MSI) carried  out the task related to calculating the 

statistics of sea ice conditions in the Gulf of Finland and Gulf of Riga. The group is led by 

head of department Rivo Uiboupin and assisted by Senior researcher Sander Rikka.  

SAARESALU 

Saaresalu O¦, founded in 2010, is an Estonian consultancy in the field of maritime and 

logistics. The project manager Riina Palu has more than 20 years of experience in Estonian 

logistics and maritime sector project both national and international context.  

AKER ARCTIC  

Aker Arctic Technology Inc is  a Finnish engineering company specializing in the technology 

development, design, engineering, special products, consulting and testing services for 

ice-going vessels and icebreakers . Aker Arctic has made plans for 60% of all the worlds 

ice breakers, lately the new Swedish breakers that will be funded by EU. CEO Reko -Antti 
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Suojanen has over 20 years of experience in ice breaker design and M.Sc Teemu Heinonen 

has been specialized for example in studies of EEDI vesselsô need for ice breakers.   

LOGSCALE 

logscale oy is a Finnish logistics consultancy company focusing on studies and analysis 

both for businesses and public sector administration in particular in Transport Sector 

Governance, Maritime Policy & Safety, National Security of Supply Issues, Logistics 

Performance. Professor Lauri Ojala has worked as a Trade and Transport Facil itation expert 

for e.g. The World Bank, Asian Development Bank and OECD. He has also worked as an 

expert on transport, logistics and maritime policy issues for Transport Ministr ies of several 

countries. Markku Mylly is former Executive Director of the European Maritime Safety 

Agency (EMSA), Director General of Finnish Maritime Administration, developer of Vessel 

Traffic Management Systems in Finland and the EU, CEO of a shipping company and of the 

Finnish Port Association, and furthermore  Markku has worked as a Captain in cross - trade 

shipping pilot in Finland.  

THE STRUCTURE OF THE REPORT  

The seven -chapter structure for the Final Report of the study cont ains the following parts:  

Introductio n  

Chapter 1. Analysis of present and historical situation  

Chapter 2. Ice conditions in the Gulf of Finland and Gulf of Riga  
Chapter 3. Governance options  

Chapter 4. Scenarios for icebreaking need and vessel options  

Chapter 5. Options for the icebreakers and cost and effectivity analysis  

Chapter 6. Financial analysis of the alternatives  
Chapter 7. Stakeholder Management Process  

Conclusions  

Current report is the Final  Report and presents the  full body of research on the alternatives 

for providing icebreaking services in Estonia.   
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1.  ANALYSIS OF PRESENT AND 

HISTORICAL SITUATION  

1.1  ESTONIAN FOREIGN TRADE AND VESSEL 

MOVEMENT  

ESTONIAN FOREIGN TRADE  

Estoniaôs main trading partners are its neighbours, mainly other  EU countries. In 2022 

export volumes reached 21,3 billion  Euros, with main export  partners Finland 14,5%, 

Latvia 14,1%, Sweden 9,18%, Lithuania  6,11%,  Germany 5,74%, USA 5,45%, 

Netherlands 4,18%, Russia 3,57%, Norway 3,54% and Denmark 3,04%. Import was 24,9 

billion  Euros in 2022. Main, top 10, import  partners were Finland 16,9%, Lithuania 10,2%, 

Germany 9,91%, Latvia 9,63%, Russia 7,24%, Sweden 6,93%, Poland 6,55%, 

Netherlands 4,3%, China 3,83 % and Italy 2,5%. Looking at the trading partners of 

Estonia, it is obvious that maritime transport is the main link and, in some cases,  the only 

possible link in trading with these countries. Therefore, year - round maritime connection 

and freely operable ports are essential for trade.  55% of Estonia's foreign trade takes 

place by sea (Statistics Office, 2023).  

 

OVERVIEW OF CARGO FLOWS THROUGH ESTONIAN PORTS  

Main Estonian cargo ports Port of Tallinn (with its main cargo harbours Muuga, Old City 

and Paldiski South), Sillamªe, Kunda, Vene-Balti, Paldiski North are located in northern 

coast of Estonia ( Figure 1). Rest of important cargo ports like Pªrnu and three harbours of 

AS Saarte Liinid ï Virtsu, Roomassaare and Heltermaa, are located in southwestern coast 

and big islands.   

There are several ports that are part of the TEN -T port network Heltermaa, Kuivastu, 

Pªrnu, Paldiski South Harbour, Rohuk¿la, Sillamªe, Port of Tallinn  harbours  (Old City 

Harbour, Muuga Harbour), Virtsu. Out of those Port of Tallinn is in this network as  a core 

network port. Other ports are part of the comprehensive network.  
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Figure 1 . Main Estonia Cargo  Ports . TEN - T Core Network Ports in Black . ( Base -

Map Source : https://xgis.maaamet.ee/xgis2/page/app/maainfo )  

Majority of cargoes are handled in harbours of Port of Tallinn and port of Sillamªe (Figure 

2). Other ports' cargo turnovers havenôt exceeded the 2 million ton mark in recent years. 

 

Figure 2 . Cargo flows of Estonian ports, 2010 ï2022, mln t. ( Sources:  Estonian 

Ports Association, Port of Tallinn, Statistics Estonia, AS Saarte Liinid )   

Since regaining independence cargo flows handled by Estonian ports have been heavily 

affected by the transit, mainly east -west direction ( Figure 3). East -west transit has been 

heavily influenced by the political relations between Russia and Estonia or EU. Major shift 

in share of transit began in 2015 (after the annexation of Crimea by Russia in 2014). Last 

year, 2022, was the first year when import -export cargo flows exceeded the transit cargo 

flows (57,4% vs 42,6%). Last year was also the year when Russia started the war and 

heavy sanctions were imposed against Russia.  
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Figure 3 . Loading and unloading of export - import and transit goods through 

Estonian ports, 1993 ï2022, th. t. (Source: Statistics  Estonia )  

Over the years liquid and dry bulk cargoes have been main cargo groups handled by 

Estonian ports ( Table 1). Vast majority of those have been the transit cargo. Ro - ro cargo, 

containers and forestry products are main import -export cargo flows.   

 

Table 1 . Division of cargo flows of Estonian ports, 2002 ï2022, mln t. (Source: 

Eurostat)  

 

I NFLUENCE OF W AR  

Economic and political factors have a major impact on the flows of maritime goods and 

therefore on the throughputs of ports. Due to its geographical location Estonia and its 

ports have been heavily impacted by the economic  and political relations with Russia.  

There has been a major shift in cargo flows since 2022, when Russia started the war 

against Ukraine. The overall cargo flows through ports have fallen ( Figure 4).  

War has meant big disruptions of cargo flows on Black Sea. Though the normal economic 

activity is also disrupted in Ukraine, there are still cargo flows which need to be 

exported/imported. For example, grain flows. One theoretical possibility is to handle such 

flows through Estonian ports. Of course, such rerouting adds extra cost to grain price and 

there are also alternative routes available.  
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Figure 4 . Cargo flows of Estonian ports by quarters, 2021 ï2023 1 st  q, th. t. 

(Source: Statistics  Estonia )  

When we take a more detailed look at the cargo flows, at some of the cargo groups which 

have been more impacted by the war, we see some interesting developments. While some 

of the cargo groups like ñcoke and refined petroleum productsò (which has been biggest 

cargo group handled in Estonian ports) and ñchemicals and chemical products éò have 

fallen heavily ( Figure 5), other cargo groups like ñcoal and lignite, crude petroleum and 

natural gas, oil shaleò and ñMetal ores and other mining and quarrying products éò transit 

flows have risen ( Figure 6). For cargo group ñtransport equipmentò transit flows have fallen 

down to zero (2023 1 st quarter) while import -export flows have risen at the same time 

(Figure 7).  

 

Figure 5 . Dynamics of Estonian ports cargo flows of two cargo groups between 

2021 and 2023 1 st  quarter, th. t. (Source: Statistics  Estonia )  

 



19  

 

 

Figure 6 . Dynamics of Estonian ports cargo flows of two cargo groups between 

2021 and 2023 1 st  quarter, th. t. (Source: Statistics  Estonia )  

 

Figure 7 . Dynamics of Estonian ports cargo flows of transport equipment cargo 

group between 2021 and 2023 1 st  quarter, th. t. (Source: Statistics  Estonia )  

1.2  HISTORICAL ANALYSIS OF I CEBREAKER 

USAGE  

Electronic Maritime Information System (EMDE) data is used in the current work. EMDE 

data is more precise than  AIS data . In the AIS information system there can be short -

term gaps as per the AIS system itself and AIS data is only partially available for the years 

covered by the current study.   

VESSEL TRAFFIC IN PORTS  

Vessel traffic has been stable in recent years in the main ports of Estonia. According to 

EMDE, before the COVID pandemic the numbers of annual vessel movement reached 12,1 

th. Since the pandemic, 2020 ï2022 , vessel movements have been between 10é11 th. 

(Table 2) .  
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Table 2 . Vessel traffic in Estonian ports  (Source: EMDE)  

 2014  2015  2016  2017  2018  2019  2020  2021  2022  

Vessel 

traffic  
11 573  11 634  11 837  12 139  11 673  12 108  10 958  11 056  10 729  

é, in ice 

breaking 

serviced 

ports  

10 133  10 289  10 485  11 051  11 015  11 539  10 394  10 373  9 919  

é 

(without 

ro - ro 

and ro -

pax)  

4 387  3 848  3 981  4 229  4 338  4 653  3 980  3 948  3 804  

Remark:  

-  Icebreaking serviced ports are Muuga, Kunda, Sillamªe, Old City, Paldiski South, 

Paldiski North, Miiduranna, Paljassaare  (not significant cargo port) , Vene -Balti, 

Bekkeri, Meeruse and Pªrnu. (Jªªmurdetººde kordïRiigi Teataja , n.d.).  

-  Ro- ro and ro -pax vessels are mainly regular liners.  

From the ice -breaking aspect vessel traffic should be looked at not for full year but for 

winter and early spring months. Therefore, following analysis of vessel traffic is for the 

months from December to April and for the cargo vessels.  

Paldiski area  

There are two harbours in Paldiski area, Paldiski North and Paldiski South Harbour.  

Pakrineeme Harbour will be added to this list in coming months.  

Majority of the vessels that visit these two ports are different types of ro - ro vessels ï ro -

ro, ro -pax, vehicle carrier (   
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Table 3), and that mainly sail as liner vessels. Aside from these vessels, the ports are 

mainly visited by general cargo vessels (Table). COVID pandemic and war in Ukraine have 

significant effect on cargo vessel traffic of Paldiski North. At the same time Paldiski South 

has been able to maintain the vessel traffic and increasing the ro - ro traffic.  
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Table 3 . Cargo vessel traffic by total and main cargo vessel types in Paldiski area 

cargo ports  from December to April . (Source: EMDE)  

 Paldiski North Harbour Paldiski South Harbour 

WINTER Total Ro-ro General Cargo Total Ro-ro General Cargo Tanker 

2014/2015 337 302 32 323 165 65 67 

2015/2016 355 322 31 330 166 79 63 

2016/2017 394 345 47 356 162 101 65 

2017/2018 380 350 28 371 189 114 57 

2018/2019 385 348 35 345 188 99 50 

2019/2020 370 341 26 326 204 58 58 

2020/2021 238 221 16 321 221 62 32 

2021/2022 174 152 20 333 214 66 47 

2022/2023 150 141 8 354 229 66 53 

 

For Paldiski South harbour different types of tankers accounted for a significant share of 

vessel traffic, though it has decreased from 18é20% to around 15% in the last two 

winters.  

Main IA Super and IA ice class vessels visiting Paldiski North are ro - ro vessels ( Figure 8). 

Between 2015/16 and 2019/20 roughly 65% of ro - ro vessels had either ice class IA Super 

or IA. In following winters share of vessels with ice class IA Super drastically dropped, 

reaching 0 in 2020/21. At the same time share of vessels with ice class IA i ncreased but 

mainly on the expense of decreasing vessel traffic. During the studied period, no other 

vessel that visited Paldiski North had ice class IA Super. On average over the winters, 42% 

of the other than ro - ro vessels were in ice class IA.  

 

Figure 8 . Share of vessels of ice class IA Super or IA calling at the Paldiski North 

harbour by different types of vessels. (Source: EMDE)  

Paldiski North ro - ro vessels have grown in average GT and average length during last 

three years, with GT from around 20é21,2 th to 22é23 th and length from 165é170 m to 

over 180 m. At the same time average deadweight has decreased from 7..8 th to 5,7é6,4 
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th. General cargo vessels average parameters are GT å3,4 th, LOA å97 m, dwt å4,5 th. 

There isnôt significant size differences of general cargo vessels with different ice classes. 

(EMDE, 2023)  

Biggest vessels that have visited Paldiski North are ro - ro vessels, the largest of which was  

238 m long, width  34,6m, draft 7,2 m. Among other types of vessels, the length of vessels 

has not exceeded 150 m recent years. (EMDE, 2023) According to State Port Register 

m aximum dimensions of vessel  that can visit  Paldiski North harbour are ï length 250 m, 

width  36 m and draft 12 m (Estonian Transport Administration, 2023 a).  

All ro - ro vessels that visited Paldiski South harbour had either ice class IA Super or IA 

(Figure 9) and they represent most vessels of calling at this port with such ice classes. 

During last 5 winters, more than a half of general cargo vessels have ice class IA. Amongst 

tankers, only few IA Super ice class vessels has been calling at Paldiski South har bour. 

Though number and share of IA ice class vessels have decreased, they still constitute more 

than 20% of all tanker visits (excl. winter 2020/21). In other cargo vessels group IA Super 

ice class vessels were mostly container vessels between 2014/15 and  2016/17.  

 

Figure 9. Share of vesselsô ice class IA Super or IA calling at the Paldiski South 

harbour by different types of vessels. (Source: EMDE)  

Ro- ro vessel sizes in Paldiski South have been stable in recent years (last 6 years) with 

the average GT between 20é22 th, average length 168é171 m and average deadweight 

between 9é10 th.  (EMDE, 2023)  

General cargo vessels visiting Paldiski South have increased last years. Average GT has 

increased from around 2,8...3,8 th to 3,9 th and 4,3 th in winter 2022/23. Average length 

has grown from 92é98 m to over 100 m in winters 2020/2021 and 2021/2022 and 

reaching 104,8 m this winter. Deadweight has increases from around 3,8é4,9 th to around 

5,4 th and over 6 th respectively. There is also difference of vesselsô average sizes between 

ice class IA/IA Super and other ice classes. Vessels with higher ice class a re bigger. IA 

Super ice class vessels are with the length around 130 m, draft  7,8 m,  GT 6,4 th  and dwr 

6,4 th  t. Ice class IA vessels are with the length of 107é110 m, draft  between 6é6,5 m, 

GT 4,3é5,3 th and deadweight between 5,8é7,3 th t. While general cargo vessels with 
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lower ice class are 92é95 m long, with draft  around 5,5 m, GT 3é3,3 th and deadweight 

4,2é4,8 th t. (EMDE, 2023)  

Tankers visiting Paldiski South harbour are mainly product tankers and chemical tankers. 

Average length of product tanker has been 161 m, draft  10,5 m, GT 20,6 th, deadweight 

33,1 th t. Vessels with lower ice class than IA and IA Super have been bigger than vessels 

with such ice class. Average length of lower ice class product tankers has been 170 m, 

draft  11,4 m, GT 24,8 th  and  deadweight  40,6 th t.  (EMDE, 2023)  

Ro- ro vessel has been the biggest that has visited Paldiski South harbour in this year  with 

205 m of length, 25,5 m of width  and 8,5 m of draft. Before that , since 2014, crude oil 

tanker with 256 m of length , 43 m of width  and 22 m of draft  has been  the biggest . (EMDE, 

2023) Maximum dimensions of vessel that can visit Paldiski South harbour are ï length 

250 m, width  45 m and draft 14,5 m , with entrance channel minimal width is 180 m and 

depth 15,5 (EH2000)  (Estonian Transport Administration, 2023 a).   

 

Tallinn area  

In smaller cargo ports of Tallinn area, Bekkeri, Meeruse, Vene -Balti and Miiduranna, main 

cargo vessels are general cargo vessels and tankers ( Table 4). In table is clearly seen 

effects of latest developments in the world (eg COVID, war in Ukraine, slowing economy).  

Table 4 . Winter c argo vessel traffic by total and main cargo vessel types in Tallinn 

area cargo ports ï Bekkeri, Meeruse, Vene - Balti, Miiduranna (Source: EMDE)  

 Bekkeri Meeruse Vene-Balti Miiduranna 

WINTER 
Total 

General 
cargo 

Total 
General 
cargo 

Total 
General 
cargo 

Tanker Total Tanker 

2014/2015 47 45 35 33 93 44 36 9 9 

2015/2016 51 47 21 19 75 45 22 9 9 

2016/2017 59 55 42 42 72 41 16 9 8 

2017/2018 52 50 40 39 81 52 22 11 3 

2018/2019 55 53 32 31 85 59 19 2 1 

2019/2020 56 53 33 33 99 65 21 10 9 

2020/2021 59 56 8 8 95 52 32 7 7 

2021/2022 48 48 10 10 155 48 94 29 28 

2022/2023 44 42 3 2 70 37 22 6 6 

 

Ro- ro vessels, mainly ro -paxes, are dominating Old City harbourôs vessel traffic as Old City 

is main harbour for liner passenger traffic ( Table 5). As main and biggest cargo port of 

Estonia, vessel traffic in that port is most diversified. Ro - ro, general cargo and container 

vessels form majority of the vessel traffic of Muuga harbour. Before the war in Ukraine, 

also tankers played important role bu t after imposed sanctions on Russia due to war tanker 

traffic has decreased significantly. Old City an Muuga harbour have linked with each other 

through ro - ro traffic as during unsuitable weather in Muuga ro - ro traffic is rerouted to Old 

City harbour.  
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Table 5 . Cargo vessel traffic by total and main cargo vessel types in Tallinn area 

cargo ports ï Old City and Muuga. (Source: EMDE)  

 Old City Muuga 

WINTER 
Total Ro-Ro Total Ro-Ro 

General 
cargo 

Tanker Bulker 
Container 

vessel 

2014/2015 1899 1891 468 0 114 184 20 150 

2015/2016 1958 1954 450 1 130 155 34 130 

2016/2017 2050 2044 451 0 117 135 34 165 

2017/2018 1902 1898 568 206 91 104 35 132 

2018/2019 1826 1818 635 203 139 119 25 149 

2019/2020 1720 1719 582 174 110 143 29 126 

2020/2021 1600 1600 897 480 116 123 43 131 

2021/2022 1706 1704 793 408 148 96 24 116 

2022/2023 1939 1938 533 223 121 43 17 128 

 

There isnôt unified pattern in ice class division of visiting vessels of smaller cargo ports in 

Tallinn area ( Figure 10 ). Visiting vessels are either with ice class IA or less.  

 

Figure 10 . Share of vesselsô ice class IA Super or IA calling at Tallinn area cargo 

ports ï Bekkeri, Meeruse, Vene - Balti, Miiduranna. (Source: EMDE)  

Liner vessels visiting Old City harbour vessel traffic is formed mostly by same vessels and 

since in recent years they all have either ice class IA or IA Super, the statistics for the ice 
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class harbourôs vessel traffic is atypical to other Estonian cargo ports (Figure 11 ). Most 

liner vessels, ro - ro and container vessels, in Muuga harbour have ice class IA or IA Super.  

 

Figure 11 . Share of vesselsô ice class IA Super or IA calling at Tallinn area cargo 

ports Old City and Muuga. (Source: EMDE)  

-  Like in Paldiski, also Tallinn  areaôs small cargo ports have differences in general 

cargo vessel sizes when comparing average sizes different ice class vessels. For 

example, in port of Bekkeri IA ice class vessels have length around 108 m, draft  

6,4 m, GT 4,4 th and dwt 6,3 th t. Vessels with lower ice class are with average 

length between 90é 103 m, draft  5,5é5,7 m, GT 3,1é4,1 th and deadweight 

4,3é5,6 th t. In Vene-Balti ice class IA vessels calling at port are with the average 

length around 110 m, with t he draft 6,6 m, GT a little bit less than 5 th and 

deadweight between 6,9é7,3 th t. At the same time vessels with lower level ice 

class calling at the port are with length of around 92 m, draft  5,3 m, GT around 2,9 

th and deadweight usually less than 4 th t. In Muuga general cargo vessels with ice 

class have average length of 102,5 m, draft  6,2 m, GT around 4 th and deadweight 

between 5. ..6,4 th t. Vessels with lower ice class have average length of 92,5 m, 

draft  5,1 m, GT usually less than 3 th  and deadwe ight less than 4 th t. In last 

years general cargo ships that visit Muuga harbour have decreased in size.  (EMDE, 

2023)  

-  Average size of tankers  doesnôt represent very well the ñnormal ò liquid bulk carrier 

calling at the port of Muuga as there are different types of tankers in this group. 

Biggest in size are crude oil tankers with average length of around 230 m, draft 14 

m, GT over 56 th t and deadweight around 102 th t. Product tankers are next in 

size with average length around 150 m, draft  8,6 m, GT 15,7 th and deadweight 

almost 24 th t. Chemical tankers what also notably contribute to vessel traffic have 

average length 135 m, draft  8,2 m, GT 9,7 th and deadweight 14,6 th t. In last tw o 

years with decreasing cargo flows of liquid bulk, vessel number and sizes have 

decreased significantly, expect of chemical tankers where size has been fluctuating 

over the years. Interestingly, contrary to general cargo vessels, average sizes of 
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ice class IA and IA Super vessels are smaller than lower ice class vessels.  (EMDE, 

2023)  

-  Tankers calling at ports of Vene -Balti and Miiduranna are quite similar, with vessels 

in Vene -Balti slightly bigger and serving also crude oil and chemical tankers in 

addition to product tankers. Average sizes vessels visiting Vene -Balti port with ice 

classes IA and IA Super are, length around 144 m, draft  8,7 m, GT 11,6 th and 

deadweight 17,5 th t. In Miiduranna average vessel parameters are, 141 m, 8,6 m, 

10,3 th and 15,1 th t respectively. Lower ice class vessels are smaller with average 

sizes of vessels  visiting Vene -Balti port are, length around 106 m, draft  6,3 m, GT 

5,7 th and deadweight 8,6 th t. In Miiduranna average vessel parameters are, 97 

m, 6,1 m, 5,1 th and 7,8 th t respectively.  (EMDE, 2023)  

-  As ro - ro type vessels are visiting Muuga harbour as liners, variety of different 

vessels are limited. In those lines IA ice class vessels, with average length 179 m, 

draft  6,5 m, GT 22 th and deadweight 7,6 th t, have been bigger than lower ice 

class vessels, with average length 160 m, draft  5,4 m, GT 17,5 th and deadweight 

4,9 th t. (EMDE, 2023)  

-  Recent years only handful of ro -pax vessels calling at Old City harbour arenôt ice 

class IA nor IA Super. Based on last three years average length of IA Super ro -pax 

vessel is 189 m, draft  6,7 m, GT 38,7 th and deadweight 5,3 th t. Average length 

of IA ro -pax vessel at same time is 193 m, draft  6,95 m, GT 41,3 th and deadweight 

5,5 th t.  (EMDE, 2023)  

-  Bulkers calling at Muuga harbour are mainly without ice class IA or IA Super. These 

vesselsô average length is 186 m, draft  11 m, GT 25,6 m and deadweight 43 th t.  

(EMDE, 2023)  

-  Average length of container vessel calling at Muuga harbour is 168 m, draft  9,4 m, 

GT 15,8 th and deadweight 19,1 th t.  (EMDE, 2023)  

-  In Bekkeri port dimensions of largest vessel that can visit the port are with length 

190 m, width  31 m and draft 10,2 m , with entrance channel minimal width is 114 

m and depth 10,5 (EH2000) (Estonian Transport Administration, 2023). Largest 

vessel that visited Bekkeri has been 190 m long, 28,54 m wide and with draft of 

10,4  m.  (EMDE, 2023)  

-  In Meeruse port dimensions of largest vessel that can visit the port are with length 

140 m, width  24 m and draft 6,3 m , with entrance channel minimal width is 50 m 

and depth 7,9 (EH2000 ) (Estonian Transport Administration, 2023) . Largest vessel 

that visited Meeruse has been 136,4 m long, 19 m wide and with draft of 8,5 m.  

(EMDE, 2023)  

-  In Miiduranna port dimensions of largest vessel that can visit the port are with 

length 1 95 m, width  32  m and draft 12 ,3 m , with  entrance channel minimal width 

is 110 m and depth 12,8 (EH2000) (Estonian Transport Administration, 2023). 

Largest vessel that visited M iiduranna  has been 1 95  m long, 32,2  m wide and with 

draft of 12,5  m.  (EMDE, 2023)  

-  In Vene -Balti port dimensions of largest vessel that can visit the port are with 

length 200 m, width  35 m and draft 10,6  (Estonian Transport Administration, 
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2023 a).  Largest vessel that visited Vene -Balti has been bulk carrier with 197,1 m 

of length, 32,3 m of width  and with draft of 1 3 m.  (EMDE, 2023) Entrance channel 

minimal width is 120 m and depth 8,7 (EH2000)  (Estonian Transport 

Administration, 2023 a) . 

-  In Old City harbour largest vessels have been cruise vessels amongst those the 

largest has been vessel with 333,3 of length, 37,9 m of width  and 8,65 m of draft. 

Such large cruise ships visit the harbour during summer. During winter period 

biggest vessels are ro -pax liners 212 m of length, 30,6 m of width  and 7,1 m of 

draft. (EMDE, 2023) Dimensions of largest vessel that can visit the port are with 

length 340  m, width  42  m and draft 10, 3 m , with entrance channel minimal width 

is 265 m and depth 9,8 (EH2000)  (Estonian Transport Administration, 2023 a) . 

-  Crude oil tankers are largest that have called at Muuga harbour with 330 m of 

length, 60 m of width  and 21,5  m of draft of being the largest. This vessel has been 

by far the largest in Muuga harbour. Next by size have been considerably shorter, 

285 m (50 of width  and 16,5  m of draft). (EMDE, 2023) Dimensions of largest 

vessel that can visit the port are with length 300 m, width  50 m and draft 16,9 m , 

with  entrance channel minimal width is 200 m and depth 17,6 (EH2000)  (Estonian 

Transport Administration, 202 3 a).  

 

Eastern part of Gulf of Finland  

For Kunda port, general cargo vessels is the main vessel type. Last winter, the general 

cargo was also the most frequent type of vessel in the port of Sillamªe. Before tankers 

formed majority.  (Tabel 6)  

Table 6 . Cargo vessel traffic by total and main cargo vessel types in Kunda and 

Sillamªe. (Source: EMDE) 

 Kunda {ƛƭƭŀƳŅŜ 

WINTER 
Total 

General 
cargo 

Total Ro-Ro 
General 
cargo 

Tanker Bulker 
Container 

vessel 

2014/2015 208 194 277 100 54 103 19 0 

2015/2016 183 173 268 125 46 80 17 0 

2016/2017 178 169 244 0 66 150 11 16 

2017/2018 169 158 262 0 65 161 16 20 

2018/2019 181 170 272 0 64 167 23 18 

2019/2020 148 143 293 0 85 176 28 4 

2020/2021 156 151 286 0 92 160 34 0 

2021/2022 150 144 232 3 52 157 17 3 

2022/2023 170 167 102 0 51 16 32 3 

 

More than 60% of vessels calling at Kunda have ice -class IA ( Figure 12). In Sillamªe some 

30% or more have ice class at least IA. Container vessels which called at port during 

2016 ï2020 had ice class IA. Same goes to ro - ro vessels that called at port between 2014 ï

2016.  
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Figure 12 . Share of vesselsô ice class IA Super or IA calling at ports of Kunda and 

Sillamªe. (Source: EMDE) 

There is slight difference between vessels sizes of ice class IA or IA Super vessels and 

vessel sizes of lower ice class vessels calling at the port of Kunda. Vessels with ice class 

IA/IA Super are bigger, length slightly over 100 m, maximum draft  5,8é5,9 m, GT 

between 3,8é4,1 th, deadweight 5,2é5,6 th t. Vessels with lower ice classes have average 

parameters length 90é94 m, draft  between 5,0é5,4 m, GT around 3 th, deadweight 

around 4 th t.  Largest vessel that visited Kunda has been bulker with 199,9 m of l ength, 

32,3 m of width  and with draft of 11,3 m.  (EMDE, 2023) Dimensions of largest vessel that 

can visit the port are with length 150 m, width  30 m and draft 8,6 m, with entrance channel 

minimal width is 70 m and depth 9,4 (EH2000) (Estonian Transport Administration, 

2023 a) . 

In Sillamªe the difference of average size of the general cargo vessels with different ice 

classes is not so big. Interestingly during last two winters average vessel sizes of lower 

ice classes have been slightly bigger than average sizes of vessels with i ce class IA, which 

have decreased. Over the years average sizes of IA ice class vessels are length 103 m, 

draft  6 m, GT less than 4 th and deadweight over 5,4 th t.  (EMDE, 2023)  

Size pattern of tankers visiting Sillamªe is similar to Muuga with crude oil tankers as the 

biggest, then product tankers and then chemical tankers. Average sizes of crude oil 

tankers are, length 243 m, draft  14,7 m, GT 57,8 th and deadweight 104,5 th t. Ice class 

IA and IA Super average crude oil tankers are slightly longer (248 m) with slightly bigger 

GT (60,4 th) and deadweight (almost 109 th t). Product tankers average GT and 

deadweight are similar amongst  different ice class vessels calling at Sillamªe port. 

Differences are in length and draft . While vessels with ice class IA and IA Super are with 

bigger draft, they are shorter. For all product tankers average length is 148 m, draft  8 m, 

GT 13,4 th and deadweight 20,5 th t. Chemical tankers average sizes are, length 130 m, 

draft  8 m, GT 9,5 th and deadweight 13,6 th t. Ice class IA and IA Super vessels are 

slightly smaller than average and vessels with lower ice classes slightly bigger.  (EMDE, 

2023)  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2
0

1
4

/1
5

2
0

1
6

/1
7

2
0

1
8

/1
9

2
0

2
0

/2
1

2
0

2
2

/2
3

2
0

1
4

/1
5

2
0

1
6

/1
7

2
0

1
8

/1
9

2
0

2
0

/2
1

2
0

2
2

/2
3

2
0

1
4

/1
5

2
0

1
6

/1
7

2
0

1
8

/1
9

2
0

2
0

/2
1

2
0

2
2

/2
3

2
0

1
4

/1
5

2
0

1
6

/1
7

2
0

1
8

/1
9

2
0

2
0

/2
1

2
0

2
2

/2
3

2
0

1
4

/1
5

2
0

1
6

/1
7

2
0

1
8

/1
9

2
0

2
0

/2
1

2
0

2
2

/2
3

All cargo vessels All cargo vessels General Cargo Tankers Bulker

Kunda Sillamªe

IA Super IA Other ice classes



30  

 

In Sillamªe, like in Muuga, bulkers are mostly lower ice class vessels. Average length of 

bulkers calling at Sillamªe is 180 m, draft  11 m, GT 24,4 th and deadweight 41,3 th t.  

(EMDE, 2023)  

Product tankers are largest that have called at Sillamªe harbour with 280,5 m of length, 

50 m of width  and 16,5 m of draft of being the largest  (EMDE, 2023) . Dimensions of largest 

vessel that can visit the port are with length 275 m, width  56 m and draft 15,2 m, with 

entrance channel minimal width is 300 m and depth 16,3 (EH2000) (Estonian Transport 

Administration, 2023 a) . 

Gulf of Riga, Port of Pªrnu 

Port of Pªrnu is the only big cargo port of Estonia in the Gulf of Riga. The main vessel type 

calling at the port of Pªrnu is general cargo vessel (Table 7). Some 70% of the vessels 

have ice class IA.   

Table 7. Cargo vessel traffic by total and main cargo vessel types in Pªrnu port. 

(Source: EMDE)  

 tŅǊƴǳ   Vessels 
with Ice 
class IA 

  

WINTER 
Total 

General 
cargo % of total 

2014/15 211 206 146 69,2% 

2015/16 215 212 140 65,1% 

2016/17 268 264 190 70,9% 

2017/18 245 239 153 62,4% 

2018/19 265 263 157 59,2% 

2019/20 208 207 119 57,2% 

2020/21 207 204 149 72,0% 

2021/22 189 189 132 69,8% 

2022/23 223 219 160 71,7% 

 

In last three years average size of the visiting vessel in the port of Pªrnu is length 108 m, 

draft 6 m, GT 4,4 th and deadweight around 6 th tonnes. Vessels with ice class IA are 

slightly bigger, with the average length in last years 110 m, draft  6,2 m, GT over 4,5 th 

and deadweight over 6,3 th t. Vessels with lower ice classes are slightly smaller in size.  

(EMDE, 2023)  

Largest vessel that visited Pªrnu has been 145,6 m long, 18,25 m wide and with draft of 

7,35 m  (EMDE, 2023) . Dimensions of largest vessel that can visit the port are with length 

140 m, width  25 m and draft 6,8 m, with entrance channel minimal width is 45 m and 

depth 7 (EH2000) (Estonian Transport Administration, 2023  a) . 

VESSELS W IDTH DISTRIBUTION  

On separate analysis vessels width and distribution of width was looked at, as vesselsô 

width is an important parameter for ice breaking. In that analysis ports were grouped to 

regions. The regions were Archipelago  (Figure 13) , Gulf of Riga  (Figure 14) , Western Gulf 

of Finland  (Figure 15) , Tallinn area, Eastern Gulf of Finland (Figure 16)  and Whole Gulf of 



31  

 

Finland  (Figure 17) . The analyzed  data is based on vessel traffic in Estonia from 2014 to 

2022.  

 

Figure 13 . Distribution of vessels (excl ro - ro and ro - pax vessels) width in the 

Archipelago. (Source: EMDE, Aker  Arctic Design )  

In the Gulf of Riga Estonian part main port is Pªrnu. 
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Figure 14 . Distribution of vessels (excl ro - ro and ro - pax vessels) width in the 

Gulf of Riga. (Source: EMDE, Aker  Arctic Design )  

Ports of the Western Gulf of Finland are both Paldiski ports, Paldiski South and Paldiski 

North.  

 

Figure 15 . Distribution of vessels (excl ro - ro and ro - pax vessels) width in the 

Western Gulf of Finland. (Source: EMDE, Aker  Arctic Design )  

 

For the Tallinn area cargo ports like Muuga, Old City, Vene -Balti, Bekkeri, Meeruse, 

Paljassaare and Miiduranna are included.  
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Figure 16 . Distribution of vessels (excl ro - ro and ro - pax vessels) width in Tallinn 

area. (Source: EMDE, Aker  Arctic Design )  

 

Port of Sillamªe and Kunda are main cargo ports in the Eastern Gulf of Finland. 

 

Figure 17 . Distribution of vessels (excl ro - ro and ro - pax vessels) width in the 

Eastern Gulf of Finland. (Source: EMDE, Aker  Arctic Design )  

For the whole Gulf of Finland distribution of vessels width is seen in Figure 18 .
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Figure 18 . Distribution of vessels (excl ro - ro and ro - pax vessels) width in the 

whole Gulf of Finland. (Source: EMDE, Aker  Arctic Design )  

 

Summary of cargo shipsô width distribution by regions is shown in Table 8. In 95% of 

cases, the ship is narrower than 32.26 meters.  

Table 8 . Summary of cargo ships width in meters  

  Archipelago  Gulf of  

Riga  

Western  

Gulf of  

Finland  

Tallinn  

Area  

Eastern  

Gulf of  

Finland  

Whole   

Gulf of  

Finland  

70 th  percentile  14,4  16,0  23,2  23,4  17,0  23,0  

75 th  percentile  15,21  16,3  25,0  25,0  18,25  24,5  

80 th  percentile  15,45  16,5  25,0  27,0  23,0  25,4  

85 th  percentile  15,45  16,5  27,34  27,6  26,0  27,4  

90 th  percentile  15,45  16,5  32,2  32,0  28,5  31,0  

95 th  percentile  15,46  16,5  32,2  32,26  32,24  32,26  

 

ICE BREAKING FLEET  

According to the procedure for ice breaking , Jªªmurdetººde kord ï Riigi Teataja . (n.d.) , 

the ports served by the state with icebreakers are Muuga harbour, the ports of Tallinn and 

Kopli Bay, Paldiski North harbour, Paldiski South harbour, Kunda harbour and Sillamªe 

harbour, which are served up to the aquatorium, and Pªrnu harbour is served from the 

open sea up to the point defi ned by the coordinates 58Ü 21',4 N and 24Ü 27',0 E. Ice 

breaking is carried out by the Transport Authority.  

Icebreaking  is carried out by the state with the vessels Tarmo, EVA -316 and Botnica. The 

latter is owned by TS Shipping (a subsidiary of Port of Tallinn) and the service is provided 

under a charter contract ( Estonian Transport Administration, 2023b ). The State also 

operates a  multi -purpose/icebreaking vessel Sektori. Tarmo and EVA -316 are old vessels  

(Table 9) , 60 and 43 years respectively. Tarmo and Botnica are serving northern coast 

ports and EVA -316 is serving vessels in the Gulf of Riga and Pªrnu bay. There arenôt any 

icebreakers  dedicated to Moonsund and the archipelago.  
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Table 9 . Vessel technical data  

  Tarmo  EVA - 316  Botnica  

Year of Built  1963  1980  1998  

GT 3916  907  6370  

Deadweight  1585 dwt  266 dwt  2890 dwt  

Length  84,5 m  57,9 m  96,7 m  

Beam  21,2 m  12,2 m  24,0 m  

Draft  7,4 m  3,8 m  7,8 m  

Main Engine  10120 kW  3x 1717 kW  12x 1258 kW  

Speed  15,5 knots  12 knots*  16,5 knots / 8 knots (ice)  

Crew  33  13  19é23 

 

In addition, a number of companies have icebreaking/ice -class vessels:  

- TS Vessels (five passenger ferries serving the main islands);  

- Alfons Hakans (ice -class 1A tugs in Sillamªe, Kunda, Muuga, Paldiski and Pªrnu); 

- Port of Sillamªe (tug Arno); 

- Port of Kunda (tug Kunda);  

- Saarte Liinid (tug Panda);  

- Kihnu Veeteed (passenger ferries serving small islands);  

- Tallink, Viking Line, Eckerº Line (passenger ferries and ro- ro vessels sailing on the 

routes from Vanasadam and Muuga);  

- Navy (Kindral Kurvits, Raju, Valve).  

1.3  ESTIMATIONS OF FUTURE TRAFFIC TAKING 

INTO ACCOUNT TRADE VOLUMES AND VESSEL 

AND PORT DEVELOPMENT  

As illustrated in Table 10  there isnôt unified, single pattern in change of vessel dimensions 

during last five years. Only remarkable change is Muuga port, where due to war vessel 

traffic and dimensions of vessels decreased significantly. Looking back further the negative 
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change for Muuga and Sillamªe happened after 2014, when Russia occupied Crimea and 

sanctions were imposed against Russia.  

Table 10 . Comparison of parameter change of vessels visiting ports between 

2018 and 2022 (excl ro - ro and ro - pax vessels)  

 
Vessel 

traffic  
Av GT  Av LOA  

Av 

Dmax  
Av dwt  

Paldiski 

North  
Ź å å å åŷ 

Paldiski 

South  
å åŹ åŹ åŹ Ź 

Muuga  Ź Ź Ź åŹ Ź 

Old City  ŷ ŷ ŷ ŷ ŷ 

Vene -Balti  ŷ å åŷ åŷ å 

Bekkeri  å ŷ å å å 

Meeruse  Ź å å å å 

Miiduranna  ŷ ŷ åŷ ŷ ŷ 

Sillamªe Ź ŷ å å ŷ 

Kunda  Ź å å å å 

Pªrnu Ź ŷ å å åŷ 

Remarks:  

10%...  ŷ 

5é10% åŷ 

5é-5%  å 

-5é-10%  åŹ 

-10%...  Ź 

 

Looking to the future, it can be said that for ports serving east -west transit cargo flows, 

all depends on political relations between Estonia and its eastern neighbour Russia. As 

relations normalise, trade flows increase  and vessel traffic as well . When will it happen itôs 

hard to predict. For other ports, which serve mainly import -export cargo flows economic 

development of the country and trading partners is the key. Alternative logistical solutions, 

e.g. land transport, must also be considered.  

From ice -breaking point of view ports in Estonia can divide into four areas Paldiski, Tallinn, 

eastern part of Estonia and Gulf of Riga. Based on the recent yearsô statistics, ports in 

Tallinn area handle roughly 50% of the Estonian portsô cargo flows, Paldiski 12é15%, 

eastern part of Estonia 28é30% and Gulf of Riga around 7%.  

Recent years show that icebreaking capability is needed in eastern part of Estonia and in 

the Gulf of Riga and Pªrnu. Though there hasnôt been demand for icebreaker services in 

Tallinn and Paldiski areas, where important ports for Estonia are situated and therefore 

there should be readiness to offer ice -breaking services in these regions in some form.  

Cargo flows served by ports are dependent on economic situation of its hinterland and 

foreland and political relations with its neighbours and possible partners. For many years, 

transit has accounted for a large share of port cargo flows. Due to war in Ukr aine these 

flows have been and will be affected for years to come. Though first months since the start 

of war showed increase in some cargo flows, in longer term, transit flows decrease.  
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As vessel traffic serves these cargo flows, it increases or decreases in line with changes 

with cargo flows. Changes in vessel size can change it some extent. According to vessel 

traffic statistics in Estonian ports, there hasn ôt been considerable changes in vessel sizes 

visiting Estonian cargo ports in the recent decade.  

In 2011, the IMO set goals by which the structure of new ships must be designed in such 

a way that shipsô fuel consumption and thus greenhouse gas emissions are reduced. EEDI 

stands for Energy Efficiency Design Index, i.e. it is used to calculate the shipôs energy 

efficiency index (carbon dioxide emissions per tonne -mile). For the ship to operate, the 

index value must be lower than the reference value set by the IMO. They are gradually 

becoming stricter, so new ships gradually become less emitting. The regu lation has already 

had a significant impact on the energy consumption of ships, for example by designing the 

hull shapes, as well as the fact that the newest ships usually have less engine power than 

the older ones.  

In 2021, the IMO set a requirement that existing ships must also meet the energy 

efficiency requirements set by the IMO. And like EEDI, this EEXI gradually tightens.  

The EEDI regulation has already change and also coming EEXI regulation will change the 

new vessels operating in the Baltic Sea. The new vessels are weaker and therefore, they 

need more ice breaker assistance in winters (See 4.1.5  Vessels Ice -Going Capacity 

Based on New IMO Rules ).  

  



38  

 

KEY TAKEAWAYS  

No Task/ question*  Answer  

1  What changes have taken 

place in vessel traffic in the 

past five years in Estonian 

waters (use AIS datasets 

provided by the contracting 

entity) and in expectations for 

icebreaking services (incl. any 

expected changes in the 

needs of vessels over the next 

25 years in relation to 

icebreaking services)?  

Several factors affect portsô cargo throughput ï economic 

factors, mainly economy of portsô hinterlands and 

forelands; political factors, e.g political relations with 

neighbours or political situation in hinterland and 

foreland; climate, weather conditions ; technological 

factors; and logistics factors.  

During past five years vessel traffic in Estonian waters 

has been influenced by two major events ï COVID 

pandemic starting 2020 and war initiated by Russia in 

Ukraine and following sanctions against Russia and 

Belarus, starting 2022. While pandemic had wor ldwide 

economic affect and in Estonia context affected basically 

all ports, imposed sanctions due to war has affected 

Estonian ports through which east -west transit cargo was 

handled ï mainly Muuga, Sillamªe and ports in Paldiski. 

From vessel traffic standpoint, year 2020, when 

pandemic started, number of visiting vessels dropped 

altogether and almost in every ice breaking serviced port 

(Table 2-14 ). Due to war, big drop in vessel traffic was in 

ports of Muuga and Sillamªe, i.e the main transit ports. 

There isnôt unified, single pattern in change of vessel 

dimensions during last five years ( Table 10 ). Only 

remarkable change is Muuga port, where due to war 

vessel traffic and dimensions of vessels decreased 

significantly. Looking back further the negative change 

for Muuga and Sillamªe happened after 2014, when 

Russia occupied Crimea and sanctions were imposed 

against Russia.  

Solutions  related to future icebreaking need  are 

discussed in the chapters below.  

2  Which Estonian ports need 

icebreaking services and how 

much, given the ice 

conditions? Which goods and 

in what quantities are 

loaded/unloaded in these 

ports during the winter (data 

can be downloaded from the 

Electronic Marine Information 

System)? What alternatives 

are available for the transpo rt 

of goods and what are the 

impacts if the port is closed?  

Recent years show that icebreaking capability is needed 

in eastern part of Gul f of Finland  and in the Gulf of Riga 

and Pªrnu. Though there hasnôt been demand for 

icebreaker services in Tallinn and Paldiski area, where 

important ports for Estonia are situated and therefore 

there should be readiness to offer ice -breaking services 

in these regions in some form.  

Cargo flows served by ports are dependent on economic 

situation of its hinterland and foreland and political 

relations with its neighbours and possible partners.  

As vessel traffic serves these cargo flows, it increases or 

decreases in line with changes with cargo flows. Changes 

in vessel size can change it some extent. According to 

vessel traffic statistics in Estonian ports, there hasn ôt 

been considerable changes in vessel sizes visiting  

Estonian cargo ports  in the recent decade . 

Year - round operable ports are needed to ensure cargo 

movement to/from/through Estonia . 55% of Estonian 

foreign trade moves through sea. I n case of disturbance 

on land transport routes there is need to  also  reroute the 

cargo traffic  by sea . In extreme cases, like during COVID 

pandemic, sea transport could be only possible solution 

to transport people and cargo to/from Estonia.  
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2.  ICE CONDITIONS IN THE GULF 

OF FINLAND AND GULF OF RIGA  

2.1  BACKGROUND  AND DATA USED  

The study utilizes Copernicus Marine Environment Monitoring Service (CMEMS) reanalysis 

data (Ringgaard et al., 2023) to assess ice characteristics around  the Estonian coast. The 

dataset encompasses 29 years, from January 1993 to December 2021, covering multiple 

ice seasons. Ice concentration and ice thickness data from the reanalysis model is 

specifically employed for the analysis.  

The CMEMS Baltic Sea Physical Reanalysis product (Ringgaard et al., 2023) provides a 

comprehensive physical reanalysis for the entire Baltic Sea region. To produce this 

product, the ice -ocean model NEMO -Nordic, based on NEMO -4 (Nucleus for European 

Modelli ng of the Ocean), is utilized in conjunction with a PDAF data assimilation scheme. 

The data assimilation incorporates observations of sea surface temperature and profiles of 

salinity and temperature.  

The NEMO -Nordic model is coupled with a sea - ice and thermodynamic model, SI3, and 

the validation of this coupled system is provided by CMEMS (Panteleit et al., 2023). 

Pemberton et al. (2017) have previously demonstrated the suitability of a similar modelin g 

system for accurately representing seasonal ice cover across the entire Baltic Sea.  

The CMEMS product offers a horizontal resolution of 2 km, presenting sea ice concentration 

and total ice thickness for each grid cell on a daily basis. However, for this study, seasonal 

mean values are utilized, calculated as averages of the daily values t o provide a more 

comprehensive analysis.  Moreover, on ly areas around Estonia is used for the study  to 

calculate respective ice parameters.  

SEA I CE CONCENTRATION  

The estimation of ice concentration is dependent on the size of the grid cell area over 

which it is calculated. Different products may provide ice concentration values for varying 

sizes of grid cell areas. When dealing with very low ice concentration, whic h indicates high 

uncertainty about the presence of ice, the grid cell is considered ice - free.  

Sea ice concentration represents the estimated fraction of an area covered by ice within a 

specific grid cell. A grid cell is classified as ice -covered when its sea ice concentration 

exceeds a threshold value, which is set at 0.15 for the current study. Th ese threshold 

values for sea ice concentration are calculated, ensuring that the minimum ice 

concentration corresponds to an ice sheet with an approximate size of 380x380 meters 

(0.144 square kilometres ). This approach allows for a more standardized representation 

of sea ice presence across the study area.  
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SEA I CE THICKNESS  

In numerical implementations, the thickness distribution is discretized into several 

thickness categories, with specific ice concentration and ice volume per area. Ice volume 

per area is the extensive counterpart for ice thickness, connected with volume. Evolution 

equations for extensive variables can be readily derived by integration between thickness 

boundaries of the thickness  category . 

Modelled ice thickness values are validated with ice charts that are generated by combining 

the most up - to -date ice charts with data from a Synthetic Aperture Radar (SAR) image. 

The SAR data plays a crucial role in enhancing the accuracy of the ice information 

presented in the ice charts.  

However, it ôs important to note that the observations and validation of ice thickness, both 

in the models and satellite remote sensing, are quite limited. Significant efforts are made 

to derive ice thickness data from satellite remote sensing. Nevertheless, validation  is 

primarily reliant on explicit ice thickness measurements, which are challenging to conduct 

due to the lack of area -covering equipment and advanced measurement technologies.  

CALCULATED PARAMETERS  

In the Gulf of Finland and Gulf of Riga, four parameters calculated from ice concentration 

are utilized to describe past ice conditions:  

1.  Ice days: This parameter is obtained by calculating the mean of the ice binary (sea 

ice concentration > 0.15) over the entire ice season and then multiplying it by the 

length of the ice season, which spans from 1st October to 31st May (a total of 243 

days) . 

a.  Ice binary: It represents a binary value (0 or 1) denoting the presence or 

absence of sea ice. A grid cell is considered to have ice if its sea ice 

concentration exceeds the threshold value of 0.15.  

2.  T1 (First ice day): This refers to the initial day when sea ice becomes persistent 

for at least three consecutive days.  

3.  T2 (Last ice day): This corresponds to the final day when sea ice persists for at 

least three consecutive days.  

4.  Ice period: This measure refers to the time difference in days between first and 

last ice day.  

 

Additionally, statistical descriptions of ice thickness are calculated for the entire dataset 

and on a yearly basis:  

 

1.  Mean ice thickness: The average thickness of ice across the dataset or for each 

year.  

2.  Maximum ice thickness: The highest recorded ice thickness value observed in the 

dataset or within a specific year.  

3.  Standard deviation of ice thickness: A measure of how much variation or 

dispersion exists in ice thickness values, indicating the spread around the mean 

thickness.  

4.  Probabilities of different ice thicknesses: The likelihood of different ice thickness 

categories, specifically:  
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a.  Ice thickness less than 20 cm  

b.  Ice thickness between 20 and 40 cm  

c.  Ice thickness more than 40 cm  

 

By considering these parameters and statistical descriptions, past ice conditions in the 

Gulf of Finland and Gulf of Riga can be comprehensively characterized and analyzed.  

 

2.2  I CE CONDITIONS  IN THE  GULF  OF FINLAND  

AND  GULF  OF RIGA  

The long - term data analysis spanning from 1993 to 2021 reveals significant ice 

occurrences throughout the study region, as illustrated in Figure 19 . Notably, even the 

areas between Baltic Proper and Gulf of Finland have consistently exhibited ice 

concentration above the defined threshold for more than 10 years. Additionally, the north -

eastern regions of the Gulf of Finland have experienced ice cover every single year during 

this period.  

Furthermore, Vªinameri and Pªrnu Bay have consistently been ice- covered each winter, 

except for  the 2019/2020 winter when ice did not form in these specific areas.  

These findings from the long - term data analysis provide valuable insights into the historical 

patterns of ice presence and concentration in the study region. The observations highlight 

the persistence of ice in various areas and can contribute to a better understanding of ice 

dynamics and climate trends in the Gulf of Finland and Gulf of Riga over the examined 

period.  

 

Figure 19 . Number years between  1993 and 2021 that  sea ice concentration has 

exceeded the threshold . Data that is shown also represent the study ;  integrated 
parameters (e.g., sea ice extent ; ) are derived using the model grid points within 

this area   
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In 20 (a)  the average ice season length in days and  Figure 19 (b)  the number of ice days 

within the ice season are presented separately. An evident trend  in Gulf of Finland  is 

observed, where the ice season tends to be longer in regions east of the Tallinn -Helsinki 

line, and shorter in areas west of this line, typically ranging from about 40 to 60 days. The 

eastern parts  of Gulf of Finland  experiences the longest ice seasons lasting up to 120 days.  

The Gulf of Riga and Pªrnu Bay stand out with notably longer ice seasons, surpassing 100 

days. However, in the open areas of the Gulf of Riga, the ice season lasts approximately 

40 to 60 days.  Notably these areas are more open to wind forcing and ice is not as 

persistent as in closed bays which might affect the results.  

Figure 19 (b)  represents the average duration of individual ice days within the ice season 

across the entire dataset. Despite ice seasons lasting more than 60 days east of the 

Tallinn -Helsinki line, persistent ice coverage occurs for a much shorter period. Only in the 

area east of Kunda, do persistent ice days extend beyond 60 days.  

Pªrnu Bay 20 (b) experiences ice cover for more than 100 days, starting from  around  Kihnu 

island. On the other hand, the open areas of the Gulf of Riga have less than about 50 days 

of persistent ice cover on average.  

a)  

 

b)  

 

Figure 20 . ( a) Average ice season length  ( i.e.,  period)  and ( b) number of days 
when ice has existed during the ice period . The data is retrieved by calculating 

averages over the entire dataset between 1993 and 2021  

Based on the comprehensive data spanning nearly 30 years, the onset of the ice season 

is typically observed around the end of December (as shown in Figure 21 (a) ). However, 

in relatively enclosed areas like Vªinameri and Pªrnu Bay, the ice season tends to start 

earlier than in other regions. These areas may experience ice formation before the end of 

December.  

On the other hand, the end of the ice season exhibits more variability depending on the 

specific region (as depicted in Figure 21 (b) ). For instance, the north -eastern parts of the 

Gulf of Finland can retain ice cover up until the very end of the ice season, which lasts 

until 31st May  for the current study . In contrast, the areas situated between the Baltic 

Proper and Gulf of Finland have shorter ice periods, with ice cover dissipating earlier.  
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a)  

 

b)  

 

Figure 21 . ( a) Average ice period starting and ( b) end day calculated from  

1 st  October . The value is retrieved as an average over the entire dataset between 

1993 and 2021  

Based on the data analysis, the average ice thickness around the Estonian coast remains 

consistently around 10 cm or even less, as indicated in Figure 22 (a) . The only exception 

to this trend is Pªrnu Bay, where the ice thickness averages around 15 cm. 

On the other hand, Figure 22 (b)  illustrates that the maximum ice thickness exhibits much 

more spatial variability. In the north -eastern parts of the Gulf of Finland, ice thickness can 

reach up to about 80 cm during the coldest winters. Conversely, the southern coast of the 

Gulf of Finland has experienced maximum ice thickness around 40 cm within the analyz ed 

data.  

In the Gulf of Riga, the maximum ice thickness typically falls within the range of 40 to 60 

cm. Similar patterns to ice concentration are observed in Pªrnu Bay and other more 

enclosed areas, where thicker ice is found. In contrast, the open parts of the Gu lf generally 

do not experience very thick ice.  Note that the maximum ice thickness does not include 

ridging which can increase the local ice thickness significantly in the Baltic Sea  (Leppªranta 

and Myrberg, 2009 ) .  

The standard deviation of ice thickness ( Figure 22 (c) ) shows relatively consistent 

variability of around 10 cm in most regions. However, the Finnish coast of the Gulf of 

Finland exhibits higher variability in ice thickness.  
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a)  

 

b)  

 

c)  

 

Figure 22 . ( a) Mean, ( b) maximum and ( c) standard deviation of ice thickness . 

The values are retrieved from  data between 1993 and 2021  

The analysis indicates that the highest probabilities for ice thickness are generally 

observed for ice that is less than 20 cm thick ( Figure 23 (a) ). However, two exceptions 

stand out: Pªrnu Bay and the eastern Gulf of Finland, which exhibit higher probabilities for 

ice thickness ranging between 20 and 40 cm ( Figure 23 (b) ). Moreover, the regions with 

the most substantial probabilities for ice thicker than 40 cm are predominantly situated in 

the north -eastern parts of the Gulf of Finland ( Figure 23 (c) ).  

a)  

 

b)  

 

c)  

 

Figure 23 . ( a) Probability of ice thickness less than 20 cm, ( b) probability of ice 

thickness between 20 and 40 cm, ( c) probability of ice thickness over 40 cm.  The 

values are retrieved from the data between 1993 and 2021  

Figure 24  provides insights into the mean, maximum, and standard deviation of sea ice 

extent, measured in square kilometers. Note that sea ice extent calculation includes  area 

within Vªinameri as well. According to the data, the average sea ice growth initiates 

towards the end of December, gradually expanding until it reaches its peak extent of 

approximately 40,000 square kilometers by the end of February or the beginning of March.  

Notably, only during the coldest winters, the ice season begins as early as the middle of 

November, leading to a more extensive ice coverage. In these exceptional cases, the sea 

ice reaches its maximum extent, encompassing around 100,000 square kilometers.  This 

significant variation in sea ice extent between regular and coldest winters highlights the 

influence of temperature conditions on the duration and expansion of the sea ice season.  
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Figure 24 . Sea ice extent mean ( blue ), maximum ( purple ) and standard deviation 
( red ) over the study area . The data is retrieved from the data between 1993 and 

2021 . Note that sea ice extent values include area inside Vªinameri as well   

On the other hand, Figure 25  reveals substantial variability in sea ice extent both between 

different winters and within each winter. For instance, the winters of 1993, 1995, and 

2002 exhibit relatively consistent ice growth, peaking around the beginning of March. In 

contrast, the winters of 1996, 2000, and 2003 show a more complex pattern, with periods 

of ice growth followed by partial melting (including other processes related to ice melting) 

and subsequent regrowth, resulting in multiple ice extent peaks within a  single winter.  

These observations emphasize the dynamic and unpredictable nature of sea ice extent, 

where various factors, including temperature fluctuations and weather patterns, contribute 

to the seasonal variations.  
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Figure 25 . Sea ice extent for individual winters . The color s ignifies the increase 

in sea ice extent for each winter revealing the complex nature of ice growth and 

melting. Note that sea ice extent values include area inside Vªinameri as well 

2.3  ESTIMATION  FOR  FUTURE  I CE CONDITIONS   

REFERENCE CLIMATE  

 

ERA5 (Hersbach et al., 2023) data , that is used as baseline climate for the current study , 

is a comprehensive dataset provided by the European Centre for Medium -Range Weather 

Forecasts (ECMWF) that offers a wealth of climate and atmospheric information. Among 

the various variables it provides, the 2 m air temperature is a significant parameter in 

understanding climate conditions. This variable represents the air temperature mea sured 

at a height of 2 meters above the surface of the Earth.  

The ERA5 2 m air temperature dataset offers extensive spatial and temporal coverage, 

providing hourly data on a global scale. It incorporates various observational sources, 

including satellites, weather stations, and other instrumental measurements, using 

advanced data assimilation techniques to produce highly accurate and reliable estimates.  
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Researchers and climate scientists frequently utilize ERA5 2 m air temperature data to 

analyse  and study long - term trends, climate patterns, and changes in temperature over 

different regions. It plays a crucial role in climate modelling , weather forecasting, and 

studying the impacts of climate change on a local and global scale.  

USED CLIMATE SCENARIOS  

 

The climate dataset used in this study comes from the CMIP6 (Coupled Model 

Intercomparison Project Phase 6) experiment. CMIP6 is a collaborative international 

initiative that involves multiple climate modelling  groups worldwide. Its primary objectives 

are to enhance climate models, evaluate their performance, and generate robust 

projections of future climate change. By providing a standardized framework, CMIP6 

facilitates simulations of past, present, and future  climates under various scenarios.  

One of the participating climate models in CMIP6 is NorESM2 -MM (Norwegian Earth System 

Model 2 -  Medium - resolution version, Seland et al., 2020), developed by the Norwegian 

Climate Centre. Climate models like NorESM2 -MM employ a comprehensive approach to 

simulate the Earth ôs climate system, incorporating representations of various physical 

processes, including interactions between the atmosphere, ocean, land, and ice.  

Through CMIP6, researchers gain access to a diverse range of climate model outputs, 

allowing them to explore and compare different model simulations. This collaborative effort 

contributes significantly to advancing our understanding of climate dynamics and  the 

potential impacts of future climate change.  

SHARED SOCIOECONOMIC PATHWAYS ( SSP)  

  

The pathways (OôNeill et al., 2017) described below are instrumental in exploring diverse 

potential futures for climate change, considering varying socioeconomic and policy 

decisions. Here is a summary of each scenario:  

1. SSP245 (Shared Socioeconomic Pathway 2.4 ï ñMiddle of the Road ò):  

-  Represents a future scenario with moderate efforts to mitigate greenhouse gas 

emissions and adapt to climate change.  

-  Involves a gradual transition to cleaner and more sustainable energy sources and 

technologies, leading to a moderate increase in global average temperatures by 

the end of the century.  

-  Socioeconomic development is moderate, emphasizing balanced economic growth 

and sustainable practices.  

-  Global population growth is relatively controlled, and there are improvements in 

education, health, and governance.  

-  The temperature increase associated with SSP245 is generally in the range of 

approximately 1.5ÁC to 2.5ÁC above pre- industrial levels by 2100.  

2. SSP370 (Shared Socioeconomic Pathway 3.7 ï ñRegional Rivalry ò):  

-  Envisions a future where global efforts to mitigate climate change are limited, 

leading to high greenhouse gas emissions and less focus on sustainability.  
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-  Fossil fuels continue to dominate the energy mix, resulting in a significant increase 

in global average temperatures by the end of the century.  

-  Socioeconomic development is fragmented and regionally focused, with less 

international cooperation on climate and environmental issues.  

-  Global population peaks and gradually declines, but there are substantial regional 

variations, and equitable development is challenging.  

-  The temperature increase associated with SSP370 is typically in the range of 

approximately 2.6ÁC to 3.7ÁC above pre- industrial levels by 2100.  

3. SSP585 (Shared Socioeconomic Pathway 5.8 ï ñFossil - fuelled  Development ò):  

-  Represents a future scenario with high population growth, rapid economic 

development, and heavy reliance on fossil fuels.  

-  Greenhouse gas emissions increase substantially, leading to a significant rise in 

global average temperatures by the end of the century. This scenario corresponds 

to the highest emissions trajectory among the SSPs.  

-  Socioeconomic development is market -driven, with rapid technological progress 

that may not be sustainable from a climate perspective.  

-  Limited emphasis on environmental and climate policies results in increased 

pressure on ecosystems and natural resources.  

-  The temperature increase associated with SSP585 is generally in the range of 

approximately 3.3ÁC to 5.7ÁC above pre- industrial levels by 2100.  

These scenarios provide critical insights into the potential outcomes of different climate 

actions and policy choices, guiding policymakers and researchers in understanding the 

implications of their decisions on future climate change and global warming.  

ICE CLIMATE PROJECTIONS  

 

To assess climate scenarios accurately, a comparison cannot be made directly with the 

past reference climate  (ERA5 for current study) . Instead, it is necessary to compare them 

with the historical climate control period (ccp) of the respective climate model.  Ideally, the 

past reference climate data should statistically match with climate model control period 

output.  

To estimate the changes in occurrences of severe, average, and mild winters, firstly 

seasonal mean air temperature from the reference (ERA5) are utilized  and compared with 

mean sea ice extent of the corresponding winters. Then the same is conducted for  the air 

temperatures from  climate model control period . Bias correction  for climate model control 

data  is carried out if needed. Lastly, climate projections can now be analysed  as they have 

been put into the same reference system as past climate.  

Table 11  provides examples of severe, average, and mild winter conditions, illustrating the 

criteria used to classify these different types of winters.  
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Table 11 . Representative ice seasons for severe, average and mild winters: 

2010/2011, 2017/2018 and 2019/2020 respectively. Ice days, period length, 

start of the season , end of the season  and mean thickness  as rows of the table  

 2010/2011 ï severe  2017/2018 ï average  2019/2020 ï mild  
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In the study, the ERA5 dataset is utilized to represent the atmospheric climate reference 

conditions. Specifically, 2 m air temperature timeseries is extracted from the ERA5 dataset 

from the longitude 25.0 and latitude 57.95.  

During the analysis, it was found that the mean air temperature demonstrated the most 

promising scaling results (correlation r = 0.92, RMSD = 0.34) when compared to the 

seasonal mean ice extent ( Figure 26 ). These results indicate a strong correlation between 

mean air temperature and the  seasonal mean  extent of sea ice, providing valuable insights 

into the interplay between atmospheric conditions and sea ice dynamics.  

 
Figure 26 . The seasonal mean ice extent (left axis) and the mean air 

temperature on the right axis (axis direction reversed). Characteristic severe, 

medium and mild winters of 2010/2011, 2017/2018, 2019/2020 are 

highlighted  

Considering the high similarities between the patterns of 2 m temperature and sea ice 

extent (as shown in Figure 26 ), it is possible to estimate future ice extent based solely on 

temperatures from different climate projections. Figure 27  illustrates the seasonal mean 

2m air temperature for the reference climate and various climate scenarios.  

In the SSP370 and SSP585 scenarios, the temperature shows a linear growth trajectory 

until the end of the century, indicating a continuous warming trend. On the other hand, 

the mildest climate scenario, SSP245, suggests a slight decrease in 2m air temperat ure 

towards the end of the century.  

For the current study, which aims to provide ice climate estimations until 2050, the 

differences between which climate scenario will unfold  appear to be minimal. In each 

scenario, the 2 m air temperature can fall close to 0 degrees Celsius or lower, indicating 

severe or average winter conditions.  

 
Figure 27 . Seasonal mean 2 m air temperature for reference climate and for 

different climate scenarios   
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Table 12  concludes the changes in sea ice extent depending on the climate scenario. All 

scenarios predict a reduction in the occurrence of severe winters. As a result, severe 

winters are expected to be significantly less frequent. In the SSP370 and SSP245 

scenarios , severe winters are evident, occurring up to the 2070s in SSP370 and likely 

towards the end of the century in the SSP245 scenario as well.  

The increase in mild winters is more pronounced in the SSP370 and SSP245 scenarios, 

showing a rise of approximately 10%. However, the SSP585 scenario predicts a decrease 

in the frequency of mild winters by 7%.  

The proportion of medium winters increases in all climate scenarios, with the most 

substantial rise observed in the SSP585 scenario. As the warmest climate scenario, 

SSP585 exhibits more extreme weather conditions, particularly at the beginning of the 

cent ury when the climate experiences a significant shift. This implies that severe winters 

could also occur under these extreme weather conditions in warmer climate scenarios.  

These findings suggest that the choice of climate scenario has implications for the 

frequency of severe, average and mild winters (Table 1, Table 2). Additionally, the 

warming trend observed in the SSP370 and SSP585 scenarios could lead to more 

pronounced shifts in climate patterns, impacting the occurrence of extreme weather 

events. Table 11  provides examples of severe, average, and mild winter conditions, 

illustrating the criteria used to classify these different types of winters. Ice period length 

(second row) also illustrates the ice extent of respective winter: any regions with more 

than z ero ice days indicate the presence of ice in those winters .  

Table 12 . Share of severe, average,  and mild winters for different set of 

scenarios and periods  

Climate  Share of winters [%]  

 

 Severe  Average  Mild  

ERA5  21  59  21  

ccp 21  59  21  % Changes compare to ccp  

SSP585 (2030 ï2055)  3 79  17  -18  20  -4 

SSP370 (2030 ï2055)  0 69  31  -21  10  10  

SSP245 (2030 ï2055)  3 66  31  -18  7 10  

WIND CLIMATE PROJECTIONS  

 

There is growing concern that wind patterns are also changing with general climate change  

which in turn would change the ice dynamics. To assess changes in wind speed and 

direction , CMIP6 and ERA5 data is used. In the following figures  black represents ERA5 

wind speed data,  blue represents the climate model control data . Green, red, and purple 

are SSP245, SSP370, and SSP585 pathways respectively.  
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Figure 28  represents projections for future wind speed conditions for different SSPs  

(average wind speed values are averaged again over five winters to reduce noise ) . There 

does not appear to be large trends in wind speed over the study area.  

 

Figure 28 . Black line represents ERA5 wind speed, blue line represents CMIP6 
wind speed, green, red, and purple are SSP245, SSP370, and SSP585 pathways 

respectively. Note that wind speed values are averaged over five winter to make 

data more readable  

Estimation of wind direction is even more challenging than wind speed. Figure 29  

represents wind roses for ERA5 (black), climate model control (blue), SSP370 ( red ) , 

SSP585 (purple), and SSP245 (green). It is clearly seen that there exists a mismatch in 

prominent wind direction between ERA5 (black) and climate model control (blue)  wind 

direction s.  However, t o accurately estimate wind patterns for different climate scenarios, 

the climate model control and ERA5 (for the current study ) should statistically match. 

Therefore, comparing wind direction s for different SSPs with climate model control values 

is not entirely accurately represented in real world . Note that data from global model (with 

much lower resolution of about 100km) is used which might not represent the local 

conditions correctly . Much deeper analysis or even local high resolution climate modelling 

is needed to answer  these questions.  

In terms of the wind directions, the control scenario indicates that the prevailing wind 

direction is southwest (SW). However, this changes noticeably in the various SSP 

scenarios. Under the SSP585 scenario, the wind direction shifts more to west (W), a trend 

that remains consistent in both the SSP370 and SSP245 scenarios. This collective shift 

highlights the alteration in prevailing wind patterns compared to the baseline control 

scenario. The data suggests a potential transition towards a more prominent westward 

wind direc tion across the SSP scenarios, signifying a noteworthy change in wind patterns 

that could have implications for local climate and weather conditions.  
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Figure 29 . W ind roses for ERA5 (black), climate model control (blue), SSP370 

(red), SSP585 (purple), and SSP245 (green). Note that directions are not in 

nautical convention  

KEY TAKEAWAYS  

No Task/ question*  Answer  

1  What are the impacts of 

climate change (more 

frequent storms and 

formation of conglomerated 

ice) on ice conditions in the 

Gulf of Finland and the Gulf of 

Riga?  

As temperatures are projected to increase in all 

climate scenarios, both in the mid -century and 

beyond, we can anticipate a rise in the 

occurrence of average and mild ice conditions. 

Consequently, severe winters are expected to 

become significantly less frequent (about 3% of 

winters will be severe, 71% will be average, and 

26% will be mild in the next coming decades) . 

Nevertheless, it's important to note that under 

extreme weather conditions in warmer climate 

scenarios, there remains a possibility for sever e 

winters to occur as well.   

 

SOURCES & REFERENCES  

Ringgaard, I., Korabel, V., Spruch, L., Lindenthal, A., Huess, V. Product User Manual, 

Tech. rep., Copernicus Marine Environment Monitoring Service, 

https://catalogue.marine.copernicus.eu/documents/PUM/CMEMS -BAL-PUM-003 -

011_012.pdf, 2023  

Panteleit, T., Verjovkina, S., Jandt -Scheelke, S., Spruch, L., Huess, V. Quality 

Information Document, Tech., rep., Copernicus Marine Environment Monitoring Service, 

https://catalogue.marine.copernicus.eu/documents/QUID/CMEMS -BAL-QUID -003 -

011.pdf, 2023  

Pemberton, P., Lºptien, U., Hordoir, R., Hºglund, A., Schimanke, S., Axell, L. and 

Haapala, J., 2017. Sea - ice evaluation of NEMO -Nordic 1.0: a NEMO ïLIM3. 6 -based 

oceanïsea- ice model setup for the North Sea and Baltic Sea. Geoscientific Model 

Development, 1 0(8), pp.3105 ï3123.  

Hersbach, H., Bell, B., Berrisford, P., Biavati, G., Hor§nyi, A., Mu¶oz Sabater, J., Nicolas, 

J., Peubey, C., Radu, R., Rozum, I., Schepers, D., Simmons, A., Soci, C., Dee, D., 

Th®paut, J-N. (2023): ERA5 hourly data on single levels from 1940 to present. 

Copernicus Climate Change Service (C3S) Climate Data Store (CDS), DOI: 

10.24381/cds.adbb2d47  



55  

 

Leppªranta, Matti, and Kai Myrberg. Physical oceanography of the Baltic Sea. Springer 

Science & Business Media, 2009.  

Seland, Ï., Bentsen, M., Olivi®, D., Toniazzo, T., Gjermundsen, A., Graff, L. S., 

Debernard, J. B., Gupta, A. K., He, Y. -C., Kirkev¬g, A., Schwinger, J., Tjiputra, J., Aas, 

K. S., Bethke, I., Fan, Y., Griesfeller, J., Grini, A., Guo, C., Ilicak, M., Karset , I. H. H., 

Landgren, O., Liakka, J., Moseid, K. O., Nummelin, A., Spensberger, C., Tang, H., 

Zhang, Z., Heinze, C., Iversen, T., and Schulz, M.: Overview of the Norwegian Earth 

System Model (NorESM2) and key climate response of CMIP6 DECK, historical, and  

scenario simulations, Geosci. Model Dev., 13, 6165 ï6200, https://doi.org/10.5194/gmd -

13 -6165 -2020, 2020.  

OôNeill, B.C., Kriegler, E., Ebi, K.L., Kemp-Benedict, E., Riahi, K., Rothman, D.S., Van 

Ruijven, B.J., Van Vuuren, D.P., Birkmann, J., Kok, K., Levy, M. and Solecki, W., 2017. 

The roads ahead: Narratives for shared socioeconomic pathways describing world futures 

in the 21 st  century. Global environmental change, 42, pp.169 ï180.  



56  

 

3.  GOVERNANCE OPTIONS  

3.1  INTRODUCTION  

The assessment of governance options for providing necessary icebreaking services is 

produced in such a way that it provides a sound basis for decision -making. It provides an 

impartial expert assessment of the potential and realistic options available for Estonian 

Government in this matter, where the strengths and weaknesses as well as risks of the 

options or alternatives are weighted both in a qualitative and quantitative manner.  

The Chapter comprises the following elements, which are coordinated with the other 

elements (Chapters) of the study.   

1.  Overview of potential governance options providing necessary icebreaking services 

based on key theoretical constructs and with practical international examples . 

2.  Outlining the governance options that could be considered possible and valid for 

managing and operating the Estonian icebreaking service and/or fleet and 

vessel(s) . 

3.  Analysing  the necessary administrative, management and other essential resources 

in the outlined governance options in view of Estonian icebreaking service needs . 

 

It is based both on literary and documentary analysis as well as the long - term expertise 

of the authors in administration and governance of icebreaking services completed with 

interviews of key stakeholders and experts in Estonia, Finland and Sweden.  

3.2  INTERNATIONAL  COOPERATION  IN  

ICEBREAKING  IN THE BALTIC SEA REGION  

MULTILATERAL TREATY ON ICEBREAKING COOPERATION 

BETWEEN THE NORDIC COUNTRIES FROM 1961  

Already in 1961, Finland, Denmark, Norway and Sweden signed a treaty 1 on icebreaking 

cooperation. Its purpose is to facilitate the maintenance of shipping and promote maritime 

safety during the winter in the navigational waters of the Nordic countries through the 

cooperation of icebreakers and uniform regulations on icebrea ker operations.  

According to the original text in the 1961 treaty, Nordic icebreaker cooperation takes place 

in the North Sea, the ¡land Sea between Sweden and the ¡land Islands, the Baltic Sea 

north of Bornholm and in the ¥resund, Kattegat and Skagerak. The contracting state must 

use all state -owned or leased icebreakers that are not necessarily needed for icebreaker 

operations in its own coastal waters for Nordic icebreaker cooperation.  

 
1 The version of the Treaty in Finnish is available here . 

https://www.finlex.fi/fi/sopimukset/sopsteksti/1961/19610036
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The icebreakers of the contracting state are primarily used for tasks in waterways 

bordering their own country. Regional cooperation is mainly organized, if necessary, 

between:  

-  Finland and Sweden in the Gulf of Bothnia, the ¡land Sea and the northern Baltic 

Sea,  

-  Denmark and Sweden in the waterways in and south of the ¥resund, in the Kattegat 

and in the southern part of the Skagerak, and  

-  Norway and Sweden in the northern part of the Skagerak.  

BALTIC ICE MANAGEMENT (BIM)  

Baltic Icebreaking Management (BIM), founded in 2003, is an organisation with members 

from all the Baltic Sea states. BIM is a result of the annual meetings of the Baltic states 

icebreaking authorities which have assembled for more than 25 years. After a difficult 

winter navigation sea son 2002/2003, a project was launched within the framework of 

HELCOM aiming at improving the safety of winter navigation in the Baltic Sea. The HELCOM 

Recommendation on the Safety of Winter Navigation in the Baltic Sea Area was adopted 

in March 2004.  

The overall objective of BIM is to ensure a well - functioning, year - round maritime transport 

system in the Baltic Sea through enhancing the strategic and operational cooperation 

between the Baltic Sea countries in the area of winter navigation assistance.  

The member countries of BIM are Denmark, Estonia, Finland, Germany, Latvia, Lithuania, 

Norway, Poland, Russia and Sweden. Since 2022, Russia has not participated in BIMôs 

activities, and the network is currently somewhat dormant. BIM has issued 16 annual 

winter navigation reports since the winter period 2005 ï2006. The latest available edition 

is from period 2020 ï2021, and the reports are available here . 

FINNISH -SWEDISH WINTER NAVIGATION RESEARCH BOARD 

SINCE 1972  

In 1972, the Finnish and Swedish Maritime Administrations signed an agreement on 

cooperation in research related to technical conditions for winter navigation, named the 

Finnish -Swedish Winter Navigation Research program (WNRB). It is still overseen by the  

Finnish and Swedish authorities dealing with winter navigation.  

The total annual budget is currently EUR 200,000, which is funded by equal shares 

between the two countries. The annual budget is used to fund 3 to 6 separate studies 

based on a competitive tendering. To date, WNRB has funded over 120 studies from 

Finnish or Swedish Universities, research institutions and consultants. The reports deal 

almost exclusively with applied and pragmatic real -world phenomena and target 

contemporary and needs -based issues as defined by the Board. They have a strong linkage 

to contem porary regulatory issues or technological challenges in winter navigation, 

including icebreakers and icebreaker operations. The reports can be accessed here . 

https://baltice.org/about/
https://www.traficom.fi/fi/ajankohtaista/julkaisut/talvimerenkulun-tutkimusraportit
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Perhaps one of the most significant achievements of WNBR has been the support to the 

development of the so -called Finnish -Swedish Ice Class Rules ( FSICR). The development 

of the rules began as early as the 1930s, and the rules have been amended several times 

during the past years, for example in 1971, 1985, 1999, 2003, 2010 and 2017. FSICR has 

become a worldwide standard in classification of ice -going ves sels.  

BILATERAL FINNISH - SWEDISH AGREEMENT ON ICEBREAKING 

COOPERATION SIGNED IN 2012  

The aim of the agreement is to improve the availability of icebreakers and reduce waiting 

times and costs. The agreement deepens cooperation between Finland and Sweden in the 

planning and organization of winter shipping services. In this way, even in diffi cult icy 

winters, more efficient and economical icebreaking services are secured than at present.  

The agreement will result in savings, as the closest breaker will assist ships regardless of 

their destination port. Because of this, the empty displacements of breakers and the 

resulting fuel costs and expectations are reduced. In the long term, the total  costs of 

breaking ice in the contract area will be reduced, when the parties do not have to reserve 

equipment alone and independently to cope with the worst ice situations.  

The contract is valid for 20 years until year 2032. The agreement requires Finland to have 

the capacity of five icebreakers. Four of these must be so -called Class A icebreakers and 

one Class B icebreaker. Finland has the breakers required by the agreement.  

Cooperation has been carried out primarily in the Gulf of Bothnia, but during difficult ice 

winters also in the entire Baltic Sea basin to assist traffic to Finland or Sweden. The 

principles of the cooperation are as follows:  

-  Both reserve required  icebreaking capacity  

-  Common management of the operations and assigning assistance via IBnet  

-  Common principles of setting restrictions and issuing dispenses based on HELCOM 

recommendations  

-  Common prioritization of winter navigation assistance  

-  Cost sharing principles . 

BILATERAL FINNISH - ESTONIAN ICEBREAKING COOPERATION  

A Memorandum of Understanding (MoU) was signed between Estonian and Finnish 

transport authorities on icebreaking cooperation in the early 2010s, but there is no formal 

agreement or treaty on this between the two countries. Discussions of the need of such 

have been going on with alternating intensity after the signing of the MoU.  

In practice, no Estonian icebreakers have been used to assist winter navigation in Finland, 

nor Finnish icebreakers of Arctia Icebreaking Oy for assistance in Estonia. However, a 

Finnish -based company Alfons H¬kans has deployed its sea-going large tugboats  in 

Estonian waters already since the mid -1990s. The current contract with the Estonian 

government has a readiness fee of approximately 200,000 euros per year plus daily 

remuneration.  

https://www.traficom.fi/sites/default/files/media/regulation/FSICR%20Guidelines%202019.pdf
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EU- FUNDED WINTER NAVIGATION PROJECTS WITH SWEDEN, 

FINLAND AND ESTONIA  

Since the first Winter Navigation Motorways of the Sea project WINMOS I till 2015, 

WINMOS projects have aimed to ensure sustainable efficient maritime transports all year 

round and mitigate the barrier -effect caused by the sea ice by:  

-  Foreseeing possible changes in the future and analysing the impact on the winter 

navigation system and the requirements for icebreaking capacity;  

-  Working out proposals for different concepts and designs of icebreakers and 
composition of the icebreaker fleet that meet industrial and environmental 

demands on maritime transports;  

-  Reducing emissions from existing icebreakers;  

-  Modernisation of the existing Finnish -Swedish Icebreaking Management System 
(IBNet), and improving the accessibility to the information for all relevant 

stakeholders within maritime shipping;  

-  Developing training methods for navigation in sea ice; and  

-  Ensuring sufficient icebreaking resources.  

 

Two WINMOS projects are completed, and the third one was granted Connecting Europe 

Facility (CEF) funding in July 2023:  

Á WINMOS I  (till end -2015), budget EUR 139 million, of which EUR 29.6 million 

was received from TEN -Tôs Motorways of the Seas 

- Lead Partner: Swedish Maritime Administration; other partners Finnish 

Transport Agency, Finnish Meteorological Institute, Aalto University, 

Novia University of Applied Sciences (Finland), ILS Ship Design & 

Engineering (Finland), Image Soft Ltd., Aker Arcti c Technology Inc. 

(Finland) and Estonian Maritime Administration  

Á WINMOS II  (2016 ï2019), the budget was EUR 19 million, of which EUR 6.6 

million was funded by the CEF  

- Lead Partner: Finnish Transport Infrastructure Administration (FTIA); 

other partners Swedish Maritime Administration, Arctia Icebreaking Ltd., 

Aalto University, Novia University of Applied Sciences (Finland), ILS Ship 

Design & Engineering (Finland), and Estonian Maritime 

Administration  

Á WINMOS III (2023 ï2027) project with budget about EUR 186.9 million, of 

which approximately EUR 30  million was funded by the CEF  

- Majority of the funds will be used in connection to the new Swedish 

icebreaker to be completed in 2027  

- Lead Partner: Swedish Maritime Administration, other partners FTIA 

(Finlandôs share of the budget EUR 2.9 million), and Estonian Transport 

Administration  as an associated partner  

Sweden is also planning to apply for financial assistance for its second new icebreaker 

from the EU ôs new Military Mobility program. Its next application expires on Sept. 21, 

2023, where a total of EUR 790 million will be distributed. If Sweden is successful in its 

http://www.winmos.eu/winmos1/about-winmos/
http://www.winmos.eu/about/
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application, substantial funding might be available from this program also to Estonia, 

should it decide to procure new icebreakers.  

EUROPEAN MARITIME SAFETY AGENCY (EMSA) AND ITS ROLE IN 

THE BALTIC SEA REGION  

EMSA is not active in icebreaking operations or cooperation, but it is engaged in oil 

recovery arrangements in ice conditions. It has occasionally organized tenders for 

providing these services for a period of 4 years (maximum two consecutive contracts are  

possible). Multipurpose icebreakers may be used for these purposes, provided they are 

equipped with necessary equipment and capacity.  

In EMSA ôs latest 5 -year strategy  2020 ï2024, the Agency has a goal to Intensify pollution 

prevention activities by building Member State capacity and developing practical guidance 

and tools for the wider maritime cluster.  

EMSAôs role in oil pollution response is to offer a range of services to help coastal States 

around Europe respond quickly, effectively, and efficiently to oil or chemical marine 

pollution incidents from ships and oil and gas installations. The services of fered by EMSA 

can be described as a ñtoolboxò from which the requesting State can pick and choose the 

most suitable response means. Through these services, EMSA aims to complement and 

top -up existing response resources at national and regional level.  

EMSA has established a network of stand -by oil spill response vessels through contracts 

with commercial vessel operators. EMSAôs contracted vessels have been specifically 

adapted for oil spill response operations and are on stand -by, carrying out their usu al 

commercial activities.  

In the event of an oil spill, the selected vessel will cease its normal activities and will be 

made available to the requesting party fully -equipped for oil spill response services under 

established terms and conditions and tariffs. Following a request for  assistance, the 

maximum time for the oil spill response vessel to be ready to sail is 24 hours.  

Regardless of their area of commercial operations, all vessels in the EMSA network can be 

mobilised for response to an oil spill anywhere in European waters and shared sea basins. 

EMSA covers the costs of fitting the commercial vessels with oil recovery eq uipment and 

tools. The average individual oil storage capacity of EMSAôs contracted vessels is 

approximately 3, 600 mį. 

Each of EMSAôs contracted vessels has the following characteristics: 

-  Speed of 12 knots for prompt arrival on scene as well as low speed manoeuvrability  

for response operations  

-  On-board capability to decant excess water thereby maximising the use of on -board 

storage capacity  

-  Large storage capacity for recovered oil  

-  Ability to heat recovered cargo and use high capacity pumps to facilitate the 

discharging of heavy viscous oil mixtures to facilities ashore  

https://www.emsa.europa.eu/publications/corporate-publications/item/3764-emsa-s-5-year-strategy-2020-2024.html#:~:text=EMSA's%20five%2Dyear%20strategy%20(2020,international%20reference%20and%20knowledge%20hub.
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-  Oil slick detection system to facilitate the positioning of the vessel in the thicker oil 

slicks, and to enable operations at night.  

All vessel arrangements comprise of two different containment and mechanical recovery 

options available for response operations depending on the weather conditions and type 

of pollutant:  

-  Sweeping arms  

-  Ocean -going booms and an offshore skimmer (on certain vessels there are also high -

capacity skimmers and weir booms available).  

To analyse the suitability of current Estonian vessels to take part in EMSA tenders for oil 

recovery arrangements in ice conditions goes beyond the scope of this study. It can 

generally be said that MPSV Botnica might, in principle, be suitable provided it is fitted 

with the necessary equipment and required storage space. The same applies for  any 

potential future vessel(s) used in or procured for Estonian icebreaking.  

3.3  OVERVIEW  OF GOVERNANCE  OPTIONS  FOR  

ICEBREAKING  SERVICES  

A starting point in considering the available options for providing necessary partly or wholly 

publicly funded icebreaking assistance and related services, is to assess the:  

i)  nature of the provided service;  

ii)  volume of service events, and the corresponding capacity needed to provide 

these services;  

iii)  the geographical coverage of service needs; and  

iv)  the predictability of these needs.  

NATURE OF THE PROVIDED SERVICE  

This study deals exclusively with services that are provided to assist winter navigation of 

commercial vessels in ice - infested maritime fairways or routes outside seaports. Seaports 

that need icebreaking within the port area have their own or contracted po rt tugs or 

smaller icebreakers. Sea -going icebreakers enter port areas only in exceptional cases.  

The services under study comprise several elements, such as:  

-  icebreakers that maintain navigable routes and assist commercial vessels by escorting 

a convoy or towing an individual vessel to reach their destination in ice - infested waters,  

-  rules, procedures and oversight systems to ensure navigational safety in ice - infested 

waters in view of ice conditions, including setting minimum technical requirements 

such as the ice class of vessels eligible for assistance,  
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-  operational system of assigning icebreakers to dedicated regions and routes, and 

operating the ship -shore - icebreaker communication efficiently so that the available 

icebreakers can assist vessels in the best possible manner in view of traffic situation 

and  ice conditions, and  

-  ownership and management of icebreakers and icebreaker fleets.  

While essential in providing winter navigation assistance, icebreakers need also these 

other components to be able to provide smooth services to shipping companies and 

ultimately also to shippers.  

OVERVIEW OF ICEBREAKERS IN THE WORLD FLEET  

In 2016, a total of 22 countries had vessels which could be labelled as icebreakers in one 

way or the other. This listing naturally excludes ice -classed merchant vessels 2. Of the 

listed 152 operational vessels in 2016, 92 were categorized as icebreakers built for and 

engaged primarily in icebreaking and escort operations (Aker Arctic 2016). Approximately 

60 per cent of all active icebreakers in the world have been built an d 80 per cent designed 

in Finland.  

The largest fleet of the 92 listed icebreakers in operation in 2016 was in Russia (52), 

followed by Finland (8), Canada (7) and Sweden (5).  

Estonia had two icebreakers in this listing: the government owned  I/B Tarmo and MPSV 

Botnica owned by the TS Shipping O¦ (Port of Tallinn). They are both used in the Gulf of 

Finland. EVA 316, now in State Fleet Agency  fleet together with I/B Tarmo, was categorised 

as ñOtherò. She is used in the Gulf of Riga. Examples of vessels used for icebreaking 

services in the Baltic Sea region in Figure 30 . 

The remaining 40 vessels out of the list of 152 vessels were primarily engaged in offshore 

operations, including ice management operations, 11 were research vessels engaged 

primarily in scientific missions, and 9 were other vessels such as salvage or naval  ships.  

 

      

 
2 In the world fleet, there were about 2,100 merchant vessels with a Finnish -Swedish ice class of IA 

or IA Supe r (the two highest classes), and about 120 IA or IA Super newbuildings under construction  

in autumn 2022.  Of the total, about 40% were dry bulk vessels, 23% chemical or product tankers, 

17% container vessels, and 11% ro - ro or ro -pax vessels. The remaining 9% were crude oil or gas 
tankers.  
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Figure 30 . Examples of vessels used for providing icebreaking services in the 

Baltic Sea region.  

Top left:  M/V Hermes, an icebreaking Anchor Handling Tug Supply (AHTS) vessel, owned and operated by 

Alfons H¬kans, LOA = 71.5 m, Beam = 16.0 m, Built = 1983; Flag = Cyprus; photo = Alfons 

H¬kans 

Top right:  motorised bow Saimaa, owned by FTIA. Built for and operated originally in Lake Saimaa with a 

tugboat by Alfons H¬kans, but moved to Eastern Gulf of Finland in 2022. Beam = 12.6 m, Built = 

2020; Flag = Finland; photo = FTIA. This novel solution might be suitable also for Gulf of Riga  

Bottom left:  MPSV Botnica, owned by TS Shipping (Port of Tallinn) and contracted to Transpordiamet, LOA = 

97.3 m, Beam = 24.3 m, Built = 1998; Flag = Estonia, photo = ESTOFENNIA  

Bottom right:  IB Polaris, owned and operated by Arctia Icebreaking Oy, LOA = 110.0 m, Beam = 24.0 m, Built 

= 2016; Flag = Finland; photo = Arctia  

VOLUME OF SERVICE EVENTS AND THE CORRESPONDING 

CAPACITY NEEDED  

The volume of service events depends greatly on vessel traffic volume, length of fairways 

and routes to be assisted and the severity and length of ice conditions during the winter. 

This is then reflected in the corresponding icebreaking capacity needed. ( Figure 31 )  

Accordingly, Russia has the overwhelmingly largest icebreaking fleet in the world given 

the length of its ice - infested coastline especially in the Arctic Sea. Also its Baltic Sea ports 

in eastern Gulf of Finland are very important gateways for Russiaôs maritime trade. After 

Russia, also Finland and Sweden need extensive icebreaking services.  
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Figure 31 . The extent of ice coverage in the Baltic Sea during recent winter 

periods in km 2 . ( Source: Finnish Transport Infrastructure Administration (FTIA) 

2021 )  

The variation in the severity of the winter is naturally reflected in the number of 

icebreakers engaged, which is illustrated in Figure 32 . It shows that in a ñnormalò period 

as in 2020 ï2021, Sweden and Finland engaged up to 9 or 10 icebreakers during the peak 

weeks, and the duration of the entire period was 20 weeks in both countries, whereas 

Estonia employed MPSV Botnica (built in 1998; 97.3 meter long and 24.3 meter wide) and 

a smaller  I/B Tarmo (built 1963, 84 meter long and 21 meter wide) for 14 weeks.  
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Figure 32 . The number of icebreakers engaged in Estonia, Finland and Sweden 

during the seasons 2019 ï2020 and 2020 ï2021. ( Source: BIM 2020 and 2021 )  
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During a mild winter period 2019 ï2020, Estonia did not have to employ icebreakers at all. 

Both Finland and Sweden had maximum three icebreakers assigned; Finland for a 

consecutive 12 weeks, but Sweden only during one week. The entire period lasted for 21 

weeks in Finland and 16 weeks in Sweden. Ice coverage on the Estonian coast is analysed 

in more detail in Chapter 2.  

GEOGRAPHICAL COVERAGE OF SERVICE NEEDS  

In the Baltic Sea, the operational area for Finnish icebreakers comprises both the Gulf of 

Bothnia 3, Archipelago Sea between ¡land Islands and mainland Finland and the Gulf of 

Finland. For Sweden, the needs are mainly in the Bay of Bothnia.  

During a rather typical ice winter 2021, for example, the sailing distance from ice edge 

during maximum ice extension to the northernmost ports in Bay of Bothnia was about 200 

NM, and about 100 NM in ice thicker than 15 cm ( Figure 33 ).  

 

 

Figure 33 . Selected sailing distances in nautical miles (NM) from ice edge during 

maximum ice extension on 15 th  of February 2021, which as an average ice year. 

The figures in parenthesis refer to ice over 15 cm thick. Based on: Finnish 

Meteorological Institute, data available here  

Annual variations in the ice coverage can be very large. Since 2003, the widest coverage 

(309,000 km 2) occurred in 2010 ï2011, when the sailing distance to Riga was 206 NM and 

to Kemi 565 NM from ice edge during maximum ice extension. The smallest coverage 

 
3 The Gulf of Bothnia (Pohjanlahti) is divided into i) the Bay of Bothnia (Perªmeri) roughly north of 

Vaasa and ii) Bothnian Sea (Selkªmeri) south of Vaasa to the ¡land Islands. 

https://www.ilmatieteenlaitos.fi/jaatalvet
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(37,000 km 2) was in 2019 ï2020, when there was ice only in the Bay of Bothnia. ( Figure 

34 )  
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Figure 34 . The Baltic Sea ice coverage in 2003 ï2023 in km 2 , and maps for the 

most severe and mild ice years. Selected sailing distances in nautical miles 
from ice edge during maximum ice extension. The figures in parenthesis refer 

to ice over 15 cm thick. Based on: Finnish Meteorological Institute, see here  

 

The two separate regions in Estonia, where ice breaking assistance may be needed are 

ports in the Gulf of Finland, and those in the Gulf of Riga area, such as Pªrnu, Kuivastu, 

Virtsu and Roomassaare.  

In the Gulf of Riga in 2021, the sailing distance from ice edge during maximum ice 

extension to Riga was about 40 NM, all of which was in ice under 15 cm of thickness. The 

distance to port of Pªrnu was even longer (Figure 33 ).  

The ice period in Pªrnu is usually longer than in the Estonian Gulf of Finland ports, because 

it lies in a bay and a river estuary, where sweet water freezes easier than more saline sea 

water. The effect of wind to dispel ice is also much weaker in a seclu ded bay than at sea.  

PREDICTABILITY OF ICEBREAKING NEEDS  

As shown in Figure 31 , there are large variations from one year to another as to the extent 

of ice coverage. Also weather conditions affect the need for icebreaking assistance, 

especially when the ice coverage moves by wind and/or sea currents.  

Especially during the end of the winter ice period, the formation of pack ice and slush may 

cause very severe ice conditions for merchant vessels and for icebreakers too. Thus, even 

during a rather ñmildò winter, the demand for icebreaking assistance may occasionally be 

high. This is particularly true along the Finnish coast in the northernmost parts of Bay of 

Bothnia, as the prevailing wind direction is westerly. This means that several meters high 

ice ridges can start to form. A similar phenomenon may als o happen in the Gulf of Riga 

area, albeit in smaller scale.  

https://www.ilmatieteenlaitos.fi/jaatalvet
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Overall, the predictability of ice formation and the need for icebreaking assistance varies 

significantly from country to another and from one year to another. Generally speaking, 

Estonian ports rarely witness very harsh ice conditions.  

The situation for Swedish and Finnish ports especially in the Bay of Bothnia is much more 

challenging, because formation of packed ice and even several meter high ice ridges are 

common. This happens particularly on the Finnish coast, since the predominant wind 

direction is westerly. During the last weeks of the winter season, the melting ice turns into 

a slush, which can severely affect the vessels propulsion, i.e. the forward pushing force of 

the propellers. On the other hand, ice conditions are rather pre dictable in Bay of Bothnia, 

because it is covered with ice during all average and even during most mild winters.  

Practically every winter, 1,000 to 2,000 assistances are performed to and from Finnish 

ports and slightly less to Swedish ports in the Bay of Bothnia (see also Figure 36 ).  

In addition, the frequent ferry and vessel traffic in Port of Tallinn and also in Muuga mean 

that the fairway is largely kept open by this traffic. The situation is different in less 

frequently visited ports in the Gulf of Finland. In addition to north -south direction, there 

are also needs to maintain east -west fairways navigable. In the Gulf of Finland, E stonia, 

Finland and Russia have set up a mandatory ship reporting system in the Gulf of Finland, 

GOFREP (Gulf of Finland Reporting). The system covers the international waters of the 

Gulf of Finland east of the western reporting line especially for east -we st traffic. In 

addition, Estonia and Finland have implemented this mandatory ship reporting system in 

their territorial waters outside their VTS areas.  

Estonian ports in Gulf of Riga have shallower fairways and are visited by smaller tonnage, 

which means that the need of icebreaking services is significantly different than in the Gulf 

of Finland.  

ESTONIAN, FINNISH AND SWEDISH ICEBREAKING VOLUME AND 

COSTS  

Winter navigation assistance needs in Estonia differ substantially from those in Sweden or 

Finland in terms of predictability, duration, coverage and capacity of the needed services 

in any one year. This is illustrated in Figure 37 .  

In Estonia, the period within which icebreaking services are needed is shorter than in 

Finland or Sweden. There are also years, when icebreaking services outside Estonian port 

are not needed at all, such as in 2019 ï2020 ( Figure 32 ). This is also reflected in the annual 

costs for icebreaking services borne by the Government. In Finland it varies from 40 to 65 

million euro depending on winter, and from 20 to 40 million euro in Sweden. In Estonia, 

the cost is typically between 5 to 7 million euro (BIM 2020 and 2021).  

ESTONIA  

In Estonia  previously, the annual cost of icebreaking in Estonia has remained between 5 -

7 million euros (BIM 2022), but in recent years it has increased to approx. 8 million euros . 

Fairway due income has varied a lot: in 2004 ï2012, it was at around EUR 10 million, and 

in 2013 -2019 it rose to EUR 15 to 20 million. COVID -19 and related decisions to 

temporarily cut the dues had a significant impact on fairway due income, which sank to 
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EUR 4.7 million in 2020, but has since bounced to EUR 8.2 million in 2022; see Figure 35 . 

Also the rapid diminishing of Russian transit cargoes has affected fairway dues.  

 

Figure 35 . Fairway due income in Estonia 2004 ï2022 in EUR million. ( Source: 

Estonian Ministry of Finance )   

 

FINLAND  

About 75% to 80% of Finlandôs icebreaking costs can be covered with fairway due revenue, 

but also other fairway maintenance tasks are covered with these revenues. When these 

other tasks are accounted for, the cost coverage varies from 45% to 55%. Since 201 5, 

the annual income from fairway dues in Finland has been approximately 45 million euro, 

when actual costs for icebreaking services have been between 40 to 65 million euro.  

Before 2015, annual fairway due revenue was between 80 to 90 million euro. The 

significant drop in 2015 was due to the government decision to compensate for the 

anticipated rise in shipping costs, when IMOôs new sulphur emission rules (SECA) became 

effective in the Baltic Sea.  

Table 13  provides some financial data on Finnish icebreaking operations. A more detailed 

cost structure is not available from government sources, except for fuel costs. In 2022, 

icebreakers fuel costs paid by FTIA were about EUR 12.9 million, which was about EUR 5. 7 

million higher than in 2021, and about EUR 10.1 million higher than in 2021. The large 

variations are mainly due to differences in the severity of ice winters in addition to changes 

of fuel prices.  
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https://riigiraha.fin.ee/QvAJAXZfc/opendoc.htm?document=riigiraha.qvw&lang=en-US&host=local&anonymous=true/
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Table 13 . Income and expenses of activities covered by faiway dues in Finland,  

EUR million. ( Source: State budgets for 2020 ï2024 and FTIA financial 

statements for 2021 and 2022 )   

2020 2021
2022 

(Target )

2022 

(Actual)

2023 

(Budget)

2024 

(Estimate)

Revenues

Fairway due revenue 46,7 44,7 47,8 51,7 45,0 51,0

Other income 1,6 0,8 0,3 0,9

Total income 48,3 45,5 48,1 52,6

Total cost

Total separate costs                  

(incl. icebreaking)
74,3 92,9 84,0 103,8

Share of total joint costs 15,1 4,3 4,7 5,0

Total costs as a whole 89,4 97,2 93,7 108,8

Surplus (+) / Deficit (-) -41,1 -51,7 -45,6 -56,2

Cost coverage of all activities 

under Fairway Due Act
54 % 47 % 51 % 48 %

State budget allowance for 

icebreaking services to FTIA
64,0 62,0 60,0 n.a.

Fairway dues % of allowance for 

icebreaking in the state budget
75 % 73 % 80 % n.a.

 
 

Usually, over 80% of all operational days and the number of assistances of Finnish 

icebreakers take place in the Bay of Bothnia. This is illustrated in Figure 36  for the period 

1996 ï2012, where the large variations depend on the severity and length of ice winters.  

 

Figure 36 . Icebreaker assistances to Finnish ports by sea area in 1996 ï2012. 

( Source: FTIA )  
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Cost structure of Arctia Icebreaking is somewhat more detailed ( Table 14 ). During a mild 

winter, Arctia provides all of required icebreaking services in Finland. In a severe winter 

this share can be 80%; the rest relies on the Swedish -Finnish cooperation or is procured 

from the private sector.  

Table 14 . Income statement figures of Arctia Icebreaking Oy, which is the 

icebreaking subsidiary in Arctia Oy. (in EUR million). ( Source: Finder.fi )   

Arctia Icebreaking Oy 2022 2021 2020 2019

¢ǳǊƴƻǾŜǊ όϥллл ϵύ 47 467 43 998 43 258 43 603

Change of turnover in % 7,9 % 1,7 % -0,8 % -3,1 %

Operating margin in % 33,3 % 36,4 % 35,2 % 32,7 %

hǇŜǊŀǘƛƴƎ ǇǊƻŦƛǘ όϥллл ϵύ2 403 2 903 8 402 7 482
Operating profit in % 5,1 % 6,6 % 19,0 % 17,2 %

wŜǎǳƭǘ ŦƻǊ ǘƘŜ ŦƛƴŀƴŎƛŀƭ ȅŜŀǊ όϥллл ϵύ37 2 382 1 959 14

Personnel 206 191 180 173 

 

Arctia Oy is a non - listed commercial company wholly owned by the state, and it is overseen 

by the Ownership Steering Department  of the Prime Ministerôs Office. However, it is not 

entrusted with special state assignments, unlike, for example, pilotage company Finnpilot 

Pilotage Oy or Traffic Management Finland Oy, which manages road, rail and shipping 

(VTS) traffic.  

Arctiaôs business operations are divided into three operative areas: 1) icebreaking, 2) 

fairway maintenance and 3) hydrographic surveying. The two latter ones were 

incorporated into Arctia in 2019, when another state -owned company Meritaito Oy merged 

with Arctia Oy.  

Arctiaôs Board has currently six members, which are nominated by the Prime Ministerôs 

Office. One of the Members represents the Ownership Steering Department, while the 

other five are experienced business professionals and come from commercial and/or other 

state -owned firms. As a state -owned company, Arctia is also subject to governance and 

Corporate Responsibility auditing done by the National Audit Office of Finland (see e.g. 

Corporate Responsibi lity Audit conducted by VTV in 2020).  

SWEDEN  

Key financial data on Swedish icebreaking services provided by Swedish Maritime 

Administration (SMA) is shown in  Table 15. SMA owns and operates the five Swedish 

icebreakers, which are used within the Baltic Sea. IB Oden is occasionally chartered out 

for scientific missions outside the winter period. More detailed cost structure of Swedish 

icebreaking operations is not availab le.  

 

  

https://vnk.fi/en/government-ownership-steering/ownership-policy
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Table 15 . Income and costs of icebreaking operations in Sweden  

(in SEK million). ( Source: Swedish Maritime Administration annual report 

(¡rsredovisning) for 2022)   

2022 2021 2020

Direct operating income

Allowance 40 - -

Other external income 66 85 58

Total direct operating income 106 85 58

Direct operating costs

Personnel costs -28 -25 -33

Other external costs -314 -319 -274

Depreciation -21 -21 -17

Total direct operating cost -363 -365 -324

Profit before indirect operating items -257 -280 -266

Indirect operating costs 4 8 4

Indirect operating income -34 -39 -42

Operating result -287 -311 -304

SEK to EUR at the end of the year 0,090 0,097 0,100

in SEK million

 

 

All of Swedenôs icebreaking costs can be covered by fairway dues collected from 

commercial shipping in international traffic. In Sweden, fairway due income for 2023 is 

expected to reach about 100 million euro, while costs for icebreaking services are betwe en 

20 to 40 million euro. (SMA 2022, Merkel and Vierth 2022 and BIM 2022).  

LATVIA  

Data on icebreaking costs is not available for Latvia. Icebreaking in the port of Riga and 

the Gulf of Riga to Irbe Strait or Cape Kolka is done with the I/B Varma (LOA = 86.5 m, 

breadth = 21.2 m, built in Finland in 1968; sister ship of I/B Tarmo) and Foros (LOA = 

71.6 m, breadth = 18.0 m, built in Finland in  1983).  

These are  owned by limited liability company SIA ñLVR Floteò. Companyôs sole shareholder 

is Freeport of Riga Authority, which is fully owned by the Government of Latvia. LVR Flote 

was established on 13 September 2010. (LVR Flote 2023)  

ON FAIRWAY DUE COLLECTION IN ESTONIA, FINLAND AND SWEDEN  

The competent authorities of collecting fairway dues are Transpordiamet 4, Finnish Customs 

and Swedish Maritime Administration, respectively. While the principle of collecting fairway 

dues from vessels entering territorial  waters is similar in the countries applying these dues, 

the basis of calculating them differs between Estonia 5, Finland  and Sweden . 

 
4 From 1 January 2023 to 31 December 2023, all ships arriving at an Estonian port or the roadstead 

of an Estonian port are exempted 37,5% from paying fairway dues. The exemption is granted to all 

ships irrespective of type and the flag flown by the ships.  (See here )  
5 According to  Chapter 11 ñFairway dues ò in the  Estonian Maritime Safety Act  (see here ): ñFairway 

dues are dues for navigational organisation, and the use of icebreaking and information services on 

public waterways, as well as for the use of the infrastructure installed on public waterways to ensure 
maritime safety ò 

https://tulli.fi/en/businesses/transport-and-warehousing/fairway-dues
https://www.sjofartsverket.se/en/about-us/about-the-swedish-maritime-administration/dues-and-fees/
https://www.transpordiamet.ee/en/veeteetasud
https://www.riigiteataja.ee/en/eli/518062015003/consolide
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Only about  half a dozen EU countries collect fairways dues, because in most other 

countries, fairways are easier to maintain with few or no islands, and no winter navigation.  

Apart from the type and size of the vessel and the number of entries per year, Estonia and 

Finland also use vesselôs ice class as a criterion for the dues. In Finland, the difference in 

dues between the highest and the lowest ice class is very substantial, but rather small in 

Estonia. Sweden, on the other hand, emphasizes the vesselôs environmental impact, and 

uses a so -called Clean Shipping Index ( CSI ) scores as an important component to 

determine fairway dues. Other fairway due components in Sweden  are the volume of goods 

or passengers and a security of supply charge.  

By comparison, there are about 75,000 annual ship calls in international traffic in Sweden, 

but less than 10,000 of these are in the Gulf of Bothnia ports north of Stockholm, where 

icebreaking is needed practically every winter. The corresponding total num ber is about 

30,000 in Finland  and about 10,000 in Estonia. (Merkel and Vierth 2022, Ojala et al. 2023 

and Statistics Estonia 2023)  

KEY PERFORMANCE INDICATORS (KPIS) OF ICEBREAKING 

ASSISTANCE  

The three Key performance indicators (KPIs) of icebreaking assistance are as follows:  

-  Average waiting time on icebreaker assistance  

-  Availability (open ports)  

-  Availability (ship received assistance without waiting time)  

It is important to note that the average waiting time KPI is calculated only for those vessels 

that are actually assisted. In a mild winter almost all vessels manage to sail without 

assistance, as has been the case in 2020 ï2022 in Sweden, Finland and Estonia.  

I CEBREAKING  ASSISTANCE  KPI s IN  ESTONIA  

In Estonia, the KPI on waiting time for vessels requiring icebreaking service is 72 hours. 

The actual performance of  icebreaking assistance in Estonia in 2018 ï2022 is shown in 

Table 16 . 

 

Table 16 . Key performance indicators (KPIs) for icebreaking in Estonia in 2018 ï

2022. (Source: Transpordiamet, Juhtkonnapoolne ¿levaatus 14.04.2023)  

2018 2019 2020 2021 2022

Gulf of Finland Up to 4 hours 0 hours

Gulf of Riga Up to 48 hours Up to 4 hours No icebreaking Up to 4 hours Up to 4 hours

No icebreaking assistance needed

 

I CEBREAKING  ASSISTANCE  KPIs IN  SWEDEN  

Swedish Maritime Administration has three key performance indicators (KPIs) for 

icebreaking, as shown in Table 17 . KPI on average waiting time on icebreaker assistance 

is max. 4 hours, which is the same value used also in Finland. Also the KPI on ship receiving 

assistance without waiting time is set at 90% both in Sweden and Finland.  

 

https://www.dnv.com/maritime/advisory/csi-clean-shipping-index/index.html
https://www.sjofartsverket.se/sv/tjanster/anlopstjanster/ekonomi-taxor-och-avgifter/
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Table 17 . Key performance indicators (KPIs) for icebreaking in Sweden in  

2020 ï2022. ( Source: Swedish Maritime Administration annual report for 2022 )   

2022 2021 2020
Average waiting time on 

icebreaker assistance
Max. 4 hours 2 h 54 min.2 h 24 min.2 h 36 min.

Availability (open ports) 100 % 99.9 % 99.9 % 100 %

Availability (ship received 

assistance without waiting time)
90 % 98.4 % 99.0 % 99.4 %

Achieved in
Target

 

 

I CEBREAKING  ASSISTANCE  KPIs IN  FINLAND  

KPI on average waiting time on icebreaker assistance is max. 4 hours, which is the same 

value used also in Sweden. Also the KPI on ship receiving assistance without waiting time 

is set at 90% both in Finland and Sweden.  

In Finland, the average waiting time for icebreaking assistance was 3.7 hours in 2022, 

which increased slightly from the previous year's winter due to the challenging conditions, 

so the 4.0 h target required by the service level promise was achieved. The c ompletion 

rate of vessels that were assisted within the target (max. 4.0 h waiting time) remained at 

the level of the previous year, at 95.5%. The target (90%) was exceeded.  

Although winter period 2021/2022 was classified as mild, it was challenging for icebreaking 

operations e.g. due to packed ice. In addition, the big icebreakers had quite a few technical 

problems, some of which were long - lasting.  

Operational icebreaking assistance days overseen by FTIA were 888 in 2022 (710 in 2021 

and 325 in 2020). Of these, 177 days were performed in 2022 by other service providers 

than Arctia Icebreaking; in 2021 that number was 83 and in 2020 only 3.  

Arctia Oy performed almost 2,100 icebreaking assistances in 2022 in Finland, while the 

number was about 1,500 in 2021, 700 in 2020, and about 1,700 in 2019. Seven of its 

eight icebreakers had 627 operational icebreaking days in 2021, while the number was 

322 days in 2020 and 547 days in 2019, respectively, which reflects the large variations 

in the severity of winters (Arctia 2022 ; see also Appendix 1 and Appendix 2 on Arctia ).  

ESTONIA, LATVIA, SWEDEN AND FINLAND IN VIEW OF WINTER NAVIGATION 

ASSISTANCE NEEDS  

In summary, winter navigation assistance needs in Estonia and Latvia differ markedly from 

those in Sweden and Finland. This is illustrated in Figure 37 , which takes into account the  

-  Predictability of IB assistance needs,  

-  Predictability of geographical coverage of ice and  

-  Needed icebreaking capacity.  
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Figure 37 . Positioning Estonia, Latvia, Sweden and Finland in view of volume 

and predictability of their winter navigation assistance needs.  

The graph uses indicative and generic scales from Low to High and Small to Large. As 

shown with the numbers of icebreaking assistance and related annual costs, the needs are 

the highest in Finland, where the annual costs are typically two times higher than  in 

Sweden and about ten times higher than in Estonia.  

NOTIONS ON THE AVAILABILITY OF SECOND - HAND ICEBREAKERS  

The Estonian Transport Administration has recently signed a 10 year contract with TS 

Shipping O¦ for the provision of icebreaking services and navigation in the Gulf of Finland 

in the period 20.12.2022 ï20.04.2032. This service is provided with MPSV Botnica, as in 

the previous 10 -year charter agreement, annually from December 20 to April 20. (Port of 

Tallinn 2021)  

The total estimated cost of the agreement is EUR 54.2 million, i.e. EUR 5.4 million per 

year or about EUR 44,600 per day. From the 2025/2026 working period, the contract fee 

may be indexed with the Estonian consumer price index, but not more than 3% annual ly. 

The contract fee is fixed, i.e. the Transport Administration pays for all charter days, 

regardless of the actual use of the icebreaker. (Port of Tallinn 2021)  

Thus, the core of service provision in the Gulf of Finland has already been procured till 

year 2032, because MPSV Botnica has been the main Estonian icebreaker in this region, 

while the 60 year old I/B Tarmo has been the secondary provider. The main questi on is 

how to replace this capacity in the future.  

The situation is less tight with smaller icebreakers or vessels with a necessary icebreaking 

capacity that could be used in shallower fairways in the Gulf of Riga, where ice is also 

considerably thinner than in Gulf of Finland. Within 10 years, there is al so a need to replace 

EVA 316 or to provide additional capacity with seagoing tugs with or without a loose 

motorized bow like (see Figure 30 ). The suitability of such a solution to sea conditions 
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would require further testing, as the stationary ice conditions in Lake Saimaa differ a lot 

from sea conditions, where the ice is moving.  

The worldwide fleet of icebreakers is very small. This also means that the market for 

available large sea -going icebreakers suited for winter navigation assistance in Gulf of 

Finland is very limited. However, the on -going procurement process in Sweden for two 

new icebreakers to be delivered by the end of this decade might make the currently used 

vessels (such as Ymer, Atle and Frej, all built in Finland in mid -1970s) available for sale 

within 5 to 7 years. If Finland initiates a newbuilding process of its o wn within the next 

few years, a similar possibility might arise also with existing Finnish icebreakers.  

One option for Estonia is to study the possibility to purchase one or some of these vessels 

in the future. Another option could be an arrangement, where Estonia would procure the 

necessary winter navigation assistance during peak demand weeks as a service from 

existing Finnish or Swedish service providers without having to invest in and manage an 

icebreaker of its own. One problem with peak demand is that also Finnish and Swedish 

icebreakers may be fully occupied during this time.  

The third, and most expensive but also a much more long - term, option would be to procure 

a newbuilding to replace I/B Tarmo. A new icebreaker could be in use well into the 2070s 

or longer.  

In conclusion, the most imminent decision towards the end of this decade in Estonia is 

how to best replace the winter navigation assistance capacity provided by I/B Tarmo.  

3.4  OUTLINE OF GENERIC GOVERNANCE OPTIONS 

FOR ESTONIAN ICEBREAKING SERVICES  

KEY GOVERNANCE CONSIDERATIONS IN VIEW OF WINTER 

NAVIGATION ASSISTANCE NEEDS  

The most important task of well - functioning icebreaking services is to secure smooth 

commercial shipping to a countryôs seaports in ice- infested waters. Whether the 

Government decides to order a newbuilding, purchase a second -hand icebreaker or 

procure the service from an external provider, or come up with a combination of these, 

key governance considerations revolve around a) funding of the assets or the service; b) 

inter -agency cooperation betwe en Ministries and Government agencies; and c) how to 

manage the process and the ensuing operations. ( Figure 38 )  
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Figure 38 . Key governance considerations and strategic & operational issues 

when deciding on long - term winter navigation assistance needs  

MoC = Ministry of Climate; MoD = Ministry of Defence; MoEAC = Ministry of Economic 

Affairs and Communications; MoFA = Ministry of Foreign Affairs; MoI = Ministry of Interior  

As outlined in Figure 38 , the three key considerations a) to c) are linked to more strategic 

level and long - term issues, such as:  

i)  co-operation arrangements especially with neighbouring  countries Finland, 

Latvia and Sweden;  

ii)  Security of Supply needs to ensure uninterrupted maritime services to and from 

Estonia, which is also linked to concerns on business continuity of icebreaker 

service provision; and  

iii)  decisions on other tasks that icebreakers should be able to perform with the 

various multipurpose capabilities and equipment required for these tasks. These 

are particularly valid questions when deciding on a new icebreaker.  

Of the more operational issues, especially iv) arrangements to ensure high operational 

efficiency and effectiveness are crucial. These require good cooperation between 

Government agencies that fall under separate Ministries, and also with external service 

providers, such as TS Shipping.  

Other operational governance issues include, for example, the possibility to use Estonian 

VTS6 staff and capacity more widely in assigning icebreakers to specific assistance tasks. 

A related issue are the costs and benefits for Estonia should it join the Finnish -Swedish 

 
6 Vessel traffic services are shore -side systems which range from the provision of simple information 

messages to ships, such as position of other traffic or meteorological hazard warnings, to extensive 
management of traffic within a port or waterway.  Estonian VTS in managed by Transpordiamet.  
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icebreaker information system IBNet 7. These questions, such as v) safety issues both at 

sea and on land will be discussed separately later on in the study.  

Finally, a central decision parameter is vi) costs. These refer to operational costs, be they 

charter fees, fuel, manning or other daily running costs. Other important cost categories 

are financial and life cycle costs of the assets. As evidenced by the no w 60 years old I/B 

Tarmo, with proper maintenance, icebreakers can stay in service very long. Given the high 

price of new 8 or even second -hand icebreakers, and their very long life cycles, also 

financial arrangements need to be made carefully. Also available funding sources for 

critical transport infrastructure investments e.g. from the EU need to be identified 

especially for  a newbuilding.  

In addition to these, also the costs of the overall management of the winter navigation 

assistance system need to be considered. These depend largely on the number of people 

employed in managing and running the system, but they include also various hardwar e 

and software costs.  

KEY GOVERNANCE CONSIDERATIONS IN VIEW OF ESTONIAN 

ICEBREAKER CAPACITY IN 2023  

In July 2023, all Government -owned vessels and boats of e.g. Coast Guard, Police, 

Customs and pilotage belong to the State Fleet Agency  fleet, except for naval vessels. The 

prevailing decision is that all new vessels ordered or procured by the state will come under 

State Fleet Agency  ownership, including any potential new icebreakers.  

Allocation of icebreaker service capacity is currently handled by Estonian Transport 

Administration irrespective of ownership of the icebreakers. The agency is under the 

Ministry of Climate . 

OUTLINE OF GENERIC GOVERNANCE OPTIONS FOR WINTER 

NAVIGATION ASSISTANCE IN ESTONIA  

This section presents generic governance options for Estonian icebreaking services and 

winter navigation assistance, which are subsequently assessed against factual evidence. 

These options are closely linked to the discussion above on key governance consid erations, 

and can be divided into three main types, each with more detailed variations, as follows:  

1.  The Estonian Government procures an icebreaker either as a newbuilding or 

second -hand vessel, and manages the operation itself.  

2.  The Government engages in a Public -Private -  type of arrangement in provision of 

the necessary winter navigation assistance.  

 
7 IBNet contains information about the weather, ice conditions and traffic situation, and transmits 

the information between the different connected units (icebreakers, coordination centres, VTS etc.).  
8 It is difficult to estimate the cost of a new icebreaker, because it is determined by many factors, 

such as the dimensions, level of equipment and choice of propulsion system(s) of the vessel, and 

where and when it would be constructed. However, a rough order of magnitude fo r a 100 meter long 
new icebreaker is approximately EUR 100 million or more.  
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3.  The Government procures the necessary winter navigation assistance from a 

commercial provider without engaging in ownership, manning or technical 

management of the vessel.  

In each of the three options presented above, the key elements for the Government to 

consider are the following:  

a)  Financing of the vessel(s) or the procured service  

-  The rough order of the magnitude of a newbuilding investment is EUR 100+  

-  Price of a second -hand vessel depends greatly on the age, size and condition 

of the vessel, but is easily tens of millions of euros; as a reference, the price 

of then 14 years old MPSV Botnica was EUR 50 million in 2012 9 

-  For procured service, one indication is for MPSV Botnicaôs annual charter fee 

from EUR 5. 6 million. Depending on the nature and length of an icebreaking or 

winter navigation service contract, the annual cost is single -digit millions of 

euros  

b)  Ownership of the vessel(s)  

-  Vessel owner is held liable for the damages caused by the vessel in case of 

accidents, so the owner must ensure sufficient knowledge of the 

responsibilities, including access to necessary legal expertise in case of 

litigation  

-  A state -owned vessel is subject to different regulation under International 

(Maritime) Law than a commercial vessel. This may affect the usage of a state -

owned vessel in certain situations, such as entering another stateôs territory 

c)  Maintenance of the vessel(s), which comprises two central elements:  

-  Technical maintenance, including vessel and liability insurance, (dry)docking, 

running maintenance and repairs, inspections and classification of the vessel(s) 

and related reporting responsibilities  

-  Safety management and maintaining a sound safety culture in the operations 

both on land and onboard the vessel(s), including compliance to binding Flag 

State and relevant international regulations such as ISM and ISPS  

-  Manning of the vessel(s), and ensuring professional standards of the crew . 

d)  Operating the vessel(s) to ensure efficient use of the assets  

-  Managing the contracts for bunkering the vessel, which is the most important 

component of the vesselôs running costs  

 
9 Another reference for a second -hand ocean -going icebreaker is the USD 150 million (approx. EUR 

135 million) the US Coast Guard estimates to need to purchase an existing commercial icebreaker 
to bridge the gap of delay in its newbuilding delivery. The amoun t is very high partly due to the legal 

restriction that US government vessels should be built in the United States. Furthermore, Jones Act, 

also known as the Merchant Marine Act of 1920 law requires that all cargo or passenger ship 
transport between domest ic U.S. ports be on U.S. flagged vessels.  
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-  The navigational responsibility relies always with the Captain and the crew of 

the vessel(s)  

-  The direction of how and where to use the vessel(s) in best possible manner is 

supposed to come from a competent authority, i.e. a government agency, now 

Transpordiamet . 

GENERIC GOVERNANCE OPTIONS FOR WINTER NAVIGATION 

ASSISTANCE   

Table 18 presents possible governance options for providing winter navigation assistance, 

in which the Government and external service providers can assume various roles. These 

options are assessed in more detail for Estonia in Chapter 3.3, but examples of the opti ons 

in other countries are presented below.  

The fully governmental option 1. is used, for example, in Sweden, Denmark, Canada and 

the U.S. The Swedish Maritime Administration ( SMA) has full responsibility of the five 

Swedish icebreakers from ownership to maintenance, manning and operations. The home 

port of these icebreakers is Lule¬ in northern Bay of Bothnia. SMA is also the national 

competent authority in overseeing winter navig ation assistance and responsible also for 

operational assignment of icebreakers.  

 

  

https://www.sjofartsverket.se/en/services/icebreaking/
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Table 18 . Generic governance options for winter navigation assistance  

d)   Operating 

the vessel(s)*

a)   Financing 
b)   

Ownership

Technical 

maintenance

Safety 

management 
Manning

Navigational 

responsibility

2 a) Time chartering to an 

external service provider (SP) SP

2 b) Bareboat chartering to 

an external service provider

2 c) Theoretically possible, 

but a risky option for the 

Government. 

Gov:t 

finances the 

vessel(s)

3 a) A fully state-owned 

company

3 b) A company, where the 

state has a majority 

ownership

3 c) A fully privately owned 

commercial company

3 d) A company, where the 

state has a minority 

ownership

3. Procuring the service 

from the market either 

short or long term

The vessel is financed, owned and operated by the provider of 

icebreaking and winter navigation assistance services

Vessel

Type or noteOption

*) Bunkering of the vessel is part of operating duties, but the cost of bunker is usually separately negotiated between the Gov:t and SP

Gov:t agencies finance, own, maintain and operate the vessel(s)

Gov:t agencies finance, own and maintain the vessel(s)

Gov:t finances and 

owns the vessel(s)

An external service provider maintains 

and operates the vessel(s)

The vessel is owned and operated by an external 

service provider; a highly trusted partner and a 

mutual long-term committment is required

2.    Public-Private- 

arrangements

1.    Fully governmental operation

c)    Maintenance, safety and manning

 

The two larger Danish icebreakers, the 75 meter long Danbjßrn and Isbjßrn are both built 

in the mid -1960s. They belong to the Danish Navy. The 65 meter long expeditionary 

icebreaker Thorbjßrn is privately held. 

In Canada 10 , icebreaker operations on the coast and in the Great Lakes are run by the 

Coast Guard. US Coast Guard (USCG) has currently one Polar Class icebreaker, the 121 

meter long Coast Guard Cutter Polar Star commissioned in 1976, and a 128 meter long 

medium icebr eaker Coast Guard Cutter Healy, commissioned in 2000.  

USCG is in process of ordering or planning to order up to six new open -sea icebreakers, 

but the new Polar Security Cutter is unlikely to enter into service before 2027, a delay 

from the original 2024. USCG is now looking to purchase an existing commercial iceb reaker 

for USD 150 million (approx. EUR 135 million) to bridge the gap (High North News 2023).  

Public -private options 2 a) through 2 c) refer to cases, where state -owned icebreakers are 

chartered out for shorter or longer periods. These assignments could also be outside actual 

winter months, as icebreakers can be used to support also cable laying, p latform or wind 

park construction, for example (See Box 1 for more detail).  

 

 

 
10  See more at : https://www.ccg -gcc.gc.ca/icebreaking -deglacage/program -programme -eng.html   

https://www.dcms.uscg.mil/Our-Organization/Assistant-Commandant-for-Acquisitions-CG-9/Programs/Surface-Programs/Polar-Icebreaker/
https://www.ccg-gcc.gc.ca/icebreaking-deglacage/program-programme-eng.html
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Box 1. Overview of offshore markets in view of multi - purpose 

icebreakers  
 
 

Offshore segment is a heterogenous and volatile part of shipping markets, where various 

types and sizes of Offshore Supply Vessels (OSV) or Service Operation Vessels (SOV) 

are used.  

 
Definitions of OSV and SOV vessels or markets can differ, but generally they refer to 

Anchor Handling Tug Ships (AHTS), Platform Supply Vessels (PSV), Standby & Rescue 

Vessels, Crew Vessels servicing offshore platforms, and various other offshore survey 

and exploration vessels. Also heavylift vessels may be used in offshore operations, for 
example as wind turbine installation vessels (WTIVs; see examples from e.g. Wªrtsilª).  

 

These purpose -built or specialized vessels perform tasks related to, for example, oil or 

gas platforms, cable laying, wind parks or other offshore construction projects.  
 

Offshore Supply Vessel market size and development  

 

According to Fortune  Business Insights, a consultancy, the global OSV market is 

projected to grow from USD 14.5 billion in 2021 to USD 23.6 billion by 2028. The market 
is dominated by 4 -5 global service providers with fleets up to 40 large sea -going SOVs 

with annual revenue in the tune of USD 3 to 5 billion.  

 

The big providers are capable of signing also long - term contracts up to 10 years or more 
with several SOVs, such as the 10+3 year and approximately EUR 100 million contract 

of four vessels in a large North Sea wind mill area (see e.g. the UK -based North Star 

Shipping ).  

 
There is also room for small, nimble and cost -efficient ñnicheò providers, but their 

assignments are typically project -based with limited long - term visibility of the demand.  

 

Over the past decades, offshore markets have been turbulent, as demand for services 
in oil and gas field construction as well as cable - laying have faltered. At the same time, 

a large number of new or retrofitted older vessels have entered the market, creating 

oversupply of SOVs and OSVs  (Markets and Markets 2023 ) . Lately, wind farm 

construction has generated new demand, where also multi -purpose icebreakers could 

be used.  
 

In 2022, about 60% to 70% of global SOV capacity was used in wind farm activities, 

where the North Sea is overwhelmingly the largest market. Oil & gas activities took up 

10% to 20% of the capacity, while 10% to 15% of vessels were off hire, that is availab le, 
but without a contract. Less than 5% of SOVs were under modification, maintenance or 

laid up ( Spinergie  2023).  

 

The Finnish experience  
 

Finnish multipurpose icebreakers MPSV Fennica and MPSV Nordica built in 1993 and 

1994, respectively, for the Finnish Maritime Administration was largely motivated by the 

possibility to utilize opportunities in the offshore markets. However, their commercia l 

success remained smaller than expected. The disappointing experience is linked, among 
others, to the significantly higher crew costs of Finnish icebreakers than, for example, 

in an Estonian one.  

 

Today, MPSV Fennica and MPSV Nordica owned and operated by Arctia Icebreaking Ltd 
are rather old and ill - suited vessels for most offshore duties compared with the existing 

https://www.wartsila.com/marine/customer-segments/offshore-wind
https://www.fortunebusinessinsights.com/industry-reports/offshore-support-vessels-market-100147
https://www.upstreamonline.com/energy-transition/north-star-to-become-exclusive-vessel-operator-on-equinors-massive-dogger-bank-wind-farm/2-1-1119353
https://www.upstreamonline.com/energy-transition/north-star-to-become-exclusive-vessel-operator-on-equinors-massive-dogger-bank-wind-farm/2-1-1119353
https://www.marketsandmarkets.com/Market-Reports/offshore-support-vessel-market-1212.html
https://www.spinergie.com/blog/offshore-wind-is-becoming-a-major-factor-in-driving-service-operation-vessel-sov-demand
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newer ones in the market. During the past 2 ï3 years, they have not been chartered out 

for multipurpose functions.  

 

In August 2023, Arctia Icebreaking Ltd announced that it had signed a contract for an 
annual charter for the 2023 to 2025 shipping seasons with the Canadian firm Baffinland 

Iron Mines Corporation. The contract covers icebreaking services with one multipurp ose 

icebreaker. The chartering will not affect Arctiaôs icebreaking capacity in the Baltic Sea, 

as the operations will be completed prior to Finnish ice breaking season. Botnica has 
been contracted for similar tasks by the same client in 2018 -2022.  

 

The Estonian experience  

 
Over the past years from June to the end of October, MPSV Botnica has been assisting 

Panamax -size merchant vessels in the Canadian Arctic in the export of iron ore from the 

port of Milne Inlet to the high seas. She has also been deployed in European wind f arm 

construction sites (Port of Tallinn 2021 and interviews).  

 
The conditions in the Canadian Arctic are demanding due to prevalence of very hard 

multi - year ice, for example. Operations in these waters cause much more wear and tear 

to the vessel and its hull than the conditions in the Gulf of Finland. This can shorten  the 

economic life - time of the vessel and over time cause higher than expected maintenance 
and repair costs.  

 

Conclusion  

 
The ability to operate in this challenging market over time requires highly skilled and 

business -minded management and active outreach to prospective customers. This also 

means that commercial operation of a multipurpose icebreaker cannot be effectively ru n 

by a government agency. Instead, it requires a commercially oriented company and 
management with appropriate incentives.  

 

For a small multipurpose vessel provider, customers are often large OSV service 

providers, who may need sub -contracted inputs in their assignments, but may also be 

large industrial or minin firms with activities in the Arctic. In order to stay in this 
busi ness, skilled crews and well -maintained vessels are naturally needed too.  

 

In summary, the offshore market is a very volatile and high - risk business segment, 

especially for small providers. The predictability of demand is low, and the visibility of 
future contracts is seldom longer than 1 to 2 years. Compared to the investment ne eds 

and the long lifetime of vessels, this is a very short period.  

 

In other words, caution is required when offshore activities are included in profitability 
and cost calculations for a multi -purpose icebreaker with an economic life time of 50+ 

years.  

 

 

Option 2 a) can also be used for short - term icebreaking assistance from one country to 

another, such as in the case when Swedish icebreakers are deployed in Finnish (or in 

exceptional cases in Estonian) waters. It is conceivable that also Estonian icebreak ers 

could be used to assist traffic in Finland, or vice versa . This would require an agreement 

between the countries on mutual icebreaking services, where the legal form is not 

necessarily a formal chartering contract.  

Option 3 a) is used in Finland and Latvia. The Finnish icebreaking fleet previously held by 

the Finnish Maritime Administration (FMA) was first transferred into a new state -owned 
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enterprise Finstaship in year 2004. It became the owner, manager and operator of this 

fleet together with the staff previously employed by the FMA. Finstaship was subsequently 

turned into a 100 per cent state -owned limited liability company Arctia Shipping  Oy in 

2010, now Arctia Ltd. (Oy). Home ports of Arctiaôs icebreakers are Helsinki and Kotka in 

the Gulf of Finland.  

In Latvia, icebreaking is done by SIA ñLVR Floteò with I/B Varma (sister ship of I/B Tarmo) 

and Foros (built in Finland in 1983). SIA ñLVR Floteò is a subsidiary of Freeport of Riga 

Authority, which, in turn, is fully owned by the Government of Latvia.  

In addition to Option 1 a), also Options 3 b) and 3 c) are used in Estonia. The state has a 

majority stake in the stock -listed Port of Tallinn, to which TS Shipping O¦ belongs. It owns 

MPSV Botnica, which provides icebreaking services in the Gulf of Finlan d, including Muuga 

Harbour, harbours of Tallinn and Kopli Bay, Paldiski North and South, Kunda and Sillamªe 

Harbours under a 10 year contract with Transpordiamet. In practice, MPSV Botnica is 

mainly assisting traffic to ports of Sillamªe and Kunda. 

In 3 c), private service providers, such as sea -going tugs of Alfons H¬kans Ltd. with which 

the Estonian government has a readiness contract, are occasionally used in winter 

navigation assistance in Gulf of Riga.  

Options 2 c) and 3 d) are hypothetical ones, so they will be left out in subsequent 

discussion.  

3.5  GOVERNANCE OPTIONS FOR WINTER 

NAVIGATION ASSISTANCE IN ESTONIA  

Based on the generic governance options for winter navigation assistance presented in, 

the current situation in Estonia with the remaining other potential options is shown in  Table 

19.  

The Fully governmental operation (Option 1) is divided here into three variants, where the 

current arrangement is exemplified in Option 1 a). Option 1 b) envisages the sitation, 

where the Government decides to order a newbuilding or a second -hand icebreake r from 

the markets.  

In 2023, the newly established State Fleet Agency  took ownership of all other government -

owned vessels and crafts , except for larger vessels previously belonging to the Estonian 

Border Guard, which were transferred to Estonian Navy. These include smaller vessels 

such as as the 45 -meter - long  Raju, the 36 meter long Pikker, but also the 63.9 meter long 

Kindral Kurvits, which is capable also of pollution contol tasks.  
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Table 19 . Basic governance options for winter navigation assistance in Estonia  

 

The main options in  Table 19 are populated in Table 20  with an assessment of the current 

situation in Estonia. This assessment provides the basis for a more detailed analysis, with 

is completed with interviews of key stakeholders.  

 

  

d)   Operating 

the vessel(s)*
a)   

Financing 

b)   

Ownership

Technical 

maintenance

Safety 

management 
Manning

Navigational 

responsibility

1 a) Current arrangement

1 b) Gov:t purchases a 

new or used icebreaker

2 a) Time chartering to an 

external service provider (SP) SP

2 b) Bareboat chartering to 

an external service provider
RL

3 a) A fully state-owned 

company or state agency

3 b) A company, where the 

state has a majority 

ownership

3 c) A fully privately owned 

commercial company

3 d) A company, where the 

state has a minority 

ownership

 = Shaded fields indicate an option currently used in Estonia

Riigilaevastik

Assigning 

the 

vessel(s)

Vessel c)    Maintenance, safety and manning

The new vessel would go to Riigilaevastik 

*) Bunkering of the vessel is part of operating duties, but the cost of bunker is usually separately negotiated between the Gov:t and SP

This option has been used for short term peak demand 

assignments with e.g. Alfons Håkans in Gulf of Riga

External service provider

Option Type or note

3. Procuring the service 

from the market either 

short or long term

TS Shipping as a service provider with a 10 year contract on 

Botnica in the Gulf of Finland

In use in Finland (Arctia Oy) and Latvia (LVR Flote)

Not applicable

1.    Fully governmental 

operation

T
ra

n
s
p
o
rd

ia
m

e
t

G
o
ve

rn
m

e
n
t

Riigilaevastik (RL) vessels Tarmo and EVA 316

2.    Public-Private- 

arrangements
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Table 20 . Governance options for winter navigation assistance in Estonia  

Option    1.    Fully governmental operation 2. PPP option 
3. Procuring the service from an external 

provider either short or long term 

Governance 
considerations  

1 a) Current set-
up with IB Tarmo 

and EVA 316 

1 b) Purchase of 
a new or used 

icebreaker 

2 a) T/C or       
2 b) B/B out   
to a service 

provider 

3 a) A fully 
state-owned 
company or 
state agency 

3 b) State 
majority 

ownership; 
TS within 
the T/C 
period 

3 c) 
Privately 
owned 

company 

Co-operation 
arrangements  

Managed by TA 
(MoTC) or RL 

(MoC) 

Managed by RL 
and TA with 

MoC and MoTC 

As long-term 
solutions, 

options 2 a) 
and 2 b) are 
rather risky.        
As a short-

term solution, 
these options 

may be 
utilised during 

off-season 
periods. 

These short-
term 

contracts may 
also be a 

possibility in 
option 1 b) 

Managed by TA and MoTC / MoC 

Security of Supply 
and business 

continuity 

Secure service 
provider; only 
two vessels 

Secure service 
provider 

Secure, if 
from FIN or 

SWE 

Secure 
service 

provider 

Limited 
risks in 

short term 

Preconditions for 
operational 
efficiency 

On system level 
depending on the 
cooperation b/w 
TA, RL and VTS 

Set-up as with 
Tarmo and EVA 

316 

A new 
interface; 
possible 
effects  

As in 1 a), 
but with TS 

instead of RL 
  

M
u

lti
p

u
rp

o
s
e
 f
e
a

tu
re

s Environ-
mental 

Limited capacity 
Depending on 
N/B layout and 
S/H equipment 

As in option 1 
b) 

As in option 
1 a) 

Limited or 
no capacity 

Coast 
Guard or 

Navy 
Not included Unlikely 

Not 
possible 

Salvage 
Not included, but 
according to int'l 

maritime law 

Possible, and 
according to 
int'l maritime 

law 

Limited 
capacity, 

depending 
on contract 

S
a

fe
ty
 At sea  

RL responsibility 

RL responsibility 
Main 

responsibility 
with the 
service 

provider 

Mainly TS 
respons-

ibility 
  

On land 
RL and TA 

responsibility 

C
o

s
ts 

Purchase 
price or 

T/C costs 

Capital value of 
current ships is 

low 

Very high for a 
N/B, S/H price 
depending on 

availability 

Depending on contract and market 
situation 

Manage-
ment 

For RL and TA in 
their own costs 

Mainly RL 
responsibility; 
L/C costs (very) 
high for a N/B 

Main responsibility with the service 
provider 

Life cycle RL responsibility 

MoC = Ministry of Climate; MoTC = Ministry of Transp. & Comm.; PPP = Public-Private Partnership;   

TA = ¢ǊŀƴǎǇǊƻŘƛŀƳŜǘΤ ¢{ Ґ ¢{ {ƘƛǇǇƛƴƎ h«Τ w[ Ґ wƛƛƎƛƭŀŜǾŀǎǘƛƪ       
T/C = Timecharter; B/B = Bareboat charter; N/B = Newbuilding;  S/H = second hand; L/C = life cycle   

       = Shaded fields indicate an option currently used in Estonia 

 

Should Estonia decide to procure new icebreakers, EU ôs Connecting Europe Facility (CEF) 

or its new Military Mobility program could be a source of substantial funding for such 

vessels. Both funding sources limit the use of vessels outside their intended operational 
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area or use. This means that multipurpose assignments outside Estonia would most likely 

not be possible, and this type of funding could therefore be suitable only for conventional 

icebreakers. In any case, the financing conditions and limitations need to b e well 

understood.  

In July 2023, Sweden received approximately EUR 90 million from the CEF in connection 

to its new icebreaker to be completed in 2027. Sweden is also applying for financial 

assistance for its second new icebreaker from EUôs Military Mobility program in September 

2023, where a total of EUR 790 million will be distributed.  

KEY TAKEAWAYS  

No Task/ question*  Answer  

4  What alternatives are 

available for organizing the 

financing of icebreaking? 

What impact does the 

provision of icebreaking 

services have on the receipt 

of waterway charges and vice 

versa?  

Please see Table 18 Generic governance 

options for winter navigation assistance  for 

reference  

9  What changes could be made 

to make the organization of 

icebreaking in Estonia more 

efficient?  

Please see Conclusions on Other 

considerations  (p 149)  

10  Taking into account that the 

lifetime of an icebreaker is 50 

years and the economically 

rational lifetime of a 

multipurpose vessel is 25 

years, what is the most 

reasonable scenario from the 

viewpoint of the state?  

Please see Chapter 3 Box 1. Overview of 

offshore markets in view of multi - purpose 

icebreakers  (p 79 -80) , Chapter 5  and 

Conclusions on Pros and cons of a new 

multipurpose icebreaker  (p  148)  
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4.  SCENARIOS FOR ICEBREAKING 

NEED AND VESSEL OPTIONS  

Current chapter gives an overview of the context of Estonian icebreaking and draws 

together 11 scenarios (nine base case scenarios and two additional) for alternatives for 

providing icebreaking services in Estonia.  

4.1  CONTEXT  

4.1.1  OVERVIEW OF THE CARGO AND VESSEL MOVEMENT  

KEY TAKEAWAYS FROM CHAPTER 1  

Recent years show that icebreaking capability is needed in eastern part of Estonia and in 

the Gulf of Riga and Pªrnu. Though there hasnôt been demand for icebreaker services in 

Tallinn and Paldiski area, where important ports for Estonia are situated and therefore 

there should be readiness to offer ice -breaking services in these regions in some form.  

Cargo flows served by ports are dependent on economic situation of its hinterland and 

foreland and political relations with its neighbours and possible partners.  

As vessel traffic serves these cargo flows, it increases or decreases in line with changes 

with cargo flows. Changes in vessel size can change it some extent. According to vessel 

traffic statistics in Estonian ports, there hasn't been considerable changes in vessel sizes 

visiting Estonian cargo ports in the recent decade.  

4.1.2  OVERVIEW OF THE ICE CONDITIONS  

KEY TAKEAWAYS FROM CHAPTER 2  

Over the years 1993 ï2022, the mean ice extent reaches its maximum coverage of about 

40  000 km 2 around end of February or beginning of March  (Figure 39 ) . However, sea ice 

extent is strongly dependent on mean temperature over the entire winter (average of 5 

months). Therefore, the variability of sea ice extent has been large ranging from the 

maximum of about 100000 km 2 to less than 1000 km 2 (winter 2019/2020).  
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Figure 39 . Sea ice extent mean (blue), maximum (purple) and standard deviation 

(red) over the study area. The data is retrieved from the data between 1993 and 

2021  

Over the years 1993 ï2022 the average ice thickness around Estonian coast remains 

consistently around 10 cm or less  (Figure 40 a). The only exception to this trend is Pªrnu 

Bay and other closed areas, where the ice thickness is greater. The maximum ice thickness 

exhibits much more spatial variability and can reach up to about 80 cm during the coldest 

winter. However, the analyzed da ta does not include any ridging which can cause much 

greater thicknesses locally.  

a)  

 

b)  

 

Figure 40 . (a) Mean and (b) maximum of ice thickness. The values are retrieved 

from data between 1993 and 2021  

Over the years 1993 ï2022 about 20% winters have been sever, 60% have been average, 

and 20% have been mild winters  (Figure 41 ) . As temperatures are projected to increase 

in climate scenarios, a rise in occurrence of average and mild winters is anticipated. 

Consequently, severe winters are expected to become significantly less frequent. 

Nevertheless, under extreme weather conditio ns in warmer climate scenarios, there 

remains a possibility for severe winters to occur.  
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Figure 41 . Seasonal mean sea  ice extent over the years based on the Copernicus 

Marine Service reanalysis data. Red circles mark the severe winters, green circles 
correspond to mild winters, and blue circles mark the average winters. The 

separation is done based on percentiles 20 and 80  

 

WINDPARK LOCATIONS AND ICE  

There is a long history of  lighthouses,  pillars , and other structures in sea ice conditions, 

how to build them so that the structures would withstand the forces of sea ice. Conversely , 

estimation of ice formation and melting conditions within and around wind parks (close -

by array of basement pillars for wind towers ) is largely unknown. Figure 42  depicts areas 

where wind farm building permits have been applied for  (highlighted areas) . Significant 

portion of developments in  the Gulf of Riga  are in areas where ice is dependent on wind 

conditions and therefor dynamic. Only during the severe winters  ice might become land -

fast  for the easternmost areas of planned windfarms . Otherwise , the probability of ice floes 

moving through the wind farms is greater.  

 

Figure 42 . Highlighted locations show the areas where wind farm building 

permits have been applied for. ( Source: Land Board 2023 )   
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Figure 43 . Estonian Maritime Spatial Planôs Offshore Wind and Maritime Traffic 

Areas. Allikas: https://mereala.hendrikson.ee/kaardirakendus.html 

(29.08. 2023 )  

On one hand, it is meaningful to estimate that array of pillars would increase the 

probability for ice to form  and become land - fast during the severe winters . On the other 

hand, the pillars would increase the chance of ice floes to be broken into smaller floes or 

increase of ridging during the windy conditions. In any case, wind farms would change the 

natural ice dynamics in the Gulf of Riga which in turn  would probably  affect ice breaking 

needs.  It is important subject that requires  high - resolution  hydrodynamic -  and ice 

modelling and deeper analysis which is not in the scope of this study.  

4.1.3  ENVIRONMENTAL CHANGES AND REGULATIONS  

By 2050, shipping will change more than it has in decades due to stricter environmental 

regulations.  

BACKGROUND FOR TIGHTENING REGULATIONS  

In 2018, the International Maritime Organization (IMO) set a goal of reducing shippingôs 

greenhouse gas emissions by 50 percent by 2050, and in July 2023, the IMO made 

significant tightening of its goals. The revised IMO GHG Strategy includes an enhanced 

common ambition to reach net -zero GHG emissions from international shipping close to 
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2050, a commitment to ensure an uptake of alternative zero and near -zero GHG fuels by 

2030, as well as indicative checkpoints  for 2030 and 2040.  

In July 2023, the European Parliament also finally decided on the maritime Fit for 55 

package, which stipulated the carbon content of shipping fuels, fuel distribution and 

taxation, and included shipping as part of the emissions trading system.  

However, these are only the latest changes in greenhouse gas emissions regulations. The 

first international regulations to reduce shippingôs greenhouse gases came into force more 

than a decade ago.  

THE SHIPôS TECHNICAL AND OPERATIONAL REGULATIONS 

In 2011, the IMO set goals by which the structure of new ships must be designed in such 

a way that shipsô fuel consumption and thus greenhouse gas emissions are reduced. EEDI 

stands for Energy Efficiency Design Index, i.e. it is used to calculate the shipôs energy 

efficiency index (carbon dioxide emissions per tonne -mile). For the ship to operate, the 

index value must be lower than the reference value set by the IMO. They are gradually 

becoming stricter, so new ships gradually become less emitting. The regu lation has already 

had a significant impact on the energy consumption of ships, for example by designing the 

hull shapes, as well as the fact that the newest ships usually have less engine power than 

the older ones.  

In 2021, the IMO set a requirement that existing ships must also meet the energy 

efficiency requirements set by the IMO. And like EEDI, this EEXI gradually tightens.  

The EEDI regulation has already change and also coming EEXI regulation will change the 

new vessels operating in the Baltic Sea. The new vessels are weaker and therefore, they 

need more ice breaker assistance in winters  (See  4.1.5  Vessels Ice -Going Capacity 

Based on New IMO Rules ) .  

In 2021, the IMO also approved the much more controversial regulation CII ï i.e. carbon 

intensity indicator. It moved from the shipôs structures to the shipôs operation, i.e. the ship 

must reduce certain amounts of greenhouse gas emissions in relation to t he transport 

performance.  

EMISSIONS TRADING  

This year, the EU will also introduce a market -based control tool ï ETS ï emission trading 

system. ETS means that after each year, an operator must surrender enough allowances 

to cover fully its emissions, otherwise heavy fines are imposed.  

In practice, the more greenhouse gases are released into the atmosphere, the more 

emission rights must be purchased, and the higher their price rises. The goal is therefore 

a situation where it is most economical for the shipping company to reduce its emis sions, 

instead of buying emission allowances. Since the carbon emission market is shared with 

other industrial sectors as well, the system also directs activities in which emissions are 

reduced where itôs the easiest or cheapest to do, and those companies then sell the rights 

to companies in other industries.  

Emissions trading will be introduced for shipping the first time 2023, taking into account 

some of this yearôs emissions, and will be tightened in the following years. It is difficult to 
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estimate what the price of emission rights will be in the future, and how it will affect the 

development of the industry.  

The decarbonising  actions are particularly difficult for Baltic Sea shipping, because there 

is ice cover every year. It means, that the vessels have to be stronger and have more 

power to be able to continue sailing also in winter ï and emit more CO2 when using fossil 

fuels . This means that Baltic Sea shipping and the export and import industry in Baltic Sea 

area is in worse competitive position than shipping in Southern Europe. Therefore, ice -

strengthened ships will receive a five percent relief in EU marit ime emissions trading 

system until 2030. Unfortunately, this is by no means sufficient to level the fuel 

consumption due to ice and ï in any case -  this relief is valid only for 6 years and thereafter 

there has to be solutions available how Baltic Sea shipp ing can remain competitive.  

REGULATIONS FOR FUELS  

The EU has also set a goal that the annual calculated carbon content of the fuel used at 

sea should decrease. This FuelEU Maritime means that part of the fuel used must be 

carbon - free, in which case either biofuels or other new non -fossil fuels such as met hanol 

are used. This regulation is also gradually tightening, and it is likely to have a significant 

impact on shipping. However, it should be noted that even one ship running on fossil - free 

fuel reduces the emissions of the entire fleet of a shipping comp any, and thus the shipping 

company can switch to emission - free ships one at a time over several years.  

4.1.4  NEW FUELS  

There are various alternative low - and zero -carbon fuels for shipping.  When comparing 

fuel solutions, the most important long - term perspective is how much greenhouse gases 

its use produces.  

Fuel energy sources can be divided into two categories based on their basic energy: non -

renewable and renewable energy sources. Non - renewable energy sources include coal, 

lignite, oil, natural gas and nuclear power. Renewables are wind, sun and biofuels.  

Some of these energy sources can be used as such as marine fuel, such as oil or natural 

gas. Some energy sources, such as wind energy or biomass, are converted into another 

form instead. This second form is currently usually electricity.  

Several forms of transport, such as road or rail transport, are becoming electrified at a 

rapid pace. However, it is difficult to store electricity for a long sea voyage, so instead 

hydrogen or some other chemical compound derived from it is used. Hydrogen -based fuels 

can be stored for a long time, hydrogen is like a more efficient battery than traditional 

batteries.  

ALTERNATIVE FUELS  

Electricity  ï electricity is one of the most potential low -emission fuels for shipping in the 

future. At the moment, the most common electrical solutions are shore power, i.e. the 

ship is in port while connected to the power grid, and it does not need to use separate 

auxiliary machines in the port.  

Ships require considerable amount of energy, and on longer journeys and especially in ice 

conditions or even ice breakers, the amount of batteries required for electricity is 
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significant. Electricity as such is best suited for short -distance transport, such as 

archipelago or urban water transport.  

Biofuels  ï the easiest solution for shipping would be if current fossil fuels could be 

replaced directly with biodiesel or gas. Unfortunately, production of biofuels is significantly 

less than consumption. It is assumed that those forms of transport, such as air tr ansport, 

where the energy density of the fuel is important, will use most of the future biofuels. 

Then there would not be enough of it for maritime use.  

Hydrogen  ï the problem with using hydrogen is its low energy density, even when 

liquefied, hydrogen requires more than three times more space than heavy fuel oil to 

produce the same amount of energy. Because of this, pure hydrogen is no longer often 

seen as a poten tial fuel, but instead people think about converting hydrogen into ammonia, 

methane or methanol, which have more energy in a smaller space. This change can happen 

either by using electricity or biological fuels. Unfortunately, some energy is also always 

lost in this change, so every hydrogen -based fuel is inevitably a slightly worse solution ï 

on the other hand, it solves the hydrogen space problem.  

Ammonia  ï when liquefied, is already significantly better in terms of energy density than 

hydrogen, so it does not need as much space on the ship. On the other hand, the liquid 

tank itself requires a lot of space on board. However, the problem with ammonia is its 

toxicity, which places slightly more demands on it as a fuel.  

Methane, LNG, biogas  ï LNG, liquefied natural gas, is already a commonly used fuel in 

shipping, especially because it contains no sulphur  at all, so no sulphur  scrubbers are 

needed for its use. However, it produces almost the same amount of carbon dioxide a than 

heavy fuel oil, and in addition, low -pressure engines also release pure methane, a 

greenhouse gas even more significant than carbon dioxide, into the ai r. Methane can also 

be produced from hydrogen by adding carbon.  

Methanol, ethanol  ï are other liquids where hydrogen has been converted into an energy 

form with a higher density, thus requiring less storage capacity than hydrogen. At the 

moment, the world largest shipping companies are building their new vessels to be 

methanol - ready.  

Nuclear power  ï has served as a shipping fuel for decades, for example in the icebreaking  

of Russiaôs Arctic regions. So- called small reactors are now being worked on as an 

alternative fuel, but there are many risks associated with nuclear power, and it is still 

uncertain whether commercial solutions that can be used in general can be obtained  with 

the help of nuclear power.  

4.1.5  VESSELS ICE - GOING CAPACITY BASED ON NEW IMO RULES  

The IMO regulations for reducing carbon intensity (MARPOL Annex VI, chapter 4) are 

applicable for merchant vessels with ice class PC6 (corresponds to FSICR IA super) or 

lower. Basically, this means that all regular merchant vessels visiting Estonian ports which 

have sufficient size and relevant ship type shall comply with the IMOôs regulations for 

reducing carbon intensity. The regulations do not apply to Catego ry A vessels defined in 

the Polar Code; however, typical merchant vessels operating at the Baltic Sea do not have 

such high ice classes.  
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Reduction of the installed power has clearly negative impact to the merchant vessels ice -

going capability as the need for icebreaker assistance is heavily linked to the power -

deadweight ratio of the merchant vessel. In addition, the reduction of installed power is 

often accompanied with heavily open -water optimized hull  forms which will further 

decrease the ice -going capability of the merchant vessels. Finally, it is possible that the 

design of the propellers and propulsion is focused on optimizing the prop ulsive efficiency 

at open -water speeds and the functionality in ice conditions is potentially reduced. Even 

though the EEDI and EEXI regulations have ice class correction factors in them, it is 

expected that the future merchant vessel fleet will be further  open -water optimized as 

majority of the operation occurs in open -water even for ice -classed merchant vessels. In 

addition to IMOôs environmental regulations, also economic factors lead the merchant 

vessels to be more open -water optimized. It could be esti mated that the importance of 

economic factors could increase in the future with use of new, potentially expensive 

alternative fuels.  

 

As a summary, it can be concluded that the ice -going capability of merchant vessels is 

expected to decrease in the future and therefore the merchant vessels will need more 

icebreaker assistance. Past studies have shown that the EEDI Phase 0 and 1 vessels n eed 

more icebreaker assistance when compared to vessels built before EEDI regulations. Now 

Phase 2 vessels are just entering service and Phase 3 will be introduced in the future 

meaning that the ice -going capability of the merchant vessels is expected to f urther 

decrease. The influence of EEXI and CII is yet to be demonstrated as these regulations 

are so new. However, the impact is expected to be negative in respect of ice -going 

capability of the merchant vessels.  

4.1.6  OTHER TECHNLOGIES FOR CARGO VESSELS ICE GOING 

CAPABILITY  

Good ice -going capability of merchant vessel is characterized by low ice resistance, which 

could be achieved by using icebreaking bow shapes, and/or by increased power of 

machinery and improved propulsion efficiency for ice conditions. Application of dedic ated 

icebreaking bow -shape allowed such vessels to operate efficiently in the Baltic during 

wintertime and to be utilized additionally in seasonal operations in the Arctic ( Figure 44 ).  

 

Figure 44 . IA Super ice class product tanker with icebreaking bow.  
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However, the requirement for good ice -going capability leads to hull shapes that are not 

typically optimal for open water. Especially the seakeeping characteristics may suffer and 

the open -water resistance increase. Due to these reasons, the use of icebreaking bows on 

the merchant vessels operating at the Baltic Sea is becoming more and more rare, even 

for the highest Finnish -Swedish ice classes IA and IA Super. On the other hand, majority 

of existing IA Super ice class passenger and cargo ferries have sufficient propulsion power 

to operate independently (without icebreaker assistance) on the regular rou tes of Baltic 

Sea characterized by old brash ice channels even though equipped with bulbous bows 

(Figure 45 ).  

 

Figure 45 . IA Super ice class ferry with bulbous bow in independent operation in 

ice  

Another way of ensuring a possibility of independent operation, without significant increase 

of machinery power, is the ódouble acting shipô (DAS) design concept. The idea of the DAS 

concept is to design the vesselôs stern to break ice when the vessel would operate astern 

in difficult ice conditions. Then the bow of the vessel can be better suited for open -water 

conditions when compared to a typical icebreaking bow. The first and only realization of 

DAS concept for non -Arctic freezing seas are Aframax tanke rs Tempera  and Mastera which 

were delivered by Sumitomo shipyard in 2002 ï2003 for Neste. Already the very first 

voyages of tanker Tempera  demonstrated the unique possibilities of double -acting vessels 

for independent navigation in the ice conditions of the Gulf of Finland, where some 30 ï40 

ships were trapped in ice ( Figure 46 ). For many years, both tankers transported crude oil 

on the regular route from Primorsk, Russia to Porvoo, Finland.  
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Figure 46 . Double acting tanker Tempera moving astern in the ice conditions of 

Gulf of Finland  

4.1.7  OFFSHORE WIND  

When establishing offshore wind power, the ice formation in the area may change. 

However, it is not yet known what the change in ice formation and ice coverage may look 

like. Sea ice can be divided into different types of ice, and national meteorological i nstitutes 

and ice researchers predict how sea ice exists as either fast and or drift ice depending on 

its mobility. Fast ice is situated in coastal and archipelago areas, and for example Gulf of 

Riga  has mostly fast ice.  

When drift ice moves away from the fast ice, or consolidated ice, it creates a lead in the 

ice field. During strong winds the width of the lead can reach 10 ï30 km in about 24 hours. 

If the wind direction remains constant in a vast area, the lead can become very long. 

During spring in the Gulf of Finland and in parts of the Gulf of Riga , a lead shaped like a 

crescent is usually being formed.  

Drift ice can easily become packed when it reaches an obstacle. Typically, this occurs when 

the ice field moves towards the fast ice edge. In the shallows, ridges get anchored to the 

bottom and the visible parts can grow to tens of meters high. Ridged ice appears also in 

the middle of seas where the ice floes get pressed against each other and break into 

pieces. The pieces of ice pile up over and under the sea surface forming meandering ice 

ridges and these ridges are in many cases very challenging for comm ercial vessels to 
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penetrate. Normally ice breaker assistance is needed for commercial ships to be able to 

navigate in packed ice conditions.  

The wind may disperse or pack the sea ice, generating conditions that affect the marine 

traffic, for example through ice ridges and packed ice along the coast and harbor 

entrances. At the Baltic Sea, the prevalent winds are south -westerly. This causes the sea 

ice moving towards the Finnish coast in the Gulf of Finland and towards the Estonian coast 

in the Gulf of Riga . 

The movement of large sea ice areas is possibly a dangerous phenomenon. Drift ice can 

create such pressure on vessels that they either drift with the ice and lose control to 

manoeuvre /steer or freeze in the ice. For shipping, it is primarily brash barriers, ice ridges, 

hummocked ice and drift ice that might pose a danger to traffic where these types of ice 

are created. The ridges and brash ice barriers are the most significant obstruct ions to 

navigation in the Baltic Sea and Gulf of Riga . Powerful, ice -stre ngthened vessels can break 

though ice up to almost one meter thick, but they are not capable of navigating through 

ridges without icebreaker assistance. Ice dynamics affect navigation considerably. High 

pressure in the ice fields can be dangerous to the ve ssels, and it may at least cause time 

delays from hours up to days.  

The most dangerous situation for commercial shipping is created when ship gets stuck to 

the drifting ice field and there is no ice breaker assistance in the vicinity. Vessel can drift 

with ice drift towards the wind turbine and get damaged. It is also poss ible that vessels is 

drifting with ice inside the wind farm and then the situation gets even more challenging 

from salvage point of view.  

4.2  ESTONIAN WINTER NAVIGATION SYSTEM 

MODEL  

4.2 .1  THE GENERAL PRINCIPLES  

The simulation approach and framework for Estonian Winter Navigation System (EST 

WNS) are based on the method of Kulkarni et al. (2022  a). Figure 47  shows the main 

elements and organizational principles of the framework, which is implemented using the 

AnylogicÈ software. According to the multi- level simulation approach (Delbrugger et al. 

2019), environmental and traffic details of the EST WNS are modelled  on separate layers 

called ñlevelsò. Each level can function independently and can be run as an individual 

simulation.  

The level Environment  captures the details of the environmental aspects of the system, 

which include geographical coordinates (latitude - longitude) and ice information (ice 

concentration, thickness, and pre -calculated equivalent ice thickness). The level Traffic 

flows  models the movement of vessels and icebreakers following their itineraries, specified 

based on historical AIS data.  

The two levels are linked using vessel -specific h -v curves ï polynomial expressions 

determining the attainable vessel speed in ice with specific equivalent ice thickness. The 
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h-v curves are defined for different power outputs as described in (Kulkarni 2022  a). The 

speed of icebreakers and transport vessels changes in response to the ice conditions they 

encounter during their journey. The model uses a combination of discrete -event and 

agent -based simulation paradigms to capture the dynamics of maritime traffi c flows, ice 

conditions, and their interaction.  

 

Figure 47 . The organizational scheme of the modelling  framework for the 

EST WNS (Kulkarni et al. 2022b).  

 

The spatial ice conditions are represented by latitude - longitude coordinates and are 

mapped to a row (r) - column (c) grid. Each cell on the grid (r, c) is an agent in the model, 

characterized by the ice properties of the corresponding point of the map. The  ice 

properties are continuous in time and are updated every virtual day. Each cell is coloured  

in a shade of blue, whose darkness is proportional to the equivalent ice thickness, defined 

as the total ice volume divided by its area (see Milakoviĺ et al. 2020). The  vessels in the 

model move along the doorways  in the ice fields. The vessels and icebreakers are modelled  

as agents guided by state charts, determining how they respond to runtime events (see 

Kulkarni et al. 2022  a).  

4.2.2  ICEBREAKER DECISION - MAKING  

The operation logic of icebreakers influences the EST WNS performance, e.g., the total 

waiting time. While vessel itineraries (origin and destination of trips) are governed by 

historical AIS data, the icebreaker trips are dynamic, resulting from a series o f responses 

to runtime events. The icebreaker decision -making aims to minimize the total waiting time 

of transport vessels for icebreaking assistance in the operating zone. Each icebreaker is 

responsible for all vessels within its operating zone and vessel s entering the operating 

zone within a specific time horizon. A vessel requests icebreaker assistance when it cannot 

independently maintain the minimum required speed (3 knots is assumed in the model as 

the initial value). In the model, icebreakers may receive multiple assistance requests 

simultaneously and prioritiz e the vessel with the longest waiting time.  
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In practice, icebreaker decision -making is based on the experience of the captains. The 

captains decide which vessel(s) to prioritize based on satellite images of ice conditions and 

expected traffic movement in the next few hours (typically 8 ï12 hours). The icebreakers 

may make certain vessels wait to combine assistance trips and reduce the total waiting 

time in the system.  

In the current version of the simulation framework, a simplified icebreaker decision -

making approach is employed. The steps involved are as follows:  

1.  Each icebreaker maintains a list of assistance requests received;  

2.  The icebreaker assists the vessel that has been waiting for the longest;  

3.  The icebreaker checks if any other vessel can be assisted along with the chosen 

vessel as part of a convoy;  

4.  The chosen vessel or the potential convoy is assisted until the end of the operating 

zone to the closest safe stopping waypoint;  

5.  The icebreaker updates its list of vessel requests and chooses the next vessel to 

assist;  

6.  If an icebreaker is not busy, it may assist vessel requests belonging to a 

neighbouring  operating zone of another icebreaker.  

 

When incorporating all features into the model, the EST WNS model functions as shown in 

Figure 48 , with ice equivalent thickness indicated by the degree of the colour . 

 

Figure 48 . A demonstration of the Estonian Winter Navigation System (EST WNS) 

model  
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4.3  SIMULATION SCENARIOS AND RESULTS  

4.3.1  WINTER - ICEBREAKER - TRAFFIC SCENARIOS  

BASE ICEBREAKER - WINTER SCENARIOS  

In order to simulate the effects of the different combinations of icebreakers. The following 

icebreakers are utilized and constitute three scenarios as shown in Table 21 . Icebreaker 

scenarios . Three of them will be delegated to Gulf of Finland and one to Gulf of Riga. IB 

scenario 1 includes two icebreakers and scenario 2 have three and scenario 3 will activate 

all four icebreakers.  

Table 21 . Icebreaker scenarios  

Icebreakers  
ME Power 

(kW)  

Shaft Power 

(kW)  

IB 
Scenario 

1 

IB 
Scenario 

2 

IB 
Scenario 

3 

Gulf of Finland 

primary IB  

13000  10000  +  +  +  

Gulf of Finland 

secondary IB  

9100  7000   +  +  

Gulf of Finland third 

IB  

6250  5000    +  

Gulf of Riga IB  5500  4400  +  +  +  

Note: ó+ô means the IB is included in the scenario 

In addition to the icebreaker scenarios, winter scenarios are selected to consider the 

different performances under varying ice conditions. Mild, average, and severe winter 

month are considered correspondingly. The representative ice conditions/charts in 

beginning, middle and end of the month period are shown in to represent the ice situations 

the ships will encounter. Winter scenarios are summarized as in Table 22 . Winter scenarios  

Table 22 .  

Table 22 . Winter scenarios  

Winter  Representative ice charts  
Winter 

scenario 1  

Winter 

scenario 2  

Winter 
scenario 

3 

Mild winter  Figure 3 (a)  +    

Average winter  Figure 3 (b)   +   

Severe winter  Figure 3 (c)    +  

 

By combing icebreaker scenarios and winter scenarios, Table 23  gives a summary of the 

study matrix of the base icebreaker -winter scenarios to investigate the different behavior 

of winter navigation and assistances under the effect of different icebreaker combinations 

and ice conditions.  

Table 23 . Matrix of combined icebreaker - winter scenarios  

 Mild winter  Average winter  Severe winter  

IB Scenario 1  IB S1 ï WS1 IB S1 ï WS2 IB S1 ï WS3 

IB Scenario 2  IB S2 ï WS1 IB S2 ï WS2 IB S2 ï WS3 

IB Scenario 3  IB S3 ï WS1 IB S3 ï WS2 IB S3 ï WS3 
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(a) Mild winter month: begining -middle -end period ice condition  
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(b) Average winter month: begining -middle -end period ice condition  
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(c) Severe winter month: beginning -middle -end period ice condition  


















































































































