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Abstract

The urban development in the Bergen region has lbbamacterized by urban sprawl and
undefined expansions of the urban area which geseeto a geographic imbalance: while the
city center of Bergen offers more jobs than housinigs, the vast majority of the surround-
ing urban areas provide more housing units thansjoAs a consequence, the number of
commuters has grown, resulting in an unfavorabtgeéase in traffic. Th&ergen Land Use
Model, a System Dynamics model, has been designed tgzanthe underlying structural
causes of the imbalance and to investigate howtterbgalance regarding the distribution of
jobs and housing units could be established. Tldahility of zoned land is found to play an
important role in determining the distribution aflys and housing units. While the planning
authorities have a clear decision rule on how miactd to zone for housing, they do not have
a clear rule operating when zoning commercial laNdither is there a rule stipulating which
urban area is to be provided with what kind of zbtend. Three policy options have been
designed and tested: an arranged relocation pol&cyezoning policy and a zoning decision
rule policy. The zoning decision rule policy aintseatablishing a connection between the
zoning of land for housing and the zoning of laad dusiness, which would serve to help
control the future distribution of jobs and housimgits. Model simulations indicate that this
policy, especially when combined with the rezomalicy, could reduce the imbalance in the
region.

Key Words: System Dynamics, policy design, land use, landolesening, urban develop-
ment, housing, business, jobs-housing balance eBenegion, Bergen, Askay.
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1. Introduction

One of today’s major challenges lies in developigre sustainable urban areas. Urban
sprawl, traffic congestion, pollution and loss pkeo space are indications for urban problems

caused by unsustainable land use and transporthiiamgy the past decades.

Norway’s urban development in the post-war peria wredominantly characterized by a
scattering of functions and the development of guband satellite towns (Lian, Gjerdaker,
Hjorthol, Lerstang, & Mydske, 2007). Increasing Weanade possible for many to fulfill
their dream of a one-family house and a private waich led to rising mobility. The omni-
presence of cars allowed for land use planningithatrn facilitated an increased use of cars.
Despite the national goal to reduce motoring, izatbntinues to increase. Since the 1970s
there is a political consensus to integrate larelargd transport planning in order to reduce
the increasing amount of traffic, but motoring keejging (Lian et al., 2007).

Bergen is Norway's second biggest city and the tahmf Hordaland County. Around
260 000 people live in the city of Bergen, but theal urban area of the Bergen region
stretches across several municipalities and fornes log living- and working region. It is
home and workplace to more than 350 000 peopletdpmgraphy is a decisive factor for the
urban structure and development compared to ofties.cThe numerous fjords and moun-
tains are famous trademarks of the region, but &&y form distinctive borders between the

different urban areas and pose considerable clggteto land use planning.

For the past decades, the Bergen region has beemniexcing both a growth in population as
well as an increase in available work. Urban dgwelent has been characterized by urban
sprawl and an increasingly undefined expansiomefurban area. Hordaland county council
explicitly states in its latestlimaplan for Hordaland that the lack of coordination regarding
the location of workplace, services and residenas treated an imbalance (Hordaland
fylkeskommune, 2010). While Bergen offers more jtien housing units, the vast majority

of the surrounding municipalities provide more hogsunits than jobs.

! Climate plan for Hordaland (translation by theheuj
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As a consequence, many people are forced to temreks municipality borders on a daily
basis. The number of employees commuting into Bemgenicipality has been constantly
rising during the past years (Statistisk sentr@b2009). Road traffic rises accordingly, since
the majority of commuters use their private carstii@ journey (Meland, 2009). Congestion
and pollution are the consequence. The increasaffit in the region is a major concern for
regional and local authorities. Since the needrmsportation in an urban area is the result
of the geographic distribution of functions (Stateegvesen, 2011), the goal is to slow down
the rise in traffic by pursuing land use plannimgttreduces the need for transportation
(Bergen kommune, 2008a). This is especially impurteecause it is assumed that the Bergen
region will grow significantly in the coming yearbhe number of people living in the region
is expected to rise by roughly 160 000 inhabitdytghe year 2040. This is an average of
5 000 inhabitants per year. 60-80 000 additionalkihy units as well as 86 000 new jobs will
be needed (Statens vegvesen, 2011). This growthicshot be met by increasing the urban
area even further since it would lead to a sigaificrise in demand for transportation and a
further loss of open space. Rather the existingrudrea needs to be densified: therefore the
location of future jobs and housing units playseatal role in the attempt to decrease the
need for transportation (Statens vegvesen, 201i9.Miismatch between housing units and

jobs might be reduced by a careful location of fetiouilding structures.

The purpose of this thesis, which includes a Syddgmmamics model, is to gain a deeper un-
derstanding of how land use planning and urbanldpaeent processes affect the location of
jobs and housing units in the region. Several govental reports state the importance of
carefully considering suitable locations for théfetent functions and strongly suggest the
combination of different purposes such as houssegyices and workplaces. However, the
imbalance between housing units and jobs and pdication on the number of commuters is
rarely mentioned specifically. The idea of pursugfiggctive land use planning which reduces
the need for transportation remains vague. Conselyube goal of the thesis and the model
is also to provide urban planners and politiciaiity & useful tool; a tool that helps them un-
derstand important feedback processes in the wystem thus enabling them to make long-
term decisions regarding land use planning. Intaadio analyzing the underlying structural
causes of the current jobs-housing imbalance hbsig investigates whether and how a better

balance could be established. Therefore the reseaestions can be formulated as follows:

1. What are the causes for the imbalance betweergjotbfrousing units?

9



2. What can be done to reduce the current imbalance?

The Bergen Land Use Modeét designed to investigate the research questibmdind the
answer to the first question, past decisions madked land use sector are analyzed. Here the
central task is to identify all stakeholders invedy to understand their interactions and to
reveal important feedback processes in the sysdenexplanatory model is designed for this
purpose. Studying and understanding the underlsingtural relationships is important and
necessary preparation when trying to find suitglakcies. In a further step, the explanatory
model is extended to a policy model so as to fimGaswer to the second research question.
The policy model will be used to test differentipgloptions and to analyze their impact and

feasibility.

TheBergen Land Use Mod@& part of a bigger modeling project which corsist two addi-

tional models: one model describes the intra urbaration processes (Li, 2013); the other
model explains the transportation dynamics in #ggan (Brandsar, 2013). The three models
are designed in a way that allows linking them tbgeto form a more comprehensive mod-
el. This opens up many possibilities. Various int@or interactions between land use, trans-
portation and population can be described. Conmgdtie models makes it possible to ana-
lyze how land use planning affects people’s behaaa need for transportation. Therefore a
central point is to identify the role the jobs-himgsimbalance plays in regard to the problem
of traffic increase and to establish whether agbditlance regarding jobs and housing units

could reduce the traffic pressure on the city ofgge.

2. Research Method

Urban systems include the complex and dynamic acteam between land use, transporta-
tion, population and regional economy. These ssatderact on different spatial and tem-
poral levels. As mentioned before, the need fargpartation in an urban area is the conse-
guence of the location of residences, businesssther services. Their location determines
the distance and the number of trips the inhalstaeed to travel in order to meet their daily
obligations. While urban sprawl generally condisomotoring, dense urban areas can en-
courage biking and walking. At the same time thtlesaent pattern is influenced by the
transportation sector: the area’s accessibilitgc@ff the land use. Furthermore, there are vari-
ous interactions between different stakeholdediftdrent spatial and temporal levels within
the land use sector. Land use planning decisiommerog national, regional and local authori-
10



ties have implications on the construction of basgiand housing structures which in turn

affect the area’s attractiveness for enterprisesrasidents.

With the numerous protagonists and their inherempdex interactions, designing sustaina-
ble policies is a difficult task. Moreover, changesand use are slow processes and the loca-
tion of buildings, roads and other physical infrasture is an irreversible intervention which
leads to long lasting consequences for future geioas. A long term perspective is therefore
essential in land use planning. These circumstaneggire tools that allow for a holistic
analysis of the underlying structures and processgstems Dynamics modeling is an appro-
priate tool for this kind of analysis and managemen

System Dynamics is a methodology for analyzing mrahaging complex and dynamic sys-
tems. It was founded by Jay W. Forrester at theshlasusetts Institute of Technology
(M.LLT.) in the 1960s. Important milestones in #wly development of the discipline were
Industrial Dynamics, Urban Dynamics, and Limits@mwth. Computer simulations are used
to explore a system’s behavior and help understla@ceffect of time delays and nonlineari-
ties (Ford, 2010). The purpose of a System Dynamiadel is to gain a deep understanding
of the dynamic interrelations in a system. They &eal the impact of different policies by
uncovering both short-term and long-term consegeenCompared to agent-based modeling,
where the individuals in populations such as fiand social groups are represented explicit-
ly (Sterman, 2000), the level of aggregation in 8ystem Dynamics model is high. The
members of a population such as the constructromsfithe businesses located in the region,
and the inhabitants living in the region, are mededs an aggregated entity. This is done so
as to concentrate on the interactions and highligiportant feedbacks among the different

actors involved in the urban land use system.

The construction of a System Dynamics model requargvide range of data sources. Exist-
ing numerical data normally only covers a very srfrakction, thus a wide range of qualita-
tive data is needed in addition. This is especimiportant when gathering information on
decision rules. The sources for qualitative andhtjtative information for the Bergen Land
Use Model include an extensive literature reviewystematic data collection from the data-
bases drawn up by Statistics Norway (SSB) and Handa County Council (statis-
tikk.ivest.no), as well as several semi-structuirgerviews with experts in different fields

relevant to urban land use.
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Two urban planners working at the planning depantno¢ the Bergen municipality (Etat for
plan og geodata) were interviewed to gain deepsglm and knowledge about Bergen mu-
nicipality’s planning goals, its area of authoratyd the procedures that are involved in every
urban planning process. An additional interviewtwvitie head of the planning department of
Askgy municipality (Plan og utvikling) improved tliaderstanding of the planning activities
in Askgy. Questions regarding the supply of buiddpiots and the decision-making process-
es involved were clarified by interviewing the CEBOthe Bergen tomteselskap, a land de-
veloper in the Bergen region owned by the Bergemionpality. Bergen tomteselskap has
played an important role in the construction atgivm the region by providing the market
with suitable and prepared building plots. Questiooncerning the perspective and concerns
of the business sector were answered by the admaitive contact of the resource group
“Urban Development” of the Bergen Chamber of ConuadBergen Neeringsrad) as well as
the Director of Communication of the Business Regiergen. Business Region Bergen
works to strengthen and develop the trade and indirsthe Bergen region. Lastly, the CEO
of the real-estate company Stadsporten AS expldimegerspective and the motives of de-

veloping structures for firms and residences.

3. Literature review

In the following chapter | will be presenting liggure relevant to the topic — both literature
specifically concerning System Dynamics modelingreé$ and, secondly, research literature

covering a variety of other fields.

3.1 System Dynamics literature

The most important work in System Dynamics whicldradses urban planning is Jay W.
Forrester'sUrban Dynamicspublished in 1969. Forrester perceives an urbea as a sys-
tem of interacting industries, housing, and pebl®69, p. 1) and introduces a simulation
model of an urban area which is divided into thse®systems: business, population, and
housing. It raised attention worldwide by openimgvperspectives of analyzing urban prob-
lems. Forrester examines the life cycle of an udr@a over 250 years: its growth, stagnation
and decay as the urban area goes from mostly vaadntly occupied land. As the urban
area stagnates and declines, an imbalance arisgedrejobs and people because obsolete
housing units are increasingly filled by more laveéme and underemployed people while at

the same time obsolete business structures offerfpbs. It shows the importance of a bal-
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ance between the local labor force and locallylaté jobs. Forrester uses the model to ex-
plore the impacts of different urban-managemengnms. He reveals how many common
strategies to solve problems of urban decay davook as intended and — quite the contrary
— might even worsen the situation. This is causeddmplex systems often being counterin-
tuitive. Based on his urban dynamics model, Foerestcommends other approaches which
are ‘addressed to the underlying causes of urban deater than to symptorh§Forrester,
1969, p. 2). Alfeld and Graham (1976, p. 296) sunwea"The simulation and analysis of
the Urban Dynamics model behavior led to the thyasic elements of urban dynamics theo-
ry: land use as a limit to growth, the attractiveseprinciple, and aging and obsolescence as
the long-term determinants of the character of dvan area’s business and housing struc-

tures.

The System Dynamics Group at M.I.T. engaged inh&rrtresearch on urban behavior and
publishedReadings in Urban Dynamics: VolumgNlass, 1974). It presents the first results
of this research and contains twenty papers ordheerns, discussions and problems regard-
ing the Urban Dynamics model. Its objective is karify assumptions the Urban Dynamics
model is based on, to eliminate misunderstandiagg,to point to potential future modeling
efforts in the field. It also includes a paper ddsog the effort to apply the Urban Dynamics
model to a real world city: Lowell, MassachuseRgadings in Urban Dynamics: Volume 2
(Schroeder Ill, Sweeney, & Alfeld, 1975) was puldid one year later. The different papers
in the book examine criticisms to the Urban Dynamwodel and introduce three extensions
of the original model including land zoning, cityksirb interactions and housing abandon-

ment.

The originalUrban Dynamicsmodel does not include land prices and land awiitha ex-
plicitly. However, zoning of land has a direct irdhce on the supply of land, the availability
of land and - consequently - land prices. Alsogbpulation mix, the future housing market
and employment conditions are determined by zowiegsions. Therefore Miller (1975)
extended th&Jrban Dynamicamodel by a land-rezoning model callBézonelesigned to
test land-rezoning policies on thieban Dynamicsnodel. While théJrban Dynamicsnodel
neither distinguishes between land zoned for bssimed land zoned for housing nor differ-
entiates between land used for business and ladlfas housing, th&ezoneanodel makes

a difference between residential land and busitesd. “The Rezone2 model can thereby
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represent forces that determine the proportionsesidential and business land in the €ity
(Miller, 1975, p. 136).

One of the more recent System Dynamics publicatmmdand use planning is written by
Pfaffenbichler (2003). He developed a dynamic Lafse and Transportation Interaction
(LUTI) model by constructing astrategic, dynamic and integrated urban land useé an
transport model MARS (Metropolitan Activity RelaocatSimulator) (Pfaffenbichler, 2003,
p. 1). In accordance with typical LUTI models, Réabichler divided the model into two
main sub-models: th#ansport sub-modeand theland use sub-modellhe land use sub-
model is again divided into thieand use residential location sub-modsid theland use
workplace location sub-modeThe spatial distribution of workplaces and resmis is an
input into the transport sub-model while the acté#y generated by the transport sub-
model is an input to the land use sub-model. Thd lese residential location sub-model and
the land use workplace location sub-model are céimgpéor available land thus influencing
the land price. The model is explicitly designedhé&dp stakeholders in their decision making
process by evaluating different policy options ahé impacts of policy combinations
(Pfaffenbichler, 2011). The model runs over 30 geard, compared to other LUTI models, it
is a highly aggregated model. The model was orllyiraalibrated with data from Vienna,
Austria but has now been applied to numerous otiters (Pfaffenbichler, Emberger, &
Shepherd, 2008, 2010).

The System Dynamics models presented above wetkassa starting point for tHgergen
Land Use ModelThey provided a general idea of how a System Dyosmodel could be
applied to explain urban dynamics and illustratsdmain concepts. ThBergen Land Use
Modelcan be seen as a further demonstration of hovweByBtynamics can be applied in this
context. In contrast to Pfaffenbichler’'s approaghp did not construct the model based on a
specific dynamic problem, theergen Land Use Modé&$ set up in order to explain internal
structural causes of a specific problem. When comgat to Forrester's Urban Dynamics
model - which is a general theory or a methodolmgyanalyzing urban dynamics — tBer-
gen Land Use Modaxamines a more specific urban area. The timedrand -perspective
as well as the problem definition are differentttiea than looking at a time span of 250
years - following the life cycle of an urban areats entity and examining the causes of ur-
ban decay — th&ergen Land Use Mod&oncentrates on how the imbalance between jobs

and housing units develops over a 50 year-perinthis case, the cause of imbalance is not
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urban decay, but the growth of the urban area.rdleeof land use planning is analyzed. Sim-
ilar to theRezone2nodel, theBergen Land Use Modélistinguishes between land zoned for
housing and business and investigates the deaislea governing the zoning process. One
of the criticisms of Forrester’s Urban Dynamics malod that it does not include the interrela-
tionship between a city and its suburbs and the ebkuburbs in urban problems (Schroeder
lll, 1975). TheBergen Land Use Modelxplicitly explains the relationships between toee

city and its surrounding urban areas.

3.2 Non-System Dynamics literature

The Non-System Dynamics literature reviewed cardiveded into three main categories.

The first category consists of articles about aen&fpased approach in land use modeling.
The second category covers articles dealing withdbncept of the jobs-housing balance.
They are published in the field of Urban Plannifige third category is literature on the spe-
cific situation in Norway and Bergen, respectivditerature concerning the housing market,
business location theories with special focus ensghecific situation in Bergen, and transpor-

tation and land use issues in the Bergen region.

Loibl and Toetzer (2002) apply a spatial agent rhtalsimulate the polycentric development
of the suburban growth observed in the Greater ndeRegion outside the core city. The
model comprises six agent classes representedtbypaaes and households with different
socio-economic characteristics. In three modeltegs their migration behavior is simulated
as a result of regional and local attractivenepsitent factors. Matthews, Gilbert, Roach,
Polhill, and Gotts (2007) give an extensive revieiv agent-based land-use models
(ABLUMS). The characteristics of ABLUMs are thadimidual decision making processes
and individual interactions of each agent are medieTogether, the individual reactions of
the modeled agents in turn form the aggregatedativrstem behavior. This is very differ-
ent to System Dynamics and other approaches, wheraverage behavior of an aggregated
entity itself is modeled. ABLUMs are useful, theref, when the behavior of the agents is
particularly heterogenic and characteristic to rth@deled system. Matthews et al. (2007, p.
1447) conclude thatagent-based land-use models are probably more lussfuesearch
tools to develop an underlying knowledge base whaihthen be developed together with

end-users into simple rules-of thumb, rather thamperational decision support tools”.
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The concept of jobs-housing balance originates fitoenUnited States. Robert Cervero is the
leading scholar on the concept and published numseasticles covering jobs-housing bal-
ance (Cervero, 1989, 1996; Cervero & Duncan, 2086)believes that the ongoing increase
in commute distance is partly due to a rising jabssing imbalance in many metropolitan
areas in the US. A ratio of jobs to housing urstaised to express a balance or imbalance,
respectively. Cervero (1989, p. 137) is convindeat tmany of the nation’s most pressing
and persistent metropolitan concerns — congestemergy depletion, air pollution sprawl,
and class segregation — would be relieved by batenmpbs and housing growthHe high-
lights however that the ratio of jobs to housingtsidoes not reflectthe share of jobs in a
community actually filled by residents, and conebrshe share of worker finding a place to
live in that community(Cervero, 1989, p. 137). A jobs-housing balaniceutd therefore be
aimed at providing residents with the opportunayréside close to their workplace if they
wish to do so. In addition to a possible quantratinatch between jobs and housing units,
there should be a qualitative match betwetdre ‘Skill levels of local residents and the local
job opportunities as well as between the earning&arkers and the cost of local housing
(Cervero, 1989, p. 137). Levine (1998) provideummary of how controversially the con-
cept of jobs-housing balance is discussed. He paint the importance of the geographic
scale when talking about a jobs-housing balaneceasuring the degree of balance or imbal-
ance poses a significant quandary; regions as alevhoe by definition “balanced” in their
jobs and housing, while blocks or neighborhoodsoastmever aré In addition to the fact
that ‘there is no nonarbitrary geographic scale withinigthto assess the match or mis-
matcH he explains thatthe jobs-housing approach has been criticized figplicitly assum-
ing a particular process of residential choice ihieh the selection is made with reference to
long-term workplace of a single employed membéh@household(Levine, 1998, p. 134).
Levine (1998) concludes that the main benefit daeing jobs and housing is to increase
the household’s choice of their residential logagioNeitz (2003) counters the skeptics’ view
on jobs-housing balance by arguing that people mhecmore and more frustrated with their
long commutes and that the distance to work thezdfecomes increasingly important when
deciding where to reside. He statésat many individuals and households want the @oic
living closer to work; for a community to use puhpiolicy to provide that choice, therefore,
is a smart political decisidn(Weitz, 2003, p. 13). Cervero and Duncan (2008)estigate
whether jobs-housing balance or retail-housing ngxieduces vehicle travel more. The area
of their study is the San Francisco Bay Area. Tisy regression models for the analysis and

conclude that jobs-housing balance reduces trawet nT heir results together with a national
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study “suggest that achieving jobs-housing balance isafribe most important ways land-
use planning can contribute to reducing motorizedel’ (Cervero & Duncan, 2006, p. 488).
Cervero and Duncan (2006, p. 488) highlight howeNat ‘jobs-housing balance and mixed-
use development (...) are complementary, not sutestitind-use strategiés

Barlindhaug (2005) examines the housing marketaonaldy. The book comprises eight arti-

cles by different authors on people’s preferenc@gerning their places of residences and
types of dwelling. Barlindhaug and Nordahl (200&)HK at the risk and profitability in hous-

ing-construction projects. They explain that theedelation of the housing and credit market
in the early 80ies has led to an increase in maskeered housing construction which is sup-
ported by Orderud (2005). Barlindhaug and Nord&tlOf) stress the long time delays
caused by the fact that all development requiresagproval of the planning authorities.

Orderud (2005) highlights that even though the ublanning authorities are no longer an
active actor in development, they do representrgoitant factor in the overall picture none
the less: they conduct high-level planning andaggtgeneral guidelines as to what can be
constructed where and give out construction peraniid detailed ordinances regarding the

construction.

Asplan Viak (2009) by order of the Business Reddangen investigated the space required
by the businesses in the Bergen region and theatin preferences. The aim was to draw a
connection between the supply of zoned land foiness and the demand for it. Land use
plans and detailed zoning plans were the pointepladure for mapping out existing and fu-
ture business land. To investigate the demanddsinkss land, a survey was conducted in-
cluding 626 businesses in addition to in-depthrinésvs with five regional businesses which
either had moved or were considering to do so. &spliak (2009) reveal that the vast ma-
jority of businesses demand locations no furtheayathan 30-minutes’ drive from the city
center. However, the region lacks suitable busimesd especially in these areas. Further-
more the report argues that the labor market irBérgen region is divided into market seg-
ments, with the Bergen center forming an obstaddfas Bergen (2012) followed up the re-
port from Asplan Viak (2009) and elaborated mandastrategies for the sustainable devel-
opment of new business land with a 20-year persfech project was established to im-
prove the relationship between supply and demandbdsiness land in the Bergen region.
The study suggests the strengthening and furthexlojgment of already existing urban junc-

tions as the best way to achieve local self-suficy and the efficient coordination of hous-
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ing and jobs. This — it is argued — would be bekieved by strategic business location. Job-
intensive businesses should be located close toehigal city of Bergen and other regional
centers, while land-extensive businesses shoultbdsed close to these said junctions as
well as to main transport corridors. Opus Bergddil@} highlight the importance of a good
inter-municipal collaboration regarding land usarpiing to solve problems across munici-

pality borders.

Jakobsen (2000) applies a business perspectivenaastigates important location factors,
the stability of the location patterns, and advgesaand disadvantages of locations in select-
ed business districts in Bergen municipality. Heoadnalyzes the municipal authorities’ role
regarding the companies’ location choice. The aslig based on a survey of 463 business-
es located in the municipality on the one handiardkpth interviews with representatives of
selected firms and municipal authorities on theentbood road connections are identified as
the most important location factor. Other importlaiation factors are access to general ser-
vices (such as banks and post offices), closemegsadlified workers, and expenditures for
land, buildings or office rental. These insighte aimilar to the findings of Asplan Viak
(2009) who investigate the location preferencediminesses in the Bergen region. Reasons
to relocate include low prospects of expansion el as the price of the current office/real-
estate. Closeness to the main road, the area’sategniprofile and good prospects of expan-
sion are central location factors. Jakobsen (26GQgs that three out of four businesses in the
Bergen municipality are extremely or very satisfvath their location and only less than 5 %
are extremely unsatisfied. This corresponds with fihdings of Asplan Viak (2009) who
write that roughly 77 % of businesses are verysBatl with their current location, while ca.

8 % are dissatisfied. Furthermore, 60 % of theresses have moved to their current loca-
tion during the past ten years, while 10 % havecwste plans to relocate. Jakobsen (2000)
states that one out of three businesses has reinisiritbe same location for more than ten
years. When asked about the most interesting udistnict to relocate to, Bergenhus is
named first - followed by Ytrebygda, Ardtad, anch&awhile the district of Arna is consid-
ered the least attractive. Asplan Viak (2009) révéaat just over 50 % of businesses prefer

to stay in their current municipality, while 40 %sl to remain in the Bergen region.

Roald and Nielsen (2010) give an extensive insigittt Bergen’s urban development. They
explain the individual urban development processd®ergen and map out the role the indi-

vidual players and the planning authorities playe Bmalgamation of Arna, Fana, Laksevag,
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Asane and Bergen municipality, their research feyeeas the starting point for the devel-
opment of several new urban centers such as Laxtdefplsvik, Midtbygda in Asane in ad-
dition to that of Bergen. Realizing that the newidential areas would lead to people now
living in one area and working in another, the plag authorities aimed to create a balance
between jobs and housing units as well as betweblicpand private services in the new
urban districts (Roald & Nielsen, 2010).

The Norwegian Public Road Administration’s (Statemsgvesen, 2011) papekon-
septvalgutredning (KVU) for transportsystemet i gg@rsomradétcurrently is the most ex-
tensive paper on transportation issues and policiBgrgen, and it includes the topic of land
use planning policies. Its aim is to suggest logmgatland use- and transportation strategies
and it specifies the type and timing of measuregsiired. The task was to see how different
measures work together in a long-term perspeciite. objective is to create a more bal-
anced region with less pressure on Bergen cityecemlich allows a larger part of the trans-
portation need to be satisfied locally. The impakca “multicenter urban developmént
which in this case describes self-sufficient regiotenters such as Straume, Knarvik, Arna,
Kleppestg lying around the main city center - cangport was tested. Statens vegvesen
(2011) found that the concentration of housingyises and workplaces in regional centers
so as to handle the expected growth of the regmuldwelieve the city of Bergen and have a

favorable effect on overall motoring in the Bergegion.

This literature review illustrates how sustainalaed use planning in order to reduce the
need for transportation plays an important roleaumerous reports on urban development in
the Bergen region. However, all reports remain eaghen it comes to the question of how
this could be achieved. In my study, the concepgolo$-housing balance serves as a theoreti-
cal foundation for land use planning aimed at re@tdyuthe need for transportation. TBer-

gen Land Use Modehvestigates the drivers affecting the locationjotls and housing units,
identifies interactions between the urban areaghis specific case those between the core
city of Bergen center and the neighboring urbamas)ieand reveals connections between the
housing market and the business sector — thesadghéden analyzed separately in the re-
viewed literature. In contrast to agent-based modedttempts on land use, this System Dy-

namics modeling approach aims to cast light orsthectural relationships between the vari-

2«Concept study for the transportation system smBergen region” (translation by the author)
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ous sectors and stakeholders involved on diffespatial and temporal levels. Exploring ex-
isting relationships as well as the role of delapsl nonlinearities in the system is an im-
portant step towards making tergen Land Use Modea useful and powerful decision

making tool for policy makers.

4. Problem Statement

In this chapter the problematic dynamic behavia thodel is designed to explain will be
described in more detail. | will go into why it é®nsidered a problem, describe the impacts

of the problem and present existing policies. | e#id by identifying future challenges.

4.1 The area of interest: the Bergen region

The Norwegian public roads administratidgtgtens vegvesgrincludes twelve municipali-

ties in what they call the “functional Bergen regid Bergen, Fjell, Sund, @ygarden, Askay,
Meland, Lindas, Radgy, Ostergy, Vaksdal, SamnaagdrOs municipality (see Figure 1).
Altogether 370 000 inhabitants live in these mypatities which together form one common

working, living and service region.
Masfjorden Modalen @&F @/ .. ..
’/ & These municipalities have less than
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. \‘.g . pality (Statens vegvesen, 2011). In
/:- this thesis, the term Bergen region
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v Kiam refers to these twelve municipalities
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located in the Bergen municipality.

Figure 1. The Bergen region consisting of 12 munigalities
(Statens vegvesen, 2011, p. 10).

3 “det funksjonelle Bergensomrédet” (Statens vegve611, p. 10).
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For the analysis of the problematic dynamic behawvidhe Bergen municipality, the munici-
pality is separated into five defined urban dissridhe urban districts Bergenhus and Arstad
together form the so call®@ergen CenterLaksevag and Fyllingsdalen are definedasyen
West Ytrebygda and Fana together makeBgogen SouthArna constitute8ergen Easand
Asane isBergen North(see Figure 2 for a map of the urban districté)s Hivision is based

on similarities regarding various characteristioshsas land use densities and closeness to
both city center and airport. The main reasonsafmlyzing the Bergen municipality on a
more detailed scale are its population size andgiderable imbalances in jobs and housing

occurrence in the individual urban districts.

Bergenhus

Fyllingsdalen

Fana

e

Figure 2. The urban districts of Bergen municipality (Bergen kommune, 2013).

*

21



Problematic dynamic behavior observed in the neghly municipalities is analyzed on the
municipal level. Since a model including all 12 nujpalities of the defined Bergen region
would go beyond the scope of this paper, | chodapsnunicipality as an example neigh-
boring municipality to Bergen — for several, catlgfeonsidered reasons.

Askgy is a direct neighbor municipality to Bergesrthwest of Bergen city center. It is sur-
rounded by fjords and connected to the mainlandbdiy a bridge and a ferry which runs
from Askgy’s municipality center Kleppesta to Bargeenter. Its closeness to Bergen makes
Askgy attractive for businesses that wish to raautside Bergen municipality (Asplan
Viak, 2009). In addition, the Askay planning auilies stress their desire to reduce Askgy’s
current out-commutes and to increase the numbbkusihesses located on the island (Askay
kommune, 2010). Askgy municipality has existingibess areas less than 30 minutes’ drive
away from Bergen city center. There are plans lieirtextension so as to meet the future

need for business areas (Askgy kommune, 2010).

Askgy has the highest population growth rate inddtand County and one of the highest in
Norway. Between 2000 and 2009, the population ikegsgrew by 2.7 % per year. It is ex-
pected that by the year 2020, the population valthincreased to 30 000 inhabitants (Askay
kommune, 2010). This poses big challenges to lasdplanning. Askgy municipality plans
to concentrate the future population in the southgairt of the island (Askgy kommune,
2010). This area already is the most densely ptguli@rea in the municipality, but there still
are considerable possibilities to increase the idleasd to develop a strong urban center
(Askagy kommune, 2010).

It needs to be emphasized that municipalities alaiqgal artifacts that do not capture the
actual spatial configuration in an urban area. Téey however, the entities that are entitled
to regulate land use. Municipalities are the plagrauthorities and they are responsible for
settlement patterns and commercial areas. Conseguiens they, who influence how the

urban area grows.

4.3  The problematic dynamic behavior

The concern is the mismatch between the numbeowsihg units and the number of jobs in
the municipalities of the Bergen region and in tinean districts within the Bergen munici-

pality. Bergen center offers far more jobs thandmog units, while most of the surrounding
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urban districts within the Bergen municipality ahe remaining municipalities in the Bergen

region hold substantially more housing units tharsj

Figure 3 illustrates the development of the nundigobs and the number of housing units in
Bergen center. Bergen center is clearly dominaiegregion regarding the number of jobs.
For the past 12 years, there have been considef@abbr housing units than jobs. In 2000
there were 68 499 jobs in Bergenhus and Arstad4&nil4 housing units. The number of
housing units has been slowly increasing to 49 I0@4sing units in 2011. The number of
jobs, however, increased slowly until around 200den suddenly, between 2004 and 2008,
it grew significantly and reached just below 80 OBs. This figure has remained more or
less constant sinéeBergen South (Ytrebygda and Fana) shows a siméaeldpment with

the number of jobs outnumbering the number of hgusnits, though not as pronouncedly as

in the case of Bergen center.
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Figure 3. The number of jobs and housing units in Brgen Center (Bergenhus and Arstad) between 2000
and 2011 (own calculation based on data receivedoim Etat for plan og geodata, Bergen kommune).
Figure 4 illustrates the development of the nundddrousing units and jobs in Askgy from
2000 to 2011. In the year 2000, there were 7 6&ihg units and roughly 5 150 jobs. This
mismatch remained more or less constant until 2008 the number of housing units and

jobs increasing approximately at the same speetteS2008, however, the discrepancy

* Numbers obtained by calculations based on datived from Etat for plan og geodata, Bergen kommune
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seems to have increased slightly with the risdértumber of jobs slowing down somewhat
in comparison to the increase in the number of imgusnits. In the year 2011, there were
10 114 housing units and 7 158 jobs in Askgy (Hiamid fylkeskommune, n.d.; Statistisk
sentralbyrd, n.d.-a, n.d.-b).
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Figure 4. The development of the number of jobs antiousing units in Askay municipality between 2000
and 2011 (Hordaland fylkeskommune, n.d.; Statistislsentralbyra, n.d.-a, n.d.-b).

A very similar development can be observed in tieourban districts in the Bergen munic-
ipality with the number of housing units signifitgnoutnumbering the number of jobs. This
mismatch is especially severe in Bergen North (&samd Bergen West (Fyllingsdalen and

Laksevag).

However, comparing the number of housing unitotis jdoes not reveal the imbalance fully,
since the number of people per housing unit vasiemgly between areas and the number of
employed people per housing unit differs according@herefore, it is common practice to
express a balance (or imbalance, respectivelynimaraa with the ratio of jobs to housing
units, the so called jobs-housing ratio. As Wel@(Q3, p. 4) puts it: Generally and simply
stated, the jobs-housing ratio is a ratio betweemeasure of employment and a measure of
housing in a given area of analysiBalance is achieved, when the number of workers
equals the number of jobs in the area of intefdstoretically, a balance between the number
of jobs and the number of housing units is favagablregard to the overall transport volume
(Statens vegvesen, 2011). To obtain the jobs-hgusitio which indicates balance, it is im-
portant to adjust it to the average number of wark@er housing unit. In practice, a jobs-
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housing ratio is balanced when it is equal to theilmer of workers per housing unify
jobs/housing ratio above (...) suggest that them@nisnsufficient supply of available housing
to meet the needs of the local work force, regylitma predominant pattern of in-commuting
of workers in the morning and out-commuting ing¢kening (Cervero, 1989, p. 137).

The jobs-housing imbalance in Bergen center is@aibe striking when looking at the jobs-
housing ratio. In Bergen center, a ratio of apprately 0.7 implies balance. As Figure 5
illustrates, the observed jobs-housing ratio inggdercenter was around 1.5 in 2000, increas-
ing to over 1.6 in 2004 and 2008 - where it stayeate or less constant. In 2000, 32 695
workers lived in Bergen center while 68 499 pedyd their place of work in Bergen center.
In 2011, the number of workers living in Bergentegrad risen to 38 371 while the number
of jobs in Bergen center increased to 79 390. &express this mismatch in absolute num-
bers: there were 47 110 housing units lacking i6028nd 53 972 housing units lacking in
2011.
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Figure 5. The actual jobs-housing ratio compared tdhe jobs-housing ratio implying balance in Bergen
Center (Bergenhus and Arstad bydel) (own calculatio based on data received from Etat for plan og geo-
data, Bergen kommune).

Looking at the jobs to housing ratio for Askay ilgle 6, we see that the actual ratio is sta-
ble at around 0.9 while the ratio implying balaties at about 1.3. In absolute numbers, the

mismatch constitutes a shortage of about 5 000ijpB800 and of about 6 000 jobs in 2011.
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Figure 6. The jobs to housing ratio implying balane compared to the actual ratio in Askgy. (Own calcu
lation based on data from (Hordaland fylkeskommunen.d.; Statistisk sentralbyra, n.d.-a, n.d.-b)).

4.4  The impacts of the problem

When the place of living and the place of work aoé in the same area, people are forced to
commute to work. Studies conducted in the UnitegeStrevealed that.and-use patterns —
which have increased travel distances because eoképaration of homes, jobs, and other
destinations — can be blamed for approximately thmet of the increase in driviigWeitz,
2003, p. 1). Figure 7 illustrates the fact thatr¢his a lot of commuting in the Bergen region.
As can be seen in the figure, Bergen municipaditthe only municipality that has a positive
net commute of roughly 15 300 workers (in 2008)comparison, all other municipalities
have only out-commutes. Askgy has the highest oeca@ammute with 5300 commuters.
More than 5 800 employees working in Bergen livagkgy (Statens vegvesen, 2011). If the
imbalance between jobs and residences remainseoriaereases, it is highly likely that the

number of commuters will rise accordingly.
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Figure 7. Commute inside the twelve municipalities4. quarter 2008. Arrows with numbers show the

biggest commutes. The numbers in the boxes stand fine municipality’s net in commute (Statens

vegvesen, 2011, p. 16).

When looking at the urban district level in Bergeanicipality, a lot of travel activity can be
observed. The Figure 8 illustrates the total nunddetrips made (grey allows) and shows
how many of those were made using public transfidaick arrows). There are two sets of
numbers: those describing trips made within Bengeemicipality, and those made between
Bergen municipality and the neighboring areas enNorth, South, East and West. The trips
include not only commutes to work but also shopytiis, leisure time trips amongst others.
It can be observed that the main travel activitgoscentrated to Bergen center (Bergenhus
and Arstad) and to a minor extent between the bioglerban areas.
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Figure 8. Movement of travelers inside Bergen munipality on urban district level (Meland, 2009, p. 2).
The grey arrows indicate the total number of trips(in numbers), the black arrows represent the propor
tion of the public transportation (in %).

In the Bergen region only around 11 % of the wogkpopulation uses public transportation
to get to work, with the majority using a privater ¢o commute (Meland, 2009). This grow-
ing number of commuters causes the road traffindeease significantly. Overall motor traf-

fic has been constantly rising in the Bergen regidre traffic using the toll ring in towards

Nygardstangen/city center has risen from aroun@@Dvehicles per day in 1990 to about
90 000 vehicles per day in 2010 (Statens vegveX#ii,, p. 20). Nygardstangen is the navel
in the street system since Bergen does not hairggyacad around its city center. Therefore,
in many cases even traffic between the outskirt®wh needs to drive through it. In the fu-
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ture, Statens vegvesen (2011) is expecting a fuitigease in traffic volume, due to an

equally expected rise in population.

In addition to the problem of traffic congestiohetroad traffic causes environmental prob-
lems along the main roads and in the central mdrBergen. If no appropriate measures are
taken, increasing traffic will cause further envineental problems. Road traffic is the biggest
single source of local air pollution. It is respilme for 70 % of the NQ emissions and
around 20 % of suspended dust in Bergen (Statengesen, Bergen kommune, & Hordaland
fylkeskommune, n.d.). Also, for the past five tr gears, the yearly average level of N@s
exceeded the critical value of 40 microgram JN®@r n?. The continued exposure to high
values of NQ, NGO, and suspended dust can cause negative healthse{féitand, Aas,

Christiansen, Nenseth, & Fearnley, 2010).

It is the global, national and regional goal touegl emissions of greenhouse gases. In Horda-
land the goal is to reduce the emission of greesd@ases by 30 % by 2030 according to the
Klimaplan for HordalandHordaland fylkeskommune, 201Road traffic accounts for near-

ly 70 % of emissions — which makes it the main ®obiattention (Bergen kommune, 2001).
There are several ways of reducing emissions framsportation, for example by new tech-
nology. But one very important and central strategi reduce the need for transport itself,

which to a large extent is conditioned by land patterns.

4.5 Existing Policies

In Norway there are several laws and guidelinadifedrent levels on land use planning. At a
top level, there is the national la®l&n- og byningsloven At the county levelfylkeskom-
muneg, there are the land use guidelines which arenddfin thefylkesdelplan At a munici-
pality level, we find th&KommuneplamndKommunedelplan

Norway got a new planning- and construction l&®af- og Bygningslgvin 2009. § 1-1
states the law’s objective: to encourage sustagndblelopment by emphasizing long-term
solutions. 8 11-1 decrees that municipalities nedtave a municipality plark¢émmuneplan)
which describes the municipality’s goals and howathieve themh@andlingsdel and con-
tains a map showing the zoned areas for differenpgses drealde). The kommuneplas

objective is to enforce municipal, regional andioval goals. It needs to include all im-
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portant aims and tasks in the municipality duringanning period (Miljgverndepartementet,
2012).

During the past years, awareness for the closer@tdgionship between land use- and trans-
portation planning has developed. Governmentalaaitidss have their focus on environmen-
tal friendly urban development which encouragesrenwmental transportation while limiting
motoring. Accordingly, the Ministry of Environmenililjgverndepartmentgt which is in
charge of planning, publisheétningslinjer for samordnet areal- og transportplagging.
These guidelines determine that a sustainable @etigp has to underlie all planning activity,
and that land use and transportation planning ¢essary and important, in order to limit the

need for transportation (Miljgverndepartementeg3)9

Hordaland county council is concerned about anessing need for transportation being
generated by the current urban development pat@me. of the objectives for land use and
environment stated in tHeylkesplan for Hordalands to take into consideration the effective
use of land when locating businesses, housing emites and to thereby generate the lowest
possible need for transportation (Hordaland fylkesikune, 2005). Similar to the sugges-
tions by Statens vegvesen (2011), Asplan Viak (2@0@ Opus Bergen (2012), Hordaland
county council has developed five main strategms rhore effective land use planning
(Hordaland fylkeskommune, 2010, p. 57):

» A decentralized center structure (strong municipalenters and regional centers with a
good offer of services, jobs, etc.)

» Densification of existing urban areas instead ofhier expansion

» Suitable locations for businesses and servicesiji@msive and visitor-intensive busi-
nesses need to be located centrally while landrekte businesses dependent on heavy
transport should be located outside the center)

» Coordinated land use planning across the munitypladirders

* Good coordination between land use- and transpamtatanning

It is also the municipal goal to reduce the needrinsportation. In 2002, the so callBer-
gensprogrammétfor transport, urban development and environmeas Waunched. It is

® Guidelines for coordinated land use- and transgiort planning (translation by the author)
® The Bergen program (translation by the author).
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based on nine principal objectives. The first twimgipal objectives involve land use plan-
ning measures: 1.) reduce traffic increase, 2 3ymiurban development that reduces the need
for transportation (Bergen kommune, Hordaland fgk@nmune, & Statens vegvesen, n.d.).
The second objective is explained"agse of the most complicated objectives in the Berg
program. An urban development which reduces thel f@etransportation requires a des-
tinct connection between land use- and transpatatplanning. An urban development
where short distances, good public transport fées, a good network of roads for walking
and biking and the development of junctions anttidis centers is emphasized so that the
inhabitants can perform their daily duties with m&ny short travelling times as possible”
(Bergen kommune et al., n.d., p. 8). In the lanetpart of its municipality plan from 1996,
Bergen municipality stressed the importance of sigwdown the then-prevailing develop-
ment of continuously losing open space. In its lasd plan from 2000, Bergen put a curb on
further expanding the urban area. The 2007 lancplasealso considers sustainable land use-
and transportation planning important: 60 % of lloeising construction is to take place in-
side existing urban areas (i.e. increase densitylpvonly 40 % of the housing construction is
allowed to be field development (Bergen kommun&8®). Bergen municipality points out
that land use and transportation planning is deeigi reaching the goal of reducing local air
pollution and the emission of climate gasses. Tityegpvernment wishes to actively collabo-
rate in the Bergen region, i.e. to work on land-w@s®l transportation planning together with
the neighboring municipalities. In addition, Berdeas a special focus on so called transfor-
mation areas - areas - currently dominated by &ridnsive businesses - which are to be
turned into areas with mainly job-intensive bussessmixed with housing units. Prioritized
transformation areas and areas where the densitgeacreased are identified around urban
district centers and local centers; around the ratlystops and the commercial areas at Mid-
tun, Laksevag (Puddefjordsbroen-Laksevagneset)tl@dso called “business corridor’- a
corridor stretching from Solheimsviken to FjgsangEne objectives are to have a dense
mixed use in and around urban district centermdmease the share of housing units, as well
as to create office workplaces (Bergen kommune8BD0

Askgy municipality also wants to reduce the needransportation. The planning objective
of Askay’s latest municipality plan is to contrileuto well-being and balanced growth in the

municipality through different measures. One of dpecified measures is to provide suffi-

" Translation by the author.
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cient areas for business development in the neyeaks. That way jobs can be established in

Askgy and the need for commuting can be reducekigdpkommune, 2010).
4.6  Future challenges

As mentioned before, it is expected that the Berggion will grow significantly in the com-
ing years. Population forecasts expect the numbgeople living in the Bergen region to
increase by around 160 000 inhabitants by 204G€/tavegvesen, 2011). This will lead to a
demand for about 60-80 000 additional housing uaitg roughly 86 000 new jobs will be
created (Statens vegvesen, 2011). The challenge fiad suitable locations for the future
workplaces and residential areas. Opus Bergen (20128) expect that 70 % of the new
businesses will be job-intensive businesses whideral 30 % will be land-extensive busi-
nesses. They recommend co-locating housing witinasy business activities and public
operations as possible. This would make for sushdénand mixed land use and avoid having
“lopsided” business areas on the one and housiegsaon the other hand. Opus Bergen
(2012) believe that the majority of jobs in thevate and public service sector could be easily
integrated into residential areas without causiogflects.

The planning authorities agreed on extensive dianthe transformation and densification of
central urban areas. Mindemyren is a typical exanfipl an area where land-extensive busi-
nesses are to be replaced by job-intensive busise$sday, there are around 7 000 jobs. By
the year 2030, there will be an expected 27 008 gnd 400 000 m2 of new business space
for job-intensive businesses (Opus Bergen, 2018plak Viak (2009) point out that many
land-extensive businesses currently located inrakateas wish to relocate. Formerly having
been located outside the city core area, they mevsarrounded by the growing city center.
Land value and purchase prices have risen accdydamgl now expansion at the current lo-
cation is not viable. However, the lack of suitatded plots for relocation is delaying the

transformation process the authorities are aimingAsplan Viak, 2009).

5. Dynamic Hypothesis

In the following chapter a dynamic hypothesis igedeped offering one possible explanation
for the historical trend of jobs-housing imbalamt¢he Bergen region. The description of the

dynamic hypothesis begins with a general discusamaha first, very simple structure of the
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model. This will be followed by a presentation axgplanation of the main feedback loops.

Finally, the stock and flow structure of the modl be presented.

5.1 Discussion

The overall model consists of six modules. Eachufedontains a land use sub-model for a
distinct area. One module represents the landrugskay municipality. The remaining five
modules are land use sub-models for Bergen mutiitgipeith each representing a different
geographic part of Bergen. One central task wadewotify important feedbacks between the
different areas. Figure 9 illustrates the inte@ti between the geographic areas represented
by the modules. They are based on several interagiiounds which will be described in
more detail later on. When looking at the arrowdidating the interactions, it becomes ap-
parent that not all land use sub-modules interaitt @ach other. Even though this might not
be in perfect accordance with reality, it represehe geographic division of the urban area
which Asplan Viak (2009) defined. Their findingslioate that the Bergen region can be di-
vided into three different spatial job markets. dgar center acts as a border between them

which, for example, makes Bergen West not veraetitre for businesses located in Bergen

East.
Askay
PO 4
Bergen North
./
R SR 'S
Bergen West Bergen Center Bergen East
-/ N N
T
Bergen South
-/

Figure 9. The six land use sub-modules and their feractions.

Each land use sub-model consists of several se€tigiwre 10 summarizes the general struc-
ture of these models. Each model is divided into tmain parts: théousing sectoand the

business sectorThese two sectors are equally overlapped bylahd use planning sub-
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sector Even though there is no direct interaction betwiéehousingandbusiness sectan
theland use planning sub-sectdhey compete for a limited resource: land arealalvle for
building construction. The municipal authoritiesT@ to a decision as to how much-, and
what kind of land will be zoned for what purposohing is simply the establishment of
districts that permit only specified types of lars# (Kaplan, Hodler, Wheeler, & Holloway,
2004, p. 342). Once the land is occupied it becamesailable for others.

LAND USE

Land Use Planning

Housing B-USiﬂeSfS
Construction Housing | Business Construction
Sector | Sector

Population Jobs

Figure 10. The different sectors and sub-sectors ¢tuded in the land use sub-models. The overlap ilé4
trates that interactions take place.

The housing sectocan be divided further into tHeusing construction sub-sectand the
population sub-sectoHousing construction can only occur when theenisugh vacant land
zoned for housing. Once housing units have beestaarted, people can move in, thus in-
creasing the population. Theeisiness sectoronsists of three sub-sectors: thesiness con-
struction sub-sectoithebusiness location sub-sectand thgob sub-sectarBusiness struc-
tures can be constructed when there is enough vesahzoned for business. Businesses can
decide to locate in the given area once there acant business structures. Thesiness lo-
cation sub-sectomcorporates the most important factors businetses into consideration

when deciding where to locate. The location of besses influences the number of jobs in
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the area. Important interaction between lloeisingand business sectdnappens in th@b
and population sub-sectorThe number of jobs depends to some extent orsittee of the
population because it increases the demand forcssi\both public and private. These can
entail, for example, additional teachers and ewahtinew schools, kindergartens, doctors’
surgeries, grocery stores, shopping malls, etdthAtsame time the migration of people de-

pends on the number of jobs available.

Several stakeholders are involved in Bergen Land Use ModeThe greenand use plan-
ning sub-sectorepresents the municipal planning authorities wabup zoning plans and
give out building permits. They are free in theacions to a certain extent but have to fol-
low several rules and laws from the regional andegomental planning authorities. The blue
housingandbusiness sectorare mostly private construction and real-estatepgamies who
decide to develop a land plot after the municipdharities have zoned it. The construction
plans need to be in accordance with the zoningsgiam the municipality. Only a small part
is developed by the public sector. This includesdbnstruction of student housing, hospitals,
schools, buildings for authorities, etc. The yellpapulation sub-sectotonstitutes the indi-
vidual who can decide freely where to live and wdrke population sub-sectads quite sim-
plified in my model; it is modeled in more detay hi (2013) in his intra urban migration
model. The dark blubusiness location sub-sect@presents the individual firms that decide
where to locate. The rgdb sub-sectodepicts the consequences of the population’s deci-
sions (since the number of service related job&d@p on the number of inhabitants) as well
as the results of decisions made by private busasesn where to locate and how many peo-

ple to employ.

5.2 Causal Loop Diagram

In the following chapter the main feedback loops aresented. They illustrate the dynamic
interactions within théAskgy land use sub-modslid its interactions with thBergen center
land use sub-modellThe same feedback loops are also present intthex tand use sub-
models. First we will explore the loops in tjod andbusiness construction sub-sectdhen
important loops in théusiness location sub-sectwill be presented. Finally, the loops in-

herent in thénousing sectowill be described.
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Feedback loops in tHeusiness Construction Sub-Sector

We will first explore how the number of jobs conmasout. The loops in Figure 11 describe
the balancing effect the business space avaikaliéis on the number of jobs. Business space
stands for the utility space in the existing bussstructures. Loops C1 and C2 express the
fact that businesses can only relocate when tlseradant business space. Loop C1 describes
the immediate short term effect when businessen BBergen center relocate to Askay: As
more business space becomes vacant, more busigassedocate to Askgy. Since business-
es normally take their employees with them whery tredocate within the same region
(Asplan Viak, 2009), the number of jobs increasesantly. By occupying business space,
the amount of vacant space is reduced. Loop C&tiites the long-term effect when busi-
nesses relocate to Askgy. When businesses reltleateadd to the total number of positions
in the specific urban area they are moving to. Winese businesses grow, more positions
are created and more positions are perceived teéded by the firms’ bosses. Consequently
more vacancies are advertised; then — with a slighay - more workers are hired, and -
thereby — increase the number of jobs. By occuplpiunginess space, the amount of vacant
business space is reduced and fewer businesseslocaate than would have done otherwise.
Also a growing population in Askgy and a positivBRdevelopment increase the perceived
need for positions.

space per i
vacant business

worker
* / space
f R
+

population in A potential

POSIioNs 1 sinesses from Bc

@ relocatingto A

perceived need for @

GDP
annual
growth

positions jobs
+ + +
advertised

vacancy rate

hiring rate
NENC ;

vacancies

Figure 11. Job creation loops in theAskay land use sub-modeThe crossing line in the links denote signifi-
cant delays.
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In situations where there is plenty of businesemavailable, the advertised vacancy rate
equals the perceived need for positions: the finirs as many workers as they perceive they
need. Loop C3 illustrates the situation when vabtaisiness space is a constraint. The poten-
tial positions indicate the maximum number of posg which is possible due to the availa-
ble business space and the business space whielqused per worker. When the vacant
business space decreases, the number of poteositibps is reduced. At the point when the
potential positions are less than the perceived maepositions, the advertised vacancy rate
is determined by the potential positions. This Sdie hiring rate and the addition to jobs is
lower than it otherwise would have been. This imtleads to a lower reduction in vacant

business space.

The main finding of the three counteracting loap$-igure 11, is that the amount of vacant
business space regulates the number of jobs aedveisa. In theory, any vacant business
space should be filled with jobs until there ismore vacant space. In reality, there will al-

ways be vacant business space due to relocatingdssss, the economic development and

construction of business structures.

The amount of vacant business space is not orggwtrof the number of businesses relocat-
ing in Askgy and of the number of jobs. As the ap Figure 12 show, business construc-
tion is also a decisive factor that influences d@ineount of vacant business space. Loop C4
shows that any increase in business constructigith-the delay this involves - leads to an
increase in vacant business space — which in wmstitutes the supply side. An increase in
supply, all else being equal, results in a dropeiquested land for business - real-estate
companies reduce their construction activity, sitiee perceived overcapacity of business
space lowers their profit expectations. Loop C5 Rddrepresent the demand side for busi-
ness space. Loop C5 describes the short-term e¥facant business space allows businesses
from other parts of the region, in this case Bergenter, to relocate to Askgy. Once these
businesses have relocated to Askgy, the total numibbusinesses seeking to relocate to
Askay is reduced and — everything else kept eqtia -demand for business space is low-
ered. A decrease in demand slows down businesgrgotisn, i.e. less of the vacant business
space is built on than would have been otherwiseplR1 depicts the long-term effect: as
more businesses relocate to Askgy, more positioagieated. In a situation of economic
growth, this leads to a greater perceived neegdasitions. As a consequence, the perceived

need for business space and the demand for ialsse The rising demand increases business
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construction, which results in more vacant busirsgsace and subsequently to more busi-

nesses being able to relocate to Askay.
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Figure 12. Business space construction loops.

The main finding of the loops illustrated in Figur2 is the importance of supply and demand
for business space construction. We have vacamdsssspace on the supply side, while on
the demand side we have businesses not yet locateskay but seeking to do so and busi-
nesses already located in Askay.

The following two feedback loops in Figure 13 iliage what influences the amount of va-
cant land zoned for business and the effect iiftése construction activity. Loop C6 depicts
how the amount of vacant land zoned for businessdsced when the demand for it increas-
es. The availability of zoned land in turn influeschow much land is requested for business
construction: when the amount of vacant land zdoetusinesses decreases, the demand for
business land slows down. The reaction is to leaves land vacant than one would have
done otherwise. This is because the amount of vdaad is a physical constraint if it falls
below the amount of requested land: only what awdand zoned can be used for construc-
tion. Furthermore, Alfeld and Graham (1976) suppgbséthe amount of vacant land can be a
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constraint even before it falls under the desiesell because the probability of the remaining
vacant land matching the demanded requirementzénand character diminishes. In addi-
tion, zoning restrictions, inaccessibility or prefvis with the plot may make the remaining
land unsuited for construction. Lastly, high larec@s or high construction prices due to the
gualities of the plot may discourage business coaosdn (Alfeld & Graham, 1976). The

expert interviews confirmed that this assumptiotrue for the Bergen region and revealed
that the available vacant land has constrainedtaart®n in the past. Some zoned land is
situated in areas with insufficient road accesdears too high risk regarding construction

permits due to conflicting interests in the neigtiomd.
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Figure 13. Business land loops.

Loop R2 describes how a certain amount of vacasinless space is demolished which cre-
ates abandoned business land. As business stsiciyee they become less suitable for mod-
ern requirements. Consequently, they are demoliahddeplaced by newer structures. Most-
ly, abandoned business land remains land zonetlusiness purposes which increases the
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amount of vacant land zoned for business. Thisfim teduces the land availability constraint
and more business construction can take placeviioaiid have done otherwise. Since parts
of the abandoned land can be rezoned for otheiopasy for example housing, the total land

area available for construction is increased whed Is abandoned.

The loops in Figure 13 show that the amount of matand zoned for business depends on
two factors: the amount of abandoned business dadan exogenous variable calladd
zoned for busines§his variable represents the zoning activity bg planning authorities.
There is no clear decision rule concerning the araod land zoned for business. Zoning
does not seem to depend on the total of availarld. IHowever, as new land is zoned for
business the total of available land is reduceddLlia a limited resource and once it is occu-
pied it becomes unavailable for other purposes. mbee land is zoned, the fewer areas are

available. The total amount of available land ipldted.

Feedback loops in tHeusiness Location Sub-Sector

The feedback loops described in this section iaistthe factors influencing the choice of
location for businesses in the Bergen region. Bweof several location factors specified in
two papers by Asplan Viak (2009) and Jakobsef@R@re included in the model. Two lo-
cation factors are exogenous to the model and egeritbed in the next chapter. The remain-
ing three factors included in the model are parteeflback loops: the clustering effect, the
rental price and the expansion possibility. Thesetion factors influence both residing
businesses in the specific area (in this case As&ag businesses located in other areas of

the Bergen region (in this case Bergen Center).

Figure 14 illustrates the well-known phenomenorbuisiness location theory: the so-called

clustering effect, which describes how businessekif attractive to locate close to each oth-

er. Business clusters can be horizontally integrdta accumulation of businesses in the
same commercial sector) and vertically integratedifesses connected through a common
supply chain). Business clusters develop becausadsses have location advantages by
being located close to each other. The two greatasiem are shared knowledge and shared
infrastructure. Clusters can also be made up ahbases from different commercial sectors

or with different supply chains which profit frorhé urban economy and the allocation of

public goods (Asplan Viak, 2009). Even though Aspldak (2009) could not identify a
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strong clustering effect in the traditional senséhiw the Bergen region, they found that
businesses did consider the area’s reputation wdleaating. If an area is reported as being a

good business location, this can have a kind ddtehing effect.
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Figure 14. Clustering effect loops.

Loop R3 in Figure 14 describes how an increasecaupied business space in Askgy equals
an increase in its share of total business spangp@ in the Bergen region. This intensifies
the clustering effect, since it acts as an indicato businesses in the region for it being an
established and attractive business location. Fewsinesses leave Askgy to relocate in Ber-
gen center, less occupied businesses space i®diaaat the share in business space remains
high — preserving and strengthening the clusteeffgct. Loop R4 reveals how a stronger
clustering effect leads to more businesses locateBergen center wanting to locate in
Askgy, thus increasing the number of relocatinginesses. By occupying business space
they increase Askgy’s share in business spaceuwbstguently the clustering effect gains in

strength.

The loops in Figure 14 show the causal effect clif®sses located in an urban area encour-
aging the perception of this particular area beangell-established and attractive business
location. More businesses will move there as a @gmsnce. Currently Bergen center holds

the highest share in business space and attracisdht businesses.
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Figure 15. Rental price loops.

Figure 15 illustrates another important (re)locatfactor; namely rental prices for business
space. These are very much subjected to supplygl@mand: a rising demand — with every-
thing else kept equal — will cause the rental pticencrease while a rising supply will result
in lower rental prices. Loop C7 demonstrates homelorental prices lead to fewer business-
es leaving Askgy and relocating other places. Askaintains occupied business space and
its supply is lower than what it otherwise wouldr@deen. With a delay, the rental price ad-
justs upwardly. Loop C8 illustrates how rising @driirices mean that fewer businesses wish
to locate in Askgy, which obviously means that fewasinesses actually do so. Business
space remains vacant, more than otherwise wouleé baen the case. The higher supply
causes the price to adjust downwards with a délagp C9 illustrates the effect demand for
business space has on rental prices. Rising rpritads decrease the number of businesses
seeking to relocate to Askgy which reduces the denfiar business space. Everything else

kept equal, this leads to lower rental prices thefore.

The loops in Figure 15 illustrate that rental psiege a decisive factor for businesses to lo-

cate. However, the decisions businesses take amé lan effect on prices over time. They

42



will always adjust according to the supply and dedhand consequently will balance the

businesses’ choice of location.

Another central factor influencing the choice ofdtion for businesses incorporated in the
model is the possibility of expanding capacity lre tgiven area. In Figure 16 we can see,
what happens when there is less vacant zoned taadess land is vacant, the smaller the
chances for a business to expand at the curreatidoc Loop C10 describes that the fewer
businesses leave Askgy, the less business spasmégwacant and the more business con-
struction occurs. This in turn increases the refgaelaind for business. The amount of vacant
land is reduced, and the possibility for furthepa&xsion is curbed. Loop C11 shows how as
the possibility to expand increases, more busiseea outside seek to move to Askgy and
finally more actually do locate in Ask@y. This reds vacant business space, causes the sup-
ply of business space to decrease and the requasteéor business to increase. Subsequent-
ly diminish the possibilities for expansion.

vacant business
space
d +

business space
supply

requested land
for business

vacant land
zoned for
business

businesses from A

businesses from Bc
relocatingto A
+

relocatingto Bc

act ual possibility to
expand

businesses from B
seeking to relocate to*A

Figure 16. Expansion possibility loops.



The loops in Figure 16 make clear that the prospetexpansion depend on the amount of
vacant land zoned for businesses. Location dedsnbmusinesses as well as the consequent

land-occupying construction activity affect thiopess.

Feedback loops in tHdousing Sector

The following feedback loops illustrate the dynasnoccurring in the modellsousing sector
and explain the interacting factors influencing thenber of housing units in the specific
areas. The first loops shown in Figure 17 clarifg effect of the existing housing space on
the future housing space construction. Loop Cl2vshibat a diminishing amount of vacant
housing space increases construction companiegreass to build more housing units. If
there is little vacant housing area, this implidsgh turnover rate and is likely to mean that
housing prices are high. So the real-estate corapdrave reason to entertain high profit ex-
pectations. Consequently, they request more lantdosing so as to build accommodation.
With a delay, the amount of vacant housing spaderise to a higher level than it would
have done otherwise. Loop R5 shows vacant hougiagesgiving people the possibility to
move to Askgy thus increasing the population. Mioogising space is occupied and real-
estate companies try to build more housing so gsdfit from the high demand. The vacant
housing space is further increased. The loops gurEi 17 highlight the important role of
supply and demand for housing which is represehyethe amount of vacant and occupied
housing space.

requested land for

Z( housing
housing _
construction OCCUD_Ied
housing
space
+

vacant housing
space

+
x\ pop ulation in A

people moving

Figure 17. Housing space construction loops.
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The loops in Figure 18 explain what causes the latipn in Askgy to change. Loop C13
shows how vacant housing space in Askgy encoursmse to move there. A rising number
of people moving to Askgy causes the residentigiufagion to increase. This reduces the
remaining vacant housing space. As a direct coresexp) fewer people can move to Askay.
C14 depicts the effect of housing vacancies onnilm@ber of people seeking to move to
Askgy. It is based on the assumption that few veieanleads to fewer people wanting to
move there — they might worry about finding a n&ed suitable house and fear the high
house prices caused by the high demand. Thisrtteams, that fewer people move to Askay
than would have done otherwise, that the populatioreases more slowly and more housing
space remains vacant than otherwise. Loop R6 showsattractive job vacancies are to a
potential population. These vacancies do not haleetin Askgy directly; all job vacancies in
the Bergen region come into play. An increase iputation creates new jobs in the local
service industry; the new residents of Askgy regsichoolteachers, kindergarten-nannies,
doctors, receptionists and sales assistants. Withgadelay, this will lead to more job vacan-
cies which in turn will make Askgy an attractivagt to move to. More people will move

and the population will increase further.

+ +

vacant housi
space
o1 local service
employment ratio
pop ulation m&
people movmg\_/ * local service
@ to A ? positions

net birth rate

+ Ppeople seeking to @ Y

move to A + vacancies

\_‘_/
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Figure 19 illustrates two more feedback loops djggain the housing sector. Loop C15
shows the same effect of vacant zoned land we sathe business sector applying to the
housing sector: the demand for land area allotbeldousing construction is not only influ-
enced by the supply and demand of houses but gl$sbebsupply of vacant land zoned for
housing. The less the vacant land, the lower tlaoés of the remaining vacant land areas to
match the developers’ preferences. If the remaimirggs do not satisfy their demand, they
will require less land for construction and constiess. The amount of vacant land zoned for

housing will remain higher than it would have darleerwise.

vacant land zoned
for housing

+ +

requested land for -
housing zoning for housing— total land available

housing con
struction

exp ected need for
+ + housing units

vacant housing_ +
space

population in A s
\_/ f"'

+ net birth rate

Figure 19. Housing land loops.

Loop R7 describes the decision rule governing theumt of land zoned for housing purpos-
es. The planning authorities use population fortischased on the extrapolation of the past
population growth to estimate the expected neetidosing units and the consequential need
for zoned land. In loop R7 we can see this decisibs creating a reinforcing feedback loop.
The more land is zoned for housing the more lamgeddor housing will remain vacant. The

constraining effect of the land availability wilelseduced and more housing construction can
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take place. Eventually, more vacant housing spakkéde&vthe result. More people will move
to Askgy and the population will grow. The expectesd for future housing will increase -

which in turn will lead to more land zoned for howgs

This chapter revealed numerous important feedbambsl governing the land use in the Ber-
gen region. The vast dynamic interactions illustrite complexity of the different factors
involved. Major insights can be gained: first, thaning activities do not seem to be influ-
enced by the total land available for construcaod there is no feedback link between zon-
ing for business and zoning for housing. Second,athly link between thé@ousing sector
and thebusiness sectas the population: The availability of vacant hmgsspace governs
the population size. The population size affectsrthmber of local service positions and sub-
sequently the number of jobs. The number of jolsences the growth in population. Third,
the availability of business space influences thelmer of businesses locating and conse-
guently the number of jobs, while the availabilifyhousing space influences the population
size. Fourth, supply and demand for housing anéhbss space affect the construction ac-
tivity of real-estate firms, as does the avail@pitf zoned land, which can have a potentially

constraining effect.

5.3 Stock and Flow Diagram

In this chapter the stock and flow structure wal deescribed by subdividing the model into
main sectors as presented in Figure 10. Each ofdletors will be explained separately.
However, due lack of space not all equations amsdraptions will be discussed. For more
detailed information on the model structure seeftiienodel in iThink which accompanies

the thesis. In addition, model equations can badauo the Appendix.

Figure 20 illustrates the simplest model of thesjblousing ratio namely the number of jobs
divided by the number of housing units. A one disienal array is used to distinguish be-
tween high-density and low-density. For land usaping, this distinction is of major inter-
est. It impacts on the need for land and the apjaiplocation of the different functions.
High-density businesses are defined to be job-gmenbusinesses such as headquarters and
banks. Low-density businesses include industriairesses and storage rooms. They are
characterized by having relatively few employeesabiot of land. High-density jobs are jobs

in high-density businesses and low-density jobsjave in low-density business structures.

On the housing side, flats in apartment blocksasgmt high-density housing units because
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they accommodate many inhabitants relative to dmel they occupy. Low-density housing
units include one family houses and other housashadccupy a lot of land compared to the

number of people living in them.

jobs

housing units

jobs housing ratio

Figure 20. The simplest model of the jobs-housingatio.

In the business registdoddriftsregiste), businesses are categorized by their financialiac

ty and the industry sector they belong to. Urbampeérs, however, are not so much interest-
ed in the line of business, as they are in theahan-site business activity (Asplan Viak,
2009). It is therefore important to separate betwide line of business and the business ac-
tivity on-site. Looking at a business, it is nospible to directly deduct from its line of busi-
ness what its land needs might be. It is therefoost interesting to look at the development
of business space within the different types ofifess structures, instead of the number of
businesses in the different lines of businesses. type of buildings and the utility space
connected to them was obtained by the planningrttepat of Bergen municipality, but had

to be estimated for Ask@y since no data was availab

The Job Sub-Sector

Figure 21 illustrates the stock and flow diagrarR@¥ of thejob sub-sectarThe number of
jobs equals the number of people who have theikplace in Askgy. This means that one
job equals “one chair” equals one persiwbsare modeled on an aggregated level to include
all employment related to production and serviéescan be seen in Figure 21, the number
of jobsis represented by a stock and determined by fdterdnt flows. It is increased when
people are hiredh{ring rate) and wherbusinesses relocating to Askiake their employees
with them. The number gbbsis decreased when employees quit their jobs otagaeoff,

and when businesses leave Askgy because theyteetocanother area. Whether employees
are hired or fired depends on thesitions gapwhen there are momrequired positionghan
filled (=jobs), the gap is positive and the required positiores alvertised. Theacancies
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accumulate and eventually are filled. It takes tbméire and fire people. This is represented

by thehiring time and thetime to fire When less people are required than are emplalyed,

redundant is laid off. The number oéquired positionsgs a function expressing both the

firm’s perceived need for positioas well as the actupbtential positions

Required positions = MIN (perceived need for posi$i, potential positions)

population
in Askay

local service
employ ment ratio

normal annual

osition growth
P g GDP

(1)

annual growth
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vacant business
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@ on position growth
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change in
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non local service space time to fire
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avg employ ment
time
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positions

quitting and firin

jobs
potential|positions

hiring time

hiring rate

required positions positions gap

vacancies
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Figure 21. The job sub-sector.
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Equation 1 shows that threquired positionsconsist of the minimum value of each of the

two. There are never more positions required tmarpassible to accommodate and no more

are positions required than are perceived to bdetPotential positionsre constrained by

the existingbusiness spacand the average space required by each workerefitly, space

per workeris a parameter but in future modeling efforts thesy be turned into a variable as

businesses will try to reduce the required spacewpeker. Business space stands for the

utility space in business structures used by therde sectors in accordance with the highly

aggregated definition of jobs. The reason for usitilify space as a parameter instead of the
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number of businesses or the number of businesststes, is that the latter do not give any
indication as to their size, the size of their pisas, or their number of employees. This kind
of information — which is central for land use piarg - can easily be gained from the infor-

mation on utility space.

The perceived need for positions a delayed function of the total number of poss which

is composed of two main categoriesiddal service positionand 2)non-local service posi-
tions Non-local service positions include positioncampanies located in Askay not offer-
ing services to the local market but serving a éigggion. As mentioned before, local ser-
vice positions include positions both in the pulaiad the private sector that offer different
kinds of services to the local population. The nemdif people living in Askgy is represented
by the stock opopulation in AskayThe size of the population influences the nundjéocal
service positionsMore of these positions will develop as the papah rises. This is repre-
sented in the model by multiplying the populationAiskegy with docal service employment
ratio. The number ohon-local service positions represented as a stock determined by its

flow change in positions

Change in positions = non-local service positionsiteal positions growth + jobs moving to

Askgy — jobs leaving Askay (2)

Annual position growttstands for the annual fraction of non-local servositions which
increase or decrease according to the economidagpeuent. In prospering economic condi-
tions, the demand for products and services gdpeises and firms need more workers for it
to be met. This results in new businesses beingded. In economic downturns, however,
there will be fewer jobs: companies have to savaeey@nd need to lay off employees. Some
businesses might even go bankrupt. These develdpraes represented by teDP effect
on position growthGDP is exogenous in the model, since the overahomic trend is not
modeled. The GDP effect increases #rmnual position growthin cases when th&DP
growth exceeds thaormal GDP growth(the latter being defined as the average GDP drowt
between 2000 and 2011). The shape of the tablgifumis discussed in the Model Analysis
chapter.
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The Business Construction Sub-Sector

Figure 22 gives an overview of the stock and flemucture of thebusiness construction sub-
sector It explains the interrelating factors influencingw much business space is construct-
ed. Figure 22 illustrates business land being dwidthto the stocksacant land zoned for
businessandoccupied land zoned for busine3$e business space itself is also divided into
stocks: namelypusiness space under constructivacant business spaemdoccupied busi-
ness spacedccupied business spadescribes firms already located in Askgy. Deeupied
business spaestock is determined by two flows: it decreaseswhasinesses leave Askagy
or when they move to a smaller office (the floeducing and leaving)and increases when
businesses move to Askay or when the office isneldd (the flonextending and moving to
A). Whether businesses in Askgy reduce or extermkrdis on theirecent need for business
space This is determined by the number of workers teeyloy — assuming that every
worker needs a certain-size work space. While lewsity businesses need approximately

200 m2 per worker, high-density businesses onlyireqoughly 50 m2 per work®r

Whenever there izacant business spacbusinesses have the possibility to relocate and
move into the vacant structures. The minimum-furcin equation 3 ensures that no more

businesses relocate than there is vacant busipass for:

Businesses from Bc relocating to A = MIN (vacansibess space/time to relocate, business-

es in Bc seeking to relocate to A/time to relocate) (3)

8 This numbers are based on own calculations with da existing business space and the number gigeo
working in high- and low-density businesses. Thgr@owever, some uncertainty since the jobs argsed
according to lines of business rather than actiality on-site.
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Figure 22. The business construction sub-sector.

Business space is vacated when businesses moaaduthen the construction work on new
business premises is completed. Larger businessttes, in particular, are planned and

constructed by real-estate companies on directrafléhe firms that wish to rent it after-
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wards. Construction takes approximately two yéagsonstruction time businessThebusi-
ness constructioeach year depends on taenual land prepared for business construction
and thefloor space ratio busines3his ratio describes the amount of businesstyitipace
per land area. The parameter expresses how etfcthe land area is used. In Bergen, low-
density structures often have a ratio of approxétyad.1 (10 m2 occupied land gives 1 m?

utility space) while high-density business struesunormally have a ratio between 1 aft 2

Before any construction work can start, basic sticture such as streets, water, and elec-
tricity has to be in place, first. Thitme for preparation of lanadan be long — especially
when the area is far from existing business- oishr@uareas. In such cases, it takes approxi-
mately five to eight years from the time the lanasvzoned for the construction work to start
(Asplan Viak, 2009). This significant delay is aoated for in the model by making the vari-
ableannual land prepared for business constructeodelayed function of thieusiness land
permit rate Business construction can only take place od Valnich is zoned for businesses.
Detailed zoning plans with information on how threaawill be developed need the construc-
tion permission from the authorities. It is forghieason, that the flousiness land permit
rate is a delayed function of theequested land for businesSetting a detailed zoning plan
approved often takes a long time, especially whenareas that are to be developed are large
(Asplan Viak, 2009, 2013). The assumption is tHapkns will be approved at a certain
point in time. If there are conflicts, the proceelwvill take longer and involve meetings with
the municipality and other stakeholders until areagent is made. Once a detailed zoning

plan has been approved, formerly vacant land isfmed.

The demand for business land depends on the aN#jlald zoned land and thdesired busi-
ness constructioby the companies. The fact that the amountamfant land zoned for busi-
nesscan be a constraint is represented byetfiect of land fraction occupied on requested

land for businessThe shape of the table function can be seengur&i71 in the Appendix.

The amount of business space the construction coiegpaesire to construct is affected by

the supply (wacant business spgcand demand for business spaceefeeived need for

° Expert interview with Stein Olaf Onarheim at Staaigen.
19 Expert interview with Frode C. Hoff at Bergen taselskap.

1 Based on estimations done by Svein Heggelundegtldnning department in Bergen municipala for
plan og geodata).
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business spacandbusinesses seeking to relocate to AsKBlyis is represented by tledfect

of the supply demand ratio on desired businesstagmigon. As soon as any current supply
demand ratio is above the normal (defined to bee™prthe effect will be negative. This
means there is not as much demand for businessrecten, since the supply is perceived to
be higher than the demand. In order to take intoaat the time it takes to perceive changes
to the supply and demand chain, thesiness space supply demand rasiaelayed with a
third order smooth-function of half a year. Thermal annual business constructiende-
fined to be the average annual business spacereciist between 2000 and 2011 in the

specific urban area.

The Business Location Sub-Sector

The following sector shown in Figure 23 illustratbe choice of location for businesses in
the Bergen region. Firms vacate business structareseveral reasons. Jakobsen (2000) dis-
covered that there is a high correlation betweessatisfaction and plans to relocate. Of
course it is likewise possible for dissatisfied ihesses not to consider resettlement. Or for
satisfied businesses to discuss resettlement angda&pbsen, 2000). In the model, only dis-
satisfied businesses not serving the local madeet,consider relocation. This is modeled by
multiplying theoccupied business spaoé businesses not serving the local market with th
fraction that is not satisfied. It is assumed tketabout two yearspérception timgfor a
business to become dissatisfied enough to conslieration. Whether businesses are satis-
fied or not depends on several factors. fraetion satisfied at their current locaticand for

the unsatisfied businesses fn&ction leaning to Askggs a new location are influenced by
the same five factors. When firms are not satistigth their location they will often search
for alternatives. They will assess the advantagesdeésadvantages of resettlement and check
out the supply of land sites and business offitteés.assumed that it takes considerable time

decide where to relocate to. Thereforetihee to make decisida set to two years.
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Figure 23. The business location sub-sector.

All location factors included in the model are takeom Asplan Viak (2009) and Jakobsen
(2000). Good road accessibility ranks as most itambrfor businesses of all sectors. Espe-
cially industrial businesses and wholesalers empbdke importance of good road connec-
tions (Jakobsen, 2000). This location factor isrespnted by th@average driving time to
Bergen centerFor businesses in the Bergen region it is immbrta be located close to the
city center. Theirpreferred driving timeto the city center is not more than 30 minutes
(Asplan Viak, 2009). When the average driving tisiehorter than the preferred 30 minutes,
this has a positive effect on thraction leaning to Askeggnd on theactual fraction satisfied

at their current locationn Askgy. However, if the driving time exceeds threferred time

span, this reduces the number of businesses congjdeskay as a potential location as well

55



as the number of satisfied Askgy-based busine$dessame applies toavel time by public
transportation to Bergen centeEspecially high-density businesses wish for gaockssibil-

ity by public transportation and travel time diface has a greater impact on location choice
for high-density businesses than it does for lowsity businesses. It is assumed that free
flow travel and driving time is the most importasansideration for relocation. In order to
account for the fact that traffic congestion infiaes the perceived travel time, the average
travel time is calculated with 90 %ee flow travel timeand 10 % travel time during peak-
hour fush hour travel time These travel times are exogenous inputs to theéetn They are
outputs from the transportation model by Brand2ad.8).

As has been discussed before, businesses in tigerBeggion consider an area’s reputation
for being a good business location a deciding fasteen making relocation choicesskay’s
share in business spacait of thetotal business space in the Bergen regmiiaken as an
indicator for this clustering effect. The higheetkhare, the higher tleustering effeceand

vice versa. The shape of tbleistering effects discussed in more detail in the Appendix.

Also the rental price for business structures isngoortant factor. The vast majority of busi-
nesses rent their space as opposed to owrdheactual rental pricechanges according
to thebusiness space supply demand rafibe rental price increases when the demand ex-
ceeds the supply, while the price decreases whesupply is bigger than the demand. The
normal rental pricestock, representing the basis for #wtual rental price changes — just as
it would for any other product. This change in pris modeled by allowing the price to be
affected by the Consumer Price Ind&P(), which is exogenous in the model. Taetual
rental priceis compared to preferred rental pricelt is assumed that th@eferred priceis
always slightly lower than rental prices in Bergemter. When thactual rental priceis
lower than thepreferred rental priceit has a positive effect on the satisfaction-lewdile a
higher price reduces it. Rental prices are moreomant to low-density businesses than to

high-density businesses (Jakobsen, 2000). Thiscsuated for in the table function.

As mentioned before, one of the most importantaeador a business to relocate is the lack-
ing possibility to expand at their current locati@splan Viak, 2009). The table function in

the effect of land fraction occupied on expansion gubti determines the actupbssibility

12 Expert interview with Frode C. Hoff at Bergen taselskap
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to expand The higher the amount of occupied business lanthe smaller thpossibility to
expandbecomes. Thereferred possibilityis set to 0.7, which means that 70 % of the busi-
nesses wish to be able to expand, which is basdohdings by Asplan Viak (2009). Then,
theactual possibilityys compared to thpreferred possibilityIf the actual possibilityis lower
than thepreferred possibility the fraction considering Askgy and the fractiatisfied in
Askgy diminishes and vice versa. Since the podsiltd expand is more important for low-
density businesses, the effect is stronger for dewsity businesses than high-density busi-
nesses. See the first graph in Figure 79 in theeAgix for the shape of the table function.

The Population Sub-Sector

Figure 24 gives an overview over the stock and fteucture of thgopulation sub-sector
The number oéll housing unitss calculated by dividing theccupied housing spa@ad the
vacant housing spaday the averagbousing space per housing urfor low-density hous-
ing units this equals an average of 140 m2 whitghfdensity housing units usually equal
about 100 m2, though there are considerable diftare between the individual urban aféas
Whethervacant housing spads taken into use or whetheccupied housing spads aban-
doned and turned inteacant housing spaatepends on the effectiveeed for housing space
at the time. This in turn depends on gopulation in Askgwand on the number gieople per
housing unit which also varies between the different urbarasré&hehousing preference
represents the fraction of people preferring lowhigh-density housing units.

The stock ofpopulationis determined bynnual net birthsand bypeople moving to Askay
The number opeople moving to Askalepends on the number méople seeking to move to
Askgyand the area’sapacity for new inhabitant§ hecapacity for new inhabitants calcu-
lated by the number ofacant housing unitsnultiplied with the average numbef people
per housing unitin a no-nonsense way this calculation gives tredihe fact that not more
people can move to Askgy than there is actuallynréar. The number opeople seeking to
move to Askagglepends on two factors: First, on the housingsitn in the area. This is rep-

resented in the model by theusing vacancy fractiohaving an effect on the migration. The

13 values are obtained by dividing the low-densityisiag utility space by the number of low-densitysiog
units in every urban district. The same is donenhfgh-density housing units. Data on housing sgexkhous-
ing units are obtained from the planning departnoéiBergen municipalityEtat for plan og geodata)rhe
number of housing units in Askay is obtained fro8BSwith the housing space having been estimateduse
no data was available.
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assumption is, that people need considerable tomgetceive and react on changes in the

housing sector. To account for that delay, a sméatbtion is used to describe teéect of

housing vacancy on people seeking to move to ASlempnd, the number of people wanting

to move to Askgy depends on the number of job wadeanJob vacancies include all vacan-

cies in the region, not only in Askay. Here, td® effectivgob vacancy fractiorat the time

is compared to theormal job vacancy fractianWhen more jobs are vacant than usually,

more people will seek to move to Askgy and vicesael herefore, the same perception delay

is used as in the effect of vacant housing. Theseeffects are then multiplied with timer-

mal migration The normal migrationis defined to be the average of the net migratmn
Askay between 2000 and 2011. See Figure 76 in ppeAdix to see the shape of the table

function and the assumptions based on it.
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Figure 24. The Population sub-sector.
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The Housing Construction Sub-Sector

The SFD of théhousing construction sub-sects shown in Figure 25. This sector is very
similar to thebusiness construction sub-sectbiere, too, the housing land is divided into the
stock ofvacant land zoned for housitagnd the stock abccupied land zoned for housinthe
housing space is divided into three stodi@ising space under constructjsacant housing
spaceandoccupied housing spacéacant housing spadgacreases when more housing space
is constructed (constructed meaning finished amdlydo move in) than demolished. The
amount of housing construction projects that asstext depends both on tlnual land
prepared for housing constructiaas well as the average housing space per land Hnea
figure is expressed by tHi®or space ratio housinglust as with business constructibous-
ing constructioncan only take place where the main infrastructureh as streets, water and
electricity is in place. Alsohousing constructioms restricted to land with a detailed zoning
plan which has been approved by the authorities.dEmsity ratio housingletermines how
much of the land area prepared for constructiohbelused for low-density- and how much

for high-density housing.

According to Orderud (2005) and Barlindhaug andddbi (2005) housing construction is
market steered and economic yield is a centralctibg In the model this is represented by
the effect of théhousing vacancy fractioon desired housing constructiolVhether thele-
sired housing constructiois higher or lower than theormal annual housing construction
(which is defined as the average annual housingtoaction between 2000 and 2010) de-
pends on how much of the existing housing spagadant. When thlaousing vacancy frac-
tion is higher than normal, the demand for housing ttaoson will equally be higher than

normal.

Just as with théusiness sectptherequested land for housindepends not only on the ex-
pected profit but also on land availability, a fagpresented in the chart by effect of land
fraction occupied on requested lad for housimpe fraction of occupied housing land is cal-

culated by dividing the occupied land by the t¢dald zoned for housing.
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Figure 25. The housing construction sub-sector.

The Land Use Planning Sub-Sector

The last sector presented depicts |dred use planning sub-secteshown in Figure 26. It il-
lustrates the decision processes regarding thenga@tivities of the municipal planning au-
thorities. Municipal authorities increase the s®okvacant land area zoned for businessl
housingby zoning more of theotal available landarea. This zoning process is conducted in

four year intervals by the municipalitggning interva)l. Every four years, a new city gov-
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ernment is elected and they have to set up a newfpt the municipality’s future develop-
ment. This municipality plan includes a land usanplivhere different areas are zoned for dif-
ferent purposes. How much land is newly zoned tarsing depends on theeded and for
housingwhich in turn depends on tlexpected need for housing unitise floor space ratio
housingand the averagbousing space per housing unithe authorities estimate this ex-
pected need for housing units by using populataedasts based on an extrapolation of the
past years’ annual population growth. In the modeis is captured with the TREND-

function:

Expected annual population growth = TREND (popuolain Askay,1,0.02) 4)

The authorities in Askgy municipality add an aduhal 50 %reserveto the calculated num-
ber of housing and another 1% to the expected &mmpulation growth units to be on the
safe side ddd facto). This is not the practice in Bergen municipalityhe population fore-
cast intervalis 10 years in Askgy (Askgy kommune, 2007, 201@) &2 years in Bergen
(Bergen kommune, 2001, 2008b). Surprisingly, themo clear decision rule for tlz®ning
for businesgpurposes. An expert interview with planners wogkat the planning department
of Bergen municipality confirmed that there is rystematic decision rule operating. There-

fore it is kept exogenous in the model.

It is assumed that business premises and housitgyhave a certain lifetime expectancy like
any other physical infrastructure. As they agey thecome less suitable for modern require-
ments and consequently are demolished and replbgedewer structures. ThiBous-
ing/businessdemolitionflow is defined by multiplying thezacant business spacseth the
demolition fraction The planning authorities in Bergen assume thptagimately 0.09 % to
0.36 % of the total existing housing units is dest@d per year (Bergen kommune, 2001,
2008b). No parameter was obtained for the busises®r, so it is assumed that thesiness
demolition fractionis the same as thusing demolition fractiarOnly thebusiness demoli-
tion fraction of low-density business structures in Bergen aestassumed to be higher due
to high land value and zoning permissions thatvallor more efficient utilization. It is as-
sumed that 10 % of vacant low-density businessesgademolished per year in Bergen cen-
ter. Once structures are demolished, the land abeypied becomes available again and can

be rezoned differently. However, only a fractiontleé abandoned business/housing laisd
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rezoned for other purposes. It is assumed that @ #e abandoned land area stays zoned

for either housing or business purpodeaction still zoned for business/housjng
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Figure 26. The land use planning sub-sector.

The presented stock and flow structure of the las®l sub-models in thBergen Land Use

Model contains numerous significant delays in the urbgstem: it takes several years for
land that is zoned to finally be built upon duehte required detailed zoning plans, construc-
tion permits and the need for infrastructure. Thestruction work itself takes approximately
two years before the structure is available. Fiand private people need time to react on
changes in the supply of business space and hospae. The planning authorities in turn

have to react on these decisions. They work wilaaning interval of 10 to 12 years.
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6. Model Analysis

A model is a theory and aany other theory that refers to the world (it) edion imperfectly
measured data, abstractions, aggregations, and Ifficgiions’ (Sterman, 2000, p. 847). To
be able to gain confidence in a model and to umaedsits usefulness it is important to test
and analyze it. The purpose of testing and analg<sis find formal and mental flaws in the
model structure and to reveal the limitations @f thodel. Finding limitations is the prerequi-
site to improving the model and using it correciiize model’s boundary, time horizon, level
of aggregation, and its behavior in extreme cood#imust be examined and challenged in

relation to its purpose.

A series of iterative tests has been conductealidate the model structure while proceeding
in extending the model. The first step after a séwcture has been added to the model was
to check the unit consistency. Alsoface validity testwas conducted throughout the mod-
eling process. This test is admmon sense tégFord, 2010, p. 166) which means that the
model is evaluated in terms of reasonableness.objetive is to assess whether the model,
its structure and its parameter values, make séosessure that all equations are logically
correctly formulated, and to safeguard that alattehships represent reality correctly. The
review of literature provided the basis for the aiyric hypothesis presented in the last chap-
ter. Each sector in the model is established enalitire or on information gathered from ex-
pert interviews. Model parameters are — whenevssipte — based on data from local, re-
gional and national databases. Parameter valuet roe found in databases were acquired
by reading valid literature and conducting expeteilviews. In some cases values had to be

chosen arbitrarily by myself, because of a lackltérnatives.

This chapter gives a summary of the conducted wstishighlights the conclusions which

can be drawn from the testing results. All teséspaesented in more detail in the Appendix.
Reference Mode Replication Test

To test whether the model replicates the histdsicadserved behavior, the model was initial-
ized with historic data and parameter values. Wihenthere was no data available, estimates
of historic values were used. This model has nuosereference modes: the number of jobs
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and housing units for all six urban areas. In tapter only the reference modes for Askay

and Bergen are presented and discuésed

Figure 27 and Figure 28 show the historic develagnoé jobs in Askgy and Bergen center
compared to the modeled behavior. The replicat&éader for Askay fits the data very well

and the modeled behavior for Bergen center isralstively accurate. The simulated number
of jobs increases somewhat faster in the firstgjeahile it stays slightly below the historic

behavior in the last six years of simulation. Ferden center there is a lack of roughly 2 500
jobs (76 858 jobs compared to 79 390 jobs) in 20ithe model, a further increase of jobs is
constrained by the lack of business space - wii¢hrn is caused by insufficient land zoned
for business. The small oscillations in the begigrare caused by the initial stock values for

vacant business space and job vacancies.

o 1 Askay data jobs A 2 Asksy total jobs
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T] o Reference mode: number of jobs in Asksy

Figure 27. Historic (1) and modeled (2) jobs in Asky.

4 The enclosed version of the model in iThink inelsié page on the Interactive Learning Environméretres
all replicated reference modes can be studied.
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Figure 28. Historic (1) and modeled (2) jobs in Beyen center.

Figure 29 and Figure 30 illustrate the modeled bielnaompared to the historic behavior of

the development of housing units in Askgy and Bergenter. Here the replicated behavior
for Bergen center has a close to perfect fit, wttikere is a small difference in the modeled
behavior for Askgy. The main reason for this ig tih@ model underestimates the construc-
tion of high-density housing units. Likely thishecause the model is not well suited to repli-

cate the demand for low and high-density housingsuBuch information goes beyond the

model’s scope.
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Figure 29. Historic (1) and modeled (2) housing uts in Askay.
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Figure 30. Historic (1) and modeled (2) housing uts in Bergen center.

Cutting the Loops

The structure-behavior test called “Cutting theplgibis conducted to compare the model’s
behavior with and without certain feedback: feed#blaops are cut one by one and the mod-
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el’s behavior is assessed both with and withouidbps. The purpose is to locate the source

of the endogenous dynamics and to use the insigtited in order to design policy options.

Graphs showing the model’s behavior with and withtbe cut loops and more details about
the test can be found in the Appendix. The testats/that the demand for business space by
businesses seeking to relocate plays an importdatim the construction of business struc-
tures and - as a consequence - plays a part imiekg the development of jobs. Similarly,
supply and demand for housing units plays a centtalin explaining housing construction
activity and consequently the development of haysinits. The demolition of low-density
business structures in Bergen center helps gengmtewth in jobs in the future. This, how-
ever, is of little importance for the recent getieras of jobs up until 2011. The test further
reveals that the limited availability of suitablened land for housing and business accounts
for the speed in which jobs and housing units dgvelVithout loop C6 (in thbusiness sec-
tor) and loop C15 (in théousing sectgr the number jobs and housing units would grow
more. In accordance with this finding, cutting thep R7 - which describes the authorities’
decision rule for the zoning of land for housingevealed its central role in explaining the

growing number of housing units.

Essentially, two main insights can be gained frowa $tructure-behavior test. First, the de-
mand for housing units and business structuresspday important part in explaining the

growth in housing units and jobs, respectively.ddel the limited availability of zoned land

for both housing and business is responsible #®ptice of growth of both housing units and
jobs. The zoning decision rule for housing fadétathe increase in housing units. This
proves that policies successful in influencing #wailability of land and the demand for

business and housing structures could counteragobs-housing imbalance.

Parameter Sensitivity Test

In parameter sensitivity analysis, changes to patanvalues within the realms of reality are
applied to assess the model’'s sensitivity to ite Tést helps to assess the robustness of the
model. For a model to be robust, the behaviorsidtsas a result of simulations with differ-
ent values should follow thesame general pattefr{Ford 2010, p. 158). The test is under-
taken in order to identify effects of uncertaintydato set priorities for further data research.
Sterman (2000) mentions three types of sensitiwqg talk about a numerical sensitivity
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when changes in parameter values lead to changés inumerical value of the simulation.
When parameter changes result in changed behaaitarp generated by the model, this is
called behavior mode sensitivity. Policy sensiyivdescribes what happens when changes in
parameter assumptions reverse the policy resutisirdtuence the desirability of the pro-

posed policy options.

The test was conducted by identifying parametersnjportant feedback loops. The model
was then run with two alternative parameter valesthe simulation results were compared.
The extensive parameter sensitivity tests revesiguificant numerical sensitivity to some
parameter changes. No changes to the behaviormpatere observed. Graphs showing the
model behavior can be seen in the Appendix. Theetfeodumerical sensitivity to changes in
the table functioreffect of expansion possibilitgee Figure 79 and Figure 80) suggests inves-
tigating the bearing land availability has on a pamy’s possibility to expand the plant. It is
also recommended to examine real-estate-compamiastions to changes in supply and de-
mand for housing and business structures, sincentitel is numerically sensitive to changes
in the table functiongffect of supply demand ratio on business constmuetnd effect of
housing vacancy on housing constructidm accordance with this, it is recommendable to
investigate the level of satisfaction businessestt®vards their current location and whether
they have concrete plans to relocate. The modalss numerically sensitive to changes in
thespace per workeit would be useful, therefore, to collect datatlom average utility space
required per worker for low-density and for higmdity business structures. This prepares
the way for good estimates of the future need tmiress space.

Particularly changes to the amount of vacant laoded for housing and business, will
change the numerical value of jobs and housingsusubstantially. Changes to the floor
space ratio for high- and low-density housing ausifess structures result in notable numer-
ical differences in the values. This confirms tleatcal role of land availability on the overall
model behavior. It is highly recommended to de@aabre research effort on the gathering
of better data. It is necessary to know more alend zoned for different purposes: how

much of it is vacant, how much is occupied? And e the floor space ratios?

68



Extreme Condition Test

“Models should be robust in extreme conditions. Roi@ss under extreme conditions means
the model should behave in a realistic fashion @mdten how extreme the inputs or policies

imposed on it may BéSterman, 2000, p. 869).

Extreme condition tests are based on major chamgdse values of the parameters in the
model to observe the model’'s response. Knowingttietnodel behaves appropriately under
extreme conditions increases the confidence tleabtbdel will run appropriately under nor-
mal circumstances as well. Several extreme comdtasts were conducted whilst the model
was constructed. Many times, they provided impartasights and helped further improve
the model structure and equation. It was possibleeact realistically when faced with ex-
treme conditions such as no vacant zoned land, @etftousands inhabitants or zero or sev-

eral thousands of jobs.

Equilibrium Shock Test

The purpose of the equilibrium shock test is tontdg and correct incomplete and false
equations and to improve the understanding of thece of dynamics. The model was
shocked in equilibrium condition with three diffatanputs. In the first test, the shock input
consisted of a sudden increase of 10 000 extrabitamds to the population in each land use
model - thus also activating the net birth rate gi@dmigration. This test was conducted so as
to understand the role of the population on thealenodel behavior. The model reacted as
expected with a rise in housing construction, amease in the number of local service jobs
and a consequent increase in business construileriearn that population is an important
factor in the dynamics at work. The second shosk ¢ballenged the system with a sudden
relocation of businesses in each land use sub-m®tel expected result to this test was a
rising number of jobs, which was observed in thelet’s response to the test. In the third
test the model was “shocked” by activating exogenmyputs such as the development in
GDP and CPI to reveal how much of the observed\neh# created exogenously. The
number of jobs increased as expected. The exogenpusrecreated much of the develop-
ment of jobs in Bergen Center while it hardly gexted the behavior in Askgy. The reason
for this is that Norway experienced a strong growmticDP between 2004 and 2007, which

led to good employment conditions. Bergen centéshmost jobs and was therefore affected
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more by the economic upturn than Askay which hotdsnly local service jobs are not so
much affected by economic development. The modegponses to the different equilibrium

shock tests can be seen in Figure 88, Figure 8% mudle 90 of the Appendix.

Boundary Adequacy and Level of Aggregation

The model’s boundary defines which variables shiwel@ndogenous, which should be exog-
enous and which to exclude. All important varialdes feedback loops essential for the pur-
pose of the model should be endogenous becausemgeariable exogenous means we
have no explanation for its behavior. The purpokéhis test is to find out whether the

boundary of the model is appropriate for the maplirpose (Sterman, 2000). The model’s
boundary can be described by drawing a table wheghicts all variables in the model and

provides information on whether they are endogenexisgenous or excluded (see Table 1).

Table 1. The model's boundary.

Endogenous Exogenous Excluded
* Zoning for housing » Zoning for business * Land price
e Zoned land for housing{ ¢ Economic development » Housing price
business annual position growth » Business structure char-
* Housing / Business (GDP) acteristics
space construction * Price inflation (CPI) » Other location factors
e population migration » Population net births
e Expansion prospects for « Area’s accessibility
businesses
* Rental price for businegs
structures
» Clustering effect
» Job creation / destruction

The variables included in the model are those deaned vital for understanding the location
of jobs and housing units in the area of interésé purpose of the model is to investigate the
causes of the imbalance between jobs and housitgy Uiherefore, the major forces govern-
ing the imbalance must lie within the model’s boaryd The zoning activity (which governs
the availability of land for housing), the factanfluencing the construction activities (supply
and demand as well as land availability) and facttegtermining the location of businesses
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are endogenously included in the model. The featt zbning for business is exogenous is an
interesting finding by itself because the activigynot exogenous on purpose but rather no
decision rule governing this activity could be itg#ed. Research reveals that the vast ma-
jority of businesses rent their locatfSrwhich makes modeling land prices unnecessary and
including the rental price for business structumese important. Modeling housing prices
was not felt to be insightful enough to justify tinerease in the model's complexity (caused

by including housing prices in the model).

The level of aggregation is relatively high. Apam distinguishing between high- and low-
density (land-intensive and land-extensive), otherences — regarding the characteristics
of jobs, housing units, business structures or tffems for example — are not included in
the model. This was felt to be beyond the scopisfwork and not necessary for the pur-
poses of the model. Including these features whala rendered the model more complex
than useful. The model captures three importannhkess location factors endogenously (ex-
pansion prospects, rental price, clustering effest) two exogenously (the area’s accessibil-
ity indicated by the travel time by car and pulttemsportation). Of course, there are many
more factors businesses take into consideratiomwbkeiding where to relocate to. However,
it is felt that the factors included can explaige thusiness location choice quite well and in-
cluding more factors would be beyond the scopéisfwork and would not necessarily add

additional insight.
Time Horizon

The historical time horizon for the explanatory rabds 12 years (2000-2011). Ideally it
should span a longer time period. Land use planrdagstruction work and changes in the
market are time consuming processes and includesrowus significant delays. Therefore, it
takes many years before significant changes isyeeem can be seen. The reason for starting
simulation in 2000 is mainly owed to data availdyilFor the policy model, the simulation

runs until 2040 so as to account for the long delaythe system.

15 Expert interviews with Frode C. Hoff and Stein Omarheim.
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7. Policy Design

In the previous chapters a dynamic hypothesis kas lbstablished which gives one possible
explanation of the causes for the imbalance betyees and housing units in the Bergen
region. Extensive tests have been conducted takdlavs in the designed model, to gain
extra insights into the source of dynamics, anddémtify important leverage points in the
system. This chapter concentrates on the secoedrasquestion: What can be done to re-
duce the current imbalance? As Ford (2010, p. p&% it: “The final test of model useful-
ness is whether the modeling process leads torbetigerstanding of policies to improve
system behavidr The main findings suggest that land availabibtyd the demand for it are
the most important leverage points in the explayatwodel and are therefore the most suita-
ble means to control land use. Since it is not iptssso change or control the demand for
land, the suggested policies aim to change thelgubpand. Three different policy options
have been developed and tested to investigate ehatid how the imbalance could be im-
proved.

7.1 Arranged Relocation Policy

One suggestion on how to create geographic balenpait forward by Jakobsen (2000).
Planning authorities are to zone and develop léted according to the requirements of spe-
cific land-extensive businesses, thereby contrgltimeir location. Bigger firms in the indus-
trial sector — for example shipyards — need speqtialities for their plot, which can be diffi-
cult to obtain. Due to a lack of alternatives, thal} likely (re)locate where the authorities
has planned for them. Jakobsen (2000) further assuihat bigger firms settling in a certain
place can convince smaller firms to do the same arsarranged relocation and the subse-
guent establishment of other firms close by, migklp achieve a better balance. Askgy mu-
nicipality tries to attract more businesses bylitating the relocation processes of bigger
firms with short processing times and a good diflobhe relocation of Frank Mohn AS and
Framo Engineering from Bergen to Askgy are two glamfor this (Gaasemyr & Glatved-
Prahl, 2009; @dyehaug, 2012).

To test the effectiveness of this policy, a smalicture was added to th&nd use planning
sub-sectorand to thebusiness construction sub-sectdhe added structure in thend use

16 Expert interview Eva Herdlevaer at the planningatapent in Askey municipality.
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planning sub-sectoin Figure 31 represents actions required by thallauthorities. The var-
iable desired arranged relocatiostands for a business currently located in Bergamter
about to relocate to Askgy. The size business msored by the utility floor space it occu-
pies and with the help of tH®or space ratio businesghepolicy specific land areaeeded
for the business is calculated. Surveys reveal iiadt businesses are dissatisfied with the
long waiting time between the zoning of an area #red beginning of construction work
(Asplan Viak, 2013) so shorter permit- and proaggsimes might be instrumental in attract-
ing the so-dissatisfied firms to relocate. The omathis cannot be implemented is that there
might always be external objections to the planmegects. Therefore theolicy permit time
which represents the time needed to approve détadring plans and to give a construction
permit, can be chosen freely when simulating thicypon the enclosed model version in
iThink.

.policy start time

desired arranged relocation

policy specific

policy
permit time
floors space ratio business

vacant land
zoned for

business .
businesses

zoning

/
business land
permit rate
= i
<: /
abandoned business land area

total land occupied land
available zoned

for business

Figure 31. SFD for theArranged Relocation Policyn the land use planning sub-sector.

The added structure in tlhh@siness construction sub-secior-igure 32 illustrates the actions

required by construction firms and the businessemselves. Once the permit is granted, the
land site is prepared for construction (this tapproximately two years) and after that the
construction work starts. As soon as a relocatigre@ment is made, the business — at this

point still located in Bergen center — waits far rielocation. After the specific business struc-
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ture has been constructed and is vacant, the mssgan relocate. By relocating, it occupies
business space in Askgy and leaves space vac&drgen Center. The number of jobs in

Askgy is increased by the relocation.

. Ppolicy
. permit time

.policy start time

policy construction
start time
business
construction

business space
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finishing
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construction [I( )4—@ congtruction time
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vacant business policy construction
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reducing business
leaving
extending
moving to A policy relocation time
occupied
D business space Bc arranged

businesses waiting relocation
for relocation agreement

policy kelocating
space @<

per worker

.policy start time

time to relocate

jobsmoving to A

jobs desired arranged relocation

Figure 32. SFD for theArranged Relocation Policyn the business construction sub-sector.

The policy is tested by arranging the relocatiom &fm consisting of 30 000 m?2 low-density
structure and 30 000 m2 high-density structurena ytear 2014. This corresponds to a large
industrial plant combined with the firm’s headqeastor office building. A real world exam-
ple for this is Framo Engineering which is aboutdcate in Askagy and will bring around
800-1000 new jobs to the municipality (dyehaug,201
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Figure 33 shows the simulation result for the numiddgobs in Askgy without the policy -
(blue line, 1) and with the policy implemented @12 (red line, 2). As can be seen, the num-
ber of jobs increases roughly five years aftergbicy’s implementation. The overall effect
on the total number of jobs, however, is not imneerie addition, the relocation does not
seem to attract many other firms. This suggestsethen a firm of this size and jobs-volume
cannot alter the clustering effect enough for matiner firms to be attracted. To see whether
this is due to the chosen shape of the clusteffiegte different curves are tried. Even a sub-
stantial increase to the clustering effect did Inate any significant impact on the policy.

Simulation results with different clustering effecian be seen in the Appendix.
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Figure 33. Jobs in Askgy without (1) and with (2)tie Arranged Relocation Policy

The effect of the suggested policy seems to beeramall. Of course 1000 new jobs in a
municipality with a very limited job market are ligr better than none but, none the less,
taken by itself it does not make a significant imy@ment to the imbalance. In addition, it
must be considered that a firm of this kind migtdvoke intense protests by the inhabitants,
who might not be happy about a big industrial pland office buildings in their neighbor-

hood and fear the traffic, noise and pollution igit cause.
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7.2 Rezoning Policy

One central policy already implemented by the Bengeinicipality, is the rezoning policy. It
plans to transform central parts of Bergen whemeectly there are still many low-density
industrial firms. The planning authorities have jpigol several zoning plans for these areas
(for example Mindemyren and Solheimsviken) whidbwlfor the increase of the floor space
ratio and the construction of office buildings, gols and apartment blocks replacing the old
industrial structures. The objective of this rexgnpolicy is to increase the densities of valu-
able central urban areas, and to mix apartmentgices, and workplaces. A specific aim is
to increase the share of private residence in thest&ral areas (Bergen kommune, 2008b).
Miller (1975, p. 135) states thaby influencing the price and availability of lanaolrfurban,
industrial, and residential development, rezoniraigles offer an important leverage point
for attaining an improved balance of populationusimg, and business”.

To test whether this policy can improve the balaacemall structure was added to Bey-
gen center land use sub-modete blue variables in Figure 34). The policyuis through the
model by increasing theéemolition fractionof low-density businesses in Bergen center. Do-
ing so is justified by the assumption that new mgmlanes encourage a more effective land-
utilization. When new zoning plans allow for a hegtiloor space ratio and opens for mixing
areas for different uses, this causes the landeveurise, which in turn is undesirable for
low-density businesses. Their rental agreementsitnmigt be extended by the property own-
ers who might want to invest in more modern stmediand take advantage of the new zon-
ing plans. Once the old low-density structuresvaaeated, they will be demolished. Parts of
the abandoned land can be rezoned for housing. \iéséing the policy, the fraction ¢&ind
rezoned for housingan be chosen freely. Once this land is rezonetidosing and/or busi-
nesses, and permits have been obtained, new sesictan be built. However, with the high-
er floor space ratio and the majority of the stuoetbeing high-density, office buildings will
be constructed rather than industrial firms andagfe halls, and apartment blocks rather than
family houses. The fraction of high-density struey too, can be freely determined when

running the policy.
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Figure 35 and Figure 36 show the simulation redoltshis policy. The policy is run with a

business demolition fraction of 0.5 for vacant Idensity business structures. 50 % of the

abandoned land is chosen to be rezoned for hoasidd®0 % of the newly raised structures

are high density. As can be seen, both the numbgbe and the number of housing units

rise after implementing the policy. The rise in ragnof housing units was to be expected

since 50 % of abandoned land was zoned for houBingwhy does the number of jobs in-

crease so significantly? With high-density businsssactures replacing low-density struc-

tures, far more workers can be accommodated tHanebe
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Figure 36. Housing units in Bergen Center withoutX) and with (2) theRezoning Policy

To test whether the policy is more effective withigherpolicy business demolition fraction

and policy housing rezoning fractigrthe policy was run with a high demolition fractiéor

vacant low-density structure, with a 100 % rezorfimghousing and with 100 % of the re-
built structures as high-density structures. Event however, the effect of the policy on

improving the balance is unimpressive - even thotigeems to increase the density of the
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urban area very effectively. The reason for thicome is as follows: Even though the demo-
lition fraction is very high, not much can be dersioéd because there is not much vacant.
Since low-density businesses lack suitable areasldoate to, they are forced to stay where
they are: even though they might wish to reloca&tealise of the rising rental prices.

7.3 Zoning Decision Rule Policy

One striking finding of the explanatory model isitlthe planning authorities do not have a
specific decision rule governing the zoning of laod business purposes. This finding is
supported by Asplan Viak (2009) who states thatnthimicipalities’ planning authorities are
normally very qualified in estimating the need famusing units and public services, but are
generally less competent in estimating the needfsinesses land. However, business de-
velopment is an important domain for the municigedi and controlling the supply of new
land areas by the means of formal land use planseasof their the most important politico-
economic instrument (Asplan Viak, 2009). Therefdhe, policy suggests a decision rule for
the zoning of land for businesses. In addition,gbkcy includes a new decision rule for the
zoning for housing. If these two decision rules@mbined, the imbalance between jobs and
housing units can be reduced. For the Bergen npalityy these decision rules can act as a
help in zoning the right amount of land for bussiesnd housing purposes on an urban dis-
trict level. So far, the distribution of newly zahéand on an urban district level does not

seem to follow a specific rule.

Figure 37 shows the Causal Loop Diagram for th&pol'he zoning for housing depends on
the number of people working in Bergen center wthike zoning for businesses depends on
the number of people living in Bergen center. T8hsuld in theory (with unlimited land sup-
ply) lead to a zoning distribution that allows ddvee between jobs and housing units. Three
reinforcing loops R8, R9 and R10 and four count@rgdoops C16, C17, C18 and C19 are
added.

Loop RS illustrates the decision rule acting foe thoning of land for business purposes.
Based on the growth in population, the expectedbmrrof workers living in Bergen Center

is calculated. As the population increases, theeebgal number of workers living in Bergen
center rises, too. Based on this expectation, xipected need for business space increases.
Additional business space is required to supplyfthere workers living in Bergen center

with sufficient space. More land is zoned for bess which increases the vacant land zoned
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for business. This results in more business cocisbru and subsequently more vacancies
attracting people to move to the area. With a §icant delay, the population increases. Loop
C16 shows how the more vacant land zoned for bssitieere is, the less needs to be zoned.
Loop C17 illustrates that the additional need fosibess space is reduced as more business

structures are constructed.
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Figure 37. CLD for the Zoning Decision Rule PolicyThe blue variables and links denote the added sto4
ture by the policy.

Loop R9 describes the decision rule designed ferzibning of land for housing. The ex-
pected need for housing units is based on the egbgrowth in jobs: as the number of jobs
increases in Bergen center, the expected numbampfoyed people working in Bergen cen-
ter goes up. Having the goal of supplying futurerkeos with housing units, means that the

expected need for housing units will rise. The newdadditional housing units increases,
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additional land is zoned for housing and - consetiye- the amount of vacant land zoned for
housing has risen. With considerable delays, hgusimstruction increases which allows the
population to rise. This leads to a higher numbdocal service positions which after some
time causes the number of jobs to grow. The smaf @ustrates how the more zoned land
for housing is vacant, the less additional land é zoned. Loop C19 depicts how increas-

ing construction of residences reduces the additineed for housing units.

Loop R10 comprises the links between the two dewisilles for the zoning for housing and
business. It illustrates that a rise in jobs le@dsore zoning for housing which in turn leads
to a rise in population. More land is zoned foribass, business construction increases and,

consequently, more jobs are created.

If the population and the jobs are not expecteth¢oease, but - quite the contrary — might
even decrease, the decision rules will ensure n@ maning thereby hindering business and
housing construction and maybe cause a decregsgpiriation and jobs. It is important for
planning authorities to realize that the decisiales will theoretically cause exponential
growth (or exponential decay). In reality, the gtiovis limited by the availability of land.
However, these loops highlight that the decisidesuequire being reflective when zoning

land. Land is a limited resource and it is difficial renew once it is occupied.

Figure 38 illustrates the designed SFD for the zgmiecision rules in thBergen center land
use sub-modelThe needed land for business estimated by extrapolating the population
growth for the next 12 years, which correspondshéoplanning interval common for Bergen
municipality. This extrapolation is conducted wahTREND-function. By estimating the
population size 12 years from now, th@ected number of employed people living in Bergen
centercan be calculated. Roughly 50 % of the populaoemployed. Based on the assump-
tion that every employed person living in Bergentee should have a corresponding space to
work, theexpected need for business spaae be calculated. Depending on how much busi-
ness space already exists, #uglitional need for business spaseestimated. If thexisting
business spacalready satisfies the expected need, no moreriaads to be zoned. However,
if less exists then more land will need to be zoimeithe future. With the help of tretatutory
floor space ratio businesshe required land is estimated. This is the nmettheed by Opus

Bergen (2012) to estimate the future demand fonless space.
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Figure 38. SFD for the Zoning Decision Rule Policy.

Theneeded land for housingn the contrary, is estimated by extrapolatinggitwvth injobs

and estimating the future number of jobs in Bergenter. Assuming that every job is filled

by one person, it gives us the future numbeeraployed people working in Bergen Center

By dividing the latter with the average numbereafiployed people per housing ynite ex-

pected need for housing unisscalculated. Based on the number of housing uhét already

exist, anadditional need for housing unitain be estimated. Given the averhgasing space

per housing uniand thestatutory floor space ratidheneeded land for housing obtained.
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The policy has to be seen as an attempt to edtablonnection between the housing and
business sector. Workers need houses to live amglgoaeed places to work. The growth of a
population depends on the growth in jobs and vemsa. In theory, the policy should lead to

land being zoned in such a way, that relativelyabgunounts of zoned land for housing and
business are the result. Even though there is phplmt quite enough suitable land to im-

plement the decision rule completely, the ruletils @ useful tool for working out how much

land is needed for housing or business, respegtivebrder for the imbalance to be reduced.

Figure 39, Figure 40 and Figure 41 show the simanatesults for Bergen North, where the
policy worked most effectively. Figure 39 showsttti@e number of housing units is un-
changed while Figure 40 illustrates that the nundfgobs increases significantly compared
to the development without the policy in place. Wih@king at the actual jobs-housing ratio
with the implemented policy — and comparing it be tatio implying balance, it becomes

apparent that a numerical balance has almost lideevad (Figure 41).
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Figure 39. Housing units in Bergen North without () and with (2) the Zoning Decision Rule Policy
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Figure 40. Jobs in Bergen North without (1) and wit (2) the Zoning Decision Rule Policy
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Figure 41. Jobs-housing ratio compared to the Jobleusing ratio implying balance for Bergen North

with the Zoning Decision Rule Policy

The policy has, however, less of an effect in Askay the other urban districts in Bergen.
Figure 42, Figure 43 and Figure 44 show the sirmaratesult for Askgy. Despite the jobs-
housing ratio drawing closer to a balanced jobsshmmuratio, balance itself is not achieved.

The total number of jobs is only marginally increaidy the policy, while the future devel-
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opment of housing units actually decreases. Askmpady has sufficient business zoned land,
so the reason for businesses not to locate themeotgust be the lack of zoned areas, but

must be other location factors.
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Figure 42. Housing units in Askgy without (1) and vith (2) the Zoning Decision Rule Policy
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Figure 43. Jobs in Askay without (1) and with (2)he Zoning Decision Rule Policy
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Figure 44. Jobs-housing ratio compared to the Joblseusing ratio implying balance for Askay with the
Zoning Decision Rule Policy

Figure 45, Figure 46 and Figure 47 show the sirmaratesults for Bergen center. The first
simulation with the blue line shows the behaviothwut the policy in place, while the second
red line indicates the behavior with tAening Decision Rule Policgctivated. As Figure 45
illustrates, the housing units actually increasea assult of the policy. However Figure 46
reveals that the number of jobs slightly decredmsdere it increases significantly. This be-
havior is unintuitive upon first sight. It provelspwever, what has been stated before. As
more land is zoned for business in the other udistnicts of Bergen, more businesses finally
have the possibility to relocate (for example toggm North). This vacates business space in
Bergen Center which is demolished and replacedigily-thensity structures. This increases
the number of jobs. It is for this reason, thatjthtes-housing ratio in Bergen center remains
unchanged even with the policy in place rather fleaning towards a ratio implying numeri-

cal balance (see Figure 47).
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Figure 45. Housing units in Bergen Center without) and with (2) theZoning Decision Rule Policy
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Figure 46. Jobs in Bergen Center without (1) and wh (2) the Zoning Decision Rule Policy
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Figure 47. Jobs-housing ratio compared to the Jobiseusing ratio implying balance for Bergen Center
with the Zoning Decision Rule Policy

The simulation results of the policy encourageitgsa combination of thZoning Decision
Rule Policyand the previously-discuss&zoning PolicyCombining the two might result in
the jobs increase in Bergen center behaving diiferehan recently observed. Figure 48,
Figure 49 and Figure 50 show the simulation refultBergen center without any policy
(blue line, 1), with theZoning Decision Rule Policfred line, 1) and with a combination of
the Zoning Decision RulandRezoning Policypink line, 3). For th&kezoning Policya low-
density business demolition fraction of 0.5 wassamalong with 90 % for housing rezoning
and a high-density fraction of 90 %. Figure 48 shdkat this actually reduces the growth in
jobs in Bergen center. Figure 49 illustrates hows tlould lead to a significant increase in

housing units and consequently the imbalance doglslightly reduced (Figure 50).
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Figure 48. Jobs in Bergen Center without (1) and wh (2) the Zoning Decision Rule Policyand (3) com-
bined with the Rezoning Policy
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Figure 49. Housing units in Bergen Center without 1) and with (2) theZoning Decision Rule Policyand
(3) combined with theRezoning Policy
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Figure 50. Jobs-housing ratio compared to the ratiamplying balance in Bergen with theZoning Decision
Rule Policycombined with theRezoning Policy

7.4 Conclusions from the Policy Options

Three different policy options were identified ate$ted. None of the tested policies were
able to improve the imbalance between jobs andihgusnits on their own. Rather, the
simulation results with the different policies app#o advise a combination of tZ@®ning
Decision Rule Policyand theRezoning PolicyWith this combination, the imbalance can be
reduced in the urban areas surrounding Bergen Cdddegen Center itself will at least be
able to keep its imbalance stable and might evigitsl improve it. Anyway, for Bergen
Center it is not realistic to reach numerical bat&am balance would not be desirable because
by definition any city center will and needs toesfin abundant number of jobs and services
and attract businesses to locate. So the effodlghrather lie in limiting a further increase in
the imbalance by constituting a zoning policy thiiiws workers living in Bergen center and
jobs to grow at the same pace. For the remainibgruareas in Bergen, the most realistic
way of reducing the imbalance seems to be zoningeriand for businesses. The designed
Zoning Decision Rule Polidyelps estimate the future demand for businessespad conse-
guently seems to result in a more satisfactoryasitn than would be achieved without the

policy in place.

The advantage of th&oning Decision Rule Polidg that its implementation does not require
a lot of work or resources since it is only a ratkienple decision rule for the estimation of
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the future need for land. However, implementinggbicy completely might not be feasible,
neither politically nor socially. One obstacle ntidgpe the availability of land and its qualities.
The qualities of the remaining land might not matah zoning requirements according to the
zoning decision rule. Another obstacle might be fdt that the policy suggests for areas
with a significantly higher number of housing unitsin jobs, to have many years of zoning
land for business purposes only. In Bergen Cehtecomparison, the policy dictates for land
to be zoned for housing, only. However, the higmded for housing units will create politi-
cal pressure to zone more land for housing in thrarudistricts surrounding Bergen center.
And the businesses will demand more land in théeceBergen municipality wants the re-
gion to be a highly attractive area for businesgdsle at the same time it wishes to pursue
an environmentally friendly development with a leoa pattern that reduces the need for
transportation. Jakobsen (2000) claims that thisreault in an inherent tension in the munic-
ipal industrial land use policy: while the aim esdevelop balanced districts, one is trying to
give businesses as much freedom as possible i todattract more new ones. Without
doubt, it is a balancing act to stimulate job- dniness creations on the one hand and to
trying to control their location and the land usetlbe other hand.

The Limits to Growth archetype by Braun (2002) hyqesizes that nothing can grow forever
but that there will always be something that evaltyuimits further growth. This means that
every reinforcing process will meet a balancingcpss at some point in time. The central
insight from this archetype is that it is importaatidentify the growth engines and to map
out the potential limits to growth. As could be e the previous chapter, the zoning deci-
sion rule forms a reinforcing loop. One growth ergin this reinforcing loop is the zoning of
land and one important limiting factor is the aahle land. More zoned land gives the indus-
try and the population the possibility to grow angband. However, land is a natural resource
that will be depleted at some point in time. Fownthe limiting factor is the availability of
zoned land. But eventually the limiting factor whilé the total available land. This limiting
factor can be delayed by increasing the densityh@fexisting urban area and by developing
land that formerly was not considered suitable. 8usome point in time the limit will be
met. And it should not be forgotten that there tare other important growth engines in the
reinforcing loop which can become limiting factatsany time: the growth in population and
jobs. The zoning of land results in more constarchecause there is a high demand from the
population and the growing economy. But this groasdinnot continue forever and there are

certain factors that can result in sudden chargesurban area that grows too fast can be-
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come unattractive for inhabitants and businessdslead to emigration. It is therefore im-
portant to be reflective about growth. This regsiitiee authorities and city government to be
aware of the growth engines and to consider théifighfactors. It is wise to specify how
much growth is desired and how it can be controlled

8. BergenSim — An Integrated Land Use, Transportationand Urban

Migration Model

BergenSimis the name of the comprehensive model combirtie@dergen Land Use Model
the transportation model by Brandsar (2013) andutiban migration model by Li (2013).
Figure 51 depicts the connections between the tmedels. The output of the land use sub-
model consists of the construction of new housingsuand the net job creation in the six
urban aredd. This is used as an input into the urban migrasoh-model, which models
people’s decisions where to live and where to wditke population forms an input to the
land use sub-model, while the number of commuttrssg living in one urban area and
working in another) is put into the transportat&ub-model. The transportation sub-model
calculates the traffic on the roads and the acogrtliavel time between the different urban
areas. The travel time constitutes an input touti@n migration sub-model and the land use
sub-model. People’s decisions on where to liveotoes extent depend on the accessibility of
their accommodation (which the travel time is adigator for) just as firms consider differ-

ent business locations according to their accdggibi

housing
constructio
net job commuter:
/V creation \ / \
Land Use Urban Migration Transportation

pop ulation \ travel time/

Figure 51. Links between the Transportation Sub-Moel, Urban Migration Sub-Model and Land Use
Sub-Model in BergenSim

" Bergen Center, Bergen West, Bergen South, Bergsh Bergen North and Askay.
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The transportation model by Brandsar (2013) cordfithe assumption that the increase in
traffic is due to population growth and the curramd use pattern with a rising number of
people living in the outskirts while working in Bgn center. Without the rising number of
commuters, the traffic at peak-hour would stabiliather than increase. This indicates that
increased car ownership or significant road corsivn during the past years are not valid

explanations.

The feedback from the transportation model in foffrtravel time by car and public transpor-
tation has less effect on the Land Use Model thaeeted. This is due to travel times not
changing considerably during the course of simaifatiThe transportation model does not
include any transport policies aimed at constrigctiew road networks, such as the possible
road tunnel connecting Bergen center with Arnas lassumed that these kinds of policies

would have a stronger effect on the land use model.

The three suggested land use policies discuss#ukiprevious chapter were tested on the
BergenSimmodel to analyze their effect on the number of cwters. ThéArranged Reloca-
tion Policy does not change the total number of commuterdl;at@wvever, it results in a
small increase in people commuting into Ask@y. Riezoning Policynly affects the total of
commuters marginally. As previously discussed, ffubcy leads to an increase in jobs and
housing units in Bergen center, which gives mormpfeethe possibility to live in the center,
while working in other urban areas. This causesotitecommute from Bergen center to rise
and the in-commute to decrease by roughly 5 006.ifftommute into all other urban areas
increases accordingly. TZ®ning Decision Rule Policgiso leads to an increasing number of
commuters out of Bergen Center, with a fewer amafirdfommuters out of all other urban
areas. Only a slight decrease can be observee itothl number of commuters. The suggest-
ed combination of th&®ezoning Policyand theZoning Decision Rule Policjmanages to re-
duce the in-commutes to Bergen Center by rougll9@ however raises the number of out-
commutes from Bergen center by approximately 5 0@ total number of commuters is
slightly reduced.

To summarize, the combined zoning policies do leaveffect: more housing units in Bergen
center can decrease the total number of commutensever, an increase of 4 000 housing
units in Bergen Center by 2030 would only decreidme total number of commuters by

roughly 1 500. To test whether the land use pdieree more effective when people are en-
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couraged to live closer to their workplaces, #uming Decision Rule Policwas combined
with a commuter tax policy. A charge is raised éfmmmuting across urban areas which
makes it more attractive to live close to work. sTihesults in approximately 6 000 fewer
commuters by 2030 (ca. 135 000 commuters instedd bO00 commuters).

It needs to be stated, however, that these findargsof preliminary character. Before se-
cured policy conclusions can be drawn from the dastbmodel, it is strongly advised to test
and analyze th&ergenSinmodel in more detail to reveal possible flawshe tombined

model. Basically, the findings indicate that itvesry hard to reduce commuting. Even a more
balanced land use would not result in significdrargyes to the total number of commuters. It

would, none the less, reduce the pressure on B&gater.

9. Limitations

In this chapter the limitations and weaknessedheBergen Land Use Modealre discussed

before suggestions for further research are pwient.

There is a great uncertainty about many parametieres in the model. Many values were
chosen arbitrarily because, surprisingly, a lotlata was unavailable — despite these data sets
being considered essential to land use planningekample, no data could be obtained on
the actual land occupied by residences and bussell®r could Askgy municipality provide
data on the housing- and business space. Exteast/éime-consuming estimates had to be
made instead, which — by nature — hold a high le¥eincertainty, despite the greatest possi-
ble accuracy having been applied. Equally, no datdd be obtained on the floor space ratio
— either in Askgy or in Bergen. Since the valuetheke parameters have a significant impact
on the availability of land and consequently thedeis behavior, the high uncertainty and
data limitation is a weakness of the model. In &oldito data unavailability, there were some
issues with data inconsistency: The number of jolesach urban district of Bergen would not
add up to the total number of jobs in Bergen.

Moreover, numerous assumptions have been madeeimtidel which might reduce the
model’s reliability. For example, only businesseside the Bergen region are considered in
the model. This means that no businesses fromdautsi the Bergen region can move into

the region and no businesses located in the Baaggan can relocate outside of it. Since no
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data on these relocation activities exists, it dowdt be made exogenous in the model. Maybe
this does not matter so much, since the fractiobusinesses located in the Bergen region
wanting to relocate outside the region is assurodoktsmall. This assumption is supported
by the survey from Asplan Viak (2009). They fouhdttaround 50 % of the businesses con-
sidering relocation wish to relocate inside theirrent municipality and around 40 % wish to
relocate within the Bergen region. Only less th@r¥d would consider to relocate outside of

the Bergen region.

In addition, the model assumes that businesses amigider relocation within in the job

markets they are part of. As mentioned earlier,l&sp/iak (2009) stated that the Bergen
region could be divided into job markets - with §em center forming a border. Therefore, a
business located in Bergen West will only considgocating to Askay, Bergen South or

Bergen Center but not to Bergen North and Bergest. Ea

Another assumption made is that vacancies are alviltad; there can be no lack of workers.
Neither does construction work depend on any atbsource but land — obviously in reality
it also depends on workers and building materiethe fact that land availability had been the
only major factor reducing business constructiothepast decades is confirmed by Frode C.

Hoff in Bergen tomteselskap.

Each land use model consists of 16 table functiBmen though the shape of each table func-
tion was thoroughly tested, they do constitute mcettainty. The most uncertain is the table
function covering the business location factor “pb#ity to expand”. This factor is one of
the most important relocation factors, however seuged data or detailed research exists that

could help model the shape of the table function.

The model simulation of the explanatory model stamtyear 2000 and ends in 2011. For
urban development, 12 years is not a long timepeets/e due to the many long delays in-
corporated in the urban development process. Tdsorefor taking 2000 as a point of depar-
ture is data availability. A lot of data was onladable from 2000 onwards. Therefore, the
model cannot explain how the imbalance between @ik housing units arose but rather
looks at the forces keeping the imbalance stabteraaintains which internal forces influ-

ence the location of housing units and jobs.
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Even though the model offers anything but the ceteppicture of the land use dynamics in
the Bergen region, it still generates very usdiglights; such as the decisive role of the sup-
ply of zoned land on the construction activity, tugrent decision rule used for the zoning of
residential land while the zoning of commercialdadoes not follow any specific rule, and
the importance of the demand for business and hgusructures on the construction activi-
ty. Also, actually, the finding that a lot of essahdata is unavailable is an important insight
in itself. It is strongly recommended to estabkstlatabase on the land area zoned for differ-
ent purposes and the land area occupied by ditfdugctions. It is also recommended to
collect the floor space ratios and data on the rarmalmd quality of business and housing
structures. Not to forget the number of jobs onaarllistrict level. Furthermore, as men-
tioned before, it is not the line of industry thatimportant for land use planning but the ac-
tivity on site. Another recommendation is to detkceesearch effort on business relocation
processes. Important findings have been made bjaA3giak (2009), Opus Bergen (2012)
and Jakobsen (2000). However, there is still a tH#dkformation concerning the number of

businesses that already have relocated: why, whenvaere did they relocate from and to?

10. Conclusion

The stated objective of tHgergen Land Use Mode@&as to analyze the causes for the imbal-
ance between jobs and housing units in the Berggiom and to investigate whether and how
a better balance could be established. Importanghis were gained from the research, the
modeling process, the model analysis and the dedigolicy options. The demand for hous-
ing units by an increasing population, and the deimimr business structures by a rising
number of businesses both are central forces gi@mgegrowth in jobs and housing units in

the Bergen region. Land use planning was founddg @ central role in affecting the loca-

tion of jobs and housing units. The amount of zolaed available determines the construc-
tion of housing units and business structures. Byiding zoned land in specific areas, the

location and distribution of jobs and housing ucds also be influenced to some extent.

The detailed reading of literature as well as witaws with experts indicated a lack of zoned
land for businesses. This was supported by the inatiéch in addition revealed the lack of
a clear decision rule for the zoning of land fosimess purposes. The recent rezoning efforts
in Bergen center seeking to transform former lowsiky industrial areas into high-density

business areas mixed with some apartments will tigdly lead to a rising imbalance be-
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tween jobs and housing units in Bergen center. Kewehe lack of zoned land for business-
es in the region will slow down the desired transfation process anyway: the old industrial
low-density businesses expected to relocate clyrbave too few alternative sites to relo-
cate to. Literature and thgergen Land Use Modalso revealed that there is in fact sufficient
land zoned for housing in the region. The planraathorities have a clear idea of how much

land needs to be zoned to meet the expected fdawmand for housing units.

Consequently, the generous zoning for housing énatteas surrounding Bergen center and
the less consistent zoning for business can aah @&xplanation for the prevailing imbalance.
The fact that there is no connection between thengoof land for business and housing
might have led to a more amplified imbalance thaerided. Currently, the housing sector
and the business sector are two separate sectal fmdive no common interacting grounds

other than the population which is part of bothtees

Three policy options have been designed to addhesproblem of the jobs-housing imbal-
ance. The policies aim at altering the supply ofiland using this to control the future distri-
bution of jobs and housing units. The so-caleting Decision Rule Polidyies to establish

a new connection between the housing and the kssssextor by using the expected popula-
tion growth to estimate the future need for bussregsace, and by using the expected increase
in the jobs market to estimate the future needchfausing units. Model simulations suggest
that a combination of th2oning Decision Rule Policgnd aRezoning Policywhere rezon-
ing for housing is prioritized in Bergen centerulbreduce the imbalance in the region.
However, it would take many decades to achievetamigalance. There are numerous signif-
icant delays involved in the land use which leaglow changes in the system. Simulation
runs with the integrated land use, transportatioh@ban migration modeBergenSimindi-
cate that the suggested land use policies wilboable to reduce the number of commuters
significantly. However, they will manage to redute pressure on Bergen center to some

extent and to decrease the total number of comsbiea few thousand.

Especially high-density businesses want a cerdcation. However, there is also an increas-
ing number of the population wishing to live ceflyraather than living in the suburbs where

they are dependent on their cars and subjectdtktdding traffic congestion. This suggests a
balance between jobs and housing units as a fpmaph to accommodate the two interested

parties. If the suggestedoning Decision Rule Policwere implemented, though, land for
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business would mainly be zoned in the urban areasunding Bergen center and land for
housing would mainly be zoned in the center forrib&t years. It is highly likely that this

would lead to objections and would be difficultiboplement completely, therefore. For this
reason, a combination of the newly designed datiside with the current decision rule

sounds a good idea.

Lack of central data is a limitation of the modEherefore further research should concen-
trate on gathering important data on land availgbilt is also suggested to establish a data-
base which captures the (re)location processesisihésses in the region. This would pro-
vide understanding for the businesses’ needs aidribed for mobility. Knowing this is a

must for implementing a good zoning decision rule.
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11. Appendix

11.1 Explanatory Model Testing

Cutting the loops

Loop C5 “The business relocation demand loop”

According to loop C5, the demand for business spgdausinesses seeking to relocate plays
an important role in determining the constructidmwasiness structures. To test this hypothe-
sis, C5 was cut by creating a long delay to peecéivs demand. Figure 52 illustrates that
business construction (both low-density and highsdg) is considerable lower without the

loop. Only after around 20 years, does businesstagstion reach the same value. The rea-
son for this is that loop R1 (with the perceivecahdor business space deducted from the

amount of positions currently located in Askgy)ates an additional demand for business

space.

] Askey.business construction: 1-2 -

1 28000+

1 14000=
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Page 2 Years
T] o Business Construction in Askey with (1) and without (2) loop C5.

Figure 52. Comparison of business construction in gkay with (1) and without (2) loop C5.

Figure 53 shows the development of jobs with anthaut the loop. We can see that due to
the low business construction in the first twengans, the total number of jobs stays below

what it otherwise would have been.
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Figure 53. Comparison of total jobs in Askgy with 1) and without (2) loop C5.

Loop R2 “The business demolition loop”

The loop R2 suggests that the demolition of vabaisiness space increases the vacant land
zoned for business which influences the constroabibbusiness structures. This was tested
by cutting loop R2 in the Bergen center model byirsg the business demolition fraction
down to zero. As can be seen in Figure 54, busioasstruction is significantly lower with-
out the loop. After 2020, no more construction tagkace. The reason for this is that there is
no more land available in Bergen center and withdmrholition no more construction can
take place. Figure 55 illustrates that this aldec$ the total number of jobs in Bergen cen-
ter. It reflects the importance of business denaoliin central areas, especially the demoli-

tion of older low-density structures to give wayn@wer, more land effective structures.
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Figure 54. Comparison of the business constructioim Bergen Center with (1) and without (2) loop R2.
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Figure 55. Comparison of the jobs in Bergen centewith (1) and without (2) loop R2.

Loop C11 “The expansion loop”

According to loop C11, the possibility to expanarsimportant relocation factor influencing
the number of businesses seeking to relocate ameegaently the number of businesses ac-
tually relocating. To test this hypothesis, #féect of the expansion possibilis/set to one,
which means it does not influence the choice ofionn and the desire to relocate. Figure 56
confirms that the possibility to expand influendessinesses seeking to relocate: there are

significantly fewer businesses seeking to locategsnred in the utility space they occupy) in
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Askay without loop C11. This proves that the pagigjbto expand is an important factor

influencing the location choice of Askay.
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Figure 56. Comparison of businesses seeking to refde in Askgy with (1) and without (2) loop C11.

Figure 57 illustrates, however, that this does lmte a major influence on the businesses
which are actually relocating to Askgy. The reatamthis is that vacant business space is
needed for relocation to be possible. And this t®@straint. The same is true for the rental

price and clustering effect loops.
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Figure 57. Comparison of businesses relocating inskgy with (1) and without (2) loop C11.
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Loop C12 “The vacant housing construction loop”

C12 indicates that vacant housing space slows dbehousing construction. Loop C12 was
cut by creating a long delay in perceiving the amoof vacant housing space. Figure 58
showing the housing construction in Askgy proves #ssumption. Housing construction is
higher and less volatile when not taking the vatanising space into account.
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Figure 58. Comparison of the housing constructiomi Askgy with (1) and without (2) loop C12.

Loop R7 “The housing zoning loop”

According to loop R7, the increase in populatioowstli be the only factor influencing the
amount of land zoned for housing in each plannieigog. To analyze the importance of this
relationship, loop R7 is cut. This is done by settihe population forecast interval from orig-
inally ten to zero years. Figure 59 and Figure lé@sthe modeled behavior with and without
the loop. With the loop activated the amount ofarddand is increased in four year planning
intervals and the number of housing units increaseadily. Without the loop however, the
behavior is quite different. The vacant land zofmdhousing is depleted because no more
land is zoned. Accordingly, the number of housimgaugrows increasingly slowly until it

reaches its maximum value of 11 300.
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Figure 59. Vacant land zoned for housing with (1) rad without (2) loop R7.
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Figure 60. Number of housing units with (1) and whout (2) loop R7.

Loop C6 and C15 “The land availability loops”

The model hypothesizes that the amount of vacamtdzdand will influence the housing and

business construction. The fewer land is availahle fewer construction takes place. So the

loops C6 in the business sector and C15 in theihgsector are a constraint. This is based

on expert interviews with Bergen Tomteselskap, Berglommune and Stadsporten which
revealed that some of the zoned land areas doongply with the requirements and demands

of real estate companies and businesses. To testyibothesis, loop C6 and loop C15 were
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cut by setting theffect of land fraction occupied on requested l&rdusiness/housing land
to 1. The observations in Figure 61 and Figure§ipsrt the hypothesis. Without the loops

active, there are more jobs and more housing units.
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Figure 61. Comparison of jobs in Bergen South witlf1l) and without (2) loop C6.
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Figure 62. Comparison of housing units in Bergen Suh with (1) and without (2) loop C15.

Loop R6 and C14 “Attracting population loops”

According to the loops R6 and C14, the increageojulation should be a delayed reaction
to job vacancies (R6) and vacant housing space)(@i4érder to see the effect of the loops,
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both are cut by making the effect of housing vagaaud job vacancy 1. Figure 63 reflects
that population size is influenced by available $ing and jobs. While job vacancies slightly
constrain the population increase, housing vacaresa to a higher population increase than

without.
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Figure 63. Comparison of the population in Askey wh loops C14 and R6 (1), without loop R6 (2) and
without lop C14 (3).

Parameter Sensitivity Analysis

Local service employment ratio

A large part of the jobs are generated by multiglyihe population with kbcal service em-
ployment ratiowhich represents local service positions sucheashters, doctors, and staff
working at groceries in relation to the size of plapion. That there is a direct relationship
between local service positions and the size ofifaion is beyond doubt, however, the spe-
cific parameter is not known for Bergen. Therefdhe, model’s sensitivity to changes within
the parameter was tested. Figure 64 shows thredaions runs: (1) the base run with the
0.18 for Bergen West, (2) with a ratio of 0.08 #Bylwith a ratio of 0.28. As can be seen, the

change in parameter had a visible effect but timege pattern stays the same.
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Figure 64. Sensitivity to three different local serice employment ratios.

Business demolition fraction

According to earlier findings on the importancebofiness demolition and the construction
of new business structures in Bergen, the modgbtentially sensitive to changes in the
business demolition fractioBusiness demolition fractions of 0.1, 0.01 an2 Were tried.

Figure 65 shows the parameter changes influentiadéhavior of the first 15 years, while
there a visible changes in behavior after 2015s Thistrates that a high demolition fraction
of low-density business structures in the Bergertaras necessary for the further growth of

jobs.
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Figure 65. Sensitivity to three different businesgdemolition fractions.
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Space per worker

There is uncertainty regarding the space per warkeéigh- and low-density business struc-
tures. Therefore the model's sensitivity to chanigethe parameter was tested. Simulation
runs with 39 m2 (1), 30 m2 (2) and 80 m? (3) fogtdensity structures were undertaken.
39 m2is used in the Bergen center land use mdtied.value is obtained by dividing the total

business space for high-density structures bydta high-density jobS. 80 m2 was tested

because this is suggested by Opus Bergen (201@)rd=66 shows that while the general
trend is the same, there are big differences irtdted number of jobs. The same is true for

thespace per workefor low-density structures.
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Figure 66. Sensitivity to three different values fothe space per worker.

Average floor space ratio for high density busingssctures and housing units

The same test was also run on the floor spacesratied in the model. Figure 67 shows the
model’s behavior for the floor space ratio of hdgmnsity business structures of 2.3 (1), 1.5
(2) and 3 (3). Figure 68 shows the model's behawith anaverage floor space ratiéor
high-density housing units of 1.8 (1), 1 (2) an(8B A low floor space ratio limits the devel-
opment of housing unit in Bergen center becaustheflimited land area. Similar behavior
was observed when changes to the other floor gjaéios in the model were made.

18 Data obtained from the planning authorities indgger municipality. The division between high densing
low density for structures and jobs is howeveridift and contain a high uncertainty.
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Figure 67. Sensitivity to three different floor spae ratios for high-density business structures in &gen
Center of 2.3 (1), 1.5 (2) and 3 (3).
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Figure 68. Sensitivity to three different floor spae ratios for high-density housing units.

Zoned land for housing

Unfortunately, no reliable data for the amount arid zoned for housing and for business
could be obtained. The numbers used in the moéetaargh estimations based on a general
land use map of Bergen municipality. According #olier findings, sensitivity to changes in

the available zoned land is expected. Figure 69Fagdre 70 show that the number of jobs

and housing units is significantly influenced by thmount of zoned land for business and

housing.
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Figure 69. Comparison of total housing units in Begen center with 7,4 (1), 6,9 (2) and 9,4 million s@qre
meters zoned land for housing.
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Figure 70. Sensitivity to changes in the land zonddr business.

Testing Table functions

Also, the shape of a table function is based omrpater assumptions which need further
testing. The model comprises as many as 16 tablgifuns within each land use sub-model.
The shape of the table functions is identical fbfaad use sub-models. In the following, the
model’s sensitivity to those table functions tharevidentified to be part of important loops

IS presented.
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Effect of land fraction occupied on requested lfBorchousing/business

Numerous earlier findings suggest that the modsérssitive to changes in the land availabil-
ity. Therefore, three different curves were tedtadthe effect of land fraction occupied on
requested land for housing/busingsse Figure 71). The first curve in the figuraused in
the model: when more than 60 % of the zoned larat@sipied, the requested land for con-
struction decreases. The second curve suggestsrihata land fraction occupied by more
than 90 % will lead to changes in the desired cansbn. The third curve proposes a reduc-
tion in desired construction as soon as an occupiedl fraction of 20 % has been reached.
Figure 72 and Figure 73 show the resulting behavibe model is slightly more sensitive in

the business sector.
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Figure 71. Three different curves for the effect ofand fraction occupied on requested land for busiess.
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Figure 72. Sensitivity to the different curves forthe effect of land fraction occupied on requestedahd for
housing.

® Askeyiotal jobs: 1-2-3-

1 DOy

1 10000=

2000 2010 2020 2030 2040
Page 7 Years
ﬂ o Total jobs with the effect of land frac occupied on requested land for business of shape 1, 2, and 3

Figure 73. Sensitivity to the different curves forthe effect of land fraction occupied on requestedahd for
business.

Effect of housing/job vacancy on people seekinopbye

Earlier findings also suggest that the vacancyaafsimg units and job vacancies play an im-
portant role on the migration of people and consaty the population which in turn influ-
ences the demand for housing units and the creafidacal service positions. Therefore,
three different shapes for the#fect of housing vacancy/job vacancy on peopl&isgeo
movewere tested. Changing the shape of the curve ewaglfnot to alter the behavior of the
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system (see Figure 74 and Figure 75). The shapedirst curve is the one used in tBer-

gen Land Use ModelThis shape is based upon Forrester’s table fumatescribing migra-
tion in hisUrban Dynamicanodel (Forrester, 1969). Forrester’s table fumctiescribing the
effect of housing availability on migration has besgidely discussed and reviewed (Mass,
1974; Schroeder Il et al., 1975). Even though &star uses different input (a ratio of people
to housing) to the input used in this model (aorati vacant housing to total housing com-
pared to the normal condition) the assumptiondgHershape are the same: There is less mi-
gration when housing is scarce and more migratibenshousing is abundant. Small changes
to the normal condition lead to rather big chanigethe migration while the effect saturates
at both extremes. While slightly more vacant hogsinits than normal cause migration to
rise because more people seeking to move can otieso, an abundant number of housing
units does not necessarily attract many more migraecause the demand is mostly saturat-
ed. When fewer housing units are vacant, fewer peafll migrate because their housing
preferences (such as the neighborhood, school,diypeusing unit, price) are less likely to
be satisfied by the remaining units. However, tffece of the housing vacancy on people
seeking to move never drops to zero because evbrrg are no housing units vacant some
migrants might still move into occupied housingtsai if they join their family or move in at
their friend’s place. The shape of the table funttilescribing the effect of job vacancies is
based on the table function described by Forresthis Urban Dynamicanodel, (Forrester,
1969, p. 29) too. The shape of the table functeomlze seen in the first graph in Figure 76.
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Figure 74. Sensitivity of housing units on the thre different shapes of the effect of job vacancy gmeople
seeking to move.
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Figure 75. Sensitivity of housing units on the thre different shapes of the effect of housing vacanon
people seeking to move.
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Figure 76. Three different curves for the effect ohousing/job vacancy on people seeking to move.

GDP effect on annual position growth

As running the model with exogenous input suggedteelGDP effect on annual position
growth plays an important role, at least for the Bergemter model. To test the model’s sen-
sitivity to changes in the table function, threffetent curves were tried. Changing the shape

of the curve in Figure 77 was found not to alter lehavior of the system significantly (see

114



Figure 78). The curve used in the model is the §lown in the Figure. The shape is based
on a scattered plot with the annual position growtthe Bergen from 2001 to 2011 on the y-

axis and annual GDP growth in Norway from 2001@&Pon the x-axis.
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Figure 77. Three different curves for the GDP effeicon position growth.
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Figure 78. Sensitivity to changes in the GDP effedn position growth.
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Effect of expansion possibility

The lack of possibility to expand the business phktrthe current location is a main factor
influencing the desire to relocate and the choicla@ation. This suggests that the model is
sensitive to changes in the shape of éffect of expansion possibilityhe three curves in
Figure 79 were tested. The first curve suggesisear relationship, the second assumes that
small differences to the preferred situation leagignificant changes in the attractiveness of
the area as a business location. The third curpethgses that small changes to the preferred
situation do not affect the overall attractivenedsile big differences daChanging the shape

of the curve was found not to alter the behaviothef system in the first 15 years, however,
changes are more significant in the years 201®4® Zsee Figure 80). The shape of the first

table function is taken in the model.
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Figure 79.Three different curves tested for the efct of expansion possibility.
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Figure 80. Sensitivity to changes in the effect @xpansion possibility.

Clustering effect

The clustering effect is a well-described locatfaator for businesses, however, no definite
numerical values exist describing the clusterinfigafin the Bergen region. As can be ob-
served in Figure 81, changes to the effect didaftet the behavior of the system significant-
ly for Bergen center. However significant numerisahsitivity can be observed for Askay
(see Figure 82). The shape of the first curve gufg 83 was chosen in the model because it
seemed to represent the behavior of the otheruardnodels best. The curve suggests that
the clustering effect increases at a decreasirguatil it saturates at 1.5 when the share in

business space reaches 30 % of the total busipass & the Bergen region.
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Figure 81. Sensitivity to changes in the clusteringffect.
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Figure 82. Sensitivity to changes in the clusteringffect.
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Figure 83. Three different curves for the clustering effect.

Vacancy effect on the housing construction

As earlier findings suggest, the fraction of vadamiising units influences housing construc-
tion. The model might be sensitive to changes éntéiible function. The three different curves
shown in Figure 84, reveal, however, that durirgftist simulation years the model does not
react very sensitively to changes (see Figure 8bg difference increases, however, over

time. This is due to the long delays in the cortditom activities. The first table function in
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Figure 84 was chosen in the model. It suggeststhigatiemand for housing construction is
twice as high as normal construction when therenargacant housing units, while the de-
mand for construction decreases when more housiitg are vacant than normally. The little
construction that still takes place when the haysiacancy fraction is more than twice as

high as normal, is put down to private people hogdheir own homes.
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Figure 84. Three different curves for the vacancyféect on the housing construction.
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Figure 85. The model’s sensitivity to changes in ghvacancy effect.
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Effect of supply demand ratio on business consonct

The last sensitivity test described here, was cotedluon theffect of supply demand ratio on
business constructioMhree simulation runs were conducted with théed#int curves shown
in Figure 86. As can be seen in Figure 87, the migdeensitive to changes in the shape of

the curve. The first curve was chosen becaus@iesents the historic business construction

best.
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Figure 86. Three different curves for effect of suply demand ratio on business construction.
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Figure 87. Sensitivity to changes in the effect alupply demand ratio on business construction.

120



Equilibrium Shock Test

To conduct this test the model was initialized gaigbrium and the system was then shocked
with different inputs in the year 2082 In the first test, the shock input consists sidden
increase of 10 000 extra inhabitants to the pojulah each land use model. The shock also
activates the net birth rate and the migrationsTdudden shock to the population and the
consequent increase should cause a rise in hoosmgjruction activity and lead to a rise in
the number of local service jobs which in turn eages the business construction activity.

This behavior was observed in Figure 88.
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Figure 88. Response to Population Shock.

The second shock test challenges the system watidden relocation of businesses in each
land use model. This test should result in increagobs. Figure 89 shows the expected be-
havior for Bergen center. Especially high-densitisibesses relocate to Bergen center and
lead to a rising number in jobs. The uneven behlafidigh-density businesses relocating to
Bergen center is due to the fact that those busesethat seek to relocate can only do so

when there is enough vacant business space.

¥ The enclosed version of the model in iThink in@sdwitches to put the model in equilibrium angécform
different shocks to the system.
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Figure 89. Response to a business relocation shock.

The third equilibrium test is not really a shockttbut rather activates exogenous inputs such
as the development in GDP and CPI. This allowsyaivaj their effect on the overall behav-
ior. Figure 90 shows the simulated behavior comptodhe data. Both in Askgy and Bergen
center the number of jobs increases as expectedeXdgenous input explains the develop-
ment of jobs in Bergen Center quite well, whildaesn't reflect the behavior in Askoy accu-
rately. The reason for this is that Norway expasesha strong growth in GDP between 2004
and 2007 which led to good employment conditiorexgBn center holds most jobs and was
therefore affected more by the economic upturn thskwy that mainly has local service jobs

which are not much affected by economic development
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Figure 90. Model’'s response to exogenous input.
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11.2 Policy Model Testing

Arranged Relocation Policy

To test whether thArranged Relocation Policis more effective when the clustering effect
is increased, the policy was run with three différ@able functions for the clustering effect
(see Figure 92). As can be seen in Figure 91, asang the clustering effect did not have a

significant effect on the number of jobs in Askay.
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Figure 91. Jobs in Askgy with theArranged Relocation Policyun with three different clustering effects.

(1) Graphical Function X8 7 Graphical Function %]
: SMTH3anaped 2000 . : : i | SMTH3farrayed
1500 ) SRS T o e Feol T Shatein e
business... oouoloonoig . guonogeo G business. ..
0.000 0.000 fooofaodiiion S| 0.000 0.000
005 0563 i i ||oos 1,130
0.050 0.885 bl 0.050 1.520
clustering 0.07s 1.050 Cuife”rg e {0075 1.700
sffect 0100 1185 eifec (000 1.810
0125 1.260 0125 1.830
0150 1335 {0150 1.920
0175 1.380 RILAKS 1.980
0.200 1.402 g ggg 13?3
Teeeieed -1 0.225 1.425 F .
0.000 I : 0250 1455 [0.0o0 R I 01250 2000
0.000 [« 1 o0 0.275 1.470 0.000 | (3 PE gggg gggg
i 0.300 1.500 3
. 0.000 500 0000 0500
SMTH3(arayed_share_in. ban_Areal1funidess} D ata Points: 21 SMTH3(arayed_share_in...ban_area) 1 funitlesst  Data Paints: pea
IE | Graphical Function J
3,000 : el i { SMTH3(arayed
""" share in clustering effect
. business...
]| 0.000 0.000
0.025 1.230
. | 0.060 2.085
Clustering : 0.075 2 460
effect 0,100 2.700
jlo1zs 2790
0.150 2.865
0175 2.940
0.200 2.970
g FRRRREERRREERE | 1 Weiel 2000
(.00 : R |1V 3.000
0.000 < » [o.200 0275 3.000

.ﬁl TR TR 0300 3.000

SMTH3[araved_share_in. ban_freal, 1 funtless}  Data Points: 21

Figure 92. Three different table functions for theclustering effect.
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The model’s sensitivity was also tested in regardhanges in the effect of supply demand
ratio on business construction when theanged Relocation Policyas active. The same
three different curves for the table function wated as in Figure 86. Figure 93 illustrates

that the model is numerically sensitive to changes.
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Figure 93. The model's sensitivity to changes in ¢heffect of supply demand ratio on business consitu
tion with the Arranged Relocation Policy.

Rezoning Policy

The effect of theRezoning Policyo a large extent depends on the floor space ustal by
the construction of the new structures. The poli@as run with differenfiverage statutory
floor space ratiodor high-density structures in Bergen certtetest the model’s sensitivity
to changes made to it. Figure 94 and Figure 9Stithie the model's behavior regarding the
number of jobs and housing units with a floor speate of 2 (curve 1), 3 (curve 2) and 1
(curve 3). As expected, jobs and housing unitssiee more, the higher the floor space ratio

is.
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Figure 94. Number of jobs with three different aveage statutory floor space ratios for high-densitytsuc-
tures in Bergen center with theRezoning Policyactivated.
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Figure 95. Number of housing units with three diffeent average statutory floor space ratios for high-
density structures in Bergen center with theRezoning Policyactivated.

Zoning Decision Rule Policy

The Zoning Decision Rule Policis based on the assumption that the availabilityazcant

zoned land is a decisive factor influencing thealepment and the distribution of jobs and
housing units in Bergen municipality. At the sanmeet, there is a high uncertainty regarding
the amount of zoned land in Bergen and Askgy. Sovdether there are any policy sensitiv-

ity changes regarding the vacant land zoned foinkess and housing, the policy was run with
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different initial values for the vacant land zorfedbusiness and housing. Figure 96 to Figure
101 illustrate the development of jobs and housinigs in Bergen North, Askgy and Bergen
Center with the Zoning Decision Rule activated. dation run (1) shows the “normal” sit-
uation, simulation run (2) presents the behavidhwine million square meter extra vacant
land zoned for business and housing. As can beisdeigure 96 and Figure 97, this hardly
leads to any changes in behavior in Bergen NoriurE 98 and Figure 99 illustrate that
there is a more visible numerical sensitivity ire tAskgy land use sub-model. And Figure
100 and Figure 101 show that changes in the vdaadtzoned for business and housing lead
to significant changes in the number of jobs andsiy units in Bergen center. The imbal-
ance is enforced. This illustrates once more thpomance of obtaining data on the land

availability.
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Figure 96. Jobs in Bergen North with theZoning Decision Rule Policywith (1) normal amount of vacant
land zoned for business and (2) with a million squa meters additional vacant land zoned for business
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Figure 97. Housing units in Bergen North with theZoning Decision Rule Policywith (1) normal amount
of vacant land zoned for housing and (2) with a mibn square meters additional vacant land zoned for

housing.
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Figure 98. Jobs in Askay with theZoning Decision Rule Policywith (1) normal amount of vacant land
zoned for business and (2) with a million square nters additional vacant land zoned for business.
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Figure 99. Housing units in Askay with theZoning Decision Rule Policywith (1) normal amount of va-
cant land zoned for housing and (2) with a millionsquare meters additional vacant land zoned for hous

ing.
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Figure 100. Jobs in Bergen Center with th&Zoning Decision Rule Policywith (1) normal amount of va-
cant land zoned for business and (2) with a milliosquare meters additional vacant land zoned for bus

ness.
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Figure 101. Housing units in Bergen center with th&oning Decision Rule Policywith (1) normal amount
of vacant land zoned for housing and (2) with a mibn square meters additional vacant land zoned for
housing.

11.3 Short Introduction to the Interactive Learning Environment

The model was designed in iThink version 9.1.4. Titeractive Learning Environment
(ILE) created with the software provides valuabdielifonal information on the problematic
behavior, its underlying structure and the impddhe policies designed. To use the ILE and
run the enclosed version of the model you ndéahk orisee PLAYERYou can download

the isee PLAYER for free dittp://www.iseesystems.com/softwares/player/iseaslaspx
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Go to the different
chapters by clicking
on the headlines

Read through introductory
information about the
| model and thesis

Click on the yellow

‘buttons to open

additional information
in form of graphs and
figures.

Figure 103. “Background Information” page of the ILE.
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Figure 104. “Explore the Explanatory Model” page ofthe ILE.
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Figure 105. “Test the Explanatory Model” page of tle ILE.
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Figure 106. “Explore Policy Options” page of the ILE.

11.3 Model Equations

The model was designed in iThink using modules s€hmodules were used for the land use
sub-modelsAskgy, Bergen Center, Bergen West, Bergen Soutgemé&ast,and Bergen
North. In addition a module calleGraphical functionswas designed which includes all
graphical function for all land use sub-models. Tseparate moduleg\skay Story Telling
andBergen Center Story Tellingyere designed for the story telling feature forgsm Cen-
ter and Askgy because a lot of important links raae shown in the original land use sub-

modules due to the collected graphical functions.

Only the equations for the Askgy module, Bergent&emodule and Graphical function

module are shown here. The equations for all madede be found in the iThink version of
the model.

businesses_in_A_seeking_to_relocate[Density] =
Askgy.businesses_in_A seeking_to_relocate_to BRjiDdmBergen_Center.businesses_in_A_seeking_to_rel

ocate_to_Bc[Density]+Bergen_South.businesses_ined@king_to_relocate_to_Bs[Density]+Bergen_West.busi
nesses_in_A_seeking_to_relocate_to_Bw[Density]
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{square meters}

businesses_in_Bc_seeking_to_relocate[Density] =
Askgy.businesses_in_Bc_seeking_to_relocate_to_A§iDgmBergen_Center.businesses_in_Bc_seeking_to_rel
ocate_to_ Br[Density]+Bergen_East.businesses_in éakisg to relocate_to Be[Density]+Bergen_North.busi
ness-
es_in_Bc_seeking_to_relocate_to_Bn[Density]+Ber@muth.businesses_in_Bc_seeking to_relocate to Bs[D
ensity]+Bergen_West.businesses_in_Bc_seeking_tocatd to Bw[Density]

{square meters}

businesses_in_Be_seeking_to_relocate[Density] = Ber
gen_Center.businesses_in_Be_seeking_to_relocatc[density]+Bergen_North.businesses_in_Be_seeking_t
o_relocate_to_Bn[Density]+Bergen_East.businesseBenseeking_to_relocate_to_Br[Density]+Bergen_Sout
h.businesses_in_Be_seeking_to_relocate_to_Bs[Dgnsit

{square meters}

businesses_in_Bn_seeking_to_relocate[Density] = Ber
gen_Center.businesses_in_Bn_seeking_to_relocatc[idensity]+Bergen_East.businesses_in_Bn_seeking_to
_relocating_to_Be[Density]+Bergen_North.businessedBn_seeking_to_relocate_to_Br[Density]

{square meters}

businesses_in_Br_seeking_to_relocate[Density] =
Askgy.businesses_in_BR_seeking_to_relocate to A§ibdmBergen_Center.businesses_in_Br_seeking_to_re
lo-
cate_to_Bc[Density]+Bergen_East.businesses_in_B#kirsg to_relocate to Be[Density]+Bergen_North.busi
ness-
es_in_Br_seeking_to_relocate_to_Bn[Density]+Ber@muth.businesses_in_BR_seeking_to_relocate_to_Bs[D
ensity]+Bergen_West.businesses_in_BR_seeking_tucatd to_Bw[Density]

{square meters}

businesses_in_Bs_seeking_to_relocate[Density] =

Askgy.businesses_in_Bs_seeking_to_relocate_to AjidgnBergen_Center.businesses_in_Bs_seeking_to_rel
ocate_to_Bc[Density]+Bergen_East.businesses_in eé&kirsy_to _relocating_to_Be[Density]+Bergen_South.b
usiness-
es_in_Bs_seeking_to_relocate_to_BR[Density]+Ber§fémst.businesses_in_Bs_seeking_to_relocate_to_Bw[D
ensity]

{square meters}

businesses_in_Bw_seeking_to_relocate[Density] =
Askgy.businesses_in_Bw_seeking_to_relocate_to_Ag§DgmBergen_Center.businesses_in_Bw_seeking_to_r
elo-
cate_to_Bc[Density]+Bergen_South.businesses_in_Bekiag_to_relocate_to_Bs[Density]+Bergen_West.bus
inesses_in_BW_seeking_to_relocate_to_BR[Density]

{square meters}

job_vacancy_fraction = total_vacancies/total_jobs

{unitless}

total_jobs = AR-

RAYSUM(Bergen_Center.jobs[*])+ARRAYSUM(Askgy.jobg)* ARRAYSUM(Bergen_West.jobs[*])+ARR
AYSUM(Bergen_South.jobs[*])+ARRAYSUM(Bergen_Nortbls[*])+ARRAYSUM(Bergen_East.jobs[*])
{persons}

total_vacancies = AR-

RAYSUM(Bergen_Center.vacancies[*])+ARRAY SUM(Askggoancies[*])+ARRAY SUM(Bergen_West.vac
an-
cies[*])+ARRAYSUM(Bergen_South.vacancies[*])+ARRAYM(Bergen_North.vacancies[*])+ARRAY SUM
(Bergen_East.vacancies[*])

{persons}

data_jobs_Askgy = GRAPH(TIME)

(2000, 5150), (2001, 5387), (2002, 5470), (200596(2004, 5808), (2005, 5969), (2006, 6151), RBB60),
(2008, 6744), (2009, 6828), (2010, 7051), (20158§1

data_jobs Bergen = GRAPH(TIME)

(2000, 131728), (2001, 133113), (2002, 132599)082034822), (2004, 136246), (2005, 139358), (2006,
146515), (2007, 152252), (2008, 155668), (20099634, (2010, 155379), (2011, 158780)
total_business_space_in_the_Bergen_region[Low] ABRTIME

{square meters})

(2000, 9.2e+006), (2001, 9.4e+006), (2002, 9.5e}0@603, 9.6e+006), (2004, 9.7e+006), (2005, VOEY,
(2007, 1e+007), (2008, 1e+007), (2009, 1e+007)1@2Q.1e+007), (2011, 1.1e+007), (2012, 1.1e+007)
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total_business_space_in_the_Bergen_region[High] =

TIME

{square meters})

(2000, 5.4e+006), (2001, 5.6e+006), (2002, 5.6e}0@603, 5.7e+006), (2004, 5.8e+006), (2005, 5006},
(2006, 5.9e+006), (2007, 6e+006), (2008, 6.1e+0@BN9, 6.2e+006), (2010, 6.3e+006), (2011, 6.36%00
(2012, 6.4e+006)

Askay:
Bc___businesses_waiting_for_relocation[Density](B&__businesses_waiting_for_relocation[Densityl{t)-+
(arranged_relocation_agreement[Density] - policiogating[Density]) * dt

INIT Bc__businesses_waiting_for_relocation[Density]

{square meters}

INFLOWS:

arranged_relocation_agreement[Density] =
(PULSE(desired_arranged_relocation[Density],(.pol&tart_time),0))*.arranged_relocation_policy+(1-
.arranged_relocation_policy)*0

{square meters/year}

OUTFLOWS:

policy_relocating[Density] = IF time >= policy_relation_time THEN
(MIN((vacant_business_space[Density]/time_to_relegéBc__ businesses_waiting_for_relocation[Den4ity]
me_to_relocate))) ELSE O

{square meters/year}

businesses_in_A_seeking_to_relocate_to BR[Density]fusiness-

es_in_A seeking_to_relocate_to BR[Density](t -#lfpusinesses_in_A_choosing_BR[Density] - Business-
es_from_A relocating_to_BR[Density]) * dt

INIT businesses_in_A_seeking_to_relocate to BR[gls dissatisfied_businesses[Density]*0.01
{square meters}

INFLOWS:

businesses_in_A_choosing_BR[Density] = (dissatisfirisinesses[Density]-
.businesses_in_A_seeking_to_relocate[Density])*ahrftac_choosing_BR

{square meters/year}

OUTFLOWS:

Businesses_from_A_relocating_to_BR[Density] = bass:

es_in_A seeking_to_relocate_to_BR[Density]*annual fdeciding_to_relocate_in_BR

{square meters/year}

businesses_in_Bc_seeking_to_relocate_to_A[DenBity]business-
es_in_Bc_seeking_to_relocate_to_A[Density](t -#d{pusinesses_in_Bc_choosing_A[Density] - business-
es_from_Bc_relocating_to_A[Density]) * dt

INIT businesses_in_Bc_seeking_to_relocate_to_A[D¢hs Ber-
gen_Center.occupied__business_space[Density]*0.01

{square meters}

INFLOWS:

businesses_in_Bc_choosing_A[Density] = (Bergen_€&rediissatisfied_businesses[Density]-
.businesses_in_Bc_seeking_to_relocate[Densityptioa_leaning_to_Askoy[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Bc_relocating_to_A[Density] =
MIN((vacant_business_space[Density]/time_to_relegébusinesses_in_Bc_seeking_to_relocate to_A[Densi
J/time_to_relocate))

{square meters/year}

businesses_in_BR_seeking_to_relocate_to_A[DenBity]business-
es_in_BR_seeking_to_relocate_to_A[Density](t -d{pusinesses_in_BR_choosing_A[Density] - business-
es_from_BR_relocating_to_A[Density]) * dt

INIT businesses_in_BR_seeking_to_relocate_to_A[Rghs business-
es_in_the_Bergen_region[Density]*0.005

{square meters}

INFLOWS:

businesses_in_BR_choosing_A[Density] = (businessethe_Bergen_region[Density]*fraction_dissatisfied
.businesses_in_Br_seeking_to_relocate[Densityj3tioa_leaning_to_Askoy[Density]
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{square meters/year}

OUTFLOWS:

businesses_from_BR_relocating_to_A[Density] =
MIN((vacant_business_space[Density]/time_to_relegébusinesses_in_BR_seeking_to_relocate_to_A[Densi
yl/time_to_relocate))

{square meters/year}

businesses_in_Bs_seeking_to_relocate_to_A[Der8ityJusiness-
es_in_Bs_seeking_to_relocate_to_A[Density](t -tdfpusinesses_in_Bs_choosing_A[Density] - business-
es_from_Bs_relocating_to_A[Density]) * dt

INIT businesses_in_Bs_seeking_to_relocate_to_A[d@rs Ber-
gen_South.occupied__business_space[Density]*0.01

{square meters}

INFLOWS:

businesses_in_Bs_choosing_A[Density] = (Bergen_l&digsatisfied_businesses[Density]-
.businesses_in_Bs_seeking_to_relocate[Densityptiva_leaning_to_Askoy[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Bs_relocating_to_A[Density] =
MIN((vacant_business_space[Density]/time_to_relegébusinesses_in_Bs_seeking_to_relocate_to_A[Bensi
J/time_to_relocate))

{square meters/year}

businesses_in_Bw_seeking_to_relocate_to_A[Dengity]business-
es_in_Bw_seeking_to_relocate_to_A[Density](t -€l{usinesses_in_Bw_choosing_A[Density] - business-
es_from_Bw_relocating_to_A[Density]) * dt

INIT businesses_in_Bw_seeking_to_relocate_to_A[Dghs Ber-
gen_West.occupied__business_space[Density]*0.01

{square meters}

INFLOWS:

businesses_in_Bw_choosing_A[Density] = (Bergen_\Wesatisfied_businesses[Density]-
.businesses_in_Bw_seeking_to_relocate[Densityjgtiom_leaning_to_Askoy[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Bw_relocating_to_A[Density] =
MIN((vacant_business_space[Density]/time_to_relex@tusinesses_in_Bw_seeking_to_relocate_to_A[Densi
y]/time_to_relocate))

{square meters/year}

business_space_under_construction[Low](t) = busingsace_under_construction[Low](t - dt) + (busi-
ness_construction[Low] - finishing_business_coritam[Low]) * dt

INIT business_space_under_construction[Low] = catsion_time_business*6530

{square meters}

business_space_under_construction[High](t) = bssingpace_under_construction[High](t - dt) + (busi-
ness_construction[High] - finishing_business_cardton[High]) * dt

INIT business_space_under_construction[High] = traietion_time_business*526

{square meters}

INFLOWS:

business_construction[Density] = ((densi-
ty_ratio_business[Density]*floor_space_ratio_bussjPensity]*annual_land_ready_for_business_constuc
)+PULSE(desired_arranged_relocation[Density],pol@ynstruction_start_time,0))*.arranged_relocatiaricp
y+(1-
.arranged_relocation_policy)*(density_ratio_bussjPensity]*floor_space_ratio_business[Density]*aahua
nd_ready for_business_construction)

{square meters/years}

OUTFLOWS:

finishing_business_construction[Density] = (busi-
ness_space_under_construction[Density]/constructiom®_business)

{square meters/year}

housing_space_under_construction[Low](t) = housépgice under_construction[Low](t - dt) + (hous-
ing_construction[Low] - finishing_housing_constrioctLow]) * dt

INIT housing_space_under_construction[Low] = comstion_time_housing*22243

{square meters}
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housing_space_under_construction[High](t) = housspgice_under_construction[High](t - dt) + (hous-
ing_construction[High] - finishing_housing_consttioa[High]) * dt

INIT housing_space_under_construction[High] = caindion_time_housing*608

{square meters}

INFLOWS:

housing_construction[Density] = (densi-
ty_ratio_housing[Density]*floor_space_ratio_hougDgnsity]*annual_land_prepared_for__housing_cortstru
ion)

{square meters/years}

OUTFLOWS:

finishing_housing_construction[Density] = (hous-
ing_space_under_construction[Density]/constructiione _housing)

{square meters/years}

jobs[Low](t) = jobs[Low](t - dt) + (hiring_rate[Loyw jobs_moving_to_A[Low] - quitting_and_ firing[Loj
jobs_leaving_A[Low]) * dt

INIT jobs[Low] = data_low_density_business_space(1A8.06)/space_per_worker[Low]

{people}

jobs[High](t) = jobs[High](t - dt) + (hiring_rate[igh] + jobs_moving_to_A[High] - quitting_and_firifigigh] -
jobs_leaving_A[High]) * dt

INIT jobs[High] = local_service_positions+non_locaérvice_positions[High]

{people}

INFLOWS:

hiring_rate[Density] = vacancies[Density]/hiringni

{people/year}

jobs_moving_to_A[Density] = (business-
es_relocating_to_A[Density]+policy_relocating[Dendi/space_per_worker[Density]

{peoplelyear}

OUTFLOWS:

quitting_and_firing[Density] = (jobs[Density]/avgmployment_time)-
MIN((positions_gap[Density]/time_to_fire),0)

{peoplelyear}

jobs_leaving_A[Density] = businesses_from_A_relowgDensity]/space_per_worker[Density]
{people/year}

non_local_service_positions[Low](t) = non_local \see_positions[Low](t - dt) + (change_in_positiohsiv])
* dt

INIT non_local_service_positions[Low] = jobs[Low]

{people}

non_local_service_positions[High](t) = non_locakrvsee_positions[High](t - dt) +
(change_in_positions[High]) * dt

INIT non_local_service_positions[High] = total_iiit non_local_service_positions-
non_local_service_positions[Low]

{people}

INFLOWS:

change_in_positions[Density] =
(non_local_service_positions[Density]*annual_pasitigrowth[Density])+jobs_moving_to_A[Density]-
jobs_leaving_A[Density]

{people/year}

normal_rental_price[Density](t) = normal_rental gefiDensity](t - dt) + (change_in_price[Density]yt
INIT normal_rental_price[Density] = 900

{Norwegian Kroner/square meter}

INFLOWS:

change_in_price[Density] = normal_rental_price[DBAsCPI

{Norwegian Kroner/square meter/year}

occupied_housing_space[Low](t) = occupied_housipgcs[Low](t - dt) + (moving_in[Low] - mov-
ing_out[Low]) * dt

INIT occupied_housing_space[Low] = need_for__hogisgpace[Low]

{square meters}

occupied_housing_space[High](t) = occupied_houspgce[High](t - dt) + (moving_in[High] - mov-
ing_out[High]) * dt

INIT occupied_housing_space[High] = need_for__hogsspace[High]
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{square meters}

INFLOWS:

moving_in[Density] =
MAX(MIN((housing_space_gap[Density]/time_to_movea¢ant_housing_space[Density]/time_to_move)),0)
{square meters/years}

OUTFLOWS:

moving_out[Density] = -MIN((MAX((housing_space_g&snsity]/time_to_move),-
(occupied_housing_space[Density]/time_to_move))),0)

{square meters/year}

occupied_land_zoned_for_housing(t) = occupied_landed_for_housing(t - dt) + (housing_land_permie ra
- abandoned_housing_land_area) * dt

INIT occupied_land_zoned_for_housing = (to-
tal_housing_space[Low]/floor_space_ratio_housing{he (total _housing_space[High]/floor_space_ratiousio
ing[Highl)

{square meters}

INFLOWS:

housing_land_permit_rate = (DELAY3(ARRAYSUM(requesdtland_for_housing[*]),permit_time))
{square meters/years}

OUTFLOWS:

abandoned_housing_land_area = (abandoned_housidfl_t¢av]+abandoned_housing_land[High])
{square meters/year}

occupied_land__zoned_for_business(t) = occupied _lazoned_for_business(t - dt) + (busi-
ness_land_permit_rate + policy_permit_rate - abaadobusiness_land_area) * dt

INIT occupied_land__zoned_for_business = (to-
tal_business_space[Low]/floor_space_ratio_busihesg])+(total_business_space[High]/floor_space_ratio
siness[High])

{square meters}

INFLOWS:

business_land_permit_rate = (DELAY3(ARRAYSUM(reqteets land_for_business[*]),permit_time))
{square meters/year}

policy permit_rate = DE-

LAY3(ARRAYSUM(requested_land_for_arranged_relocali§),policy permit_time)*.arranged_relocation_p
olicy+(1-.arranged_relocation_policy)*0

{square meters/year}

OUTFLOWS:

abandoned_business_land_area = (abandoned_busime§sow]+abandoned_business_land[High])
{square meters/year}

occupied__ business_space[Low](t) = occupied___bsasirepace[Low](t - dt) + (extend-
ing_and_moving_to_A[Low] - reducing_and_leaving[LJpwdt

INIT occupied__business_space[Low] = jobs[Low]*spaper_worker[Low]

{square meters}

occupied__business_space[High](t) = occupied__lssirspace[High](t - dt) + (extend-
ing_and_moving_to_A[High] - reducing_and_leavingjHj) * dt

INIT occupied__business_space[High] = jobs[HighEep_per_worker[High]

{square meters}

INFLOWS:

extending_and_moving_to_A[Density] =
(MAX((business_space_gap[Density]/time_to_reloc@)epusinesses_relocating_to_A[Density]+policy_celo
ating[Density])

{square meters/year}

OUTFLOWS:

reducing_and_leaving[Density] = (-
MIN((business_space_gap[Density]/time_to_reloc@jejusinesses_from_A_relocating[Density])

{square meters/year}

population_in_Askgy(t) = population_in_Askgy(t ) dt(population_net_change) * dt

INIT population_in_Askgy = initial_population_in_Rkgy

{people}

INFLOWS:

population_net_change = anual_net_births+peopleingoto_A

{people/year}
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total_land_available(t) = total_land_availabledt) + (abandoned_business_land_area + aban-
doned_housing_land_area - zoning_for_businessingofor_housing) * dt

INIT total_land_available = (data_total_land_auali¢a for_construction-vacant_land__zoned_for_busiees
vacant_land_zoned_for_housing-occupied_land_zowedhdusing-occupied_land__zoned_for_business)
{square meters}

INFLOWS:

abandoned_business_land_area = (abandoned_buamekow]+abandoned_business_land[High])
{square meters/year}

abandoned_housing_land_area = (abandoned_housidfl_t¢av]+abandoned_housing_land[High])

{square meters/year}

OUTFLOWS:

zoning_for_business = (PULSE(MIN(total_land_avdiallAX((needed_land_for_business-
vacant_land__zoned_for_businesses-

(aban-
doned_business_land_area*fraction_still_zoned_fasirtess)),0)),2002,zoning_interval)*.policy_effeetmess
+(abandoned_business_land_area*fraction_still_zoimedbusiness))*.zoning_policy+(1-
.zoning_policy)*(PULSE((MIN(MAX(land_zoned_for_busss,0),(total_land_available))),2002,zoning_interv
al)+(abandoned_business_land_area*fraction_stiledofor_business)){square meters/year}
zoning_for_housing = (PULSE(MIN(MAX((desired_landr f housing-vacant_land_zoned_for_housing-
(aban-
doned_housing_land_area*fraction_still_zoned_foudnag)),0),total_land_available),2002,zoning_insdytp
olicy_effectiveness+(1-.policy_effectiveness)*PULE&EIN((MAX(((needed_land_area_for_housing)-

va-
cant_land_zoned_for_housing),0)),total_land_av#&af2002,zoning_interval)+(abandoned_housing_lane
a*fraction_still_zoned_for_housing))*.zoning_pol#eil -
.zoning_policy)*(PULSE((MIN((MAX(((needed_land_arefar _housing)-

va-
cant_land_zoned_for_housing),0)),total_land_av&a2002,zoning_interval)+(abandoned_housing_lane
a*fraction_still_zoned_for_housing))

{square meters/year}

vacancies[Low](t) = vacancies[Low](t - dt) + (adiised_vacancy_rate[Low] - hiring_rate[Low]) * dt

INIT vacancies[Low] = normal_job_vacancy_fractioobss[Low]

{people}

vacancies[High](t) = vacancies[High](t - dt) + (adltised_vacancy_rate[High] - hiring_rate[High]) ¢ d

INIT vacancies[High] = normal_job_vacancy_fractigoiis[High]

{people}

INFLOWS:

advertised_vacancy_rate[Density] = MAX((positionapfpPensity]/advertising_time),0)

{person/year}

OUTFLOWS:

hiring_rate[Density] = vacancies[Density]/hiringng

{peoplelyear}

vacant_business_space[Low](t) = vacant_businesselpaw](t - dt) + (finishing_business_constructibaiv]
+ reducing_and_leaving[Low] - extending_and_moviog A[Low] - business_demolition[Low]) * dt

INIT vacant_business_space[Low] = data_low_denbiiginess_space_A-occupied__business_space[Low]
{square meters}

vacant_business_space[High](t) = vacant_busineasefiigh](t - dt) + (finish-
ing_business_construction[High] + reducing_and_ilegiiHigh] - extending_and_moving_to_A[High] - busi-
ness_demolition[High]) * dt

INIT vacant_business_space[High] = data_high_dgnkiisiness_space_A-occupied__business_space[High]
{square meters}

INFLOWS:

finishing_business_construction[Density] = (busi-
ness_space_under_construction[Density]/constructiom®_business)

{square meters/year}

reducing_and_leaving[Density] = (-
MIN((business_space_gap[Density]/time_to_reloc@jefusinesses_from_A_relocating[Density])

{square meters/year}

OUTFLOWS:

138



extending_and_moving_to_A[Density] =
(MAX((business_space_gap[Density]/time_to_reloc@epusinesses_relocating_to_A[Density]+policy_celo
ating[Density])

{square meters/year}

business_demolition[Density] = (vacant_businesscajzensity]*business_demolition_fraction[Density])
{square meters/year}

vacant_housing_space[Low](t) = vacant_housing_dhaweé(t - dt) + (finishing_housing_construction[Ldw
moving_out[Low] - moving_in[Low] - housing_demobit[Low]) * dt

INIT vacant_housing_space[Low] = data_low_densityuding_space_A-occupied_housing_space[Low]
{square meters}

vacant_housing_space[High](t) = vacant_housing_ejptgh](t - dt) + (finishing_housing_constructiorifih]
+ moving_out[High] - moving_in[High] - housing_delitmn[High]) * dt

INIT vacant_housing_space[High] = data_high_dens$ibusing_space_A-occupied_housing_space[High]
{square meters}

INFLOWS:

finishing_housing_construction[Density] = (hous-
ing_space_under_construction[Density]/constructiimme _housing)

{square meters/years}

moving_out[Density] = -MIN((MAX((housing_space_g&snsity]/time_to_move),-
(occupied_housing_space[Density]/time_to_move))),0)

{square meters/year}

OUTFLOWS:

moving_in[Density] =
MAX(MIN((housing_space_gap[Density]/time_to_movea¢ant_housing_space[Density]/time_to_move)),0)
{square meters/years}

housing_demolition[Density] = (vacant_housing_spBeasity]*housing_demolition_fraction[Density])
{square meters/years}

vacant_land_zoned_for_housing(t) = vacant_land_aofoe _housing(t - dt) + (zoning_for_housing - hous-
ing_land_permit_rate) * dt

INIT vacant_land_zoned_for_housing = (data_initzaned_land_for_housing-
occupied_land_zoned_for_housing)

{square meters}

INFLOWS:

zoning_for_housing = (PULSE(MIN(MAX((desired_landr f housing-vacant_land_zoned_for_housing-
(aban-
doned_housing_land_area*fraction_still_zoned_foudng)),0),total_land_available),2002,zoning_in&)y%p
olicy_effectiveness+(1-.policy_effectiveness)*PULEEIN((MAX(((needed_land_area_for_housing)-

va-
cant_land_zoned_for_housing),0)),total_land_av&a2002,zoning_interval)+(abandoned_housing_lane
a*fraction_still_zoned_for_housing))*.zoning_polieil -
.zoning_policy)*(PULSE((MIN((MAX(((needed_land_arear_housing)-

va-
cant_land_zoned_for_housing),0)),total_land_av&al2002,zoning_interval)+(abandoned_housing_lane
a*fraction_still_zoned_for_housing))

{square meters/year}

OUTFLOWS:

housing_land_permit_rate = (DELAY3(ARRAYSUM(requedt land_for_housing[*]),permit_time))
{square meters/years}

vacant_land__zoned_for_businesses(t) = vacant_lahed_for_businesses(t - dt) + (zoning_for_busines
business_land_permit_rate - policy_permit_rate) * d

INIT vacant_land__zoned_for_businesses = (dataalintoned_land_for_business-
occupied_land__zoned_for_business)

{square meters}

INFLOWS:

zoning_for_business = (PULSE(MIN(total_land_avdigllAX((needed_land_for_business-
vacant_land__zoned_for_businesses-

(aban-
doned_business_land_area*fraction_still_zoned_fasirtess)),0)),2002,zoning_interval)*.policy_effeetmess
+(abandoned_business_land_area*fraction_still_zofeedbusiness))*.zoning_policy+(1-
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.zoning_policy)*(PULSE((MIN(MAX(land_zoned_for_busss,0),(total_land_available))),2002,zoning_interv
al)+(abandoned_business_land_area*fraction_stiledofor_business)){square meters/year}
OUTFLOWS:

business_land_permit_rate = (DELAY3(ARRAYSUM(reqteets land_for_business[*]),permit_time))
{square meters/year}

policy permit_rate = DE-

LAY3(ARRAYSUM(requested_land_for_arranged_relocali§),policy permit_time)*.arranged_relocation_p
olicy+(1-.arranged_relocation_policy)*0

{square meters/year}

abandoned_business_land[Density] = business_déomplensity]/floor_space_ratio_business[Density]
{square meters/years}

abandoned_housing_land[Density] = housing_demal[iDensity]/floor_space_ratio_housing[Density]
{square meters/years}

actual_fraction_satisfied_at_current_location[Defjst
MIN((all_effects[Density]*initial_fraction_satisfi¢{ Density]),0.95)

{unitless}

actual_rental_price[Density] = nor-

mal_rental_price[Density]*Graphical_functions.effeaf supply_demand_ratio_on_rental_price[Densiti@\s
vl

{Norwegian Kroner/square meter}

add_factor = 0.01

{1llyear}

advertising_time = 1/12

{years}

all_effects[Low] = Graph-
ical_functions.clustering_effect[Low,Askay]*Graphic functions.effect_of driving_time_difference[AsK®
Graph-

ical_functions.effect_of expansion_possibility |laensity[Askay]*Graphical_functions.effect_of rentatic
e_low_density[Low,Askay]

{unitless}

all_effects[High] = Graph-
ical_functions.clustering_effect[High,Askay]*Graphi_functions.effect_of_driving_time_difference[AsR*
Graph-

ical_functions.effect_of _expansion_possibility _higlensity[Askay]*Graphical_functions.effect_of renfaric
e_high_denisty[High,Askgy]*Graphical_functions.effeof travel time_difference[High,Askay]

{unitless}

all_housing_units[Density] = occupied___housing_s{liensity]+vacant_housing_units[Density]

{housing unit}

annual_frac_choosing_BR = 0.01

{1llyear}

annual_frac_deciding_to_relocate_in_BR = 0.01

{1llyear}

annual_land_prepared_for__housing_construction = DE
LAY3(housing_land_permit_rate,time_for_preparatioh land)

{square meters/years}

annual_land_ready_for_business_construction = DE-
LAY3(business_land_permit_rate,time_for_preparatafnland)

{square meters/years}

annual_position_growth[Density] = DE-

LAYN(Graphical_functions.GDP_effect _on_positionogth*normal_annual_position_growth,1.5,10)
{1llyear}

anual_net_births = population_in_Askgy*net_birthera

{peoplelyear}

avg_driving_time_by car_to_Bc = 0.9*free_flow_drigi time_by car+0.1*rush_hour_driving_time_by car
{hours}

avg_employment_time =5

{years}

avg_statutory floor_space_ratio_housing[Low] = 0.4

{unitless}

avg_statutory floor_space_ratio_housing[High] = 2
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{unitless}

avg_travel_time_by public_transportation_to_Bc =

0.9*free_flow_travel_time_by PT+0.1*rush_hour_travene by PT

{hours}

A_s_share_in_business_space[Density] = occu-
pied__business_space[Density]/.total_business_spadbe_Bergen_region[Density]

{unitless}

businesses_from_A_relocating[Density] = Business-

es_from_A relocating_to_BR[Density]+Bergen_Centasibesses_from_A_relocating_to_Bc[Density]+Berge
n_West.businesses_from_A_relocating_to_Bw[DensBgrgen_South.businesses_from_A_relocating_to_Bs|
Density]

{square meters/year}

businesses_relocating_to_A[Density] = business-
es_from_Bc_relocating_to_A[Density]+businesses_frBR_relocating_to_A[Density]+businesses_from_Bs_r
elocating_to_A[Density]+businesses_from_Bw_relamgtiioA[Density]

{square meters/year}

business_demolition_fraction[Low] = 0.07

{llyears}

business_demolition_fraction[High] = 0.07

{llyears}

business_land_fraction_occupied = occu-
pied_land__zoned_for_business/(vacant_land__zooedodsinesses+occupied_land__zoned_for_business)
{unitless}

business_space_demand[Density] =
MAX((perceived_need_for_business_space[Density]iflasses_in_Bc_seeking_to_relocate_to_A[Density]+b
usiness-
es_in_Bs_seeking_to_relocate_to_A[Density]+busieesi®n_Bw_seeking_to_relocate_to_A[Density]+business
es_in_BR_seeking_to_relocate_to_A[Density]),0.0001)

{square meters}

business_space_for_local_service_positions = lgseaVice_positions*space_per_worker[High]

{square meters}

business_space_gap[Density] = recent_need_for_émssispace[Density]-occupied__business_space[Dgnsity
{square meters}

business_space_supply[Density] = MAX(vacant_businggace[Density],0.0001)

{square meters}

business_space_supply_demand_ratio[Density] = busi-
ness_space_supply[Density]/business_space_demamsifije

{unitless}

capacity_for_new_inhabitants = peo-

ple_per_housing_unit*(vacant_housing_units[Low]+aaic housing_units[High])

{people}

construction_time_business = 2

{years}

construction_time_housing = 2

{years}

data_initial_zoned_land_for_business = 2721500

{square meters}

data_initial_zoned_land_for_housing = 12139600

{square meters}

data_total land_available for_construction = 9448R0

{square meters}

density_ratio_business[Density] = (DE-

LAYN((requested_land_for_business[Density]/ARRAY S((itfjuested_land_for_business[*])),5,10))
{unitless}

density_ratio_housing[Density] = DE-
LAYN((requested_land_for_housing[Density]/ARRAYSUM(uested_land_for_housing[*])),5,10)

{unitless}

desired_arranged_relocation[Low] = 30000

{square meters/year}

desired_arranged_relocation[High] = 30000
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{square meters/year}

desired_business_construction[Density] = nor-
mal_annual_business_construction[Density]*Graphitaictions.effect_of supply_demand_ratio_on_busines
_construction[Density,Askgy]

{square meters/year}

desired_housing_construction[Density] = nor-
mal_annual_housing_construction[Density]*Graphifahctions.vacancy_effect_on_housing_construction[De
sity,Askay]

{square meters/year}

desired_land_for_housing = (futu-

tu-
re_need_for_housing_units*0.6*housing_space_persihguunit[High])/avg_statutory floor_space_ratio_fiou
ing[High])+(future_need_for_housing_units*0.4*honigi space_per_housing_unit[Low]/avg_statutory_flgor_
pace_ratio_housing[Low])

{square meters}

dissatisfied_businesses[Low] = SMTH3((occupied_inrss space[Low]*(1-
actual_fraction_satisfied_at_current_location[Lgvgdgrception_time)

{square meters}

dissatisfied_businesses[High] = SMTH3(((occupiedisitess_space[High]-
business_space_for_local_service_positions)*(1-
actual_fraction_satisfied_at_current_location[H)yplerception_time)

{square meters}

employed_people_working_in_Bc = AR-

RAYSUM(jobs[*])+ARRAY SUM(jobs[*])*expected_job_growh*pop_forecast_interval*people_per_job
{people}

employed_person_per_housing_unit = frac_employeoblp&people_per_housing_unit

{people/housing unit}

existing_business_space = AR-
RAYSUM(occupied__business_space[*])+ARRAYSUM(vacdnisiness_space[*])+ARRAYSUM(business_s
pace_under_construction[*])

{square meters}

existing_housing_units = ((hous-
ing_space_under_construction[Low]+occupied_housspgce[Low]+vacant_housing_space[Low])/housing_sp
ace_per_housing_unit[Low])+((housing_space_undarstraction[High]+occupied_housing_space[High]+vac
ant_housing_space[High])/housing_space_per_housimtjHigh])

{housing units}

expected_additional_population_in_10_yrs = (popula-
tion_in_Askgy*(expected_annual_population_growthd-ddctor)*pop_forecast_interval)

{people}

expected_annual_population_growth = TREND(poputatio_Askay,1,0.02)

{1llyear}

expected_future_workers = (popula-
tion_in_Askay+expected_additional_population_in_yi8)*frac_employed_people

{people}

expected_job_growth = TREND(ARRAYSUM(jobs[*]),1,@)0

{1llyear}

expected_need_for_business_space = (ex-
pected_future_workers)*0.7*space_per_worker[Highjpected_future_workers*0.3*space_per_worker[Low]
{square meters}

expected_need_for_housing_units = (expec-

pec-
ted_additional_population_in_10_yrs/people_per_ausinit)+((expected_additional_population_in_1G/gr
eople_per_housing_unit)*reserve)

{housing units}

expected_need_f_housing_units = employed_peopl&kingorin_ Bc/employed_person_per_housing_unit
{housing units}

floor_space_ratio_business[Low] = 0.2

{unitless}

floor_space_ratio_business[High] = 0.5

{unitless}
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floor_space_ratio_housing[Low] = 0.12

{unitless}
floor_space_ratio_housing[High] = 0.4
{unitless}

fraction_dissatisfied = 0.25

{unitless}

fraction_leaning_to_Askoy[Density] =
SMTH3(MIN((all_effects[Density]*initial_frac_leanimp to_A[Density]),1),time_to_make_decision)

{1llyear}
fraction_still_zoned_for_business = 0.75
{unitless}
fraction_still_zoned_for_housing = 0.75
{unitless}

future_need_for_business_space = MAX((expected_rieedusiness_space-existing_business_space),0)
{square meters}

future_need_for_housing_units = MAX((expected_néedousing_units-existing_housing_units),0)
{housing units}

hiring_time = 3/12

{years}
housing_demolition_fraction[Low] = 0.02
{1llyears}
housing_demolition_fraction[High] = 0.02
{1llyears}

housing_land_fraction_occupied = occu-
pied_land_zoned_for_housing/(vacant_land_zonedhfarsing+occupied_land_zoned_for_housing)
{unitless}

housing_space_gap[Density] = need_for__housing e$pansity]-occupied_housing_space[Density]
{square meters}

housing_space_per_housing_unit[Low] = 143

{square meters/housing unit}

housing_space_per_housing_unit[High] = 126

{square meters/housing unit}

housing_vacancy_fraction[Low] = va-
cant_housing_space[Low]/(occupied_housing_space[teacant_housing_space[Low])
{unitless}

housing_vacancy_fraction[High] = va-
cant_housing_space[High]/(occupied_housing_spagé]Hivacant_housing_space[High])
{unitless}

initial_fraction_satisfied[Density] = 0.75

{unitless}

initial_frac_leaning_to_A[Low] = 0.1

{unitless}

initial_frac_leaning_to_A[High] = 0.1

{1llyear}

initial_population_in_Askgy = 19727

{people}

jobs_housing_ratio_Askgy = ARRAYSUM(jobs[*])/ARRAYBM(all_housing_units[*])
{jobs/housing unit}

land_zoned_for_business = zoned_land_area_for_dssswacant_land__zoned_for_businesses-
occupied_land__zoned_for_business

{square meters}

local_service_employment__ratio = 0.17

{unitless}

local_service_positions = population_in_Askgy*loc#rvice_employment__ratio
{people}

needed_land_area_for_housing = expec-

pec-

ted_need_for_housing_units*((housing_space_per ihgusnit[Low]/floor_space_ratio_housing[Low])+(hous
ing_space_per_housing_unit[High]/floor_space_radtausing[High]))
{square meters}
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needed_land_for_business = (futu-

tu-
re_need_for_business_space*0.7)/floor_space_ratgnéss[High]+(future_need_for_business_space#f3)/
or_space_ratio_business[Low]

{square meters}

need_for_housing_units = (population_in_Askgy/peopkr_housing_unit)

{housing units}

need_for__housing_space[Density] = (hous-
ing_space_per_housing_unit[Density]*need_for_hagisimits*housing_preferences[Density])
{square meters}

normal_annual_business_construction[Low] = 7541

{square meters/year}

normal_annual_business_construction[High] = 6336

{square meters/year}

normal_annual_housing_construction[Low] = 27268

{square meters/year}

normal_annual_housing_construction[High] = 3747

{square meters/year}

normal_annual_position_growth = 0.0173

{1llyear}

normal_GDP_growth = 0.0199

{1lyear}
normal_housing_vacancy_fraction[Low] = 0.044
{unitless}
normal_housing_vacancy_fraction[High] = 0.044
{unitless}

normal_job_vacancy_fraction = 0.0575
{unitless}

normal_migration = 316

{peoplelyear}

normal_supply_demand_ratio = 1

{unitless}

occupied___housing_units[Density] = occu-
pied_housing_space[Density]/housing_space_per_hgushit[Density]

{housing units}

people_moving_to_A = MIN(((capacity_for_new_inhalpits/time_to_move)-
anual_net_births),people_seeking_to_move_to_A)

{people/year}

people_per_job =1

{unitless}

people_seeking_to_move_to_A = nor-
mal_migration*Graphical_functions.effect_of_job_aacies_on_people_seeking_to_move[Askgy]*Graphical_
functions.effect_of _housing_vacancies_on_peopl&kisgeto_move[Askay]
{people/year}

perceived_need_for_business_space[Density] = (meteneed_for_positions[Density]-
jobs[Density])*space_per_worker[Density]

{square meters}

perceived_need_for_positions[Low] = SMTH3((non_losarvice_positions[Low]),0.5)
{people}

perceived_need_for_positions[High] =
SMTH3((non_local_service_positions[High]+local_deev positions),0.5)

{people}

perception_time = 2

{year}

permit_time =5

{years}

policy_construction_start_time = .policy_start_tirpelicy_permit_time+time_for_preparation_of _land
{years}

policy_permit_time = 1

{year}
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policy_relocation_time = construction_time_busingsdicy _construction_start_time

{year}

pop_forecast_interval = 10

{years}

positions_gap[Density] = required_positions[Derisjops[Density]

{people}

possibility_to_expand = Graphical_functions.effedt land_frac_occupied_on_possibility_to_expand[Agkg
{unitless}

potential_positions[Density] = (occu-

pied__business_space[Density]+vacant_business [§gatsity])/space_per_worker[Density]

{people}
preferred_driving_time_by car_to Bc=0.5
{hours}

preferred_possibility = 0.7

{unitless}

preferred_rental_price[Density] = Bergen_Centeualctrental_price[Density]*0.9

{Norwegian Kroner/square meters}

preferred_travel_time = 0.75

{hours}

recent_need_for_business_space[Density] = jobs[Bétspace_per_worker[Density]

{square meters}

requested_land_for_arranged_relocation[Density] =
PULSE((desired_arranged_relocation[Density]/flopace_ratio_business[Density]),.policy_start_time,0)
{square meters}

requested_land_for_business[Density] =
MAX(((desired_business_construction[Density]/flospace_ratio_business[Density])*Graphical_functieffs.
ct_of land_frac_occupied_on_requested_land_for nless{Askay]),0.0001)

{square meters/year}

requested_land_for_housing[Density] =
MAX(((desired_housing_construction[Density]/floopage_ratio_housing[Density])*Graphical_functionfeef
t_of land_frac_occupied_on_requested_land_for_Ing{iskay]),0.0001)

{m"2/year}

required_positions[Density] = MIN(perceived_need_fmsitions[Density],potential_positions[Density])
{people}

reserve = 0.5

{unitless}

space_per_worker[Low] = 217

{square meters/person}

space_per_worker[High] = 45

{square meters/person}

time_for_preparation_of land = 2

{years}

time_to_fire = 2/12

{years}

time_to_make_decision = 2

{year}

time_to_move = 3/12

{year}

time_to_relocate = 2/12

{years}

total_business_space[Density] = occupied__busispsee[Density]+vacant_business_space[Density]
{square meters}

total_housing_space[Density] = occupied_housingcefizensity]+vacant_housing_space[Density]
{square meters}

total_housing_units = ARRAYSUM(all_housing_unitg[*]

total_initial_non_local_service_positions = 1796

{people}

total_jobs = ARRAYSUM(jobs[*])

vacant_housing_units[Density] = vacant_housing_sf2ensity]/housing_space_per_housing_unit[Density]
{housing units}
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zoning_interval = 4

{years}

businesses_in_the_Bergen_region[Low] = GRAPH(TIME

{square meters})

(2000, 1.1e+006), (2001, 1.1e+006), (2002, 1.1e}0@603, 1.1e+006), (2004, 1.1e+006), (2005, 10P€Y,
(2006, 1.2e+006), (2007, 1.2e+006), (2008, 1.2e}0@609, 1.3e+006), (2010, 1.3e+006), (2011, 108&y
businesses_in_the_Bergen_region[High] = GRAPH(TIME

{square meters})

(2000, 454845), (2001, 470682), (2002, 471818)082@73058), (2004, 487214), (2005, 495265), (2006,
505078), (2007, 522160), (2008, 532334), (20091283 (2010, 564431), (2011, 577523)

CPI = GRAPH(TIME

{unitless})

(2000, 0.031), (2001, 0.03), (2002, 0.013), (2@E25), (2004, 0.004), (2005, 0.016), (2006, 0.02A)07,
0.008), (2008, 0.038), (2009, 0.021), (2010, 0.0gH)11, 0.012), (2012, 0.008)

data_high_density business_space_A = GRAPH(TIME)

(2000, 166204), (2001, 166730), (2002, 169564)0820275331), (2004, 184948), (2005, 194279), (2006,
200478), (2007, 211483), (2008, 213917), (20091225, (2010, 233023), (2011, 238604), (2012, 242237
data_high_density _housing_space_A = GRAPH(TIME)

(2000, 17499), (2001, 24329), (2002, 24329), (2@B243), (2004, 29113), (2005, 29595), (2006, 29687
(2007, 33163), (2008, 39339), (2009, 53264), (26X®14), (2011, 68263), (2012, 68689)
data_housing_units_ A = GRAPH(TIME)

(2000, 7610), (2001, 7758), (2002, 7948), (2003,83,1(2004, 8338), (2005, 8525), (2006, 8831), RED99),
(2008, 9514), (2009, 9802), (2010, 10004), (20D1,14)

data_jobs_A = GRAPH(TIME)

(2000, 5150), (2001, 5387), (2002, 5470), (200596(2004, 5808), (2005, 5969), (2006, 6151), RL@B60),
(2008, 6744), (2009, 6828), (2010, 7051), (20158j1

data_low_density business_space A = GRAPH(TIME)

(2000, 408253), (2001, 414783), (2002, 426210)082@30530), (2004, 434030), (2005, 438981), (2006,
446827), (2007, 449144), (2008, 458971), (2009723, (2010, 490427), (2011, 492957), (2012, 498746
data_low_density _housing_space_A = GRAPH(TIME)

(2000, 1.1e+006), (2001, 1.1e+006), (2002, 1.1e}0@603, 1.1e+006), (2004, 1.2e+006), (2005, 10P€Y,
(2006, 1.2e+006), (2007, 1.3e+006), (2008, 1.3e}0@609, 1.3e+006), (2010, 1.3e+006), (2011, 1006y,
(2012, 1.4e+006)

frac_employed_people = GRAPH(TIME

{unitless})

(2005, 0.51), (2006, 0.52), (2007, 0.53), (20083D.(2009, 0.52), (2010, 0.52), (2011, 0.52)
free_flow_driving_time_by car = GRAPH(TIME

{hours})

(2000, 0.23), (2001, 0.23), (2002, 0.23), (20033D.(2004, 0.23), (2005, 0.23), (2006, 0.23), @R0aM23),
(2008, 0.23), (2009, 0.23), (2010, 0.23), (20123p.(2012, 0.23), (2013, 0.23), (2014, 0.23), £0123),
(2016, 0.23), (2017, 0.23), (2018, 0.23), (2019230.(2020, 0.23)

free_flow_travel_time_by PT = GRAPH(TIME

{hours})

(2000, 0.83), (2001, 0.8), (2002, 0.78), (20037D.72004, 0.76), (2005, 0.76), (2006, 0.76), (20D76),
(2008, 0.75), (2009, 0.75), (2010, 0.75), (20175D.(2012, 0.74), (2013, 0.74), (2014, 0.74), 4L74),
(2016, 0.74), (2017, 0.74), (2018, 0.74), (20195).(2020, 0.75)

GDP__annual_growth = GRAPH(TIME

{1llyear})

(2000, 0.0199), (2001, 0.02), (2002, 0.015), (2@WBN98), (2004, 0.0396), (2005, 0.0259), (20062405),
(2007, 0.0265), (2008, 0.004), (2009, -0.017), (R@LO068), (2011, 0.0145)

housing_preferences[Low] = GRAPH(TIME

{unitless})

(2000, 0.982), (2001, 0.981), (2002, 0.982), (2@0378), (2004, 0.976), (2005, 0.976), (2006, 0)96807,
0.962), (2008, 0.949), (2009, 0.94), (2010, 0.988)11, 0.937), (2012, 0.937), (2013, 0.937), (2@ a37),
(2015, 0.937), (2016, 0.937), (2017, 0.937), (2@837), (2019, 0.937), (2020, 0.937), (2021, 0)9@0D22,
0.937), (2023, 0.937), (2024, 0.937), (2025, 0.98026, 0.937), (2027, 0.937), (2028, 0.937), @@R937),
(2030, 0.937)

housing_preferences[High] = GRAPH(TIME

{unitless})

146



(2000, 0.018), (2001, 0.019), (2002, 0.018), (2@DB22), (2004, 0.024), (2005, 0.024), (2006, 0)PEDO7,
0.038), (2008, 0.051), (2009, 0.06), (2010, 0.062)11, 0.063), (2012, 0.063), (2013, 0.063), (2@La@63),
(2015, 0.063), (2016, 0.063), (2017, 0.063), (2@WLB63), (2019, 0.063), (2020, 0.063), (2021, 0)pER22,
0.063), (2023, 0.063), (2024, 0.063), (2025, 0.068)26, 0.063), (2027, 0.063), (2028, 0.063), @AR063),
(2030, 0.063)

net_birth_rate = GRAPH(TIME

{1llyear})

(2000, 0.008), (2001, 0.008), (2002, 0.009), (2@ABN8), (2004, 0.007), (2005, 0.009), (2006, 0)PEDO7,
0.009), (2008, 0.009), (2009, 0.01), (2010, 0.042011, 0.009), (2012, 0.01)

people_per_housing_unit = GRAPH(time

{people/housing units})

(2000, 2.63), (2004, 2.63), (2008, 2.60), (20180%.(2016, 2.50), (2020, 2.50), (2024, 2.40), @1240),
(2032, 2.20), (2036, 2.10), (2040, 2.10)

rush_hour_driving_time_by car = GRAPH(TIME

{hours})

(2000, 0.48), (2001, 0.48), (2002, 0.48), (20038D.(2004, 0.48), (2005, 0.48), (2006, 0.48), 20aM48),
(2008, 0.48), (2009, 0.48), (2010, 0.48), (20148p.(2012, 0.48), (2013, 0.48), (2014, 0.48), £0148),
(2016, 0.48), (2017, 0.48), (2018, 0.48), (201880.(2020, 0.48)

rush_hour_travel time_by PT = GRAPH(TIME

{hours})

(2000, 0.72), (2001, 0.69), (2002, 0.67), (20086D. (2004, 0.66), (2005, 0.65), (2006, 0.65), 2MME5),
(2008, 0.65), (2009, 0.65), (2010, 0.65), (20165D.(2012, 0.65), (2013, 0.65), (2014, 0.65), E0AL65),
(2016, 0.65), (2017, 0.65), (2018, 0.65), (20185).(2020, 0.65)

zoned_land_area_for_business = GRAPH(TIME

{square meters})

(2000, 3.8e+006), (2001, 3.8e+006), (2002, 3.8e}0@603, 3.8e+006), (2004, 3.8e+006), (2005, S0Pé&Y,
(2006, 5.2e+006), (2007, 5.2e+006), (2008, 5.2e}0@609, 5.2e+006), (2010, 6.7e+006), (2011, 60DEY

Bergen Center:

businesses_in_A_seeking_to_relocate_to_Bc[Low]{tusinesses_in_A_ seeking_to_relocate_to_Bc[Low](t -
dt) + (businesses_in_A_choosing_Bc[Low] - businesBem_A _relocating_to_Bc[Low]) * dt

INIT businesses_in_A_seeking_to_relocate_to_Bc[Lewjskay.occupied__business_space[Low]*0.005
{square meters}

businesses_in_A_seeking_to_relocate_to Bc[Highk]fiusinesses_in_A_seeking_to_relocate to_Bc[High](t
dt) + (businesses_in_A_choosing_Bc[High] - busiresfrom_A_relocating_to_Bc[High]) * dt

INIT businesses_in_A_seeking_to_relocate_to_Bc[HigAskay.occupied__business_space[High]*0.05
{square meters}

INFLOWS:

businesses_in_A_choosing_Bc[Density] = (Askay.disBad_businesses[Density]-
.businesses_in_A_seeking_to_relocate[Density])tfoac leaning_to_Bergen_center[Density]

{square meters/year}

OUTFLOWS:

businesses_from_A_relocating_to_Bc[Density] =
MIN((vacant_business_space[Density]/time_to_relexétusinesses_in_A_seeking_to_relocate_to_Bc[Densi
J/time_to_relocate))

{square meters/year}

businesses_in_Bc_seeking_to_relocate_to_Br[Del§itylpusiness-
es_in_Bc_seeking_to_relocate_to_Br[Density](t -fd{pusinesses_in_Bc_choosing_Br[Density] - busines
es_from_Bc_relocating_to_Br[Density]) * dt

INIT businesses_in_Bc_seeking_to_relocate_to BrHgh= dissatisfied_businesses[Density]*0.01
{square meters}

INFLOWS:

businesses_in_Bc_choosing_Br[Density] = (dissatisfbusinesses[Density]-
.businesses_in_Bc_seeking_to_relocate[Density])dahrirac_choosing_BR

{square meters/year}

OUTFLOWS:

businesses_from_Bc_relocating_to_Br[Density] = beiss-
es_in_Bc_seeking_to_relocate_to_Br[Density]*annfrat _deciding_to_relocate_in_BR

{square meters/year}
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businesses_in_Be_seeking_to_relocate_to_Bc[Low]ftlisinesses_in_Be_seeking_to_relocate_to_Bc[Low](t
- dt) + (businesses_in_Be_choosing_Bc[Low] - busses _from_Be_relocating_to_Bc[Low]) * dt

INIT businesses_in_Be_seeking_to_relocate_to_Bc]loBer-
gen_East.occupied__business_space[Low]*0.005

{square meters}
businesses_in_Be_seeking to_relocate to Bc[High]ftlsinesses_in_Be seeking to_relocate to_Bc[Kigh]
- dt) + (businesses_in_Be_choosing_Bc[High] - bessses_from_Be_relocating_to_Bc[High]) * dt

INIT businesses_in_Be_seeking_to_relocate to_BdjHigBer-
gen_East.occupied__business_space[High]*0.05

{square meters}

INFLOWS:

businesses_in_Be_choosing_Bc[Density] = (Bergent.fiasatisfied_businesses[Density]-
.businesses_in_Be_seeking_to_relocate[Densityptifsa_leaning_to_Bergen_center[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Be_relocating_to_Bc[Density] =
MIN((vacant_business_space[Density]/time_to_relegébusinesses_in_Be_seeking_to_relocate_to_Bc[Dens
yl/time_to_relocate))

{square meters/year}

businesses_in_Bn_seeking_to_relocate_to Bc[De(Bitypbusiness-
es_in_Bn_seeking_to_relocate_to_Bc[Density](t -dfbusinesses_in_Bn_choosing_Bc[Density] - busines
es_from_Bn_relocating_to_Bc[Density]) * dt

INIT businesses_in_Bn_seeking_to_relocate_to_Bc§idgl= Ber-
gen_North.occupied__business_space[Density]*0.02

{square meters}

INFLOWS:

businesses_in_Bn_choosing_Bc[Density] = (BergentiNdissatisfied_businesses[Density]-
.businesses_in_Bn_seeking_to_relocate[Densityptiva_leaning_to_Bergen_center[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Bn_relocating_to_Bc[Density] =
MIN((vacant_business_space[Density]/time_to_relegébusinesses_in_Bn_seeking_to_relocate_to_BcjDens
y]/time_to_relocate))

{square meters/year}

businesses_in_Br_seeking_to_relocate_to_Bc[Delitylousiness-
es_in_Br_seeking_to_relocate_to_Bc[Density](t -d{pusinesses_in_BR_choosing_Bc[Density] - busines
es_from_BR_relocating_to_Bc[Density]) * dt

INIT businesses_in_Br_seeking_to_relocate_to_ BcHdgh= business-

es_in_the Bergen_region[Density]*0.01

{square meters}

INFLOWS:

businesses_in_BR_choosing_Bc[Density] = (businessethe_Bergen_region[Density]*fraction_dissatidfie
.businesses_in_Br_seeking_to_relocate[Density]§tfom_leaning_to_Bergen_center[Density]

{square meters/year}

OUTFLOWS:

businesses_from_BR_relocating_to_Bc[Density] =
MIN((vacant_business_space[Density]/time_to_relexétusinesses_in_Br_seeking_to_relocate_to_BcfDens
y]/time_to_relocate))

{square meters/year}
businesses_in_Bs_seeking_to_relocate_to_Bc[Low]ftlisinesses_in_Bs_seeking to_relocate to Bc[Low](t
dt) + (businesses_in_Bs_choosing_Bc[Low] - busiegesBom_Bs_relocating_to_Bc[Low]) * dt

INIT businesses_in_Bs_seeking_to_relocate to Bc]loBer-
gen_South.occupied__business_space[Low]*0.005

{square meters}
businesses_in_Bs_seeking_to_relocate_to_Bc[High]fiysinesses_in_Bs_seeking_to_relocate_to_Bc[Kigh]
- dt) + (businesses_in_Bs_choosing_Bc[High] - besses_from_Bs_relocating_to_Bc[High]) * dt

INIT businesses_in_Bs_seeking_to_relocate_to_Bd¢jHxBer-
gen_South.occupied__business_space[High]*0.05

{square meters}

INFLOWS:

148



businesses_in_Bs_choosing_Bc[Density] = (BergentlSdigssatisfied_businesses[Density]-
.businesses_in_Bs_seeking_to_relocate[Densityptiva_leaning_to_Bergen_center[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Bs_relocating_to_Bc[Density] =
MIN((vacant_business_space[Density]/time_to_relegéiusinesses_in_Bs_seeking_to_relocate_to_BcfDens
yl/time_to_relocate))

{square meters/year}

businesses_in_Bw_seeking_to_relocate to_Bc[Low]{siness-
es_in_Bw_seeking_to_relocate_to_Bc[Low](t - dtbtiginesses_in_Bw_choosing_Bc[Low] - business-
es_from_Bw_relocating_to_Bc[Low]) * dt

INIT businesses_in_Bw_seeking_to_relocate_to_Bc[lLoBer-
gen_West.occupied__business_space[Low]*0.005

{square meters}

businesses_in_Bw_seeking_to_relocate to_Bc[High]fusiness-

es_in_Bw_seeking to_relocate_to Bc[High](t - d{ptisinesses_in_Bw_choosing_Bc[High] - business-
es_from_Bw_relocating_to_Bc[High]) * dt

INIT businesses_in_Bw_seeking_to_relocate_to_BdjHigBer-
gen_West.occupied__business_space[High]*0.05

{square meters}

INFLOWS:

businesses_in_Bw_choosing_Bc[Density] = (Bergen_tWissatisfied_businesses[Density]-
.businesses_in_Bw_seeking_to_relocate[Density]ytiom_leaning_to_Bergen_center[Density]

{square meters/year}

OUTFLOWS:

businesses_from_Bw_relocating_to_Bc[Density] =
MIN((vacant_business_space[Density]/time_to_relegébusinesses_in_Bw_seeking_to_relocate_to_Bc[Dens
tyl/time_to_relocate))

{square meters/year}

business_space_under_construction[Low](t) = busirgsace_under_construction[Low](t - dt) + (busi-
ness_construction[Low] - finishing_business_corgtam[Low]) * dt

INIT business_space_under_construction[Low] = catsion_time_business*3131

{square meters}

business_space_under_construction[High](t) = bgsingpace_under_construction[High](t - dt) + (busi-
ness_construction[High] - finishing_business_cargton[High]) * dt

INIT business_space_under_construction[High] = tmic§on_time_business*43001

{square meters}

INFLOWS:

business_construction[Density] = (poli-
cy_density_ratio[Density]*avg_statutory_floor_sparaio_business[Density]*annual_land_prepared_fosi b
ness_construction)*.rezoning_policy+(1-
.rezoning_policy)*(density_ratio_business[Densigilty_statutory floor_space_ratio_business[Densityjtel
_land_prepared_for_business_construction)

{square meters/years}

OUTFLOWS:

finishing_business_construction[Density] = (busi-
ness_space_under_construction[Density]/constructiore_business)

{square meters/year}

housing_space_under_construction[Low](t) = housépgice under_construction[Low](t - dt) + (hous-
ing_construction[Low] - finishing_housing_constriociLow]) * dt

INIT housing_space_under_construction[Low] = camdtion_time_housing*2426

{square meters}

housing_space_under_construction[High](t) = housépgce_under_construction[High](t - dt) + (hous-
ing_construction[High] - finishing_housing_consttioa[High]) * dt

INIT housing_space_under_construction[High] = camgion_time_housing*31448

{square meters}

INFLOWS:

housing_construction[Density] = (poli-

cy_density_ratio[Density]*avg_statutory floor_sparaio_housing[Density]*annual_land_prepared_fougio
ng_construction)*.rezoning_policy+(1-
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.rezoning_policy)*(density_ratio_housing[Densityy@ statutory_floor_space_ratio_housing[Density]*aain
land_prepared_for_housing_construction)

{square meters/years}

OUTFLOWS:

finishing_housing_construction[Density] = (hous-
ing_space_under_construction[Density]/constructiimme _housing)

{square meters/years}

jobs[Low](t) = jobs[Low](t - dt) + (jobs_moving_t@c[Low] + hiring_rate[Low] - quitting_and_firing[Lw] -
jobs_leaving_Bc[Low]) * dt

INIT jobs[Low] = initial_total_jobs_Bc-(local_sersg_positions+non_local_service_positions[High])
{people}

jobs[High](t) = jobs[High](t - dt) + (jobs_movingot Bc[High] + hiring_rate[High] - quitting_and_ firgiHigh]
- jobs_leaving_Bc[High]) * dt

INIT jobs[High] = (local_service_positions+non_ldcservice_positions[High])

{people}

INFLOWS:

jobs_moving_to_Bc[Density] = (business-

es_from_A relocating_to_Bc[Density]+businesses_frBm_relocating_to Bc[Density]+businesses_from_Be
_relocating_to_Bc[Density]+businesses_from_Bn_rafimg_to_Bc[Density]+businesses_from_Bs_relocating_
to_Bc[Density]+businesses_from_BR_relocating_to Rajsity])/space_per_worker[Density]
{peoplelyear}

hiring_rate[Density] = vacancies[Density]/hiringni

{people/year}

OUTFLOWS:

quitting_and_firing[Density] = (jobs[Density]/avgmployment_time)-
MIN((positions_gap[Density]/time_to_fire),0)

{peoplelyear}

jobs_leaving_Bc[Density] =
(Bc_businesses_relocating[Density]+Askay.policyocating[Density])/space_per_worker[Density]
{peoplelyear}

non_local_service_positions[Low](t) = non_local \éee_positions[Low](t - dt) + (change_in_positiohsiv])
* dt

INIT non_local_service_positions[Low] = jobs[Low]

{people}

non_local_service_positions[High](t) = non_locakrvsee_positions[High](t - dt) +
(change_in_positions[High]) * dt

INIT non_local_service_positions[High] = inital_jsbhigh_density Bc-local_service_positions

{people}

INFLOWS:

change_in_positions[Density] =
(non_local_service_positions[Density]*annual_pasitigrowth[Density])+jobs_moving_to_Bc[Density]-
jobs_leaving_Bc[Density]

{peoplelyear}

normal_rental_price[Density](t) = normal_rental gefiDensity](t - dt) + (change_in_price[Density]yt

INIT normal_rental_price[Density] = 1500

{Norwegian Kroner/square meters}

INFLOWS:

change_in_price[Density] = normal_rental_price[DBifsCPI

{Norwegian Kroner/square meter/year}

occupied_housing_space[Low](t) = occupied_housipgcs[Low](t - dt) + (moving_in[Low] - mov-
ing_out[Low]) * dt

INIT occupied_housing_space[Low] = need_for__hogsgpace[Low]

{square meters}

occupied_housing_space[High](t) = occupied_housipgce[High](t - dt) + (moving_in[High] - mov-
ing_out[High]) * dt

INIT occupied_housing_space[High] = need_for__hogsspace[High]

{square meters}

INFLOWS:

moving_in[Density] =
MAX(MIN((housing_space_gap[Density]/time_to_movea¢ant_housing_space[Density]/time_to_move)),0)
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{square meters/years}

OUTFLOWS:

moving_out[Density] = -MIN((MAX((housing_space_g&mnsity]/time_to_move),-
(occupied_housing_space[Density]/time_to_move))),0)

{square meters/year}

occupied_land_zoned_for_housing(t) = occupied_landed_for_housing(t - dt) + (housing_land_permie ra
- abandoned_housing_land_area) * dt

INIT occupied_land_zoned_for_housing = (to-
tal_housing_space[Low]/avg_floor_space_ratio_haysiow])+(total_housing_space[High]/avg_floor_space
atio_housing[High])

{square meters}

INFLOWS:

housing_land_permit_rate = DELAY3(ARRAYSUM(requesteand_for_housing[*]),permit_time)

{square meters/years}

OUTFLOWS:

abandoned_housing_land_area = (abandoned_housidfl_t¢av]+abandoned_housing_land[High])

{square meters/year}

occupied_land__zoned_for_business(t) = occupied_laroned_for_business(t - dt) + (busi-
ness_land_permit_rate - abandoned_business_lara] *ate

INIT occupied_land__zoned_for_business = (to-
tal_business_space[Low]/avg_floor_space_ratio_lessifhow])+(total_business_space[High]/avg_floor c&pa
_ratio_business[High])

{square meters}

INFLOWS:

business_land_permit_rate = DE-
LAY3(ARRAYSUM(requested_land_for_business_constiargt]),permit_time)

{square meters/year}

OUTFLOWS:

abandoned_business_land_area = (abondoned_busametow]+abondoned_business_land[High])
{square meters/year}

occupied__business_space[Low](t) = occupied__basirspace[Low](t - dt) + (extend-
ing_and_moving_to_Bc[Low] - reducing_and_leaving[LBav]) * dt

INIT occupied___business_space[Low] = jobs[Low]*spaper_worker[Low]

{square meters}

occupied__ business_space[High](t) = occupied__ lssirspace[High](t - dt) + (extend-
ing_and_moving_to_Bc[High] - reducing_and_leaving[Hgh]) * dt

INIT occupied__business_space[High] = jobs[HighEep_per_worker[High]

{square meters}

INFLOWS:

extending_and_moving_to_Bc[Density] =
MAX((business_space_gap[Density]/time_to_reloc8)ehusinesses_from_A_relocating_to_Bc[Density]+busi
ness-

es_from_Bw_relocating_to_Bc[Density]+businesseanfrBe_ relocating_to_Bc[Density]+businesses_from_B
n_relocating_to_Bc[Density]+businesses_from_Bs aaing_to_Bc[Density]+businesses_from_BR_relocatin
g_to_Bc[Density]

{square meters/year}

OUTFLOWS:

reducing_and_leaving_Bc[Density] = -
MIN((business_space_gap[Density]/time_to_reloc@jeBc_businesses_relocating[Density]+Askay.poliey_r
ocating[Density]

{square meters/year}

population(t) = population(t - dt) + (population tnehange) * dt

INIT population = initial_population_in_Bergen_cent

{people}

INFLOWS:

population_net_change = people_moving_to_Bc+anmeal births

{people/year}

population_in_Bergen(t) = population_in_Bergendt)-+ (population_bergen_net_change) * dt

INIT population_in_Bergen = 229496

{people}
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INFLOWS:

population_bergen_net_change = (popula-
tion_net_change+Bergen_East.population_net_changgeB_North.population_net_change+Bergen_South.p
opulation_net_change+Bergen_West.population_nehgeja

{peoplelyear}

total_land_available(t) = total_land_availablegt) + (abandoned_business_land_area + aban-
doned_housing_land_area - zoning_for_busineessingofor_housing) * dt

INIT total_land_available = data_total land_avaalfor construction-vacant_land_zoned_for_busiresse
vacant_land_zoned__for_housing-occupied_land_zdoedousing-occupied_land__zoned_for_business
{square meters}

INFLOWS:

abandoned_business_land_area = (abondoned_busame§tow]+abondoned_business_land[High])

{square meters/year}

abandoned_housing_land_area = (abandoned_housidfl_dav]+abandoned_housing_land[High])

{square meters/year}

OUTFLOWS:

zoning_for_busineess = (PULSE(MIN(MAX((needed_lafmil_business-vacant_land_zoned_for_businesses-
(aban-

doned_business_land_area*fraction_still_zoned_fasiness)),0),total_land_available),2001,zoning rirge
Ber-
gen)*.policy_effectiveness+(abandoned_business_lkameh*fraction_still_zoned_for_business))*.zoninglip
y+(1-

.zoning_policy)*(PULSE(MIN((land_zoned_for_busingsstal _land_available),2001,zoning_interval_Bengen
+(abandoned_business_land_area*fraction_still_zofoedbusiness))

{square meters/year}

zoning_for_housing = (PULSE(MIN(MAX((needed_landr fbousing-vacant_land_zoned__for_housing-
(aban-
doned_housing_land_area*fraction_still_zoned_foudnug)),0),total_land_available),2001,zoning_ingrB
ergen)*.policy_effectiveness+(1-

.policy_effectiveness)*PULSE((MIN((MAX(((needed_ldnarea for_housing_in_Bergen*zoning_fraction_Ber
gen_center)-

va-
cant_land_zoned__for_housing),0)),total_land_a#g)d,2001,zoning_interval_Bergen)+(abandoned_mausi
_land_area*fraction_still_zoned_for_housing)+larekaned_for_housing)*.zoning_policy+(1-
.zoning_policy)*(PULSE((MIN((MAX(((needed_land_arefar_housing_in_Bergen*zoning_fraction_Bergen_
center)-

va-
cant_land_zoned__for_housing),0)),total_land_a#g)d,2001,zoning_interval_Bergen)+(abandoned_mausi
_land_area*fraction_still_zoned_for_housing)+larezaned_for_housing)

{square meters/year}

vacancies[Low](t) = vacancies[Low](t - dt) + (adiifsed_vacancy_rate[Low] - hiring_rate[Low]) * dt

INIT vacancies[Low] = normal_job_vacancy_fractioobss[Low]

{people}

vacancies[High](t) = vacancies[High](t - dt) + (adltised_vacancy_rate[High] - hiring_rate[High]) t- d

INIT vacancies[High] = normal_job_vacancy_fractigoiis[High]

{people}

INFLOWS:

advertised_vacancy_rate[Density] = MAX((positionapfpPensity]/advertising_time),0)

{personlyear}

OUTFLOWS:

hiring_rate[Density] = vacancies[Density]/hiringmg

{peoplelyear}

vacant_business_space[Low](t) = vacant_businesselpaw](t - dt) + (finishing_business_constructibaiv]

+ reducing_and_leaving_Bc[Low] - extending_and_mgvito_Bc[Low] - business_demolition[Low]) * dt

INIT vacant_business_space[Low] = data_low_denbitginess_space_Bc-occupied__business_space[Low]
{square meters}

vacant_business_space[High](t) = vacant_busineasefifigh](t - dt) + (finish-
ing_business_construction[High] + reducing_and_ilegwBc[High] - extending_and_moving_to_Bc[High] -
business_demolition[High]) * dt

INIT vacant_business_space[High] = data_high_dgnBiisiness_space_Bc-occupied__business_space[High]
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{square meters}

INFLOWS:

finishing_business_construction[Density] = (busi-
ness_space_under_construction[Density]/constructiom®_business)

{square meters/year}

reducing_and_leaving_Bc[Density] = -
MIN((business_space_gap[Density)/time_to_reloc@jeBc_businesses_relocating[Density]+Askgy.poliey_r
ocating[Density]

{square meters/year}

OUTFLOWS:

business_demolition[Density] = (vacant_businesscejizensity]*business_demolition_fraction[Density])
{square meters/year}

extending_and_moving_to_Bc[Density] =
MAX((business_space_gap[Density]/time_to_reloc8)@husinesses_from_A_relocating_to_Bc[Density]+busi
ness-
es_from_Bw_relocating_to_Bc[Density]+businesseanfrBe_relocating_to_Bc[Density]+businesses_from_B
n_relocating_to_Bc[Density]+businesses_from_Bs gating_to Bc[Density]+businesses_from_BR_relocatin
g_to_Bc[Density]

{square meters/year}

vacant_housing_space[Low](t) = vacant_housing_dhaweé(t - dt) + (finishing_housing_construction[Ldw
moving_out[Low] - moving_in[Low] - housing_demobith[Low]) * dt

INIT vacant_housing_space[Low] = data_low_densituging_space_Bc-occupied_housing_space[Low]
{square meters}

vacant_housing_space[High](t) = vacant_housing_ejptgh](t - dt) + (finishing_housing_constructiorifh]

+ moving_out[High] - moving_in[High] - housing_delitmn[High]) * dt

INIT vacant_housing_space[High] = data_high_densibusing_space_Bc-occupied_housing_space[High]
{square meters}

INFLOWS:

finishing_housing_construction[Density] = (hous-
ing_space_under_construction[Density]/constructiimme _housing)

{square meters/years}

moving_out[Density] = -MIN((MAX((housing_space_g&gnsity]/time_to_move),-
(occupied_housing_space[Density]/time_to_move))),0)

{square meters/year}

OUTFLOWS:

moving_in[Density] =
MAX(MIN((housing_space_gap[Density]/time_to_movea¢ant_housing_space[Density]/time_to_move)),0)
{square meters/years}

housing_demolition[Density] = (vacant_housing_spaeasity]*housing_demolition_fraction[Density])
{square meters/years}

vacant_land_zoned_for_businesses(t) = vacant_lamédz for_businesses(t - dt) + (zoning_for_busineess
business_land_permit_rate) * dt

INIT vacant_land_zoned_for_businesses = data_aledoland_for_business-

occupied_land__ zoned_for_business

{square meters}

INFLOWS:

zoning_for_busineess = (PULSE(MIN(MAX((needed_lafod_business-vacant_land_zoned_for_businesses-
(aban-

doned_business_land_area*fraction_still_zoned_fasirtess)),0),total_land_available),2001,zoning rige
Ber-
gen)*.policy_effectiveness+(abandoned_business_lkameh*fraction_still_zoned_for_business))*.zoninglip
y+(1-
.zoning_policy)*(PULSE(MIN((land_zoned_for_busingsstal_land_available),2001,zoning_interval_Befgen
+(abandoned_business_land_area*fraction_still_zoimedbusiness))

{square meters/year}

OUTFLOWS:

business_land_permit_rate = DE-
LAY3(ARRAYSUM(requested_land_for_business_constiargt]),permit_time)

{square meters/year}
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vacant_land_zoned__for_housing(t) = vacant_landedonfor_housing(t - dt) + (zoning_for_housing - fou
ing_land_permit_rate) * dt

INIT vacant_land_zoned__for_housing = data_all_#dotend_for_housing-occupied_land_zoned_for_housing
{square meters}

INFLOWS:

zoning_for_housing = (PULSE(MIN(MAX((needed_landr fbousing-vacant_land_zoned__for_housing-
(aban-
doned_housing_land_area*fraction_still_zoned_foudnug)),0),total_land_available),2001,zoning_ingrB
ergen)*.policy_effectiveness+(1-

.policy_effectiveness)*PULSE((MIN((MAX(((needed_lhnarea for_housing_in_Bergen*zoning_fraction_Ber
gen_center)-

va-
cant_land_zoned__for_housing),0)),total_land_a#g)d,2001,zoning_interval_Bergen)+(abandoned_mausi
_land_area*fraction_still_zoned_for_housing)+larekaned_for_housing)*.zoning_policy+(1-
.zoning_policy)*(PULSE((MIN((MAX(((needed_land_arefar_housing_in_Bergen*zoning_fraction_Bergen_
center)-

va-
cant_land_zoned__for_housing),0)),total_land_alééld,2001,zoning_interval_Bergen)+(abandoned_mausi
_land_area*fraction_still_zoned_for_housing)+larezaned_for_housing)

{square meters/year}

OUTFLOWS:

housing_land_permit_rate = DELAY3(ARRAYSUM(requesteand_for_housing[*]),permit_time)

{square meters/years}

abandoned_housing_land[Density] = housing_demalibensity]/avg_floor_space_ratio_housing[Density]
{square meters/years}

abondoned_business_land[Density] = business_deomjtensity]/avg_floor_space_ratio_business[Defsity
{square meters/years}

accepted_rental_price[Density] = SMTH1(normal_rérgece[Density],0.5)
actual_fraction_satisfied_at_current_location[Defjst
MIN((all_effects[Density]*initial_fraction_satisfid{ Density]),0.95)

{unitless}

actual_rental_price[Density] = nor-

mal_rental_price[Density]*Graphical_functions.effeaf supply_demand_ratio_on_rental price[Densityg@e
n_Center]

{Norwegian Kroner/square meter}

additional_need_for_business_space = (MAX((expecatedd_for_business_space-
existing_business_space),0))

{square meters}

additional_need_for_housing_units = MAX((expecteskdh f housing_units-existing_housing_units),0)
{housing units}

advertising_time = 1/12

{years}

all_effects[Low] = Graph-
ical_functions.clustering_effect[Low,Bergen_Centénaphical_functions.effect_of driving_time_differee[
Ber-

gen_Center]*Graphical_functions.effect_of expansjossibility_low_density[Bergen_Center]*Graphicainf
ctions.effect_of rental_price_low_density[Low,Bemg€enter]*center_attractiveness

{unitless}

all_effects[High] = Graph-
ical_functions.clustering_effect[High,Bergen_Cept@raphical_functions.effect_of driving_time_diffemce[
Ber-
gen_Center]*Graphical_functions.effect_of _expanspssibility _high_density[Bergen_Center]*Graphidal_
nctions.effect_of rental_price_high_denisty[Highy@en_Center]*Graphical_functions.effect_of traviehd
difference[High,Bergen_Center]*center_attractivenes

{unitless}

all_housing_units_Bc[Density] = occupied___housingitsjDensity]+vacant_housing_units[Density]
{housing unit}

annual_frac_choosing_BR = 0.01

{1lyear}

annual_frac_deciding_to_relocate_in_BR = 0.01
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{1lyear}

annual_land_prepared_for_business_construction = DE
LAY3(business_land_permit_rate,time_for_preparatafnland)

{square meters/years}
annual_land_prepared_for_housing_construction = DE-
LAY3(housing_land_permit_rate,time_for_preparatiof land)

{square meters/years}

annual_net_births = net_birth_rate*population

{peoplelyear}

annual_position_growth[Density] = DE-
LAYN(Graphical_functions.GDP_effect__on_positionogth*normal_annual_position_growth,1.5,10)
{1lyear}

avg_driving_time_by car_from_Bc_to_Bc =
0.9*free_flow_driving_time_by car+0.1*rush_hour wdnig_time_by car

{hours}

avg_employment_time = 5

{years}

avg_floor_space_ratio_business[Low] = 0.15
{unitless}

avg_floor_space_ratio_business[High] = 2.3
{unitless}

avg_floor_space_ratio_housing[Low] = 0.3
{unitless}

avg_floor_space_ratio_housing[High] = 1.8
{unitless}

avg_statutory floor_space_ratio_business[Low] = 0.4
{unitless}

avg_statutory floor_space_ratio_business[High] = 2
{unitless}

avg_statutory floor_space_ratio_housing[Low] = 0.4
{unitless}

avg_statutory floor_space_ratio_housing[High] = 2
{unitless}

avg_travel_time_by public_transport_to_Bc =

0.9*free_flow_travel_time_by PT+0.1*rush_hour_travene by PT

{hours}

Bc_businesses_relocating[Density] =

Askgy.businesses_from_Bc_relocating_to_A[Densitypthesses _from_Bc_relocating_to_Br[Density]+Berge
n_East.businesses_from_Bc_relocating_to_Be[Dendgigen_North.businesses_from_Bc_relocating_to_Bn[
Densi-
ty]+Bergen_South.businesses_from_Bc_relocating_sfD&nsity]+Bergen_West.businesses_from_Bc_relocati
ng_to_Bw[Density]

Bergen_centers_share_in_business_space[Densigdu= o
pied__business_space[Density]/.total_business_spadbe Bergen_region[Density]

{unitless}

business_demolition_fraction[Low] = policy_businedsmolition_fraction[Low]*.rezoning_policy+(1-
.rezoning_policy)*(0.1)

{1llyears}

business_demolition_fraction[High] = policy_busisedemolition_fraction[High]*.rezoning_policy+(1-
.rezoning_policy)*0.07

{llyears}

business_land_fraction_occupied = occu-
pied_land__zoned_for_business/(vacant_land_zoneddsinesses+occupied_land__zoned_for_business)
{unitless}

business_space_demand[Density] =

MAX((perceived_need_for_business_space[Density]iflmsses_in_A seeking_to_relocate_to_Bc[Density]+b
usiness-
es_in_Be_seeking_to_relocate_to_Bc[Density]+busiegsin_Bn_seeking_to_relocate_to_Bc[Density]+busine
sses_in_Bs_seeking_to_relocate_to_Bc[Density]+ssies_in_Bw_seeking_to_relocate_to_Bc[Density]+busi
nesses_in_Br_seeking_to_relocate_to_Bc[DensitgL)
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{square meters}

business_space_for_local_service_positions = Isealice positions*space_per_worker[High]

{square meters}

business_space_gap[Density] = recent_need_for_émssispace[Density]-occupied__business_space[Dgnsity
{square meters}

business_space_supply[Density] = vacant_busineasefpensity]

{square meters}

business_space_supply_demand_ratio[Density] =+{busi
ness_space_supply[Density]/business_space_demamsifil

{unitless}

capacity_for_new_inhabitants = peo-

ple_per_housing_unit*(vacant_housing_units[Low]+aaic housing_units[High])

{people}

center_attractiveness = 1.5

{unitless}

construction_time_business = 2

{years}

construction_time_housing = 2

{years}

data_all_zoned_land_for_business = 4586924

{square meters}

data_all_zoned_land_for_housing = 7432122

{square meters}

data_total_land_available_for_construction = 292613

{square meters}

density_ratio_business[Density] = DE-

LAYN((requested_land_for_business_construction[tghHARRAY SUM(requested_land_for_business_constr
uction[*])),5,10)

{unitless}

density_ratio_housing[Density] = DE-
LAYN(requested_land_for_housing[Density]/ARRAYSUM(uested_land_for_housing[*]),5,10)

{unitless}

desired_business_construction[Density] = nor-
mal_annual_business_construction[Density]*Graphitaictions.effect_of supply_demand_ratio_on_busines
_construction[Density,Bergen_Center]

{square meters/year}

desired_housing_construction[Density] = nor-
mal_annual_housing_construction[Density]*Graphiéahctions.vacancy_effect_on_housing_construction[De
sity,Bergen_Center]

{square meters/year}

dissatisfied_businesses[Low] = SMTH3((occupied_inrss space[Low]*(1-
actual_fraction_satisfied_at_current_location[Lgvgdgrception_time)

{square meters}

dissatisfied_businesses[High] = SMTH3(((occupiedisitbess_space[High]-
business_space_for_local_service_positions)*(1-
actual_fraction_satisfied_at_current_location[H)jlglerception_time)

{square meters}

employed_person_per_housing_unit = 0.76

{people/housing unit}

existing_business_space = AR-
RAYSUM(occupied__business_space[*])+ARRAYSUM(vacdnisiness_space[*])+ARRAYSUM(business_s
pace_under_construction[*])

{square meters}

existing_housing_units = ((hous-
ing_space_under_construction[Low]+occupied_houspgce[Low]+vacant_housing_space[Low])/housing_sp
ace_per_housing_unit[Low])+((housing_space_undarstraction[High]+occupied_housing_space[High]+vac
ant_housing_space[High])/housing_space_per_housimtjHigh])

{housing units}

expected_additional_population_in_12_yrs = popula-
tion_in_Bergen*expected_annual_population_growtreéast_interval
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{people}

expected_annual_population_growth = TREND(poputatio_Bergen,1,0.02)

{1llyear}

expected_employed_people_living_in_Bc = expectefduladion*frac_employed

{people}

expected_employed_people_working_in_Bc = AR-

RAYSUM(jobs[*])+ARRAY SUM(jobs[*])*expected_job_groth*forecast_interval*people_per_job

{people}

expected_job_growth = TREND(ARRAYSUM(jobs[*]),1,@0
{1lyear}

expected_need_for_business_space = (expec-

pec-

ted_employed_people_living_in_Bc)*0.9*space_per kedHigh]+expected_employed_people_living_in_Bc*
0.1*space_per_worker[Low]

{square meters}

expected_need_for_housing_units = (expec-

pec-
ted_additional_population_in_12_yrs/people_per_hgusinit_avg_Bergen)+(expected_additional_poputatio
_in_12_yrs/people_per_housing_unit_avg_Bergen)

{housing units}

expected_need_f _housing_units = ex-
pected_employed_people_working_in_Bc/employed_menser_housing_unit

{housing units}

expected_population = population+population*expectgopulation_growth*forecast_interval

{people}

expected__ population_growth = TREND(populationd0).
{1llyear}
floor_space_ratio_housing_avg_Bergen[Low] = 0.16
{unitless}
floor_space_ratio_housing_avg_Bergen[High] = 0.92
{unitless}

forecast_interval = 12

{years}

fraction_dissatisfied = 0.25

{unitless}

fraction_leaning_to_Bergen_center[Density] =
SMTH3(MIN((all_effects[Density]*initial_frac_leanim to_Bc[Density]),1),time_to_make_decision)
{1llyear}

fraction_new_field_construction = IF (TIME > 2006HEN 0.4 ELSE 0.8

{unitless}

fraction_still_zoned_for_business = (1-policy_hmgsirezoning_fraction)*.rezoning_policy+(1-
.rezoning_policy)*0.75

{unitless}
fraction_still_zoned_for_housing = 0.75
{unitless}

frac_employed = 0.51

{unitless}

high_density_fraction = 0.9

{unitless}

hiring_time = 3/12

{years}
housing_demolition_fraction[Low] = 0.02
{llyears}
housing_demolition_fraction[High] = 0.02
{1llyears}

housing_land_fraction_occupied = occu-
pied_land_zoned_for_housing/(vacant_land_zoned_hfarsing+occupied_land_zoned_for_housing)
{unitless}

housing_space_gap[Density] = need_for__housing ejpansity]-occupied_housing_space[Density]
{square meters}
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housing_space_per_housing_unit[Low] = 129

{square meters/housing unit}

housing_space_per_housing_unit[High] = 87

{square meters/housing unit}

housing_space_per_housing_unit_avg_Bergen[Low]3- 14

{square meters/housing unit}

housing_space_per_housing_unit_avg_Bergen[Higl§ =9

{square meters/housing unit}

housing_vacancy_fraction[Density] = va-
cant_housing_space[Density]/(occupied_housing_$pacsity]+vacant_housing_space[Density])

{unitless}
inital_jobs_high_density_Bc = 65579
{people}
initial_fraction_satisfied[Low] = 0.75
{unitless}
initial_fraction_satisfied[High] = 0.75
{unitless}
initial_frac_leaning_to_Bc[Low] = 0.1
{unitless}
initial_frac_leaning_to_Bc[High] = 0.1
{unitless}
initial_population_in_Bergen_center = 65390
{people}

initial_total_jobs_Bc = 68499

jobs_housing_ratio_Bergen_center = ARRAYSUM(jobERRAYSUM(all_housing_units_Bc[*])
{jobs/housing unit}

land_rezoned_for_housing = (aban-

doned_business_land_area*policy _housing_rezoniagtiém)*.rezoning_policy+(1-.rezoning_policy)*0
land_zoned_for_business = 0

{square meters}

local_service_employment__ratio = 0.25

{unitless}

local_service_positions = population*local_serviemployment__ ratio
{people}

needed_land_area_for_housing_in_Bergen = expec-

pec-

ted_need_for_housing_units*((housing_space_per itgusgnit_avg Bergen[Low]/floor_space_ratio_housing
_avg_Bergen[Low])+(housing_space_per_housing_uwng_Bergen[High]/floor_space_ratio_housing_avg_Be
rgen[High]))*fraction_new_field_construction

{square meters}

needed_land_for_business = (addition-

al_need_for_business_space*0.9)/avg_statutory fikpmace_ratio_business[High]+(additional_need_fosirbu
ess_space*0.1)/avg_statutory_floor_space_rationbas[Low]

{square meters}

needed_land_for_housing = addition-
al_need_for_housing_units*((housing_space_per_hgusinitfLow]/avg_statutory floor_space_ratio_hogsin
[Low])+(housing_space_per_housing_unit[High]/avgtstory floor_space_ratio_housing[High]))

{square meters}

need_for_housing_units = population/people_per_ingusinit

{housing units}

need_for__housing_space[Density] = (hous-
ing_space_per_housing_unit[Density]*need_for_hagisimits*housing_preferances[Density])

{square meters}

normal_annual_business_construction[Low] = 3131

{square meters/year}

normal_annual_business_construction[High] = 43001

{square meters/year}

normal_annual_housing_construction[Low] = 3074

{square meters/year}

normal_annual_housing_construction[High] = 25651
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{square meters/year}
normal_annual_position_growth = 0.0173

{1llyear}
normal_housing_vacancy_fraction[Low] = 0.032
{unitless}
normal_housing_vacancy_fraction[High] = 0.032
{unitless}

normal_job_vacancy_fraction = 0.065

{unitless}

normal_migration = 800

{people/year}

normal_supply_demand_ratio = 1

{unitless}

occupied___housing_units[Density] = occu-
pied_housing_space[Density]/housing_space_per_hgushit[Density]

{housing units}

people_moving_to_Bc = MIN(((capacity_for_new_inhahis/time_to_move)-
annual_net_births),people_seeking_to_move_to_Bc)

{peoplelyear}

people_per_housing_unit = 1.52

{people/housing units}

people_per_housing_unit_avg_Bergen = 2.03

{people/housing unit}

people_per_job =1

{unitless}

people_seeking_to_move_to_Bc = nor-
mal_migration*Graphical_functions.effect_of housingcancies_on_people_seeking_to_move[Bergen_Center
]*Graphical_functions.effect_of_job_vacancies_orope_seeking_to_move[Bergen_Center]
{peoplelyear}

perceived_need_for_business_space[Density] = (peteneed_for_positions[Density]-
jobs[Density])*space_per_worker[Density]

{square meters}

perceived_need_for_positions[Low] = non_local_sazvpositions[Low]

{people}

perceived_need_for_positions[High] =
SMTH3((non_local_service_positions[High]+local_seev positions),0.5)

{people}

perception_time =2

{year}

permit_time =4

{years}

policy business_demolition_fraction[Low] = 0.1

{unitless}

policy_business_demolition_fraction[High] = 0.07

{unitless}

policy_density_ratio[Low] = 1-high_density fraction

{unitless}

policy_density_ratio[High] = high_density_fraction

{unitless}

policy _housing_rezoning_fraction = 0.5

{unitless}

positions_gap[Density] = required__positions[Deyjsiobs[Density]

{people}

possibility_to_expand = Graph-

ical_functions.effect_of land_frac_occupied_on_jukty to expand[Bergen_Center]
{unitless}

potential_positions[Density] = (occu-
pied__business_space[Density]+vacant_business [§gatsity])/space_per_worker[Density]
{people}

preferred_driving_time_by car =0.5
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{hours}

preferred_possibility = 0.7

{unitless}

preferred_travel_time_by public_transport = 0.75

{hours}

recent_need_for_business_space[Density] = jobs[Bétspace per_worker[Density]

{square meters}

requested_land_for_business_construction[Density] =
MAX(((desired_business_construction[Density]/avatstory floor_space_ratio_business[Density])*effedt
_land_fraction_occupied_on_requested_land_for_lessin0.0001)

{square meters/year}

requested_land_for_housing[Density] =

MAX(((desired_housing_construction[Density]/avg tatary_floor_space_ratio_housing[Density])*effect lo
and_fraction_occpied_on_requested_land_for_hou$iri§)01)

{m~2/year}

required__ positions[Density] = MIN(perceived_neet_positions[Density],potential_positions[Density])
{people}

space_per_worker[Low] = 150

{square meters/person}

space_per_worker[High] = 39

{square meters/person}

time_for_preparation_of land =1

{years}

time_to_fire = 2/12

{years}

time_to_make_decision = 2

{year}

time_to_move = 3/12

{years}

time_to_relocate = 2/12

{years}

total_business_space[Density] = occupied__busispsee[Density]+vacant_business_space[Density]
{square meters}

total_housing_space[Density] = occupied_housingca|izensity]+vacant_housing_space[Density]
{square meters}

total_housing_units = ARRAYSUM(all_housing_units [Bt

total_initial_non_local_service_positions = 52151

{people}

total_jobs = ARRAYSUM(jobs[*])

vacant_housing_units[Density] = vacant_housing_sfi2ensity]/housing_space_per_housing_unit[Density]
{housing units}

zoning_fraction_Bergen_center =0

{unitless}

zoning_interval_Bergen =6

{years}

businesses_in_the_Bergen_region[Low] = GRAPH(TIME

{square meters})

(2000, 1.1e+006), (2001, 1.1e+006), (2002, 1.1e}0@603, 1.1e+006), (2004, 1.1e+006), (2005, 10P&Y,
(2006, 1.2e+006), (2007, 1.2e+006), (2008, 1.2e}0@609, 1.3e+006), (2010, 1.3e+006), (2011, 108&)
businesses_in_the_Bergen_region[High] = GRAPH(TIME

{square meters})

(2000, 454845), (2001, 470682), (2002, 471818)082@73058), (2004, 487214), (2005, 495265), (2006,
505078), (2007, 522160), (2008, 532334), (20091383 (2010, 564431), (2011, 577523)

CPIl = GRAPH(TIME

{llyear})

(2000, 0.031), (2001, 0.03), (2002, 0.013), (2@DB25), (2004, 0.004), (2005, 0.016), (2006, 0.0EA)07,
0.008), (2008, 0.038), (2009, 0.021), (2010, 0.p2H)11, 0.012), (2012, 0.008)
data_high_density_business_space_Bc = GRAPH(TIME)
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(2000, 2.8e+006), (2001, 2.8e+006), (2002, 2.8e}0@603, 2.9e+006), (2004, 2.9e+006), (2005, 2006,
(2006, 3e+006), (2007, 3e+006), (2008, 3e+006)092Be+006), (2010, 3.1e+006), (2011, 3.1e+006)1 22
3.1e+006)

data_high_density housing_space_Bc = GRAPH(TIME)

(2000, 2.9e+006), (2001, 3e+006), (2002, 3e+0@R)0NE, 3e+006), (2004, 3e+006), (2005, 3e+006),4200
3.1e+006), (2007, 3.1e+006), (2008, 3.1e+006),926®e+006), (2010, 3.2e+006), (2011, 3.2e+0@E)1 2,
3.2e+006)

data_housing_units_Bc = GRAPH(TIME)

(2000, 45714), (2001, 46022), (2002, 46286), (2@@343), (2004, 46826), (2005, 47270), (2006, 47694
(2007, 48138), (2008, 48414), (2009, 48514), (2@B795), (2011, 49004), (2012, 49246), (2013, 49646
data_jobs_Bc = GRAPH(TIME)

(2000, 68499), (2001, 69219), (2002, 68951), (200@3,07), (2004, 70848), (2005, 72466), (2006, 74,723
(2007, 77649), (2008, 79391), (2009, 79031), (20D243), (2011, 79390)
data_low_density_business_space_Bc = GRAPH(TIME)

(2000, 465959), (2001, 469090), (2002, 470037)082@73946), (2004, 475191), (2005, 487399), (2006,
529235), (2007, 560633), (2008, 570834), (20096884, (2010, 584728), (2011, 589606), (2012, 615383
data_low_density _housing_space_Bc = GRAPH(TIME)

(2000, 1.6e+006), (2001, 1.6e+006), (2002, 1.6e}0@603, 1.6e+006), (2004, 1.6e+006), (2005, 1066},
(2006, 1.6e+006), (2007, 1.6e+006), (2008, 1.6e}0@609, 1.6e+006), (2010, 1.6e+006), (2011, 1066y,
(2012, 1.6e+006)

effect_of land_fraction_occpied_on_requested_lamd housing = GRAPH(housing_land_fraction_occupied
{unitless})

(0.00, 1.00), (0.05, 1.00), (0.1, 1.00), (0.150},@0.2, 1.00), (0.25, 1.00), (0.3, 1.00), (0.3®0), (0.4, 1.00),
(0.45, 1.00), (0.5, 1.00), (0.55, 1.00), (0.6, },@0.65, 1.00), (0.7, 1.00), (0.75, 1.00), (0.8, (0.85, 1.00),
(0.9, 1.00), (0.95, 0.8), (1.00, 0.00)

effect_of_land_fraction_occupied_on_requested_l&ordbusiness =
GRAPH(business_land_fraction_occupied

{unitless})

(0.00, 1.00), (0.05, 1.00), (0.1, 1.00), (0.150}.@0.2, 1.00), (0.25, 1.00), (0.3, 1.00), (0.3%0), (0.4, 1.00),
(0.45, 1.00), (0.5, 1.00), (0.55, 1.00), (0.6, },@0.65, 1.00), (0.7, 1.00), (0.75, 1.00), (0.8, (0.85, 1.00),
(0.9, 1.00), (0.95, 0.8), (1.00, 0.00)

free_flow_driving_time_by car = GRAPH(TIME

{hours})

(2000, 0.1), (2001, 0.1), (2002, 0.1), (2003, 02904, 0.1), (2005, 0.1), (2006, 0.1), (2007, 02008, 0.1),
(2009, 0.1), (2010, 0.1), (2011, 0.1), (2012, 02913, 0.1), (2014, 0.1), (2015, 0.1), (2016, 02017, 0.1),
(2018, 0.1), (2019, 0.1), (2020, 0.1)

free_flow_travel_time_by PT = GRAPH(TIME

{hours})

(2000, 0.15), (2003, 0.15), (2006, 0.15), (20095p.(2012, 0.15), (2015, 0.15), (2018, 0.15), @AR15),
(2024, 0.15), (2027, 0.15), (2030, 0.15)

housing_preferances[Low] = GRAPH(TIME

{unitless})

(2000, 0.267), (2001, 0.266), (2002, 0.265), (2@365), (2004, 0.264), (2005, 0.261), (2006, Q.28)07,
0.258), (2008, 0.257), (2009, 0.257), (2010, 0.268)11, 0.255)

housing_preferances[High] = GRAPH(TIME

{unitless})

(2000, 0.733), (2001, 0.734), (2002, 0.735), (2@D335), (2004, 0.736), (2005, 0.739), (2006, Q.7A)07,
0.742), (2008, 0.743), (2009, 0.743), (2010, 0.742011, 0.745)

net_birth_rate = GRAPH(TIME

{1llyear})

(2000, -0.0003), (2001, -0.0001), (2002, -0.0003003, 0.0003), (2004, 0.0029), (2005, 0.0052)0€20
0.0039), (2007, 0.0055), (2008, 0.0049), (20090409), (2010, 0.0056), (2011, 0.0051)
rush_hour_driving_time_by car = GRAPH(TIME

{hours})

(2000, 0.15), (2001, 0.15), (2002, 0.15), (20035h.(2004, 0.15), (2005, 0.15), (2006, 0.15), R0a015),
(2008, 0.15), (2009, 0.15), (2010, 0.15), (20115p.(2012, 0.15), (2013, 0.15), (2014, 0.15), &0a1L15),
(2016, 0.15), (2017, 0.15), (2018, 0.15), (20195).(2020, 0.15)

rush_hour_travel_time_by PT = GRAPH(TIME

{hours})
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(2000, 0.18), (2001, 0.18), (2002, 0.18), (20038, (2004, 0.18), (2005, 0.18), (2006, 0.18), @AD18),
(2008, 0.18), (2009, 0.18), (2010, 0.18), (20118).(2012, 0.18), (2013, 0.18), (2014, 0.18), 2AL18),
(2016, 0.18), (2017, 0.18), (2018, 0.18), (20128}, (2020, 0.18)

Graphical functions:

arrayed_actual_preferred_possibility[Askay] = Aslpmssibility_to_expand/Askay.preferred_possibility
{unitless}

arrayed_actual_preferred_possibility[Bergen_WedSler-
gen_West.possibility_to_expand/Bergen_West.prefeessibility

{unitless}

arrayed_actual_preferred_possibility[Bergen_SostBler-

gen_South.possibility to_expand/Bergen_South.predepossibility

{unitless}

arrayed_actual_preferred_possibility[Bergen_Eadfer
gen_East.possibility_to_expand/Bergen_East.prafepessibility

{unitless}

arrayed_actual_preferred_possibility[Bergen_Noxtier-
gen_North.possibility_to_expand/Bergen_North.pmefegr possibility

{unitless}

arrayed_actual_preferred_possibility[Bergen_CentdBer-
gen_Center.possibility_to_expand/Bergen_Centeepred_possibility

{unitless}

arrayed_business_land_fraction_occupied[Askay] ke&business_land_fraction_occupied

{unitless}
arrayed_business_land_fraction_occupied[Bergen_WeBergen_West.business_land_fraction_occupied
{unitless}

arrayed_business_land_fraction_occupied[Bergen hfeuBergen_South.business_land_fraction_occupied
{unitless}

arrayed_business_land_fraction_occupied[Bergen] Ed¢rgen_East.business_land_fraction_occupied
{unitless}

arrayed_business_land_fraction_occupied[Bergen hlerBergen_North.business_land_fraction_occupied
{unitless}

arrayed_business_land_fraction_occupied[Bergen eflentBergen_Center.business_land_fraction_occupied
{unitless}

arrayed_business_space_supply_demand_ratio[Lowyhsko
(Askgy.business_space_supply_demand_ratio[Low]/%staamal_supply_demand_ratio)

{unitless}

arrayed_business_space_supply_demand_ratio[LoweBeest] = (Ber-
gen_West.business_space_supply _demand_ratio[LorgéBeWest.normal_supply _demand_ratio)
{unitless}

arrayed_business_space_supply_demand_ratio[LoweBe&puth] = (Ber-
gen_South.business_space_supply_demand_ratio[Levgéd_South.normal_supply_demand_ratio)
{unitless}

arrayed_business_space_supply_demand_ratio[LoweBeEpnst] = (Ber-
gen_East.business_space_supply_demand_ratio[LomgEBeEast.normal_supply_demand_ratio)
{unitless}

arrayed_business_space_supply_demand_ratio[LowgBeNprth] = Ber-
gen_North.business_space_supply_demand_ratio[L@rd#_North.normal_supply _demand_ratio
{unitless}

arrayed_business_space_supply_demand_ratio[LoweBeftenter] = Ber-
gen_Center.business_space_supply_demand_ratio[RBewgén_Center.normal_supply_demand_ratio
{unitless}

arrayed_business_space_supply_demand_ratio[Higlyjsk
(Askay.business_space_supply_demand_ratio[Highl#siormal_supply_demand_ratio)

{unitless}

arrayed_business_space_supply_demand_ratio[HigleBeWest] = (Ber-
gen_West.business_space_supply_demand_ratio[Higtgé®_West.normal_supply_demand_ratio)
{unitless}

arrayed_business_space_supply_demand_ratio[HigiheBeBSouth] = (Ber-
gen_South.business_space_supply_demand_ratio[Bigfigjén_South.normal_supply_demand_ratio)
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{unitless}

arrayed_business_space_supply_demand_ratio[HigleBeEast] = (Ber-
gen_East.business_space_supply_demand_ratio[Higfgleld_East.normal_supply_demand_ratio)
{unitless}

arrayed_business_space_supply_demand_ratio[HigieBeNorth] = (Ber-
gen_North.business_space_supply_demand_ratio[H8igigen_North.normal_supply_demand_ratio)
{unitless}

arrayed_business_space_supply_demand_ratio[HigieBeCenter] = (Ber-
gen_Center.business_space_supply_demand_ratio[Baylglen_Center.normal_supply_demand_ratio)
{unitless}

arrayed_driving_time_by_car[Askay] =

Askgy.avg_driving_time_by car_to_Bc/Askay.preferréxving_time_by car_to_Bc

{unitless}

arrayed_driving_time_by car[Bergen_West] = Ber-

gen_West.avg_driving_time_by car_from_Bw_to_Bc/BergNest.preferred_driving_time_by car
{unitless}

arrayed_driving_time_by car[Bergen_South] = Ber-

gen_South.avg_driving_time_by car_from_Bs_to_BogBar South.preferred_driving_time_by_car
{unitless}

arrayed_driving_time_by car[Bergen_East] = Ber-
gen_East.avg_driving_time_by car_from_Be to Bc/Berdeast.preferred_driving_time_by car
{unitless}

arrayed_driving_time_by_car[Bergen_North] = Ber-

gen_North.avg_driving_time_by car_from_Bn_to_Bckger_North.preferred_driving_time_by car
{unitless}

arrayed_driving_time_by car[Bergen_Center] = Ber-
gen_Center.avg_driving_time_by car_from_Bc_to BeogBa_Center.preferred_driving_time_by_car
{unitless}

arrayed_housing_land_fraction_occupied[Askgy] = #skousing_land_fraction_occupied

{unitless}
arrayed_housing_land_fraction_occupied[Bergen_We8rgen_West.housing_land_fraction_occupied
{unitless}
arrayed_housing_land_fraction_occupied[Bergen_SeuBergen_South.housing_land_fraction_occupied
{unitless}
arrayed_housing_land_fraction_occupied[Bergen_EaBgrgen_East.housing_land_fraction_occupied
{unitless}
arrayed_housing_land_fraction_occupied[Bergen_NertBergen_North.housing_land_fraction_occupied
{unitless}
arrayed_housing_land_fraction_occupied[Bergen_CpkatBergen_Center.housing_land_fraction_occupied
{unitless}

arrayed_housing_vacancy_fraction[Low,Askgy] =
Askgy.housing_vacancy_fraction[Low]/Askgy.normalubimg_vacancy_fraction[Low]

{unitless}

arrayed_housing_vacancy_fraction[Low,Bergen_We®p+
gen_West.housing_vacancy_fraction[Low]/Bergen_Westal_housing_vacancy_fraction[Low]
{unitless}

arrayed_housing_vacancy_fraction[Low,Bergen_SouatBgr-
gen_South.housing_vacancy_fraction[Low]/Bergen_Bowairmal _housing_vacancy_fraction[Low]
{unitless}

arrayed_housing_vacancy_fraction[Low,Bergen_Ea&g+
gen_East.housing_vacancy_fraction[Low]/Bergen_Basmal_housing_vacancy_fraction[Low]
{unitless}

arrayed_housing_vacancy_fraction[Low,Bergen_NoxtBer-
gen_North.housing_vacancy_fraction[Low]/Bergen_Korormal_housing_vacancy_fraction[Low]
{unitless}

arrayed_housing_vacancy_fraction[Low,Bergen_Centd3gr-
gen_Center.housing_vacancy_fraction[Low]/Bergen_t€emormal_housing_vacancy_fraction[Low]
{unitless}

arrayed_housing_vacancy_fraction[High,Askay] =
Askgy.housing_vacancy_fraction[High]/Askay.normaluking_vacancy_fraction[High]
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{unitless}

arrayed_housing_vacancy_fraction[High,Bergen_We®&Er-
gen_West.housing_vacancy_fraction[High]/Bergen_\Westnal_housing_vacancy_fraction[High]
{unitless}

arrayed_housing_vacancy_fraction[High,Bergen_SouatBgr-
gen_South.housing_vacancy_fraction[High]/Bergen t&oormal_housing_vacancy_fraction[High]
{unitless}

arrayed_housing_vacancy_fraction[High,Bergen_Eag&gr-
gen_East.housing_vacancy_fraction[High]/Bergen_Bashal_housing_vacancy_fraction[High]
{unitless}

arrayed_housing_vacancy_fraction[High,Bergen_NortBler-
gen_North.housing_vacancy_fraction[High]/Bergen_tNarormal_housing_vacancy_fraction[High]
{unitless}

arrayed_housing_vacancy_fraction[High,Bergen_Cént&er-
gen_Center.housing_vacancy_fraction[High]/Bergemt&@enormal_housing_vacancy_fraction[High]
{unitless}

arrayed_job_vacancy_fraction[Askay] = .job_vacari@ction/Askgy.normal_job_vacancy_fraction
{unitless}

arrayed_job_vacancy_fraction[Bergen_West] =
Jjob_vacancy_fraction/(Bergen_West.normal_job_vagafraction)

{unitless}

arrayed_job_vacancy_fraction[Bergen_South] =
.job_vacancy_fraction/(Bergen_South.normal_job_wagafraction)

{unitless}

arrayed_job_vacancy_fraction[Bergen_East] =
.job_vacancy_fraction/(Bergen_East.normal_job_vegafraction)

{unitless}

arrayed_job_vacancy_fraction[Bergen_North] =
Jjob_vacancy_fraction/(Bergen_North.normal_job_vaga fraction)

{unitless}

arrayed_job_vacancy_fraction[Bergen_Center] =
Jjob_vacancy_fraction/(Bergen_Center.normal_jobawag fraction)

{unitless}

arrayed_rental_actual_preferred_rental_price[Lowgd$ =
Askgy.actual_rental_price[Low]/Askay.preferred_ednprice[Low]

{unitless}

arrayed_rental_actual_preferred_rental_price[LowgBe_West] = Ber-
gen_West.actual_rental_price[Low]/Bergen_West.prete rental_price[Low]

{unitless}

arrayed_rental_actual_preferred_rental price[LowgBe_South] = Ber-
gen_South.actual_rental_price[Low]/Bergen_Soutligored_rental_price[Low]

{unitless}

arrayed_rental_actual_preferred_rental_price[LowgBe_East] = Ber-
gen_East.actual_rental_price[Low]/Bergen_East.prede rental_price[Low]

{unitless}

arrayed_rental_actual_preferred_rental_price[LowgBe_North] = Ber-
gen_North.actual_rental_price[Low]/Bergen_Northfpreed_rental_price[Low]

{unitless}

arrayed_rental_actual_preferred_rental_price[LowgBe_Center] = Ber-
gen_Center.actual_rental_price[Low]/Bergen_Centeepted_rental_price[Low]

{unitless}

arrayed_rental_actual_preferred_rental_price[Highay] =
Askgy.actual_rental_price[High]/Askay.preferred_tegnprice[High]

{unitless}

arrayed_rental_actual_preferred_rental_price[Highg@n_West] = Ber-
gen_West.actual_rental_price[High]/Bergen_Westgrefl_rental_price[High]

{unitless}

arrayed_rental_actual_preferred_rental_price[HighgBn_South] = Ber-
gen_South.actual_rental_price[High]/Bergen_Sou#igrred_rental_price[High]

{unitless}
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arrayed_rental_actual_preferred_rental_price[Highg@n_East] = Ber-
gen_East.actual_rental_price[High]/Bergen_Easteprefl_rental_price[High]

{unitless}

arrayed_rental_actual_preferred_rental_price[Highg@n_North] = Ber-
gen_North.actual_rental_price[High]/Bergen_Nortbfprred_rental_price[High]

{unitless}

arrayed_rental_actual_preferred_rental_price[Highg@n_Center] = Ber-
gen_Center.actual_rental_price[High]/Bergen_Ceateepted_rental_price[High]

{unitless}

arrayed_share_in_business_space[Low,Askay] = Agkay.share_in_business_space[Low]
{unitless}

arrayed_share_in_business_space[Low,Bergen_W &)=
gen_West.Bergen_Wests_share_in_business_space[Low]

{unitless}

arrayed_share_in_business_space[Low,Bergen_Sougbt=
gen_South.Bergen_Souths_share_in_business_spade[Low

{unitless}

arrayed_share_in_business_space[Low,Bergen_E&st=
gen_East.Bergen_Easts_share_in_business_space[Low]

{unitless}

arrayed_share_in_business_space[Low,Bergen_NoiBdr=
gen_North.Bergen_Norths_share_in_business_spacé[Low

{unitless}

arrayed_share_in_business_space[Low,Bergen_CenB=t-
gen_Center.Bergen_centers_share_in_business_spade[L

{unitless}

arrayed_share_in_business_space[High,Askay] = Askay share_in_business_space[High]
{unitless}

arrayed_share_in_business_space[High,Bergen W&s}=
gen_West.Bergen_Wests_share_in_business_space[High]

{unitless}

arrayed_share_in_business_space[High,Bergen_Sobf-
gen_South.Bergen_Souths_share_in_business_spabg[Hig

{unitless}

arrayed_share_in_business_space[High,Bergen_E&sit=
gen_East.Bergen_Easts_share_in_business_space[High]

{unitless}

arrayed_share_in_business_space[High,Bergen_NoBel-
gen_North.Bergen_Norths_share_in_business_spadg[Hig

{unitless}

arrayed_share_in_business_space[High,Bergen_CenBxi-
gen_Center.Bergen_centers_share_in_business_sjgite[H

{unitless}

arrayed_travel_time_by PT[Askagy] =

Askgy.avg_travel_time_by public_transportation_to/A3kay.preferred_travel_time
{unitless}

arrayed_travel_time_by PT[Bergen_West] = Ber-

gen_West.avg_travel_time_by public_transport_toBBojen_West.preferred_travel_time_by public_transpo
rt

{unitless}

arrayed_travel_time_by PT[Bergen_South] = Ber-

gen_South.avg_travel_time_by public_transport_t@dBBrgen_South.preferred_travel_time_by public_tpans
ort

{unitless}

arrayed_travel_time_by PT[Bergen_East] = Ber-

gen_East.avg_travel_time_by public_transport_toBBajen_East.preferred_travel_time_by public_trartspo
{unitless}

arrayed_travel_time_by PT[Bergen_North] = Ber-

gen_North.avg_travel_time_by public_transport_todB®cgen_North.preferred_travel time_by public_tmans
ort
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{unitless}

arrayed_travel_time_by PT[Bergen_Center] = Ber-

gen_Center.avg_travel_time_by public_transport_tdBBrgen_Center.preferred_travel_time_by publiaigra
port

{unitless}

array_mean_housing_vacancy_fraction[Askay] = ARRAY-
MEAN(Askgy.housing_vacancy_fraction[*])/ARRAYMEAN(gkgy.normal_housing_vacancy_fraction[*])
{unitless}

array_mean_housing_vacancy_fraction[Bergen_WesiRRAY -
MEAN(Bergen_West.housing_vacancy_fraction[*])/ARRMEAN(Bergen_West.normal_housing_vacancy_f
raction[*])

{unitless}

array_mean_housing_vacancy_fraction[Bergen_SoutkiRRAY-
MEAN(Bergen_South.housing_vacancy_fraction[*])/ARRMEAN(Bergen_South.normal_housing_vacancy_
fraction[*])

{unitless}

array_mean_housing_vacancy_fraction[Bergen_Ea8fRRAY-
MEAN(Bergen_East.housing_vacancy_fraction[*])/ARRKEAN(Bergen_East.normal_housing_vacancy_fra
ction[*])

{unitless}

array_mean_housing_vacancy_fraction[Bergen_NortARRAY-
MEAN(Bergen_North.housing_vacancy_fraction[*])/ARRMEAN(Bergen_North.normal_housing_vacancy_
fraction[*])

{unitless}

array_mean_housing_vacancy_fraction[Bergen_Cent&RRAY-
MEAN(Bergen_Center.housing_vacancy_fraction[*])/(RRYMEAN(Bergen_Center.normal_housing_vacanc
y_fraction[*])/4)

{unitless}

normal_GDP_growth = 0.0166

{1llyear}

clustering_effect[Density,Urban_Area] =
GRAPH(SMTH3(arrayed_share_in_business_space[Deldsiign_Area],1)

{unitless})

(0.00, 0.00), (0.025, 0.563), (0.05, 0.885), (0,ar.B5), (0.1, 1.19), (0.125, 1.26), (0.15, 1.38)175, 1.38),
(0.2, 1.40), (0.225, 1.43), (0.25, 1.46), (0.2787}, (0.3, 1.50), (0.325, 1.50), (0.35, 1.50)37®, 1.50), (0.4,
1.50), (0.425, 1.50), (0.45, 1.50), (0.475, 1.5§0)%5, 1.50)

effect_of_driving_time_difference[Urban_Area] =
GRAPH(SMTH3((arrayed_driving_time_by_car[Urban_Ap)eB

{unitless})

(0.00, 1.50), (1.00, 1.00), (2.00, 0.5), (3.008B)2 (4.00, 0.15), (5.00, 0.098), (6.00, 0.05)0(7.0.038), (8.00,
0.03), (9.00, 0.023), (10.0, 0.01)

effect_of expansion_possibility high_density[Urbarea] =
GRAPH(SMTH3(arrayed_actual_preferred_possibilityjam_Area],1)

{unitless})

(0.00, 0.5), (0.2, 0.6), (0.4, 0.7), (0.6, 0.8)8(®.9), (1.00, 1.00), (1.20, 1.10), (1.40, 1.20)60, 1.30), (1.80,
1.40), (2.00, 1.50)

effect_of_expansion_possibility_low_density[Urbamea] =
GRAPH(SMTH3(arrayed_actual_preferred_possibilitygan_Area],1)

{unitless})

(0.00, 0.35), (0.2, 0.47), (0.4, 0.58), (0.6, 0(®)8, 0.85), (1.00, 1.00), (1.20, 1.13), (1.4@8), (1.60, 1.44),
(1.80, 1.59), (2.00, 1.75)

effect_of housing_vacancies_on_people_seeking_teefdoban_Area] =
GRAPH(SMTHZ1(array_mean_housing_vacancy_fractionfldrbArea],0.5)

{unitless})

(0.00, 0.03), (0.2, 0.135), (0.4, 0.24), (0.6, 3370.8, 0.675), (1.00, 1.00), (1.20, 2.01), (12@9), (1.60,
2.79), (1.80, 2.92), (2.00, 2.94)

effect_of_job_vacancies_on_people_seeking_to_mabaity Area] =
GRAPH(SMTH1((arrayed_job_vacancy_fraction[Urban_a)e.5)

{unitless})
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(0.00, 0.01), (0.2, 0.06), (0.4, 0.16), (0.6, 0,38)8, 0.6), (1.00, 1.00), (1.20, 1.96), (1.464, (1.60, 2.76),
(1.80, 2.88), (2.00, 2.94)

effect_of _land_frac_occupied_on_possibility to_exgj@Jrban_Area] =
GRAPH(arrayed_business_land_fraction_occupied[UrBaga]

{unitless})

(0.00, 1.00), (0.1, 1.00), (0.2, 0.985), (0.3, BY§0.4, 0.94), (0.5, 0.905), (0.6, 0.83), (0.7.2B), (0.8, 0.55),
(0.9, 0.29), (1, 0.00)

effect_of land_frac_occupied_on_requested landbfminess[Urban_Area] =
GRAPH(arrayed_business_land_fraction_occupied[UrBaga]

{unitless})

(0.00, 1.00), (0.1, 1.00), (0.2, 1.00), (0.3, 1,q0)4, 1.00), (0.5, 1.00), (0.6, 1.00), (0.7, 9,98.8, 0.8), (0.9,
0.5), (1, 0.00)

effect_of _land_frac_occupied_on_requested_landhfousing[Urban_Area] =
GRAPH(arrayed_housing_land_fraction_occupied[Ur#aea]

{unitless})

(0.00, 1.00), (0.1, 1.00), (0.2, 1.00), (0.3, 1,q0)4, 1.00), (0.5, 1.00), (0.6, 1.00), (0.7, 0,98.8, 0.8), (0.9,
0.5), (1, 0.00)

effect_of rental_price_high_denisty[Density,Urbame&] =
GRAPH(SMTH3(arrayed_rental_actual_preferred_reptade[High,Urban_Area],1)

{unitless})

(0.00, 1.50), (0.2, 1.40), (0.4, 1.30), (0.6, 1,20)8, 1.10), (1.00, 1.00), (1.20, 0.9), (1.4®)P(1.60, 0.7),
(1.80, 0.6), (2.00, 0.5)

effect_of_rental_price_low_density[Density,Urbanea} =
GRAPH(SMTH3(arrayed_rental_actual_preferred_reptéte[Low,Urban_Area],1)

{unitless})

(0.00, 2.00), (0.2, 1.80), (0.4, 1.60), (0.6, 1,40)8, 1.20), (1.00, 1.00), (1.20, 0.8), (1.4®)0(1.60, 0.4),
(1.80, 0.2), (2.00, 0.001)

effect_of supply_demand_ratio_on_business_conginj&tensity,Urban_Area] =
GRAPH(SMTH3(arrayed_business_space_supply_dematia{Dansity,Urban_Area],0.5)

{unitless})

(0.00, 2.00), (0.5, 1.50), (1.00, 1.00), (1.508),42.00, 0.46), (2.50, 0.31), (3.00, 0.2), (3.864,3), (4.00,
0.07), (4.50, 0.02), (5.00, 0.00)

effect_of_supply_demand_ratio_on_rental_price[Digridiban_Area] =
GRAPH(SMTH3(arrayed_business_space_supply_dematimfDransity,Urban_Area],1)

{unitless})

(0.00, 1.25), (0.2, 1.20), (0.4, 1.15), (0.6, 1,10)8, 1.05), (1.00, 1.00), (1.20, 0.95), (1.4@)0(1.60, 0.85),
(1.80, 0.8), (2.00, 0.75)

effect_of_travel_time_difference[Density,Urban_Area

GRAPH(SMTH3((arrayed_travel_time_by PT[Urban_Ar¢H])

{unitless})

(0.00, 1.25), (0.2, 1.20), (0.4, 1.15), (0.6, 1,10)8, 1.05), (1.00, 1.00), (.20, 0.95), (1.4@)0(1.60, 0.85),
(1.80, 0.8), (2.00, 0.75)

GDP_effect__on_position_growth = GRAPH(GDP__anngidwth/normal_GDP_growth

{unitless})

(-2.00, -0.94), (-1.67, -0.72), (-1.33, -0.545},.00, -0.335), (-0.667, -0.16), (-0.333, -0.013.%3e-016, 0.23),
(0.333, 0.38), (0.667, 0.62), (1, 1.00), (1.330),71.67, 3.20), (2.00, 5.00)

GDP__annual_growth = GRAPH(TIME

{1llyear})

(2000, 0.0199), (2001, 0.02), (2002, 0.015), (2@WBN98), (2004, 0.0396), (2005, 0.0259), (20062405),
(2007, 0.0265), (2008, 0.004), (2009, -0.017), ®R@LO068), (2011, 0.0145), (2012, 0.0145), (2@3145),
(2014, 0.0145), (2015, 0.0145), (2016, 0.0145)1{2®.0145), (2018, 0.0145), (2019, 0.0145), (2@20145),
(2021, 0.0145), (2022, 0.0145), (2023, 0.0145)2&L®.0145), (2025, 0.0145), (2026, 0.0145), (2@27145),
(2028, 0.0145), (2029, 0.0145), (2030, 0.0145)3(2®.0145), (2032, 0.0145), (2033, 0.0145), (2@Ea145),
(2035, 0.0145), (2036, 0.0145), (2037, 0.0145)3&®M.0145), (2039, 0.0145), (2040, 0.0145)
vacancy_effect_on_housing_construction[Density,dri#gea) =
GRAPH(SMTH3(arrayed_housing_vacancy_fraction[Dsnisitban_Area],0.5,1)

{unitless})

(0.00, 2.00), (0.5, 1.50), (1.00, 1.00), (1.503).62.00, 0.39), (2.50, 0.21), (3.00, 0.12), (3606), (4.00,
0.03), (4.50, 0.02), (5.00, 0.00)
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