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Abstract

The study aims to describe the main factors caoumirily to the development of maritime
transport and to form future scenarios for shippnadfic in the Gulf of Bothnia by 2030.
The goal is to identify future developments thabwdd be taken into account when
preparing a Maritime Spatial Plan for the Bothntea area.

The methods include applying existing large scailangjtative scenarios for the volume of
maritime traffic specifically in the Gulf of Bothaicontext and Real-time Delphi round to
find out the probability and desirability of the mdactors having an impact on marine
traffic. The factors contributing to the future wiaritime traffic in Gulf of Bothnia are

assessed and debated by an expert group. The stuyudes with implications and
recommendations for planning. Moreover, due togpatial nature of the project, one of

the most important outcomes of the study is thelteshown on maps.

Area specific future scenarios have not been maeerning maritime transport in the
Gulf of Bothnia. The future scenarios contribute ttee area based, future oriented,

participatory and adaptive nature of Marine Spa&iahning.

Maritime Spatial Planning is a fairly new approaclsustainable marine management. It is
currently tested on trans-national scale in thenBiain Sea area as a pilot project. Futures
research and Delphi method have been used to gistits and traffic planning on land.
This study explores how futures research methogolman be applied to planning on

marine areas.






Foreword

This study serves as background data for Plan BothRroject, funded by Directorate
General for Fisheries and Maritime Affairs (DG MARENd coordinated by Helsinki
Commission (HELCOM). Centre for Maritime Studiesshbeen responsible for the
maritime transport section of the project. PlanhBa@ is a pilot project to test Maritime
Spatial Planning between two countries, Finland &n@den. Their common EEZ border
runs in the middle of the planning area and botlntiies possess areas of approximately
the same size. Similar marine activities can bendoérom both sides of the border,
including shipping, environmental protection, winghrk projects, military practise,

fisheries, dredging and aquaculture.

The goal is to prepare a comprehensive, ecosysi@sedbmaritime spatial plan for
Bothnian Sea, covering all main activities in marareas. Overlap of spatial interests of
different sectors is studied to find out possiblenfticts between them. This study
describes the development scenarios of maritimespiart in the planning area, as well as
in Bay of Bothnia. Future activities in Bay of Bath have a great impact on traffic within
the planning area and therefore the scope of thidyss widened from the Plan Bothnia

area lineation to include Bay of Bothnia.

PLAN ® —
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1 INTRODUCTION

1.1 Maritime Spatial Planning

Maritime Spatial Planning (MSP) is gaining impoanas a new approach to manage
marine areas. The pressure on offshore areas bes @s relatively new forms of using
marine areas, such as wind parks and aquacultstalations compete of space with more
traditional uses such as fisheries and maritimespartation. Various MSP projects have
already been initiated in small scale as well asnational level all around the world.
Backer (2011) notes that there is a differenceiminology: while in international context
“Marine Spatial Planning” is commonly used, Eurap&ommunity refers to “Maritime
Spatial Planning” when discussing the concept. ouidne EU context, the term Maritime
Spatial Planning (MSP) will be used in this stublfaritime Spatial Planning is defined as
follows: “Maritime spatial planning is about plangiand regulating all human uses of the
sea, while protecting marine ecosystems. It focusesmarine waters under national
jurisdiction and is concerned only with planningtiétes at sea. It does not cover
management of coastal zones or spatial planningeatland interface” (EC Maritime
Affairs, 2012).

European Union is promoting Maritime Spatial Plaignas the key to modern, sustainable
management and works on setting common principleEdiropean MSP policy and cross-
border cooperation on marine areas. In Gulf of Bath(GoB), a pilot project to test
Maritime Spatial Planning between two countries lbegun in 2010. The aim is to make a
plan for the Bothnian Sea, a small brackish watsirb divided between Finland and

Sweden.

Ehler (2011) describes Marine Spatial Planningadlews “Marine spatial planning is a
public process of analyzing and allocating the isband temporal distribution of human
activities to specific marine areas to achieve @gichl, economic, and social goals and

objectives that are specified through a politicalgess. MSP istegrated, future-oriented,

17



participatory, adaptive, ecosystem-based, and &&sed.The process of MSP answers
three questions: (1) where are we today?; (2) avderwe want to be?; and (3) how do we
get there?” (Ehler, 2011, 41)

Integrated approach is needed as the users of marine arpesseat various powerful

sectors competing of the limited space in Bothntea. Integration is also needed to
overcome the challenges of cross-governmental pigmsystems. Due to the differences
in planning systems of Finland and Sweden, creatations are needed to facilitate trans

boundary cooperation.

Future-oriented and adaptivelanning framework is important, as results of penning
process should be long-term and there is no alesogrtainty of the future. It is important
to be able to adapt to changes as they come ardsagrocedures continuously based on

the lessons learned.

Participatory approach is vital for proper management. Partioyaplanning takes in
account the needs of the main livelihoods and adteeeholders and aims to identify and

solve possible user-user as well as user-envirohoogrilicts in the area.

Ecosystem-basedpproach is widely accepted framework to ensustagability as it
takes in account the biodiversity and ecosystemices of the area (Douvere & Ehler,
2008).

Area-basedmanagement is important due to the uniquenessdi area planned; plans
must be made considering the jurisdictional, s@donomic and ecological special

characteristics of the area (Ehler, 2011).

To make a Maritime Spatial Plan responding to theds of the planned area, area-specific
information is needed on the present day situa®well as the future development. There
is a satisfactory amount of information available gresent day situation of maritime

transport and cargo flows in Gulf of Bothnia. Bal8ea-wide cargo volume scenarios for
the following decades have also been made. Howaves, specific future scenarios do not
exist concerning maritime transport in the GulfBathnia. Scenarios can offer ideas on
how the situation might look in future and how thekevelopments could be considered in

the Maritime Spatial Plan. Scenarios contributethe area-based, future oriented and



adaptive nature of Maritime Spatial Planning aretéfore it should be explored how they

can be best utilized in the MSP process.
This study seeks the answers to the following doiest

* How much the transportation continues to grow g @&ulf of Bothnia?

* What are the key factors for development of mastinansport in the area?

* What kind of possible futures there are for mamgtitransportation in the Gulf of
Bothnia?

* What are the implications and benefits of the saesdor Maritime Spatial

Planning in the area?

Somewhat similar projects have been conducted éafsing expert participation to find
out future developments, key factors and even tidbwisions on different topics,

including transport and urban planning. Howeverplapg a Delphi method and an
anonymous expert panel to collect information aiedvg on future developments, to build

scenarios used for Maritime Spatial Planning hagonmy knowledge been done before.

This study begins with a detailed research areavxe describing the characteristics of
maritime transport in Gulf of Bothnia. The infornmat is gathered from a variety of

sectorial reports. Current status of transportaéisiwell as development of transportation
of different commodity groups is described in thigpter. The study is divided in two
parts, firstly to make scenarios for cargo voluneaelopment and secondly, to make
scenarios for transport routes and patterns iratea. The theoretical overview is therefore
presented partly below in chapter 1.2. Literatwreiew and is continued for each part
separately in chapters 4 and 5. The study conclwdds implications for planning,

recommendations and lessons learned as well agstimus for further research.

1.2 Literature review

This study is a unique pilot project for testinfutures research method for MSP purposes.
A similar idea was in a recent Finnish TransporeAgy project, which collected expert
information in several stakeholder meetings for A@itions for traffic 2035” vision and

long term plan (Finnish transport agency 2011ak féport identified and drew together
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the needs, future visions, goals and objectivemaih actors in the field of traffic to get a
solid basis for Finnish development plans. The ltesuas three alternatives for
transportation based on stakeholder views and an@mvision for development. Forming
alternatives for development is a common step ahmhg processes, especially in an

Environmental Impact Assessment process.

Making future predictions and forecasts is commorthie business world. According to
Hoyer (2000), when it comes to traffic, it is mgstlone on a fairly deterministic basis.
With this Hoyer means that rather than asking thestjon on how to direct transport
towards a more sustainable direction, the reseeocitentrates often on questions like
“How something will affect transport specificallyPioyer’s study concentrates on the use
of new technology in transport and more specificdlhow can information technology
help in the transformation of the transport systemards sustainable development”. The

focus was on urban planning and infrastructurerptamn

The existing scenarios for maritime transport irtiBeSea area are largely based on the
traditional question: how the developing econoniticagion will affect maritime transport.

Kuronen, Helminen, Lehikoinen & Tapaninen (2008yvéhastudied maritime transport

future scenarios in the Gulf of Finland. Baselirmgadfor the study was maritime transport
in 2007. The future scenarios for different commypdjroups and ports were based on
Baltic Maritime Outlook (BMO, 2006) and scenariosage by the Finnish Maritime

Administration (FMA) in 2006. Information from Jaus sources was also gathered,
including ports of the research area and predistiohthe economic situations of the
adjacent countries. This information was combiretbtm the scenarios for cargo and oil
transportation. Probability of the three scenafesoming reality was assessed by an

expert group.

Of the Scenarios Kuronen et al. (2008) used, the @mnducted by FMA is only for
Finland and Finnish ports. The other, BMO (200@naentrates on the whole Baltic Sea
Region. BMO was a cooperation project between Swe#8eland, Estonia, Lithuania,
Poland, Denmark and Norway. Maritime administrati@and port authorities from each
country were involved. The document was also a @idrger project on Trans-European
Transport Network (TEN-T) and it aimed to contributo the Baltic Sea Region
transportation planning. Both scenarios are dismligarther and their main results are



presented in chapter 4 as these scenarios arausdsbas a basis in this study to make
forecasted scenarios for Gulf of Bothnia cargo wau The idea is same as in the study
conducted by Kuronen et al. (2008) but due to ifferént nature of transportation in Gulf
of Bothnia and Gulf of Finland and somewhat différgoal of this study, there are

changes in the way the scenarios are formed aedses

The results are compared to Baltic Transport Outl®TO) scenarios for maritime
transport in the Baltic Sea Region. According taB{R011, 1) “Baltic Transport Outlook
2030 is an EU funded project and a strategic pyiawithin the Baltic Sea Strategy that
was adopted by the European Council in October 2008 overall aim of the project is to
achieve better prerequisites for national long terfrastructure planning in the Baltic Sea
region to make the region more accessible and ctitmpe’ BTO is the latest scenario for
maritime transport in Baltic Sea. It was publisiedovember 2011 after the forecast part
of this study was done, which is why its results erainly used as comparison and not in
formation of the scenarios in this study. A SWOTalgisis of Baltic Regions was also
conducted during BTO project. The SWOT resultsBothnian Sea transport was used in

key factor identification phase of this study.

None of the scenarios mentioned above concentratieeelopment of individual ports or
transport routes, which is what this study is agrtim do.

In addition to the two larger scenarios for the lghmaritime transport sector, more
specific sectorial scenarios are used to offeril@etanformation on industries in the Gulf
of Bothnia. PAyry (2011) has made future scendnosiew products of forest industries,
such as biofuels in Finland. The Swedish EnvirortiadeResearch Institute has published a
scenario for Energy Use in Sweden for 2050, inclgda future scenario for the use and
production of biofuels (Gustafsson, Sarnholm, $ig& Zetterberg, 2011).

Sundberg, Réasanen, Posti & Pontynen (2010) havee rsadnarios for Russian transit
traffic in Finland. Due to the new MARPOL 73/78 AaVI regulations on air emissions,

Swedish maritime administration has made scenddoshe magnitude of the possible

modal shift in Sweden (Sj6fartsverket, 2009). lasiag costs of shipping could direct

more and more transportation to road and rail witthe Swedish side of the Gulf of

Bothnia. These scenarios are used to estimateo$®hbe decrease or increase in shipping
in Gulf of Bothnia.
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The point of view in this study is on the other @idraditionally deterministic: how the
economic situation will affect the maritime trangjation since most the data used is based
on this question. On the other hand, this studgls® trying to find out if this is what
stakeholders and main actors in the field of nragtitransport see as probable future
developments for the Gulf of Bothnia. This is ddayemeans of Delphi method, developed
in 1950-1960 by RAND Corporation to collect expgrtigements on a variety of topics
and described in detail by Linstone and Turoff @07

The Delphi method has not been widely used in ainmacontext. Perhaps the most
relevant example has been a study prepared by Mydgd likkanen (1995): Changing
freight transport market in the Baltic Sea areahe position of South-Western Finland in
the context of Baltic Sea freight Network. In tisigidy, a panel consisting of 15 experts
was considering the future developments until 2@b@gcerning mainly transit traffic, ferry
traffic between Sweden and Finland and positiomihiyorth European distribution centres
and evaluating three scenarios for transport. @af2003) has used Delphi panel to find
definitions for Marine Ecotourism and explore thergeptions of European Union and
Atlantic experts on this concept. Scenarios wetebndt in that study, Delphi method was
simply used to gather expert information. In theddiof transport, Delphi method has been
used for example to find out future developmentsEuropean air traffic (Mason &
Alamijari, 2007).



2 RESEARCH AREA DESCRIPTION

2.1 Scope of the study

Definition of Gulf of Bothnia in this study is basen The HELCOM COMBINE manual.
(HELCOM, 2006) The research area includes the seasaBothnian Bay, Bothnian Sea
and The Quark. Aland Sea and Archipelago Sea heee left out from this study in order
to use the same southern limit as is used in the Bbthnia project. The Sea of Bothnia
(or Bothnian Sea) is the sea area between thalimen on Northern side of Aland Island
between Ormodn and Understen in Sweden to EmskéerBekalskar-Uusikaupunki and
Hornefors-Vaasa in North. The Quark and Bay of B@thave been considered as a one
sea area in this study. Therefore the definitiothefBay of Bothnia is the sea area north of
a line drawn between Hornefors-Vaasa. EEZ’s ofdfidland Sweden cover the whole sea
area. The sea is divided between these two coartased on an agreement on borders,

which was checked the last time in 1981. (Law amfsh Territorial Sea, 1956, article 1)

The Gulf of Bothnia coastline consists of sevenarg on the Finnish side and five on the
Swedish side. Within those, there are 41 munidigalihaving coastline to the Gulf of
Bothnia in Finland and 19 in Sweden. In 2010, adod¥ million people inhabited the
municipalities with direct coastline to GoB. In Gmental Finland there are about 627 000
inhabitants, Aland around 6000 and Sweden 773 (®\T, 2011, SCB, 2011)

This study concentrates on finding out the transpatterns mainly in the offshore areas of
the Gulf of Bothnia. However, as the main drivess development are on land, the scope

of the scenarios is wider than the marine areéisarGulf of Bothnia.
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Ports of the research area

Figure 1



2.2 Navigation in offshore areas of Guif of Bothnia

2.2.1 Legal background

The right to set rules for maritime transport imast@l states Exclusive Economic Zone
(EEZ) is based on the United Nations ConventiothenLaw of the Sea (UNCLOS, 1982).
The Baltic Sea has a Particularly Sensitive Sea ARSSA) status given by IMO as well
as a Special Area under MARPOL-status, which gities coastal states of the Baltic
somewhat larger variety of means to govern maritimesport in their EEZs. For example
establishing routing measures in EEZs is possibtethis has been done in Baltic Proper

as well as Gulf of Finland with Traffic SeparatiSBohemes (TSS) and Deep Water Routes.

An interesting example of enforcing governance aritdne Transport is the Norwegian-
Russian Barents Sea case where Norway has beeariegpmeasures to manage the
potentially increasing oil and gas transports fiRossia through the Norwegian EEZ. The
measures include for example extended territorialewlimit, Vessel Traffic Services,
PSSA-status for parts of Barents Sea and Traffgagion Scheme. A physical Marine
Spatial Plan of Norwegian Barents Sea was includé¢de Barents Sea Management plan.
The Barents Sea case has similarities with thei®B8&a case as it concerns Maritime
transport in ice covered areas. UNCLOS article B8adles specifically rights to govern
navigation in ice-covered EEZ’s and gives the castates a right to take measures to
prevent pollution from vessels in harsh climatiaditions (Stepanov & Brubaker 2005).

Another possibility to get legal backing for Mamig Spatial Planning is establishing
mandatory or recommended Areas To Be Avoided (ATBAese kinds of areas also exist
in Baltic Proper, namely the Hoburg bank south aftl&d. For example particularly
sensitive natural areas with higher risk of accggesuch as banks, could be stated areas to
be avoided by commercial shipping. Unlike naturetgetion areas such as Natura 2000,

the ATBAs are marked in navigational charts.

According to IMO, the measures that coastal statesallowed to take within their EEZs
concerning maritime transport must be limited tohsactions that have been approved by
IMO. These are therefore the main opportunitiegaeern maritime transport in EEZ, with

a legal basis. The measures must also be takerhatoships do not have to take
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unnecessarily long alternative routes to complhhwsit regulations. Most of the approved
means to enforce rules on navigation in EEZs asady in use in the Baltic Sea.

2.2.2 Routing system for marine transportation in the Gulf of Bothnia

No fairways exist or are planned within Finnish é@wedish EEZs in the Bothnian Sea.
All fairways for commercial ships begin when theyer the territorial waters of coastal
states. From the starting point the fairways angallg 1-2 nautical miles wide and get
narrower towards the coastline. There is no stahdar fairway width; planning of a

fairway is done case by case. The width is dependengeography and hydrographic
characteristics of the area. In the Bothnian Sea,ahe difficult ice conditions must be
taken in account when planning fairways. Gener#ily ships need more space when

operating in ice (Hartikainen & Reilimo, 2011).

If there is special need for a marked shippingeontopen sea area, the solution is setting
a routing system such as TSS or Deep Water RoutéheAmoment there is a TSS and
Deep Water Route in South Quark in the narrow cebhatween Sweden and the Aland
Islands. Another TSS is planned for the narrow péaftlorth Quark between the cities of

Vaasa and Umea, where increasing traffic requicéerss to ensure the safety of shipping.

Outside the TSS areas, the ships generally navelatgest possible way to the ports. The
Automatic Identification System (AIS) tracks (HEL®® 2012a)show that most of the

ships follow the same, mostly straight-line roui@snain ports, as if they were navigating
on a fairway. This data gives good basis for MSRewHefining the important areas for

maritime transportation.

Even though the official fairways are lacking fr&tkZs, Sweden has identified National

Interest fairways within the whole Swedish EEZthe Bothnian Sea area these identified
areas are the straightest routes to the main psngell as the Swedish coastal route, which
can have great importance during the ice navigateason. National interest fairways are
also partly in Finnish side. In the Bay of Bothili@ route between port of Raahe and the
port of Luled is marked as National interest faiywlae to the regular iron ore transports to
the Raahe steel mill (HELCOM 2012b).



Using Finnish and Swedish fairways adds costsHershipping companies. The costs are
piloting fees and fairway fees. In the beginnin@261.2, Finnish piloting fees increased by
about 9.5%. However, even after the increase the &#e still lower than in Sweden
(Finnpilot, 2011). Sweden has planned increasdaiiway fees, piloting fees and railway
fees. The analysis of impacts (Vierth & Mellin, 2)Istated that they can be expected to
be greatest for the Bothnian Bay transport, exedpn it comes to railway fees which
were considered to be low compared to some southdways such as Gavle railway. The
impacts of the price increase were generally cameatl to be modest compared to the
Sulphur directive impacts on transports. Accordinghe study, increase of prices in the
Bothnian Bay would be about 7.5-11%, dependingherstenario.

2.2.3 Maritime Safety

Maritime traffic in the Gulf of Bothnia is at theament observed in two Vessel Traffic
Service units in Finnish coast. West Coast VT®cated in Kallo, Pori and Bothnia VTS
in Vaasa. These two units will combine in near fatwith Archipelago-VTS of Nauvo, to
form a Gulf of Bothnia VTS. The new centre will lmeated in Turku. Sweden has VTS

centers in Stockholm and Lulea.

Traffic observations are done mostly by AIS dathe TGulf of Bothnia piloting areas in
Sweden are Umed, Luled, Skellefted and Ornskold3viky offer mandatory piloting to
their responsibility ports in Swedish territoriabters. In Finland there are two areas, the
Bothnian Bay and Bothnian Sea pilotage areas, whreh divided in pilot centers of

Bothnian Bay, Kokkola, Vaasa and Rauma.

2.2.4 Navigationinice

Ice conditions in the Gulf of Bothnia are difficuliuring the winter time. Finland and
Sweden set winter restrictions for ships navigaimgheir waters. Only the ships with
specific ice classes are qualified to get assistdraim the states’ ice breakers during the
winter season. The restrictions are set dependintye severity of ice conditions and they
vary yearly. In the Bay of Bothnia, the ice comulis are the most severe and the bay is

frozen also during the mild and short ice winters.
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During an average winter, such as 2009-2010, BathBay restrictions are likely to begin
in December. Bothnian Sea restrictions begin laterend of December-January. In
February-March the ice cover reaches the maximuhrestriction can be set higher in the

whole Gulf of Bothnia. The last days of restricBaare usually in April-May.

Finland and Sweden cooperate in organizing icekilmgaservices in the Bothnian Sea. For
example during the winter 2009, five icebreakersrafed in the Bothnian Bay, of which
one was Swedish and four Finnish owned. In the ath Sea the icebreaker fleet

consisted of five icebreakers and two tugboats (E2B1L0).

Winter changes navigation procedures. During tleebizaking season the ships cannot
often take similar routes as during the ice fresssea. Ships navigating to ports in the Gulf
of Bothnia during the ice restrictions must makeaamouncement for ice info via VHF
radio. The operating ice breaker will give the shipute points or instructions on how to
navigate. The importance of the routes running gkt coast grow in winter time, while
in summertime they are used more seldom as shiggata the shortest possible way to
ports. During the winter time ice breaking serviogight be restricted for coastal fairways
only. Ships must comply with set speed limits artagally they must have a pilot on
board. During difficult ice conditions the traffiseparation schemes can also be
temporarily not in use in the Quark and Aland Searaw channels (Finnish Transport
agency 2011b).

2.2.5 Environmental regulations concerning Maritime transport in

offshore areas

During the next decade the new air emission restnis that are set in MARPOL Annex
VI by IMO are likely to have a great effect in spipg in the research area. The aim of the
regulations is to tackle most of the Sulphur anttddgen emissions from shipping. IMO is
also considering market based measures to redugee@i@sions. A brief description of
main maritime transport induced pollution and ratjohs concerning the Gulf of Bothnia

can be found below.

SOx

The Baltic Sea is designated as a Sulphur EmisSmmirol Area (SECA). The sulphur
content of fuel that is used in the Baltic Sea veakiced in 2010 from 1,5% to 1%. EU has



set an additional requirement; 0,1% fuel must bedushen operating in harbor area. In
2015 all fuel used by ships in the Baltic Sea aneat contain no more than 0,1% sulphur.
Alternatively, SOx scrubbers resulting in same S&bratement may be used. Adverse
environmental and health impacts from sulphur eimissand particulate matter (PM) will

be reduced with implementation of the SECA regateti(Kalli & Tapaninen, 2008).

NOx

Designation of the Baltic Sea as Nitrogen Emisstamtrol Area (NECA), to reduce air-
emitted nitrogen that adds to the eutrophicatiosbjgms of Baltic Sea is mentioned in
HELCOM Baltic Sea Action Plan. If the Baltic Seallvbecome a NECA, newly built
ships operating in the Baltic Sea area must instaystem to tackle nitrogen emissions
from 2016 onwards. The only viable method at thenmiat is a SCR exhaust gas after
treatment device, which would reduce the nitrogedIfrom ships more than 80% (Kalli,
Repka & Karvonen, 2010).

Cco?

Currently there are no binding goals to reduce @dfissions of shipping. The latest
achievement on the matter is the new Energy EffyeDesign Index (EEDI) for new
ships to promote energy efficiency in shipping #mefefore reduce CO2 emissions. IMO
has evaluated that with currently available techiniand operative measures, energy
savings could be between 25% and 75% in 2050 (shnfiransport Agency 2011a). IMO
is also currently working on the best available ketrbased measures to tackle CO
emissions (IMO 2009).

Oil pollution

Although the amount of oil transports in the GuifBothnia is considerably smaller than
in the Gulf of Finland, the risk of oil accidentsosild not be overlooked. Ice conditions are
difficult and the narrow navigational routes of Moand South Quark pass archipelago
areas with valuable natural features. The Baltia Aetion Plan has set an obligation for
member states to participate preparing a mutual pba places of refuge in case of
emergency. The plan will be a new HELCOM recomméndaThe place for refuge could
be in the area of another country than the one evtier distress situation originally begun.

In the Gulf of Bothnia this could mean that oillshazard could be directed to the nearest
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place for refuge in Finland or Sweden, independentvhich country’s response zone the
accident occurs. Requesting shelter in neighbocdogntry could be based on weather
conditions or lack of shelter in each country’s omgaponse zone, not on financial reasons

or lack of emergency response resources (HELCOMIQRO

A risk analysis and a development plan for oil deot response are currently being
prepared for the Finnish side of the Bay of Bothitiae results will be published in 2012.
The previous plan for the Finnish side was mad205 by regional environment centers
and it covered the area North of Vaasa. The new plians to take into account the

increasing maritime traffic due to mining activeiéSYKE, 2011).

Sweden has a national strategic plan for oil actidenergency response covering all
national, regional and municipal actors that ak®ived in the process (Raddningsverket,
2004). BRISK project by HELCOM does risk analysis @l spills for the whole Baltic
Sea Region.

Illegal oil discharges

According to HELCOM (2010) “altogether 149 oil dpilvere observed in 2010, which is

29 less than in 2009 and 61 less than in 2008eheal, the number of detected oil spills
in the Baltic Sea has been constantly decreasiray) though the density of shipping has
rapidly grown and the aerial surveillance activitythe countries has been substantially
improved”. Surveillance is done with small airceafind all Baltic Sea countries except
Latvia contributed to the total 4279 flight hoursthe Baltic Sea area. Oil discharges are
also detected by using satellite images. 91 % |adetbcted spills were smaller than £ m

and none of the detected spills were in the GuBathnia area.

Alien species and Ballast water management

Alien species spreading with ballast waters of slopattached to surfaces is an interesting
question in the Baltic Sea context. The shallow amdll sea area enables some of the
local species to spread on their own. The IMO BalM/ater Management Convention
(BWMC), to be ratified by HELCOM countries by 201&jll reduce the risk of alien
species spreading to the Baltic Sea from otheraseas, but Intra Baltic transportation is
an issue that must be addressed separately. Arigkoassessment was recently conducted.

The study addresses the BWMC regulations that applgtra Baltic Voyages and makes



suggestions for HELCOM. Especially the concept “Bairocation” is considered,
referring to areas that are ecologically similard ado not require Ballast water
management for voyages within the areas (HELCOM12].

2.3 Maritime transport in the Gulf of Bothnia 2010

The Gulf of Bothnia coasts are characterized wiétesal small ports rather than large
centralized port complexes. Organizational chamy@®rts are a common trend in Finland
and Sweden. Most of the ports used to be muniapgborations but privatization is

expected to be more common in the future due toEleregulations about the special
status of municipal corporations (Mylly, 2010). Pof Gavle recently went through a
major organizational change as the Géavle Hamn A#n{Jktock Company) bought the

whole port infrastructure from Municipality of G&vl There are also several private
industrial ports in the Gulf of Bothnia. The largert complexes often include private port

units.

About 11 770 ship calls were made in Gulf of Bo&hRiorts in 2010. As a comparison, the
port of Helsinki alone had about 8000 ship cal® port of St. Petersburg 9000 and the
port of Helsingborg 30 000 in the same year. Otladl ship calls in the Baltic Sea, about
3,8% was made in Gulf of Bothnia Ports. The totalgo volume handled in the Gulf of
Bothnia ports was about 66,5 million tons. Thislmut 0,8% of the cargo volume in the
whole Baltic Sea. The rather shallow fairways te plorts set limits to the size of the ships
and the amount of cargo they can carry. The GuBaihnia is characterized with a fleet of
relatively small ships.

2.3.1 Ship types

Ship types are presented in % for the whole GuBathnia (Figure 1) and Bay of Bothnia
(Figure 2). Figures are based on AIS data from 2HHBLCOM 2011Db), ships that cross
passage line drawn to south Quark. According toAl8data, general cargo ships are the
most common ship type in the Gulf of Bothnia. Tleent general cargo ship includes
several different ship types. General cargo shgmshe for example multi-purpose vessels
carrying both containers and other types of caRmRo0 vessels handling also wheeled
containers or barges. It should be kept in mindnoeking at the figures that the ship
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type marked in AIS is often done by the crew andamgording to any common standards.
Also, it is up to the AIS device user to decide thiee the designation. ,General cargo
vessel” or for example more specific ,Ro-Ro” shipused. Bulk carriers are for the dry
bulk transports such as foodstuff or coal and cdkaybe the most notable differences
between the Bay of Bothnia and the situation inegainare the amount of support ships,
which is relatively high in the Bay of Bothnia, nidi&ely due to ice conditions. Container

ships are rare in the Bay of Bothnia. AccordingAt& data, in 2010 399 container ships
crossed the Gulf of Bothnia passage line and oflyBthese also crossed the Bay of
Bothnia passage line. It should be also noteddalaiulations were made for each month
separately and each ship was calculated only omaxiinum 12 passages/year) even
though there were a few examples of for exampl@adships crossing the passage line

from South to North almost daily.

The size of ships used in Gulf of Bothnia is getheanall. The straits of Denmark have
the depth of 15 m, which limits the size of shipshe whole Baltic Sea area. Only the port
of Pori in the Gulf of Bothnia can receive theseximaum size ships. Luled is considering
dredging to same depth to be able to receive tigesaships but currently the permission

is for deepening the channel to 13.2 m.

B General cargo ship

B Ro-Ro cargo ship

® Qil products tanker

B Support ship

B Unknow

® Bulk carrier
Container ship

Chemical tanker

Figure 2: Ship types in the whole Gulf of Bothrtis) (HELCOM, 2011b)
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Figure 3: Ship types in Bay of Bothnia (%) (HELCQM11b)

2.3.2 Main commodity groups

Figure 3 presents a summary of main commodity ggdtgmsported in the Gulf of Bothnia
area. On a general level it can be said that ardsreetal waste transports are concentrated
to the Bay of Bothnia and wood transports to théhBian Sea area. The largest Finnish
commodity group is ores and metal waste and thensetargest is wood products. In
Sweden the situation is opposite, forest induseindp the largest transporter in the area.
The cargo volumes are also distributed unevenlye TH ports of Finland transported
about 60% of the total cargo volume while the 18&wh ports handled only 40% of the

total volume.
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Wood products

Other dry bulk

Coal and coke

Other dry cargo
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Gulf of Bothnia International cargo volume
(Mt) by commodity group 2010
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Figure 4. Main commodity groups transported in Balf of Bothnia 2010 (Mt) (Baltic

Port List, 2011)
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2.4 Analysis of current status of transports and

economic development

Finnish and Swedish transport statistics and desmns from 2010 have been used as
current status data for this study. The sharesodfspn the Gulf of Bothnia of the total

international cargo volumes are based on theseesgusome of the main assumptions
concerning the quantitative scenarios for Gulf ottBia are based on the descriptions of

economic situations in Finland and Sweden.

2.4.1 Finland

Economic development of Finland

Finnish Bank estimated in March 2011 that GDP grofet 2011 would be 3,8% and for
years 2012-2013 about 2,5%. This estimation hasecdawn in the latest Finnish

estimation, which predicts an average growth ofa,®r years 2012-2015.

Economic growth can be expected to slow down irtutdue to aging of Finnish
population as large post-world war Il age groupk ietire during the next decade. Finland

has highly specialized export sector and the pugaivices development has been weak.

According to the ministry of finances, industriedl e further supported with energy
taxation reductions for energy intensive industrgsbsidies for shipping companies to
invest in innovations and environmentally frientighnology. Opportunities for financing
of exports will be enhanced by internationally catipre export financing model and a
free guarantee by state (Ministry of Finances, 2011

Cargo volumes in 2010
The numbers presented in tables 1 and 2 includmtlmnational transports of Finland and

Gulf of Bothnia in 2010, including transit traffic.



Table 1: International transports of Finland in 2Dincluding transit. (FTA 2011)

FINLAND International transports 2010 (Mt)
Imports Exports Total
51,49 41,79 93,28

Table 2: International transports in the Gulf oftBoia 2010 (Baltic Port List 2011)

FINLAND Gulf of Bothnia ports 2010 (Mt)

Mt % of Finnish transports
Total 33,33 39,7
Import 17,84 34,7
Export 15,49 37,1

2.4.2 Sweden

Economic development of Sweden

The economic crisis had a strong effect on Swednomic growth, which had been
high for over a decade before the year 2009. Hgpmoe a strong driver for the Swedish
economy; therefore Sweden is greatly dependenthenworld economic situation and
external demand. The recession, although shortllivg mainly on the export-oriented

industries. However, the economic situation recedagreatly by 2010.

According to Swedish predictions, 2011-2014 the G@®Bwth is on average 3,7%
annually. This prediction estimated 3,8% growth @DP in 2012 (Regeringskansliet,
2011a). However, according to the latest infornmgtihe Government Offices of Sweden
has predicted that the unstable global financialasion will lower the GDP of 2012 to
1,3% due to low investments on industries and lomeistic demand. For following years
the GDP is projected to bounce back to an averdg8,#6 for years 2013-2015.
(Regeringskansliet, 2011b). Generally Sweden hedigted very modest growth for future

years due to low resource utilization growth in&@ean Union and United States.

A long term economic growth scenario for Swedengraslicted an average annual growth
of 2.2% until 2030 (Hill, Lof & Petterson, 2008).
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Cargo volumes in 2010

The numbers in tables 3 and 4 represent only iatemnmal transport. Domestic transport
has been excluded from this analysis because tige galumes are quite marginal (About

2,6 Mt/year in Gulf of Bothnia).

Table 3: International transports of Sweden in @Q%j6fartsverket, 2011)

SWEDEN International transports 2010 (Mt)
Imports Exports Total
82,31 70,91 153,30

Table 4: International transports in the Gulf oftBoia 2010 (Baltic Port List 2011)

SWEDEN Gulf of Bothnia ports 2010 (Mt)

Mt % of Swedish transports
Total 20,935 13,7
Import 9,754 11,8
Export 11,18 15,8

2.5 Ports

Ports in the Gulf of Bothnia are relatively smé&hly one of the ten largest Swedish ports
is located in the Gulf of Bothnia: The port of Lalén Finland, Raahe, Kokkola, Pori and
Rauma are in the top ten of ports listed by cargome and the three largest Finnish dry
bulk ports are all in Gulf of Bothnia (Kokkola, Resg and Pori). The international total
cargo volumes handled in Gulf of Bothnia ports &l ws volumes of different cargo types
and main commodity groups are presented in figdraad 5 for Finland and figures 6, 7
and 8 for Sweden. It should be noted that the modften port complexes, consisting of
smaller units. The units have often different ovenigom private and public sectors. The
ports mentioned here are based on Baltic Port ({gilma, Heikkila, Helminen &
Kajander, 2011).

Finland
Port of Uusikaupunkiconsists of two ports. Hepokari is the general @grgrt and Yara

Suomi Oy has its own industrial port. The fairwaythe harbor will be dredged deeper in

the near future to enhance transport opportunifieskennevirasto, 2012)



Port of Raumahas major importance on a national level for inipgr raw wood and

exporting wood products. Rauma also has importamd¢endling general cargo. Rauma
has a RoRo-service connection with a Gavle haraettimes per week. It handles the
largest amount of container traffic in the wholelfGii Bothnia. Rauma also had the most

ship calls in 2010, followed by Gavle, Umea andiPor

Pori is the largest harbor by cargo volume in the Bhnside of Bothnian Sea. Pori
imports coal and coke, crude minerals, ores andnuaaufactured products. Exported
goods from the port of Pori are sawn wood, ores @mdmanufactures, chemicals and

cement.

Kristiinankaupunki and Eurajoki are small importisdor coal, coke and crude minerals.

International traffic (t) 1080 000f 5606 000] 170000] 4 224 000 381 000{ 1070000 969 000
Import 356 000] 1761000 108000] 3119 000 370000 433000f 762000
Export 723 000) 3845000, 62 000| 1106 000 11000 637000 207000
Domestic traffic (t) 125000/ 90000 0| 761000 4000
Dry bulk 827 000] 1092000/ 103000] 3161 000 372000{ 241000f 576000
Liquid bulk 157 000 241000 0] 523000 9000 94000 20000
Oil products 0| 36000 0| 130000 9 000 0 16000
Other dry cargo 95000] 42730000  67000] 540000 0| 735000[ 373000
Number of transport units (international)
Containers (TEU) 0] 160600 0 21400 0 0 0
Cars 0 0 0 0 0 0 14 300
Buses 0 0 0 0 0 0 100
Trucks and trailers 0 33200 0 0 0 0 10 300
Train wagons 0 0 0 0 0 0 0
Passengers (international) 0 0 0 0 0 0| 56500
Ship calls (total) 370 1280 70 820 30 310 520
Imports Crude Timber |[Crude Coal and |Coal and |Timber [Coal and
minerals minerals |[coke coke coke
Exports Fertilizers Wood Ores and |Ores and |Crude Wood Cereals
products [manufact|manufact|minerals [products
ures ures

Figure 5: Transports in Finnish Ports in Bothniae&s(tons/a), main types of cargo and
commodities in 2010. Red columns illustrate panist thave more imports than exports
and blue columns stand for mainly exporting pai@altic Port List 2011)
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Pietarsaari Kokkola |Kalajoki |Raahe Oulu Kemi Tornio

TOTAL TRAFFIC (t) 2095 000| 5799000( 411000] 6112000| 3203 000( 1825 000| 2 138 000
International traffic (t) 1510000| 5785000] 408000| 5526000] 2825000| 1816 000f 1959 000
Import 1034000 1764 000] 123 000| 4624000] 1463000 721000 1205000
Export 476 000] 4021 000f 285000/ 902000f 1363000 1095000] 754000
Domestic traffic (t) 148000 555 000 3000/ 677000 776000] 379000 5000
International cargo traffic by types of cargo (t)
Dry bulk 400000| 4710000f 55 000| 4 666 000 751000] 440000{ 1080000
Liquid bulk 169000 544 000 4000 50000 1018000f 128000 92 000
Qil products 26000, 69000 0 0 95000, 29000 79000
Other dry cargo 941000] 530000 349000/ 810000f 1056000( 1249000] 787000
Number of transport units (international)
Containers (TEU) 1000[ 12200 0 4700 29 000 4600 13600
Cars 0 0 0 0 0 0 0
Buses 0 0 0 0 0 0 0
Trucks and trailers 0 0 0 0 1300 200 0
Train wagons 0 0 0 0 0 0 0
Passengers (international) 0 0 0 0 0 1800 0
Ship calls (total) 380 580 110 730 520 430 430
Main commodities
Imports Timber Crude Crude Ores and |Chemicals |Timber [Oresand

minerals [minerals [manufact|and manufact

ures cements ures
Exports Wood Ores and |Wood metals |Wood Wood metals
products manufact |products (and products |products [and
ures metal metal
products products

Figure 6: Transports in Finnish ports in BothniamyB(tons/a), main types of cargo and
commodities in 2010. Red columns illustrate pantst thave more imports than exports
and blue columns stand for mainly exporting pdiBsltic port list 2011).

Kaskinen is facing changes in the future. Indusa@ivity in Kaskinen has decreased in
past years. Currently Kaskinen is still importimgvrwood and exporting wood products. A
new opportunity is the Mid-Nordic Corridor. Due tiloe unused capacity in the port of
Kaskinen, there are possibilities for developmétdskinen is planning a regular cargo

liner to Sundsvall.

Vaasaimports coal and coke and handles general cargasd has a regular freight service
to Umed, transporting cars, buses and trucks ailérs. The Vaasa-Umeda connection is
also the only passenger traffic service in the @filBothnia, transporting about 56 500
people in 2010. The connection has great local mapoe. However, the shipping
company declared bankruptcy in November 2011. The tontinues operating until

further notice.

Pietarsaariis one of the main raw wood importers in Finlaimdaddition the port imports
chemicals. Exports consist mainly of sawn wood payger products.



Kokkolais currently the only port in the Gulf of Bothnindling transit traffic to and

from Russia. The transit goods are mainly iron gigltransportation from North West
Russia through Vartius railroad to Kokkola harbad anwards. In 2010 the volume of
transit traffic was 2,7 million tons, which is alb@uthird of the Finnish transit volume. In

addition Kokkola handles local metal industry tiaorss.
Kalajoki (former Rahja) is a small harbor exporting mairdwe wood.

Raaheharbor imports ores from Lulea to the local ste#él and exports metals and metal
products. The route from Luled to Raahe has reguasportation and it is marked as

national interest fairway of Sweden.

Oulu is the third largest container port in the wholalfGf Bothnia after Rauma and
Gavle. In addition, wood products and liquid bslkch as oil products and chemicals are
imported. Oulu handles almost the same amount pbrex and imports; the main export

item is paper.

Most of theKemiimports are raw wood and exports wood productstidon mining
products from Kolari-Pajala were expected to bagparted through Kemi but the mining
company decided to transport the Pajala productsugfn Narvik in Norway. The other
new mining activities in Northern Finland can haveeffect since Kemi is the nearest port
for several mining sites. More potential growth floe harbor is offered by planned biofuel

production plant and carbon dioxide liquefactiogject in Kemi area (Viitala 2011).

Tornio is a typical stainless steel and metal industrgbdwa importing mainly crude

minerals and ores and exporting metals and metalugts.

Olkiluoto nuclear power plarttas also port facilities.
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Sweden

Gavle Vallvik [S6derhamn| Skdrnds |Sundsvall| Soraker

TOTAL TRAFFIC (t) 3928000| 104000 682 000 834000 1995000, 89 000
International traffic (t) 3269 000 104 000 563 000 834 000| 1962 000 89 000
Import 2225000 0 175 000 273000] 935000 22 000
Export 1044 000 104 000 388 000 561 000| 1027 000 67 000
Domestic traffic (t) 658 000 0 119 000 0| 33000 0
International cargo traffic by types of cargo (t)
Dry bulk 1091 000 0 135000 209000] 362000 59 000
Liquid bulk 1087 000 0 58 000 35000f 563000 0
Qil products 713 000 0 58 000 0| 519000 0
Other dry cargo 1092 000 104 000 47 000 5000| 1070000 31000
Number of transport units (international)
Containers (TEU) 100 000 0 0 0 21000 0
Cars 0 0 0 0 0 0
Buses 0 0 0 0 0 0
Trucks and trailers 0 0 0 0 0 0
Train wagons 0 0 0 0 0 0
Passengers (international) 0 0 0 0 0 0
Ship calls (total) 930 70 190 340 530 50
Main commodity

Otherdry |Wood Wood Wood Wood Wood,

bulk products |products [products products [Roadsalt

Figure 7: Swedish Ports in South Bothnian Sea A@dfs/a), their main cargo types and
commodities Red columns illustrate ports that hanare imports than exports and blue
columns stand for mainly exporting ports. (BaltartpList 2011)

Géavle handles the most containers in the Swedish sid8ulff of Bothnia. It is also the
biggest importer of oil products, for example aarp fuels for Arlanda airport. Dry cargo
and bulk consists of wood and metal products as$ aglmports of foodstuff. There are

two private ports transporting forest industry pros belonging to Gavle port.

Soderhamms a port consisting of several smaller units hexgdbulk and forestry products
as well as oil productd/allvik is a small private export harbor for pulp woocdhsport in

Soderhamn. There is also a private port for thenite industry.

Skarnas terminaln Hudiksvall is a typical private forest industmarbor, specialized in

handling the raw materials and products of a paggthbcompany.

Sundsvallis the second largest importer of oil productsGmlf of Bothnia. Most of the
transports are however wood and wood products. Sqafidalso handled 21 000 TEU of
containerized goods in 2010. In addition to the pened by Sundsvall Hamn AB, the
port has several small private units handling foredustry products, raw materials and
bulk. Soréker handles mainly dry bulk and foregtryducts.



International traffic (t) 103 000 59 000 108 000 882000] 1789000 70000
Import 59 000 0 0 592000| 989 000 0
Export 44000 59 000 108 000 290000] 800000f 70000
Domestic traffic (t) 0 0 0 179000 90000] 12000
International cargo traffic by types of cargo (t)

Dry bulk 37000 0 0 65000 133000f 70000
Liquid bulk 39000 0 0 79000, 16000 0
Qil products 35 000 0 0 16 000 0 0
Other dry cargo 27 000 59 000 108 000 917 000] 1 640 000, 0
[Number of transport units (international) |
Containers (TEU) 0 0 0 0 0 0
Cars 0 0 0 0 0 0
Buses 0 0 0 0 0 0
Trucks and trailers 0 0 0 0 14 600 0
Train wagons 0 0 0 0 0 0
Passengers (international) 0 0 0 0 0 0
Ship calls (total) 30 260 510 50

Qil Wood Wood Wood Wood Other dry
products [products |products [products products [bulk

Figure 8: Swedish ports in North Bothnian Sea 2@tdhs/a), main cargo types and
commodities. Red columns illustrate ports that hane imports than exports and blue
columns stand for mainly exporting ports. (Holmale011).

International traffic (t) 1615000| 1348000{ 1508000 6313000] 135000] 184000
Import 665000 693 000 833 000 2087 000 22000] 184000
Export 950000 655000 675 000 4226000 112000 0
Domestic traffic (t) 157 000 187 000 60 000 2974 000 0 0
International cargo traffic by types of cargo (t)

Dry bulk 92000 862000 700 000 5781000 4000 50 000
Liquid bulk 242 000 330000 133 000 249 000 19 000 0
Oil products 242 000 6000 130 000 217 000 0 0
Other dry cargo 1281 000 156 000 675 000 283 000f 111000{ 134000
[Number of transport units (international) |
Containers (TEU) 17 600 [0) 900 0 0 0
Cars 15900 0 100 0 0 0
Buses 100 0 0 0 0 0
Trucks and trailers 10300 0 100 600 0 0
Train wagons 0 0 0 0 0 0
Passengers (international) 68 300 0f.. 1500 0 0
Ship calls (total) 870 290, 320 680 70

Wood Otherdry |Otherdry |Oresand Wood Otherdry
products [bulk cargo metal waste |products [cargo

Figure 9: Swedish ports in Bothnian Bay 2010 (tajhghain cargo types and commodities
Red columns illustrate ports that have more imptre exports and blue columns stand
for mainly exporting ports. (Baltic port List 2011)
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Harndsandhas oil storage facilities and it imported 35 @6As of oil products in 2010.
Before 2009 Harntsand had a regular RoRo-connetdiport of Kaskinen in Finland but
this line does not have service anymore. Harndosaod is owned by Harndsands

municipality but port is managed and operated lycttmpany owning Soraker port.
LugnvikandBollsta (Bruk)in Angermanalven are small private wood produgfsoeters.

Ornskoldsvikhandles mainly sawn wood and other bulk goodsrélisealso transportation
of building materials for wind parks constructioA biofuel production plant in
Ornskoldsvik produces ethanol from black ligueurodopulp and paper mill waste.
Ornskoldsvik also imports ethanol from Brazil forstdbution to Swedish markets
(Dahlbacka, 2009).

Husumis a large industrial harbor concentrated on foiedustry, wood and paper

products.

Rundvikis a small private industrial port of a compangdurcing and exporting different

types of sawn goods.

Umeaexports mainly forestry products and imports a il amount of oil products
for further distribution. The passenger/unitizedgoaship RG-Line operates between

Umed and Vaasa.

Skelleftedhas chemicals and oil products transported for stitks as well as pellets
imported for the local energy company. There i® @smetal and other industrial waste
recycling company, importing waste material andcesipg recycled materials. Skelleftea

has a regular cargo line to England.

Pited is a traditional forest industry harbor importireyv materials and exporting wood
products and paper. Future plans include a nevoriadiuilding cement parts for wind
power plants, which would require investments foe port, for example lengthening of
piers. Pitea has experience in transporting maseioa wind power construction sites. The
port has a regular Ro-Ro connection to England@einany. There is also a fuel terminal

and a biodiesel factory in the area.



Luleais one of the five biggest Swedish ports and éngdst bulk harbor. The other end of
the Swedish iron ore railway (Malmbanan) is in [&jleunning through main mining sites
to Narvik in Norway. There is also a cement factiory_uled and a pier for ice breakers

operating in Bothnian Bay.

Kalix/Billerud Karlsborgis forestry products harbor handling raw wood aadn wood.
The industry pier handles pulp wood and paper fbefBd factory.

Skellefted, Pited, Luled and Kalix have a coopenaproject called North Sweden Sea
Port. The aim is to enhance the northern shippargpetition to benefit the industries and

society and coordinate ice breaking and Northergachne services.

In addition to the abovementioned ports therepsrain Forsmark nuclear power plant

2.5.1 Priority Ports

Strategically and nationally important ports haeem identified in Sweden. The strategic
ports include Sundsvall, Gavle and Luled in Bothrikea area (Regeringskansliet, 2007).

The Swedish National interest harbor list is longére list includes the ports that:

* Belong to European Commissions Trans-European poanbBletworks (TEN-T)

» Show remarkable growth during the last five yearqae increase of 100 000 tons
of cargo or 200 000 passengers per year.

» Is essential for the country’s transport: trangpgrthe goods by some other mode

or through another port would compromise the publierest.

The ports that fulfill the above criteria in Swedare Forsmark Nuclear power plant,
Gavle, Soderhamn/Ljusne/Orrskar, Séderhamn, Ornskdalsvik, Sundsvall, Skellefted,
Umea, Luled and Pitea.

National priority ports and fairways of Finland dhe ports that fulfill the TEN-T criteria

and the fairways leading to those. They include:

» Ports with cargo volumes more than 1,5Mt/year @rmillion passengers/year
» Fairways that lead to these ports and winter faysaa the coast

* Saimaa fairway network and ports
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* Connection from Saimaa to Gulf of Finland

In the Gulf of Bothnia, the ports that fulfill trebove criteria in 2010 welRauma, Pori,

Pietarsaari, Raahe, Kokkola, Oulu, Kemi and Tornio.

Baltic Transport Outlook (2011a) has identifiedrasegic port network” ports for Baltic
Sea Region. Principles for choosing the ports vesréollows: size and cargo volume of
harbor should not be the only criteria used anategic network should consist of fewer
ports than the TEN-T network. The assessment wasdban multi-criteria analysis in
three phases. The criteria for non-bulk ports vieeesame as in TEN-T, but for bulk cargo
ports the criteria was set six times higher. Thesans that the smaller TEN-T ports that are
mainly concentrated on bulk cargo (such as mineuilsetc.) were excluded from the
analysis on the first round (BTO, 2011a).

Based on the analysis, only two ports qualify tqhg of the strategic network in the Gulf
of Bothnia. These are Rauma-Pori in Finland, whias considered as a one port entity
and industrial port Husum in Sweden, in Ornskolkswunicipality. The explanation for

excluding most of GoB ports in the assessment haisthe port infrastructure consists of
several small ports scattered along the coastinacentration of cargo volumes in certain
ports would therefore change the basic settingh®fanalysis. The potential increase in
cargo volumes due to northern mining activities wassidered likely to add at least one

more port in the list in the Bay of Bothnia.

In the final version of BTO, several ports in Golf Bothnia were added due to their
connectivity to the strategic railway and road r@ts. The ports that are part of strategic
network for the Gulf of Bothnia are therefdrRauma, Pori, Vaasa, Kokkola, Oulu and
Kemi in Finland and Luled, Umea, Husum, Sundsvall ad Géavle in Sweden Of these
Sundsvall and Gavle were specifically mentionetheesmodal terminals.

2.6 Description of transportation developments

2.6.1 Development projects and ports investments in Gulf of Bothnia

ports



Several ports have development
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reasons behind these plans Sweden Finland

Dredging operations are the morjgyre 10: Investments in ports 202D15 and th
common investments in the areshares of investments in the ports of the GuL

_ Bothnia. (Sjofartsverket, 2011, Karvon2010)
partly due to the post-glacial lan

uplift. In the Gulf of Bothnia, the land uplift cdme as much as 0,9cm/year. (HELCOM
Mariners Routeing guide, 2009).

The shares of investments in the ports of the GluBothnia are presented in figure 9. For
Sweden, the investments for northern coast ponmglyears 2011-2015 are about 163
million euros and this is 12% of all investmentarpied for Swedish ports during these
years. (Sjofartsverket, 2011). In Finland the p&thimvestments for Gulf of Bothnia ports
for 2011-2015 are 135,7 million euros, which is @b@5% of all Finnish planned
investments for ports. The Finnish figure for thelfGof Bothnia does not contain

investments for private ports.

The largest planned investment in Finland is foit B6Rauma with 66 million euros. Port
of Kemi plans to invest about 40 million euroshketmining projects decide to transport
goods through Kemi. Port of Kokkola plans to invabbut 34 million euros and port of
Pori about 26 million euros. Ports of Vaasa andaPsaari are also planning to invest over
10 million euros during the next four years (Kargon2010). In Sweden, the greatest

investments are planned for ports of Luled and &&sjofartsverket, 2011).

2.6.2 Mining industry transports

Northern Sweden, Finland, Norway and Russia are iic mineral resources. Mining
activities have a long history in the area, yet m®posits are actively explored and found
in the area. Increase of raw materials prices ansbme cases new technology has also

made previously found nonviable deposits extraetafilahtinen, Holtta, Kontinen,
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Niiranen, Nironen, Saalmann, & Sorjonen-Ward, 2014)global context the quantities
mined in Finland and Sweden are relatively smallrbines have great importance for the
European Union which is dependent on imports ofateednd has a strategy to strengthen

the domestic sources of raw materials (TEM, 2011a).

Luled is an important link in mining products trpog, as it is connected to iron ore
deposits and enrichment plants in Kiruna. Over S8f%res produced in the European
Union area come from Sweden. Ores are transported Kiruna for example to Raahe
steel mill. Raahe has also a recently opened a gxildction site. Tornio has a stainless
steel production unit aiming to double its prodoctiby 2015. Kemi has the only
chromium mine in the European Union and togethéh wie Tornio smelter it forms an

important ferrochrome production area in Europe.

Kokkola in Finland has a zinc processing plant. plant is part of a Swedish corporation
which has extensive gold, silver, copper and ziperations in Boliden area in Skellefte, a
copper mine in Aitik, Gallivaara, zinc-copper miGarpenberg in Dalarna region and
copper, nickel and sulphuric acid plants in HarfezaHarjavalta near the port of Pori is an
extensive metal industry centre. For example Tala mine in central Finland transports
ores to Harjavalta nickel smelter. If all the regdi permits are obtained, Talvivaara could
also begin transporting relatively small amountgaafioactive uranium ore through ports

of Oulu or Kokkola.

Dalarna region next to Gavleborg in Sweden has loisgpry with mining industry. In
addition to products from Garpenberg, value addaithlsess steel products are produced in
the area. Dannemora iron ore mine in Uppsala regpath of Gavle is currently sought to

be reopened.

The mining activities and processing plants incgeasports in the area but also require
extensive amount of imports, such as coal and éokemelters. Luled, Pori and Raahe
with connections to main metal industry areas laeddrgest coal and coke importers in the
Gulf of Bothnia. The current ore and metal wasaé@gport to and from the Gulf of Bothnia

ports is illustrated in figure 10.



New mining projects and Northern railroad projects

The new mining projects in Northern Finland and &eve are likely to increase
transportation if they are realized. Kevitsa Copjimkel mine in Sodankylda begins
production in 2012. About 5 million tons of oredive mined yearly and research is being
made on expanding the production to 7,5-10 milions. Another mining company has
found potentially the largest nickel deposit in &pe from Viiankiaapa, in the vicinity of
Kevitsa. Viiankiaapa is a Natura 2000 protectiogaarso the realization of this project
depends on the stated approval of EU and Finnisrergments (Nilsen 2011a). The
economic viability of the Rovaniemi-Kirkenes railyes dependent on this project (Lohi,
2012). The existing and potential mining sites all as proposed new railway connections

for transport of the mining products are preseimetie figure 11.

A new phosphate mine in Sokli is projected to beaperations in 2014-2015. The current
plan is to ship the ores to Kovdor, Russia for pesing and onwards through Murmansk
Port to Norway (Nilsen 2011b). The iron ore deposita mine in Kolari-Pajala extend on
both the Finnish and Swedish side of the bordgal®anining products are planned to be
transported to Narvik and onwards via Narvik-Lulefn ore railway. The same company
is considering opening another mine in Hannukaikéaari in Finland. The amount or

enriched products would add about 2 million tonarle Decision on the transport route

has not been made but Kolari-Kemi railroad and Bbkemi is one potential alternative.
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Figure 11: Forestry and mining industry transpoirtsthe Gulf of Bothnia 2010 (Baltic
port List 2011)
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Figure 12: Existing railroads, mining activities the area and proposed new railroads.
(Lohi, 2012, Rautajoki, Oikarinen, Somero & Vaymn&007, Mid-Lapland railroad,
2011, Corneliussen & Allertsen, 2009, Trafikverki11b, FODD, 2011, Data on mining
sites reproduced with the permission of GTK, SMNRRF, NGU. All rights reserved.)
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2.6.3 Forest industry transports

Forest industry transports are the largest commagtidup in the Gulf of Bothnia. Forest
industry transports include for example wood pulw gaper, pellets and sawn wood.
Wood is also used to produce bioenergy and heat pallets and the latest pilot projects
are making biofuels from paper industry waste. €Hdnds of pilot projects exist in Pitea
and Ornskdldsvik and are planned in Kemi and Rau®maden and Finland use mainly
domestic wood for production. Raw wood is also ingm for example from other Baltic

countries or South America.

About 70% of forest industry products of Sweden tamsported with ships. Forestry
products cover about 10-12% of the value of Swedigborts (Skogsindustrierna, 2011).
Most of the Swedish ports in the Gulf of Bothnia &andling wood products. The largest
forestry and forestry products ports in Sweden@renkdldsvik, Husum, Sundsvall and
Umed. Additionally there are smaller exporters favod and wood products, such as
Skarnas Terminal, Vallvik, Lugnvik and Bollsta (Bju The current forest industry

transports are illustrated in figure 10.

According to lggesund Holmen group (2011), whichnewthe Sk&rn&s terminal, the
company has recently invested in railway transport about 35-40% of previous
shipments are redirected from sea to rail. Thjzais of a larger project of forest industries
cooperating to increase railway transports. Theiaito redirect about 40% of the exports

from sea to rail.

Finland used to get about 20% of its raw wood fifeussia, but new customs regulations
have made Russian imports economically non-viaRlgssian wood was replaced with

domestic production and increased imports in 200092 Shipped imports of raw wood

have tripled from the year 2000 and it has beemmasd that imports from South and

North America will increase (Venaldinen & Utriaine2009). The ports receiving the raw
wood transports are largely in the Gulf of Bothai®a;, Rauma, Kemi, Kaskinen and
Pietarsaari are mainly importing timber. FTA hasdma report on raw wood transports in
Finland after the Russian customs regulations athtige supply paths. According to this
report, timber transports in Kaskinen are likelyréduce as the raw wood terminal along
the railroad will only be used as long it does neéd further investments. On the other

hand, fairway to port of Pietarsaari is plannedd¢odredged deeper in near future due to



projected imports of raw wood (likkanen & Sirkid)12). The situation could change as
Russia joins the World Trade Organization in 20TBis will enhance the economic
cooperation between EU countries and Russia sufatarand lower tariffs for imports
and exports. The adaptation period for lower tanfill however take several years (WTO
2011).

2.6.4 Domestic traffic

Domestic transport Tons/a

In Sweden domestic
3000000

transports totaled 4,5 million | _ |-

tons and the largest ports| 2000000 -

handling the domestic traffic | **** |

mTons/a

1000000 +~
were Lulea (67% of all ——
domestic cargo volume) and 0¥

Gavle (15% of volume).

Domestic transports in Luled Figure 13: Ports handling domestic tranport. (Bal
were mostly iron ores, sand arPort List 2011

gravel and petroleum products.

Domestic traffic cargo volume in Finland was 3,9liom tons. Volumes were distributed
more evenly between the ports than in Sweden. iVeepbrts handling the most domestic
transports were Oulu (20%), Pori (19%), Raahe (1#okkola (14%) and Vaasa (10%)
(Holma et al, 2011). Domestic transport in the GfilBothnia ports is illustrated in figure
12. Domestic transport is not considered in th@ades, although it can have considerable
local effects, as in the case of Lulea. It is hosveikely that greatest changes in transport

volumes will be due to international transport.

2.6.5 Transit traffic

The only port currently handling Russian transihsports is Port of Kokkola. The amount
of transit cargo handled in Kokkola in 2010 waswly7 million tons. The cargo handled
is mainly Russian exports, consisting of iron pgsllérom Kostomuksha and smaller
amount of aluminum clay imports to Russia. Accogdin a report of current status and
future of Transit in Finland (Sundberg et al, 2Q10ansit traffic through Finland is

considered a competitive route and transit trartspzan be expect to remain in Finland

even if most of Russian transports are directatbimestic ports.
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2.6.6 Container and other unitized cargo transport

Rauma and Gavle were the

largest container ports by far.

Container transport (TEU)

There is also constant container

. 180000 1
transportation between these 5000
. 140000 1~
two ports. When it comes to| 120000 1
] 100000 1~
other transport units, Vaasa and 8000 1"
60000 1~

40000
20000 1~
0 ¥

BTEU

Umed were the major

transporters for cars (10 000),
’bQ &
buses (100) and trucks and N B
trailers (15 000 units) in 2010. Figure 14: Container transport in Gulf of Bothr
2010 by Twentyoot Equivalent Unit (TEU) (Balt
port List 2011

Oulu is the largest container po
in Bay of Bothnia. However, the
amount of containers handled in all of the port&aff of Bothnia is similar to the amount
Port of Helsinki alone handled in 2010 (Baltic Phist 2011). The current amount of

containers transported in the Gulf of Bothnia portslustrated in figure 13.

It has been estimated that within the Baltic Saatedd, great growth for transports can be
expected for unitized cargo, as intermodal trartspbains develop further (Merilainen,
Maenpaa, Kunnas, Lundberg, Ramstedt, Quistgadodyds 2010). Transbaltic scenarios
and oversight —report (2010) mentions increasingaioer transports from overseas as one
of the likely drivers of transports in the Balti@&area. It also considers the effects of
North Sea Route and growth of the Barents Regidretpossible factors for development
in Baltic Sea transport. Global warming can eageit¢k conditions in Northern Sea route
as multi-year ice packs disappear from the Arctee@&. The Northern sea route could
shorten the navigation time for example from Raolden to Yokohama with as much as 10
days (Liu & Kronbak 2010).

2.6.7 Nuclear power plants and radioactive cargo

There is a nuclear power plant in Forsmark in Swedéh three reactors. The nuclear
power plant has been operational for 30 years. €fhgralso a nationally important
geological storage for nuclear waste in Forsmaek &vattenfall, 2011).



Olkiluoto in Finland has 2 reactors and third osecurrently being built. The owners of
Olkiluoto reactors have also left an application flmurth reactor to Finnish Parliament in
2008 and it was approved in 2010. Olkiluoto reactre owned largely by Finnish energy
and forestry industries. Uranium for the reactersmported and a geological storage for
nuclear waste is currently built in Olkiluoto. (TEXMO011b) Due to building projects there

Is regular maritime transportation in Olkiluoto.

Nuclear waste is transported by sea in Sweden siand. Sweden has a special ship, MS
Sigyn, for nuclear transports which also operated-inland when needed (Jalovaara,
2011). Swedish nuclear waste is currently handreti stored in two places: Oskarshamn
has a temporary storage for higher radioactivitclear fuel and waste with lower

radioactivity is handled in Forsmark (SKB, 2012nl&nd has temporary storages for high
activity waste in the power plant areas. In futatso the nuclear waste from Loviisa
reactors in Gulf of Finland will be transported@tkiluoto or Rauma, to be placed in the
geological storage. (Jalovaara, 2011)

The nuclear transports in the Gulf of Bothnia aeeeagally rare but mentioned here due to
their special status and the risks associated théhransport. Radioactive transports could
get slightly more common if Talvivaara nickel minegins to sell uranium as side product.
Talvivaara received permit to sell uranium in 204rdd is currently waiting for other
governmental approvals for production. The uranin® production would be relatively
small in Talvivaara: 350 tons/year. The ore woutdttansported through Port of Oulu or
Kokkola. Sweden has large deposits compared toamdhl but the Swedish Uranium
concentration of ores is not currently economicaigble. The new nuclear power plant
project in Bothnian Bay, Pyh&joki, will begin openg at the earliest in 2020. This project
will potentially increase radioactive transports time Gulf of Bothnia in the future

(Fennovoima, 2012).

2.6.8 Liquid bulk: Oil products and chemicals transport in the Gulf of
Bothnia

Oil transports development

Oil transports within the Gulf of Bothnia consistedhinly of oil products i.e. no raw oil

was transported to or from the Gulf of Bothnia pofithe liquid bulk transport in the Gulf

53



of Bothnia ports is illustrated in figure 14 and tamounts of oil products transported are
presented in table 5.

Figure 15: Liquid bulk transports in the Gulf of tBaia 2010 (Baltic Port List 2011)

Of all oil product transports in the Gulf of Bothr®3.6% were imports. Only 59 000 tons
of oil products were exported from Finnish portsl &6 000 tons from Swedish ports. If



the Swedish targets of all cars running with bitfu@ 2030 (Dahlbacka, 2009), were
realized, impacts on oil transport volumes in sopoets could be expected. If LNG-
powered ships become more common in Baltic Sea, dbuld also have effects on oll
transport. The oil transportation would decrease¢hase would be a significant drop in

crude oil usage of ships.

Table 5: Oil transports in the Gulf of Bothnia (Belport List 2011)

GoB oil and oil products transports

Ports: Sweden tons/a Ports: Finland tons/a
Gavle 713 000 Pori 130 000
Sundsvall 519 000 Oulu 95 000
Umead 242 000 Tornio 79 000
Lulea 217 000 Kokkola 69 000
Pitea 130000 Rauma 36 000
Soéderhamn 47000 Kemi 27 000
Harnésand 35000 Pietarsaari 26 000
Ornskéldsvik 16000 Vaasa 16 000
Skelleftea 6000 Kristiinankaupunki 9 000
Total 1925000 Total 487 000

Chemical transports development

Chemical transports in the Gulf of Bothnia consistmainly caustic soda, tall oil, ethanol
and sulphuric acid (Hanninen & Rytkénen, 2006). \QWori, Kokkola, Skellefted and
Gavle were largest liquid chemicals transporter20t0. Biofuels getting more common
could increase the transportation of certain ligcheémicals, such as tall oil and ethanol.
Ethanol is needed for biofuel production and téliocurrently used to produce biodiesel
in Pited. Sulphuric acid transports could increésew nickel smelters would be built in

the area due to newly found nickel deposits.

2.6.9 European Union projects developing transport chains

Important projects and programmes concerning Mgt ransport and Traffic chains are
presented below, as they are likely to contribatuture developments within the research

area.
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TEN-T

TEN-T projects aim to build the missing links amanove the bottlenecks in the European
Union transport infrastructure and ensure the sabdity of transport networks. TEN-T
consist of 30 priority projects, one of which ig thotorways of the Sea, which has a great
role in the Baltic Sea Maritime transport developmd EN-T offers different kinds of
financial instruments, loans and grants, for impatation of the TEN-T priority projects
(EC Mobility and Transport, 2011).

Mona Lisa

Mona Lisa (Motorways and Electronic Navigation Ioyelligence at sea) project aims to
develop Motorways of the Sea concept in Baltic 8ed contribute to EU’s strategy for

Baltic Sea. The project is funded by TEN-T andsibne the 21 projects that make up the
Motorways of the Seas priority project. In the GafiBothnia context, Green corridors and
Baltic fairway re-survey are under focus in the Mdnsa project. Mona Lisa contributes

also to development of e-navigation applicationd aptimized shipping routes to reduce
emissions, basically offering the ships a poss$ibido make the shortest possible route
plan. Lead partner of the project is Swedish MawgtiAdministration.

The Baltic Sea Harmonized re-Survey scheme wasestgd already in HELCOM
Copenhagen 2001 Ministerial Declaration. The scopethe re-survey scheme was
widened in Moscow 2010 Ministerial Declaration. Mohisa is speeding up this Baltic
Sea -wide process in the Bothnian Sea area (Fidmestsport Agency 2011c).

MidNordic green corridor

Green Corridors is an EU initiative to promote ausble logistics and transport corridors.
North East Cargo Link 1l (NECL) —project aims tovééop and promote the Mid-Nordic
Green corridor and intermodal connections acrosthrBan Sea in East-West direction.
The project is funded by European Union Regionaldbepment fund and European
neighborhood and partnership instrument. The pegtireclude transport agencies and
regional actors in Finland, Sweden and Norway.

The corridor begins from Norway and continues thfolweden and Finland towards
Russia and Asia. If the project is successful,dloss-Bothnian Sea marine traffic could

increase across the Quark. (NECL Il, 2011). NEC&tuidies the investments to ports and



hinterland connections of Kaskinen and Vaasa ifaRihand Ornskéldsvik and Sundsvall
in Sweden. As an example, the port of Kaskinendrdered a feasibility study for cargo

liner between Kaskinen and Sundsvall.

Bothnian corridor

The Bothnian corridor railway transport route igreatly under development. Running

along the coast around the Bothnian Bay it streengghithe North-South connections. The
Bothnian corridor includes 11 ports on the Finnssthe and 14 on the Swedish side as
“secondary transport network”-ports enhancing thiermodal transport chains. Ten of
these Ports (Rauma, Pori, Kaskinen, Vaasa, Piatar&okkola, Raahe, Oulu, Kemi and

Tornio) are located in the research area on theistinside and nine (Gavle, Séderhamn,
Sundsvall, Ornskdéldsvik, Umed. Skellefted, Pitedlef and Kalix) are on the Swedish
side. These ports could benefit from the increasiagsports through Bothnian corridor

railway, and the maritime traffic to and from thgserts would grow correspondingly

(Merilainen et al, 2010).
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3 METHODOLOGY

3.1 Methodology for Future Scenarios

Hojer (2000, 16) states, that “the choice of methogly is a reflection of the aim of the
study.” He then presents three methodologies, narbekckcasting, forecasting and
explorative scenario technique and describes wihiegse methodologies can be best
applied.

Backcastingis generally described as a method where the diegi is setting targets for
the future. The image of a future where these targee fulfilled is then compared to
forecast of the future. If future forecast does fudfill these set targets, it is necessary to
create alternative scenarios about how the targmitd be reached. According to Hojer
(2000, 16): “Backcasting is motivated when thera imrget, when forecasts indicate that
this target will not be met, and when the changssdad to reach the targets seem to be
beyond the scope of current policy.” Basically, kisting aims to describe an issue and

find a solution for it by preparing alternative sa€os.

Forecastingis the more traditional form of future studiessimplest form, it can be made
for example by extrapolation of past developmemo ithe future. This method is used
especially in forecasts for economic developmemt examples are often from business
studies. For long-term forecasts, scenario metha@s commonly utilized. Scenario
methods aim for a more holistic point of view tHarear extrapolation and they can be
considered as a “softer” method than other for@ugsinethods. Scenarios can be a
description of future development path or desaiptf the future state, a so called “image
of the future” (H6jer, 2000, 10). Forecasting aitosanswer a question “What will or will

not happen”, by researching external factors thaelan effect on the studied topic.

The third methodology presented by Hojer (2000,i& &xplorative scenario techniques
that are “...appropriate when the character of theereal factors is known but the

uncertainty of their values is great.”
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There is in fact not a great variety of strict noeth available for each specific field of
future studies. Predictions or forecasts for futare often made using a combination of
existing methods, adapted specifically for the copnder research. For example Hojer
(2000) used a self-developed method in a studyalis a “Backcasting Delphi study” to
find out potential paths of development for susthia urban transport systems.

For this study, a combination of methodologies Iso aused, and it could be called a
forecasting Delphi study. From the three methodelgresented above, the explorative
scenario technique is chosen as the external facifiecting the future of maritime
transports in the Gulf of Bothnia are quite wellolum, but there is great uncertainty
concerning them. Carlsson-Kanyama (et al, 2008)spie explorative approach with
normative approach as the methods that can be fosextudyingpossibleor desirable
futures, in contrast for studyingobablefutures by forecasting methods. The explorative
approach aims to answer to the question “what chajgpen” and normative approach to
the question “how a solution to a particular probleight look”.

3.1.1 Partl

Firstly, in order to make the forecasted futurense®s, following topics were studied:

» Current situation -Maritime transportation in thalf®f Bothnia in 2010
* Economic development

» Development of key industries

» Development of infrastructure in the Gulf of Botani

» Existing scenarios

All of these topics were not researched in detarehbut information was gathered from
existing studies, plans and strategies and devedapwf different industries to construct

scenarios for Maritime Transport in the Gulf of Bioia in 2030.

Part | of this study aims to answer the questioowhinuch the cargo volumes could grow
in the Gulf of Bothnia. The future scenarios weonstructed by means of forecasting,
applying existing quantitative scenario for margirtransport made by Baltic Maritime

Outlook (2006) for the Bothnian Sea context. Bdkicaew scenarios were not prepared



but the GoB-specific scenarios are based on comdpiexisting scenarios and analysis of

other relevant factors. The cargo volume scenatbagined in this way are:

e Strong growth scenario
* Average growth scenario

* Modest growth scenario

As the BMO scenario was only made until 2020, ttenarios for the Bothnian Sea were
continued until 2030 by making a few assumptionsedaon Finnish Maritime
Administration scenario for Finnish Maritime Traosis (2006). Such assumptions were
for example that the development of Finnish exp&otows the development of GDP

from 2020-2030. A further assumption was madetthiatis true also for Sweden.

The existing scenarios were further adjusted fa& Bothnian Sea by combining the
possible futures of certain key factors, such assit traffic (Scenario by Finnish Maritime
Administration, 2006) and modal shift forecastsef@rio based on ENTEC 2010). This
type of methodology has been previously used byoKem et al. (2006) to prepare future
scenarios for Gulf of Finland. The cargo volumesthe# scenarios were assessed by an
expert panel, to find out the margins for the sdesaln this study, the role of the expert

panel was extended as described below in part II.

3.1.2 PartIl

Rubin (2004) writes: ,Even though quantitative noeth have traditionally been used to
produce models of one future without alternativess, possible to use the produced results
to build different alternative scenarios, or congbiboth quantitative and qualitative

methods for the same purpose. On the point wheaatijative methods produce forecasts
that are unambiguous and punctual, but at the dame limited at some degree and

inflexible, qualitative methods bring about imagéshe future which are more ambiguous
and perhaps somewhat unpunctual, but also flexd#scriptive and wide and point at

alternatives between images rather than at detéhsn them*.

As cargo volume scenarios do not consider and anwegjuestion about what causes the
changes and what are the spatial implications, Ipart the study aimed to identify and
assess key factors for development and what kirgppatial developments they could cause

in the Gulf of Bothnia. The key factors were idéat by literature review, telephone and
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e-mail interviews as well as the group work disauss about Maritime transport in the
Bothnian Sea in Plan Bothnia MSP 3 meeting in He&lsiThe probability and significance
of identified key factors were assessed using Remak Delphi method, described by
Gordon & Pease (2006). As the future scenariosesasvbackground material for marine
spatial planning, it is important to ensure stakedwo participation and expert views in
evaluating the probability and significance of kagtors as well as general quality of
different scenarios. Delphi method gives the stalddrs an opportunity to express their
personal ideas and opinions more freely, as thelparanonymous and panelists do not
know who the other participants are. The aim ig #iso the more delicate opinions and
speculations that would not necessarily be expdessa regular round-table stakeholder

meeting can be considered.

Real Time Delphi-method differs from the traditibelphi-method mainly in number of

questionnaire rounds. While the traditional Delighoften done in three or more rounds to
reach consensus, Real time Delphi requires onlyromed and the goal can be getting new
ideas concerning future developments and not nadlsseaching consensus. It is more
efficient and fast way of conducting a Delphi stuldgn the traditional Delphi method. The
expert group is also somewhat smaller than in ticadil Delphi. According to Gordon &

Pease (2006) RT Delphi expert group can consistboit 10-15 panelists in contrast to
recommended 20-50 for traditional Delphi. The pestelreceive a report of the answers of
other participants immediately after answering #mely are encouraged to comment and

elaborate on their arguments.

Panelists were chosen based on a panel table hwéh interest groups and four groups of
expertise. One panelist could belong to more thae group. The panel structure is

presented in table 14.

The panelists were asked to assess the probadnilitysignificance of the 18 key factors as
well as the quantitative cargo volume scenariossitanted during phase I. The theses
were formed in a way that aimed to raise discussngr the key factors. The panelists
were asked to provide comments to support theircehas well as mention if the effects
concentrate on a specific port/area in the GulfBothnia, to get data that could be
interpreted in spatial form. The Delphi round waasde with an internet based open source
program developed specifically for conducting Delgtiadies (www.edelphi.fi). The panel



website is available in the address http://www eligli/en/groups/maritime/content/index
and the panel theses and themes are presenteginmappendix B.

Based on the results from the Delphi-round, a &guable was constructed to serve as a
basis for scenario building. The table is presemeappendix A. Using futures tables for
scenario building is an analysis method describe®&éppala in his book ,84 thousand
futures” (1984). The idea is to identify the deyeteents that cannot exist simultaneously
and construct scenarios that do not contain caimitjcelements. The aim is that the
scenarios seem plausible and relevant for thoseusadhem and to find out what could be
the implications of probable future developmentsMarine Spatial Planning. The futures
table was constructed by making a matrix of the ro@mis received during the RT-Delphi

round and marking whether or not the described tevamd ideas

» Support each other (Green color)
* Do not have considerable effect on each other (@&raolor)

» Cannot coexist at the same time or in the sameasicefiRed color)

The scenarios were then built by following pathstie matrix and finding possible

combinations of the events and ideas describetidopanelists.
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4 PART I: FORECASTED CARGO VOLUME
SCENARIOS

4.1 Existing scenarios

As for the forecasted Gulf of Bothnia-specific aargolume scenarios are based on
existing large scale maritime transport scenariosir main findings are described here

briefly.

4.1.1 FMA Scenario

The figures for development of transit traffic, @sll as some general assumptions for
continuing the scenarios until 2030, are obtainedhfthe scenarios published by FMA in
2006 (Lehto, Venaldinen & Hietala, 2006). The sceisaare based on econometric
modeling and are a relatively traditional futureeftast based on external factors. The data
used was time series of maritime transport 19852pfbvided by Finnish Maritime
Administration, development scenarios of Finnisho$sr Domestic Production (GDP),
energy use scenarios and the estimated relatiorstipeen GDP and export volumes
(Lehto et al, 2006). International maritime trangpovere divided in three groups: 1)
transport of oil energy products and fuels, 2) driatraffic and 3) other marine transports.
The development of these three groups was considerge dependent on different factors
and was therefore forecasted separately.

The average growth of GDP per year is considerdxt®.37 %, but growth slows down in
the end of the timeline. Portion of exports from 53 expected to grow from 39% in
2005 to 49% in 2020 and stay on that level unt8@0

This scenario also divided the projected transpottimes to regions, based on their
current shares of transports. Most of exports wibiaight to be processed forestry
products and general cargo. The share of ores ametals of future exports in the Gulf of

Bothnia was quite low in this scenario. The numlzEyranot show for example the future
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increase caused by new mining projects in North@mand, due to the mechanical
calculations based on the shares of transports085.2Imports were mainly ores and

minerals, general cargo and energy products and fue

The economic crisis has altered the picture sifee dcenarios were made. Recent
development of exports has been the opposite alécped in the scenario and the share of
exports of the GDP is currently about 29% (Tilastskus, 2011). Also, the projected
average GDP growth for 2012-2015 is only 1,9%. G®Projected to drop to 1,6% in
2015 whereas according to the 2006 minimum scerthisolow growth was supposed to
occur in 2025. Therefore the growth scenario of FMAairly optimistic considering the

current situation.

Tables 6 and 7 are scenarios based on FMA repattware calculated to serve as
comparison for the quantitative scenarios madéis dtudy. The scenarios were made in
2006 and what the situation would be in 2010 wdsutated as follows: In table 6, the
numbers for “2010 (Realized)” are the actual cargloomes for 2010 published by Finnish
Transport Agency. The numbers for “2010 (Scenariodsed on FMA forecasts are

calculated by the following formula:

at+((b-a)/t*y)=c

where:

a=volumes in 2005
b=volumes in 2030

t=total years (25)

y=years from 2005 to 2010

The growth is assumed to be linear through thesyebmansit growth had five different
scenarios for the year 2030. From these the oreddfWSP” was chosen as it yielded
the volume that was closest to the realized trarditmes in 2010, calculated with the
formula presented above. The WSP-scenario foritrares a consultant estimate of the
growth of each commaodity group.

For Table 7, the share of the Gulf of Bothnia p@stsalculated by dividing the volumes of
FMA scenario for 2010 and 2030 by the realized ehaif its ports in 2010. In the FMA
2006 Scenario all figures were presented withoandit traffic, which was calculated



separately. The realized figures for 2010 are prteskin the same way below; the realized
transit traffic has been reduced from total intéomal import and export volumes and

presented separately.

Table 6: International transports in Finland 2030c@rding to FMA (2006)

Finland in 2010 and 2030 following the FMA scendhti/year)

Imports  Exports Transit Total
2010 (Realized) 49,43426 36,43688 7,4 93,27114
2010 (Scenario) 52,396 41,624 7,76 101,78
2030 (Scenario) 73,34 60,56 14,67 148,57

Table 7: International transports in the Gulf oftBoia 2030 according to FMA (2006)

The Gulf of Bothnia in 2010 and 2030 following tREIA scenario and % of transports in
GoB ports in 2010. Mt/year

Imports Exports Transit Total
2010(Realized) 17,64253 12,99314 2,69 33,32567
2010(Scenario) 18,69954 14,84283 2,7936 36,33597
2030(Scenario) 26,17422 21,59527 5,2812 53,05069

4.1.2 Baltic Maritime Outlook scenario

This scenario was used as the main basis for tteezdeted scenarios of this study. The
Baltic Maritime Outlook used forecasts for GDP, ertp and imports and elasticity for
different commodity group transports as a basistlier scenarios. Maritime transport in
2003 was used as the baseline data. Three scemaresformed, the baseline scenario,
where TEN-T network is operational and fuel pricesease 3% per year, a scenario for
the situation where the competitiveness of trartsporeases and a scenario for increasing
container traffic and road fees (Kuronen et al. 800rhe results of Baltic Maritime

Outlook Scenario for the year 2020 are presentémhbi@ table 8.

Table 8: International transports 2020 accordingBMO (2006)

BMO SCENARIO for 2020 (Mt/year)

Imports Exports Total

Finland 2010 66,4 41,4 107,8
Finland 2020 86,8 52,4 139,2
Growth factor 1,027153 1,023842 1,025893
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Sweden 2010 80,3 82,6 162,9
Sweden 2020 100,2 97,2 197.,4
Growth factor 1,022387 1,016409 1,019395

The figures for Finnish imports are notably largeBMO scenario than in FMA scenatrio,
already in 2020. The scenario in general suggegtedt growth in import volumes for
both Finland and Sweden. Almost half of the pr@dcFinnish imports for 2020 would
come from Russia (46,6%). Russian imports to Fohlaould not have a great effect for
the traffic in the Gulf of Bothnia, unless parttbése volumes would continue onwards as

transit traffic from Kokkola or to some other Boim port.

Swedish imports are projected to come mainly froomidy, Denmark, Russia and Latvia.
Part of these Russian and Latvian imports coukkbate extent be transported through the
Gulf of Bothnia, as well and imports from Finlan&l imports from these three countries
would amount 29% of total imports to Sweden in 202 it is unlikely that all imports

from these countries would be transported throbhghGulf of Bothnia.

Basically for both countries, the projected greatrease in imports would not necessarily
have major impact on the Gulf of Bothnia’s ports.

4.1.3 BTO scenario

Baltic Transport Outlook (BTO) future scenario Ietlatest scenario for the Gulf of
Bothnia area (2011b). BTO aims to be a comprehensiudy of the Baltic Sea Region
Transports (BSR). BTO also makes recommendationsmfanagement based on the
findings. BTO consists of two sets of maps anddsiferent reports for each project task,
namely methodology, drivers of demand and supglnarios, Strategic network analysis,
SWOT analysis and Multi-criteria analysis and tgaors planning.

The scenarios consist of a baseline model repregenine possible future based on
population, transport infrastructure and costs #meée sensitivity tests based on the
transport costs variation. The scenarios were fdrmth a TRANS-TOOLS model,

including 1535 zones across the Europe. The madalbroad strategic model, and it had

not been used in this context of analyzing macgieres before.



BTO scenarios present lower future transport vokifioe the Finnish Gulf of Bothnia in
2030 than FMA scenario and BMO scenario. An inaeH#saverage 31,4% is predicted for
regions surrounding the Gulf of Bothnia compared2@0. The smallest increase was
predicted for Vasternorrland, which covers the Imem parts of the Bothnian Sea coastline
in Sweden. The greatest increase was projected Ostrobothnia, which is the
corresponding coastline in Finnish side and forl€&wg and Stockholm provinces.

BTO SWOT analysis lists future opportunities foe tBaltic Sea Region until 2030.
According to the analysis, the strengths of thédfid-Sweden-Norway-North West Russia
area are their strong maritime sector for ferrpgport and Murmansk port. Opportunities
are port bottle neck removal. Weaknesses are liea¢ s no strong hub port in the area
and the limited port capacity in Narvik. Overchaigiof Port infrastructure due to

Asian/intercontinental transit is seen as a threat.

Cooperation with Russia and intermodal transpodirgh enhancing Asian transit are
generally seen as strengths/opportunities. Botho@midor is a major opportunity for

intermodal transportation. Threats for developmar@ complicated port procedures in
Russia and one mentioned weakness for intermodasport chains are un-harmonized
packaging units. Cross-Bothnian connections aretioreed as a weakness, forming a
barrier between Finland and Sweden. Problems isseBorder logistics with Russia are

another barrier.

4.2 Results

The scenarios used as a basis for the three calgme scenarios were Baltic Maritime
Outlook, which was chosen as it presented actuadbeus for both Finland and Sweden.
This scenario was made only until 2020, so to ektde Gulf of Bothnia scenarios until
2030 a few assumptions were made based on Finrgstiifde Administration Scenario as
described below. The magnitude of modal shift ire TGulf of Bothnia was estimated
based on ENTEC (2010) report about effects of MARR@nex VI regulations as well as
Swedish Maritime Administrations report on the sdopc. Transit traffic estimations for

2030 were taken from FMA scenario.
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All these figures were then applied to the GulBothnia context based on the share of the
Gulf of Bothnia ports for all international transgoof Finland and Sweden in 2010 (Baltic
Port List 2011).

4.2.1 Strong growth
The transports in the Gulf of Bothnia will grow 6@ the year 2030

The figures of the strong growth scenario, preskintetable 9, are based on the BMO
scenario. However, the starting point (year 20183 been adjusted so that instead of the
BMO scenario figures for the year 2010, the redlipargo volumes of Finland and
Sweden have been used as the basis for calculafitves growth factors for the years
2010-2020 is calculated from the original BMO scemaThe growth is assumed to be
linear, so the scenario for 2030 has been extregmblaased on the same growth factors as
for the decade 2010-2020. The Transit traffic feguthave been added based on the
“Nakyma-WSP” in the FMA scenario which was an estienof the growth of each
commodity group transport made by consultants. ditagrowth had five different
scenarios for the year 2030. The “Nakyma-WSP” wassen as it gave a cargo volume
that was closest to the realized transit volume2040, calculated with the formula
described above in chapter 4.1.1.

It is assumed that 1 million tons of cargo will bkifted from maritime transport to
railways and roads due to MARPOL restrictions ia @ulf of Bothnia area. This figure is
estimated based on study prepared by Swedish Mariddministration Sjofartsverket
(2009).

Table 9: Strong growth scenario for the Gulf of iBoa 2030

STRONG GROWTH (TOTAL TRANSPORT Mt/year)

Import Export Total + Transit
FI 2010 49,43426 36,43688 85,87114 7,4
Fl 2020 64,62189 46,11818 110,74007
F1 2030 84,47561 58,3718 142,84741 14,67
SWE 2010 84,372 70,624 154,996
SWE 2020 105,2811 83,10718 188,3883
SWE 2030 131,372 97,79682 229,16879



STRONG GROWTH Gulf of Bothnia (Mt/year)

Transit/Modal
Import Export shift Total
FI 2010 17,64253 12,99314 2,69 33,32567
FI 2020 22,4238 17,10984 39,53364
F1 2030 29,31303 21,65594 5,2812 56,25017
SWE 2010 9,754 11,18 20,934
SWE 2020 12,46419 12,10325 1Mt modal shift 24,56744
SWE 2030 15,55307 15,10268 30,65576

4.2.2 Average growth
The transports in the Gulf of Bothnia will grow43y year 2030.

The average growth scenario is presented in tahld e figures for the years 2010-2020
have been calculated in the same way as descriimaaThe growth factor for the years

2020-2030 has been estimated as follows:

The FMA scenario predicts that the growth of Fihnexports follows the growth of GDP
in 2020-2030. The GDP growth is generally predictedslow down during the next
decade. Finnish Bank estimated in March 2011 tH2a® @rowth for 2011 would be 3,8%
and for years 2012-2013 about 2,5%. This estimdtescome down in the latest Finnish
estimation, which predicts an average growth of%,%or years 2012-2015 (Ministry of
Finances 2011). Since these overall estimates pane down from the time when FMA
scenario was made, the minimum scenario of thatysisi considered to be the average
growth scenario here. In FMA scenario, the minimaganario for the annual GDP growth
of Finland for the years 2020-2025 is 1,8% and ftire years 2025-2030 1,6%. The
average of these (1,7%) has been used as the gfawttir for Finnish exports for the
decade 2020-2030. The annual growth decreasegdtes,08% compared to the growth
between 2010 and 2020. A robust assumption was ;nbdegrowth rates for Finnish
imports and exports as well as for Swedish impartd exports react in a similar way.

Therefore all growth rates are 26,08% lower thathenstrong growth scenario.

For transit, it is estimated that the cargo volursi&y on the same level as in 2010. It is
assumed that a modal shift of 2 million tons wikar in Swedish side due to MARPOL
regulations in 2010-2020.
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Table 10: Average growth Scenario for the Gulf oftiia 2030

AVERAGE GROWTH (TOTAL TRANSPORT Mt/year)

Import Export Total + Transit
Fl 2010 49,43426 36,43688 85,87114 7,4
F1 2020 64,62189 46,11818 110,7401
Fl 2030 78,8278 54,58605 133,4139 7,4
SWE 2010 84,372 70,624 154,996
SWE 2020 105,2811 83,10718 188,3883
SWE 2030 124,0618 93,75653 217,8183
AVERAGE GROWTH Gulf of Bothnia (Mt/year)

Transit/Modal

Import Export shift Total
FI 2010 17,64253 12,99314 2,69 33,32567
FI 2020 22,4238 17,10984 39,53364
F1 2030 27,35325 20,25143 2,69 50,29467
SWE 2010 9,753994 11,18 20,93399
SWE 2020 12,46419 11,10325 2Mt modal shift 23,56744
SWE 2030 14,68762 12,52602 27,21364

4.2.3 Modest growth
The transports in the Gulf of Bothnia will grow 3 2030

The figures of table 11 are obtained as follows: Hanish exports it is assumed that there
is a doubled decrease for the growth rate compar¢lde average scenario. Therefore the
annual growth for exports is only 1%, which is 58 lower than the annual growth in

strong growth-scenario. A rough assumption is ntadé all growth rates react the same

way.

It is assumed that transit transports through Gldf of Bothnia ports will stop and a
modal shift of 3 million tons occurs on the Swedsste of the Gulf of Bothnia during the
decade 2010-2020.



Table 11: Modest growth Scenario for the Gulf oftda 2030

MODEST GROWTH Total transport (Mt/year)

Import Export Total + Transit
F1 2010 49,43426 36,43688 85,87114 7,4
F1 2020 64,62189 46,11818 110,7401
FI 2030 77,28824 50,94316 128,2314 0
SWE 2010 84,372 70,624 154,996

SWE 2020 105,2811 83,107/18 1883883 ——

SWE 2030 115,9853 = 89,2265 205,2118
MODEST GROWTH Gulf of Bothnia (Mt/year)
Import Export  Transit/Modal shift Total

FI 2010 17,64253 12,99314 2,69 33,32567
F1 2020 22,4238 17,10984 39,53364
FI 2030 26,81902 18,89991 0 45,71893
SWE 2010 9,753994 11,18 20,93399
SWE 2020 12,46419 10,10325 3Mt modal shift  22,56744
SWE 2030 13,73146 10,84717 24,57863

The results of the three scenarios: Strong, Aveagk Modest growth are presented in

figure 15.

95

Cargo volume (Mtons)

85 -
75
65 -
55 1

45

Cargo volume development in Gulf of

Bothnia 2000-2030

2010

2020

——=STRONG
- AVERAGE
MODEST

2030

Year

Figure 16: Cargo volume scenarios for the Gulf otthia 2000-2030 (in million tons).
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4.2.4 Comparison to other existing scenarios

According to the FMA scenario (table 12), the Fgtmiransports in 2030 would total 148,6
million tons, with transit traffic. The figures mented by FMA are therefore between the
average (141 million tons with transit) and th@sg growth (158 million tons with transit)

scenarios above.

Table 12: International transports in Finland in 20 according to FMA 2006

FINLAND in 2010 and 2030 following the FMA scenarigMt/year)

Imports Exports  Transit Total
2010 (Realized) 49,43426 36,43688 7,4 93,27114
2010 (Scenario) 52,396 41,624 7,76 101,78
2030 (Scenario) 73,34 60,56 14,67 148,57

According to the BTO-Scenario (table 13), cargaunas in 2030 will be somewhat lower
than for the minimum scenario above. BTO predietsrd0 million tons more transports
to Swedish GoB area, but the Stockholm area isided in the BTO area figures so these
numbers cannot be compared in that sense. Forniinfae figures are more easily
comparable, although Varsinais-Suomi with for exEmPort of Uusikaupunki is
considered to be part of Southern Finland (Uusiraad)not GoB area.

Table 13: International Transports in Finland acdarg to BTO (2011)

BTO

Total transports 2030 (Mt/year) GoB 2030
FI 125,3 44,3
SWE 201.,4 447

4.3 Discussion

The quantitative scenarios are a rough simplifocatf the real situation and their idea is
to give an impression of the possible cargo tonnage2030 rather than describe
specifically how the situation develops. The quatitie scenarios based on estimated
development of growth rates during 2020-2030 hareesweaknesses. The scenarios for
the timeline 2010-2020 were based on growth ratesnt straight from BMO. For all three



scenarios the general growth is assumed to beasimil2010-2020. The only variation is

the magnitude of the modal shift and transit tcaffi

The effects of economic crisis in 2009 were takemransideration by using the realized
cargo volumes for 2010, rather than the projectadsofrom the BMO scenario. The

projected scenarios for 2010 were somewhat lahger tealized ones.

The three scenarios all forecast growth for thef GUBothnia transports. For the purposes
of this study, it is important to consider alsoasgibility of much lower growth and even
decreasing trend of Maritime transports. Therefodecision was made to make two more
scenarios for the second part of this study, bgutating cargo volumes with +10% and -

10% growth -rate compared to the situation in 2@BJhown in figure 16.

It is important to note that growth of cargo volunh@es not necessarily lead to increased
marine traffic. The size of ships as well as logdah ships can be increased. However, the
shallowness of the Gulf of Bothnia and the fairwbaading to its ports restricts the size of
ships as well as the amount of cargo they can ¢akboard. It can therefore be assumed
that in case of the Gulf of Bothnia, increase irgoavolumes would indeed cause increase
in the amount of traffic.

Transport volume development in Gulf of
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Figure 17: International transports in the Gulf Bbthnia 2000-2030 with two additional
scenarios
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5 PART II: RT-DELPHI ABOUT FUTURE OF
MARITIME TRANSPORTATION IN THE
GULF OF BOTHNIA 2030

5.1 Key concepts

5.1.1 Megatrends

When scenarios are formed, it is important to idenihe factors that have an obvious and
straight forward impact on the development. Adadisihy, there are megatrends which are
the large scale driving forceblegatrends are defined as developments that “should be
characterized as megatrends because they ovenagchmpact on everything else. They
are trends deemed so powerful that they have tienpal to transform society across
social categories and at all levels, from individuand local-level players to global
structures, and eventually to change our wayswihdi and thinking” (Norden, 2011).
Nordic cooperation project Norden has prepared gattends report for the Arctic. They

identified nine megatrends:

Increased urbanization

Demographic change in age structure

Dependency on transfers and exploitation of natesdurces
Pollution and Climate change have a great effegratic areas
More investments in human capital needed

Private and Public sector interaction impacts dgwalent
Renewable energy will contribute to greening ofrexay

Increased accessibility creates new risks

© 0o N o g B~ wDbdPRE

The arctic is a new player in the global game
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All of these megatrends do not necessarily haveeatgmpact on the Gulf of Bothnia
maritime traffic, others are very relevant. Deperjeon transfers and natural resources
(Megatrend no. 3) is maybe the most important nregdtin the Gulf of Bothnia area.
Mining activities in the old Fennoscandian shieldhwmineral resources are one of the

main driving forces of transportation.

Pollution and Climate change (Megatrend no. 4)ctffearitime transportation on two
different ways. Firstly, climate warming might ope®w opportunities for maritime
transport if ice conditions get easier in the GafifBothnia and along the Northern Sea
Route from the North Atlantic to the Pacific Oce#rthis sea route opens, it could create
new business opportunities for the Gulf of Bothtwaoperate as a strong hinterland
connection to Murmansk hub port, a gateway foraasmg transports between Europe and
Asia. This kind of increased accessibility (Megatteno. 8) and traffic would create new
environmental risks for the whole Baltic Sea bgbamprove the global status of this area
and direct more attention towards it as an impoérta@amsportation corridor (Megatrend no.
9). Better connections to North and northern railr@rojects have been studied in several
occasions. Preliminary studies have been conduittedhe Kolari-Skibotten railroad,
Rovaniemi-Kirkenes railroad as well as the Sallarttaaksha railroad (see figure 11). The
Salla Kandalaksha-study was made before the rawdvw@msports from Russia ended,
reducing the transport potential remarkably. Howgue future the connection could be

feasible due to potential growth of Kola Peninsartd the Northern Sea Route transports.

The other point of view is the increased awarermsgollution and climate change,

especially the contribution of shipping to thesewNegulations concerning environmental
aspects of shipping are a major contributor toftihere of this transport mode. Renewable
energy (Megatrend no. 7) is a part of this: bicfusle having an impact in ship building

technology and marine transportation of energyusss.

The private and public sector interaction (Megadren. 6) is also relevant in the Gulf of
Bothnia maritime transport sector. Not only it ag key role in mining activities, as
mining companies are private but public sectotilsggeatly responsible for infrastructure,

but also in development of ports and different mewfor shipping.



5.1.2 Trends

Trends can be more short term or more limited pheama compared to megatrends. For
example market trends belong to this category. i€afcltrends in for example bulk
shipping supply-demand pattern or forest industrgfifability can be very important
factors in the Gulf of Bothnia conteRrivatization of ports and service sector for niauet
transport can also be seen as a trend, which coake the ports more rapidly adaptable to
changing business environment as slower municipaistbn making processes would not

be necessary to develop the ports.

Raw materials price development is one of the mogiortant trends affecting the
maritime transport in the Gulf of Bothnia. It isgeey area whether or not raw materials
price development and increasing competition owritéd resources are in fact a global
megatrend. It is clear that in the future the wiegll increase as competition and demand
of limited natural resources will grow, providedaththe general economic growth will
continue. This will have great effects through gliobnd local economics, societies as well
as individuals and change the way of living andnetleinking. Prices have fluctuated
during last decades due to economic growth andhgtmcrease of demand. Supply of
certain raw materials cannot follow the demand fasbugh, as launching of mining

projects is slow process.

Unitized cargo is also a maritime transport trekccording to BTO scenarios, the greatest
growth for maritime transport in the scale of thieole Baltic Sea Region can be expected
to be containerized cargo. Directing the transpfydsy roads to sea and rail to decrease

the congestion could be mentioned as an impontandt

One important trend affecting the maritime transporgeneral is the recent great growth
in Eastern and Southern economies and relatedstotiie shift of industries from West to
East and from North to South. This is a phenomemloich is not likely to get weaker and
it has a great effect on transportation of goodglobal as well as local scale. Annual
growth rate for container transports from Europ@sia have been estimated to be of 5-6
% between 2008 and 2015 and 2-4 % between 2013G8@(Transbaltic 2010).
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5.1.3 Wild cards

Carbon dioxide liquefaction plants can be mentioagd wild card. This technology is still
in developing phase but it has a possibility to ngea the course dramatically.
Transportation of liquefied carbon dioxide wouldquee transportation capacity and
special vessels. One plant is planned near thegbd¢emi and the projected volume for
this is about 0,5 Mtons/year. If this technologyulbbe widely utilized, transportation of

liquefied carbon dioxide could have effects on M transport in Gulf of Bothnia.

Another wild card is the development of arctic gimg technology so that all ships that
are operating in the Gulf of Bothnia would haveatafsty to function as ice breakers. This
would reduce the waiting time for ice breakers aedure timely shipping in all ice
conditions as ships would not need to wait for siasice. At the moment ice breaking

services guarantee a maximum 4 hour waiting timasligps requesting assistance.

5.1.4 Key factors

Megatrends and trends can be key factors for atimartransport scenario but key factors
can also be more specific, short term, single evérdt have an effect in the whole picture.
Based on trends, megatrends and wild cards, 18datgrs were identified and formed
into theses or multiple choice questions aboutréufior the RT-Delphi round. The key
factors were divided in five themes. They are tidbelow to give an image of what each

thesis was concerning.

Theme I: Environment and physical conditions

Thesis 1: Ice conditions

Thesis 2: Northern sea route (North-east passagehs for commercial shipping by 2030
Thesis 3: Sulphur Emission Control area (SECA)

Thesis 4: Nitrogen Emissions Control Area (NECA)

THEME 2: Innovations and industries

Thesis 5: New forestry products, such as biofuels

Thesis 6: Development of imports of raw wood tddfid and Sweden
Thesis 8: Carbon dioxide capture

Thesis 7: Northern mining products transport



THEME 3: Logistics and Transport corridors
Thesis 9: Mid-Nordic corridor

Thesis 10: Bothnian corridor

Thesis 11: Transit traffic

Thesis 12: Murmansk Port effect

Thesis 13: Transport centralizing in fewer largetgo

Thesis 14: New railroad connections built to North€inland and Sweden

THEME 4: Economics
Thesis 15: Annual growth of GDP by 2030

Thesis 16: Fairway fees in Finland and Sweden
Thesis 17: Railway fees

Thesis 18: Raw materials prices

THEME 5: Conclusion on key factors and cargo volume

Assessment of three most important key factors

Assessment of cargo volume scenarios from Parthigstudy
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6 Results

From the 19 panelists that were invited to asdeskey factors, 12 answered during the
panel working time 1.2.-10.2.2012. The panel stmects presented in the table 14.

Table 14: Panel structure for the RT Delphi round.

Ports/maritime  National Regional Industries  Academics
transport actors agencies councils

Development 3 0 3 0 4
Planning/Environment 2 2 1 1 0
Transport/transport 2 3 4 0 4
chains

Answers were divided between the five themes dsvist

Theme 1 Environment and physical conditions: 10
Theme 2 Innovations and Industries: 11

Theme 3 Logistics and transport corridors: 12
Theme 4 Economics: 11

Theme 5 Conclusion: 10

For each individual question, there was betweend’ 12 answers. The expert group was
fairly small following the recommendations for RTelphi. Therefore statistical analysis

can be performed but does not yield very reliabkults. The value of statistical analysis
here is to support the scenario building basechercomments of panelists. Averages and

medians of the results are presented in Figure 17.
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Averages Medians

Ice conditions — Ice conditions [
North Sea route L North Sea route ~EE——
NECA — NECA [
Biofuels = Biofuels [l
Mining products EE— Mining products [ ———
Carbon capture F===______ Carbon capture =y
Mid nordic S B probability Mid nordic ® probability
Bothnian Corridor E—— Bothnian Corridor [ ————— o sienifi
N oge significance
Transit E— M sguiicance Transit  ———
Murmansk hub — Murmansk hup L
Small ports [E—— Small ports [
Railroads _— Railroads [l
Fairway fees e Fairway fees [o— .
Railway fees — Railway fees s s s
Raw materials prices e Raw materials prices 1
-1 05 0 05 1 15 2 25 0 0,5 1 1,5 2 2,5 3

Figure 18: Averages and medians of the key facsseasment

The results indicated that the most probable amphifstant factors contributing to

Maritime Transport were the easing of ice condgioklining products transport, Transit
traffic and Raw material prices. The least probdag factors were Carbon liquefaction
processes and biofuel processes, the North Sea Rodt Murmansk hub port as well as
railway fees increase. It is important to note tiwmmgs: Some of the factors with small
probability were still considered significant; ifey would become reality the effects could
be great. This kind of factors were for examplewaly and railway fees increase, newly
built railroads for northern areas, Murmansk hult pad opening of the North Sea Route

for commercial traffic.

Secondly, not all identified key factors were asedsin same way. The factors that were
assessed by some other means (mainly multiple ehqiestions) were raw wood

transports, SECA and general economic developmased on GDP annual average
growth. A small majority (four panelists) believdtht raw wood transports would stay on
same level as for now, although the options “Deseand “increase” received almost as
many answers (three panelist for both options).nfals majority believed that mining

products will be transported mainly through thelBoan Sea (five panelists). The Barents
Sea received four votes and option “Finnish praoglgictough Bothnian Sea and Swedish

products through the Barents Sea received threesv@ECA options, “Major effect on



shipping” and “Minor effect on shipping” receive@lmost the same amount of votes;
major effects were considered probable by six psisehnd minor effects by five panelists.

The multiple choice questions that showed greatessensus of answers were the ones
about GDP development and new railroad alterna{ivggire 18). The Salla-Kandalaksha
railroad alternative was considered the most prigbtabbe built.

Railroad alternatives GDP development
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Figure 19: Results on railroad alternatives and eomic development (Annual average
growth of GDP) (Theses 14 and 15)
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Figure 20: Results on question 19 concerning muogoirtant key factors.

In theme 5: conclusion part the panelists were gasechoose from a multiple choice list
the three most important factors. The list inclu@didthe 18 key factors as well as the
option ,,Other”. The results are presented in figli®e The results indicated that Northern
mining activities, Railroad connections and Rawanats prices were considered the most
important. The next three were ice conditions,Nloeth Sea Route and SECA regulations.
The least important were NECA regulations, Fainaag railway fees, Liquefied carbon
dioxide transport and raw wood imports. Transitfitavas considered a significant and
probable factor earlier but received only threeesan this part. EEDI regulations were
mentioned as , Other” possible key factor, incregshre amount of low powered vessels in

the Baltic Sea and therefore potentially increasimggneed of ice breaking services.

Cargo volume development

1.Strong 2. Average 3. Modest 4. Slow growth 5. Decreasing
growth growth growth

Figure 21: Results on Cargo volume scenarios assest

The results of the question about cargo volume Idpweent are presented in Figure 20.
Three panelists believed in strong growth (60% gnpwAlso three panelists chose the

option ,Slow growth: 10%".

The most important results obtained from this staidythe comments and discussions. The
panelists provided 0-5 comments for each thesies@lcomments were first assessed to
evaluate the essential ideas and views behind tA¢mase ideas and views were then
assessed with a scenario table (Appendix A) to duidthe ones that are incompatible with

each other and which support each other.



Not enough data about the spatial implicationshef key factors was obtained. Only one
port was specifically mentioned (Kaskinen) and addally some comments implicated
that the ports and cities that belong to the irgomal corridors are likely to benefit of the

developments.

6.1 Scenarios

6.1.1 Basic assumptions for scenarios and maps

The scenarios are based on the comments and viethe panelists. The scenarios were
created to offer insight to future states that doctkuse the most variation to shipping
traffic in the Gulf of Bothnia so the probabilityf @ach scenario varies. They aim to
consider the effects of most important and sigaific key factors identified by the

panelists.

The comments and views were analysed with a scetabie to find out the developments
that are so called “impossible paired events” dreddevelopments that support each other.
Based on the probability analyses, some basic ggsum were made for all scenarios to
be true.

Not many comments from the RT-Delphi round indidaspecific areas, ports and such.
The spatial nature of this study is therefore mgpeculative than a direct result of the
research. The scenarios and especially their phlysomsequences on shipping in Gulf of
Bothnia are assumptions based on for example pedsciated with different transport
corridor projects, ports investments and existinglanned railroad connections. The maps
are to be considered as speculation on how therdiff key factors and the three scenarios
built on the comments provided by the panelistdadirect transport flows in the Gulf of
Bothnia and as an example of what kind of resutdd be obtained if the research was
repeated following the recommendations presentedilathe discussion part.

The basic assumptions for all scenarios:

* Raw materials prices will stay relatively high. Téemand is high in Asia and/or

Europe, and catastrophic wild card events suclt@soenic crisis will not occur.
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* Mining activities, raw materials prices and tramsaffic are the strongest drivers
for development in the area

* Ice conditions will eventually get easier but tipeed of this development and
effects in the Gulf of Bothnia vary between scevsri

» Centralization of industries and port activitiedager entities is a common trend.
The basic assumptions for maps:

» The ports which are mentioned to be part of prinmetyvork of the Bothnian
Corridor or the Mid-Nordic corridor are all considd to benefit equally if the
corridors realize.

* The ports which are part of Mid-Nordic corridor @ansidered to grow in the East-
West transit 2030-scenario.

e The main growth is assumed to be in bulk transgacept in scenario 3 where the
MidNordic corridor is assumed to handle also ueilizargo. The ports that are
currently transporting unitized cargo in the GulBmthnia are assumed to continue
it as for now.

* The ports where pilot biofuel operations exist i@ planned are considered to be
the important ports of biofuel developments als@080.

» The ports that have recently planned or made invests in fairway dredging are
considered to gain importance as it is one of taertimiting factors for
transportation in the Gulf of Bothnia ports thatlwtay constant, due to post-

glacial land uprising

Strong European industry 2030

“The Baltic Sea Region has tremendous potentiajldral transports with strengthening
of the Baltic states and Eastern European Countags means to make manufacturing
more sustainable i.e. closer to markets assumingy tltan make profits with

globalization.”
Main logic:

* Production moves closer to markets



» The Gulf of Bothnia and Bothnian corridor is an onjant transport route for
Northern mining products
* The North Sea route has not opened for commeraippsg

» Strong cooperation between the Northern countries

High demand of raw materials and warming trend reagenditions favorable to the
Nordic countries and Russia. Sustainability is g werd for economic development and

industries tend to move closer to markets.

Especially the Baltic countries and Eastern Europemuntries act as strong drivers for the
European economy and Baltic Sea Region is an drgéobal importance. The Bothnia
corridor and associated investments prove necessalygoods flow to and from the Gulf
of Bothnia ports belonging to this corridor as setary links. Russia becoming part of
WTO has improved trade conditions and relationsnish-Russian border operations have
been made more efficient to handle cargo flowsn3itatraffic increases in the Gulf of
Bothnia ports. Kokkola has experience of handlnaggit traffic but as the cargo volume
increases, some other ports with unused poterdidtcdake over part of it, provided that
their railway connections are improved to handlturel demand. For example port of
Kaskinen could benefit from this if investments wemade to improve the railroad

connections from Seingjoki in the future.

Of the proposed railway connections in Northernrflésgandia, the Salla-Kandalaksha
connection is built to increase the connectivitywmen the Nordic countries and Kola area
to make it a strong mineral region for Europeandse&lorthern Sea route has not opened
for commercial traffic, maximum ice extent has beggnificantly reduced, however the
ice conditions are still too unpredictable. Theuaiton is likely to change in future.
Murmansk port is strong due to Arctic gas transpod the Salla-Kandalaksha connection
foresees great increase in cargo volumes as theriamze of the Murmansk port keeps
growing. The ports that are closely linked to thevnrailroad connection gain benefit.

Closest port for the new railroad is Kemi.

There are fewer drivers, such as strong oceanrasiréo ease the ice conditions in the
Gulf of Bothnia than in the North Sea Route. THeb&lity of transport is insufficient for
international container transports so Bulk cargdhis most common cargo type in the

Bothnian Sea. Narvik railroad is improved to ensfioev of Northern minerals to the
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customers in Europe. Forest industries in Swedere I&hifted a large part of their
transports to the improved Bothnian railways ana@lsprivate industrial ports have only

marginal importance.

New MARPOL VI regulations has had a strong effeatshipping during the timeline

2015-2025, but it has also created tremendous lpbsss for the ship building industry,

railroad projects as well as LNG distribution netks The shipping companies that have
overcome the transition phase are strengthening0B9. The renewable energy targets of
Finland and Sweden have been more or less reaBifdel has global markets and the
plants in Gulf of Bothnia area are viable. The Btuse of Finland and Sweden cannot
provide for both Biofuel industry and traditionairést industries and raw materials are

imported mainly from Russia and to smaller exteoif other countries.

The Bothnia corridor has improved the connectidas & east-west direction and there is
activity in the Mid Nordic Green corridor to ensutee Cross-Bothnian trade flows with
local importance. However, when it comes to inteomal transport chains between Asia

and North America, the Mid-Nordic corridor has gained considerable importance.



Figure 22: Strong Europe 2030 Map
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Towards Arctic 2030

“Murmansk region will develop for energy industayd logistic center until 2030 for

North-West Russia. It is also very important far thorthern Sea Route”

“No doubt Murmansk port will be a key hub for oihch gas, minerals, and timber
transports between Eurasia and will enhance suatality, but it will require a sense of

Nordic trust”
“Kirkenes competes with port of Murmansk”
Main logic:

* Northern railroad projects are realized but cooj@nebetween the Northern
regions is not successful

* Northern Sea Route opens for commercial transport

 MARPOL regulations have a strong effect on trantsporthe Gulf of Bothnia

» Competition between Russian and Scandinavian potte Arctic

Global interest has shifted strongly towards thetigras the North Sea Route offers great
possibilities for world trade. Strong effect ondeapatterns come from European and
Russian trading relations, which have not improgedsiderably even though Russia is
part of WTO. Lack of trust between the Northern mtoes has led to Nordic countries
trading with each other and competition between vansk and Kirkenes ports in the

arctic.

Of the Northern railroad projects, the Salla-Kaa#taha has been built in the awaiting of
Northern cooperation in transport but the route has fulfilled the purpose as the
bottleneck issues in the Murmansk-South Kola radrtnave not been solved and border
controls in Finnish-Russian border are still ndtcednt enough. Murmansk is a hub for oil
and gas, minerals, and timber transports but thés chot have considerable effects on the
Gulf of Bothnia due to high cost of intermodal lamansport through this transport chain.
Transit traffic in the Gulf of Bothnia has reduaszhsiderably.

As most of the customers for raw material tradeimsia, Nordic mining industries need
good connections to the Barents Sea and the NedhR®ute. This has been ensured with



building of the Kolari-Svappavaara and the Rovamiirkkoniemi railroads as well as
improving the Narvik Iron Ore railway to the Norwag Sea coast.

The effects in the Gulf of Bothnia concentrate ba Bay of Bothnia. The Mid Nordic
corridor is not realized as a large scale inteamati transport route. Small Bothnian Sea
ports could not grow as international hubs dueh@rtremoteness. Investments are made
elsewhere and the Gulf of Bothnia port connectamsnot prioritized. Some trade activity
of local importance between Nordic countries exigtsthe area but cross-Bothnian
connections are generally not profitable. Contaitnansports continue in ports that are

currently handling unitized cargo.

Centralization of Industries in the Gulf of Bothragea is strong and smaller ports have lost
importance. Transports have concentrated in lapgets that are part of the Bothnian
Corridor. The Bothnia Corridor serves industriethwdonnections to mainland Europe and
modal shift has been strong in Sweden due to MARROiegulations. The ice conditions
get easier also in the Gulf of Bothnia but this mas considerable effects on cargo

volumes.

Mining activities have generally increased theiportance in the Gulf of Bothnia area, but
the reducing of transports of other types of indestslow down the cargo volumes growth
in the area. Russian raw wood transports remaimauo@ally non-viable and wood is

imported through the Gulf of Bothnia ports to datithe needs of forest industry and

biofuels production.
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Figure 23: Towards Arctic 2030 Map



East-West Transit 2030

“The green corridors overcome the negative reasaoslink through Lapland to
Murmansk. Access to the NSR to Asia would flow Wesigh Sweden to Norway and to
North America and Europe... The cross Bothnia crassinuld keep excess traffic out of
the Baltic Sea due to congestion and pollution eons”

Main logic:

* North sea Route does not open for commercial traffi

* No new northern railroad projects —developmentxigtang routes

* Mid Nordic corridor is an important internationeamsport chain between Atlantic
and Asia

The North Sea Route has not opened for commeraitiict as the ice conditions are still
not predictable enough for commercial traffic. Dewhaf raw materials has settled for a
lower level in Asia and decreased the price presdorthern railroad projects have not
realized due to profitability issues and the uraiaty concerning the North Sea Route.
Some of the suggested mining projects have stdhbealized and there is North-South-

direction transport through the Gulf of Bothnia aréstal railroads.

Environmental damage for remote areas of natuas $tas also been considered too great
for new large railroad projects. A decision is mé&alelevelop existing connections instead
of building new ones. The Narvik railroad has baaproved. Baltic Proper is severely
congested with oil and gas transport. The needebélie trade connections between
Finland, Sweden, Norway, Russia and Asia maked/ideNordic corridor a good option.
East-west direction traffic in the Gulf of Bothnieacreases greatly. MARPOL regulations
do not have considerable effect on shipping inGdf of Bothnia. Regular Mid Nordic
connections are operated by specialized fleetllfalji the environmental regulations. Ice
conditions are not considerably easier in Gulf otHhia but high ice class of operating
ships makes the need of ice breakers rare.

This has required great investments in relevamagtfucture such as Mid-Scandinavian,
Russian and Finnish railroads, railway connectitmfkussia, handling of cargo in the

international borders and cargo handling facilitreselevant ports.
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Mid-Nordic corridor offers employment and possiiids for the adjacent regions and
communities and improves their connectivity and alewment as well as economic

sustainability. It employs the under-used resouoé¢be Mid-Bothnian ports.

Centralization of industries and port activitiesaicommon trend so ports other than the
ones participating in mining products transpontgéacentralized forest industry transports
or international corridors have only marginal inpoce. Forestry raw materials are
needed to satisfy the needs of Biofuels, paper aothsawn wood industries and imports
are needed. The container ports in southern GuBathnia could benefit of the trend of

increasing container transports in the Baltic Sea.



East-West transit 2030Map

Figure 24
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7 DISCUSSION

In a Delphi study, statistical analysis of the te=sgives mainly support to the scenario
building phase, rather than reliable statisticat§aThis is due to choosing a small amount
of panelists based on their areas of expertiseviarya subjective manner. Despite the fact
that the panel was lacking some expert groups,hasirs in table 14, some important
results were obtained from this study. The mostartgnt key factors seem to be ice
conditions, mining projects, raw materials pricad #&ransit traffic, which were considered
both important and probable factors for future d@waments in the Gulf of Bothnia. The
guestions and theses were however made so thatlplippresults do not include some
factors, such as SECA effects and raw wood tratspdhe reason for this is that these
factors were handled with direct questions rathantprobability-significance assessment.
What could be noted is that it would be better avehall the factors assessed in similar
way: the probability and significance assessmentishhave been attached to the direct

questions.

The concluding question about importance of all kagtors could therefore yield better
results concerning the main drivers for developmirghould be kept in mind that some
respondents mentioned more than three “most impiokay factors” which makes the
results somewhat compromised. However, the reefiltslost important key factors” and
the significance-results support each other wellictv is why the results were considered
reliable enough to be used in scenario buildingrtiNon mining projects and raw
materials prices would be the main drivers basethemesults. Railroad projects were also

considered important and significant, but not fhrabable.

What is interesting is that forest industry tramgpsuch as raw wood imports only came
up in one comment and were not considered that rtapp although Forest industry
transports are the main commodity group curreméigdported in the Bothnian Sea. This is
most likely due to two reasons: Firstly: the pawak lacking input from local industries,
both mining and forestry. Secondly, mining actesdtihave been discussed widely recently
and there are great future expectations for ecomataevelopment driven by northern
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mining projects. Also, if the thesis was formedahéntly to mention also paper and pulp
transports, the results could have looked somediffatent.

The SECA matter was handled with a simple questitajor effects on shipping or minor
effects on shipping. The results were almost eserpanelists considering that effects will
be minor and five voting for major effects. The coents for this thesis however offered
important information on the views of panelists.jMaffects on shipping could be seen as
a possibility for several fields of industry offeg technology to tackle the sulphur
emissions as well as railways. And even thoughetfiects can be great on shipping,
impacts were considered to be rather short termshiping could be expected to recover
by 2030. One respondent stated that the accumuiieteaict of MARPOL 73/78 can be
considered great but for example NECA alone dodshawge great effect on Maritime

Transport in the Gulf of Bothnia.

Ice conditions getting easier were considered aportant factor for development and
significant for the Gulf of Bothnia. Some respondehowever stated that there are less
factors (ocean currents etc.) to affect the icedi@mns in the Gulf of Bothnia than in the
Barents sea or that even though ice conditionsegsier, it might not have considerable
effect on transport in the Gulf of Bothnia. Openiofjthe North Sea Route was not
considered very important in the Gulf of Bothniantaxt. Panelists mentioned for example
that land transport and intermodal routes add caststhe Gulf of Bothnia route is not

reliable enough for extensive container transport.

The carbon liquefaction processes were considér@detst probable factor in the Gulf of
Bothnia, most panelists assessing zero probalaliy zero significance. Also, the only
comment provided was “I do not know”, which sugget$tat this matter is not yet that

commonly known or discussed as a realistic option.

It is important to note that even though the sdesaare based on the comments and views
provided by the panelists, the spatial implicatians mainly based on literature research.
When it comes to spatial implications of the kegtéas, not many results were obtained.
Some maps were presented to the panelists to asrirespiration for spatial thinking but
not many comments handled the specific areas ds mérimportance. This could have

been considered too detailed matter to be foreda$tee other possibility is that the panel



with 20 theses or questions was too heavy. Theethemy have aimed to get too many
kinds of results which made answering the panettooplicated.

Also, in the end it is the industries deciding whitansport option or route to use and their
input would have therefore been important for tpenel. Speculation on potential
transport patterns can be made based on existing phenned railway and ports
infrastructure and depth of fairways leading totpolMore than one comments mentioned
the positive effects of transport corridors to #tgacent ports, cities and regions, so the

maps were largely drawn based on ports belongitigetse corridors.

Railway connections were prioritized as an impdrfactor for transport patterns due to
the trend of directing transports from road to aamt sea even though truck transports have

also great importance in the research area.

The question concerning the forecasted cargo volsceearios from Part | of this study
did not give results that could be easily combingtth the three scenarios formed in Part
II. The opinions about the magnitude of annuagcarolume in 2030 vary greatly (From

10% to over 60% growth) but no one of the panebsigeved that the cargo volume in the
Gulf of Bothnia will decrease by 2030.

7.1 Implications for Planning

Considering that the maritime transport and shigpraffic from the Bothnian Bay can be
expected to grow, maritime spatial planning shopitdpare for a possibility that new
routing measures might become necessary to estatlsome point. As mentioned earlier,
IMO restricts the measures taken for directing ginig traffic in offshore areas for the
ones that are already approved by IMO. These kifidseasures are for example Traffic
Separation Schemes, Deep Water Routes and AreaBeT@wvoided. Based on the
scenarios it would be recommended to reserve dpa@ TSS or a deep sea route in the
main route between the North and the South Qudr&.Width of this kind of area could be

similar to the TSS areas in Gulf of Finland.

The question of Cross-Bothnian connections is @stiang; how to consider the possibility

of increase in the East-West direction transportpianning. If there was future
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developments of large scale cross-Bothnian tramspionilar measures could be taken as

in South Aland sea circular TSS.

When it comes to areas to be avoided, such statulsl e given for the ecologically

important banks in the area, if considered necgs3&ere are current development plans
for wind power installations for large bank areasSweden, which would basically have
the same effect as shipping routes and wind pomsgaliations cannot exist in the same
area. The remaining banks, such as the ones otfost of Hoga Kusten in Sweden could
be considered as an area to be avoided for shipipihg transport routes over and around

it would gain considerable increase in trafficmshie case of “East-West 2030” scenario.

As the areas round the shipping zones in offsharé & Bothnia would most likely be
classified as areas with no specially appointedviies or interests, establishing TSS or
other routing measures is not an issue and thepkemy of space for them. However, if
extensive offshore installations such as floatingdapower parks or offshore aquaculture
would be built in the research area in future, aditn could change. Therefore it is
necessary to consider the space requirements tihgomeasures in important shipping
areas. However, both the required space for shgpgnd building of offshore installations
is strongly dependent on future ice conditionsha Gulf of Bothnia. Ships need more
space when operating in ice and the routing measdee not function in harsh ice
conditions. Building of floating offshore instaliahs is also to some level dependent on

the development of ice conditions.

As for now there is no need to point out areas w/lesiactly these routing measures would
be established as this should be researched i idi¢h& matter becomes urgent. The map
presented below (Figure 24) offers an idea of th&sible space requirements of this kind

of establishments rather than a suggestion ofxthetgosition of each routing measure.

Non-binding priority areas for shipping could betabtished as recommendations, to
encourage the ships to navigate in certain ardas.Kind of priority areas are however not
likely to be printed on navigational maps. If timormation on the priority areas could be
offered as supplementary information with for exémelectronic chart systems, good
results could be obtained. There are projects grnarenhance the route planning of ships,

for example Mona Lisa. Cooperation with this projaed using the information they have



gathered from the area would be recommended. Fampbe the depth-surveyed routes
should be used as a basis for establishing priarggs for shipping.

The future scenarios can aid in giving an idea Wwhgwutes can grow their importance in
future. However, the plan itself should be madestiam current situation as safe and short
way to the ports used must be ensured in the pldependent of the amount of traffic.
Therefore the shipping areas are categorized Inetierée groups in Figure 27. ,Possible
areas for routing measures” include the routes ddspthat seem to have very high
importance in the scenarios. ,Maritime transporéaar 1“-network includes the BTO
network ports, the ports with largest investmemtsfallowing years and the deepest
fairways. It includes the areas that can be expecidave high international importance in
future. For example, port of Uusikaupunki is in@ddin this network due to recent
investments in the fairway and growth expectatiafisthe local fertilizer industry.
.Maritime transport areas II“ -network includes tBevedish fairways of national interest,
coastal fairways with ice navigation importancewad| as potential new cross Bothnian
connection (Sundsvall-Kaskinen). The Rauma-Gavieeotion is presented as they are
the largest container ports in Gulf of Bothnia, tb@anning on making considerable
investments in ports facilities/fairways in upcogiyears and they have also established a
regular cargo liner in 2011. The Swedish coastalerés drawn based on National interest
fairways of Sweden, the Finnish coastal fairwaglreswn based on AIS tracks (HELCOM,
2012a, HELCOM, 2012b)
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Figure 25: Implications for planning. “Possible asg for routing measures” include the
areas that seem to have strong importance in algtenarios. “Maritime transport areas
I” include the areas that can be expected to haigh International importance in future.
“Maritime transport areas II” includes national ierest areas and possible new Cross-
Bothnian connections. Map data for existing routmgasures as well as Swedish national
interest fairways of Sweden are obtained from HEMCPlan Bothnia Map and Data

Service (2012b).



7.2 Recommendations and lessons learned

If this kind of research were to be repeated, be#sults could be obtained by making it
with several rounds. This idea is somewhat comfigcivith the basic idea of RT Delphi,
making just one round during a short period of tinibere are benefits in RT Delphi
method: the instant availability of results can makswering more interesting, offer new
ideas for the panelists and motivate to commentpndide their arguments. RT Delphi
can therefore be considered as one anonymousneétteased stakeholder meeting. It can
even be made as live event where all the panelisdsver the questions simultaneously,
although a strictly set panel working time can makeven harder to engage participants

for the event.

The first round could contain just one type of diwwes All the factors identified by
literature review/pilot interviews could be presahfas a list and ask the panelists to pick
three most important ones, just like in the coriolugpart of this panel. This would help
focusing the actual probability-significance assemst to the most relevant factors,
limiting the number of theses to the few most ieséing ones and therefore increasing the

motivation to provide comments.

The spatial implications should be researched witheparate third round. Based on the
comments and probability-significance analysis iie@@ during the second round,

scenarios could be written as in this study, baseflitures table analysis or possibly some
other futures research method. These scenariod tuer be presented to the panelists and
ask them to draw main patterns or circle areasngiortance on a map for each scenario.
This would make the maps a direct result of theepavork and therefore increase the

stakeholder participation in the marine spatialnplag practices. The forecasted cargo
volume scenarios could also be presented heresintha panelists to assess the probable

cargo volume growth for each scenario.

To discuss the five characteristics of MSP preskbieEhler: Integrated, future oriented
and adaptive, participatory, ecosystem based aga laased, this type of method could
improve MSP in at least four of the mentioned arpesvided that the panelists are chosen
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with careful consideration. Firstly, the panel slkdogontain representatives from all
powerful sectors from the field of transport, battansport industry and industries
dependent on transports in the area. Differentlseskbgovernance should be represented
in the panel. This would ensure the integrated @gogr. Future-oriented, participatory and
area based approach is basically guaranteed with tifjpe of methodology. This
methodology does not improve the ecosystem bagmwagh to MSP in any considerable
way. Including the environmental and nature pradecpoint of view is important for the

panel but the actual spatial implications are nubifecult to combine here.

However, this type of futures research methodology offer a considerable amount of
input for MSP projects. The maps obtained can balyaad with existing spatial
information on ecosystem characteristics of tha éodind out the areas of potential future
conflicts or areas where further management isegk@dcase the scenario realizes. In case
of the Gulf of Bothnia and the Baltic Sea in geheitais rather unlikely that brand new
shipping routes will be established but the amoaintraffic could change in readily
established routes and these developments are ne smses important to take into

consideration in planning.

The methodology could be adapted to study futukeldements of other offshore marine
sectors, such as wind power or aquaculture. In d¢rest all the sectors could be combined
to reach common visions for the area. Even thobghpganel combined several fields of
expertise and governmental levels, it is still sgat in the sense that the focus is limited
on the development of transport and logistics aodsdnot consider the other offshore

activities in the area.

7.3 Further research

The main value of this study was to serve as mlatect for using futures research
methodology for Maritime Spatial Planning purpodesring the process it was noticed
that there is both great challenges and great Isibgss with this sort of research. Based
on the experiences gained from this project, mesearch are advisable to be made on

following topics:



* More testing of futures research methodology aedtmefits for MSP projects,
especially concerning RT Delphi/traditional Delpiméthod providing stakeholder
input to the planning process.

* The transport plans of all the northern mining isties should be studied in depth
and considered as one entity to reach a conclusiomhat would be the most
sensible targets for infrastructure investmentsdewelopment, from both
economic and environmental point of view.

e Full summary should be made of regional and mualdevelopment plans and
physical plans. It should be studied how thesesp$dould be taken in account and
how to ensure compliance of all these developmiamspyhen making the
Maritime Spatial Plan for Bothnian Sea.

* Full review of Marine Spatial Planning initiativesfind out the basis for their
visions for maritime transport and how the methodglsuggested in this paper

could benefit these initiatives.

The research project in general received attendiodd was considered interesting and
important based on discussions with panelists &uwglp participating in the Plan Bothnia
project. This serves as an incentive to developdba and adjust the methodology further

to get maximum benefits for Maritime Spatial Plarginitiatives.
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Appendix A
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conditions i SECAwon't |effects Cumulative

get easier i cause during 2015- |effects of
Ice Need for  |but no migration of {2025 but MARPOL
conditions |ice breakers|effect on i ildi industries,  |those who |are strong,
will notget [becomes |GoB i other factors |survive are [NECA alone

easier rare transport ji stronger ok by 2030 [not

Ice conditions will not get
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Ice conditions ease: Need

for ice breakers becomes
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Ice conditions get easier
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transport

SECA is a possibility for gas
network, ship building,
railroad projects

SECA won't cause
migration of industries,
other factors stronger

Major effects during 2015-
2025 but those who survive
are ok by 2030

Cumulative effects of
MARPOL are strong, NECA
alone not







Rovaniemi-
Kirkkoniemi

Ice conditions ease: Need for
ice breakers becomes rare

Ice conditions get easier but no
effect on GoB transport

network, ship building, railroad
projects

SECA won't cause migration of
industries, other factors
stronger

Major effects during 2015-2025
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Cumulative effects of MARPOL
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Customers in Asia, good
trading relations with russia

n Europe




Salla-Kantalahti built -
congestion in murmansk
railroad overcome
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or
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Appendix B

Ports investments in the Gulf of Bothnia (Karvonen, 2010, Sjéfartsverket, 2011,
Liikennevirasto, Trafikverket, Kbjs, 2011, Elverheim, 2011)

Main improvements in the Gulf of Bothnia ports andhinterland connections

Finland Timeline Status Purpose

Dredging of fairway 13m -> 14m. Preparing for

increasing transports to and from Russia, as

well as Northern mining activities. Investments

in crane infrastructure and land and water
Kokkola 2013-> Planned construction projects.

Dredging of fairway 10m -> 11-12m.
Improvements  for  container  terminal
Rauma 2014-> Planned infrastructure.

Dredging of fairway 10m -> 12,5m, Increasing
Waiting for transports from Yara-Suomi Oy. Mainly
Uusikaupunki  2013-> permission fertilizers.

Dredging of fairway 9m -> 11m and dredging
Waiting for of harbor area, for imports of raw wood,

Pietarsaari 2012-> permission biofuels and coal.
Electrification of railway, planned investments
Vaasa 2011 Finished for heavy lift crane and pier renovation

The plans for transporting mining products

from Pajala mines through Kemi did not fall

through, ores transportation through Narv

Mine products route to Kemi harbor was

canceled. Planned deepening of fairway from

10m ->12m is dependent on Kolari mining
Kemi Planned products transportation.

Deepening of port, 11,5m->13,5m. New pier,
depth 12m. To enhance the cost efficiency of

Pori Finished transports.

Rail replacement. Decision on realizing the
Kaskinen Planned plans not made yet.
Sweden

Large investments to increase capacity.
Planned actions include Dredging of fairway

2011- (13,5m), improvements to free port terminal
Gavle 2015 Ongoing with RoRo-ramp, new oil pier
Straightening of road and rail connections to
Umea 2010 Finished the harbor, Bothnia railway line
Dredging of fairway 11,8-> 13,2m (new
Luled 2013-> Planned  suggestion 15,7m)

Possible expansion of harbor due to plans for
building a cement tower factory producing
Pitea Planned wind turbine parts for export.

Sundsvall 2011 Finished E4 motorway, Adal lineway. Mid-Nordic




Corridor and Bothnian corridor projects.

Adal railway line from Sundsvall via

Harnoésand 2011 Finished Harntsand, connection to Bothnia line
Bothnia line railway, from Angermanélven via

Ornskoldsvik 2010 Finished  Ornskoéldsvik to Umed

Kalix/Karlsbor 2011-

g 2013 Ongoing Dredging of fairway to 8,5m

Soraker 2012 Ongoing Dredging of ports area 6m->8m
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Appendix C

Maritime transport in Gulf of Bothnia 2030 —panel structure. The original panel is

available at URL http://www.edelphi.fi/en/groups/maritime/content/index.

Theme I: Environment and physical conditions

Thesis 1: Ice conditions get easier by 2030

This allows more traffic in the Gulf of Bothnia asgeeds up investments for Northern
ports. Prospects for all year round transportatah increase. Reliability of winter

transportation will enhance as ships can more comyrtake the shortest possible route to
the ports and the need for assistance is rare.

Thesis 2: Northern Sea Route (the North-East Pagsagens for commercial shipping by
2030

Figure 1: North Sea Route map (Copyright Helcom Napvice 2012)

Information: It has been estimated that global wagncan ease the ice conditions in

Northern Sea Route as multi-year ice packs wolddppear. The Northern sea route could



shorten the navigation time for example from Raoléen to Yokohama with as much as 10
days (Liu & Kronbak 2010).

Goods flow through the Baltic Sea Region to andhftbe Barents Sea and the Norwegian
Sea ports and back. The increase is greatest fumiocerized goods but also Northern
Mining products and other bulk goods will be tram$ed from ports of the Barents Sea.
The Baltic Sea Region is a strong gateway for dltlaasports. Investments are made for
Gulf of Bothnia ports and transport corridors thamce the North-South connection from

the Southern Baltic to the Barents Sea.
Thesis 3: Sulphur Emission Control area (SECA)

Information: the Baltic Sea is designated as al@ulEmission Control Area (SECA). The
sulphur content of fuel that is used in the Ba&ea was reduced in 2010 from 1,5% to 1%.
EU has set an additional requirement; 0,1% fueltrbesused when operating in harbor
area. In 2015 all fuel used by ships in the Ba&a area should not contain more than
0,1% sulphur. Alternatively, SOx scrubbers resgliim same SOx abatement may be used
(Kalli & Tapaninen, 2008).

Choose the option closer to your views
a: Minor effect on shipping by 2030

Sulphur emissions control area (SECA) for the BaBea and the North Sea will have a
minor long-term effect on industries and maritim@ansport due to subsidization

instruments for transportation modes using enviremaly sound technology. The

negative effects are short term and the transgatbs will recover by 2030. Designation

of North Sea as SECA area has a positive effect.

b: Major effect on shipping by 2030

SECA will have a major effect on shipping in GuffBothnia. Industries that are highly
dependent on transports will increasingly reloctiteir production units as they seek
production areas with more economically viable gpont options or shift their transports
to roads and railways. The effects are greateshénNorthern Gulf of Bothnia as the

transport distances are the longest.
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Thesis 4: Nitrogen Emissions Control Area (NECA) mot decrease shipping by 2030

Information: Designation of the Baltic Sea as Ng#n Emission Control Area (NECA), to
reduce air-emitted nitrogen that adds to the ebiogpion problems of the Baltic Sea is
mentioned in HELCOM Baltic Sea Action Plan . If tBaltic Sea will become a NECA,
newly built ships operating in the Baltic Sea amaast install a system to tackle nitrogen
emissions from 2016 onwards. The only viable methbthe moment is a SCR exhaust
gas after treatment device, which would reducenit®gen load from ships more than
80% (Kalli, Repka & Karvonen, 2010).

Nitrogen Emissions Control Area (NECA) will not e significant effect on industries
and maritime transport in the Gulf of Bothnia sinlbe investments in technology are not
as great as for SECA. The costs are gradual seweblogy must be applied for new
ships only.

THEME 2: Innovations and industries

Thesis 5: New forestry products, such as biofusleease their production greatly by 2030

New facilities are built in Finland and Sweden alikGovernment's renewable energy
strategy goal is fulfilled in Sweden: All cars rom biofuels by 2030. Great growth in
biofuel production is experienced especially in Mm@th where raw materials from forest
industries are easily available. Traditional foréstlustries will experience growing
competition over raw materials and this can haveces on maritime transportation in

ports that are concentrated on forest industryacardy.
Thesis 6: By 2030, imports of raw wood to Finlamdl &weden are likely to..

A) Increase
B) Decrease

C) Stay on same level as for now

Thesis 7: Northern mining products transport wilciease greatly by 2030.

The products will be mainly transported through

A) the Gulf of Bothnia



B) the Barents Sea via new railroads: Export portwviMagkibotten and/or Murmansk.
C) Swedish products through the Barents Sea, Finmdtupts through Gulf of Bothnia

ports
Thesis 8: Carbon dioxide capture increases shippirthe Gulf of Bothnia by 2030

Carbon dioxide capture and liquefaction plants gt more common in the Gulf of
Bothnia area. Liquefied CO2 is transported for oarbtorages with ships and this

increases the marine traffic in the Gulf of Bothnia

THEME 3: Logistics and Transport corridors

Figure 2: Transport corridors in the Gulf of Botlaniand proposed new railroads
(Copyright Helcom Map Service 2012)

Thesis 9: Mid-Nordic corridor enhances cross-Bo#imitransport opportunities and

increases the East-West direction traffic
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The Gulf of Bothnia is a strong link for transitamsports in East-West direction.
Transports will flow from Norwegian North Sea pottsough Sweden and Finland to

Russia and Asia and vice versa.

Thesis 10: Bothnian corridor enhances the NorthtBaonnections on both sides of the

Gulf of Bothnia and increases intermodal transpamtghe ports

Intermodal transport chains will be effective arehsports will generally grow in the Gulf

of Bothnia due to the Bothnian Corridor.
Thesis 11: Transit traffic increases the traffidime Gulf of Bothnia by 2030

Transit traffic will continue to be economicallyatle in the Gulf of Bothnia. New ports
could benefit from transit traffic as intermodahrisport chains develop, new railroad
connections are built and the border controls gét more effective. Russia becoming a

member of World Trade Organization has a boostifegeon transit traffic.

Thesis 12: Murmansk Port effect increases theitraffGulf of Bothnia by 2030

Murmansk is a large Northern hub port and the @filBothnia is a strong hinterland

connection for increasing North-South directiomsjgorts.
Thesis 13: Transport will centralize in fewer largerts in the Gulf of Bothnia by 2030

This is mainly due to centralization of industri€&maller ports, especially those without

infrastructure for intermodal transports will hauady marginal use.
Thesis 14: New railroad connections are built tatRern Finland and Sweden

One or more of the following railroad connectioaduilt as the congestion on the railroad
to Narvik demands more transport routes to the iBar8ea:

A) Kolari-Skibotten
B) Rovaniemi-Kirkenes
C) Salla-Kandalaksha

D) Cross-Lapland railroad/Sokli railroad or smallertp®f it



THEME 4: Economics

Thesis 15: Annual growth of GDP by 2030 will beselst to an average of..

Maritime transport scenario made by Finnish Transfgency (Finnish Maritime Agency
at the time) in 2006 predicted an average annualtyr of 1,6% for Finland, as slow
growth scenario. A Swedish long-term scenario hadipted an average annual growth of
2,2% for Sweden. The Baltic Maritime Outlook sceémmin 2006 used an annual average
growth of 2,6% for Finland and 2,4% for Sweden. ldger the latest predictions for
coming few years have been more careful. Annuaktiref GDP by 2030 will be closest
to an average of:

A) 1,5% or less in Finland and Sweden
B) 1,6% in Finland, 1,8% in Sweden

C) 1,9% in Finland, 2,2% in Sweden

D) 2,4% or more in Finland and Sweden

Thesis 16: Fairway fees in Finland and Swedengvdw substantially by 2030

This will have a decreasing effect on marine transp the Gulf of Bothnia. Incentives
for ships using environmentally sound technologlf affer only small ease for shipping

companies.

Thesis 17: Railway fees will increase significaryy2030

Railway fees will grow due to magnitude of new istreents in the railroad network.
Thesis 18: Raw materials prices will increase ghebay 2030

This is mainly due to competition over limited rasmes and future speculation of raw
materials markets. This will have an increasing@@&fbn maritime transport in the Gulf of
Bothnia as economic viability of exploitation ofwamaterial resources in the area will
enhance.

THEME 5: Conclusion on key factors and cargo volume

Three most important key factors
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In addition to these 18 theses or questions, twaea concluding part where the panelists
were asked to mention the three most importantf&etprs or write if there are some other

important factors that were not mentioned.
Development of cargo volumes in 2010-2030

Figures are international imports and exports fi@oif of Bothnia ports of Finland and
Sweden, including transit traffic. Growth from 206R010 is based on FTA and
Trafikanalys statistics.

The Strong, average and modest growth in tonnagecaculated for the Bothnian Sea
context based on the Baltic Maritime Outlook 20@@nsit traffic scenarios made by
Finnish Maritime Agency in 2006, scenarios for moskift due to MARPOL annex VI
reported by ENTEC (2010) and the shares of GulBofhnia ports of the total cargo
volume in 2010 (Baltic Port List 2011). Results ev@ompared with Scenarios made by
Finnish maritime agency (2006) and with the Baltiansport Outlook (BTO 2011).

Slow and decreasing growth for 2010-2030 is catedlausing the growth percentages
+10% and -10% compared to the cargo volume in 2010.

Transport volume development in Gulf of
Bothnia 2000-2030 (Mt)
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Figure 3: Cargo volume scenarios for Gulf of Botnni

A) Strong growth: 60% volume growth or more
B) Average growth: 40% volume growth
C) Modest growth: 30% volume growth



D) Slow growth: 10% volume growth
E) Decreasing: -10% cargo volume.
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