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Executive summary

An agent-based model was developed to study magratlynamics. The model is capable
of simulating a population with agents that makedecision to migrate or not.
Economic, social and environmental satisfactiontheekey drivers of migration. Jobs
deliver economic satisfaction, the number of freend/ing close determines social
satisfaction, and the quality of the environmentedaines environmental satisfaction.
Agents are connected in a similarity based netwamld, can share information.

The simulation model is applied to Derbyshire & tNghamshire in the UK,
including 14 wards, which is a low-level electionituin UK. A population of 58.000
agents is initialized reflecting age, income, didtion (education) and social
professional status (working status) in the arestaDor this initialization originate from
various sources including UK Census 2001, neightmathstatistics, and so on. An
individual's working status can be eith&udent, worker, unemployed, retiredinactive
For those individuals whose working status is ‘vesikinformation is generated about
their Socio Professional Categol$ categories)sector of activity(10 categories), such
as Agriculture-Forestry-Fisheries, Communicatio@®nstruction,and so on;working
location (an agent living in the focusing area of study wemk within a list of 219 wards,
based on census datand thecommuting distancéas the distance between a worker’s
residence ward and working ward). Furthermore, emegate individual’s qualification
level and income, including pensions for retiresndfits for unemployed, and so on.

Running the UK adaptation of the agent-based mshi@lvs how the population changes,
and in the figure we can observe for two wards bmsvpopulation of different categories
of people changes over time. Also we can see treng difference between the
presence (full line) of absence (dotted line) & $slocial need on in particular the workers
(green) decision to migrate. It can be seen treatbrkers population decreases the most.

Tideswell Brockwell
g

subpopulation
™ 70

——————————

Figure: Evolution of Agent-Based model Simulatiexample of two wards



The experiments demonstrate that in particularado@eds may have a strong impact on
population dynamics. Most interestingly is thattle context of a declining population
the presence of a social need causes the populatimitially decrease at a slower rate
because of their social satisfaction (stabilizifigat). However, if a critical population
size is reached, the social satisfaction decream®s,causes more people to move,
resulting in a self-amplifying dynamical processisTis typically what happens in the
ward of Brockwell, and we observed this in otherrdgadealing with a substantial
population decline as well.

For the policy maker the question thus is how tiicgrate such a sudden population
decline and how to prevent it, if possible and ki The empirically parameterized
model we developed allows having a deeper lookeatattributes of the agents that are
moving away. This makes it possible to make mare-firained projections of what type
of people are more likely to move away, and for trdeasons. Looking at the population
dynamics for different categories of inhabitantBodckwell (right hand figure) one sees
a strong decline in the workers, a smaller dedinthe students, and an increase in the
population of retirees. For the policy maker suahusated projections may support
strategic decision making. For example, the poliegker first may try to develop a
strategy to avoid existing workers and their claldi(students) leaving the ward. This
would probably require the creation of jobs. Thedelallows for exploring how creating
jobs in different socio professional categories aactors of activity may match with the
qualification of the agents that are prone to mdtwveould also be possible to explore if
the qualifications of workers would match with arcreased demand for services of the
retirees that move to the ward. Retirees are &tlao the area, probably because of the
environmental quality. If this is good for the Vita of the ward, policy makers may
consider possibilities to stimulate this. Idealystmay result in a strategy to create jobs
around servicing retired people, thus making thedwaore attractive for all groups.
Hence one can imagine that investments in particatéivities and services in which
retirees are interested would benefit the poputagiolarge.

Obviously the precise strategies cannot be derfk@u the simulation model, but this

downscaling of population dynamics using an ageased model illustrates the

possibilities of identifying the possible developmgin the system at a detailed level,
which in turn is helping to focus the policy makieffort at potential effective policies at

the specific ward level. This level also fits weith the scale of EU community funding

policies aimed at supporting the viability of mgirdepopulating agricultural areas in

Europe. Having a simulation tool that is capablexjfloring the population dynamics at
the same level as the policies that are implemeapshs a perspective on developing
more effective policies, and possibly on testinigies using the same simulation tool.






1. Introduction

Mankind has always moved from one spot to anotherying to find a better place to
live. In ancient times large migrations of tribeglacomplete populations happened, and
also in our times large migration streams are edlab escaping from poverty, war and
repression. On a smaller and less dramatic scalemaigrations can be observed in many
areas. Whereas in some areas the in and out noigraite balancing each other out, other
areas deal with problems of large immigration oligeation. In particular the European
Union recognizes that many areas within Europe fa@ng problems related to
emigration, resulting in a decrease of the poputatand a reduced quality of life for the
people that stay. For example, several rural amneaSurope face an outmigration of
younger people that study in the larger cities, pmsue a career over there. This results
in a decrease of the original population, but atsa shift of the population towards an
older and less educated population. The resultiegrehse in “vitality” in such
communities may further decrease the attractiveaesach communities. In some cases
there is even mentioning of “ghost towns”, wheré&/@few elderly inhabitants remain.

In stimulating the vitality of communities facingoblems of depopulation, the EU
supports local projects aimed at creating new jgtootunities. The basic idea here is that
creating new jobs, preferably also for high quedifi people, might increase the
attractiveness of the community, and thus the itytadf local communities may be
protected or even restored by such projects. Horvelvesides the importance of
economic factors, also other factors may have graathon the people’s decision to stay
or go. The “social vitality” of a community is exged to be a relevant factor, as if a
person has a lot of social connections in a comtyutiamily, friends), this may
stimulate this person to stay, and possibly acagpb with lower wages. However, if this
social cohesion drops because many friends andyfanembers emigrate, the step to
migrate oneself is becoming easier to take. Irstimae vein, if an interesting job becomes
available in a community, the lack of social coliesess may have a negative impact on
ones interest for that job. Hence, while acknowllegddghe importance of the availability
of jobs for the ‘vitality’ of a community, this s@t dimension may have an important
impact as well.

Whereas the availability of jobs can to a cereitent be influenced by policy, e.g.
special EU projects, this social cohesion is adfatihat cannot be influenced directly.
Moreover, because the social cohesion is depermuatatite connectivity of the inhabitants,
it is an emergent property of the community. Timgplies that a strong social cohesion
may function as a barrier towards large emigratlmut, once the social cohesion drops
due to large migration, it is very difficult to resse this situation as social cohesion is
difficult to restore.

Yet another factor that is expected to be impartaremigration and immigration
issues is the environmental quality of the areguestion. This environmental quality is a



broad concept, related to both natural and man-rpeajeerties of the environment, such
as the beauty of the landscape, possibilitiesdimute activities, the architectural quality
of a community and the like. It can be expected th@ommunity situated in a high
quality — and thus expensive - environment but Wtk employment is more attractive
for pensioners having a good income, whereas ypa@ogle pursuing a career have less
opportunity to find an acceptable means of livingsuch a community. Whereas policy
has a limited influence on environmental quality. &y investing in opportunities for
leisure or investment in the built environment (ergstoration of historical sites, new
housing), it has to be acknowledged that this factay translate in the prices of housing,
which is subject to the free market.

Policy makers have increasingly realized the imguré of taking into account
well-being in their policy making (new rural pargdi, OECD 2006). The challenges for
policy makers to include well-being and quality Id& into their considerations are
manifold. First, as discussed above, evaluationlifef quality consists of multiple
dimensions and varies between individuals. Secoimdlividuals’ decisions are
interrelated, as people share information and exemnative influences on each other.
For example, family ties and friend ties are deteamts to migration decisions. Third,
interdependencies between people and/or househalds a geographical component.
Whereas often people prefer to work in close pratyito their social environment, it is
common that individuals live and work in differentinicipalities. Here one municipality
may provide better job opportunities (economic n&}ti whereas another municipality
offers better social and environmental quality ¢weaper housing), and commuting
becomes a strategy to increase quality of life. e\mv, if the commuting distance
becomes large this may have a negative impact @guhlity of life. This indicates that
policy should not focus on single municipalitiesit bather study a region as a collective
of municipalities each offering different qualities

Because part of the quality of life of people ipeedant on the decisions of other
community members (e.g. family and friends movingayw), the social influences that
affect individuals’ decision making and the intéat®n of developments in nearby
municipalities, the migration behavior in a regioan be considered to be a complex
behaving phenomenon. This implies that developmants region may take different
courses due to relative small events at the mievell For example, the migration of a
single family may cause a cascade effect, causioge mpeople to migrate and having a
negative effect on the vitality of this municipglénd the quality of life of the remaining
residents (emergence). The evolving condition efrunicipality due to such emergent
effects sets the stage for the other residentsenidohg to stay or to go (downward
causation). In particular when such complexitiessearfrom interactions between
individuals, agent based modeling offers a toositaulate these complexities (see e.g.
Gilbert & Troitzsch, 2005), and provide insighttive possible futures of municipalities.

Several agent based models have been developedudy the dynamics of
population movements, to begin with the seminalknafr Schelling (1971). Much work



has been devoted to the modeling of housing marfatssing at economic motives (e.g.,
Filatovaet al 2009, see also Parker & Filatova (2008) and RoParker & Gotts (2008)
for an overview). The agent based model we praseahis report deviates from previous
work as it includes social and environmental outesnm addition to economic outcomes.
Hence we offer a simulation tool capable of inchgda multidimensional perspective on
well-being, which also offers a tool to explore what extent emergent phenomena
underlie population dynamics in municipalities. Ftagent based model is developed
within the context of the EU funded PRIMA projeathich is aimed at developing a
deeper understanding of the population dynamiasoaimunities in Europe. Within this
project fine grained empirical data are collecteddevelopments in different regions of
Europé, which are linked in a micro-simulation model bétregions, which successively
support the parameterization of an agent based Inaidihe population dynamics in
municipalities within these regions. In this repa will focus on the formalization of
this agent-based model, and an application for thgion of Derbyshire &
Nottinghamshire in the UK. First we will explainetimodel of the agent-based model we
developed for this project. Next we will explainvihdahe empirical data were used in
parameterising the model for the selected regiarllowing that we will present a
number of simulation runs aimed at illustrating ttede of social and environmental
outcomes in addition to economical outcomes, amvshow an agent based model is
capable of producing detailed scenarios of poputatiynamics which may contribute to
policy development. The report will conclude wittparspective on how the model can
be used in studying the population dynamics in rotegions.

! Derbyshire & Nottinghamshire in the UK, Altmark ®ermany, Auvergne in France, South Moravia in
the Czech Republic, Istria in Croatia and the N@#émtral Planning Region in Bulgaria
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2: The model

The agent-based model we developed provides aigemedel of individual decision
making of activity change and residence changeis Ibased on (1) formalising a
multidimensional satisfaction function based on necoic, social and environmental
satisfaction, and (2) formalizing a decision-makirgmework combining individual and
social decision-making.

In this section, we will firstly describe an indilial’s decision making process of
changing activity. An overview of the process ideed by detailed explanation on the
key concepts in the process. It is mainly aboutftrenalization of satisfaction-driven

decision-making. Then, we describe the processooséhold’s moving decision and the
updating of municipalities.

Individual’s decision making process of changing atvity

The process describing the individual agent’s (ajetecision making about changing
activities is depicted in the flowchart presentedrigure 1 The basic principles are as
follows. Suppose agents taking activity Act at timet. If agenf is not completely
satisfied with its multiple needs (economic, sod&aénvironmental), it considers taking
alternative activities (from time+1). The lower the multiple satisfaction, the largee t
chance that agenwill be motivated to change activity. This trariskfirst in its chance
to update information about available activitidwotugh asking other individuals about
their experience (observe closests contacts) arekploring by agentitself (look up
vacancies). Based on the collected informationngg@gstimates its potential satisfaction
to gain from taking another activity AcThe higher the expected satisfaction from;Act
the more likely that agentwvill engage in that activity . Under the condititmat all the
requirements of taking Acteire met, ageptwill change to Agt In the following the
different steps will be explained in detail.



agent, is unsatisfied and
looking for new activity
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of satisfaction from newAct
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h
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Y |
‘ agent, changes to newAct ‘

Figure 1: Flowchart of individual's decision makipgocess

Satisfaction: individual’'s motivation to change aetty

An individual's qualify of life (or happiness, wbking) is determined by its overall
satisfaction on multiple needs. This model accotiotsthree needs, a social need, an
economic need and an environmental need. Takingctimity Act produces certain
amount of utility to satisfy each need of agemtotated as Sat(a), Sai.{a), and
Satn(a). agentmay value different dimension of needs with certavel of importance,
notated woda), Wecda), and wnf(a). Each weight is in the range of [0,1], and
Wsod@)tWecd@)+Wen@)=1. The ageds overall satisfaction (notated Sat(a)) is the
weighted sum of its satisfaction on the three needs

Sat(a) = Satda)* Wsoda) + Sad.da) * Wecda) + Sadnfa) * Wenfa)

The weighting of needs depends on the agents slecimgraphic characteristicEhe
parameterization of weights will be introduced lire hext section. The satisfaction level
of agenf concerning the three needs is based on its cuseté and its personal
preferences concerning the attributes relevarttdbrieed. This is formalized as Ja)=
f(Px, Ry), wheren, represents either of social, economical and enwilental dimension, P
and R are respectively the state and referencaspabout attributes x. The needs have
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different satisfaction functions f{PRy). Whereas economic and social satisfaction have a
“more is better” characteristic, the environmentaked is more related to a personal
preference. Therefore, the economic and social aefbrmalized according to a vector
model, and the environmental need as an ideal puidlel.

In a vector modelof satisfaction (shown in Figure 2), two threshelues are
derived from an individual’s personal preferencanely the lower bound kg, and upper
bound R.ax Together they specify a range between which divinual's satisfaction is
linearly increasing. If the current state P is belBmy, the individual is completely
dissatisfied. If P is abovenR, the individual is completely satisfied.

0
f= P- I%nin P £ Rmi”
Rnax_ I%nin Rmi” <P< Rmax
1 P3 RfﬂaX
Ry
L - — - — —
I
|
|
|
R R P

Figure 2: Formalisation of the economic and sociakd following a vector model.

The agents economical satisfaction Safa) and Social satisfactioBat.da) are both
following such a vector model. Economic satisfatt®at.q{a) is determined by how the
agent’s current income is compared to Incgpia) and Incomg.a), defining the
personal satisfaction function of agembncerning its economical state. Concerning
social satisfaction, Sat(a) is defined as the percentage of regular conttet live
within agenf's preferable distance. That is to say, the emignafto other municipality,
region or state) of regular contacts decreasesdividual’s social satisfaction.

The ideal point model is used to formalize the emwnental satisfaction of the agent.
Here “taste” is of importance, as some people prefdive in a crowed town, whereas
others prefer the tranquility of the countrysidéeTideal point model applies when agent
has in mind an ideal status that it expects to ilivelhe closer that the current states in
reality are compared to this ideal status, the nsatésfied an agent is. Similar to the
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vector model, two threshold values are derived fpmrsonal preference. They specify a
range beyond which agen$ completely dissatisfied (shown in Figure 3).

1
0 P =Rea
f-_ P- Rmin I:)£Rmin’|:)3 Rmax
Rdeal - Rmin Rmin <P< Rdeal
Rmax -P
Rmax - |%deal Rdeal <P< Rmax
Y

Figure 3: Formalisation of the environmental neetldwing an ideal point model

Environmental satisfaction Safa) expresses how satisfied an agent is with liing
municipality, and can be used to calculate its etguesocial satisfaction when moving to
another municipality. To measure the current sbate municipality, we use the average
housing price as a proxy. It can be expected thafptice of houses expresses people’s
valuation of a certain environment, and price ipatde as a single indicator that allows
for a direct comparison of environmental satisfactboth on in the he countryside as in
the city, because both in rural and urban arege larice differences exists which can be
related to environmental quality. Using price aspraxy avoids very complicated
evaluation procedures to formalize environmentalligy

Updating information about alternative activities

A completely satisfied individual is not motivatéd make any change. The more
satisfaction decreases, in particular of the néatl is weighted as most important, the
more a person will become motivated to change iagtivor example, a better-paid job is
more likely to be accepted by someone that cuydrdb an unsatisfactory income than
by someone that is satisfied with its income. B {bb requires relocation this will be
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more feasible for a person attaching more weiglihéoeconomic need than for someone
attaching more weight to the social need and thatery satisfied with living close to
family and friends. It is also common that a persowilling to pay a high price to live in

a pleasant neighborhood. The fact that higher enmiental satisfaction is gained at the
cost of lower economical satisfaction can be exgdiby the higher importance he/she
values environmental need than economical need.

In the model this is formalized in the rules foe hgents. In order to make a decision
about changing activity, agemeeds to update information about the currentbilalble
activities. If agentis very dissatisfied, in particular with respectttee most heavily
weighted need(s), it will be very active in coliagt information about alternative
activities. The frequency with which aggenpdates information is represented by the
following equation:

Pupdate_in§@) = (1-Sakhd@))* Wsod@) + (1-Saked@)) * Wecd@) + (1-Sat(@)) * Wenl@)

Pupdate_inf§@) ranges between [0,1], O expressing a fullysfiatl agent not updating at all,
and 1 expressing a dissatisfied agent that upeaesy time-step.

A main distinction in information processing is Wween social and individual
information processing. Social processing implidsarving the actions of others or
asking about their experiences. Individual processnplies exploring opportunities on
one’s own, e.g. looking for vacancies. People vapeir preference about how to obtain
information. Some rely more on the experiencestloéiopeople, whereas others are more
likely explore by themselves. The innovation diftustheory of Rogers (1983) states for
example that innovators are more likely to follomdividualistic strategies, which is
obvious because innovation does not come fromvatig other people. Innovators are
more risk-prone, younger, more often belong toghéi social class, have more money,
more social contacts and more knowledge. Hence him ihodel it is essential
distinguishing between social and individual preteg. Rsk represents the chances that
an individual asks others for information - thuga&ging in social processing - when it
updates information for decision of changing atyivif P,g=1, an individual completely
relies on asking others to get information. It higke chance noticing those activities that
are rarely taken by others, in particular the neawgilable activities. On the other hand,
individual processing, which demands higher cogeitbilities and efforts, enables an
individual to access opportunities that are inniweatto the community. Especially
innovative agents may stimulate new behavioursptea faster and to a larger degree
through a society (e.g. Van Eck, Jager & Leefl&tf,1).

In modeling social processing, we follow the prpies of similarity or homophily,
theory, stating that people are more likely torat¢ with similar others (e.g. McPherson,
Smith-Lovin & Cook, 2001). If agentgets information from others, the chances that
agenj asks another agen{C,y) is proportional to the similarity between ageand
ageng. Many factors can be used to define similarityd @he implementation of the
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model will be discussed in detail in the sectioriraplementation.

Willingness of changing activity

Based on the updated information, an individuahestes how much more satisfaction it
may gain through taking a specific activity. Thersman individual predicts to increase
its need satisfaction from an activity, the mors ivilling to take that activity. If an agent
engages in social processing, the willingness dfoiong the same activity is
proportional to the difference of two individuagsitisfaction, as captured in the following
equation:

Pap= (Satodb)-Sateda)) * Wsoda) + (Sadedb)-Satcda)) * Wecda) + (Satndb)-Satnfa)) *
Wenl@)

If P,>0, then agegs interest of adopting agei# activity (supposing Actj) is:
I:)Actj = I:)update_inf&a)* PaskCab*Pap

Cap (from equation 1) is the chances that agegets information from ageptRemind
that G, measures the similarity between agertd agent This captures the idea that
when an individual asks others having similar &bsi and opinions, the chances of
obtaining relevant information on feasible actestis larger.

If an agent engages in individual processing, estiing the increasing satisfaction is
based on the information collected about the agtivhainly related to the potentially
new income, working location, and living locatiorhis determines agef# willingness
of changing to a new activity (supposing Actj) as:

Pchange= (Satod@)’-Satod@)) * Wsod@) + (Sadcd@)’-Sateda)) * Wecdd) + (Sadnd@)’ -
Satn(a)) * Wenl(@),

where Satda)’, Satc.{a) and Sat,(a) are estimated satisfaction from taking Actj.
Then agenis interest of changing to Actj is:

I:)Actj = Pupdate_inftga)* (1‘Pask) *Pchange

Feasibility check

An individual can change for an activity Acnly if the following conditions are met.
Firstly, there is opening of Acof specified sector, specified social-professiarségory,
in specific working location). Secondly, an indival meets the requirements of the ;Act

These conditions are met automatically if an agegiages in individual processing, as it
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is selecting opportunities that are feasible. Hoavein the case of social processing this
feasibility check is necessary if because the méiron originates from other agents with
possibly different qualifications. This is formad as a simple requirement: if the
qualification of an agent is equal or larger thha gualification of the agent providing

the information about the activity, this activigyg¢onsidered to be feasible.

Household’s decision making of changing residence

A household starts a decision-making process amowing if any household member is
interested in moving outside the municipality whérey are currently living. While an
individual household member’s motivation to movedakated to its expected increase in
need satisfaction, whether to move and where toenfas to be a collective decision
made by all the household members. This is bedaus®me household members a new
residence location may imply an unacceptable conmgutistance. Hence there are two
objectives in the decision-making process of theskbold. The first is to avoid an
unbearable commuting distance to any workers irhthesehold. The second is to find an
optimal location (among proposed options by theskbold members) that satisfies all
the members the most.

Updating of municipalities

Following the decisions and possible activity cres@f individuals and households,
every municipality will update its status concemipopulation size, job availability and
housing stock.
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3. Implementation

In order to test the agent based model, we neetléactis on a region to target. In the
PRIMA project several regions in the EU were stdde decided to focus on the region
of Derbyshire & Nottinghamshire in the UK becausgthis region faced the situation of
a population decline, and (2) the availability ofamy data that could be used in
parameterising the model. In this section, we diesdrow the model is adapted to a case
study in UK. The focus is on how field data, enuali evidence, and
theoretical-grounded constructions are integrateitie agent based model.

Agent population

As a first step we have to construct a populatiorb4.885 agents that reflects the
population in the area of the case study. For thés used data on age, income,
qualification (education) and social professiontdtiss (working status). Data were
provided by **The study focuses at an area in Dshimg & Nottinghamshire including
14 wards, which is a low-level election unit in UKIsing a stochastic method,
individuals living in these wards are generatechglavith their initial activities (jobs).
Data for this initialization originate from variowsources including UK Census 2001,
neighborhood statistics, and so on.

An individual’s working status can be eitr&udent, worker, unemployed, retired
inactive For those individuals whose working status isrkes’, information is generated
about theirSocio Professional Categof$ categories)sector of activity(10 categories),
such including Agriculture-Forestry-Fisheries, Migj Manufacturing,
transport-Construction, Wholesale-retail, Hotekaesant Financial-business, Public and
others,working location(an agent living in the focusing area of study wamk within a
list of 219 wards, based on census dagad thecommuting distancéas the distance
between a worker’s residence ward and working waFd)rthermore, we generate
individual's qualification level and income, inclug pensions for retiree, benefits for
unemployed and income for students. Table 3 inajhy@endix provides an overview of
the state variables of ward, household, and agents.

Agents’ satisfaction functions

In order to calculate the agent’s individual saiision levels, two groups of parameters

need to be specified:

(1) Reference points. As mentioned, threshold valuesoeial satisfaction (Prg(a),
Pranaf@)), in economical satisfaction (Incopaga), Incomea(a)), and
environmental satisfaction (Egm(a), Envea(a), Envia(@)) have to be defined to
formalize the levels at which agents are satisfigt a certain outcome.

(2) Personal preference. Wsoc, Weco, Wenv are respctihe weights that agent
values each dimension of need. This allows formmadizheterogeneity in agents
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concerning the relative importance of economicjaand environmental outcomes
on their over-all satisfaction level.

In this version of model, the parameterisation loése values is generated and
normally distributed in the population. In furthgpplication of this model, we suggest
conducting a survey on the population to be modefieorder to get a sample of personal
preferences, which are hypothesized to associdtesscio-demographic characteristics,
such as age, activity sector, education level.

Agents’ social network

Because agents influence each other, both by sharfarmation as by contributing to
social satisfaction, a network has to be constcuttiat connects the agents in our model.
Whereas often random networks are used in thiseggrtheoretical notions on networks
emphasize the importance of homophily (similarigd a key factor increasing the
likelihood of being connected. The customers’ dociatwork affects with whom
customers communicate. Whether customers talk sp#tific members in their social
network strongly depends on the strength of thelation (tie strength), the similarity
between the two customers (homophily) and, the tiposicustomers have in their
network and the role the customers play withinrthetwork, (e.g., Rogers, 1983; Brown
& Reingen, 1987; Ryu & Feick, 2007; McPherson, $nrhibvin, & Cook, 2001).

Two procedures are needed to construct the soetalonk of individual agents. The
first is to initialize a network for each agent swting of a number of contacts that an
individual is most likely to interact with, namelyts ‘regular contacts’. This first
procedure results in a fixed network that can bedus the simulation experiments.
However, it should be realized that when an agbahges its activity, e.g. changing of
job and/or moving to another ward, the social cxinteay change. Hence the network
can also be formalized as a dynamic system, wheages in activity have an impact on
similarity, and translate in a rearrangement ofdbeial network. This second procedure
concerns updating an individual’s regular contastgheir activities and residence may
change over time.

Procedure 1lInitialization of individual’s regular contacts

In the model, the chances of agdnotinteract with ageptdepends to the extent agent

- is a family member of agefg. (familyW(a,b)),

- is a neighbour of agef# (neighbourW(a,b)). Two households living in theeme ward
with similar total household income are considarexnte likely to be neighbours.

- has the same working status, similar working fiece and similar sector of activity as
ageny (workStatusSimW + soaSimW + workWardSimW)

Table 1 provides an overview of the variables deiieing the chances of interacting.
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Table 1. Measurement of interaction possibility

Aspect Value
familyw 0

1(belong to the same household)
neighborw 0

1(are neighbours)

workStatusSimW | 0

1(if both are worker /student/ unemployed/ retiredfttive)
soaSimw 0

1(workers of the same sector of activity)

workWardSimwW 0

1(workers of same work ward or non-workers of thems
residence ward)

The chances that agemntay interact with agegts formalised as:

Interact(a,b)=familyW(a,b)+neighborW(a,b)+(work$is®im(a,b)+(soaSim(a,b)+
workWardSimW(a,b)).

If (Interact(a,b) > 0), agegit in agen{s network.

- Measure similarity

Similarity between agents is postulated to increstsgal influence, and is formalized as
the difference on four attributes: age, income, liffcation and social professional

category. The smaller this composed differenceths, larger the similarity between

agents. The closer two individuals’ status is, th@e similar they are, and the stronger
their connection is. In Table 2 the variables beusgd to determine similarity are

presented.

Table 2. Measurement of similarity to determineitiiience

Aspect Value

ageSimwW (1, 0.75, 0.5, 0.25) if aggrnd agents age difference is
within (5, 10, 15, 20) years.

incomeSimW, (1, 0.5, 0.25) if the difference between agemd agents state

gualificationSimW, | (either income level, qualification, or social prs$ional

spcSimW, category is within (0, 1, 2) levels)
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For every ageptin agen{s network, similarity between agerand agentis:

Sim(a,b) = ageSimwW + incomeSimW + qualificationSimW +
socialProfessionalCategorySimwW

- Select influential connections.

Rank Sim(a,b) of agegdg regular contacts. The first 20 contacts with thighest
connection weights are considered the most simef@rences of agefg. This number is
smaller than the frequently mentioned Dunbar nundfet50 contacts (Dunbar, 1998),
however, the number of contacts one can maintagbvsous larger than the number of
contact that are really influential. Setting theber at 20 still allows a large number of
contacts to have influence, yet it is computatianatch less demanding than having 150
contacts.

Procedure 2Updates of individuals’ network

As time passes by, an individual and its regulartacts may change activities, residence,
and other status variables. As a result, a cororeatay strengthen or decay along time.
For example, workers who have changed activitiesresiv connections and may reselect
influential contacts depending on the similarityhid activity change obviously also
affects the relation with the existing connectedrdg whose states have not changed.
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4: Results

In this section, we report and discuss experimestilts using a baseline scenario. This
baseline scenario is the empirical-based setumudata from 2001 which includes (1)
agent population, (2) job vacancies and residermeancies, in each ward. Initial
vacancies are fixed for all the simulation runsefehare no externally created jobs or
residences after a simulation starts. In other wotibth job positions and residence
places are fixed for each ward throughout a sinarialOne simulation covers the period
of 30 years, i.e., from 2001 to 2030. We have tinaé objectives in experimenting with
the model. The results will be shown in three p&rtsneet these objectives. First, we
demonstrate that the model can capture dynamicamplex developments, particularly
at lower geographical level. Second, we aim to yti effect of social need on the
population development by comparing simulation ootes in two conditions: (1) the
individual agent has an economic an environmergablnbut no social need (notated as
noSocial), and (2) the individual agent has soei@ynomic, and environmental needs. Its
social contacts are fixed through the simulatiootdted as staSocial). Third, we also
study the effect of a dynamically changing socetiwork on the population development.
Comparing runs under condition (2) with conditid) @llow for testing the effect of
adding dynamical change in the social network siingcon the population dynamics.
Changes in agents’ job and residence may lead ttatep in the social network
connecting agents (notated as dynSocial). We hawve three sets of simulation
experiments. In each set of experiments, all trentsgare specified with one of above
three conditions.

Overall results of population change

The development of the population aggregated oker 4 wards where the agents
initially live is depicted in Figure 4. The dottéde is when agents have economical need
and environmental need but no social need affed¢tiag decision making; the solid line
shows results from the social condition when indlinal agent has social need and fixed
social contacts throughout the simulation; anddhghed line is when agents have social
satisfaction and their social contacts update pliapble. Comparing year 2030 and 2001,
in all three conditions, population has decreasedeast around 12500 (in noSocial
condition) and about 15000 (in staSocial and dyrgbaondition).
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Figure 4: Population change observed at aggregdfedward) level

In Figure 4 it can be seen that the populationidecdis larger when social need are
included in agent model, which is confirmed by aN@VA test (F=2367.035, df=1,
p<.05).

Zooming in, we show in Figure 5 the population depments in each ward from
individual runs of simulation in noSocial, staSdcand dynSocial condition.
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Figure 5. Ward-level population development insathulation runs in noSocial, staSocial
and dynSocial condition.

Looking at the population curves from different sum one specific condition, we

observe larger deviations in some wards (e.g. Wa#sCalver) than the others. For most
wards, we can say that the effects are robust. &b we will focus on analyzing the

population development for the three conditionthmseparate wards.
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No social condition

In this section we will first focus on the no-sdaandition as a base condition to study
population dynamics. In the following Figure 6 wew for each ward the average of 30
simulation runs in noSocial condition, simulatimgrh year 2001 to 2030.
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Figure 6. Averaged population development (in 3@sjufor each ward in noSocial
condition

In Figure 6 three types of population trajectodas be seen:

(1) Significant decreaseRepresentative wards are: Bradwell, Hope ValleygcBwell,
Dunston, and St Leonards. For Bradwell, althoughahsolute number of decreasing
population is not as large as others wards in ¢htegory, it has lost about 50% of
population.

(2) Decrease. HathersageEyam, Buxton Central, CoteHE&idpelWest, Bakewell and
StoneBench.

(3) Small increase. Tideswell, Calver, LittonLongston,

In Figure 7, wards are depicted with different eslaccording to the types of population
trajectory developed in noSocial condition. Theutessdemonstrate clear spatial patterns.
Those wards of closer distance to outside regioms raore likely to experience
population decrease than the wards in the middle.
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Figure 7. Different types of population change sh@m map

On the aggregated ward level, it is not clear whataying or leaving, so we need to
know how this population change relates to differeategories of inhabitants. The
qguestion is whether subgroups of population chahfjerently. We continue to zoom in
to analyze the dynamics in population structurechSunformation is critical for
micro-scale policy making. In Figure 8, we show plopulation dynamics for workers (in
green), retirees (in red) and students (in blue).

Bradwell HopeValley
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Figure 8. Averaged population of specific groupsvatd-level in noSocial condition

Looking at two representative wards, Brockwell' ¢dw, 3° column) and Tideswell (1

row, 3¢ column), we observe for both wards that the wakpopulation appears to
decrease the most; the number of retiree increésgdhe trends of student population
differ between the two wards. Such detailed infdramais captured only if we observe
the simulated subgroups of population. To literakyad the graph, Tideswell is more
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attractive than Brockwell, particularly to retireeaad students. We speculate that it is
because of the higher service environmental qualiffideswell (27.38) than Brockwell
(13.685). For example, factors such as serviceitguélousehold structure, industry,
locations and so on may all contribute to the ativaness of a ward to specific group of
population. We do not focus on this discussion hémstead, based on our primary
simulation results, we suggest local policy couddet into account the interests of
particular subpopulations to counter an outflovinbiabitants

The effect of social needs on population dynamics

In our model, social need is a concept stating #matgent prefers living close to his
social contacts. An agent’s satisfaction on saeesd is formalized as the proportion of
an agent’s social contacts that live within an a&gepreferable maximum commuting
distance. Our hypothesis is: social need has aotdcdffect on population dynamics.
When the social satisfaction is reasonable higimay cause agents to stay despite lower
economic and environmental outcomes. Under suctittons the social need will have a
stabilizing effect on the population. If howeveethocial need is dissatisfied due to the
lack of social contacts, this will cause a motigatio leave. Agents that are moderately
satisfied may decide to leave due to a drop inadaatisfaction, and hence the social
satisfaction may destabilize a population.

In a depopulating ward, the twofold effect of sbaeed becomes visible. The
presence of social needs will initially decrease dhtflux of people for a certain period
of time, and thus stabilize the population to ataierextent due to a positive social
feedback. But if the population nevertheless ca®ito decrease, the social need
becomes increasingly dissatisfied, and will mogvaeople to move as well. As this
causes more people to become socially dissatisfiedhave a negative social feedback in
the system causing the population to decrease fiwste in a no social need condition.

Following this thought, we compare the difference population development
between the staSocial- and noSocial- conditions Tan be made visually very clear by
subtracting the average of 30 runs in noSocial-tmmdfrom the average of 30 runs in
social-condition. The resulting graph shows thespiifference in population change for
adding this social need. In Figure 9 we show tifier@nce for all the wards.



Figure 9. Difference in simulated population betw@@Social and staSocial condition
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The developments in the different wards are differand we make a distinction between
four types of effects of the social need, as depiah table 3.

Table 3. Category of wards according to the caplwefect of social needs

Type | Description Wards
1 No effect Buxton Central, CoteHeath, ChapelWest,
2 Long-stabilizing Bradwell, HopeValley
effect (possible explanation: the social cohesion in tesewards arg
high at the beginning. Agents’ social needs pretkem from
moving. )
3 Slow-destabilizing | Tideswell, Bakewell, Calver, HathersageEyam,
effect LittonLongstone, StoneBench
4 Short-stabilizing, Brockwell, Dunston, St Leonards
fast- and long-
destabilizing effect

Again, we focus on two representative wards: Tiddsand Brockwell. In Tideswell we
see that the social need causes a progressivenoofflpeople. Here from the beginning
only the negative social feedback is operatingvdfcompare this to the Brockwell ward,
we observe that in the first years the populat®marger in the social condition, thus
indicating the presence of the positive social beett. In 2009 this social feedback turns
negative, as described above, and contributesféstar population decline than in the
noSocial condition.

In the simulation of the 14 Wards, this transitioom a positive towards a negative
social feedback also was visible in Dunston antde®inards. These three wards are with
the largest initial population among the 14-wardamek. Through 30 years of simulation,
they had the largest loss of population. It is e8akto the concern of policy makers to
identify this potential process and in particularitlentify the individual wards with
higher chances to experience this process. In engitoup of wards, we observe more
significantly the first effect explained above. Tha, social need plays a role in
stabilizing decreasing population. (Bradwell andpeldvalley) In several other wards
(Tideswell, Ha, Bakewell, Calver, LittleLonston}, seems that including social need
speeds up the population loss

We have shown earlier that the subgroup of pomradevelops differently in a ward.
As a result, the population structure has changed time. In Figure 10, we compare the
percentage of each subgroup of population in a wRmgulation of workers, students and
retirees are respectively represented in greerg blhud red. The solid line is from
staSocial condition, and the dashed line is froi®amal condition.
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Figure 10. Ward-level difference in the average pamion of subpopulation (retiree,
student and worker) between noSocial and staSooradition.

Static versus Dynamic networks

In real society, when people change to a new jolmave to live at a new place, they get
to know other people. An agent’s decision becomesrmfluenced by these contacts as
a result of more frequent interactions with thenmarmNally, people are only able to
maintain a limited number of social contacts, doecbgnitive constraints. The tie
between one and his contact with whom he intelastsfrequently gradually decays. For
a better fit to this process, we have implementgaoaedure for an agent to update his
social contacts, and test in dynSocial conditiohe Tsources of this update can be
threefold. First, the individual agent itself chasgjob or residence place. Second, a
contact of the agent changes status causing titenactions to decrease. Third, the agent
becomes close contact with another agent which wemshis social network due to the
other agent’s change of status.

Including social need and dynamic network, theltptgpulation after 30 years is
significantly different from the noSocial conditigdNOVA test between noSocial and
dynSocial, F=2055.347, df=1, p<.05). However, thé&eno significant difference
between staSocial and dynSocial (ANOVA test F= 2d321, p=.13). This indicates that
our implementation of dynamic network does not havegnificant effect on the total
population change on the aggregated 14-ward nefwamkparing to condition when
agents have a static social network. We furthemeoo to compare the population
development in each ward. Figure 11 shows the trésukubtracting the population in
staSocial-condition from the dynSocial-conditiohus presenting the pure difference
between the two conditions.
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Figure 11. Difference between staSocial and dyrebcoandition Brockwell Tideswell

We can see the maximum difference within 14 wasdess than about 40 people. We
have also compared between two conditions the dpwednt of subpopulation. The

results (two examples given in Figure 12) show thatpopulation in two conditions

develop very similar to each other.



Figure 12. Subpopulation in staSocial and dynSocahdition (solid line: staSocial,
dashed line: dynSocial)

We can conclude that within the effect of includiaglynamical network between the
agents has a negligible effect on the populatiomadyics. Concerning the extra
computational demand it can be concluded that usirgjatic network in successive
simulation experiments seems justified.
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5. Conclusion and discussion

The experiments we present in this report dematestiat in particular social needs may
have a strong impact on population dynamics. Magréestingly is that in the context of
a declining population the presence of a sociadesuses the population to initially
decrease at a slower rate, until a critical popahasize is reached, after which the
population decrease accelerates. Hence initiallystitial need exerts a stabilizing effect,
which is caused by the effect that despite thegmes of economic more attractive areas
elsewhere, the social satisfaction the agents elémm living in the vicinity of friends is

a strong motive to stay. However, given that a latkgood jobs causes a decline in the
population, the social satisfaction will decreasedunction of the number of friends that
move. This causes that the social satisfactiondhginally functions as a driver to stay
transforms in a driver to move. And the more agédse the ward, the lower the social
satisfaction of the remaining inhabitants will béich drives them to move as well. At
this stage the decline in social satisfaction sel-amplifying process, accelerating the
moving of people. This is typically what happenstiwe ward of Brockwell, and we
observed this in other wards dealing with a sultstapopulation decline as well. This
signifies that when a population is decreasing tdueconomic reasons, this decline can
accelerate if a certain threshold has been pagdealit can be expected that the stronger
the social cohesion in a ward, the sharper thesitian between the slow and fast
population decrease stages will be.

That a ward having the reputation of providing gsodial capital displays a sudden
fast decline may come as a surprise to policy nsakeor the policy maker the question
thus is how to anticipate such a sudden populatieciine and how to prevent it, if
possible and desired. The empirically parametenmedel we developed allows having a
deeper look at the attributes of the agents tleatranving away. This makes it possible to
make more fine-grained projections of what typ@edple are more likely to move away,
and for what reasons. Looking at the populationagyics for different categories of
inhabitants of Brockwell (Figure 4b) one sees argjrdecline in the workers, a smaller
decline in the students, and an increase in thelpbpn of retirees. For the policy maker
such simulated projections may support strategiciste making. For example, the
policy maker first may try to develop a strategyawoid existing workers and their
children (students) leaving the ward. This wouldlably require the creation of jobs.
The model allows for exploring how creating jobs different socio professional
categories and sectors of activity may match with qualification of the agents that are
prone to move. It would also be possible to expibtiee qualifications of workers would
match with an increased demand for services ofréieees that move to the ward.
Retirees are attracted to the area, probably beaafubie environmental quality. If this is
good for the vitality of the ward, policy makers yneonsider possibilities to stimulate
this. Ideally this may result in a strategy to teebs around servicing retired people,
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thus making the ward more attractive for all grouptence one can imagine that
investments in particular activities and serviceswihich retirees are interested would
benefit the population at large. Obviously the Eedstrategies cannot be derived from
the simulation model, but this downscaling of p@pioin dynamics using an agent based
model illustrates the possibilities of identifyitige possible developments in the system
at a detailed level, which in turn is helping teds the policy making effort at potential
effective policies at the specific ward level. Thegel also fits well with the scale of EU
community funding policies aimed at supporting thability of mainly depopulating
agricultural areas in Europe. Having a simulatioal tthat is capable of exploring the
population dynamics at the same level as the galithat are implemented opens a
perspective on developing more effective policas] possibly on testing policies using
the same simulation tool.

Concerning the modeling of the networks of agemtstested the difference between
static and dynamical networks. The experiments i dynamical network did not
result in results that deviated strongly from ttegis networks. Whereas statistical testing
indicated significant differences, in most casesrelevance of the difference was rather
limited, in particular when considering the larggpact the social need had. The question
thus is if it is necessary to include such dynabmedworks, in particular considering the
significant computational effort that is associatath it. We conclude that unless there
are clear arguments for using such a dynamical ové&wor most regional population
models such dynamical networks are not necessangliade in models.

Further applications of the model

The project produced an agent based model thatbeansed to simulate population
dynamics using a relative simple model of humarakietur, allowing for the simulation
of large numbers of people. This opens the pos#silaf simulating developments in the
population for different categories of people, ailog to explore population dynamics at
a very detailed level, e.g. for age categoriesupation, educational level and so on. For
applying this model to a certain region it is reqdithat sufficient data on the population
are available. Concerning data on economical cmmdit usually a lot of detailed
information is available. On most areas statisacs available on the demographic
composition of the population concerning age, etiocahousehold situation, jobs and
income. Concerning the social satisfaction usudd#lgs or no data are available.
Depending on the available budget it is possibledoduct a large survey among the
population to measure their social satisfactiontooteave this to experts that rate the
social satisfaction of e.g. certain neighbourhoadsng proxies such as the number of
local activities (hobby clubs, sports, presencea @ichool etc.). Also a challenge is the
parameterisation of the environmental need. Indingent study we used the housing
price as a proxy for environmental quality, as tBi€apable to capture rather different
environmental preferences of people, but we argetwt more elaborate ways exists to
measure environmental quality. However, the essentigat the populations experience
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of environmental quality and satisfaction is bemegasured, so for the time being relative
simple proxies may be sufficient.

For a more accurate empirical implementation ofrttzglel, it is desirable to collect
the following data:

- Job openings every year in each sector and eadl poafessional category.

- Residence openings every year in each ward.

- Information on population moving to live in the nabcg region from outside.

- Personal threshold values to specify individuabsial need, economic need and

environment need;

- Personal preference weights to specify individuaté&ference on different need;

- Information on the social network of the modelingpplation, to testify the

construction of individual’s network and its update

Given sufficient data are available the model canapplied to study the population
dynamics of municipalities in a detailed level. Axh step would be to experiment with
policy measures. For example, in the model we ctestlhow the creation of particular
types of jobs, or the development of environmegqtallity and possibly associated tourist
business might have an impact on the viability afoanmunity. Moreover it would be
possible to get insights on how such policies wenmglemented in a wider geographical
area. This allows testing different scenarios ofdwample using the same policies in all
the communities in an area, or focusing on differelevelopments in different
communities. The simulation model might give indicas if a homogeneous or
heterogeneous development is preferred for a regganwhole.

Concluding we can remark that such an approaduwalfor many experiments and
the communication with stakeholders becomes mdfieut if they are confronted with
an overflow of experimental results. For commumi@tpurposes we expect that a
gaming context is effective in communicating howliggo might interfere with the
population dynamics (e.g., Jager, 2010). Gamingrefa method where stakeholders can
interact with a simulation model, and may provideviable method of studying the
management of social complex systems, also usimggramental methods. This is
expected to provide a tool for future exploratioh®iow the viability of communities can
be stimulated by developing policies addressingifipgroups of (potential) inhabitants.
In that sense we hope that the model we have deselavill contribute to the
development of efficient EU policies for local commnities.
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Appendix: List of State Variables

The model comprises of three levels of entitiedividual, household, and ward.
An individual is characterized by the state vamslds listed in Table A.

A household consists of a number of individuals wlawe family relationship and live
together. Table B lists the state variables of askbold.
A ward is the environment that a household andviddals live or work in. There are
three types of wards in terms of their locationaravin-net (including 14 wards within
the focusing area of study), ward-in-region, andda@ut-region. The state variables of a
ward are listed in Table C.

Table A. State variables of individual

lr’

Variable Explanation
Household_ID Identity of the household which anividlal belongs to.
ID Identity of the individual within its household.
Age Individual's age.
ResWard The ward where the individual lives in.
WorkWard The ward where an individual works in.
WorkStatus An individual's working status. Possiblalues are student, worke
unemployed, retired and inactive.
Social An individual's socio-professional category, ifistworker or unemployed.
Professional Possible values are the following 6 levels.
Category Level 0: Managers, senior officers, and profesdioneupations.
Level 1: Associated professional & technical occiqgues.
Level 2: Administrative & secretarial, and skilleddes occupation.
Level 3: Personal service, and sales & customercser
Level 4: Process plant & machine operative.
Level 5: Elementary.
Sector of An individual’s sector of activity. Possible valua®:
Activity 0: Agriculture, hunting, forestry

1: mining, quarry, energy supply

: manufacture

. construction

: wholesale, retalil, repair

: hotel, restaurants

: transport communication

: financial, real estate, renting, business

00N O Ol A WDN

: public sectors
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9: others

Income The monthly income of an individual.
Qualification An individual's education/qualificatn level. Possible values are:
0: no qualification
1: NVQ1
2: NVQ2
3: NVQ3
4: NVQ4
5: NVQ5
6: other qualifications
Wsoc social
Weco economic
Satisfaction weights [ \nany environment
Pramin(a), social relation threshold
Threshold values in Pran.4(a)
satisfaction Envinin(a), Environmental threshold
EnVigea(d),
Envinaxy(@)
Income,n(a), income level threshold
INncomena@)
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Table B. State variables of a household.

Variable Explanation
ID Identity of the household within its residencard.
ResWard The ward where the household lives.
Type A household type, with the following possitidues:
0: single
1: mono-parental family.
2: couple without children.
3: couple with children.
4: others.
Members The list of individuals belong to this helusld.

Table C. State variables of a ward.

Variable Explanation

Type Type of a ward in terms of where it's located.
InNet: the ward is one of the selected wards withimard network.
InRegion: the ward is outside the selected wardvord, but inside the
studying region.
OutRegion: the ward is reachable outside of thdysbg region.

Households The list of households that are livinthe ward.

workAgents The list of individuals who are workiimgthe ward.

JobVacancy The list of available jobs. Each jolspecified with its sector, require
social-professional category or qualification.

commuteDis Commuting distance between this wardeaiother ward.
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