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Abstract

Prior to undertaking major public infrastructure projects, various types of cost-benefit
analyses are carried out. The purpose is to provide decision-makers with an objective
basis upon which to determine whether a project should be completed or not, as well as
to rank projects based on the net increase in aggregate societal welfare they are predicted
to yield. Many real-life examples demonstrate that there is no obvious link between the
conclusions of such investigations and the public opinion on the project in question.
Moreover, several research articles have concluded that politicians place little emphasis
on the outcome of cost-benefit analyses when deciding which projects to prioritise.
Therefore, the primary research focus of this thesis is to explore potential explanations
for these common discrepancies. In doing so, a case study is conducted using an example
of a project that exhibits these discrepancies; a proposed railway project in northern
Norway called Nord-Norge-banen. In particular, an investigation from 1992 which
overall appears negative towards the project is examined in contrast to surveys indicating
positive public opinion and the fact that the project has already been formally approved.
The thesis explores both project-specific and more generally applicable topics by
analysing the report both within the methodology it was based on and by investigating
the methodology itself. It includes descriptive elements such as project and report reviews
and so-called sensitivity analyses, as well as more normative aspects like methodological
shortcomings and cognitive biases. As the thesis shows, there are several imprecisions,
uncertainties, vulnerabilities, questionable aspects and lacks of completeness in the cost-
benefit analysis methodology. It further finds that some of the aspects unaccounted for in
scientific reports but emphasized by the public are arguably reasonable to consider, while
others are more subjective and potentially influenced by self-interest or even
subconscious irrationalities and inconsistencies. The thesis does not provide a definitive
conclusion regarding the specific project or the extent of biases among individuals,
politicians or scientific reports in general. However, it highlights various tendencies that
collectively contribute to significant imperfections, both in the findings of cost-benefit
analyses and in the public perception of a project. This hopefully helps to improve the
understanding of these common discrepancies between scientific research and public

perception.
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Abstrakt

Fore stora offentliga infrastrukturprojekt paborjas, genomfors olika typer av
samhallsekonomiska analyser, sasom kostnads-nytto-analyser. Syftet ar att ge
beslutsfattare en objektiv grund for att avgora om ett projekt bor genomforas eller inte,
samt att rangordna projekt baserat pa den forvantade nettotillvéxten i samhallsvalfard som
de forvéntas generera. Det finns manga exempel pa projekt som visar att det inte &r nagon
uppenbar koppling mellan konklusionerna i sadana undersokningar och allmanhetens
asikt om det aktuella projektet. Dessutom har flera forskningsartiklar kommit fram till att
politiker lagger liten vikt vid resultatet av samhallsekonomiska analyser nér de
bestammer vilka projekt som ska prioriteras. Darfor ar den priméra fokusen for denna
uppsats att utforska potentiella forklaringar till dessa vanliga diskrepanser. | detta syfte
fokuserar uppsatsen pa ett projekt som uppvisar dessa diskrepanser; ett foreslaget
jarnvagsprojekt i norra Norge kallat Nord-Norge-banen. | synnerhet undersdks en
utredning fran 1992 som &verlag verkar negativ till projektet, i kontrast till enkater som
indikerar positiv allmén opinion, och det faktum att projektet redan har godkants formellt.
Uppsatsen utforskar bade projektspecifika och mer allmant tillampbara &mnen genom att
analysera rapporten bade inom den metodologi den var baserad pa, och genom att
undersoka sjalva metodologin. Den inkluderar beskrivande element sasom projekt- och
rapportgenomgangar och sa kallade kanslighetsanalyser, men ocksa mer normativa
aspekter som metodologiska brister och kognitiva skevheter. Uppsatsen visar at det finns
flera otydligheter, osakerheter, sarbarheter, diskutabla aspekter och brister i metoden for
samhallsekonomisk analys. Den finner ocksa att vissa av de aspekter som inte beaktas i
vetenskapliga rapporter, men som betonas av allménheten, &r rimliga att 6vervéaga, medan
andra ar mer subjektiva och potentiellt paverkade av egenintresse eller till och med
undermedvetna irrationella och inkonsekventa fenomen. Avhandlingen ger inte en
definitiv slutsats om det specifika projektet eller omfattningen av skevheter bland
individer, politiker eller vetenskapliga rapporter i allmanhet, men belyser istéllet olika
tendenser som tillsammans bidrar till betydande brister, bade i resultaten av
samhallsekonomiska analyser, och i den allmé@nna uppfattningen om ett projekt.
Forhoppningsvis bidrar detta till en béattre forstaelse av dessa vanliga avvikelser mellan
vetenskaplig forskning och allmén uppfattning.
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Chapter 1: Introduction

1.1: A brief overview of the project.

Nord-Norge-banen — or in English the Northern Norway line — is a proposed and formally
approved but to date yet unbuilt extension of the Norwegian railway network, which
briefly can be said to constitute a railway connection between the two main cities of

northern Norway; Bodg and Tromsg.
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Figure 1: Possible routings of Nord-Norge-banen (Jernbanedirektoratet, 2022). Thick red lines depict
the most researched routings while thinner red lines show alternatives. Dark grey lines depict existing
railway.

Since 1962, Bodg has been the northernmost terminus of the national Norwegian railway
system. Thus, Nord-Norge-banen would extend the national railway system northwards.
The potential extension of the track would go from Fauske, as the approximately fifty
kilometres long stretch from Bodg eastwards to Fauske — that would make up the
beginning of Nord-Norge-banen from its southern terminus — already exists. Specifically,
it constitutes the beginning of the southward stretch that directly connects to the largest

city in central Norway and third largest city in the country; Trondheim.



From Fauske onwards, there are several possible routings, most of which are depicted in
Figure 1. Depending on this choice, the total distance of the new railway is set to be
slightly less than 400 kilometres (or slightly above if including the pre-existing part), and
the total duration of the whole journey from Bodg to Tromsg is prospected to go down
towards three hours. The duration of travel along the road is almost three times longer as
of today, and also includes a ferry®. The cost is estimated to be in excess of 100 billion
NOK? if completing the project as a whole, which in order of magnitude makes up a bit
less than a tenth of an annual Norwegian government budget. The cost estimate is also

encumbered with significant uncertainty, and so are the benefits of the project.

1.2: Relevance and importance of Nord-Norge-banen

Saved travel time and enhanced comfortability of travel may appear as the clearest game-
changers of realising the project. However, due to the hilly topography, large portions of
the line would run through tunnels. This obviously affects project costs, but also the
comfortability of the journey and the extent to which the train journey in itself can attract
tourists, to an otherwise very popular tourism region that in particular includes the famous
Lofoten islands. One could argue that the train journey itself need not attract tourists, but
that those visiting will make use of the train service anyway. On the other hand, a large
proportion of tourists to northern Norway travel far — in particular, many affluent Asians
go to visit — and for the vast majority of them, plane travel will remain an obvious first

choice.

Furthermore, enhanced freight options can be seen as an important bonus of the line. This
holds both in the sense of making freight more effective timewise and by making it more
efficient with regards to costs and resource usage. It also improves the security of supply
and opens for improvement of the service offered. This since these benefits — in
combination with possible new business establishments that would reinforce regional
development — could give a combination of lower prices, faster delivery and better
service, inter alia in terms of a wider selection of products. However, existing freight

options are seen as relatively good, and railway as a freight transport mode has its clear

! This is the only ferry along the main north-south road connection in Norway.
2 NOK refers to Norwegian crowns; the Norwegian currency. Ten NOK is roughly equivalent to one EUR,
though this fluctuates massively, inter alia due to oil dependency.



disadvantages, for instance in it being physically attached to the track it runs on, making
it less flexible than truck transport — so the improvement potential is viewed as larger on

the passenger than the freight side.

The railway can also help in limiting local air pollution, and in the long run also the
global climate change, though the extent of that can be said to be too marginal to
practically notice on an individual level. Therefore, the most significant impact will be
on the local population who may begin to use it for daily commuting. Due to long
distances in the region, long travels to and from work and leisure activities is common,
and is today done by boat, plane and of course road traffic. If the train replaces parts of
this, it can increase welfare amongst those who choose to make use of the train — and
those who choose not to, since for instance roads will become less congested.

Nord-Norge-banen does however have an international aspect in the fact that it will
significantly improve the connectability between the Arctic regions of the Nordic
countries. All proposed routings of Nord-Norge-banen attaches to Ofotbanen (or the Ofot
line) in one way or another. Ofotbanen goes from Narvik to Luled via Kiruna®, and from
there onwards to Stockholm. In most suggested routings of Nord-Norge-banen, it would

attach to it at its endpoint; the tourist and mining city Narvik.
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Figure 2: Current and potential railway map of the Nordic arctic (horthnorway.org).

3 Formally, it is only called Ofotbanen on the Norwegian side of the border, and from there onwards
Malmbanan (or the ore line).



Currently, the closest railway connection that connects Norway to Sweden is
Merakerbanen (the Meraker line), which is located almost 1000 kilometres south of
Narvik, so the international connectability can be significantly improved for big areas of
northern Norway by realising the project. It would also affect how goods is transported

to and from northern Norway, reducing the dependency on the Swedish railway network.

Norwegian media gives the impression that Nord-Norge-banen is perceived as very
important all across Norway. There are regularly reports about political as well as public
viewpoints in both national and local newspapers, and one can often read individuals’ and

organisations’ opinions on the project.

However, currently existing scientific reports are largely negative towards the project.
With this in mind, it may seem strange that the project has already been formally approved
by the Norwegian parliament. Specifically, a clear majority — ranging from the left-wing
(Radt) to the right-wing (Fremskrittspartiet) of the Norwegian political spectrum — voted
in favour of starting preparations, with an end-goal of finalising the railway (Stortinget,
2021). The parties voting against were the ones constituting the government at the time —
but even they voted in favour of further investigation. Thus, no parliament parties are
explicitly against the project as of now, though some politicians have been critical,

including the transportation minister at the time of voting through the project.

Furthermore, and perhaps explaining the positivity amongst politicians, the public
opinion is very clearly positive. A national survey from 2019 found a majority in favour
of Nord-Norge-banen in all sub-groups measured, from voters of all parties to inhabitants
of all regions — also southern Norway. In total, three fifths were positive, while the
remaining 40 percent were split equally between negativity and neutrality (Holmes,
2019). A similar survey gave an even more uniform outcome, with 72 % being in favour
— and here the formulation even was to construct railway to Finnmark, well north of

Tromsg (Bergskaug, 2020).

Both these surveys were done in the aftermath of a report from the summer of 2019, which
all in all declared the project as being clearly non-beneficial for society as a whole
(Svingheim, 2021). Thus, a sizable proportion of the respondents of the mentioned

surveys can be assumed to have been aware of this when being asked about their opinion.



This makes it extra interesting to try to find some potential reasons for the discrepancy
between the general population and political decision-makers on the one hand and the
existing research reports on the other hand, in order to analyse whether the public/political
view is irrational, or if the research reports reach the wrong conclusion. This can therefore

be seen as the elementary and general research question of this thesis.

1.3: Main focus and purpose

To answer this research question, the scope of the thesis must be specified and limited.
Primarily, while there are many alternative suggested projects that may be substitutes or
even complements of Nord-Norge-banen, the main focus will be on the concrete railway
stretch from Fauske to Tromsg. A potential further expansion north of Tromsg will not

be considered in detail, neither will international initiatives on alternative lines in the area.

Regarding the various ways of realising Nord-Norge-banen, the thesis will focus on the
suggestions made in the previous scientific investigations. In effect, this means to base it
on the suggested procedures of a report from 1992. The only other report that specifically
concerns and fully investigates the most relevant aspects of Nord-Norge-banen in
somewhat recent time is from 2019. However, that report is less thorough and mostly
reconsidered the suggested procedures of the 1992 report, without for instance looking
into the possible routings of the line independently. The 2019 report will therefore be

referred to as an update of the 1992 report.

There is no apparent reason to believe that the 1992 report has neglected more beneficial
ways of realising the project, as substantial amounts of alternatives have been considered,
many of which quite detailed. The most beneficial ways of realisation of the line
according to existing investigation will therefore be reviewed most thoroughly, though
some other ways are considered where they appear interesting due to realism in

combination with a significant effect on the conclusion of the report®.

4 A comment on wording to avoid confusion: Whenever the word report, analysis, investigation or such is
used, it refers to the scientific reports that make up the basis for this thesis; not the thesis itself.



Chapter 2: Methodology and structure of thesis

2.1: Literary background

This thesis will review and analyse previous investigations of Nord-Norge-banen, and
look at how and to what extent their conclusions may be up for debate. To do so, the
first part of the working process has been to do a literature search, in order to find valid
arguments for and against various methodologies and practices one may use to estimate
a project’s societal impact. The literature found and made use of can broadly be divided

into four categories, which are briefly described in the following sub-sections.

Railway in northern Norway was proposed as early as in 1872 by Ole Tobias Olsen, now
known as the “father of Nordlandsbanen” (Elstad, 2005). Despite continuous debate since
then, the first notable report in recent times where the methodology used somewhat
resembles today’s, is from 1982 — carried out by the Norwegian state-owned railway
company, back then called NSB °, in cooperation with Nordland county authority.

However, this investigation mainly focused on impacts on the physical environment.

Ten years later, a report aiming to look at all major aspects of the project was published.
This was also made by NSB, is called “Med toget til 69°42: Nord-Norgebanen™®, and will
be the main subject of investigation in this thesis. It was updated in 2019 by a report from
the Norwegian Railway Directorate, and along the way, several more general
investigations regarding the transportation system in northern Norway have been

conducted.

There have been many objections against the main analyses on the project. Some of which
have been specific to arguments or calculations used in the reports, others have gone
straight to their negative conclusions. This has been done by engaged individuals, as well
as organisations working for the railway, such as “Besteforeldrenes klimaaksjon”,

“Aksjonsgruppa for Nord-Norgebanen” and “Tromskomitéen for jernbane”

5 NSB is an abbreviation for Norges Statsbaner, or in English Norwegian State Railways.
¢ Med toget til=by train to.



(Tromskomitéen for jernbane, 2023). They oppose the weighting of arguments in the

reports, and add their own arguments that are not covered by the reports.

It does also exist — though to a lesser extent — arguments against the prior reports from
opponents of the project. The most prominent ones are that the cost estimate is too

optimistic, and that the climate benefit of the project is questionable (Bentzrad, 2021).

Railway travel and public transport projects in general are on the rise all over Europe.
However, most of them are not directly comparable to Nord-Norge-banen, as it would
stand out for several reasons, including challenging construction conditions with many
mountains, fjords and islands, and a low population base. Even the travel culture in the

region stands out, and consists of a lot of travel by plane and on the sea as of today.

The closest comparable projects would anyway be the various projects within the so-
called Bothnian Corridor in Sweden and Finland, whose attributes include at least some
extent of geographical, demographical, societal and cultural closeness to northern
Norway. Some of these projects will therefore be used for comparisons, but one should
keep in mind that particularly the topography of Nord-Norge-banen is vastly different

from these lines.

Some of the projects within the Bothnian corridor — such as Botniabanan (the Botnia Line)
from Umed to Nyland, approximately halfway southwards to Sundsvall — are already
built, while others, such as Norrbotniabanan (the North Botnia Line) northwards from
Umea to Luled, is under construction. It should be noted that a more inland railway
routing between those two cities already exists, so that the new project is rather an
improvement than a brand-new stretch. Another obvious source of comparison is
Ofotbanen.

There are regularly discussions about how precise scientific investigations of such
projects are, and thus to which extent they should be listened to (Thureson & Eliasson,
2016). One type of criticism regards the precision, another one potential systematic fault
in the methodology. The research on this is constantly expanding, and an important
contributor to this in a Norwegian perspective is the research programme Concept, which
develops knowledge about how to improve evaluation and decision-making of major

public projects. Concept is organisationally attached to the Norwegian university of
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Science and Technology (NTNU), and fully financed by the Norwegian Ministry of
Finance (Concept, 2020).

Other arguments are more political, both in the sense that politicians may have other
arguments than those investigated in a scientific report — such as distributive impacts and
fairness — and in the sense that they also act in such a way that their chances of re-election
increase (Rosen, Gayer, & Civan, 2014). In the latter perspective, it makes sense to look
into irrationality amongst individuals who vote, and thus psychological or behavioural-
economical aspects that are not explicitly considered in the current analyses — because if

such effects exist, it may make an impact on which projects are gone forward with.

2.2: Disposition of thesis

The thesis is carried out on the basis of the literature as described above, and can broadly

be divided into five main parts.

The first four chapters will present some background information, both about the project

and railway itself and the theoretical and methodological framework of research about it.

Chapter five presents and reviews the main report that makes up the basis for the thesis,

and more briefly other relevant reports and exchange of views.

Chapter six assesses the report within its general framework, but looks at alternative
applications or underlying assumptions which affect the conclusions, and which may or
may not be more descriptive of reality. In other words, the chapter includes both

normative and more descriptive elements.

Chapter seven to large extent rather studies the system used to scientifically investigate
such projects, and is thus at least partially applicable to the methodology in general and
by that applicable to research on other projects, as the methodological practice is broadly

the same for a wide range of public projects.’

The final chapter summarises and discusses the results obtained, and describes the
prospected future of Nord-Norge-banen.

7 Many topics of course have elements of both these categories, but it has been attempted to at least roughly
divide them into different chapters.



Chapter 3: Background information on the project

Nord-Norge-banen is not much more than an idea as of today. Some main implications
of what it may become® as well as some history about the debate about the project will
be presented in this chapter.

3.1: The long history of Nord-Norge-banen

The project has been discussed for well over a century, and in 1922, the chief executive
officer® of the Norwegian State Railways presented plans on creating a railway all the
way to Vadsg, way north (and east) of Tromsg (Lokalhistoriewiki, 2023). However, the
automobile became more competitive, and so the preparatory construction work north of
Bodg did not really pick up pace until Adolf Hitler in 1942 declared plans of a railway to
Kirkenes — a stretch even longer than to Vadsg. Nazi Germany then began to exploit
foreign prisoners of war, and some of them were set to construct railway north of Bodg.

Despite this, the construction was never close to being finalised, and was rather used to
develop the road after the war, so the perhaps most preferable routing is to some extent
non-feasible now, and the potential for savings related to previous constructions is limited
if at all existent. Discussions continued, and in 1992, a report mainly concluded that the
project, as it was proposed, would not be societally beneficial (NSB, 1992). The 2019
update gives a similar, though even less positive conclusion regarding the project
(Jernbanedirektoratet, 2019).

Despite this, the Norwegian parliament recently instructed the government to start the
work of realising Nord-Norge-banen (Stortinget, 2021). This work however starts with a
theoretical part, namely a new investigation, which will give implications for the way
forward. This (as well as another important report) is set to be delivered by the summer
of 2023, and there is currently no sign of any imminent initiation of the construction work
regardless of the conclusions of the report, despite a seemingly clear will to realise the
project, both amongst the public and politicians. On the other hand, the parliament
majority voted that the report would solely give implications on how to complete the

railway, while the decision on building it in one way or another already is made.

8 Although the project has been approved in parliament, it remains uncertain whether it will actually be
built, and nevertheless what the time perspective will be. The wording “would” will therefore be used.

® At that time, the term “generaldirekter”, translatable to director-general, was used. Now, the term
“konsernsjef” is used, which translates to CEO.
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3.2: Geographic positioning

Norway is commonly divided into five geographic regions; northern, western, eastern,
southern and central Norway*°. The whole of Nord-Norge-banen would be located well
within the northern Norway region, which covers almost 35 percent of the total area of
Norway when excluding the distant island of Svalbard, or in raw numbers 113 000 square
kilometres (SSB, 2022). Beyond this statistic, it is notable that northern Norway is more

elongated than the rest of the country, making many travel distances even more apparent.

The population in the north is also much sparser than in the rest of Norway, with less than
a tenth of the five and a half million Norwegians inhabiting the region, practically split in
half between the two counties that makes up northern Norway, with just over 240 000

people living in each of them.

The southernmost county is called Nordland, and most of the county is already covered
by railway, by the route named after it; Nordlandsbanen (or the Nordland line), stretching
to Trondheim from Bodg. The city of Narvik, which could become approximately the
mid-point of the track, lays just south of the border between Nordland and the
northernmost county; Troms og Finnmark.!! The majority of the area of the county lies
northeast of Tromsg. Therefore, it is geographically imprecise to refer to the railway as
Nord-Norge-banen, both because a big part of the region already is covered by
Nordlandsbanen, and because major areas of northern Norway would not be directly
covered by the Northern Norway line. It has been argued by several that the name
would fit better for a potential further extension from Tromsg (Pasche, 2021).

The project would still cover the region well in an indirect sense, and most of the
population is covered directly too, as one as a rule of thumb may say that the population
gets sparser the further northeast one goes into the region. To give a description of this,
Nordland has eight urban areas with at least 5000 inhabitants'?, of which Bodg, Fauske
and Narvik are three. Of the remaining five, four are south of Bodg and Fauske and are

thus already covered by railway, while the remaining; Sortland, lays Northwest of Narvik.

10 Central Norway is equally often called Trendelag, while the sky direction constitutes the sole name of
the other regions.

1 «“Troms og Finnmark” is a county merged from the previous counties “Troms” and “Finnmark”. From
1t of January 2024, they will once again be separate counties.

12 Including Branngysund that officially has 4995 inhabitants as of 1%t of January 2022.
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The whole of Troms and Finnmark on the other hand has only five such areas, where
Tromsg is larger population-wise than the other four altogether, and the second largest
one; Harstad, lays close to Sortland. Nord-Norge-banen would not reach the final three
of these areas, but they “only” add up to 28 000 inhabitants, despite constituting the

majority of the area of the northern Norway region.

Nevertheless, the name of the line is still debated. It will hereafter be called Nord-
Norgebanen since this has become the norm, but adding a second hyphen as this is the

grammatically correct way of writing it in Norwegian Bokmal (Sprakradet, 2019).

Even though Nord-Norge-banen would not go way north in Norway — to be exact, Tromsg
lies slightly above 69,6 degrees North, while the northernmost urban area Honningsvag
in Nordkapp municipality lies just about 71 degrees North — it would stand out in an

international sense.

The northernmost reaching railway in the world is a private Russian freight line that
surpasses the so-called 70" parallel north. However, Nord-Norge-banen would clearly be
both a freight and passenger railway, so it makes sense to compare to the northernmost
railway of this type. Currently, this turns out to be Ofotbanen. More specifically, Narvik

train station is the northernmost standard-gauge railway station in the world.

Thus, Bodg is not the northernmost point of Norwegian railway, but of the national track
system that connects to the rest of Norway, as Ofotbanen — with an exception for local
journeys close to Narvik along its 43 kilometres long domestic distance — “only” brings
one into Sweden. In addition, this implies that Nord-Norge-banen would become the

northernmost railway line with passenger traffic globally.

The line would therefore be exceptional and receive publicity, as for instance the line to
Narvik does as of now. On the other hand, the conditions to build railway are relatively
harsh in northern Norway, beautiful and protected nature would be affected, and
population is sparse, in sum pointing towards relatively high costs and less significant

benefits than for comparable projects.
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3.3: How may the project affect travel in northern Norway?

As described earlier, travel distances are large in northern Norway. Therefore, Nord-
Norge- banen will affect some people’s travel habits and even lives significantly, while

others will experience next to no improvement in travel options where they use to travel.

For instance, along coastal areas of Troms and Finnmark, it is not uncommon to refer to
planes as “their bus”, and many flights between Tromse and Kirkenes or surrounding
airports stop at up to six or seven airports on their way to or from Tromsg, effectively
functioning more like a bus than an average flight. These planes are essential due to the
many islands, mountains and fjords, as they make roads winding and travel by car very

long and often including ferries.

Because of this — combined with an aim to keep away from de-popularisation in northern
Norway — many such local flights are subject to tender where the government to a large
extent sets the price levels and timetables, and heavily subsidises the flights. Despite
this, the railway is prospected to become cheaper to use, competitive with regards to
time spent between origin and destination, and arguably more comfortable and reliable —
partially due to harsh weather which yields many plane cancellations and redirections.
Thus, Nord- Norge-banen could outcompete local flights along its route, while

potentially working as a complement to those flights operating northeast of Tromsg.

Similar arguments could be used if comparing against travel on road or at sea, which are
also popular ways of travel as of today. For particularly the former case, transfer of
vehicles to the railway will also have a benefit on the remaining road users, as roads will
become less congested. However, it is questionable whether road congestion really is a
notable problem as it is; the population is still relatively small in the north. Ferry crossing

nevertheless constitute a significant traffic bottleneck.

Quite a portion of the road traffic are freight trucks, which can be said to make road
driving both less comfortable and less safe, as well as making up an inefficient usage of
labour force for society if comparing to railway freight. Today, large quantities of goods
are transported to Narvik via Sweden, but for the stretch Narvik-Tromsg (and further
north), freight must happen on the road or by sea. The same goes southwards towards
Bodg, though parts of this freight is transported along Nordlandsbanen instead, and

northwards from there.
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In addition to this, the current method of using the Swedish railway to Narvik is
vulnerable in terms of national preparedness. The main reason for this is that only a single
railway track reaches the county Troms and Finnmark. This means that stormy weather,
accidents, electricity issues or derailing can alter the security of supply to the region.
Ofotbanen is temporarily closed from time to time due to unexpected events — a train for
instance derailed in March 2023 — which of course comes on top of the planned closings
due to maintenance work. The domestic options along the road are limited, and natural
disasters can effectively divide the country in two, as some of the “slimmest” parts of

Norway only has a single north-south road connection passing through.

3.4: Recent events intensifying the debate

In normal circumstances, one could say that this lack of national preparedness is no big
issue, as one can always reach most urban areas by travelling via Sweden and potentially
Finland — often even implying saved time. However, circumstances need not remain
normal, and an important part of the “preparedness policy” is to prepare for the

unexpected.

The partially closed borders during periods of the Coronavirus disease pandemic
highlighted this. Although truck drivers were given exemptions from some pandemic
regulations, they were during parts of the pandemic required to wait in line for tests, and
even when they were not, the cues along the borders were sometimes substantial enough
to affect the supply of goods somewhat (Torgersen, 2021). In the future, even more
challenging situations could occur. Then, a second railway connection to Troms og
Finnmark — and preferably one that connects with the rest of the country domestically —
could turn out to be really beneficial and important.

A second element that has affected the potential importance of Nord-Norge-banen, was
Russia’s invasion of Ukraine. While it seems unlikely, one cannot ignore the possibility
of sabotage from either Russia or another country to make freight of vital supplies or
personnel difficult. Similar sabotage has already hit the energy sector via the Nord Stream

pipelines (though it as of May 2023 remains unclear who is to blame for that).

Norway is also in a special position with respect to the war by its border to Russia in the
northeast of Norway. Although Norway traditionally has had a decent relationship with
Russia, the war has substantially weakened this relation (Thorgrimsen & Lugowe, 2023).

The limited infrastructural development in northern Norway makes the region fragile to
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sabotage and such in case of future conflicts. Having two north-south lines may then be

of major importance.

Of course, Nord-Norge-banen has been relevant long before these events too. Worries
about climate change, and related to that a wish to substitute from flying to train-
travelling, has existed for decades, both nationally and internationally. In addition to
this, there has been increasing focus on preserving local communities the past decades,
particularly in northern Norway (Langergen, 2007). This has also turned out to be a
politically important matter, as Senterpartiet made it their combat case and rose to
record levels in opinion polls in advance of the past national election in 2021 (NTB,
2020).

One can also mention several further aspects, such as the pursuit of benefitting from
globalisation and cooperation, as well as a trend change in the relative preference
between leisure and income, in favour of the former. In case of a rise in the unemployment
in near or far future, the debate about Nord-Norge-banen could be actualised even further,

as many jobs would be created by realising it, especially in the construction phase.
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Chapter 4: General theory and Norwegian practice

4.1: Requirements of investigation of governmental measures

In principle and according to the theory of welfare economics, one can say that all projects
and measures that raise a society’s aggregate welfare should be completed, while those
that are deemed not to do so when all relevant factors are accounted for, should not
(Strgm, 2020). This is inter alia concretised in the Norwegian Ministry of Finance’s
investigation instructions®, which sets guidelines regarding how all measures done by or
for Norwegian public administration bodies — such as larger railway projects — are

required to be evaluated before making a political decision about them.

In general, the instructions state states that the investigation of any project should be as
thorough and comprehensive as needed. Also, to the extent an individual or a group’s
principled societal views may matter for ones view of a project, investigations should be

balanced, systematic and cover all relevant aspects (Finansdepartementet, 2016).

It further adds that the government circular on cost-benefit analyses should be used for
measures that are expected to yield significant benefits and/or costs. This clearly applies
to a project like Nord-Norge-banen, and it is also common practice in most countries —
not least within country group one'* — to perform up to several cost-benefit analyses
before making a decision on whether or not — and if applicable how — to realise a project
(Welde & Nilsen, 2020).

4.2: Cost-benefit analyses

The purpose of performing cost-benefit analyses — beyond the fact that it is legally
required — is to as broadly and precisely as possible highlight, evaluate, compile and
compare advantages in the form of utility as well as disadvantages in the form of costs,
of realising a project. By doing so one gets a better basis on which to make a decision that
maximises the aggregate societal welfare of the sum of all economic agents within a
society (Strgm, 2020; Rosen et al., 2014).

18 “Utredningsinstruksen” (Finansdepartementet, 2016).

14 “Landgruppe en” or country group one is an expression that in 2008 replaced the previously used
distinction between western and non-western countries in official Norwegian statistics and documents, as
the previous grouping was considered as outdated, imprecise and stigmatising. “Landgruppe en” contains
the EU/EEA countries as well as Canada, USA, Australia and New Zealand, all other countries are in
“landgruppe to” (Heydahl, 2008)
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The effects one evaluates the costs and benefits of, may broadly be divided into three
groups. The most obvious one is the type of effects that one can evaluate by looking at
actual comparable market prices, and inter alia includes a significant portion of the cost-

side of a project, such as materials and workforce.

According to the Norwegian governmental circular, production factors should
approximate the pricing of them in a free and competitive market, either via their actual
prices if the market is sufficiently close to being a perfect market, or in the opposite case
via gross wages for workforce, and prices including externality-correcting but excluding

fiscal fees and taxes for physical capital (Finansdepartementet, 2021).1°

However, some effects are not explicitly priced in markets, but can be implicitly
quantified via some objective criteria regarding how to do it in a fair manner. This
includes the value of life and the value of health in form of improved or decreased life
expectancy. Such effects are largely analytically calculated too, which sometimes is

referred to as one of two sub-categories of cost-benefit analyses (Gjelsten, 2014).

In a Norwegian context, the approximated aggregate willingness to pay should set the
basis for estimations of such impacts. They should be adjusted for expected changes in

the gross domestic product per capita. Some of these effects have specific guidelines:

e The value of time (saving) is divided at least into working and leisure time, where
the former is set as the value of employers’ gross real wage costs of the time
(saved), while the latter is based on either net real wages or relevant surveys on
peoples’ willingness to pay for leisure time, usually based on a national average.

e The value of reducing the expected number of deaths by exactly one within a
given time period is called the value of a statistical life (VSL), and is currently
set at 30 million NOK valued in 2012 (DF@, 2018).1° If children’s safety is
central for a project, one may add an additional analysis based on doubling the

15 A fiscal tax or fee has the purpose of bringing in public revenue needed to finance public expenditure,
while an externality-correcting one also brings in revenue, but with that being a side-effect while the main
goal rather is to distort behaviour in favour of society’s best. Many fees — such as alcohol fees — have
elements of both.

16 This implicitly means that one values the life itself rather than the expected remaining duration of it, or
one could alternatively interpret it as the risk being perceived to be spread relatively equally amongst all
age groups, so that the value really represents more or less the value of “half a life”, or around 40 years.
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VSL, so that remaining duration of life in such a case is accounted for.!” Valuing
life is a controversial topic, traditionally even regarding setting a value
whatsoever, but it is common practice to do so in cost-benefit analyses (Skogli et
al., 2021).

¢ In the environmental sphere, one divides between so-called environmental goods
and climate gas emissions. The former is attached to the value of life by estimating
how emissions and concentration levels of harmful air pollution affect the life
expectancy, and are meant to be adjusted for how the health effect changes over
time. One should also discuss factors that affect the increasing scarcity of
environmental goods over time!®, and calculate the effect of this if possible. The
latter is estimated using a carbon price determined by the Norwegian ministry of
finance, and if the project aims to cut emissions in society, one should also
perform a so-called break-even analysis, which is to calculate what the carbon

price must have been for the project’s societal value to be exactly zero.

The third type of impacts are more abstract, uncertain or controversial non-tradable
effects, which are qualitatively evaluated via verbal arguments and some kind of grading,
for instance via a scheme of plus and minus signs. Such effects will necessarily be
associated with some extent of subjectivity. However, largely because of this difficulty

of giving an exact and universally agreed upon estimate, these effects are not quantified.

They are called non-monetary effects, and may include effects on for example privacy,
safety, quality and security, though it should be noted that any effect in principle can be
monetary to the extent one is able to estimate this fairly and precisely (DF@, 2018). Non-
monetary effects are mainly evaluated using the second sub-category of cost-benefit
analyses; assessment, which is usually verbal (Gjelsten, 2014). A potential time factor in

the valuated importance of non-monetary effects should also be accounted for.

After summing up all quantifiable effects and accounting for the other relevant effects in
an appropriate manner, one concludes whether the total societal benefit exceeds the costs
of the project or not; whether the project is societally profitable or non-profitable. The
nature of the socio-economic analysis allows for the possibility of concluding that a

project which is non-profitable for a private firm is beneficial from a societal standpoint

7 An alternative method could be to estimate a life year value or the value of a quality-adjusted life year
(QALY) which refers to the value of a year of perfect health, and also estimate the average QALY saved per
saved life by estimating the age and health of the average person to die or survive due to a project.

18 See section 4.4 for an explanation of why this may be the case.
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in case of significant positive net externalities, and vice versa; that a project worsens
societal welfare even if a firm could earn from completing it. Because of this, socio-
economic analyses are particularly relevant for public projects and in deciding the
provision of public goods (Welde & Nilsen, 2020).°

A cost-effectiveness analysis compares several concepts®® which all reach a set goal in
terms of utility and determines which of the concepts will reach the goal most cost-
effectively, which in such a case will be equivalent with being cheapest (Welde & Nilsen,
2020).2! A cost-impact analysis meanwhile allows for comparisons between concepts
that yield different amounts of benefits, but only compares benefits qualitatively
(Finansdepartementet, 2021). This is a possibility in case the benefits are difficult to

measure and/or in cases of lack of resources to investigate smaller projects.

As many benefits are possible to measure more precisely, there are good reasons to do so
as long as it is appropriate. Thus, the third type; cost-benefit analyses??, is the type that
has been used to evaluate Nord-Norge-banen. This method will therefore be the main
focus in this thesis, and is also the most common method used to evaluate major projects
as it is most complete; gives the best basis for comparison (Finansdepartementet, 2021).

4.3: Classical cost-benefit analysis

A (classical) cost-benefit analysis aims to evaluate all relevant factors as explained above.
In case of perfect competition?, market prices will reflect the socio-economic marginal

costs for producers or providers and marginal values or benefits for consumers. Whenever

19 These are two related but not interchangeable terms: A public good (in this context) is not necessarily
provided by a public institution, and public institutions may provide non-public goods. A public good is
defined as a good that is fully or partially non-rivalrous and non-excluding/-excludable in its consumption,
and may also be called collective or common goods (Riis & Moen, 2017). Nord-Norge-banen may be said
to have collective elements but is not fully a common good.

20 In this context, a concept can be seen as a method to reach the aim of realising a project. More
specifically, for railway projects it may refer to different routings, choices of stations to stop at,
timetables, speed dimensioning, the type of trains to be used, etcetera.

2L This is in other words feasible in cases where the various concepts yield practically the same utility and
one already has decided to perform the project, so that the benefit-side of the analysis can be ignored. This
is not the case for Nord-Norge-banen, where for instance the routing would have a significant effect on
inter alia the potential passenger numbers and time savings — not only the costs.

22 In English, the main term has the same name as one of its sub-categories.

23 Perfect competition is the case when all direct and indirect aspects of a good are traded and fairly valued
in a market. This could be the case if the trade of a good between two parties does not affect any third party;
there are no externalities; competition is both free and perfect. It could also be the case if such externalities;
effects that the market will not put a fair value on itself, are internalised via public policies such as fees or
quotas.
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this is not the case, other estimates must be used to approximate what such values would
be if the market were to be perfect (Strgm, 2020). How this is done varies from case to

case, but some main principles follow.

Benefit estimates are generally based on the aggregate willingness to pay amongst the
economy’s agents, in order to achieve or avoid an impact of a project (Strem, 2020).
This will partially be hypothetical values as at least the construction phase of a project
like Nord-Norge-banen would be publicly financed, though the willingness to pay in
principle can help in deciding who the indirect financiers will be, via governmental
taxes and fees. Cost estimations are on the other hand as a general principle supposed to
be based on the opportunity cost, which refers to the value of the limited resources spent
to achieve a project in their most valuable alternative usage (Strem, 2020).

In a case where all effects are quantified, the societal profitability simply relies on
B(enefits) — C(osts) >0 A B/C>1

These conditions are equivalent in the sense that either both or none will be fulfilled, and
are the conditions for socio-economic profitability as long as one sees past the potential

non-monetary effects (Rosen et al., 2014).

The latter of the two formulations is called the benefit-cost ratio, and can for instance be
helpful in comparing the relative profitability of projects of different sizes. A weakness
of using the ratio is that certain costs also may be thought of as a reduction in benefits.
This distinction affects the ratio, while the “subtraction method”, often referred to as the

present value method, is unaffected, and thus often preferred (Stram, 2020).24

The reason behind calling it the present value method is that one estimates the present
value of effects that arise at different points in time. For railway projects, this is important
because the benefits largely occur subsequent to the majority of costs. To do this
estimation, one usually sets the current time as the “base year”, and discounts future
values to obtain what the cost or benefit would be worth “today” by using the formula

MV

PV =—
1+

24 For instance, if the benefit-cost ratio initially is 300/200=1,5, and one adds a previously unexpected
“negative benefit” that decreases the net benefit by 50, the ratio becomes 250/200=1,25. If instead putting
this as a cost, the ratio would be 300/250=1,2. Thus, while the numerical distance; B-C, will remain 50
either way, B/C can be affected in terms of the extent it either exceeds (as in this example) or lays below
one.
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PV = present value, MV = monetary value, i = the discount rate as a decimal number and
t = the time of realisation of the benefit or cost. The denominator as a whole is called the
discount factor (Rosen et al., 2014). Note that PV and MV denotes net benefits of a

project, so that any cost must be accompanied by a minus sign in the numerator.

In a project like Nord-Norge-banen, it is reasonable to imagine a stream of costs and
benefits over time, so that if T denotes the final period where the project yields any
societal impact, the present value of the project becomes

MV MV MV3 MVt
- - _+ b ———
PV =MVot ==+ @+p2 "~ (T+0)3 A+

Here, each MV denotes the net benefit amount of that period. Alternatively, one could
use the formula for costs and benefits separately, and then subtract the PV of the costs
from the PV of benefits afterwards (Strem, 2020). The result would nevertheless be the
same. PV defines the monetary project value as of t = 0; the current time period. For any

positive i, nominal amounts lose real value — at least estimation-wise — over time.

The model presented above looks only at the costs and benefits from “now” onwards. At
the t = 0 point, lots of investigation may already have been done. While such costs
obviously matter in a broader context and there are good reasons to limit such costs, any
cost prior to t = 0 is irrelevant in a cost-benefit analysis, as it is a so-called sunk cost. Put
another way, society cannot get back the time and money spent on investigating a project
until now by declaring that the project will be discontinued.

It remains to decide how much future effects should be discounted, and expected inflation
is an obvious reason to do so. One could account for this by incorporating it into the MV
amounts; making them real amounts or in other words inflation-adjusted amounts (Rosen
etal., 2014). This accounts for the fact that one EUR gives you less today than it did some

time ago, and MV would in such a case represent real amounts of future net benefits.

However, MV may equally well represent nominal or non-adjusted amounts, and then,
inflation is accounted for in the discount factor — the denominator — instead. Either by
incorporating it directly into the i of the present value formula above, or by multiplying
the denominator as it is presented above by (1 + m)t (where & represents expected

inflation) in order to allow i to represent other reasons for discounting future impacts.
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However, if one sees MV as in the formula above; as real amounts, one could multiply
the MV’s by exactly (1 + m)t to reach their nominal equivalent, as this would be the
discount factor (the amount to divide by) of going the other way around, when thinking
of the MV in isolation. Thus, a nominal representation of MV would mean to add
(1 4+ m)t to both the numerator and denominator when comparing to the formula used

above. They therefore cancel out, and so the methods are equivalent (Rosen et al., 2014).2°

When deciding which inflation rate to account for, one could use the long-run expected
inflation, often corresponding with the inflation target, which in many countries,
including Norway, is two percent per year. The Norwegian practice is however to base
inflation estimations on the consumer price index, unless there are well-established
reasons to expect a cost or benefit to change in relative value over time in comparison to
other impacts (DF@, 2018). This could for instance be environmental impacts, and one

may in such a case account for the relative value change in the calculations.

So how should the discount rate be chosen? There are two main views regarding this. The
first is to use the societal or social discount rate; the extent by which economic agents
prefer current consumption over saving it for later. Most individuals have so-called
myopic preferences over their consumption, due to impatience and uncertainty combined
with risk aversion, as well as an expectation of an economically better future, implying
little necessity of saving for it (Victoria State Government, n.d.). Thus, one could set it
according to some kind of demanded rate of return in order to prefer deferring
consumption from now to a point in future, under the assumption that the investment will

reduce people’s potential consumption while resources are used to fulfil the project.

The other method is to look at the opportunity cost of the capital that is attached to the
project, which obviously also would have been valuable in other usages. This relies on

the assumptions that resources such as capital are scarce, so that by binding capital to this

%5 Usage of nominal amounts yields a denominator that can be rewritten to 1+n+i+n*i. As the product of
the inflation and the discount factor is likely to be low, one can make the formula simpler by ignoring it,
and simply use that i~m+r. r denotes the real interest rate; the interest rate that exceeds the inflation or in
other words the part of the interest that yields increased purchasing power (Rosen et al., 2014). It is
standard procedure to use the nominal interest rate when using hominal MV amounts, while if using real
MV, one uses the real interest rate. Nominal amounts therefore underestimates the mathematically correct
discount factor ever so slightly, which means to give a marginally higher PV of effects that are more distant
in time. This implies a slight overestimation of the present value for a project like Nord-Norge-banen.
However, this simplification is the standard way of doing it, and the economic effect of it is usually very
low. It is for example way more significant whether r is set at say three or three and a half percent.

21



project, this capital is taken away from other valuable usages (Victoria State Government,
n.d.; Rosen et al., 2014).

One could also view the discount rate as having a risk-free part as well as a risk premium.
The risk-free part can be said to capture the “cost” of not placing the capital in more risky
investments, which on average gives higher rate of returns due to their riskiness. The risk-
premium reflects the remaining uncertainties of the project. Both related to the project
itself, called unsystematic or controllable risk, and risk regarding the future economic

situation, called systematic or non-controllable risk (Hokholt, 2016; Kvalheim, 2014).

In other words, there are many things one may choose to incorporate into the discount
rate or think of as being part of it (or choose to leave out of it), and there is no qualitative
standard or consensus, neither regarding how to conceptually determine the discount rate,

nor which numerical value such estimation would lead to (Rosen et al., 2014).

Still, there are general guidelines (Finansdepartementet, 2021) on which numerical values
to use in various circumstances, though these are very general in many countries; very
different projects are expected to base analyses on the same discount rates. Cost-benefit-
analyses are in general almost always based on a positive discount rate that extends
beyond expected inflation, so that the future is actually discounted (Strem, 2020).

In practice, it is also common to do so-called sensitivity analysis, which implies checking
the present value of projects under alternative underlying assumptions, such as variable
discount rates. It is also common to measure the internal rate of return, which defines the

discount rate that would make the present value of a project exactly zero.

4.4: The Krutilla-Fisher model

Opposition towards the classical cost-benefit analysis can come in different ways. In
particular, there are many alternatives regarding how to account for nature and climate
impacts of a project. Traditionally, such effects have often been included as non-monetary
effects, and many argue that one by doing so effectively give them lower weight than if
one would quantify them (Linde et al., 2013).

One way to “solve” this issue — if accepting that it is one — is to add an environmental
factor directly into the standard cost-benefit formula. This was suggested by John Krutilla
and Anthony Fisher in the 1960’s and 70’s (Fisher et al., 1972). They also argued that the
net benefit of projects with long lifetimes generally decrease over time, due to

technologic development which will improve the alternatives and thus substitutability
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options, while the economic value of preserving the environment? will increase, since
we cannot realistically substitute the nature or the globe, at least not within foreseeable
future. Furthermore, population growth combined with economic growth leads to
natural resources becoming more and more scarce (von Hanno & Pettersen, 2022;
Nilssen, 2021). Thus, they suggested adding the presumably increasing environmental

benefit to the “classically” estimated present value as it was defined earlier.

For Nord-Norge-banen, one could think of the environmental benefit both as being a
positive climate impact of realising the project, and a positive nature impact of not
doing so. The net benefit is thus uncertain unless doing further investigation, and the
local or national conclusion may differ from the global one. Nevertheless, the Norwegian
government circular on cost-benefit analyses states that irreversible impacts — which one
could argue that a project like Nord-Norge-banen would yield — must be given particular

consideration.

4.5: Norwegian methodological practice

The Norwegian government circular on cost-benefit analyses sets the general guidelines
for estimation of various effects, and is based on the classical formulation of the cost-
benefit analysis, which does not incorporate the environmental effects directly into the
present value formula. The circular both sets a standard for how to estimate different
impacts, and to which extent effects should be evaluated at all. This is further specified

in (DF@, 2018), and the main guidelines on specific central effects are mentioned above.

The discount rate should be based on the one met by private competitors in cases where
this is applicable, and if no such reference rate exists — such as for Nord-Norge-banen —
one is expected to use four percent for the first 40 years, three percent for the subsequent

35 years, and two percent for any potential lifetime exceeding these first 75 years.

The reduction over time is meant to account for the difficulty of finding a long-run interest
rate in the market as high as short-run ones, and that the net benefit — defined as the project
benefit less the benefit of the best alternative use of the resources spent — of the project is
more uncertain more distant in time, inter alia due to technologic development of

substitutes. One could also use the phenomena of hyperbolic discounting to reason the

2% Krutilla and Fisher mainly focused on restoring the nature, but one could make a similar argument for
restoring the climate from getting excessively warm, as for instance the economist Nicholas Stern did in
20086, stating that the present value of the cost of future climate change is enormous (Rosen et al., 2014).
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sinking discount rate over time. This is a cognitive bias within behavioural economics
that leads to a stronger preference for any present benefit than a future one the closer one

comes to this “present time” (Angner, 2016).%’

The lifetime of a project should reflect the period the product actually is in use and
yields societal utility. At the same time, infrastructural (public) transport measures
should as a main rule be analysed “only” over the first 40 years of its lifetime. However,
if reasoned, one may depart from this main rule, and if the actual lifetime is expected to

exceed the analysis period, residual values should also be added to the estimates.

The residual value is the sum of values of all MV’s from the end of the analysis period to
the end of the expected lifetime of the project, discounted back to the base-year — the first
year of the analysis, which is supposed to be the year when the realisation of the project
begins. Each MV within the residual period should in general equal the MV of the last
year of the analysis period, here the 40" year, adjusted for cyclical or other expected
variations within the residual period, and accounting for potential new costs such as
significant maintenance or upgrading investments. In addition, the guidelines state that
impact targets as well as society targets should be written out in the analysis, which relates
to respectively impacts on the target group(s) of the project and on society as a whole.

It also clarifies that a status quo-alternative or null option must be evaluated as a reference
to compare against, which should be based on the as of now approved policies. Also, if
the currently approved policies will not represent a realistic alternative in a nearly as long
of a run as the project is intended to impact society for, a so-called zero plus-alternative
that adds necessary future policies is advisable as well. All MV’s should be evaluated as

the MV of realising a given concept less the MV of the zero (or zero plus) alternative.

4.6: Objections against cost-benefit analyses

There are several possible objections to make about the cost-benefit analysis method. One
could for instance be the seemingly rather subjectively set discount rate, and particularly
the addition of risk in it. Inclusion of this contributes to ensure that a project is not
concluded to be societally profitable before turning out not to be so due to overly

optimistic assumptions regarding the project and/or the future economic situation. One

27 Said another way, if being asked about receiving five units of a good next year or ten units the year after,
most people would probably opt for the latter. However, due to hyperbolic discounting, when next year
comes, many will have changed to opting consumption “now”. The same also applies to disbenefits, which
inter alia is an explanator for procrastination.
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could argue that it seems a bit strange to include this, as one effectively then analyses the
present value for the case where one’s expectations does not hold. On the contrary, if
people are actually risk averse 26, which they on average tend to be, this should be
accounted for in a socio-economic analysis, as subjective utility is a central part of what
makes up the societal benefit of a project (OECD, 2018).

A different potential shortcoming is the fact that some effects are directly or implicitly
monetary while others are non-monetary. This makes it challenging to weigh different
impacts fairly. Another problematic aspect is the non-inclusion of what may be called a

fourth type of effects; wider economic impacts or additional net benefits (DFQ, 2018).

Wider economic impacts are all effects that are not directly linked to usage of the
product?® which the project aims to provide to the society; more indirect effects. This
could for instance be regional impacts on the labour market or impacts on international
relations. Such effects — which can be both net positive and net negative — are, due to
lack of empirical data, deemed to be too difficult to estimate for them to be included in a
main analysis, but may be included as additional information, possibly in a separate

analysis. (Finansdepartementet, 2021).

Partially due to this, and also as cost-benefit analyses does not incorporate aspects such
as distributional effects or ethical considerations, the present value estimate does not
unilaterally determine what is best for society in a broader sense (Welde & Nilsen, 2020).
Therefore, even if they are required to be carried out, and are meant to make up a part of
the basis on which to make a decision on, the extent to which they cover all considerations
a parliament should and will take is discussable. Several of the potential shortcomings
will be discussed and applied to the case of Nord-Norge-banen throughout this thesis.
Furthermore, there are no legal requirements regarding how legislators are to follow up
the conclusions of such reports, so they by no mean make up a decision-rule (NOU 2012:
16).

28 Any risk averse person would be willing to accept a utility-wise worse outcome than the theoretically
expected outcome of an occurrence encumbered with uncertainty. In other words, one is willing to “pay”
some expected utility to avoid risk, formally called to have a certainty equivalent lower than the expected
outcome of the uncertain happening, or to have diminishing marginal utility over money (Angner, 2016).
29 A product can be a physical good, a service or an idea. In this case, Nord-Norge-banen is mainly a service,
though it also has some features of a physical good.

25



Chapter 5: Review of the 1992 investigation

Based on the general methodology within the framework of cost-benefit analyses
described above, the investigations from 1992 (NSB, 1992) and 2019
(Jernbanedirektoratet, 2019) went through various concepts and evaluated them against
the null alternative to conclude whether any concept would be societally profitable. This
chapter will go through the main elements of the very thorough main report from 1992 —
which is based on about 50 external reports on different topics performed by various

external firms — and compare with other relevant information when applicable.

5.1: Geometric standard

Geometric standard refers to how a railway physically is constructed in order to be fit for
various purposes, mainly in relation to top speed and maximum freight weights. It has
been decided that the minimum curve radius along the route is set to be 2400 metres. This
means that if for some reason a 360-degree turn were to be made, the radius of the circle
it could constitute would have to be at least 2400 metres. This is meant to allow for a
speed of 200 km/h safely, economically and reasonably comfortably for passengers. All
routing options considered have fulfilled this requirement, with the exception of minor
reductions in this standard on some smaller stretches, mainly close to stations where

speeds are anyway much lower than 200 km/h.

The report denotes that for instance the Swedish X 2000 trains can keep 200 km/h for
shorter curve radiuses too, and in an investigation from the year before, 2000 metres was
used when setting the routing, still assumed to be sufficient for speeds of 200 km/h. If the
trains were to go slower, the requirement would also be slacked significantly, and it would
imply a cheaper railway with less significant nature destruction. This because sharper
turns allow for directing the railway outside of the most conflicted areas, and in general
opens for more alternative routings, some of which may even give a shorter track between

Fauske and Tromsg overall.

Of course, reducing the speed has its obvious disadvantages too; time-savings would
decrease or vanish, and passenger numbers would drop consequently. On the other hand,
a slower journey would arguably be a more scenic one, of course via lower tunnel shares,

but also through the lower pace in itself.
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The second requirement is imposed on the steepness of gradients, which is set to
maximum 1,3 %. This is mostly a requirement coming from freight trains, which at this
gradient can drive at 70 km/h with a freight of slightly over 1100 tons. The maximum

gradient is held for all evaluated routings.

5.2: Electricity

From a political viewpoint, construction of a diesel train would seem unlikely given that
a possible climate benefit is a central argument for the railway. The 1992 report has
nevertheless looked at both alternatives, and reached the conclusion that an electrical
railway is objectively preferable too. It further states that the increased emission costs of
using diesel in comparison to electricity alone seems to exceed the construction cost

reduction of basing the railway on diesel.

This holds despite the fact that electric operation would require electrification of the
stretch from Bodg to Fauske, which is based on diesel operation as of today. These
electrification costs are included as part of the project costs in the cost-benefit analysis.

5.3: Routing selection

A central aspect in almost any railway project is the choice of routing. This affects the
costs as well as the benefits significantly. For this project, the 1992 report distinguishes
between four main sub-sectors of the line. Each of them has various possible routings
with different and to large extent non-quantified pros and cons, which a substantial
proportion of the final report is used to discuss. It is obvious that not all combinations of
routings have been analysed separately, as that would be 941 combinations — and that

even excludes several alternative routings that the report has viewed as less feasible.

The report has rather concentrated on the seemingly most relevant alternatives for each
sub-sector, and based on a qualitative review made a discretionary choice for each sub-
sector, adding up to a so-called representative sector for Nord-Norge-banen as a whole,
which again makes up the basis for the cost-benefit estimates. The report however notes
that it could be that other routings would give better outcomes, and that they therefore are
not explicitly recommending a routing over another. It is also noted that smaller changes
may, and in some cases should, be done within each sub-sector routing possibility.

The main trade-off lies between a more attractive and safer ride that has a larger day-

zone; spends less time in tunnels, and a railway that has less negative consequences for
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the nature it will be laid on. The report-makers have made an effort to construct an as
“tunnel-free” alternative as possible for each sector, as the high tunnel proportion required

is referred to as a major issue with the project.

The high tunnel ratio is primarily mentioned as an issue with regards to the experiential
value and thus attractiveness to use the railway from a potential passenger’s point of view.
It is also mentioned that while the probability for accidents is considered to be similar
inside tunnels as outside of them, the consequences may be well higher. Therefore, so is
the risk, which is constituted by the product of the former two. With this comes higher
costs to minimise this risk, and also potentially somewhat lower passenger amounts due

to a partially rational fear.*°

Another important trade-off in the routing choice is between having an as straight routing
as possible to limit the journey time, and on the other side reaching more settlements
and/or reducing construction costs by adding some detours.

5.3.1: Fauske-Narvik

The first sub-sector is the southern half of the line from Bodg to Tromsg, or effectively
from Fauske to Tromsg plus electrification of the Bodg-Fauske stretch. The report
considers five alternatives. The table below presents the main conflicts for three of them.

Table 1: Conflict topics between Fauske and Narvik (Own compilation). Red marking denotes

conflicts mentioned in the main report.

Routing “Skjomen” Via Sgrfjord and | Via Kjgpsvik
(Eastern alternative) | Ballangen

Botanical interests
Geological interests
Ornithological interests
Cultural heritage
Sami cultural heritage
Protected landscape
Recreation areas
Moose

Reindeer

Sea life

Forestry

Wetlands

Cabins

30 However, even a tunnel-only railway is much safer than road transport, so in this sense, to the extent that
people choose the car over the train based on safety — and anyway as people will dis-choose a largely tunnel-
based railway for other reasons — a higher tunnel ratio will decrease the safety benefit not only directly, but
also indirectly via fewer passengers.
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Figure 3: Map of potential routings on the sub-sector from Fauske to Narvik (NSB, 1992).

The fourth alternative is a combination of the three tabulated, and for the “tunnel-free”
alternative, nature consequences were not evaluated, but there is reason to believe that its
negative consequences of that type is even larger than for the other ones — in general, the
lower the tunnel proportion is, the larger are the nature consequences. Because nature
consequences were not considered for the tunnel-free option, it was not up for
consideration to be used as the basis for cost-benefit calculations. This is the case for all

sub- sectors of the line, and shows an obvious lack of completeness of the report.

The table above is not necessarily complete, but is made to show the large extent of
conflicts along the stretch, which covers big proportions of all alternative routings. Some
conflicts are relatively easily solvable, others are major and will lead to discussions and
potentially legal trials regarding where to construct the line. It may however be noted that

the predicted extent of nature consequences of the track partially is due to basing routing
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options on 200-metre-wide corridors, whereas the track would in practice not make use
of the whole corridor, allowing it to reduce certain conflicts somewhat.

Table 2: Stats for each alternative routing on the sub-sector Fauske-Narvik (NSB, 1992).

Routing “Skjomen” | Ballangen Kjgpsvik Bognes “Tunnel-free”
Length 180 km 181 km 179 km 194 km 199 km
Travel time 69 min 72 min 61 min 77 min 79 min
Tunnel share | 81 % 71 % 66 % 78 % 53 %

Nevertheless, the fact that even the “Skjomen” alternative — of which 81 % goes in tunnel
— leads to so many nature conflicts, shows that they are unavoidable if realising the
project. On the other hand, even the “tunnel-free” alternative spends the majority of travel
time in tunnels, so regardless of choice of routing, the tunnel shares as well as nature
conflicts will be significant and problematic. It is also clear that there is a real trade-off;
according to the report, the options with lower tunnel shares impose larger negative nature
consequences. The report thereby notes that minimisation of negative nature
consequences should not be a goal standing over all other aims.

All routings are seen as technically achievable, but challenges are significant for some
routings, such as the Kjgpsvik alternative. It includes eight larger bridges, some of which
would be “world class” constructions. This increases the cost uncertainty, which has

been accounted for in by adding an extra margin of “error” into the cost estimates.

A similar example goes for the Bognes alternative, which would include an about 69
kilometres long underwater tunnel, as deep as 360 metres below sea level. The report
explicitly states that such a tunnel may deter people from using the train. It would become
the longest railway tunnel in the world, as the currently longest one is the 57 kilometres
long Gotthard Base Tunnel in Switzerland, opened in 2016.

It is however worth mentioning that nine of the ten currently longest railway tunnels
were opened after the 1992 report, implying that the technical challenges are somewhat
reduced with today’s knowledge, and the same would apply to the potential of scaring
people from using it, unless of course an accident would happen in a similar tunnel. On
the contrary, one could see its uniqueness as an attraction in itself, similar to the Leerdal

tunnel in western Norway, currently being the longest road tunnel in the world.

Nevertheless, the report argues that the Kjapsvik alternative will be the best choice for

tourism and experiential value, as well as beneficial for travel time, distance as well as
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passenger amounts. It is however stated to be too costly to weigh up for the advantages.
Similar arguments apply to the Bognes alternative.

Amongst the remaining two (as the tunnel-free option is not up for choice), which also
are the ones with the highest tunnel shares, the one with the lowest of them — 71 % via
Ballangen — is chosen, due to just that, combined with higher expected passenger
numbers. In the report, sub-sectors are both evaluated as parts of the stretch as a whole

and in isolation. This stretch from Fauske to Narvik alone is referred to as K1.

A potential, but not necessary part of the project is a side-arm from Bjerkvik just north of
Narvik to either Harstad or Sortland. The mandate of the investigation was to evaluate
the effect of adding a side-arm to Harstad to the rest of the project, so the side-arm is not
evaluated as an own project. The possibility of routing the side-arm to Sortland instead
of Harstad was also discussed, while the possibility of reaching both Sortland and Harstad
has not been evaluated in the report. It has neither been looked at the chance of combining
K1 with this side-arm without building the stretch to Tromsg, effectively making Harstad

(or Sortland) the endpoint of the national Norwegian railway network.

The first part of the stretch would be Narvik-Bjerkvik, which in itself has three routing
options discussed in the report. One of them is about twice as long as the others (27 km
as opposed to 13 and 16), and their driving times differ by only three minutes (from eight
to eleven), so their differences will not be specified further than noting that the shortest
option includes noticeable nature conflicts. This option is nevertheless chosen for the

cost-benefit estimates as the routings cost about the same to construct.

From Bjerkvik onwards, one option to Sortland is considered against two routings to
Harstad. They largely share the same nature conflicts as the past sub-sector, but to the
aforementioned conflicts, birdlife and protected forest can be added towards Harstad, and

sand and gravel deposits for the case of Sortland.

The Sortland option is a just over 20 kilometres longer stretch than to Harstad, and the
report notes that no special conflict areas exclude this option, nor are cost estimates
deterrent. The Harstad option would however give higher passenger numbers, while the
Sortland option has other advantages such as reaching closer to the Lofoten islands.

Yet, due to the mandate of the investigation, Harstad must be the destination used in the

cost-benefit calculations, and as the “tunnel-free” option cannot be used, there is only one
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alternative, taking 41 minutes to cover 82 kilometres, 42 % of which being in tunnel. The
tunnel-free option differs less from the chosen option on this stretch than for K1, being

just two kilometres and one minute longer, and reducing the tunnel share to 34 %.

Based on the assumptions that this side-arm would be built, several further alternative
routings from Fauske that attached to this stretch west of Narvik were also considered.

All of them were however discarded, inter alia due to requiring long undersea tunnels.

Tromse
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Figure 4: Map of potential routings on the sub-sectors Narvik-Andselv and Andselv-Tromsg (NSB,
1992).

Five alternatives have been considered to reach Andselv, and another four alternatives
northwards from there. For the southern part, two of the alternatives begin with the
shortest routing to Bjerkvik. The difference between the two is essentially whether to add
six kilometres to the route to reach an additional station; Sjgvegan, or to go straight

through the Salang valley east of it.

Nature conflicts remain important®!, and one can here add cultivated land as a new one,

as that only constitutes about three percent of Norway’s total land area, and even less in

31 However, nature conflicts are somewhat smaller in strength northwards than southwards from Narvik,
depending on routing selection.
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northern Norway. Furthermore, the shortest routing crosses several Norwegian Armed
Forces’ shooting and practicing fields around Setermoen.®? The routing via Sjgvegan

avoids this, but instead crosses protected waterways.

Table 3: Stats for each alternative routing on the sub-sector Narvik-Andselv (NSB, 1992).

Routing Salang valley | Sjgvegan Bjornefjell | Tornehamn “Tunnel-free”
Length 95 km 101 km 128 km Over 128 km | 97 km

Travel time 43 min 47 min 80 min Over 80 min | 44 min
Tunnel share | 63 % 59 % 50 % 44 % 40 %

The alternatives via Bjgrnefjell and Tornehamn go via Sweden, as they attach to
Ofotbanen east of its terminus in Narvik. The Bjgrnefjell option would just cross into
Sweden for a few kilometres without stopping, but would increase the journey time of
Nord-Norge-banen by over half an hour. On the other hand, it would reduce travel times
for traffic from and into Sweden, and is significantly cheaper and technically simpler than
the domestic options. It is of particular interest if only the stretch from Narvik to Tromsg
IS to be built, which is referred to as K2, or K3 if including the side-arm to Harstad.

The Tornehamn option would include Tornehamn as a sole Swedish station, but has no
obvious advantages over Bjgrnefjell apart from a few minutes shorter travel between
Sweden and northern Norway and a slightly lower tunnel share. Furthermore, as well as
being a way longer route for domestic travel, its nature conflicts are bigger than for the
Bjarnefjell option, so it seems as if Bjgrnefjell would be preferable amongst the two, at

least if the stretch from Fauske to Narvik also is to be built.

Anyway, both “Swedish” alternatives impose major nature conflicts, partially on the
Swedish side of the border. Both alternatives would cross so close to Vadvetjakka
National Park that a law-change or exemption from the Swedish parliament would be
needed in order to construct the railway there. Furthermore, the Norwegian Armed Forces
are sceptical towards choosing a routing that goes via another country, as some of the

arguments in favour of the line relating to national preparedness would then disappear.

Adding to this is the fact that the part of these routings already built is dimensioned for
70 km/h, while the assumption of a geometric standard of 200 km/h is used for the whole

line. The costs to achieve this are not included in the cost estimate, with the exception of

32 The report adds that minor changes in the routing is sufficient to avoid this.
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a coverage contribution to the operation costs of the pre-existing part of the stretch. The
report therefore describes it as potentially “mooching on Sweden” somewhat by making
Sweden carry the costs of this upgrade — or if it were not to happen, the benefits are
overrated as the attractiveness is reduced, or alternatively costs to upgrade should be

included into the equation.

While these matters reduce the feasibility of the “Swedish” routings, their low tunnel
share and potential in reducing costs make especially the Bjernefjell option very
interesting. Still, they include too much risk for the report to choose either as the
“representative” one, and as the “tunnel-free” option cannot be chosen, what remains is
to choose between the two first mentioned routings. They are seen as similar; the one
including Sjgvegan gives slightly more passengers, but is also slightly longer and more

expensive, so the other one via the Salang valley is chosen.

Four alternatives were considered including the tunnel-free one, which “only” includes
27 % in tunnels for this stretch, the lowest for any routing of any sub-sector of Nord-
Norge-banen. See Figure 4 above for a map over the alternatives.

Table 4: Stats for each alternative routing on the sub-sector Andselv-Tromsg (NSB, 1992).

Routing Nordkjosbotn Storsteinnes Malsnes “Tunnel-free”
Length 114 km 96 km 75 km 79 km

Travel time 44 min 38 min 28 min 29 min
Tunnel share 45 % 53 % 75 % 27 %

The routing via Malsnes is seen as less relevant due to uncertainties regarding a 33
kilometres long undersea tunnel, which also significantly increases the tunnel share. The
Nordkjosbotn alternative is on its side less attractive due to its length, but the report adds
a potential for efficiency-enhancement through coordinating with the plans for a new E8
road on parts of the stretch. This road was finalised in 2000 and is thus less relevant today.

The Storsteinnes alternative is both shorter and a bit cheaper than the Nordkjosbotn one,
and also reaches a higher passenger potential. It has therefore been chosen for the cost-
benefit estimation, but the report notes that the choice of routing is especially difficult
for this stretch, and that a different weighting of aims could give a different outcome. For

instance, Nordkjosbotn is more suitable for a freight terminal than Storsteinnes. It is also
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clear that the “tunnel-free” option is of particular interest for this stretch, which the report
also states — inter alia by being significantly shorter than the chosen one. The whole
stretch from Bodg to Tromsg as described above is referred to as K4 and K5 without

and with the side-arm respectively.

The K1 routing is 181 kilometres long, 71 % of which is in tunnel, and the cost estimate
1s 6952 million NOK valued in 1991. The “tunnel-free” alternative adds 18 kilometres
and 1901 million NOK, and reduces the tunnel share to 53 %.

For K2, the chosen corridor is 191 kilometres long, has a tunnel share of 48 %, and costs
7680 million NOK. The “tunnel-free” option is “just” 431 million more expensive, and

reduces the tunnel ratio to 34 % and the length of the stretch by 15 kilometres.

All in all, the “tunnel-free” option appears to be a more realistic alternative along K2 than
along K1. The chosen routing (excluding Bodg-Fauske) is 372 kilometres long, while the
shortest possible routing is 349 kilometres, and the tunnel-free one is 375. For the side-

arm, differences to Harstad are almost neglectable in the big picture.

5.4: Aims of building Nord-Norge-banen

The 1992 report includes a cost-benefit analysis, but is not limited to this. In fact, the cost-
benefit estimates and discussions constitute only a small portion of the report. However,
it is constructed such that only rather direct effects are included in the cost-benefit
estimates, while all non-quantified impacts, such as the nature consequences, are
discussed extensively — yet separately. While such effects are presumably accounted for

in choosing this routing®®, they are not accounted for in the estimates themselves.

Instead, a benefit-cost ratio of at least one is seen as one of several aims, while
environmental and societal considerations are seen as separate objectives outside of the
formal estimation. Further specified aims that are not explicit parts of the cost-benefit
framework are amongst others technical feasibility, preservation of the settlement pattern
and corporate-economic profitability, or in other words profitable operation for

whichever firm runs the passenger and freight transport once the line is built.

33 The report states that the presumed benefit-cost ratio is the basis for this choice. However, the choices
made are partially argued for by reasons not captured by this ratio.
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The technical feasibility is viewed as fulfilled for all considered routings, though
challenges are significant for some and smaller for others. Preservation of the settlement
pattern can be rewritten to prevention of or counteraction against the general urbanisation
across the globe. Following this objective, it is evident that any routing of Nord-Norge-
banen goes against this within the region by making the city areas relatively more
attractive. On the other hand, it makes the region as a whole — which overall is more rural
than the rest of the country — more attractive for people and companies. Furthermore, it
can increase the geographical area around the largest cities from which commuting

becomes commonplace, so the net urbanisation effect is uncertain.

For the operation profitability, the report assumes that it is Vy’s 3 profitability that
matters. Since the report came out, the railway traffic in Norway has become exposed to
competition, so it may equally well be a different company, such as the Swedish company
SJ or the British company Go-Ahead, which runs on other domestic stretches as of 2023.
This is less relevant for the outcome, and if anything, one could imagine a higher

profitability with than without this competition.

The 1992 report has estimated operation profitability for passenger and freight transport
individually. The report has not managed to include additional costs and benefits for
transit through Sweden, which is particularly important if only building the northern half
of the line. To implicitly account for this, a separate estimate was made for a hypothetical

common Nordic railway company.

The report assumes that high-speed railways are constructed north of Stockholm in
Sweden, but also makes a separate estimate for a case where this has not happened. As it
has partially been done, a result somewhere between the two seems most realistic as of
today. Further central assumptions include an average ticket price of 65 % of the standard
(second-class) ticket price due to many passengers being subject to discounts, and an

increase in real prices of 22 % from 1990 to 2030.

It is concluded that K5 is profitable in operating passenger traffic, with a present value of
21 million NOK, based on the at the time used assumption of a seven percent yearly

discount rate and an analysis period of 25 years from the initiation of operation.

3 Vy is the current name of Norway’s government-owned railway company, changed from NSB in 2019.
Vy is a word most used in Sweden and translates to view.
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Furthermore, while the other concepts are deemed non-profitable based on this
methodology, the current discounting practice would all else equal deem K3 and K4 as
profitable too, with internal rates of return of respectively 5,2 % and 5,7 %. K2 could be
too depending on the set project lifetime, while K1 is clearly non-profitable when it

comes to passenger traffic operation.

An element described as an important advantage of Nord-Norge-banen in comparison to
most other railway stretches is that potential passengers are well spread out along the
route, yielding a good capacity utilisation. An opposite example used is local routes
to/from Oslo, which tend to get fewer and fewer passengers as they drive from Oslo

towards their other terminuses.

Express freight carried in passenger trains is counted as part of the passenger operation
profitability, and so is the sales on-board in form of food and drinks. They add up to
about four percent of total income. Costs are divided into direct operation and
maintenance costs, share of common costs, changed costs for other lines as a result of

more (or less) traffic through them, and capital costs for trains and stations.

Notably, parts of the income come as a result of transfer of traffic from the railway today
going via Sweden. If including this reduction to the equation — which would also make
sense to at least partially do in a firm analysis as of today, since Vy operates on just this
line — results are less positive, with incomes being reduced by roughly 20-25 %. This
reduction is slightly higher for K1 —and lower for K2 and K3, as they would still be based
on transit via Sweden. Thus, K2 and K3 would be deemed relatively better with respect

to the other concepts than what the current internal rates of return imply.

For the alternative without high-speed trains towards Stockholm, profitability is slightly
higher, presumably due to more transfer from these non-domestic lines in such a case. In
other words, it seems like the two lines are substitutes rather than complements. This
implies a slightly improved profitability, but differences in income are less than ten

percent, and again, it could make sense to account for the reduced traffic of Swedish lines.

Possible fees to operate on the line are not included on the cost side as it is a transfer
between sectors rather than a change in resource usage. Potential ticket sales from certain
public institutions is not included on the income side. High-speed lines on the rest of the

domestic railway are not assumed. In case of this, the number of passenger kilometres on
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the line would nearly double, and K1, K4 and K5 would become more profitable, but

again partially at the “cost” of a larger reduction in traffic via Sweden.

For freight transport, the report assumes a large efficiency-enhancement in the reference
alternative without Nord-Norge-banen, which the other concepts are evaluated against.
This is called KO, and the additional income and costs per year for K5 with respect to KO
Is estimated to respectively 38-44 and 25-29 per year, giving a net result of around 15

million NOK yearly, somewhat increasing in current values over time.

These are small numbers in comparison to the passenger amounts, which gives
corresponding incomes and costs of well over 200 million on each side of the equation.
Apart from the Nord-Norge-banen-independent improvement in the freight service
offered, the nature of railway freight transport is mentioned as an explanation for the
relatively low impact of freight transport.

In particular, railway freight is ideal on medium ranges. On shorter stretches, trailers that
reach the final destinations are more practical,® while shipping is cheaper on longer
stretches. Thus, the only real new stretch of railway freight transport the line opens for,
is Bodg/Fauske-Tromsg. It also opens for extending current lines somewhat, but the effect
of this is limited, especially since the “Swedish” line to Narvik already exist and time
savings of using the domestic line would be limited if at all existing, depending on the
specific origin of the goods and future development of other railway lines. The
unevenness in direction of freight is also mentioned as a negative factor for the impact of
Nord-Norge-banen; though there have been changes since 1992, imports suitable for

railway freight were described as significantly larger than exports, for northern Norway.

Since freight impacts are relatively low, the report researches passenger traffic more
extensively than freight transport. A clear example of this is that passenger stations are
given precise cost estimates, while freight stations have simply been categorised and costs
have been set to either 20 or 40 million NOK based on this.

However, the cost side of operation of freight transport is small too, so in terms of present
value, K4 and K5 show positive present values, with estimates of respectively 31,3 and

29,9 million. K2 and K3 are clearly negative, while K1 is just under the break-even result.

35 Some larger firms would however construct smaller side-arms to be reached fully by railway.
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Transport to and from main terminals are excluded from the estimates, while operating
fees here are included. General costs such as traffic control are not assumed to be affected
as the number of extra trains is low. Such costs are however included for the passenger
operation profitability estimates. The price level is assumed equal in Norway and Sweden,
which can be said to be a simplification. Locomotives and carriages are expected to have
a lifetime of respectively 25 and 15 years, and terminal equipment eight years.

It may also be noted that the freight volume is based on a survey to companies that was
based on higher freight prices than what is used in the final estimates of costs. If the latter
is descriptive of reality, volumes and thus incomes will be underestimated, while if the

former were to be correct, cost estimates are too low.

Separately from the main estimate, it was also found that Nord-Norge-banen could save
the transporting firms about 28 million NOK per year if comparing to a situation where
these firms would otherwise have to complete the transport of freight destined further

north than Bodg/Fauske along the road.

The various objectives are not explicitly seen in relation for the different alternatives, so
the report has for instance not viewed the operation profitability in relation to the nature
conflicts or the cost-benefit present value, despite stating each of these aspects as
individual objectives. Thus, the report does not really take a clear stance on neither the

societal viability in general, nor which alternative is the superior one relatively speaking.

5.5: Cost-benefit estimates

The numerical estimates of the benefit-cost ratios and present values sum up the total
effect of all monetary aspects. Recall that concepts one and two were respectively the
southern half of the stretch; K1, and the northern half of the stretch; K2. K4 is the sum of
them, while K5 is K4 plus the side-arm, and K3 equivalently is K2 plus the side-arm.

The benefit-cost ratio of the whole stretch from Fauske to Tromsg is estimated to be
slightly higher if including the side-arm; 0,67 for K5 against 0,63 for K4. The report
therefore concludes that if the whole project is to be realised, the side-arm should be part
of it. However, if only completing the northern part, the implicit conclusion is the
opposite; 0,98 for K3 against 1,15 for K2. Thus, it appears as if the side-arm is only worth
building if the whole rest of the line is built too. Furthermore, in absolute numbers, the
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present value is higher without than with the side-arm even if fulfilling the whole stretch;
the present value of K5 was calculated to -2699 million NOK valuated in 1991, while the
corresponding for K4 was -2522.

Table 5: Present value in million NOK valued in 1991 (NSB, 1992). Several cost elements are

accounted as negative benefits, so the cost side really refers to infrastructural costs, while the benefits

are net of other costs. Gross costs and benefits are thus both larger than what is used in the report.

K1 K2 K3 K4 K5
Benefits 1904 4428 4912 4333 5435
Costs 3626 3853 5028 6855 8134
B-C -1722 975 -116 -2522 -2699
B/C 0,53 1,15 0,98 0,63 0,67

As the ratios clearly indicate, the northern part of the route is more called for than the
southern part, to the extent that only completing the stretch from Narvik to Tromsg — in
effect then extending the railway from Sweden without connecting it to the national
network — is deemed societally beneficial, by a margin of 575 million NOK. The other
benefit-cost ratios are below one, with K1’s one being estimated to 0,53, further

consolidating the view that the southern part is less preferred than the northern part.

So how much is 575 million NOK of 1991 in today’s value? According to Norway’s CPI,
today’s price level is 208,4 % of the one of 1991. Nevertheless, as long as the present
value exceeds zero, it indicates that this part of the project should be realised, unless
significant non-quantified aspects tell otherwise — which nature aspects largely do. This
is also exemplified in the report as effects that the cost-benefit equations do not include.

All estimates are also uncertain within the aspects they consider. The report states that
their given task is to give estimates within a +/- 30 % uncertainty range, but that even this
cannot be said to have been managed, largely due to lack of comparable high-speed
railways in areas populated as sparsely as northern Norway, which not least give uncertain
passenger number estimates. Even well within the 30 % range, K2 may be non-profitable,

and on the contrary, K3 and even K5 may be societally profitable.

The report states that the way KO is set in itself probably exceeds the precision range of
+/- 30 % that the estimates should be within. Significant improvements were assumed for

the Swedish railway network, while only “smaller” improvements were accounted for
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domestically in Norway. In particular, a travel time reduction of 90 minutes between
Fauske and Oslo is accounted for in KO. Notably, the timetables from 1992 are practically

the same as the current ones, so the assumed 90-minute reduction has not been reached.

KO is for analysis-technical reasons set to “open” in 2003, since KO itself includes
significant improvements and investments, especially in the sphere of freight transport.
Furthermore, the report notes that parts of the costs and benefits for KO are missing in
the estimations, so that one cannot directly compare benefit-cost ratio estimates under
different KO assumptions. It also noted that KO could account for a modernisation of the
north-south railway all the way to Oslo in case of Nord-Norge-banen, as the benefit of
this would improve by realising Nord-Norge-banen, and oppositely that the benefit of
Nord-Norge-banen is clearly dependant on the travel times for longer distances.

This would include electrification from Bodg to Trondheim and significantly improved
geometric standard for almost the whole stretch. It would be costly, but also make it
possible to run a night train all the way from Tromsg and/or Bodg to Oslo, similar to the
one that today goes from Narvik to Stockholm, and more generally make longer travels
way more attractive. Specifically, it would reduce travel times from Bodg to Oslo from
about 17 hours to eight hours, assuming the proposed “Nord-Norge-banen-standard” all
the way to Oslo. According to the analysis, this would increase the passenger kilometre

amount by 88 %.

On the cost side, investments related to the track, stations, freight terminals and trains are
included. Maintenance and operation costs for the track as well as passenger and freight
traffic are also included. Transfers between sectors, such as fees paid from the operator
to the government, are irrelevant in this sense (though it could be relevant in a broader

sense); changes in resource usage are what the cost-side measures.

The first budget item is infrastructural costs. The depreciation time is set to 40 years,
and the present value of this is -8134 million NOK for K5.%® For the next item; station
buildings, the depreciation time is set to 30 years. Meanwhile, the project period is set to

25 years starting from the year when the last leg of the stretch is opened®’. For passenger

3 The minus sign reflects that it is a cost; the present value is given as its benefit for all elements.

37 This is a matter of simplification of the analysis. Formally, the right thing would be to ignore benefits
and costs of earlier opened sub-stretches once they have operated according to the set analysis period. Due
to the high discount rates, these years are anyway valued very low, so it makes little impact on the result.
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trains as well as freight locomotives, 25 years is exactly the estimated depreciation time,
meaning that one within the project period assumes zero reinvestment costs but also zero
remaining value of the trains at the end of it. It is assumed that two thirds of the costs are

paid in advance of delivery. This adds up to a present value of -441 million NOK for K5.

For all elements with other depreciation times, the remaining values at the end of the
project period are included in the equation as residual values. The discount rate is seven
percent also here, and one has assumed that the extra costs related to wage rises over
time are exactly outweighed by efficiency-enhancements. Furthermore, impacts
occurring south of the influence zone of the railway are not evaluated, neither on the
cost nor benefit side.

Operation costs include everything from wage payments to energy consumption and
marketing costs, and sums up to a present value of -967 million NOK. Maintenance costs
are also included and assumed to increase year by year, but are small relative to the cost
side as a whole, with a present value of -284 million NOK for K5.

Six benefit types were estimated. Firstly, saved resource usage, which is based on the
assumption that most of the traffic is transferred traffic from the road, sea or air, and that
the capacity of these alternative transportation methods are equally efficiently used after
the construction of Nord-Norge-banen as they were before it. Reduction in maintenance
costs of roads, airports and ports are also included. The report mentions that this may not
be the case, as capacity will need at least a transition period to customize to the presumed
reduction in say bus travel. Thus, this benefit element may be overpredicted.
Nevertheless, the present value of resources saved is estimated to be 4216 million NOK
for K5, and not much less for K3, with 3784 million NOK.

The time saving for travellers is large unless the second-best alternative for them (the one
they prefer using as of today) is flying. From city centre to city centre, Nord-Norge-banen
would be competitive with flying even timewise for intra-regional trips; trips that start
and end along the currently non-existent line. Based on a survey, the value of a saved
hour was estimated to 33,5 NOK for commuting to and from work, 19,14 NOK for other
private travels, and 128,24 NOK for business travels. This yields a present value of 661
million NOK of saved time for K5.
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Based on accident statistics from 1989 for various transportation methods in Norway
along with set “costs” for accidents with injuries and deaths — where the immaterial
costs make up the vast majority — accident costs per passenger kilometre are estimated for
each mode of transport. While differences “only” range from 0,02 to 0,06 NOK per
passenger kilometre between bus, boat, plane and train, cars exhibit an “accident cost” of

0,32 NOK per passenger kilometre.

The immaterial cost of an accident with fatalities is for instance set to 3,1 million NOK.
After today’s standards, this seems very low even after adjusting for inflation. One could
however say that the very significant reduction in particularly road fatalities, but even the
improvement in air traffic safety, counteracts this, as the comparative advantage of trains
safety-wise is lower now than then, at least in absolute numbers. For instance, the report
refers to 400 road traffic deaths per year in Norway. The past years, 100 has been a
precise estimate. Nevertheless, the present value estimate is modest at 108 million NOK
for K5. For K1, the effect is even negative, with a present value of -8 million NOK.

The emission reduction relies on the lifetime of the project, as emissions will be increased
during the construction period, while the benefits come thereafter. The analysis does not
weigh emissions differently for different years, apart from the fact that the values of
emissions, set to 1100 NOK per tonne of CO2 equivalents, are discounted just like all
other aspects. The report therefore denotes that while K5 implies a net reduction in
emissions after 25 years of operation, the present value of emission effects is negative.
The latter is the same for all concepts, with K3 being most negative at -302 million NOK.

K5’s present climate value is -249 million NOK.

The value of new established traffic refers to the traffic made beneficial by the
construction of the line, either by changing the destination of a journey or inducing a trip
that would not have been made without the line. Due to this extra traffic, the reduction of
resource usage is lower than the added transport capacity, and so it limits that benefit.
The value of the new traffic is however a benefit in itself, as the extra journeys are made
because the benefits of doing them exceed their costs from a passenger’s point of view.
This benefit value is the gross benefit of the journeys, as their costs are part of the cost
estimate. The present value of it is 852 million NOK for K5, and notably almost equally
big with 645 million NOK for just K1; the southern sub-stretch yields most new traffic.

The efficiency-enhancement benefit is based on the experience that prices for all

transportation modes tend to drop significantly in areas where the railway is a competitor.
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Most of this price reduction has according to the report been shown to be a result of
efficiency-enhancement rather than reduced profits, so one could in a way view even this
effect as a resource usage reduction. Other methods could principally give the same effect,
but the report-makers argue for including this to the benefit of the line, as “external
pressure” is needed to achieve the effect in practice. It is however not included for the
electrification of the stretch Bodg-Fauske. The size of this benefit is significant, with a
present value of 1540 million NOK for K5 and 1403 for K3.

The mentioned aspects are all that go into the cost-benefit calculations. Many other
relevant aspects are however mentioned and discussed in the report. They are however
not scaled, neither against the monetary effects nor against each other. A central part of
them are the aforementioned nature impacts which essentially make up a long list of
arguments against building the line. It also includes positive impacts such as in practice
improving the selection of schools and such by allowing for commutation over longer
distances, and improving the possibilities to increase contact between people in the

region, both for individuals in their spare time and from a firm perspective.
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Chapter 6: Assessment of existing cost-benefit
analyses of Nord-Norge-banen

6.1: Objectivity and uncertainty

The fundament of cost-benefit analyses is that it allows for objective comparisons
between different alternative projects, and between performing a project and not doing
so. However, within this methodology, many assumptions and choices must be made.
Some assumptions are based on public guidelines, such as the discount rate, and some
choices are clearly sensible and logical, such as assuming zero-emitting operation of the
line. However, many aspects of the report are discretionarily chosen, and will thus be

subjectively decided, even if following the methodology and performing thorough work.

One could argue that setting NSB as responsible for the investigation conflicts with the
objectivity presumption, either through interests of NSB as a train company, or through
the interest of their employees — if so a principle-agent problem. Similar arguments could
apply to the Norwegian Railway Directorate, being responsible for the 2019 update. There
is no obvious sign that this is the case here, and most of the sub-reports that creates the
basis for the main reports have anyway been created by external firms; the train
company’s and railway directorate’s task has mainly been to compile their results. There
have anyway been claims that particularly the update is unreasonably negative towards

the project, which has been denied by the directorate (Kampevoll, 2019).

Subjectivity need however not mean that report-makers on purpose make the project seem
more or less societally beneficial than what the case really is, but in this context rather
means that the uncertainty is substantial due to the significance of the discretionary
choices made. The high uncertainty is also noted several places in the report, and is thus
an issue to the extent the conclusive estimates are perceived as conclusions rather than

the rough estimates they actually are.

There is nevertheless one strange inclusion in the cost-benefit estimates; prior planning
costs. As mentioned, these costs are “sunk”, but are still included from 1991 onwards in
the report, effectively adding the costs of creating the report. In retrospect, it can make
sense to add all planning costs throughout time to find out whether the project ended up

being profitable or not, and thus whether it should have been investigated or not in the
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first place. The issue is that one never reaches this point without doing just this initial
investigation to begin with, which will necessarily imply sunk costs for any investigated

project.

It would therefore be appropriate to subtract these costs from the cost-side of the equation
when today making a decision on what the future action should be. The required funds to
investigate was estimated to 16,2 million NOK in 1991, and the cost-benefit analysis has
budgeted with respectively ten and six million NOK in planning costs for 1991 and 1992,
S0 one can assume the sum to reflect the costs of the investigation. The high discount rate
makes the relative weighting of these costs high. Still, planning costs makes up a
relatively small proportion of all costs; as this sum is centred around the base year of the
present value calculation, one can say that all concepts should be given an about 16

million NOK higher present value.

Concerning the discretionary assumptions made throughout the report, it is clear that the
researchers have been concerned not to overestimate various benefits, several places
mentioning that the numbers used in the estimations are “conservative”. One example is
the passenger estimate, which is investigated in sub-section 6.3.5. Several sensitivity
analyses have been made to account for the possibility of imprecisions. These alternative
estimates further show how uncertain many estimates are; the 2019 update for instance
looks at a case where air travel is twice as expensive as in the main estimate, since it is

very uncertain how future climate fees and other cost elements of flying will develop.

Finally, some assumptions have simply turned out to be wrong. While this does not
necessarily mean that the assumption was unreasonable to make back then, it means that
the outcome of the analysis would have been different had one known about the future
back then. One example is that the report assumes that no more airports will be built
within the predicted influence area of Nord-Norge-banen. Although formally remaining
true, a new large airport is under construction and set to open in 2027, close to Mo i Rana,
slightly south of the influence area. This may affect the attractiveness of alternative modes
of transport for those travelling southwards from the influence area, particularly those

heading to Trondheim or Oslo.

For several reasons pointed out by the report itself, the investigation was more susceptible
to errors and imprecisions than most others. One explanation is that the railway has no

obvious comparison that is similar in all aspects. No other similar railway has been
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dimensioned for such high speeds while at the same time being built in such challenging
terrain and at the same time along a routing with that few people living and firms
operating nearby. Therefore, extra margins of costs have been included, for instance in

estimating the costs of very long bridges and tunnels. Still, the uncertainty remains.

Another reason for the high uncertainty is that the project would be built very near to or
potentially even partially on the other side of the border to another country. This is of
course not unique for this project, but still gives extra challenges when analysing costs
and benefits. One part of it is technical: National statistics are not always harmonised
between countries, so international effects may remain un-captured, or if relying on

several non-harmonised statistics, uncertainty anyway rises.

This is mentioned as a problem in the report, and internationalisation of relevant statistics
and/or an international system for cost-benefit analyses would make investigations more
precise and coherent. The latter would also be an improvement for international
organisations such as the EU, who contributes to the financing of various projects; it
would give them more objective information to help in ensuring that the most societally

beneficial projects are the ones being supported.

The other part of challenges induced by the international aspects are mostly practical and
political; who should pay what and whose benefits should be taken into account? For
instance, is it appropriate to account for another country’s (dis)benefit of a project if that
country does not contribute to the project? Also, would it be reasonable to compensate
another country if a project disbenefits them, or in the opposite case try to force them to
contribute to the project? These questions would be easier to handle if one had a common
system for projects with international aspects and/or an international (public) company
that could be responsible for such projects. The 1992 report has assumed Sweden to pay
for most of the upgrades needed on Malmbanan to be able to use those tracks, while at
the same time including the benefits of Nord-Norge-banen that comes as a result of

transfer from and thus disbenefit of that line, arguably seeming unfair and unrealistic.

The 1992 report mentions societal profitability as well as corporate profitability for
passenger as well as freight operation as separate objectives. While K2 is the sole fulfiller
of the former, K3 through K5 gives higher operation profits, while K2 has an internal rate

of return of 3,6 %. Thus, these aims are conflicting with regards to choosing concept.
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Technical feasibility and consequences for society and the environment are other
mentioned objectives. In particular, an aim of keeping the somewhat spread settlement

structure is set as a general societal goal. This can be said to be in conflict with the railway.

On the contrary, this aim is a subjective and political aim explicitly being outside of the
cost-benefit methodology, albeit being mentioned in the report. According to the theory
of agglomeration, urbanisation and localisation economies, urbanisation is a net positive
factor for society up to a certain population and population density, where the negative
congestion effect takes over as being larger (Todaro & Smith, 2015). Under this theory,
this effect of the railway is arguably positive overall. It however relies on pure
monetarised economic aspects such as production efficiency, while less measurable

effects such as cultural tradition may explain the set goal of spread settlements.

The 2019 update adds that the Norwegian national transportation plan includes the three
overall main goals of improving accessibility for people and goods all over the country,
reducing transport accidents in line with the vision of zero traffic fatalities, and to reduce
climate gas emissions to induce the transition to a low-emitting society while also
reducing other environmental consequences. It states that Nord-Norge-banen would make

Norway able to handle future domestic and international environmental regulations.

These aims in sum shows how the cost-benefit analysis only gives part of the answer of
how feasible a project is. Said another way; in addition to non-monetary effects, different
effects have been assigned subjective value on top of the objectively assigned value
within the cost-benefit estimates, and some values will in practice depend on who the

payer of a cost or the receiver of a benefit is. Chapter 7 will come back to that.

6.2: The cost estimate

It is a common conception that cost estimates tend to be underpredicted, so that projects
end up costing more than planned. There are many grim examples showing how this can
be the case, such as Follobanen (the Follo line). The line first opened in December 2022,
has reduced travelling times from Oslo to nearby city Ski from 22 to eleven minutes, and

ended up costing about 37 billion, after being estimated to 26,3 billion in 2014.

A more similar project to Nord-Norge-banen has faced some of the same challenges,
namely Botniabanan (the Botnia line). The project ended up costing 73 % more than what
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was estimated in 1996, and operation costs also turned out to be underestimated
(Riksrevisionen, 2011). The construction costs were however “corrected” relatively

early 38

in the construction phase — though after one could realistically abort the
construction that started in 1999. Excesses also seem to become the case for
Norrbotniabanan (the North Botnia line) that is currently under construction. The current
cost estimate is 40 billion SEK (Swedish crowns) valuated in 2021, while the cost of
Botniabanan ended up being just over 15 billion SEK valuated in 2010. Inflation- and
currency-adjusted to 1992-NOK, this is equivalent to roughly 28,9 and 12,3 billion,

respectively, and the track lengths are 270 and 190 kilometres.

However, the Norwegian and Swedish methodologies are not exactly equal, and these are
just single projects. Research checking the conception against various Norwegian
transport and infrastructure projects, found that many projects indeed are more costly than
initially predicted. However, this seems to mainly be applicable to the initial estimates,
which are encumbered with significant uncertainty and lack of knowledge (Welde et al.,
2014). As research in the later stages of the planning process is done, precision increases,

and the skewness in estimates against actual costs decreases if not disappears.

A similar report goes through 78 of the largest finalised infrastructure projects, the
majority of which being road projects in Norway since the turn of the millennium, and
compares their actual costs to the final estimates given prior to political approval of
financial grants (Welde, 2017). There are given two separate cost estimates for each
project, each accounting for the estimated uncertainty. One is the so-called management
framework that gives the predicted cost by taking the median — or 50" percentile; P50 —
of all uncertainties. The other is the so-called cost framework, that accounts for the
possibility of excesses by taking the 85" percentile (or some other value way over P50),
in theory implying that 85 % of projects should turn out to be cheaper than this estimate.

The report found that 47,5 % of the P50 estimates were above the actual cost, and that the
cost on average exceeded P50 by 2,3 %. 77 % of projects ended up cheaper than the cost
framework estimate (Welde, 2017). While not being perfect, it shows that final cost
estimates on average are rather precise. The deviation was not even found to be
statistically significant, and if excluding projects located in cities, deviation is instead
negative, with projects on average ending up 2,1 % cheaper than the P50 estimate.

38 In particular, an updated cost estimate from 2003 was met until the opening in 2010.
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While the 1992 report is obviously not the final one, it is not the first one either, and it
relies on extensive research and knowledge. Thus, there is reason to believe that the cost
estimates would be relatively precise if the railway were to be built according to the
assumptions made. This would however mean finalisation by 2007, and today’s
regulations are much stricter and prices higher; cost estimates will still be underpredicting
the costs of going forward with the project now, also after accounting for inflation.

Specifically, the 2019 update gives a P50 estimate of 133 billion NOK valued in 2019 for
K5. The corresponding estimate was 17,6 billion in 1992, which is about 31 billion NOK
valued in 2019. Thus, expected costs have massively increased since 1992, and although
the expected benefits have too, the former has increased relatively more than the latter —
the project is less societally beneficial now than then, according to the benefit-cost ratios.
The update also cost-estimated the “tunnel-free” routing from 1992, which was deemed
to be about seven billion NOK more expensive. Overall, no concepts reached a positive
present value in the 2019 update.

Going back to the cost estimates of Botniabanan and Norrbotniabanan, it however
becomes clear that the most recent cost estimates of Nord-Norge-banen are very high in
comparison. Adjusted to 2019-NOK, the cost of the former became 21,5 billion, while
the cost of the latter is set to become 50,5 billion according to the last estimate. The price
per kilometre is then respectively 113 million and 187 million, as opposed to over 300

million for Nord-Norge-banen according to its most recent cost estimate®.

A part of this difference is natural; price levels are overall higher in Norway than Sweden,
the topography to build in is more challenging, and regulations and standards have
become stricter. This latter aspect also explains a big part of why the stretch currently
being constructed is set to become more costly than the already built one in Sweden.
However, it also shows that there is potential for cost savings. A report finds that Swedish
investigations overall are more focused on finding solutions that yield a positive present
value than Norwegian ones*°, so that prioritising this higher could potentially give higher

estimated benefit-cost ratios, inter alia via cost reductions (Welde et al., 2013).

39 The exact value depends on different factors. Based on the routing assumed in the 1992 report and the
costs estimated for this routing in the 2019 report, the kilometre price becomes 304 million. This does not
include the side-arm and ignores that electrification of the pre-existing stretch is included in the cost
estimate.

40 See chapter 7 for an explanation of why this may be the case.
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As mentioned, most costs are accounted for in the cost-benefit calculations by subtraction
from the gross benefit. This affects the cost-benefit ratios as explained in chapter four,
and so it could be interesting to compare how these ratios would be, had more of the
positive present values been seen as benefits. This because the report explicitly
recommends a concept with a more negative present value over a less negative one,

referring to the benefit-cost ratios as a main basis of the recommendation.

Table 6: A restatement of Table 3 (NSB, 1992), showing the reported estimates.

K1 K2 K3 K4 K5
Benefits 1904 4428 4912 4333 5435
Costs 3626 3853 5028 6855 8134
B-C -1722 575 -116 -2522 -2699
B/C 0,53 1,15 0,98 0,63 0,67

In particular, K5 was recommended over K4, as the side-arm has a higher B/C ratio and
imply no significant relative differences in the relevant impacts that are not part of these
estimates. Below follows an equivalent table, but adding more positive impacts as
benefits and more negatives as costs.

Table 7: Present values and benefit-cost ratios in case of an alternative accounting of costs and
benefits (Own compilation).

K1 | K2 | K3 | K4 | K5
Benefits:
Reduced resource usage 1417 3256 3784 3307 4216
Value of saved time 156 328 414 529 661
Value of accident reductions™ -8 87 104 86 108
New established traffic 645 487 592 707 852
Efficiency-enhancement 528 1214 1403 1216 1540
Sum of benefits: 2746 5372 6297 5845 7377
Costs:
Emissions* 115 86 302 97 249
Operation and maintenance costs 348 382 493 812 967
Operation material costs 255 354 416 375 441
Track maintenance costs 115 122 174 229 284
Infrastructural investment 3626 3853 5028 6855 8134
Sum of costs: 4459 4797 6413 8368 10075
B-C -1721 575 -116 -2523 -2698
B/C 0,62 1,12 0,98 0,70 0,73

41 For K1, this is accounted as a cost as the present value of the impact is predicted to be negative.
42 This is considered as a cost even though the climate benefits in terms of CO2-equivalents is positive over
the railway’s lifetime, due to also discounting the set value of emissions.
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The absolute values only deviate due to rounding, as they should. However, effects are
quite substantial on the ratios. The largest dispersion is for K1, which goes from a benefit-
cost ratio of 0,53 to 0,62. In general, values tend to adjust towards one by accounting as
done here. This is a natural consequence of setting all values in the equations as positives;
the difference between the numerator and denominator remains the same, but in relative
terms drops as both values increase equally. The relative changes between the concepts
are limited in this case. K4 does slightly converge towards K5 — as one could expect given
that all concepts converge towards each other — but not more than K5 still having a higher

B/C. Therefore, choosing K5 over K4 appears sensible.

One could however discuss the usage of ratios against absolute values on a more principal
level; K4 is still a better choice in terms of its present value. In a case where it was decided
to complete a project, and the cost-benefit estimates reflected all impacts worth
accounting for without any major uncertainties, the monetary value would make sense to

use.

This is not the case here; a negative present value does not automatically imply that the
line should not be constructed, and vice versa. Instead, uncertainties in the estimated
present values increase along with the size of the project, presumably more or less
proportionally — simplified, one can say that the uncertainty is about the same for each
kilometre of railway built. Thus, it makes sense to measure the uncertainty in the estimate
as a relative amount — either as the benefit-cost ratio or the related formulation of net
benefit per monetary budget unit spent. The report also mentions the margin of
uncertainty one should aim to stay within as plus/minus 30 %; a percentage rather than a
sum. Therefore, as there are no clear signs that non-monetary aspects are relatively more
in favour of K4 than K5, it makes sense to recommend K5 over K4 even though the

latter has a less negative present value.

6.3: Effects of a changed world

The world is substantially different now from 30-40 years ago, and the most obvious
change relates to focusing more on climate change. While not being a new topic, its
relative importance in society has increased along with how its consequences have
become more apparent and noticeable. It has for one thing raised the debate about the
railway amongst proponents of it, and for another the weighting of climate benefits

amongst politicians.
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The direct impacts on the cost-benefit practice are limited, but there are some indirect
effects. One of which is that more natural disasters will occur in the future than the past.
This makes public infrastructure less reliable in general, pointing in favour of Nord-
Norge-banen in the sense that having several alternative ways of travel is becoming more
important, but against it in the sense that the railway line itself would become less reliable

—again leading to cost increases to counteract this, and reducing its benefit potential.

Furthermore, climate change vastly affect the preconditions for freight transport,
especially for sea transport. Specifically, sea ice is rapidly melting, effectively opening
new and up to 37 % shorter freight paths for some intercontinental routes (Valenciaport,
2021). This is predicted to massively increase the freight amounts going via the Arctic
regions, both constituting a competitor to Nord-Norge-banen, but probably to much larger
extent a complement, by making it possible to use the railway from all over Europe to for

example Narvik, and from there use cargo ships to reach intercontinental destinations.

Regulations from the European Union are also central, as they as a main rule are followed
in Norway too. One of these is the demand of having possibilities to escape from tunnels
to a secure place for at least every 500 metres, which substantially increases the costs of
the railway (Jernbanedirektoratet, 2019). Another is the mandate of reaching 50 % freight
on railway or sea by 2050, which in itself gives an incentive to construct the line
(Isaksen & Skeie, 2019).

The increased climate focus has also induced more research on and development of other
modes of transportation with an aim of making them more climate friendly. Thus, the
climate benefit with respect to alternative transportation is lower now than in 1992 in
terms of CO2 equivalents. Electrical airplanes are under development, and northern
Norway is seen as a nearly ideal place to test and introduce them, with few passengers,
short distances between airports and challenging weather conditions. Electrical boats are
already in use and are set to be demanded for all new tenders in Norway from 2025
onwards (Ness Tveit et al., 2023). The car park is also rapidly electrifying, and all new

cars are set to be zero-emitting from 2025 in Norway — and 2035 in the EU.

The past years, minority rights — and in Norway particularly Sami rights — have also
become more central. Although there is no unanimous view of Nord-Norge-banen within
the Sami population, there are clearly many sceptical reindeer herding Sami’s, who rely
on large natural areas being as untouched as possible. Around 40 % of Norway’s land

area is legally defined as reindeer area, and Nord-Norge-banen would cross through this
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area on several parts of the line. Thus, realizing the project would require substantial
mitigating measures, and the recent protests regarding windmill facilities in reindeer

areas have shown how this could become a major source of conflict (Norum et al., 2023).

Related to this, it may be noted that the report relies on the assumption that
hydroelectric power production can be scaled up in order to meet the added demand from
building Nord-Norge-banen, without electricity prices being affected. This assumption is
probably less realistic today, such that realisation of the project could imply a need for

building up more power production, implying costs as well as non-monetary disbenefits.

On the other hand, comes the reasons for updating the report in 2019; increased potential
for fish export and tourism, both pointing towards higher benefits of Nord-Norge-banen.
Both wild and farmed fish have been on the rise, and the update has looked at two
separate scenarios for the future rise of it, one referred to as moderate and one called
“increased growth”. The latter is based on a production growth of 94 % in 2030, and 340
% by 2050 for the municipalities along Nord-Norge-banen, compared to the 2019

numbers. This would, all else equal, lead to massively increased freight benefits.

Tourism has increased globally, nationally and even more so in northern Norway. The
1992 report interestingly declares that the railway would not be an attraction in itself, and
that it due to the high tunnel share “will not be the experience for train passengers that it
should have been” (NSB, 1992). It did therefore not carry out an estimation of the tourism
effect of it. The 2019 update on the other hand estimates up towards 115 000 yearly
journeys attached to using the railway as an attraction in itself, by 2030 — and additional

trips of tourists that happen to make use of the line comes on top of that.

The past years, several public programs have also incentivised train travel, and it has
along with the trends of “slow travel” or “slow tourism” helped in increasing the usage
of trains for especially leisure travel. Interrail is as popular as ever (Doyle, 2022), and
several public programs induce train travelling, such as a 49-euro monthly ticket valid
on all regional trains in Germany, and a 90 % discount on many train (and bus) journeys
for everyone under the age of 30 during the summer in Spain. Furthermore, Stavanger
becomes the first major city in Norway to fully finance all local public transport, starting
from 1st of July 2023 (Norheim & Laugaland, 2023). Thus, the attractiveness of the train
as a mode of transportation is likely higher now than in 1992, and will probably get even
higher in the future than now. The question whether this is permanent or will decrease

as airplane travel becomes more climate friendly, remains uncertain.
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There have recently been discussions about expanding Ofotbanen, by making it a double-
track railway. This is related to the high demand of ore from Kiruna, and would thus make
most sense in a case where the same were to happen on the Swedish side of the border.
This option has been discussed in both countries, and a double track eastward from Kiruna
to a port in Luled currently under construction is seen as an alternative. All these
discussions happen irrespective of the potential of constructing Nord-Norge-banen, but it

is clear that these as well as other related projects affect each other.

Overall, the relative valuation of different (dis)benefit components has changed over the
past decades, and today’s arguments for constructing the line differs somewhat from those
used in 1992. Today, the monetary effects give — at least if relying on the 2019 update —
a less positive view of the project, while the non-monetary effects arguably are given
higher value today, both in the sense that they are seen as more important, and that they

are given more space in cost-benefit analyses.

The 1992 report discussed many effects, but neither gives a concept-specific nor general
qualitative rating of them, which is the practice to do today. Whether the net benefit of
these non-quantified effects is positive or negative is another matter, and is not answered
by the report. The same goes for the update, though it notes that their judgment is that the
sum of these effects would not be sufficient to turn any concept profitable.

6.4: Sensitivity analysis

It is apparent from comparing the current methodologic practice to the methods used in
the 1992 report, that they differ. Regardless of whether one sees the changes as being due
to changed societal preconditions or as an improvement of the old practice, it affects the

estimated present values, which this section will show.

The cost-benefit analysis did — in form of a separate report from the main one — use a total
of 16 cost categories and eight benefit categories (including residual values) — or more
formally, raised and reduced resource usage, respectively. As this section aims to look at
the monetary aspects of the cost-benefit analysis in isolation, it concentrates on the
concept deemed most beneficial according to the cost-benefit ratio; K2 from Narvik to
Tromsg, as well as the whole line; K5, by many seen as the most realistic alternatives.
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Unfortunately, only a small selection of the current values for each year and budget item
were presented publicly in either the main report or one of the appended reports. Thus, to
approximate the flow of benefits and costs per year as assumed by the investigation, inter-
and extrapolation as well as some discretionary assumptions has been made. The resulting

data material is shown as an appendix.

Due to it being an approximation, this sensitivity analysis is not directly comparable to
the estimates given by the 1992 report. In particular, the “reference” present value of K2
became slightly too high and of K5 slightly too low, given that the goal was to replicate
the concluding estimates of the report. K2’s present value became 690 million NOK
against the 575 million actually reported, and for K5 the approximated present value
became -3124, against -2698 in the report. The following sensitivity estimates therefore
gives a rough estimate — though no exact conclusion — of the extent that various changes
in variables affect the estimated present values.

Table 8: Approximated present value estimates given in million NOK valued in 1992 under various

discount rates (Own work).

Discount rate K2 approximation K5 approximation

10 % -726 -4099

7 % (as reported) 690 (actually 575) -3124 (actually -2698)
4% 4379 1316

2% 9641 9185

0% 19528 26082

Without discounting, the present value simply becomes the unweighted sum of all current
values. Year for year, this value is obviously negative during the construction period,
while it turns positive from the year of operation initiation for K5 and the second
operation year for K2. Not discounting the future is not commonly practiced, and the
same can be said about discounting by ten percent. A discount factor of four percent is
the current Norwegian practice for projects with lifetimes up to 40 years — such as here
where the analysis period was 25 years — and shows a significant positive impact on the

present value, enough to make K5 societally beneficial according to the benefit-cost ratio.

In general, the lower the discount rate, the higher the present value, and at an increasing
rate; the effect of decreasing the discount rate by a percentage point is larger the lower

the initial discount rate was.

56



The 1992 report is as mentioned based on the back then standard practice of only
accounting for the first 25 years of the operations, and potentially adding residual values
of investments with remaining value after those 25 years. However, any value at that point
in time is discounted to only 18,4 % of its inflation-adjusted value under the 7 % discount
rule, or 37,5 % given a four percent yearly discount. Residual values that appear later than
this will be even heavier discounted. In the rough approximation, the sum of residual
values for instance “only” adds 483 and 713 million NOK in present value for K2 and K5
respectively, despite the fact that particularly the track itself will be beneficial for many
decades past the analysis period. As a comparison, in current values, the estimated
passenger traffic income would alone exceed 712 million NOK for years 26 through 28

for K5, had it been included in the estimates.

Increasing the project lifetime does however only give a limited impact on the present
value; values as the one exemplified above would also be discounted heavily. This limits
the impact of increasing lifetime in the analysis — more the higher the discount rate is set
— but can still be substantial if the current values it adds to the equation are large, as in
this case. Nevertheless, as long as the sum of operation profits and net external benefits
less the public maintenance costs are positive — which they are according to the 1992
report — extensions of the lifetime will increase the evaluated present value, though at a

marginally decreasing rate for each year added.

The current methodological practice is an analysis period of 40 years. This increases the
approximated K2 present value from 690 to 1122 million NOK, and correspondingly
from -3124 to -2706 for K5. For the latter to reach a positive present value, discounting
must approach todays standard; with an analysis period of 40 years and a yearly discount
rate of four percent, the approximated present value of K5 becomes 3622 million NOK,

all else equal.

The effect of adding another year of lifetime under a four percent discount rate scheme is
slightly over 250 million NOK per year starting from the 26" operation year, marginally
decreasing year by year to around 200 million NOK for the 40™" year, and 150 for the
50th. This shows that there are large effects to capture by increasing the analysis period.
At a seven percent discount rate, the corresponding values are 80, 40 and 25. Thus, the
impact of increasing the lifetime is substantially dependent on the discount rate.

Specifically, a lower discount rate gives a larger impact of increasing the lifetime, and
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this discount rate-induced dispersion increases marginally for every additional year that
is added — both in absolute and relative terms.

Both the mentioned present value-enhancing changes have been made in the Norwegian
methodology, and while the 1992 estimates for other apparent reasons will not be precise
in today’s situation, it is clear that the current practice would yield a significantly more
positive conclusion of the 1992 report. It is also worth noting that the cost estimates
account for an expected increase in maintenance costs for the government over time, so

this is incorporated into the equation.

The geographically closest railway to Nord-Norge-banen is obviously Ofotbanen, which
it would attach to in one way or another. While comparing costs is useless due to vastly
different technology and requirements, it is notable that Ofotbanen was opened back in
1902, and is still used more than 120 years later, the last 100 of which it has been
electrically operated. Therefore, it appears sensible to assume a lifetime much longer than
25, and probably also 40 years. It is worth mentioning that Ofotbanen is specifically
constructed for handling heavy freight transport, so that it is not directly comparable to

what Nord-Norge-banen would become.

Still, a recent study investigated 177 Norwegian railway stretches, and found that the
median time operated before the first major reconstruction was about 60 years.
Furthermore, such reconstructions include measures like electrification and larger
technologic installations such as an automatic train stop system made to prevent
accidents. In other words, there is still a large residual value of the railway after 60 years,
and the median time of operation before closure of the line is yet unknown because the
majority of tracks investigated still operates, but is for sure more than 130 years (Tveter
etal., 2022).

The standard analysis period is 50 years in Denmark, and 60 in Sweden and effectively
in Great Britain too (Tveter et al., 2022). The latter two both use a discount rate of 3,5 %,
for Great Britain decreasing to 3 % from operation year 31 onwards (Gjelsten, 2014).
Thus, both the Swedish and British methodology would, all else equal, give higher present
values for Nord-Norge-banen than the Norwegian standard — both in comparison to the
current one, and even more so with respect to the 1992 practice. However, K5 would as

shown above also be deemed societally beneficial by the benefit-cost ratio under the
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current practiced discount rate and lifetime, if basing all else on the 1992 report’s

numbers.

The case of Germany is a bit special, with both the standard lifetime (36 years) and
discount rate (3 %) being set lower than in the Norwegian case (Gjelsten, 2014). The
latter however more than outweighs the former when applied to Nord-Norge-banen, so
German values would yield a higher present value than Norwegian values. Furthermore,
an EU project called “Harmonised European Approaches for Transport Costing and
project assessment” (HEATCO) concluded that a lifetime of 40 years and a discount rate
of 3 % is appropriate (Jkland, 2009).

Not all current practices would however “carry” the present value of K5 above zero.
Danish methodology is based on both a higher lifetime and higher discount rate than the
other Scandinavian methodologies; 50 years and six percent (dkland, 2009). Under the
seven percent scheme, the ten extra years only improves the approximated K5 from -2706
to -2534; no lifetime is sufficient to give a positive present value. Correspondingly, at
four percent, K5 was “already” societally profitable at 40 years. The Danish values would
give a present value of -1156, and is thus more conservative than the Norwegian, Swedish,
German and British practice, applied to this case where benefits largely appear late in the
process.

For K5, a five and a half percent discount rate and 50-year lifetime would give close to a
break-even result with a present value of -162 million, while a five percent discount rate
would yield 1104 million NOK. Respective values for a 40-year lifetime are -604 and 499
million. This highlights how important these two elements are in evaluating a project’s

societal value.

Below follows two tables showing the approximated present values as estimated by the
1992 report at various combinations of discount rates and lifetimes. The latter of them
shows the required discount rates and lifetimes assumed for the present value of K5 to be
deemed positive by the 1992 report.

Table 9: Approximated present values of K2 at different discount rates (horizontally) and analysis

periods (vertically) (Own work).

K2 2% 4 % 7%
25 years 9641 4379 690
40 years 14739 6284 1122
50 years 17 742 7218 1288
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Table 10: Approximated present values of K5 at different discount rates (horizontally) and analysis

periods (vertically) (Own work).

25 years

40 years
50 years

For both tables, values are given in millions 1992-NOK. The bold values denote the
approximated reference alternatives, and the colour markings depict the societal
profitability, where values closer to break-even values than 500 million NOK are marked

in yellow.

Effects of isolated changes in single budget variables can be estimated more precisely
than via the approximation used above, as one may simply scale up or down the present
value of the item as presented by the report. This relies on the assumption that the

percentage change laid as a basis is constant for all years of the analysis period.

An example of such a variable is the value of saved time, being part of the passenger
benefit, which again makes up the largest benefit item in most cost-benefit analyses
(Dkland, 2009). One may claim that the relative valuation of time has gone up since 1992,
since there has not only been a substantial increase in real wages, but also a change in the
relative preference between leisure and income in favour of the former. This is not

explicitly accounted for in the following, but indicates a higher valuation of time today.

The value used in estimations depend both on the mode of transportation and the reason
for travelling. The current Norwegian practice evaluates time spent flying and car-driving
as more important (higher valued) than time spent on buses and trains. Interestingly,
walking and biking is seen as less valuable than other transport modes for business travels,

while it is the opposite for private travels over shorter distances.

In many countries, including Norway, business travels are given higher value than
commuting to and from work, which again is valued higher than leisure travel. This fits
with the guideline that work-related and other travel should be valued according to
respectively gross and net real wage expenditures. However, the report uses a weighted
average value of approximately 23 NOK per hour spent on private travel*®, while

43 33,5%0,27+19,14*0,73=23,0172, the former representing commuting travel and the latter other private
travel, in effect leisure travel.
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business trips are valuated to over 128 NOK per hour. The ratio between these sums is
thus over 5,5, which when accounting for all taxes and fees — including the employer’s

tax which is lower in northern Norway than the rest of the country — appears very large.

The estimated 23 NOK was however based on surveys, which is also an alternative in the
guidelines for cost-benefit analyses. Still, if subtracting taxes from the average hourly
wage in Norway of 2022 of about 327 NOK, and inflation-adjusting it back to 1992, one
reaches a sum of just under 124 NOK. This does not account for the fact that average
wages are slightly lower in northern Norway than in the country as a whole, and also
includes the real wage growth from 1992 to 2022 which of course would not be applicable
to a report made back then — it would assign the 2022 real wage to the year of 1992. Still,
just increasing the estimation value of 23 NOK slightly would increase benefits

substantially.

The weighted average of all travel values became just over 47 NOK in the report, based
on the assumption that business travels make up 23 % of the travelled time in total. If
doubling the leisure travel value to 46 NOK per hour of time spent (equalling 89 2022-
NOK) while keeping the business travel value constant, the weighted average becomes
almost 65 NOK. The table below shows how this and other alternative valuations of time
affects the present value of the different concepts.

Table 11: Present values of the concepts under different valuations of time (savings) (Own work).

Time values are given as hourly NOK values valuated in 1992, and present values are given for the

project as a whole; not of the saved time in isolation. Bold values are the reported ones.

Time value | K1 K2 K3 K4 K5

30 NOK -1779 456 -267 -2714 -2939
40 NOK -1746 525 -179 -2602 -2799
47,15 NOK | -1722 575 -116 -2522 -2699
55 NOK -1696 630 -47 -2434 -2589
65 NOK -1663 699 41 -2322 -2349
80 NOK -1613 804 172 -2153 -2238
100 NOK -1547 943 348 -1929 -1959

The mentioned doubling of the time value of leisure travel is for instance sufficient to
give K3 a positive present value, while raising the weighted average from 47,15 to 100
NOK increases the present value of K5 by 741 million. While this is not enough to induce
a positive present value for the project overall, it improves the benefit-cost ratio from 0,67
to 0,76 under the accounting method used in the report, or from 0,73 to 0,81 using the

alternative accounting method presented earlier.
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While more than doubling the value of time may seem overly optimistic, @kland finds
that for instance Swedish, Danish and British time values have traditionally laid above
Norwegian ones, in particular for business travels, despite the fact that differences in real
wages would point towards the opposite. One could also, albeit a bit theoretical, argue
that a rational worker will set its labour supply such that the value of “an extra minute”
of time is exactly the same in and out of work (Riis & Moen, 2017; Rosen et al., 2014).
This would imply that the ratio between private and business travel only should reflect

taxes and fees of employment and income.

On the contrary, for the comparable Botniabanan project, the average travel time between
Sundsvall and Umea ended up being about 45 minutes longer for regional trains and 50
minutes for express trains, compared to the ones used as data material in a 1996 cost-
benefit analysis (Riksrevisionen, 2011). If this were to happen, the number of saved hours
would drop extensively, both through less saved time per trip and fewer trips made. While
this is a real risk, it seems like the report is conservative also in its time estimates. The
initially estimated time needed to cover the entire main stretch including retardation,
station stops and acceleration, is two hours, 45 minutes and ten seconds. Thus, the final
assumed journey time of 3:17 includes a large margin for delays and stops at crossing

tracks.

Nevertheless, the table above describes how changes in just a single element can affect
the outcome of the estimation quite significantly. The extent to which such changes would
affect the present value of the project is proportional to the relative weight of the element
with respect to all budget item values, as well as the extent of relative change in the
variable. The value of saved time is far from being the largest budget item; it is estimated
to 661 million NOK for K5, while for instance the corresponding value of reduced

resource usage for other modes of transport is 4216.

Note also that this is an “all else equal” effect, so that the lifetime and discount rate it is
based on here are the ones used in the 1992 report. With today’s rates, the positive effect
of increasing the estimated value of time would be even larger. In addition, this is the
isolated effect of one element, holding all other variables constant. If one were to increase
(or decrease) the value of several interrelating budget items or variables that make up the
basis for them, the compound effect may become large, which the following sub-section

shows.
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The most obvious variable affecting the value of saved travelling time — apart from the
set value per unit of time itself — is the number of passengers that benefits from these time
savings. Just like increasing the hourly value by a certain percentage increases the benefit

of it proportionally, so does an increase in the passenger numbers.

To estimate the passenger number in the report, two separate passenger trip matrices were
constructed. One used the classical methodology of looking at registered amounts of
automobile, bus, boat and airplane traffic in the influence area. Based on this, the future
number of trips was estimated by developing several scenarios regarding the future
population development. Estimates varied depending on which prior years were used as
underlying data material, and a “low scenario was chosen amongst several alternatives”

(NSB, 1992).

The outcome of this estimation was a yearly number of trips susceptible to transfer to
Nord-Norge-banen of about 22,5 million, depending on year and concept. The registered
data however exhibited vast weaknesses, inter alia because travellers on Ofotbanen were
accounted as passengers to the border to Sweden rather than where they were actually
heading, due to lack of international statistics.

The other matrix was made due to the uncertainties and presumed overpredictions of the
initial matrix, and is referred to as “synthetic” as it is based on a national survey from
1985 rather than actual traffic measurements. It concentrates on the results that are related
to the influence area of Nord-Norge-banen to make it more representative, and concluded
with 11,8 million potential yearly passengers; just over half of the other matrix.

The report-makers ended up using a combination of the two matrices as a basis for the
cost-benefit estimates. For trips of less than 100 kilometres, the synthetic one was used,
while the standard one was used for inter-regional journeys, to some extent also adjusted
to account for “unreasonable low numbers”. For other trips, the matrices were combined,
with the more conservative synthetic one being given a weight of 70 %. The report argues
that while this usage of professional discretion has some weaknesses, it has been
“relatively clear” that this has reduced the uncertainty in the estimates. It further notes
that “a model after all is no more than a mathematical tool that attempts to recreate a

reality where choices are not always rational; it is a simplification of reality” (NSB, 1992).
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The estimated passenger potential ended up varying between 11,9 and 12,7 million per
year, depending on concept and year. However, the potential just states the number of
trips where the railway may be considered as an alternative. The shares of the potential
actually choosing the railway as a transport mode in the influence area of Nord-Norge-
banen was estimated to 5-14 % in terms of number of trips, and 5-8 % in terms of time
spent. The conclusive estimate for K5 became 1,83 million passengers in 2010, of which
1,6 million being the net increase compared to KO. The changes from year to year are
almost non-existent, and the passenger traffic is actually estimated to decrease ever so
slightly over time, except from for K1. In the 2019 update, this picture is reversed, as it

assumes increased usage of the railway over time.

The initial matrix gave between 80 and 90 percent higher passenger potential estimates
than the numbers finally being used in the report. The trip-share of the railway was
estimated to respectively five, eight, ten, twelve and 14 percent for concepts one through
five. As a source of comparison, the report mentions that this number was about 20 % for

journeys between Oslo and Vestfold; a prior and future Norwegian county.

Based on this, one can do a sensitivity analysis on how the saved time value would be
affected by changes in the variables of passenger numbers. By increasing the passenger
potential by 80 % from the about 12,5 million yearly trips in 2030 estimated by the report,
and at the same time increasing the estimated share of trips using the railway to 20 %, the
outcome for K2 is an increase in the passenger estimate from 0,79 million to 3,56, and
for K5 from 1,58 to 4,06 million journeys.

The realism in this can be questioned, and in particular the 80 % increase; there is a reason
why the initial estimates were redone in the first place; they were seen as unrealistic.
Still, a more moderate increase of 20 % — effectively still weighing the synthetic matrix
heavier than the standard one — along with a trip share of 20 %, would imply 1,35 million
passengers for K2 and 2,71 for K5; total traffic changes of around 70 %. By for example
adding such an increase to the mentioned possibility of setting the value of time saved to

65 NOK per hour**, the impact on the time-saving value becomes as shown below.

4 This is presented as a “moderate” increase in the table below, and refers to a 70 % increase in traffic,
equivalent to a 20 % increase in the potential passengers and just under 42 % increase in the share of railway
trips compared to in the report; 1*1,2*1,42=1,704. This is again equivalent to the mentioned change in trip
share from 14 to 20 percent for K5; 20/14~1,429, but does not refer to a 20 % trip share for the other
concepts, but rather an equivalent relative increase. Imposing the same trip share to all concepts would
make time saving benefits converge between the concepts, but would not be realistic, as it is obvious that
the share trip in the influence area as a whole would be higher, the more of this area that the railway covers.
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Table 12: Time benefits under an hourly time saving value of 65 NOK combined with higher
passenger estimates (Own work). The ""moderate™ increase is based on a 20 % higher passenger

potential and a 42 % increase in the share of trips using the train. The radical increase is based on

an approximation of the initial passenger matrix along with the same 42 % increased trip share.

K1 K2 K3 K4 K5
Reported values 156 328 414 529 661
“Moderate” increase 366 769 970 1240 1549
Radical increase 550 1156 1459 1864 2329

Itis clear that relatively moderate changes in variables affect the present value of a project
massively. The “moderate” increase for instance improves the present value of K5 from
-2699 million NOK to -1811, and the radical one all the way to -1031. This radical
increase is not more far-fetched than implying usage of the standard passenger matrix
along with the trip share of a region the report uses as comparison, along with an almost
38 % increase in the value of an hour saved — perhaps not all that unreasonable, given
that less wealthy countries have traditionally used higher values than Norway.

The reason why the estimated present value of a single element may differ so much
depending on inputs, relies on the fact that each element may be made up by the product
of several in themselves uncertain variables, explaining how rather large deviations in the

present value of each element may not be as unrealistic as they seem.

The passenger estimate is however not limited to affecting the time saving value. Apart
from operation profitability, it also affects the value of saved lives, efficiency-
enhancement, and so on. Though parts of these benefits also come from the freight
operation, these are less significant, as most of for instance the efficiency-enhancement
for freight transport was incorporated into KO. Therefore, one may as a rough
approximation view the benefit side of the project as linearly dependent of the passenger
number. Below follows a sensitivity analysis for the effect of variations in the benefits as

they were accounted in section 6.2.2%, holding all other variables as in the report.

Table 13: Present value estimates under various relative changes in the benefit values (Own work).

Benefits

As reported

4 The accounting method makes no difference for these estimates in themselves. However, the choice of
which variables to include obviously affects the total present value and thus the effect of a relative change
in it.
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This section has shown the potentially large impacts of seemingly moderate changes in a
single or a few of the many variables used to calculate the present values of a project, in
this case for Nord-Norge-banen. Although some of the most influencing variables have
been focused on here, one could in principle question and find alternatives to all predicted
values of the analysis, though most of them would not make a decisive impact on their
own. The fact that each budget item at least partially is measured independently of the
other ones — in effect having some aspect-specific inputs that does not affect other budget
items — also counteracts the total extent of uncertainty, as it is highly unlikely that the
dispersion between estimate and outcome goes in the same direction, and anyway equally
strong, for all elements.

Furthermore, this sensitivity analysis has focused mostly on increased benefits, partially
as they seem reasonable and realistic, especially from a 2023 perspective, but also as the
purpose has been to see whether and how the project as a whole — initially deemed to

have a negative present value — can be “reconstructed” to yield a positive one.

In reality, the mentioned effects go both ways; “moderate” reductions in benefit variables
or increases in cost elements may be equally strong negative contributors to the realised
present value as the reviewed aspects above were in the positive direction. It would for
instance be sufficient to increase the cost-side as accounted in section 6.2.2. by twelve
percent for the only societally profitable concept in the report; K2, to reach a negative
present value, at -1 million NOK all else equal. This is itself well within the uncertainty
range of the report, and anyway clearly a lower cost than what the case would be today.
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Chapter 7: Assessment of methodological,
political and behavioural shortcomings

7.1: Weighting of non-quantified effects

It lies in the nature of non-quantified effects that they open up for discussion about
whether a project really is societally profitable or not — regardless of the benefit-cost ratio.
This is especially the case if the monetary effects show a negative present value while the
non-monetary effects are deemed as net positive, or vice versa. Similarly, it opens for
discussion about which concept to view as the best of the bunch, as cost-benefit
analyses do not necessarily state which concept is most profitable — or whether the project
in general is recommendable to complete — but rather leaves it up to politicians to weigh

the non-quantified impacts against the quantified ones.

This is mostly the case for Nord-Norge-banen too; although the final 1992 report
recommends K5 over K4, it does not declare whether K5 is better than KO or whether it
is a better alternative than the other concepts. In other words, the conclusions are — and
arguably should be — vague. Despite vague conclusions, the impression left of an
investigation in public is heavily related to its calculated effects, inter alia because many
people will hear or read the numerical estimates while fewer will read the discussions of
the non-quantified effects. This is a problem slowly but steadily on decline; more and
more effects are quantified, and the qualitative review of those not, is also improving and
now normally scaled — at least against each other. The 1992 report includes no more than
a thorough, yet general verbal discussion about various effects, without stating the net

direction or importance of them for any concept.

Whether various non-monetary effects are relevant, and in which way, depends on who
you ask — disagreement on this is partially the reason for not quantifying them in the first
place. However, another argument for not quantifying more effects is that many of them
are encumbered with major uncertainty. While this is true, one can argue that keeping
them non-quantified also increases the general uncertainty of an investigation, as the
evaluated present value then cannot be seen as a good approximation of the actual
societal value. As the uncertainty in the effects currently being quantified is already

large, inclusion of other aspects based on professional discretion along with sensitivity
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analyses would not necessarily increase the total uncertainty of the present value all that

much, and would probably constitute a more concrete and complete evaluation.

It is however not obvious that being vague is such a bad thing. This all comes down to
what the role of the cost-benefit analysis is, which depends on regulations, practices and
the (political) culture of the country in question. In Norway, several reports have found
that the calculated present value of a project has a minor if at all existent effect on which
projects are chosen for the national transportation plan and subsequently carried out
(Welde et al., 2013; Strand et al., 2015), as opposed to for instance in Sweden, where the

objective monetary effects are more central in deciding which projects to complete.

One mentioned example of an aspect politicians tends to value higher than the present
value estimates, is traffic safety. This can sound a bit strange, as this matter is already
incorporated into the present value. Thus, it seems like the value of a life is set higher
when deciding about a project than when investigating it. If such discrepancies explain
why the present value is not cared much about, a possible solution would be to change

such valuations; to for example increase the value of a saved life used in estimations.

Nevertheless, it seems clear that politicians take their responsibility in evaluating different
aspects independently of the benefit-cost ratio — including both non-monetary effects
discussed in the analyses, wider economic impacts, and other aspects. Perhaps they even
do so a bit too much; is there really a purpose of performing cost-benefit analysis if they
are not considered by decision-makers anyway?

Not really, but the fact that the present value is not explicitly accounted for, is not
equivalent to not having considered and been affected by an investigation — a cost-benefit
analysis may still give new insights and foster new ideas and solutions that in turn makes
society better, particularly if the project in question turns out to be realised. It is for
instance common to make use of cost-benefit analyses when deciding routings and such
of a project (Bukkestein & Nyhus, 2021).

In addition, along with the improved quality of cost-benefit analyses, they are about to
become more listened to in Norway. In 2022, Statens vegvesen (the Norwegian Public
Roads Administration) for their first time presented a prioritised list of future road
construction projects, inter alia based on societal benefit as defined analytically

(Danielsen & Lidvard, 2022). Still, the proposed projects all had negative present values
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(Leland et al., 2023). Partially since the present value was one of several selection criteria,
but also because most such projects in general are deemed as non-beneficial in Norway.
This points out another general problem with the cost-benefit methodology as it is
practiced today, and may partially explain why the estimated present values are not
considered much by politicians. Alternatively, it could be that the analysed results are
objectively correct on average, and that society thus would be better off by realising fewer

(and other) projects overall, than what the case is today.

7.2: The order of operations and the null alternative

Today, the net benefit per unit of money spent on a project is almost purely used as a
source of comparison between projects — and thus a basis of listing the relative priority of
projects against each other; the total budget for projects is decided more or less

independently of the various estimated present values of projects.

If one actually were to begin realising fewer projects due to low benefit-cost ratios, some
interesting societal implications would follow. It would for instance lead to less efficient
usage of production factors such as construction machinery and labour, in turn potentially
resulting in unemployment and for instance discussions about reducing the standard

number of working hours per week.

This is a relevant matter for Nord-Norge-banen and infrastructural investments in general
due to the interdependency between projects when it comes to raising benefits from them
— and these interdependencies are particularly strong for railway projects. Said another
way, realising a railway project realistically increases the benefits of all existing lines that
attach to it, largely via increased traffic. The extent of this increased benefit is a function
of the size of the project, the degree of improvement it induces and the geographical
proximity between the interrelated projects.

The most decisive interrelated projects for Nord-Norge-banen concerns improvements of
the geometric standard of the railway from Bodg southwards to Oslo, as Oslo by the report
is stated as the main origin/destination for inter-regional journeys. This stretch is briefly
divided into two regional lines; Bodg-Trondheim and Trondheim-Oslo. The former is
constructed for diesel operation and travel time is almost ten hours, giving an average
pace of 74 km/h, while the latter is based on electrical operation and uses almost seven

hours, moving in an average speed of 82 km/h.

69



This shows two things. Firstly, Nord-Norge-banen would stick out from the rest of the
national railway network. Based on the numbers reported in 1992, the average speed on
the stretch Bodg-Tromsg would become around 130 km/h, which includes the earlier
mentioned extra margins. Only the stretch between Oslo and Oslo airport is similarly fast
in Norway as of today, while most other lines are comparable to the current Bodg-Oslo
stretch.

Secondly, it shows how unattractive it would be to travel from northern Norway to Oslo
and its surrounding areas even in the presence of Nord-Norge-banen. The report estimates
a journey time of 17 hours and 57 minutes from Tromsg to Oslo, 12:07 of which is used
to reach Trondheim. This would at best make the railway a somewhat commonly chosen
option for travels to Trondheim, partially in the form of night trains, while 18 hours
from Tromsg and over 15 from Bodg to Oslo would be seen as way too long for the vast
majority of potential travellers — and these estimated travel times have even turned out

to be rather optimistic based on today’s timetables.

This is of course reflected by the passenger numbers and thus benefit estimates of the
report. However, the report mentions an alternative, where the geometric standard of the
railway from Bodg to Oslo is improved to allow for express trains with speeds up to 200
km/h — just like what is proposed for Nord-Norge-banen. Depending on where in the
report you look, this would take the travel time down to somewhere between 7:54 and

8:33 from Oslo to Bodg, and between 10:31 and 11:10 to reach all the way to Tromsg.

This would of course improve the attractiveness of the railway massively, and make
benefits of Nord-Norge-banen much higher, especially if simultaneously assuming that
the costs of using other transport modes keeps rising. The report states that it would
improve the operation profitability moderately and the societal profitability radically.
Conversely, construction of Nord-Norge-banen would increase the net benefit of doing

such upgrades on the interrelated tracks.

The interdependency between projects has both practical and analytical consequences.
Analytically, it matters which project one assumes to be finalised first, because if the
express train dimensioning would be used as a basis for the calculations of the benefits of
Nord-Norge banen, it would give a considerably more favourable estimate. Equivalently,
if Nord-Norge-banen is assumed finalised in an investigation about improvements of the

other mentioned tracks, these improvements will be seen as more beneficial than
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otherwise. A third option would be for all these project investigations to be based on the
other interrelating projects being built at the same time. If that is what is needed for each
of the projects to become societally beneficial, it would be defensible to do just that, at

least in theory.

However, just like refraining from using available resources has some (negative)
implications, so is the case for the opposite situation. More specifically, completing many
major projects simultaneously (or in a very rapid pace) would increase construction costs
and potentially also reduce the quality, by temporarily demanding much more equipment
and people — which would potentially become redundant after the project realisation.
Thus, one can say that there is a conflict between a potential “all-or-nothing” requirement
for the present value to be positive, and limitations to how much one can and should
realistically construct per year, due to limited physical resources, again reflected by

limited national transportation budgets.

As it therefore seems unrealistic to complete all other projects that would reinforce the
beneficial value of Nord-Norge-banen, and Nord-Norge-banen in isolation has a negative
present value if the aim is to build the whole stretch, it would make intuitive sense to
investigate an alternative where the track is constructed for speeds like the other regional

lines — which currently operate in way more inhabited areas of Norway.

It would of course have its disbenefits, inter alia by making longer trips less attractive. At
the same time, inter-regional travels would still not become commonplace due to Nord-
Norge-banen under the current offering southwards from Bodg. Thus, by dimensioning it
like for instance Nordlandsbanen, it could become a railway mainly used for intra-

regional travel, just like most other Norwegian railway stretches are.

For instance, an average speed of 80 km/h would give a travel time from terminus to
terminus of 5:20, as opposed to 3:17. This would still keep the line competitive with
respect to airplane and road travel, while vastly reducing costs — and adding to that a clear
reduction in nature conflicts and a more scenic journey. While the possibility of a
dimensioning for 160 km/h was briefly mentioned in the 1992 report, and
correspondingly one of 130 km/h in the update, it would give a fuller picture of the

situation to investigate such possibilities more extensively.

71



Another decisive underlying assumption affecting the present values, is the assumptions
put into KO; the null alternative or reference alternative. It is perhaps the most challenging
concept to “design”; on one hand, it is supposed to be based on currently approved
policies and measures, while it on the other hand also should be realistic — it should be an
alternative that actually could become the outcome if the project is not gone forward with.
This is often a contradiction, and is especially an issue for projects whose impacts last for
decades if not centuries; it is obvious that approved projects will not be sufficient 100

years ahead in most situations.

Research has shown that the null option often is used solely for comparison, without
constituting a realistic alternative in itself (Volden et al., 2023). If this is the case, the
present value of a project is not anymore seen in relation to the actual outcome of not
realising the project. One can then for example imagine a situation where the present
value of a project is positive, while the present value of not realising the project — then
being an un-investigated concept — is even more positive, so that the net present value of

fulfilling a project really is negative.

Choosing how to set KO was also mentioned as a challenge in the 1992 report. It must
choose between making uncertain assumptions about the future, or only basing it on
existing policies. The former increases uncertainty, while the latter probably implies
skewness in the results, if it for example results in ignoring future costs incurred by not

realising a project.

The report chose to do a little bit of both, for instance basing travel times on approved
policies, while including a major improvement of freight transport into KO, effectively
reducing the accounted net benefits of the other concepts. The 2019 update solely
included approved policies, and even excluded the costs (and benefits) of approved
policies with a start-up date later than 2019.

7.3: Non-inclusion of wider economic impacts

The distinction between the various types of effects is a bit unclear. It is usually relatively
easy to distinguish between monetary and other effects, though some effects may be in
both categories depending on the available underlying data. Amongst the non-quantified
effects, it is however more challenging to get a grip of which effects to account for
qualitatively, and which not to investigate.
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While the guidelines mention some qualities and examples of aspects that should be
considered, it makes no exhaustive list, and while it states that corollary effects — more
formally referred to as wider economic impacts — should not be included, it is not
necessarily obvious where the limit between a corollary and a “sufficiently direct” effect

goes.

For the Nord-Norge-banen case, many non-monetary aspects were considered. One
example is enhancement of the general quality of life and living standards, which relate
to but is not fully captured by the calculated value of new established trips. In particular,
the incomes related to these trips are included, but not the more subjective value of the
trips as perceived by travellers — the perceived value exceeding the ticket prices, called
consumer surplus. This subjective value includes the value of meeting family and friends
more often, and the improvement of the health service and education offer the line gives
by reducing travel times in the region. This is discussed by the report, and is thus seen as

direct enough to take into account.

The same goes for impacts on the Norwegian Armed Forces. They play a major role in
the region Nord-Norge-banen would cover, in particular along K2 — several military
facilities lie close to where the line could go, including Setermoen, Heggelia and Skjold
military bases. Their views regarding routing as well as general arguments are discussed
in the report. The Armed Forces stated that building the railway would give substantial
positive impacts on national preparedness and in case of war, despite also noting that it
would be an easy target in the latter case. Thus, there is reason to believe that inclusion

of their benefits and costs would improve the benefit-cost ratios, all else equal.

Still, their assumed benefit is at least verbally integrated into the report. This is not the
case for all aspects that can be said to affect societal welfare; wider economic impacts are
as mentioned ignored in investigations. Which effects these are is impossible to give an
exact answer to; the reason for not including them is partially uncertainty and
disagreements about which wider economic impacts a project may Yyield. In principle,
only the imagination sets limits for which effects one can view as influential on society.
A few examples of such non-discussed effects, that may be small or large, and may be
seen as relevant or non-relevant in the decision-making process, are briefly discussed in

the following sub-section.
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For construction companies, the highlighted technical challenges of the track may be
beneficial in gaining a comparative advantage which can be used in competition for
subsequent projects, domestically as well as internationally. This relies on the
construction work at least partially being done by Norwegian firms, and the report
assumes that this will be the case, though international competitors — particularly from
Sweden and Finland — will also win tenders on parts of the project. Related to this,
regardless of which firm does the work, there may be an experience externality, making

future projects cheaper in general.

Congestion is often times mentioned as a favourable aspect of constructing a line such as
Nord-Norge-banen, especially relating to the ferry crossings along the roads. However, a
less spoken-about type of congestion is the railway-induced congestion. One part of it is
that big proportions of the Norwegian railway network is single-tracked, so that the extra
traffic on currently existing lines due to Nord-Norge-banen could increase waiting times

on crossing tracks and make trains more susceptible to delays.

Potentially even more important is however the congestion that arises when a train
approaches a road that crosses the track, and road barriers go down. While it only takes
a minute or so for each car to wait, the aggregate number of crossings affected rapidly
becomes large — and for emergency services, a minute may be costly. In the report, neither

the positive nor the negative congestion effects are taken into account.

One may also relate congestion to habitations. If accepting the assumption that Nord-
Norge-banen would prevent eviction from northern Norway to inter alia Oslo, choosing
not to build it would imply more congestion in the areas already most congested. This of
course applies to roads and such, but even housing units; the space to build more
apartments in and close to large city centres is limited, and so prices have skyrocketed.
This could be reinforced by not realising the project. On the contrary, as mentioned
earlier, urbanisation and such also has its advantages for society, so it is not given that

people moving from northern Norway is a problem per se in this context.

A somewhat related aspect is noise. Due to sparse inhabitation, the report regards noise
as a non-important issue, and has accounted for noise indirectly by including expenditures
to counteract it for the about 790 most vulnerable housing units. It has however not
included a subjective value of potential remaining disbenefit, and perhaps more
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importantly, the report has not valued the noise removed from the roads, which pass closer
to most settlements than what the railway would do.

Also, if one has reason to believe that Nord-Norge-banen at some point will anyway be
built, the time aspect is important. Given that the operation profitability exceeds the
maintenance costs, which the report states to be the case, there is reason to believe that
once built, the track will keep operating in any society resembling today’s one. Thus, the

sooner built, the faster will the profitable operation begin.

Furthermore, also northern Norwegian cities are getting more congested year by year. By
delaying construction, the routings up for choice — especially with regards to station
placements — get reduced and worsened. This is already an issue in particularly Tromsg,
where the 1992 report is based on a placement of the terminus six and a half kilometres
outside of the city centre, as closer alternatives were rejected due to lack of space nearer
the city centre. Thus, the longer one waits, the lower the benefit potential becomes,
and/or the higher the disbenefit of removing current infrastructure blocking the proposed

routing becomes, all else equal.

From a public health perspective, the negative health effect of sitting still over long
periods could also be considered. The effect would be positive given that the second-best
option is car or bus travel, while for longer journeys where plane travel is the main
competitor, making people choose the train will give a negative public health effect, all
else equal. This may to some extent be counteracted by investing in night trains, but it
remains a potential target conflict between public health and environmental-friendly
travel. The report only considers the latter, though section 7.4 shows that the climate

effect is given very little weight in practice.

Another health aspect pointing in the opposite direction, is stress and exhaustion. The
average number of people in a private road vehicle is way below two in the region; the
majority of those transported by automobiles are themselves driving the vehicle. For
them, transferring to train travel would all else equal probably imply less stress and higher

energy levels.

Other examples are the potential for business and thus population growth, which again
increases passenger and freight traffic, and can work as a positive spiral for regional
development. The report somewhat accounts for this, by estimating a slight growth in

businesses, and based on the number of jobs created by this, an equally slight growth in
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population. It does however not account for the potential of a causal effect going the other

way around, or the potential the initial growth has in inducing a positive spiral.

Related to this, there is a clear interdependency between the railway (and infrastructure
in general) and public happenings. There are many possible examples of this, where the
hypothesis would be that Nord-Norge-banen could encourage the region to arrange and
if needed apply for large events, as well as improving the chances of winning such bids.
The arrangements would then be societal goods for the region*®, and also improve the

benefit of the railway.

The grand example would be the Olympic and Paralympic winter games, which reached
the planning stage in Tromsg for both the 2014 and 2018 editions. Currently, the mayor
of Tromsg is positive towards arranging it in the 2030’s. To the extent that the railway is
a crucial factor for ending up arranging such an event, the wider economic impacts of the
event itself can also be attributed to the railway, while the railway in turn benefits from

any such event.

Overall, it is clear that it is insufficient to ignore wider economic impacts if wanting an
as precise result as possible, because “everything depends on everything else”. However,
resource-usage, vast uncertainty, disagreements and other arguments can explain why it
is done in practice. There are almost no limits to which effects one in principle could
choose to attribute to a project, and the more such effects included, the more discussed

and opposed would an investigation become.

On the other hand, there is no uniform view on the monetary effects included as of today
either; the correct pricing of climate gas emissions is for example heavily debated. Thus,
including some significant wider economic impacts would not necessarily make ground
for more discussion or less influencing power of an investigation than what already is the
case, so it appears questionable to as a general principle choose to neglect certain impacts

that could matter substantially in a bigger picture.

46 |deally, at least. In theory, there is no guarantee for an event to turn out to be societally profitable. An
event can yield a negative present value just like a railway, but that is a different matter.
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7.4:Variable discounting

Discounting can be variable in (at least) two ways; over time and over budget items. The
former is common, where it is the current standard Norwegian practice to have lower

discount rates for years way ahead, as explained earlier.

This thesis will not look into this matter in detail, but will mention one interesting aspect.
Before — and in many countries still — discount rates were non-variable. Now, it is reduced
from year 41 onwards in Norway, and even further from year 76 onwards, as described

earlier.

However, taking the weighted average of discount rates does not give the effective
discount rate throughout the analysis period. In other words, the order of discount rates
matters for the estimated feasibility of a project, and again, it is the first years that are

most important for the outcome.

As an example, for K2, the approximated impact of reducing the discount rate from four
to three percent from year 41 onwards, is “only” a raise in the present value of the concept
from 7218 million NOK to 8275, under an analysis period of 50 years, even though the
reduction of discount rates also increases the residual values. For shorter lifetimes, the

relative impact of this aforementioned variability is of course even lower.

Thus, it would give a higher weighting of effects way ahead in time to have an
increasing discount rate over time, for any given weighted average rate. Therefore, the
real effect of this “reduced” discount rate in distant future is lower than what one perhaps

could imagine.

Variable discounting over budget items is less common than over time, though it is
mentioned as a possible deviation from the standard practice if there is reason to believe

that the relative value of different aspects will change in the future.

The Krutilla-Fisher arguments here come in handy, and amongst the monetary effects,
the climate effect is of particular interest. The estimation of its value is done in three steps.
First, all extra emissions stemming from harmful environmental gases during the
construction phase, and subsequent reductions from other sectors, are estimated. Then,

the different gases are given a common “denominator” by using an agreed upon
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conversion table to reach a sum of CO2 equivalents. Finally, the disbenefit of emitting a
CO2 equivalent is set — in this case a fixed amount that remains unchanged over time —
and the value of the increased or reduced emissions per year is finally discounted back to

the reference year.

As one can imagine, this leads to a very low weighting of the future climate benefits of a
project like Nord-norge-banen, so that while the project is beneficial in terms of CO2
equivalents, the present value of the environment effect is reported as negative, worsening
the benefit-cost ratio (Hagen, 2009).

The weighting of future climate effects increases with a lower discount rate and/or an
increasing price of emissions over time, which for instance the British methodology
operates under. This because the net negative impact of emitting a CO2 equivalent may
be said to be positively correlated to the temperature itself; the more severe the climate
change, the more severe will the consequences of further changes be. This points towards
exponentially increasing importance of reducing emissions over time. In line with that,
the current Swedish climate and environment minister has for instance stated that the goal
of zero net emissions by 2045 is “the important goal”, rather than hefty and potentially
temporary reductions in the short run which if becoming temporary may worsen the

negative consequences of climate change in the long run (Nilsson, 2022).

On the other hand, there is a hurry in reaching the climate goals set for 2030, to avoid or
minimise a negative spiral of temperature rise with the consequences that brings. Also,
even though emissions technically are budgeted for at the time of emitting, their
consequences come in the future. Thus, it is uncertain whether cutting emissions is more

important now or in the future.

Nevertheless, it is clear that today’s (and even more so 1992°s) way of discounting climate
effects, overall make the calculated climate effects of transportation projects more
unfavourable than they should be. This was also the conclusion of a report, which stated
that it can be optimal to set lower and/or over time decreasing discount rates for
environmental effects (Hagen, 2009). An even more radical alternative could be to simply
calculate an unweighted — or in other words non-discounted — value of all emissions,

which again would make the assumed project lifetime central.

For the case of Nord-Norge-banen, it regardless remains a problem that parts of the
environmental effects; the nature-related ones, are non-monetary. The 1992 report also

78



describes the climate benefit as “insignificant” in an economic (not statistical) sense. Still,
it appears strange that one of the main arguments used in favour of the line works in
disfavour of the project in the investigation of it. While the climate effect of Nord-Norge-
banen probably would be relatively insignificant in the big picture, it remains intuitively
strange to declare the net negative emissions that the project is prospected to exhibit
with respect to KO after a couple of decades of operation, as a negative impact in the

calculations.

Similar arguments could be applied to other effects. For example, it does not make
intuitive sense that saving a life ten years ahead is deemed as just half as beneficial as

saving a life today. This is the case when discounting by seven percent yearly; 1 —
1,07

Q

50,8 %.

While there may be good reasons to discount even such benefits somewhat — inter alia
due to increased uncertainty over time about the number of lives a project really will
save, the actual reduction in CO2 equivalents it will bring, and so on — it would
probably make sense to discount it at a lower rate than many other components. Thus, it
would give more reasonable outcomes to make more usage of variable discounting rates,

not only over time as is commonly done, but also over which effects one measures.

7.5: Possibility for and impact of construction delays

The 1992 report interestingly states that if the railway were to be delayed in comparison
to what the report has based its estimates on — which it also states as a real risk — the
benefit side of the project would become much smaller than predicted. A study on 113
Norwegian public investments found that 55 % ended up being delayed. Amongst the
railway projects, three of nine were delayed, so this is no unrealistic possibility (Welde
& Bukkestein, 2022).

A delay happening after the final investigation and approval has been made, will not affect
the realisation in itself, but will affect the estimates of potential analyses done after the
project has been completed. Also, the fact that it impacts estimates makes the estimated
time needed to construct the project a factor in itself, in determining the societal
profitability of a project.

The reason why this would reduce benefits in the analysis is not that fewer of the
operation years will be included in it; the estimated lifetime and residual values are

normally set according to the amount of time the line is predicted to operate. Thus, a delay
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would simply extend the total number of years accounted for. However, by the years of
operation coming later in the process — or in other words there being a longer period
between the construction costs and benefit flow — the benefits are more heavily
discounted. The exact impact on the estimate would depend both on the extent of the
delay and when during (or before) the construction period it occurs, and it could be

decisive for a project’s predicted profitability.

As an example, the report assumes an opening date 15 years after the reference year for
K5. This gives a weighting of the benefits (and costs) of the first operation year of 55,5
% of the ones of the base year, and 11,6 % for the last operation year, given a discount
rate of four percent and analysis period of 40 years. Botniabanan’s opening was four years
delayed (Riksrevisionen, 2011). If this were to happen with Nord-Norge-banen — or
alternatively if the report assumed a four years later opening — the corresponding
weightings would be 47,5 % and 9,9 %.

Similarly, the report could have chosen to be more optimistic — it does in fact state that
construction could be done quicker than what it estimates, in case of political will to
finance it — and if it for instance would assume opening of the line two years earlier than
what it did, the weightings of the first and last operation year within the analysis period
would rise to respectively 60 % and 12,5 % of the base-year.

Thus, delays affect posterior estimates, and assumptions on the finalisation time affect
prior estimates too. Whether this is reasonable is questionable. One could say that the
faster built, the faster can the profitable operation begin, and the more delayed, the less

would people be willing to invest in the project if being asked after the project completion.

On the other hand, the methodology of the analysis is based on an underlying assumption
that there are no ever-lasting effects of any projects; the analysis period, potentially along
with residual values, sets a basis for how long various components are assumed to yield
a benefit. In this context, one could say that a delay only shifts the time where the project
is beneficial, without affecting how long this time period will be or substantially affecting
the (inflation-adjusted) benefits of each of these years. A delay could in a sense even be
positive. If one for example takes the 2019 update as a basis — which assumes that
passenger numbers will rise somewhat over time — the total number of passengers over

any given lifetime of the line, would be a positive function of construction delays.
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Regardless of whether it is viewed as fair or not, it remains the consequence in analyses
that the time estimated to complete a project is central in determining whether it is deemed
to be societally beneficial or not. This is another uncertainty adding to the total uncertainty

of cost-benefit analyses.

7.6: Political and behavioural-economical aspects

As earlier mentioned, Norwegian politicians seem to put little weight on cost-benefit
analyses. So, what do they care about? Well, that obviously depends on who you ask. As
an example, a large road project in western Norway, previously deemed as societally
beneficial, was recently re-evaluated based on the current climate goals, and was then
found to yield a negative net benefit (Lgland, 2023). The response from politicians from

respectively Hayre and Arbeiderpartiet were as follows:

“We are taking climate and environmental considerations seriously, but the
answer is not 50 NOK per litre (of fuel) and a major increase in road tolls. If the
country is going to function, mobility is a prerequisite. That is why we build roads

and want the project (realised)” (Leland, 2023).

“Climate works as a guideline in all cases, but these updated numbers is just one
of several things we care about. We prioritise according to the totality of the
policies; climate and nature, business life and exports, traffic safety and life and
health” (Leland, 2023).

Other politicians which were initially against the project, stated that the report should
mean the end of the debate about the project. This shows how politicians care about the
reports that conclude as themselves already have done, while at least partially ignoring

the results they disagree with.

Some of the statements made also symbolises a structural problem with the political
system. On the one hand, politicians approve various measures and aims, in this example
relatively radical climate goals. On the other hand, specific policies to follow do not
comply with these set goals, and when the goals are taken into account as a basis for

scientific research, some of the same politicians unfairly criticise them for doing so.
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While politicians of course value vastly different aspects, some general principles and
ideas are shared amongst most of them. The most decisive one is perhaps the wish of re-
distribution; all major Norwegian political parties can be said to share an ideology that
social and economic equalisation is an important and political task — albeit more
pronounced and prioritised by some than others. Therefore, as opposed to in the cost-
benefit analyses — which are neutral with respect to who receives the benefits and who

carries the costs — it matters to politicians who are affected by a project.

For the case of Nord-Norge-banen, one can interpret this in several ways. For one, there
Is reason to believe that train travel — being a budget-friendly mode of transport — will
attract relatively less wealthy people to larger extent than the rich, and in this sense benefit
those with initially worse living conditions most. The report bases the income estimates
on an average ticket price level of 65 % of the standard price, referring to just the fact that
many of those likely to make use of the line are eligible to discounts. This will give an
extra incentive for politicians to approve such a project, further reinforced by the fact that
the financing partially depends on public income from taxes and fees, which — on average

— the economically relatively wealthy carry the biggest proportion of.

One could argue that this is also objectively fair from a welfare-economic viewpoint — as
the marginal beneficial value of most conventional goods tend to drop the more one has
of them. This applies to money, time, and so on (Angner, 2016). Thus, it may very well
be utility-maximising for society to construct a railway, even if its present value is
negative, potentially also after accounting for the deadweight loss of incurring the tax
money needed to construct the line. The issue is that one cannot realistically find out
whether this is the case or not.

Furthermore, one could also argue against the railway from a redistributive point of view,
under a claim that those really in need of improved living conditions will anyway not be
wealthy enough to benefit much from a railway. Thus, it also matters what a project takes
resources away from. To the extent that the alternative for instance would be to give more

support to homeless people, the aforementioned argument is clearly valid.

However, in practice, there is a more or less set budget for the future spendings on
transportation projects and measures, so the project would more realistically come at the
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expense of other transportation projects — at least partially in other parts of the country.
This again indicates that people do not only care about their own welfare, as most non-

northern Norwegians also are proponents of the project.

One can also set the aim of redistribution into a more geographic context. As previously
mentioned, regional and particularly rural development is seen as important by many. The
fact that average wages are slightly lower in northern Norway than in the country as a
whole (SSB, n.d.) makes this mission of particular relevance to Nord-Norge-banen; one
can redistribute both geographically and economically at the same time. Having as many
people and firms as possible being covered by a railway offering, may in itself also be
seen as a redistributive measure. Adding to that, northern Norwegians’ election votes are
given more power than votes from other regions, as the number of parliament members

per county is a function both of its population and its area.

Votes are of course central; any politician relies on being re-elected in order to be able to
execute their wished policies — which in their minds presumably is what is best for
society. In this context, it is not strange that the choice of which projects to complete
relies more on the will of the people than the vague conclusions of scientific

investigations.

Due to this link between voter will and political conclusions — and also as politicians
themselves are human*’ — the way people think can indirectly be decisive in choosing
which projects to realise. The following sub-section therefore briefly goes through some
common cognitive biases; psychological or behavioural-economical irrationalities, which

to smaller or larger extent may apply to the case of Nord-Norge-banen.

Firstly, sunk costs can be a helpful phenomenon for those in favour of the line if
construction begins, and to some extent even at this point in time, where a decent amount
of resources have been used to investigate and plan the line. This because just like prior
(planning) costs should not work in disfavour of the project, they should not be used as
arguments for building the line either. This may very well become the case, as people or
politicians may argue that the money already spent “would be useless if not proceeding

with the project”, therefore arguing to construct it even if it implies further societal loss.

47 One could argue that also researchers are human, but their opinions must after all be based on at least
partially objective standards.
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This can be compared to someone losing a bet, who then proceeds to make another one

in order to “make up” for the loss, often leading to even larger losses (Angner, 2016).

In the worst case, it can be used by politicians (or researchers) who wants to complete a
project, by undermining disbenefits or being dishonest on what they really want the
project to become, until the construction process has reached a “point of no return”, where
the sunk costs of not completing the project would be seen as too large. There are real-
life examples of this, for instance for the case of a railway from Los Angeles to San
Francisco, where proponents aimed at constructing the cheapest and least conflicted parts

of it first, practically making construction of the rest of it inevitable (Angner, 2016).

Another aspect is menu dependence; the tendency that one can affect a choice via how
one constructs the alternatives. In particular, by introducing an alternative that is less
called for than another alternative due to several decisive factors, but still comparable; a
decoy, the initial alternative may get an improved reception with respect to all other
alternatives (Angner, 2016). One can therefore introduce inferior alternatives to make the

wanted one more preferred by others.

For the 1992 report, this can imply that the inclusion of K1 as an alternative increases the
perceived quality of the other alternatives. In more general terms, it can imply that
considering multiple alternatives increases the chances of one of them being chosen,
while if one option first was chosen to “compete” against non-construction, the latter
outcome would become more probable. Thus, one can exploit this human trait both as a
mean of making the railway get built, and in making the wanted concept chosen — or,

probably more realistically, it can happen without anyone purposely aiming for it.

Related to this is another type of menu dependency; extremeness aversion and the
compromise effect. This is an aversion against choosing outlier alternatives (Angner,
2016). One could view this as increasing the chance of completing a part of the project,
while — at least in isolation — also increasing the chance of not fulfilling the whole project.
This as KO and K5 are the current outliers. Again, then, concept design matters for the

public view of the various concepts in relation to each other.

One could also imagine that this effect reduces the chances of constructing the railway as
a more traditionally dimensioned one, as such an alternative in itself could be seen as an
outlier. On the other hand, investigating such an alternative more extensively could

increase the risk of completing some other concept even if it would not be societally
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profitable, both by constituting a decoy and an outlier, and by increasing the extent of

sunk costs via more investigation being done.

Another tendency is that well-being depends on relative as well as absolute stats. In
particular, many people would actually prefer to objectively reduce their welfare if that
meant that other people were made even more worse off (Riis & Moen, 2017). This can
explain why the project is seen as so important; not having a railway constitutes a clear

relative disbenefit in comparison to big parts of the rest of the country.

The endowment effect is a reference-point phenomenon. It refers to attributing a higher
value to what you own than to what you do not own (Angner, 2016). For the Nord-Norge-
banen case, this could imply that if one “accounts” for the project as something that will
be done in one’s mind — which a parliamentary approval perhaps makes one do — not
completing it anyway would be seen as some sort of loss. This can up-adjust ones
perceived value of the project irrationally, due to loss aversion. Alternatively, if one
perceives it as something that will probably not happen, one may underestimate the value
one would attribute to it once one could make use of it. Interestingly, this could imply
that there is a causal positive relationship between believing that the line will be built,

and wanting this to happen.

Anchoring and adjustment can have an effect on several stages of the project. It refers to
people’s first impression being under-adjusted when met with new arguments, or when
thinking through the matter in hand (Angner, 2016). This can be an issue already in the
investigation process, by making prior investigations and conceptions leading for the
ongoing investigation. This can also be referred to as path dependency, and can lead to
potentially better concepts not being researched. It can also affect the impression left of
a report, for example by thinking of the present value as the anchor and the non-

monetary effects as the (insufficient) adjustment.

Confirmation bias can lead to researchers ending up being more negative than they
should, by being affected by prior analyses. Similarly, the initially positive public may
overweigh the positives and ignore the negatives mentioned in such a report, in effect
keeping up the dispersion between the groups. Overconfidence concerning one’s

opinions, being another common human trait (Angner, 2016), further reinforces this.

A very important factor that can explain people’s potential overenthusiasm for a project
like Nord-Norge-banen, is bundling of gains and losses along with decreasing marginal

valuation of most positive and negative things (Riis & Moen, 2017; Angner, 2016).
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Specifically, it would not be strange to think of the construction of Nord-Norge-banen
as one huge cost; integrating all (or at least most) disbenefits of it. This results in
valuing them subjectively lower than otherwise. At the same time, one may view all
future benefits as small, separate benefits of each trip one would make. This increases
the perceived total benefit of the project. In sum, this — at least in isolation — leads to an
overly optimistic view of the project.

The tendency of weighing low probabilities too high and high probabilities too low
(Angner, 2016) may even be an explanator of the positivity towards the line. This because
the group with a low probability of benefitting significantly from the railway, probably is
larger than the opposite group. This overall results in an overly positive view of it, given
that this larger group on average overestimates their probability of benefitting from the

railway just as much as the other group underestimates it.

Pointing in the opposite direction, comes biases such as the preference of choosing not to
choose, which has in practice been the outcome for Nord-Norge-banen till now. Similarly,
people tend to exhibit underprediction of adaptation (Angner, 2016), implying that the
surveys laid as a basis for the passenger estimates of the report, may be based on answers

that does not reflect how much those asked would actually transfer to using the railway.

One may also mention the focusing illusion and the impact bias, referring to overvaluing
respectively the importance and the enduring impact of some current or future event
(Angner, 2016). This could be the case for people and politicians, overvaluing the
potential importance and impact of Nord-Norge-banen and thereby seeing it as more
beneficial than it is. It can also relate to opponents of the line such as reindeer herders,

who may overpredict the negative impact the line would have on them.

Finally, habit formation refers to the impression that a trend in some value matters in
addition to its average value. In particular, one prefers an improvement over time over
the opposite, given that the average value of the two alternatives is the same (Angner,
2016). This can be part of the explanation for prospecting an express railway rather than a
slower one; it is seen as a step “backwards in time” to construct a railway that shows no

improvement of previously used technology.

Several of these (and other) phenomena show that there is a reasoned place for cost-
benefit analyses. Others show that the analyses themselves may be affected by heuristics
amongst those carrying them out — or those deciding the methodology on which they are

based.
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Chapter 8: Summary, discussion and conclusion

8.1: Brief summary of thesis

This thesis has gone through some commonly used arguments for and against realising
Nord-Norge-banen, and placed the project in a historic and geographic context. It has then
gone through previous research, and in particular the report “Med toget til 69°42: Nord-

Norgebanen”.

That report declared the project as a whole as societally non-beneficial according to the
monetary effects, and gave no qualitative grading or scaling of the non-monetary effects.
The sub-stretch from Narvik to Tromsg was however deemed to yield higher benefits
than costs, even after discounting the future by seven percent per year and using an
analysis period of 25 years from the initiation of operation. However, the benefits of this
sub-stretch were partially at the expense of the current railway from Narvik which goes
into Sweden, whose disbenefits were not accounted for. The report notes a high general

uncertainty and a need for making discretionary assumptions.

This thesis has reviewed the report under its methodological framework, and looked at
the effect of laying alternative assumptions as a basis of the calculations, with a main

focus of alternatives that would increase the perceived benefits of the railway.

It has also discussed some non-monetary effects and some neglected wider economic
impacts, though the amount of such effects may stretch way beyond those examples
discussed in the thesis. Whether the net impact of such effects is positive or negative is
often unclear, as the case also is for the report of Nord-Norge-banen. In some cases, even
a single non-monetary effect can be seen both as positive and negative, depending on who

you ask.

The thesis has gone through the general theory behind cost-benefit analyses, and
presented some of the current Norwegian guidelines for how to conduct them — which
somewhat differs from the guidelines of 1992. It has pointed out several factors that in
sum make the conclusions less complete, concrete and reliable than they could have been.
It has also discussed factors that may affect people in different stages of the process of
potentially realising Nord-Norge-banen, from researchers when making reports to
politicians when making decisions — and irrationalities amongst the voters who influence

them.
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8.2: Discussion

This thesis gives no clear answer to whether Nord-Norge-banen should be built or not —
and if so how. It nor concludes whether the 1992 report gives an overall too pessimistic
or optimistic view of the project, but rather points out certain aspects that could affect and
arguably improve its estimates, as well as certain aspects that may distort the perception
and treatment of them.

A significant issue is that there is no exhaustive list of what such aspects may be. This
explains a part of why many in their own probably insignificant, but in sum potentially
decisive aspects, are ignored by cost-benefit analyses in the first place; they are seen as
too uncertain, insignificant and/or controversial. This may again partially explain why
politicians largely choose to ignore them, leading to objectively bad decisions; the
decision-makers rather choose to listen to themselves and the voters they represent — who

on average tend to be irrational and inconsistent in their preferences.

Countless aspects could be investigated further, both related to the specific project and
the general methodological practice. For the former, new research is underway, and is set
to be finished in 2023. Formally, it is meant to “only” give implications for the concept
and in particular routing choice, but some (opponents of the project) still believe that the
project will not be realised, despite the parliamentary approval of it. It is after all easier
to be positive towards a popular project in the stages where one’s opinions have no

significant practical effect, than when the financing of it is to be granted.

The new investigation of Nord-Norge-banen is set to be finished by the summer of 2023,
and is a so-called “concept selection investigation”, meaning that it is set to review the
project and its possible concepts independently of prior reports (Jernbanedirektoratet,
2022). The responsible organisation is the same as for the last report from 2019, and there
could be a risk that past research affects the “design™ of concepts used in the current

investigation.

One can hope that the investigation will include a more comprehensive assessment of the
predicted effects of developing the whole north-south national railway network, such as

dimensioning larger proportions of the stretch Tromsg-Oslo (and possibly extending
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further, to the Swedish border south of Oslo) for higher speeds. Similarly, one can hope
that a cheaper alternative of a lower geometric standard will be a concept on its own, as
well as routings going via Sweden. The researchers are relatively free in setting up the
concepts, though it is politically decided that Fauske and Tromsg make up the endpoints
of the potential new stretch, and that a side-arm should be evaluated. The destination of
this is politically set to Harstad, so that a Sortland option or another destination of the

side-arm is already ruled out from being investigated as an own concept.

A different investigation aims to look at all transport solutions in northern Norway in
relation to each other, including the potential railway north of Fauske (Statens Vegvesen
et al., 2023). The report of this investigation is of the same type as the other one, and is
set to be released at the same time. It will review Nord-Norge-banen in a more general
context; in relation to the transportation system as a whole, rather than comparing

different specific concepts against each other.

This investigation is useful by being able to look more into the interdependencies of the
various transport modes. However, it is still a national investigation, while the transport
network (and societal) interdependencies are international. In particular, northern Norway
borders both Finland and Russia, and Norway and Sweden share the longest border
between two countries in Europe. For people travelling from the northernmost county of
Troms og Finnmark to either other regions of Norway or other countries, the shortest and
fastest route on land usually goes via both Finland and Sweden. Thus, despite the fact that
a stated aim of the upcoming report is to investigate how northern Norway can be
connected to other countries as well as the rest of the country, a more internationalised

investigation that looked at the “Cap of the North”*® as a whole would be insightful.

When it comes to the research methodology, further research is continuously done, slowly
but steadily improving both the completeness and precision of cost-benefit analyses.
Especially the choice of discount rates and the potential of varying them across elements
as well as over time, appears necessary for further improvement of the method, as they
are very decisive for the calculated estimates of a project, especially when benefits and

costs appear at different stages of a project.

There is less investigation done on the “weaknesses” of politicians — which in the end are
the ones to decide which projects to carry out. It would be interesting to try to model how

4 The counties of Norway, Sweden and Finland which at least partially are located north of the polar circle.
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decisions on major public projects actually are made — both to make sense of what they
care about, and potentially point out if something does not make sense.

Politicians — both nationally and internationally — also affect the feasibility of the projects
they approve, by approving regulations, norms and requirements on how they should be
carried out. Just a single public policy may impact a project’s feasibility substantially —
both in real and more technical terms. A recent example is the earlier mentioned
upcoming mandate of electric ferries. This could lead to ferries becoming more
expensive, and by this increase the relative attractiveness of railway travel. On the
contrary, there is an ongoing process on making ferry travel partially if not fully publicly
financed, pointing in the opposite direction.

For the case of Nord-Norge-banen, stricter safety regulations have been reflected in
substantially higher cost estimates now than 30 years ago. An interesting research topic
could in this context be to find out whether the current regulations follow the set values
of a statistical life; whether the additional costs are weighed up by the estimated beneficial
value they create. In other words, one can also do cost-benefit analyses of regulations and
more abstract matters than physical infrastructure. If such an analysis concluded that
making regulations stricter has had a negative societal impact, regulations are either too

strict, or the statistical life is undervalued.

8.3: Conclusion

While extensive research is done to reach precise numbers regarding the market potential
and such of major projects, the arguably strongest determinants of the calculations of
long-lasting projects are set based on a very general guidelines. These guidelines neither
varies between different types of projects or different types of effects (unless report-
makers purposely deviate from the standard guideline, which rarely happens), nor is

harmonised between equivalent projects in different countries.

For the case of Nord-Norge-banen, the benefit-cost ratio of the whole project was only
0,67 in the report, while exceeding one just by doing relatively moderate changes in the
discount rate and/or lifetime. Thus, calculated present values work better in comparing
similar projects within a country than as a basis of conclusion on a project on its own.
With this in mind, it can be added that the ratios obtained in the 1992 report were
described as similar to the ones of comparable investigated projects further south in

Norway. Whether this is still the case or not remains to be seen from the current
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investigations, but it is clear that a negative present value is the outcome of most
Norwegian cost-benefit analyses of similar projects, and that any other outcome for

Nord-Norge-banen would be surprising.

A negative present value must however not mean that a project reduces the aggregate
societal welfare, due to many effects being non-quantified, and some even non-
mentioned. Furthermore, even if a project decreases the aggregate societal welfare, other
potentially reasonable aims such as redistribution could imply that it is still objectively a
good choice to complete a project. On the other hand, a project may be a societal bad, but
nevertheless approved, due to the irrationalities, self-interests and/or special interests of

politicians.

This thesis must necessarily be vague in its conclusions about the specific project for
many of the same reasons that the scientific investigations on the projects were vague
themselves. Following this, a part of the answer to the general research question of the
thesis; why there is such a discrepancy between the public view and the conclusions of
research about the project, is that the conclusions of reports have been somewhat

misperceived in the public.

In fact, the 1992 report specifically notes that “the stated (benefit-cost ratio) estimates
must be considered as (purely) a calculation example” (NSB, 1992). Furthermore, it does
not explicitly state that any of the concepts will be societally non-beneficial (or beneficial)
after accounting for the non-monetary (and other) effects, and it gives no general
recommendation on whether the line should be built or not. The 2019 update concludes
somewhat stronger, stating that it is their view that all concepts evaluated by them would
be societally non-profitable. However, none of the reports explicitly recommend against

completing the project or a part of it.

The other part of the explanation for the discrepancy lies in the nature of public opinion
formation and the political decision-making process. Elements are differently weighted,
and additional aspects to those investigated are emphasized by the public. Some of these
aspects must be said to be reasonable in a wider perspective, while other parts arguably

are irrational, or at least controversial.

In general, as well as for the case of Nord-Norge-banen, one may say that the average
individual and politician evaluates in a more complete — yet also more subjective and
imprecise — manner than an investigation will, can, and perhaps should do. The book

“Philosophy of Economics” (Reiss, 2013) sums it up pretty well:
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“Economic explanations are often based on models, and all models are false in a
variety of ways, (while) human behavior isn’t particularly consistent and stable,

(so) the project of trying to explain it in terms of reasons for action is somewhat
less promising”.
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Appendix: Data material for sensitivity analyses

As mentioned in the main body of the thesis, the current and thus also present values used
as a basis for the cost-benefit estimates in the 1992 investigation, are to large extent non-
publicly presented. Therefore, an approximation has been made, based on the numbers
actually shown in the main report as well as appended reports. The numbers used in this
approximation are shown below, using letters to denote various budget items, as described

by the table below.

Table 14: List of budget categories (Own compilation).

Letter Represents

Rolling passenger material

Passenger station buildings

Freight locomotives

Freight carriages

Freight terminal equipment

Passenger operation and private maintenance costs
Coverage contribution to other lines

Changed costs for other lines

Changed non-domestic costs

Freight operation costs

Public planning costs

Public infrastructural costs

Public (track and electrotechnical) maintenance costs
Reduced resources usage for other sectors
Efficiency-enhancement for other sectors
Value of saved time

Value of monetarised environmental impacts
Value of accident reductions

Value of newly established traffic

Passenger traffic surplus

cd1uwvwxxpovoZIrAS T ITOMMOoOO®>P

Freight transport surplus

For most of the categories, estimated current values for the years 2010, 2020 and 2030
were presented. For the years between, interpolation was done, and as the operation
initiation year depending on the concept was estimated to be somewhere from 2003 to
2007, while the final analysis year thus would be up to two years after 2030 — or
extending way beyond that if increasing the analysis period, extrapolation was also
conducted. This was done using the built-in Microsoft Excel function FORECAST.ETS,
where ETS stands for exponential triple smoothing. The underlying numbers this was

based on are presented in the tables below, for K2 and K5 respectively.

101



Table 15: Underlying data for inter- and extrapolation for K2 (Own compilation).

Year F G H I J M N 0 P Q S T u
2010 -253 -143 1,8 -64 -1455  -206 547 2081 539 1,1 83,1 66,4 72,5
2020 24 -145 21 -66 -1569  -258 598 210,7 59,1 286 86,7 70 80,3
2030 -22,7 -144 27 -58 -1707  -309 679 2152 589 29,7 891 71,7 87,7

Table 16: Underlying data for inter- and extrapolation for K5 (Own compilation).

Year F G H | J M N 0] P Q S T U
2010 -64,5 -42,5 -269 -284 -134 -49 780 296,8 112,6 -60,5 150 215,5 41,5
2020 -62,1 -43,8 -284 -303 -1434 -61,3 842 296,8 118,3 71,5 150,3 228,8 45,6
2030 -59,5 -43,8 -26,7 -31,3 -1554 -73,5 937 296,8 121,3 75,9 1471 232,9 48,1

For budget categories A through E, all investments within the original analysis period of
25 years were included for each year. For extensions of the lifetime, new investment costs
were added, based on the cost pattern shown for the prior years, in combination with the

assumed depreciation times of each element as described by the report.

Categories F through J are approximated by inter- and extrapolation. Budget items K and
L; public planning and infrastructural costs, are presented year by year. No new costs
were assumed for the period beyond the original lifetime. For infrastructural costs, the
report specifically adds that all such costs after the initiation of operation are accounted
for by adding them to the public maintenance cost item.

Categories M through Q as well as S through U are mainly estimated by inter- and
extrapolation, with the exception of the climate disbenefit in the construction phase,
which was distributed equally between all years of construction apart from the operation
initiation year. For the value of accident reductions (budget item R), no developments
over time or single-year current values were found, so these numbers are based on a

discretionary approximation set equal for all years.

Residual values are also roughly approximated based on the discount periods stated by
the report, along with the number of years between the investment and the end of the
analysis period in each case. Residual values are not compounded for the cases of
extending lifetimes. Said another way, the part of the present value being a residual value,
is subtracted when extending lifetimes, while adding a new (and generally lower) residual
value, appropriate for the increased lifetime.

Based on this, the approximated values became as the tables below show.
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Table 17: Basis for sensitivity analyses of K2 (Own work).

A 8 c D & F G H ] K L ™ N o P Q R s T Y Currentvaluesum PV2% PV4% PV7% PV10%
1991] -10,00 1000 -1020 -1040 -10,70 -11,00
1992 -6,00 600 600 600 600 -600
1993] -15,00 1500 1471 -14,42  -14,02 -13,64
1994 -20,00 2000 1922 -1849 -17,47 -1653
1995 -26,00 2600 2450 2311  -21,22 -19,53
1996| -26,00 2600 -2402 2222 -19.84 -17,76
1997, -26,00 2600 -2355 21,37 -1854 -1614
1998 -26,00 2600 2309 2055 17,32 -14,68
1999 -1758,00 -132,50 -1890,50 -1645,79 -1436,62 -1177,31 -970,13
2000) -1649,00 -132,60 -1781,60 -1520,58 -1301,80 -103691 -831,13
2001(-235,90 -15,00 -1493,00 -132,50 -1876,40 -1570,0 -1318,33 -1020,64 -795,78
2002|-235,90 -3500 -46,20 -12,80 -1518,00 -132,60 -1980,50 -1624,70 -1337,95 -1006,79 -763,57
2003] 19,00 -4620 -12,80 -790 -2621 -1426 149 -659 -13672 -103800 -1699 50133 20565 52,06 -937 1500 8098 6451 67,17 34587 278,17 -224,67 -164,32 -121,22
2004] 2608 -1427 153 657 -137,97 41751 507,81 20600 52,33 -784 1500 8128 6478 67,93 78643 620,10 491,20 349,19 250,58,
2005| 2595 -1427 158 -139,22 1802 51429 20634 5260 -630 1500 8159 6506 68,70) 794,84 61443 477,36 329,83 230,24
2006) 2582 -1428 162 -140,47 1854 52077 20669 5287 -477 1500 8189 6533 69,46| 80324 608,75 46385 311,51 21152
2007| 2569 -1428 1,67 -141,72 19,05 527,25 207,04 53,14  -323 1500 8220 6560 70,22 811,64 60306 45067 294,18 194,30
2008] 2556 -1429 171 -142,97 1957 53373 20739 5341 -170 1500 8250 6587 70,98 82004 597,35 43783 277,78 17846
2009) 2543 -1430 175 -144,22 2009 54021 207,73 5368 -016 1500 8281 6615 71,74 82844 59164 42530 262,26 163,90
2010) 2530 -1430 1,80 -145,48 2060 54669 20808 5396 137 1500 8311 6642 72,50| 83684 58592 41300 247,59 15051
2011 790 2517 -1431 184 -146,73 21,12 55317 20843 5423 291 1500 8342 6669 73,27 837,34 574,78 39744 231,53 13691
2012| 2504 -1432 188 -147,98 21,63 55065 20878 5450 444 1500 8372 6696 74,03 85364 574,48 389,50 220,60 12689
2013 2491 -1432 1,93 -149,23 22,15 56614 209,12 5477 597 1500 8403 67,24 74,79 862,05 568,76 37829 20820 11649
2014] 2478 -1433 1,97 -150,48 2266 57262 20947 5504 751 1500 8433 6751 7555 87045 56304 36729 19647 10693
2015 330 -400 -230 -2465 -1433 202 -151,73 2318 579,10 20982 5531 904 1500 8464 67,78 7631 86925 551,24 352,68 18337 97,08
2016| 2452 -1434 2,06 -152,98 2369 58558 21017 5558 1058 1500 8494 6805 77,07 887,25 551,62 34614 17492 90,08
2017] -12,80 2439 -1835 2,10 -154,23 2421 592,06 21051 5586 1211 1500 8525 6833 77,84 882,85 53812 331,17 162,66 8148
2018] -12,80 2426 -1435 2,15 -155,48 2472 59854 21086 5613 1365 1500 8555 6860 78,60| 891,25 53259 32147 15347 74,78
2019 790 2413 -1436 2,19 -156,73 2524 60502 21121 5640 1518 1500 8586 6887 79,36 90455 52994 31371 14557 69,00
2020) 24,00 -1836 2,24 -157,98 2575 61150 21156 5667 1672 1500 8616 69,14 80,12 92085 52892 307,08 13850 6386
2021 2387 -1437 228 -159,23 2627 61798 21190 5694 1825 1500 8646 69,42 80,88 92926 52328 29797 130,62 5858
2022 2374 1438 2,32 -160,48 2679 62447 21225 5721 1979 1500 8677 69,69 81,64 937,66 517,65 28910 12318 53,74
2023] 230 2361 -1438 2,37 -161,73 2730 63095 21260 57,48 2132 1500 87,07 6996 82,40| 943,76 51081 279,79 11587 49,17,
2024] 2348 -1439 241 -162,98 27,82 63743 21295 57,76 2286 1500 87,38 7023 83,17 95446 50647 27208 109,52 4521
2025 330 500 220 -2335 -1440 245 -164,23 2833 64391 21329 5803 2439 1500 87,68 7051 83,93 97336 50637 26679 10438 4191
2026 2322 -18,40 2,50 -165,48 2885 65039 21364 5830 2593 1500 87,99 7078 84,69 971,26 49537 25598 97,34 3802
2027| -46,20 790 2309 -14,41 2,54 -166,73 2936 65687 21399 5857 2746 1500 8829 7105 8545 92556 462,81 23455 8669 32,94
2028 -46,20 2296 -1441 2,59 -167,98 2983 66335 21433 5884 2899 1500 8860 7133 8621 941,86 461,72 22950 82,45 3047,

Residualvalue| 0,00 20,00 60,00 20,00 10,00 -7500 -4500 1500 510,00 0,00 250000 -90,00 199500 64500 180,00 3000 4500 270,00 210,00 255,00| 552000 270603 134505 483,20 178,57

Currentvalue |-471,80 -49,00 -124,80 -30,20 -24,00 -714,21 -417,77 67,98 -177,94 -4471,18 -155,00 -4956,00 -699,33 17135,79 6104,78 162165 -245,11 435,00 2474,50 1975,88 2249,01] 19528,27

Present value 9640,65 4379,02 689,78 -725,51
2029[-235,90 22,83 1442 2,63 -169,23 3039 669,83 21468 59,11 3053 1500 8890 7160 86,97 760,57 36554 17820 62,22 2237
2030|-235,90 -4,00 22,70 -1443 2,67 -170,49 3091 67631 21503 59,38 3206 1500 8921 7187 87,74 76497 360,44 17234 5849 2045
2031 -15,00 230 2257 -14,43 2,72 171,74 31,42 68279 21538 59,65 3360 1500 8951 72,14 88,50| 99597 460,09 21575 71,17 2421
2032 -35,00 -12,80 2244 -1404 2,76 -172,99 31,94 68928 21572 59,93 3513 1500 8982 7242 89,26 97387 44106 20285 6504 2152
2033 -19,00 412,80 220 2231 -1445 2,80 -174,24 3246 69576 21607 6020 3667 1500 9012 72,69 90,02 100047 444,22 20037 62,44 20,10
2034 22,18 -1445 2,85 -175,49 32,97 70224 21642 60,47 3820 1500 9043 7296 90,78 103847 452,05 19998 60,57 1896|
2035 790 2205 -14,46 2,89 -176,74 3349 70872 21677 60,74 3974 1500 9073 7323 91,54 103897 44340 19238 5664 17,25
2036 21,92 -1446 2,94 -177,99 3400 71520 21711 6101 4127 1500 91,04 7351 92,31 105527 44153 18789 53,76 1593
2037] 21,79 -1447 2,98 -179,24 3452 72168 21746 6128 4281 1500 9134 7378 93,07 106368 43632 18210 50,65 14,59
2038 21,66 -1448 3,02 -180,49 3503 72816 21781 6155 4434 1500 9165 7405 93,83 107208 431,14 17648 47,71 1337
2039) 230 21,53 -1448 3,07 -181,74 3555 73464 21816 6183 4588 1500 9195 7432 94,59 107818 42509 17066 44,84 12,22
2040 330 500 21,40 -1449 3,11 -182,99 3606 741,12 21850 62,10 4741 1500 92,26 7460 9535 109058 42155 16598 42,39 11,24
2041 220 2127 -1449 3,16 -184,24 3658 747,61 21885 6237 4895 1500 9256 74,87 96,11 109948 41666 16090 39,94 10,30
2042 21,14 -1450 3,20 -185,49 37,09 75409 21920 6264 5048 1500 9286 7514 96,87 110568 410,79 15558 37,54 9,42
2043] 790 21,01 -1451 324 -186,74 37,61 76057 21955 6291 5201 1500 9317 7541 97,64 110618 402,92 14967 3510 857,

Residual value| 200,00 30,00 1,00 10,00 500 -40,00 -30,00 10,00 -10,00 -370,00 0,00 150000 -80,00 1520,00 440,00 130,00 10000 30,00 190,00 150,00 200,00| 398600 145187 53931 12646 3087

Current value [-943,60 -118,00 128,10 -54,80 -40,00 -1043,01 -634,73 112,02 -263,94 -7141,00 -155,00 -4956,00 -1209,35 27863,79 9361,50 2536,83 373,98 660,00 3840,04 3078,46 363359 33238,69

Present value 14739,28 6284,40 112151 -632,72
2044] 20,88 -1451 3,29 -553 -187,99 38,12 767,05 21989 63,18 5355 1500 9347 7569 98,40 112248 40084 14603 3328  7,90)
2045 -4,00 2075 -1452 333 -550 -189,24 3864 77353 22024 6345 5508 1500 9378 7596  99,16| 112689 39452 14097 31,23 7,21
2046 2062 -1453 337 -547 -19049 39,16 78001 22059 6373 5662 1500 9408 7623 99,92 113929 391,04 13704 2951 663
2047| 12,80 230 2049 -1453 342 545 -191,74 39,67 78649 22094 6400 5815 1500 9439 7650 100,68| 113259 381,12 13099 2741 599
2048| -12,80 2036 -1454 346 -542 -192,99 40,19 79297 22128 6427 5969 1500 94,69 7678 101,44 114329 377,18 12714 2586 550
2049) 220 -2023 -1454 351 -539 -19424 40,70 79945 22163 6454 6122 1500 9500 77,05 102,21 116669 377,35 12475 24,66 5,10
2050) 330 20,10 -1455 3,55 -537 -19549 41,22 80593 22198 6481 6276 1500 9530 77,32 102,97 117619 372,97 12093 2324 467
2051 790 -1997 -1456 359 -534 -19675 41,73 81242 22233 6508 6429 1500 9561 77,59 103,73 117339 364,78 11600 21,67 4,24
2052 -46,20 1984 -1456 3,64 -532 -198,00 42,25 81890 22267 6535 6583 1500 9591 77,87 104,49 114349 34852 10870 1973 3,76
2053 -46,20 19,71 -1457 368 -529 -199,25 42,76 82538 22302 6563 6736 1500 9622 7814 10525 1151,90 34419 10529 1858 344

Residualvalue| 20,00 10,00 80,00 10,00 500 -2000 1500 500 -500 -20000 0,00 100000 -4500 82500 22500 6500 6500 1500 9500 80,00 105,00| 235000 702,19 21480 37,90 7,02]

Current value |-923,60 108,00 -137,20 -74,40 -43,00 -1265,96 -765,14 151,86 -323,02 -9277,19 -155,00 -3956,00 -1658,79 36650,92 11801,08 324588 1043,53 825,00 4883,50 3927,58 4756,85| 43078,90

Present value 1774211 7217,73 1288,13 -602,13
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Table 18: Basis for sensitivity analyses of K5 (Own work).

A B C D E G H ! J K ™M N o P Q R s T u [Currentvaluesum PV2% PV4% PV7% PV10%

1991 -10,00 <1000  -1020 -10,40 -10,60 -11,00

1992| 6,00 600 600 -600  -600  -600

1993] -35,00 3500 3431 <3365 3302 -31,82

1994] -45,00 4500 4325 4161  -40,05 -37,19

1995| -26,00 2600 2450 2311  -21,83  -19,53

1996| -26,00 2600 2402 2222 2059  -17,76

1997| -53,00 5300 -4800 -4356  -39,60 -32,91

1998| -53,00 5300 -47,06 -4189 37,36 -2992

1999 2800 -1566,00 -147,20 -1741,20 -1515,82 -1323,17 -1158,00 -893,51

2000| 2800 -1474,00 -147,30 -1649,30 -1407,66 -1205,13 -1034,79 -769,41

2001| -196,60 -10,00 10,00 -3155,00 -147,20 -3518,80 -2944,37 -2472,26 -2082,77 -1492,31

2002| -196,60 -2600 -1650 -2,50 10,00 -3154,00 -147,30 -3552,00 -2914,62 -2400,21 -1983,92 -1369,80

2003| -9830 -3000 -1650 -2,40 -2,10 10,00 -2587,00 -147,20 -2893,50 -2327,14 -1879,56 -1524,26 -1014,15

2004| -9830 -26,00 11,00 -1485,00 -147,20 -1767,50 -1393,66 -1103,98 -878,39 -563,18

2005| -4915 -2000 -1320 -300 -620 -1660,00 -147,30 -1898,85 -1467,87 -1140,40 -890,25 -550,03

2006| 49,15 -20,00 -1146,00 -147,20 -1362,35 -103249 786,72 -602,57 -358,75

2007] -10,00 410  -6525 -4230 2692 -27,96 -130,79 87700 -4532 75650 29680 111,29 -8117 20,00 15043 212,87 4051 27758 20624 15413 11582 6645

2008| 6500 -42,37 2693 -2811 -131,85 4655 76422 29680 111,74 -7384 2000 15030 21378 40,84 118302 861,77 63163 46569 25746

2009) 6475 -4244 2693 -2826 -13291 -47,78 771,94 29680 11218 6652 2000 150,17 214,69  41,18| 119737 85511 61470 44466 23689

2010| 6450 -42,51 2693 -2841 -133,97 49,00 77966 29680 112,63 -5919 20,00 150,04 1211,71 84839 59814 42452 21794

2011 2,10 6425 -4258 2694 -2856 -13503 50,23 787,38 29680 11307 -51,87 2000 149,90 122396 840,16 58094 40453 20013

2012| 64,00 -42,65 2694 -2871 -136,09 5145 79510 29680 11352 -4454 20,00 149,77 124040 834,76 56610 38676 184,38

2013 620 6375 -4272 2694 -2885 -13715 52,68 80282 29680 11396 -37,21 2000 149,64 124855 823,76 54790 367,27 16872

2014] 6351 -42,79 2694 -29,00 -13821 5390 81054 29680 114,41 -2989 20,00 14951 126909 82090 53550 352,18 15590

2015 990 -550 -630 6326 -4286 -2695 -29,15 -139,27 5513 81826 29680 11486 -22,56 2000 149,38 1261,74 80014 51192 33032 14091

2016| 6301 -4293 2695 -2930 -140,33 5635 82598 29680 11530 -1524 20,00 149,25 1297,78 80686 50629 32052 131,76

2017| 2,50 62,76 -4300 2695 -29,45 -14139 57,58 833,70 29680 11575 7,91 2000 149,12 130963 79826 491,26 30514 12087

2018| -2,40 62,51 -4307 2695 -29,60 -142,45 5880 841,41 29680 11619 -058 20,00 14899 132407 79124 47758 291,04 111,10

2019) 2,10 6226 -4314 2696 -29,75 -14351 60,03 849,13 29680 11664 674 20,00 14886 133872 78430 46429 277,61 10211

2020| -3,00 6201 -4321 2696 -29,89 -14457 6125 85685 29680 117,08 1407 20,00 14872 135216 77665 45082 26452 93,76

2021 620 6176 -4329 2696 -30,04 -14563 6248 86457 29680 117,53 2139 20,00 14859 136331 767,70 43715 25161 8594

2022 6151 -4336 2697 -30,19 -14669 63,71 87229 29680 11798 28,72 2000 148,46 138385 76399 42667 24094 7931

2023 630 6126 -4343 2697 -3034 -147,75 64,93 88001 29680 11842 3605 20,00 14833 139,90 75336 41264 22863 7252

2024| 61,01 -4350 2697 -30,49 -14881 6616 887,73 29680 11887 4337 2000 14820 141254 74954 40266 21888 6690

2025 8,40 60,76 -43,57 -2697 -30,64 -149,87 67,38 89545 29680 119,31 50,70 20,00 148,07 143529 74668 39340 20982 61280

2026| 60,51 -4364 2698 -30,79 -15093 -6861 903,17 29680 11976 58,02 2000 147,94 144124 73507 37984 19876 5641

2027 -16,50 210 -6027 4371 -2698 -3093 -151,99 69,83 91089 29680 12020 6535 20,00 147,81 143698 71853 36415 18696 51,13

2028| -16,50 60,02 -4378 2698 -31,08 -15305 71,06 91861 29680 12065 72,67 2000 147,68 145343 71250 35415 17839 47,02

2029 620 59,77 -4385 -2698 -3123 -154,11 7228 92633 29680 121,10 8000 20,00 147,54 147807 71038 34631 171,15 4347

2030| 13,20 -6,00 59,52 -4392 2699 -31,38 -15517 7351 93404 29680 12154 87,33 2000 147,41 147942 697,08 33329 16161 3955

2031 710 080 -5927 -4399 2699 -3153 -15623 7473 941,76 29680 121,99 9465 20,00 147,28 150666 69600 32637 15527 3662

2032] 59,02 -4406 2699  -31,68 -157,29 7596 94948 29680 12243 101,98 2000 147,15 152731 691,70 31812 14849 3375

Residualvalue| 000 5000 3000 10,00 10,00 -180,00 -13500 7500 -90,00 -46500 000 6000,00 -22500 2850,00 88500 360,00 300,00 6000 435,00 10675,00 483461 222349 103785 23586
Currentvalue | -688,10 -92,00 -72,30 -16,00 -39,10 -1795,50 -1257,67 -77592 -86534 -4210,05 -351,00 -11104,00 -1801,70 25027,84 860180 3398,41 -607,39 580,00 430355 653435 1312,50 26082,38

Present value 9184,70 1315,67 -2225,06 -4098,62

2033 -19660 -10,00 2,40 5877 -4413 2699 31,83 -15835 77,19 957,20 29680 122,88 10930 20,00 147,02 23644 49,25 133265 59171 26690 12223 26,77

2034| -196,60 -26,00 5852 -4420 27,00 -31,97 -15941 7841 96492 29680 12332 11663 2000 14689 23735 49,59 133340 580,43 25678 11538 2435

2035| 9830 -30,00 4300 200 5827 -4427 27,00 -32,12 -16047 7964 97264 29680 12377 12396 2000 14676 23826 49,92 143694 61324 26608 11730 2385

2036| -9830 -26,00 5802 -4434 2700 -3227 -16153 -80,86 98036 29680 124,22 13128 2000 14663 23916 50,26 146039 611,03 26002 11246 22,04

2037| 4915 -2000 620 57,77 -4441 27,01 -32,42 -16259 82,09 98308 29680 12466 13861 2000 14650 240,07  50,60| 152368 62501 26085 11070 2090

2038| 4915 -20,00 57,52 -44,48 2701 -3257 -163,64 8331 99580 29680 12511 14593 20,00 14636 24098 50,93 154423 621,02 25420 10584 1926

2039) -10,00 630 57,28 -4455 27,01 -32,72 -164,70 -8454 100352 29680 12555 153,26 2000 14623 241,88 5127, 161142 63533 25506 10419 1827

2040| 990 8,40 57,03 -44,62 2701 -32,87 -16576 -8576 101124 29680 12600 16059 20,00 14610 242,79 5161 164057 634,14 24969 10007 1691

2041 56,78 -4469 27,02 -3301 -16682 -8699 101896 29680 12644 167,91 2000 14597 24370 5194 165641 627,71 24240 9532 1552

2042| 5653 44,76 27,02 -33,6 -167,88 -8821 102667 29680 12689 17524 2000 14584 24460 52,28 167076 620,73 23510 90,70 14,23

2043] 2,10 5628 -4483 27,02 -3331 -16894 -8944 103439 29680 12734 18256 2000 14571 24551 52,62 168300 613,02 22771 8620 1303

2044] 5603 -44,90 27,02 -3346 -170,00 90,66 1042,11 29680 127,78 18989 20,00 14558 24641 52,95 169945 60687 22109 8211 1196

2045| 650 620 5578 -4497 27,03 -3361 -171,06 91,89 104983 29680 12823 197,22 2000 14545 247,32 53,29 170,09 59555 212,79 77,54 1089

2046| 7,10 5553 -4504 27,03 -33,76 -172,12 93,12 105755 29680 12867 20454 2000 14532 24823 53,62 172,04 590,72 20701 7401 1001

2047] 630  -5528 -4511 27,03  -3391 -17318 94,34 106527 29680 129,12 21187 2000 14518 24913 53,96 173618 584,23 20080 7043 918

Residual value| 35000 5000 500 500 1000 -11000 -9000 5500 -70,00 -350,00 000 400000 -190,00 2130,00 590,00 260,00 420,00 40,00 290,00 500,00 11000] 789500 265670 913,00 32028 41,76
Current value [-1026,20 -184,00 -77,20 -21,60 -58,30 -2760,89 -2016,94 -1236,12 -1428,33 -7046,51 -351,00 -7104,00 -3278,14 42326,38 1364380 5548,39 2221,40 920,00 678508 10676,18 2196,60 47053,60

Present value 16157,55_3621,76 -1478,16 -4035,53

2048] 2,40 5503 -4518 27,03 34,05 -17424 -9557 107299 29680 12956 219,19 2000 14505 250,04  54,30) 175443 57880 19511 6714 844

2049 54,78 -4525 27,04 -3420 -17530 9679 108071 29680 130,01 22652 20,00 14492 25095 54,63 177117 57286 18939 6395 7,74

2050| -3,00 5453 -4532 27,04 -3435 -17636 -9802 108343 29680 13046 233,85 2000 144,79 251,85 54,97, 178252 56523 18327 6071 7,08

2051 210 5428 4539 27,04 3450 -177,42 99,24 109615 29680 130,90 24117 20,00 14466 252,76 5531 1797,77 55889 17773 57,77 649

2052| -16,50 5404 -4546 27,05 -34,65 -17848 10047 110387 29680 13135 24850 2000 14453 253,67 5564 179771 547,91 17089 5450 590

2053 -16,50 620 5379 4553 2705 -34,80 -179,54 101,69 111159 29680 131,79 25582 2000 144,40 254,57  5598] 180586 539,60 16506 5164 539

2054 53,54 -4560 27,05 -34,95 -18060 410292 111930 29680 13224 263,15 2000 14427 25548 56,32 184290 53987 16197 4972 500

2055| 1320 840 -630 -5329 4567 2705 -3509 -181,66 10414 112702 29680 13268 270,47 2000 144,14 25639  56,65) 184615 530,22 15601 4699 456

2056| 5304 4574 27,06 -3524 -182,72 410537 113474 29680 13313 277,80 2000 144,00 257,29 56,99 187159 52699 15208 4494 420

2057| 52,79 4581 27,06 -3539 -183,78 10659 114246 29680 13358 28513 2000 143,87 25820 57,32 188594 520,61 14735 42,72 385

Residual value| 10000 1000 2000 000 500 -5500 -4500 -2500 -3500 -18500 000 250000 -10500 114500 29500 13500 28500 2000 14500 260,00 55,00| 452500 124913 35355 10250 9,23
[Current value | -926,20 -174,00 -103,40 -18,60 -67,90 -3354,99 -2516,89 -1531,59 -1810,56 -9021,61 -351,00 -4604,00 -4393,95 54548,64 16906,80 699,09 5028,00 1140,00 8374,71 1347738 2509,71‘ 61839,64

Present value 20230,96 4761,09 -1155,85 -4009,41
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