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Preface

Preface

In the first decade of the twenty-first century population decline has become topic of public
debate in the Netherlands. Many demographic prognoses are presented showing a declining
population in the peripheral parts of the Netherlands, including the Province of Fryslan. Being
a geographer the spatial extent of population decline has my interest. Why do some areas face
population decline whilst others are still expanding in population and economic
opportunities? In fact, this can be regarded as one of the most fundamental questions in
geography. Doing research on this topic by using the possibilities and opportunities learned
during the GIMA programme proved to be an interesting task.

Subject of this research is the Province of Fryslan, one of the peripheral provinces of the
Netherlands. Although the threat of population decline for this province is not as eminent as it
is in for example Limburg and Groningen, local population decline is becoming a topic of
interest in the provincial policy making. This thesis is executed with close support of these
policy makers and researchers of the Province of Fryslan, for which I would like to thank
them. First for giving me the opportunity to execute this research and secondly for their
support. In particular I would like to thank all the members of the BGI department for their
help on data handling, GIS, cartography and their visions on population decline. From the
GIMA programme my thank goes to Jan Jaap Harts, for good to-the-point feedback and
overall guidance during this research.

The intention of this research is to generate a conceptual framework and methodology to
research local population development in the Province of Fryslan. To achieve this, special
focus is put on applying GIS methods and techniques. It has become clear that there is no
conceptual framework complete enough to fully explain population development. This
research is written as a search to gain better understanding in the concept of population
development and it should be interpreted as such. It might be even concluded that this
research raises even more questions than it answers. Therefore I hope it leads to an inspiring
read!
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Abstract

Abstract

Population development can be regarded as the result of natural increase and migration, both
caused by a manifold of explanatory factors. This research focuses on population
development in the province of Fryslan over the years 2000-2008 and the use of GIS in
analyzing this subject. Two applications of GIS are described: visualization of spatial patterns
and spatial analysis. Examples of spatial analysis are distances, area calculations, overlay
functions, neighborhood functions and travel time.

The explanatory factors related to population development are divided into three themes:
population characteristics, planning & infrastructure and amenities & economy. For a number
of factors the correlation with population development can be demonstrated. These
explanatory factors include the number of inhabitants, age composition, average household
size, planning hierarchy, railway stations, housing stock and amenities. The correlations
between straight line distances, travel time by car, employment and population development
can not be proven.

Of all explanatory factors the development of the housing stock can be regarded as the most
strongly correlated explanatory factor. Also the factors related to population characteristics
have a relative strong correlation: population size, age composition and average household
size.

Keywords: GIS, Geo, spatial analysis, population development, population decline, Fryslan.
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Chapter 1: Introduction

1. Introduction

Population growth has been one of the driving fiectaf the economic growth and spatial
planning in the second half of twentieth centuryh¢eands. The post-war situation has lead
to a “population explosion” in the sixties and seies. Dutch population growth over the
last 29 years show a stable increase: from just ddemillion in 1980 up to 16.5 million in
2009 (figure1-1¥. National population growth will be prevailing ilr2038, reaching a peak
of 17.5 million inhabitants

17000
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15000 /
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14000
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Figure 1-1: Population growth in the Netherlands. Based on: Milieu & Natuurcompendium 2009 & CBS
Statline 2010

The depicted growth figures of figure 1-1 are naioaverages, which mean that there is
spatial deviation. Some areas have and will shogh f[growth figures, while other areas
already have declining population figures. The mipal population growth in the
Netherlands between 1997 and 2007 is depicted jmInh Regions close to economic core
areas show high population growth in that decadaenthan 10 percent in for example the
province of Flevoland. But from this map and litera also two peripheral regions that have
a negative population growth can be identified: t8dtimburg and North-East Groningen

! van Nimwegen & Heering 2009a

2 Milieu & Natuurcompendium 2009

% van Nimwegen & Heering 2009a

#Van Dam, Verwest & De Groot 2008; Van Nimwegen &dring 2009b; Warbroek 2009
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Map 1-1 Population growth per municipality, 1997-2007 (%) Source: Van Nimwegen & Heering 2009b

1.1. Defining population development

Population decline is the same as a negative populgrowth. Both sides together, the
phenomenon is called population development. If gpupation is increasing the term
population growth is used, if a population decrsate term population decline is used.
Population development is determined by four elgsien

e Number of births

e Number of deaths

e Number of in-migrants

e Number of out-migrants

The number of births minus the number of deathsemailp natural increase. The number of
in-migrants minus the number of out-migrants isrieeémigration. To calculate the change in
population in a year the following formula is used:

Population,,, = population,;, + naturalincrease,.,, + netmigration,,,,

naturalincrease,,, = births, —deaths,
netmigration,,, =inmigrants ., —outmigrants,,

® Livi-Bacci 2001; Knox & Marston 2004
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Chapter 1: Introduction

Population development is inherently spatial. Stakevery important element in interpreting
population decline. Population growth on a highelesan still mean that lower scale levels
face population decline, as seen in the comparmiween the national population growth
figures (figure 1-1) and population growth per najoality (map 1-1).

1.2. Population decline on various scales

Focusing on the scale of the whole world, popufatiecline is not predicted for the nearby
future. The prognoses reach to 2050, when the werdreseen to inhabit 9.2 billion people
compared to 6.7 billion in 2066

On the scale of Europe population decline will gcaithin 30 years. The population of the
EU-27 will slowly grow from 496 million in 2008 ta peak of 520 million in 2035. Within
the EU a large spatial deviation is present. Cénttad Eastern Europe already show a
decline in populatioh

As described in the opening paragraph, the Netheslét in the general trend of Europe. For
the Netherlands the turning point from populatioovgh to population decline is foreseen in
2038, compared with 2035 for the EU-27. Locallythe Netherlands there already is spatial
deviation, what can be seen in map 1-1.

The case of population decline in the Province iysRn will be examined in detail in the
next chapter. The scale of that analysis is explimcal: the residential core.

1.3. Challenges of population decline on a local level

In the second half of the twentieth century popatagrowth triggered an economic growth,
that both have lead to a huge (spatial) impact. Dhteh planning system was focussed on
accommodating this growth; population decline debzes this planning systé

On a local level the challenges of population dectan be classified in four categoties

e Financial. Local government will face a decrease of tax meas well as in income out of
new constructions. Public housing authorities facgrowing number of vacancies and as a
result of that a decline in revenue.

e Built environment. Buildings and houses become vacant because ailgimgm and
household decline. House prises drop resultinglatlaof interest of home owners and public
housing authorities to invest. This will all leaddan impoverishment of the built environment.
e Amenities. Due to the decrease of population as well aetaldrends the support base for
many amenities is declining. This results in clesand a loss of amenities.

e Cultural. A population decline leads to a changed socibksmn in villages. This might
even influence the spread and use of the Frisiaguiage.

Aspects of the first three effects are alreadyrbfgaresent in the three Dutch regions facing
population decline: South-Limburg and North-eastr@dngen. But also in Fryslan the decline
of amenities and impoverishment of the built envinnt is already in effect, although this is
not merely caused by population declthe

® UN 2007

"Van Nimwegen & Heering 2009¢c

8 Warbroek 2009; Bukman 2009; Derks 2006; Van Daemwést & De Groot 2008
° Warbroek 2009, Province of Fryslan 2010a

19 Mik 2009a
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Consensus is that the negative effects of populatexline outweigh the positive effects, but
some researchers and policy makers see populatdimé as an opportunity. It is envisioned
to lead to more (spatial) quality: quietness, ogssnnature and an increased focus on local
culture*

Population decline is likely to have a negativesefffon household development, but this can
be tempered by a decline average household sidechne in the number of households has
effects similar to the effects of population deelin

1.4. Problem description

As mentioned above population decline results inyreéhallenges on the local level. Because
population decline is of high impact on plannindi@g the provincial administration wants

to monitor the population decline in order to bdeatw adjust policy to cope with the

challenges of population decline. To create effectpolicy extensive knowledge about
population decline is needed. A lot of knowledgealseady present at the provincial

administration, but more research about the factausing population decline is neetfed

Traditionally research about population developmisniexecuted primarily by statistical
analyses. This excludes the spatial characteristitdse topic and this is regarded as a current
deficit and an opportunity to include in researbbw population decline.

1.5 Thesis outline

In chapter 2 the population development withinFinevince of Fryslan and the province itself
will be properly introduced. Focus is put on theatsgd extent of population development,
natural increase and net migration. In chapter ®lagatory factors of population

development will be introduced, based on geneetirth

Chapter 4 describes the objectives of the reseamdhthe research goals and questions are
explained. The following chapter (chapter 5) staélbesresearch methodology on how to reach
the stated research objectives. Chapter 6 zooros gpecific GIS functionality in relation to
this research.

The chapters 7, 8 and 9 are similar chapters,hak zooming in on the spatial outlay of
explanatory factors of population development ia Brovince of Fryslan from a specified
theme. The three chapters cover the themes of @goguicharacteristics (chapter 7), planning
& infrastructure (chapter 8) and amenities & ecogdichapter 9). In chapter 10 these three
individual themes will be integrated with the use@wegression analysis.

The integration of the individual themes extents ithe chapters 11 and 12. Chapter 11 will
draw conclusions about the explanatory factorsogiutation development in Fryslan, whilst
chapter 12 will open up discussion on this researthpoint out possible follow-up studies.

11 Bukman 2009; Van Dam, Verwest & De Groot 2008
12 province of Fryslan 2010a
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Chapter 2: Population development in Fryslan

2. Population development in Fryslan

This chapter introduces the province of Fryslan @adesidential cores. The variation in
population development will be examined with the aéthe population balance.

2.1. The province of Fryslan

Fryslan is one of the twelve provinces of the Nd#rels. The provinces form the link
between the municipalities and the state: they déthl issues which are too substantial for
the municipalites and not substantial enough foe ttatt A key responsibility is
environmental planning. This includes determinatofriocations where new housing sites,
industrial estates or business parks are allowedvelt as the accessibility within the
province.

=

Map 2-1: Province of Fryslan (in orange). Source: Wipedia 2010c

The province of Fryslan is located in the northhed Netherlands, as depicted in map 2-1. In
2009 the province had a population of 645,000 irtaats, which makes it one of the smallest
Dutch provinces based on populafioBased on the land and water area it is the larges
province of the Netherlands with 5749 square kiltarss including 2407 square kilometers of
inland and coastal wafer

2.1.1. Local levels in Fryslan

The province of Fryslan is divided into 31 munidipas, responsible for local government.
The last municipal reorganization dates from 198#the municipalities are unchanged for
over 25 years now.

In 2008 the province of Fryslan had 419 residemimges. This is two more than the situation
in 2000, at that time there were 417 cores. Twolatmeceived the status of a residential
core in the meanwhile: Nij Altoenae (seperated fr@n Annaparochie in 2006) and

11PO 2009
2 Province of Fryslan 2010a
3 CBS Statline 2010
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Oostmahorn (separated from Anjum in 2d07pnother complication is the case of

Oudeschoot.
Heerenveen and a residential area was build, céléskrenveen-Zuid”. In 2003 t

In the last decades parts of this were annexated by the municipality of

his

residential area was transferred to Oudeschoatltirgg in a population change from 148 to

1513 overnight To cope with these three anomalities these caresmerged with th
parent core, leading to 416 cores to apply reseanch

The average nearest neighbour ratio (box 2-1) espatial distribution of the cores is O.

eir

991,

so it can be stated that the distribution of theesamver space is random. Later on in the

research the spatial hierarchy of the planningesystill be discussed in detail.

Box 2-1: Average nearest neighbour

The average nearest neighbour function can betosedearch the distribution of featur
over space, in order to identify spatial clustershat feature. A feature can be cluste
(distances between features are minimal), dispe(destances between features 3
maximal) or random (average distances betweenrfEgturhese are not extremes, bu
is a continuum.

Dispersed - 3= Clustered
This function compares the distribution of the @rp features with a hypotheticd
random distribution with the same number of featwaed the same extent. For both d
sets the distance between each feature and itesteagighbour is calculated and t
average distance is generated. Both average destaare compared with each other i
ratio. This nearest neighbour ratio can have tbrgeomes:

Nearest neighbour ratio Description

Ratio=1 Features are randomly distributed
Ratio<1 Features are clustered
Ratio > 1 Features are dispersed

The statistical validity is determined by the Zisco

S
ed
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It it
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2.2. Applying the population balance on Fryslan
The population development of Fryslan can be erpkhiwith the use of the popula

tion

balance as described in chapter 1, with the compsred natural increase and migration. A

conceptual representation is depicted in figure 2-1

4 Stichting Dorpshuis Utwyk 2009; Nijsnet.nl 2007
® Plaatselijk Belang Oudeschoot 2009
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Natural
increase

Population
development

Net migration

N /

Figure 2-1: Conceptual representation of the populdon balance. After: Livi-Bacci 2001

The population balance has two research dimenstons: and space. The time dimension
gives yearly developments of the elements for ttle of the province and the spatial
dimension shows the distribution of the elementhiwia fixed time over space. Because of
the geographical nature of this research the matns is on the spatial extent: it will be
applied on the level of 416 residential cores.

2.3. Natural increase

The natural increase (or decrease when there are deaths than births) is calculated on a
core level. The data about births and deaths thatade available by the CBS concerns the
period of 2004-2007 The yearly average over this period is calcula@sd birth- and death
rate and it is regarded as representative foritheftame of 2000-2008. The birth- and death
rates need to be regarded as indicative for thelpbpn composition of a core. The available
birth and death numbers are rounded of to fiveHey@BS, in order to preserve privacy for
the small cores. For this reason the data abothtsbémd deaths is not reliable for these small
cores. It even leads to a rounding off to zerobioth events for the smallest cores. For large
cores, more than 500 inhabitants, the roundingv® i not a main reliability issue, but the
birth and death rates can only be regarded asatizkic

% cBS Statline 2010
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2.3.1. Births

The average yearly birth rate is depicted in mah Zthe darkest coloured areas are the
outliers: small cores with less than 500 residehite overall image is that the spread is very
even. Of all the cores with a population over 500sterzee has the highest birth rate: 21
births per 1000. Second is the village of Echtengybwith a birth rate of 20 per 1000.
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2.3.2. Deaths

The average yearly death rate is depicted in m&p &gain showing an evenly spread
distribution. The two cores with the highest deattes are Noardburgum, 32 per 1000, and
Blauwhuis with 24 per 1000.
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Alex de Jonge - GIMA 2010 024 8 1216
Map 2-3: Average yearly death rate (2004-2007). Bad on CBS Statline data.
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2.3.3. Sum of natural population increase

Subtracting the average yearly death rate fromatrerage yearly birth rate calculates the
natural increase or decrease per core (map 2-4).00Dthe 416 cores 267 show a natural
increase and 38 a natural decrease. The remaitiithgdres show no significant change in the
period of 2004-2007.

Alex de Jongé; GIMA 2010 - 024 8 12 16
Map 2-4: Average yearly natural growth or decline 2004-2007). Based on CBS Statline data.

Again, disregarding the cores smaller than 500hithats, the village of Oosterzee shows the
largest yearly natural increase with 18 per 10Q0@alitants. Number two is Scharsterbrug
with 15 per 1000. Because Oosterzee is also tlye leore with the highest birth rate it is

evident that this large natural increase is cansaialy by a high number of births.

Regarding a negative natural increase the villdglaardburgum is on top, with a natural

decrease of 21 per 1000. Runner up is Weidum witbcaease of 16 per 1000. Noardburgum
is also the core with the highest death rate, enigénfluencing this high natural decrease.
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2.4. Migration

The net migration for each core is the in migratmmus the out migration. Data about
migration between the cores in Fryslan is availabier the period of 1998-2008

2.4.1. In migration

An average yearly in migration rate is calculategrothe period of 1998-2008 and it is
depicted in map 2-5. Once again, it is hard tordatee a spatial distribution. Only the islands
have a relative high in migration rate. The twoesowith a population over 500 inhabitants
with the highest in migration rate are Drachtsterpagnie (175 per 1000) and Midsland (99
per 1000).

In migration
per 1000/year
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Map 2-5: Average yearly in migration per core (1998008). Based on CBS Centrum voor Beleidsstatistiek
data.

Alex de Jonge - GIMA 2010

! CBS Centrum voor Beleidsstatistiek 2009
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2.4.2. Out migration

Similar to the in migration the average yearly augration over the period 1998-2008 is
mapped in map 2-6. The map image shows a picturdasito the in migration depicted in
map 2-5. Again the islands have a relative highroigiration rate. Also, the same two cores
with a population of over 500 inhabitants that tbp in migration are the cores with the
highest out migration: Drachtstercompagnie (16819€0) and Midsland (96 per 1000).
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Alex de Jonge - GIMA 2010 024 8 1216

Map 2-6: Average yearly out migration per core (198-2008). Based on CBS Centrum voor
Beleidsstatistiek data.

It has to be noted that there is a strong cormlabetween high out migration and in
migration, expressed in the two villages leadinghbdists: Drachtstercompagnie and
Midsland. This can be explained by the fact thaemvipeople move out it leaves room for
newcomers to move in.
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2.4.3. Net migration

The net migration is mapped as a yearly changeeptage in map 2-7. Of all cores larger
than 500 inhabitants the cores of De Wilgen andnfereoud have the largest migration
surplus: 2.9 and 2.5 %. In the same category oéscdijalleberd and Kimswerd have the

highest migration deficits: -2.6 and -2.2 %.
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Alex de Jonge - GIMA 2010
Map 2-7: Average yearly net migration (1998-2008Based on CBS Centrum voor Beleidsstatistiek data.

024 8 1216

2.5. Population balance

The natural increase together with the net mignatiakes up the population development.

Comparing both elements on their spatial extemit be noted that migration shows a higher
spatial spread: there are higher extremes and #peimage is less even. It needs to be noted
that both elements are compiled based on roundefggirom the CBS, so hard comparisons

can not be made. For the same reason the mores@réata about the population from the

Frisian municipalities is used to calculate theaion developmefit

8 province of Fryslan 2010c
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2.5.1. Population development

The average yearly population balance shows whegeabsolute growth and decline in
population is taking place, but it is hard to amalyt without relating it to the population

distribution. Therefore the change in populationgee in the period 2000-2008 is calculated
as percentage of the population in the year 20G(p (218).
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Alex de Jonge - GIMA 2010 024 8 1216

Map 2-8: Population development per core (2000-20p8ased on data from Kerncijfers Fryslan.

The cores that have perished population declintnenlast eight years are distributed quite
randomly over the province of Fryslan. This cardbtermined both visually, as well as with
the help of the Moran’s | test (box 2-2). The résuf this test are a Moran’s | value of -
0.001259 combined with a Z-score of 0.732897: nbdveesults to define a statistical

significant clustered or dispersed distribution.

The population growth champion is the village of sN@oarnsterhim). The realized
population growth of 26.7 % in eight years can kgl&ned by the recently developed water
rich residential area. The other two cores with lilghest population growth are Idzega (8.3
%) and Tjalhuizem (6.6 %). Focussing on the negapigpulation growth, the population
decline, two villages stand out: Nijhuizum (-4.7 &)d Smallebrugge (-4.2 %).

28



Chapter 2: Population development in Fryslan

Box 2-2: Calculating spatial autocorrelation with Moran’s |
There are a number of other measures to indica@as@utocorrelation (Geary's C,
Ripley’'s K and Joint Count Analysis) but the detéastandard is Moran’s I. This is gn
indicator that measures similarity of neighbouriegtures. This measure is based on foth
the feature locations as well as its values.

For each feature the function takes into considerdhe attribute value of that particular
feature, the attribute value of another featuréisbaite value, the overall mean of that
attribute value and a weight. The weight is oftem inversed distance.

The function returns a Moran’s | index and a Z-scdafrhe Moran’s | index is a value
between -1 (perfect dispersion) and 1 (perfectetation). This value can be converted
into a Z-score for testing statistical significangeZ-score of more than 1.96 or less than
-1.96 indicates spatial autocorrelation that isigigant at the 5% level.

Source: ESRI 2009b, Lembo 2002

2.5.2. Population development in time
Disregarding the spatial extent, focussing on hisad development of population
development, natural increase and migration forwhele of Fryslan reveals certain trends
(figure 2-2). Population development at this séaleomposed out of three elements: natural
increase, national migration and international wtigrr.
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Figure 2-2: Population development in Fryslan (1972008). Source Province of Fryslan 2010a

The natural increase between 1975 and 2008 isvwalatstable, with around 2,000 more
births than deaths per year. The two forms of ntigma national and international, show
more fluctuation. The national migration shiftedrfr a positive to a negative balance in the
early 1980s. The international migration is the nilgtuating; it is largely dependent on the
number of refugees which is a result of policy mgkirom the national government. These
refugees or asylum seekers cause more deviatidhe jprovincial population balance. Policy
in the Netherlands is to spread the number of as@aekers over the country, resulting in a

® Province of Fryslan 2010a
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share for the Province of Fryslan. Many of theseppe migrate later on to the west of the
Netherlands, making Fryslan a transit area.

Overall it can be concluded that population develept is heavily influenced by migration.
The drop of the population increase in the late01@8predominantly caused by a negative
national migration balance. The high populationwglo peaks of the late 1990s and early
2000s on the other hand are caused by the intenatmigration.

Similar to the spatial deviations between coresratign is more fluctuating in time than

natural increase. Therefore migration is determieelle the dominant element in changes in
population development.
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Chapter 3: Spatial Factors

3. Spatial factors

In the previous chapter the population development in Fryslan is described, with a focus on
the spatial deviations. This chapter will introduce a conceptual model with relevant factors,
causing these spatial deviations. These factors can be described as explanatory factors, or as
spatial factors: putting emphasis on the spatial extent of these factors.

3.1. Demographic changes

Population development is not a stand alone process. Together with change in household

composition (a smaller household size) and population aging, population development is

regarded as demographic changes'. These elements of demographic changes are interrelated,

as shown in figure 3-1.

. N

Population
ageing

Population

development

Household
development

_ /

Figure 3-1: Demographic changes

All three elements of demographic changes are closely related and have the same background
and even partially share the same causes. The focus of this research is primarily on population
development and therefore the other two elements are not the focal point of research, but they
will be taken in consideration regarded as explanatory variables.

3.2. Explanatory factors introduced

Demographic change in general and population development in particular is presumed to be
caused by a manifold of factors. Intention of this research is to identify those factors related to
population development and focus on the spatial characteristics. A factor can be described as:

“a circumstance, fact, or influence that contributes to a result”?.

As shown in map 2-8 population development clearly has spatial deviation: it differs per core.
It can be assumed that the causes of population development show spatial deviation as well,
what can be of influence on population development. In this research six themes are
determined that later on in this chapter will be elaborately introduced:

e Population characteristics

e Planning

e Infrastructure

e Housing

e Amenities

e Economy

! Province of Fryslan 2010a
? AskOxford 2009
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Not all explanatory factors are known; therefore the element of unknown factors is added.
This element of unknown factors consists out of types. Factors not yet related to population
development, but that may be of influence and factors that are hard to measure, quantify and
research.

3.3. Conceptual model

P ™

Population

characteristics

Infrastructure

Population
development

- o

Explanatory factors Population balance Demographic changes

Figure 3-2: Conceptual model

The conceptual model as depicted in figure 3-2 has two main building blocks. The block on
the right represents demographic changes. These demographic changes are assumed to be
caused by the explanatory factors on the left. For the subject of research, population
development, these two blocks are interrelated by the population balance, as introduced in the
chapters 1 and 2. The primary direction of the relation is that the explanatory factors influence
the demographic changes. But feedback links are also occurring, as represented by the black
arrow.

The population balance has two elements: natural increase and migration. The natural increase
is mainly influenced by the population characteristics and not so much by the other elements.
Migration on the other hand can be regarded as influenced by all elements. In combination
with the conclusion that the factor of migration is dominant over the factor of natural increase
(see chapter 2) the importance of migration for population development is very high.

32



Chapter 3: Spatial Factors

3.4. Push- and pull factors

Migration is the movement of occupancy from an origin to a destination. The underlying
motivation for these movements can be explained by push- and pull factors. Push factors can
be described as “events and conditions that impel an individual to move from a location” and
push factors as “forces of attraction that influence migrants to move to a particular location™.

This implies that migration is caused by spatial inequality.

Intervening obstacles

ORIGIN DESTINATION

Figure 3-3: Push and pull factors acting in migration. Source: AAG Center for Global Geography
Education (2010). After Lee (1966)

The theory is exemplified by figure 3-3, where at the origin the negative push factors
dominate. At the destination the positive pull factors outweigh the negative factors. In
between are intervening obstacles, which make the actual migration more difficult.

Because migration is determined the dominant element causing population development, the
concept of push- and pull factors is also important for population development. The spatial
inequalities that cause migration are therefore also of influence on the spatial distribution of
population development.

The push- and pull factors can be linked to spatial quality. If a core has relative many strong
pull factors and few push factors, the quality of living can be regarded as good and people like
to life there. This retains the present inhabitants and attracts new residents. Both lead to a
positive population development.

3.5. Themes related to population development

As stated in the conceptual model (figure 3-2) there are six themes that are regarded as
influencing population development. In the next section they are shortly introduced. In the
chapters 7, 8 and 9 these themes are described in more detail and linked to the Province of
Fryslan. Where needed, explicit reference to the push- and pull factors theory is made.

3.5.1. Population characteristics

The field of research that is connected to the theme of population characteristics is called
demography”. Relevant topics of demography that are related to population development are
age composition, average household size and number of inhabitants per core.

3 Knox & Marston 2004, p. 510
* Knox & Marston 2004
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The age composition is of influence on natural increase but even more on migration. Some
age groups are more willing to move than others. This is linked to the concepts of life cycles
and life courses, which imply that certain events influence migration behavior of families and
individual. Events include marriage, birth of children, children leaving home, death of a
spouse, participation in the labor force and retirement’. Research has led to empirical age
migration schedules. An example of an age migration schedule is depicted in figure 3-4.

0.04 7
-1 early childhood

II early participation
in the labour force

0.037 III retirement

IV late old age

0.02

0.01

0.00

Age
Figure 3-4: A model age migration schedule. Source: Boyle, Halfacree & Robinson 1998, p111.

Four common peaks of migration can be identified: early childhood, early participation in the
labour force, retirement and late old age. It can be argued that the peak in the early 20s is not
only caused by early participation in the labour force, but also by starting higher education®.

The average household size together with the population size influences the number of houses
needed per core, what influences migration and population development. In chapter 7 this is
described in more detail.

Population size of a core is not only the result of population development but a factor as well.
Also a high population figure might as well be a pull factor. Population size is often reflected
in the planning hierarchy, which will be treated below.

3.5.2. Planning

Planning is a mechanism to order space. Governments can assign a planning hierarchy, in
which some cities receive more spatial development opportunities than others. This unequal
situation will influence the development of the population as well. Next to planning hierarchy
concentration zones are also a widely used tool to steer developments.

> Boyle, Halfacree & Robinson 1998
° Harts 2008a
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Apart from stimulating developments, governments can also guide developments by setting
restrictions. They can allow certain activities at some locations, while limiting it in other
locations.

3.5.3. Infrastructure

The topic of infrastructure is very closely related to distances and also planning. An important
aspect is the topic of centrality.

The core-periphery system is relevant concept regarding centrality. Economic development is
never evenly spread over space. Some areas are more developed that others and unequal
relations exist’. Key of this system is that there is a centre, where the power is located and a
remote, peripheral surrounding that is less developed. So being in or close to the centre area is
a plus for development possibilities.

The proximity to a core area can be measured in a straight line distance as well as travel
distance®. This travel distance is affected by the transportation infrastructure like roads and
railways. In general a good infrastructure and short travel times are regarded to have positive
influence on population development.

3.5.4. Housing

Housing is often stated to be a main reason for migration’. So population decline and housing
are two related topics'’. Two linked aspects are important to housing: the quantity and the
quality of the housing stock.

Quantity implies the number of houses in an area. In a balanced situation the supply of houses
equals the demand of houses. The number of houses needed can be calculated by multiplying
the population size with the average household size. The average household size is influenced
by changes in society and in lifestyles of individuals. This can be grouped under the theme of
population characteristics, as stated in the conceptual model (figure 3-2). If the average
household size keeps decreasing, this can lead to the situation of displacement. With a stable
population in an area more houses are needed, but if the housing stock is limited (due to
planning constraints) this leads to friction. Parental home leaving children may be forced to
leave the area, leading to population decline in the area of origin.

In a downward tendency of population decline household decline can often be identified as
well. This is of direct influence on the number of houses needed. When there is a decrease in
demand for houses and the supply in housing stock remains stable, house prices will drop
leading to a number of other negative effects''. An extra complication is the position of the
public housing agencies. Apart from value loss in real estate they also suffer extra loss in
income due to vacancies.

Apart from the number of houses the quality of housing is also of high importance. The
current demands on quality are not in line with the houses built in the post war years (1950s-
1960s) like for example the Bomenbuurt in Winschoten'?. As a result of this low overall

" Knox & Marston 2004

8 Knox & Marston 2004

9 Boyle, Halfacree & Robinson 1998; Harts 2008b
' KEI 2009

" Bukman 2009; Visser 2009

12 Haartsen 2009
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quality these neighbourhoods are under threat of population decline. Restructuring and
revitalisation of these neighbourhoods is often performed, for example in Norg13 .

3.5.5. Amenities

Amenities are a key aspect in the liveability of the countryside. Therefore a decline in
available amenities is often linked to population decline'*. This link is two-sided: a lower
number of (potential) users lead to a smaller base to support the amenities but a low coverage
of amenities might influence out-migration as well.

A decline in potential users is not the only cause of a decline in the number of amenities.
Social-economical factors like change in life style, change in mobility and an increase in scale
also influence the persistence of amenities””. This decline of amenities can accelerate
population decline. This situation can be regarded as a vicious circle'®. Next to this relation
between amenities and population development, the development of the amenities has its own
dynamic.

This described situation can be linked with the push- and pull factors theory. Having many
amenities in a core is regarded as a pull factor, whilst a lack of amenities is a push factor.

3.5.6. Economy

Just like amenities the economy is two-way linked with population development. People tend
to migrate towards areas with good opportunities in the job market and businesses tend to
settle at locations where there is a high potential in the population'’.

In general the economies of the origin and destination areas are regarded as one of the key
push- and pull factors for migrationlg. Phenomena that are related to this are employment,
unemployment rates and average incomes.

Regarding employment the presence of jobs within the core is only of secondary importance.
The number of jobs in a larger region is of more importance regarding the job opportunities
for inhabitants of a specific core.

" De Mik 2009b

' Leenes & Noordhoff 2009; Van Nimwegen & Heering 2009a
" Vias 2004

'® Van Nimwegen & Heering 2009a

"7 Boyle, Halfacree & Robinson 1998; Province of Fryslan 2010a
'8 Boyle, Halfacree & Robinson 1998
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4. Research objectives

The topic of research combines multiple fields of geography: demography, human geography
and spatial planning. Because of the quantitative and spatial characteristics the main method
of research is also a field of geography: Geographical Information Systems (GIS).

The focus is put on the spatial distribution of population development and the explanatory
factors that are related to this population development on a core level.

4.1. Research goals

This research contains two research goals. The first goal is to gain insight in the spatial factors
that are of influence on local population decline in the province of Fryslan. The second goal is
related to achieving the first goal and is of methodological nature. The goal is to apply GIS
based techniques for research in population decline. For both goals the intention is to fit them
in with the needs of the provincial administration.

4.2. Research questions

To comply with the objective of the research and combining the two research goals a main
research question is formulated:
Which factors behind local population decline in Fryslan can be revealed by using GIS?

To be able to answer the main research question two sub questions are generated. Together
they will answer the main question. First research question:

Which GIS techniques can be used to research spatial factors related to local population
decline?

Second research question:
Which factors can be identified to explain local population decline?

4.3. Scope

Because this research combines multiple research fields and the complexity of population
decline, limitations have to be set.

4.3.1. Limiting population development

Population development is only one element of a broader term: demographic changes (see
figure 3-1). This also includes changes in household composition, life styles and population
age structures. These are all important elements in the interrelated demography of the Prov-
ince of Fryslan'.

Demographic change that is expressed in population decline and household decline is often
related to economic decline. Economic decline itself is regarded out of scope; it will only be
used as an explanatory factor.

This research only focuses on the factors behind local population decline, not on the effects of
population decline. Therefore demographical discussions such as shortage of employees or
the ageing of the population are out of scope. The age composition of the population will be
used as explanatory variable.

! Province of Fryslan 2010a
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4.3.2. Empirical data

The timeframe of research is the period 2000-2008. Empirical data about population decline is
available for this timeframe. For reasons of certainty prognosis data about population decline
is not used. Otherwise this might lead to insecure and unreliable outcomes.

4.3.3. Scale

The spatial focus of this research is put on the level of the residential core, of which 416 are
identified for this research (see chapter 2). Only explanatory factors that are specific per core
are used. Large scale aggregate statistics, like for example on a municipal or regional level,
are not used as an explanatory factor for population development on a local core level. This is
to avoid the ecological fallacy. The ecological fallacy implies that large scale aggregate data
(e.g. on a municipal level) is not applicable on individual cores.

4.3.4. Determining relations

Based on the explanatory spatial factors described in chapter 3, relations with population de-
velopment will be tried to be identified. The size and the direction of these relations will be
determined. Only relations are determined, not the causality. Often one direction of causality
is expected based on theory, but this can not be proven. Also there is very often a feedback
between population development and the explanatory factor. A change in population will lead
to a change in the explanatory factor, again leading to a change in population. A vicious circle
prevails.

4.3.5. Spatial statistics

This research will primarily be based on “traditional”, non-spatial statistics to determine rela-
tions between explanatory factors and population development. For each of the 416 Frisian
cores data is processed with the use of GIS, but the statistical relations will be determined
with the use of “traditional” statistical methods. The spatial interference between cores will
not be used in statistical analysis.
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5. Methodology

In this chapter the methodology by which this research is applied is explained. The methodol-
ogy is created to answer the research questions by means of a pre-structured procedure using
software and data.

5.1. Answering the research questions

The structure of this research is that the two sub questions contribute to answering the main
research question. The first sub question is related to GIS techniques, the second sub question
relates to spatial factors causing population development.

5.1.1. GIS techniques

The first research question is about determining GIS based spatial analysis techniques that are
useful to help answering the second research question. These techniques need to be moulded
into a structure, so methodologies can emerge. The used techniques serve as a tool of data
preparation for the next step.

5.1.2. Determination of factors

The determination of the relevant spatial factors behind local population decline is done by
generating hypotheses and statistically analysing them. Therefore it continues on the data
processed with the use of GIS technology in the previous step.

5.2. Research methodology

The research is divided into five main steps of which the fourth is the most elaborate step and
is divided into six sub steps. Table 5-1 gives an overview of the five research steps with their
sub steps.
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Table 5-1: Research steps
Step Name Description Chapter

1 Population development | Research on the population development in | 2
in Fryslan Fryslan, by applying the population balance
with the components of natural increase and
migration. Focus is on the spatial extent of
population development.
2 Theory on local popula- | Literature research on possible explanatory | 3
tion development factors for local population decline. This leads
to the creation of a conceptual model for local
population decline
3 Research on GIS tech- | Introduction of basic GIS analysis techniques. | 6
niques
4a Determine possible spa- | Possible relations between local population | 7,8&9
tial relations development and explanatory factors are
moulded into research hypotheses.
4b Determine (GIS) analysis | Determination of analysis techniques to test | 7,8&9
techniques the research hypotheses. This includes spatial
as well as non-spatial analysis.
4c Determine data needs & | Determination of the data needed to test the | 7,8&9
data acquisition research hypotheses.
4d Non-spatial data process- | The acquired data needs to be pre-processed | 7,8&9
ing before it can be used for (GIS) analysis.
4e GIS data processing & | Spatial analysis will be executed with the use | 7,8&9
analysis of GIS
4f Statistical analysis The data processed in the previous steps is | 7,8,9&10
used in order to determine statistical relation-
ships connected to the research hypotheses
5 Conclusions The research questions and the results are | 11&12
discussed
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Step 4 is executed three times, described in three chapters treating the combined themes of the
conceptual model (figure 3-2). The whole research process is depicted as a flow chart in fig-
ure 5-1.
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Figure 5-1: Flow chart of the research methodology

5.3. Software

The used specialized software will consist out of two parts: GIS software and statistical soft-
ware. Microsoft Office is a broadly used software package. Microsoft Word for the report,
Microsoft Excel for the creation of graphs and non-spatial, non-statistical calculations and
Microsoft Access for managing databases. Microsoft Visio will be used for the creation of
figures and flow charts.
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5.3.1. GIS software

As main GIS software package ESRI ArcGIS will be wused. This includes the
ArcMap/ArcCatalog package of which version 9.3 will be used. Licensing is accounted for
with the use of the licence pool of the province of Fryslan. This ranks up to the Arclnfo li-
cense. In addition to the basis software package additional ArcGIS extensions will be used.
This includes Network Analyst and Spatial Analyst.

To gain insight in the spatial extent of the population development as well as the explanatory
variables interactive thematic maps will be created on the fly with the use of CommonGIS'.
This is a GIS application that can be used as a tool to visualisation and exploring of geo-
graphically referenced statistical data”.

For the main spatial analysis processing and the creation of maps ESRI ArcGIS will be the
default.

5.3.2. Statistical software

For the statistical analysis the package SPSS will be used, that is available at the provincial
administration. The used version is SPSS 16.

5.4. Data

Intention of this research is to explain patterns in population development and relate them to
the explanatory factors.

5.4.1. Data needs

For this research data about population development as well as data on the six specified
themes of the conceptual model is needed. The data used will be discussed and introduced
where needed. A detailed list about the used data can be found in appendix A.

5.4.2. Data acquisition

Basically the used data for this research can be classified into three categories.

e Data that is produced by the Province of Fryslan. This data is available and there are
mostly no restrictions regarding the use.

e Data that is produced by external parties, but available at the provincial administration. The
data is available and can be used in research but restrictions can be applicable.

e Data that is not produced by or available at the provincial administration. This data needs
to be located and arrangements need to be made to obtain the data.

As expressed in the scope the data about population development is based on the period 2000-
2008 and the data on explanatory variables is of a suitable timeframe. The numbers about
population decline are based on the period 2000-2008.

5.5. Statistical analysis

Goal of this research is to correlate possible explanatory factors of population development to
the population development figures per core. As stated in the scope of this research (chapter
4) statistical research will only focus on the relations between the explanatory factors and
population development. Spatial interference is not taken into account.

! Fraunhofer TAIS 2010
2ESDS 2010
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These possible explanatory factors can be very divers and have various measurement scales.
A division into four measurement scales is used, see table 5-23.

Table 5-2: Measurement scales

Measurement scale Nature of data

Nominal Data of different nature / identity of things (qualitative)

Ordinal Data with a clear element of order, though not quantitatively de-
termined (ordered)

Interval Quantitative information with arbitrary zero

Ratio Quantitative data with absolute zero

The variable of population development can be represented in two measurement scales. The
first one is a nominal scale: cores that have a population growth and cores that have a popula-
tion decline. The second representation is a ratio scale: an annual percentage.

The fact that the explanatory factors can have many different measurement scales leads to
complications in comparison between the different factors. Therefore a method of statistical
analysis is created that can be applied on all explanatory factors. This is achieved by reclassi-
fying all interval and ratio variables into a limited number of discrete classes. These classes
can be analyses in the same manner as nominal and ordinal variables. These discrete classes
can be researched on two facets: the ratio between growing and declining cores and the aver-
age annual population development over the years 2000-2008.

The reclassification of ratio and interval values of the explanatory factors into discrete classes
can be subject of discussion. There are basically three methods:

e Equal interval: The whole range of the ratio or interval variable is divided into a fixed
number of classes all with an equal-sized sub range. The number of cases in each interval can
vary”.

e Quantiles: The whole range of the ratio, interval or ordinal variable is divided into a num-
ber of classes, each with the same number of cases’.

e Custom: The variable is classified based on a specific classification schedule, preferably
based on a publication.

The choice for the classification method differs per topic. A custom classification is preferred
if it can be based on relevant classifications made in earlier research or policy. If the values
are evenly distributed and the values are meaningful an equal interval classification is chosen,
otherwise a quantile classification is applied. An explanation on the difference between an
equal interval and a quantile classification is given in box 5-1.

? De By 2004
4 ESRI 2010c
S ESRI 2010d
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Box 5-1: Difference between equal interval and quantile classification

[172/3 4/5]6]7 8f9/10f11 12]13f14 1516 17 18 1920
In this example the values on the x-axis range from 1 to 20 (depicted in the yellow
squares). Both the equal interval (red) as well as the quantile (blue) classification split the
dataset into four classes. In the equal interval classification the sub range for each class is
equal: in this example 5. This leads to break values on the x-axis of 5, 10 and 15.

3
2
1

In the quantile classification the number of cases in each class is of importance: each quan-
tile has 5 cases in this example. This leads to break values on the x-axis of 6, 8 and 13.

Equal interval Quantiles

Number of classes 4 4
Size of sub range 5 2-7
Number of cases per class 2-8 5

5.5.1. Statistical interpretation

When the explanatory factor is classified into a discrete number of classes, the individual
classes can be compared with each other. That is done for each variable with the same statisti-
cal analysis, based on the two facets of population development as described above: the ratio
between growing and declining cores and the annual average population development (2000-
2008).

The analysis output exists out of three components: class definition, growth/decline ratio and
population development. The latter two are determinants to establish the correlation between
the explanatory factors and population development.

Based on the statistical outcomes the correlations can be assumed present, not present or un-
clear. Not every correlation can be clearly identified or discarded, hence the last category. The
correlations can be either positive or negative. A positive correlation means that a high value
of the explanatory factor results in a high average annual population development. A negative
correlation implies the opposite: a high value of the explanatory factor belongs to a low aver-
age annual population development.
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6. GIS techniques

A Geographic Information System (GIS) can de defined as a tool to capture, store, update,
manipulate, analyze, and display geographically referenced information'. Because this re-
search on local population development is based on existing and available data, the focus of
this research is on the latter three aspects: manipulation, analysis and visualization. This chap-
ter consists of two sections: GIS manipulation techniques and visualisation.

6.1. Spatial representations

A GIS is a representation of real world phenomena®. Focussing on two-dimensional represen-
tations there is a clear distinction between two spatial data models: raster and vector’. A raster
representation models real world space into a grid of discrete cells. Each cell is assigned a
value corresponding to the real world space. In vector representations two-dimensional Carte-
sian (x,y) coordinates are the building blocks of the points, lines and polygons used to model
real world features®. In figure 6-1 the conversion from real world phenomena (1) into a raster
representation (2) and a vector representation (3) is depicted.
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Figure 6-1: Raster and vector representation. Source: Housing and Land Use Regulatory Board (2007)

Both types of data models have their own advantages and disadvantages. Therefore they also
have their own use cases. Raster representation is the default for (air) photos, scanned maps

" ESRI 2010b

% Augustijn 2005

? Heywood et al 2006
* Heywood et al 2006
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and often used in physical soil data and land use classifications. Vector representation is de-
fault for road networks and topographical datasets. Administrative data is often linked to vec-
tor points or polygons. This research will mainly use administrative data, so this implies that
most of the data used in this research is vector data.

6.2. GIS manipulation and analysis

Manipulation and analysis of geodata are two closely coupled aspects that together make up
the analytical GIS capabilities. A classification of analytical GIS capabilities into four main
groups is proposed by Aronoff:

e Measurement, retrieval and classification functions

e Overlay functions

e Neighbourhood functions

e Connectivity functions

All four categories of GIS manipulation and analysis will be described below, with a focus on
the application on vector data.

6.2.1. Measurement, retrieval and classification functions

This category of functions allows the exploration of the data without making fundamental
changes. All the functions only apply on one single data layer. Functions of this kind are often
used in the beginning of data analysis and data exploration. Three important functions are:

e Measurement functions. This includes the computation of distance between features,
length of perimeter and area size as well as counting frequencies. A special form of measure-
ment is the determination of autocorrelation and clustering®.

e (Spatial) query. The selection of features based on geometry/location or on attribute data.
This includes interactive spatial selection (clicking on a feature to identify and select it) and
selecting on specified attribute characteristics’.

e Classification. The (re)assignment of a thematic value to features in a data layer®.

6.2.2. Overlay functions

The overlay function combines two or more data layers in order to compute a new data layer.
This new data layer combines features from multiple layers that occupy the same location’.

In the vector data model an overlay combines the two associated disciplines of geometry and
topology. There are three basic types of vector overlay functions: point-in-polygon, line-in-
polygon and polygon-on-polygon. The latter is the most complex and can be divided into
three main categories: union, intersect and erase'®. A graphical explanation of the above men-
tioned functions is displayed in figure 6-2.

> De By 2004

% ESRI 2009b

" De By 2004

¥ Heywood et al 2006; De By 2004
° De By 2004

' Heywood et al 2006
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Figure 6-1: Vector overlays: (a) point-in-polygon; (b) line-in-polygon; (c) polygon-on-polygon. Source:
Heywood et al 2006, p. 184

Overlay functions know many practical applications. For example which agricultural plots are
located inside a nature preservation area can be determined with this technique. Or multiple
classified data layers can be combined to become a site suitability model.
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6.2.3. Neighbourhood functions

A neighbourhood function calculates a value for an entity in interaction with the area sur-
rounding the feature. A value is generated based on the vicinity of the entity''. The most
straight forward application of a neighbourhood function is a buffer. This function generates a
zone of interest surrounding an entity, based on a geometric distance. A practical application
for this can be for example to determine a safety zone of 500 meters surrounding a dangerous
factory. A buffer can be applied on raster data as well as on point, line and polygon vector

data (figure 6-3).
o o @
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Figure 6-2: Buffer zones around (a) point, (b) line and (c) polygon. Source Heywood et al 2006, p.178

Another form of proximity analysis is the creation of Thiessen polygons: determining service
areas on geometric distance'?. Both buffer zones and Thiessen polygons are based on geomet-
ric distance and the assumption that phenomena spread evenly over all directions. This is not
the case with phenomena like pollution and ground water. This can only be adequately mod-
elled with spread and seek functions, which require a raster data model. Spread functions as-
sume that phenomena spread in all directions, but not all equally easy, while seek functions
assume that only the path of least resistance is chosen'”.

6.2.4. Connectivity functions

Connectivity functions can be defined as a broad term covering network analysis. A network
is a set of interconnected features through which resources can flow'*. A commonly used
network dataset is a road network. There are many types of network analysis, but the two
most relevant for this research are optimal path finding and network allocation”.

Optimal path finding - This function calculates the most optimal path between two points on
an interconnected network. The term optimal can mean shortest in distance, but also the fast-
est in travelling time or the cheapest in fuel costs. This optimal path finding functionality is
the basis of GPS car navigation systems.

' De By 2004
"2 De By 2004
" De By 2004
'* Heywood et al 2006
" De By 2004

48



Chapter 6: GIS Techniques

Network allocation - In network allocation analyses the various network segments are allo-
cated to a number of target locations, or facilities. These facilities can be for example hospi-
tals or schools. The assignment of network segments to a target location is usually done based
on the optimal path. The result of this analysis is a determined service area for each facility.
Two restrictions are commonly added to this analysis: the capacity of the target location and
the demand for the resource among the network segment. The demand for a resource can be,
for example, related to the population density of a network segment'®.

6.3. Visualisation

The most designated way of visualising geospatial data is presentation in the form of maps'’.
Maps provide information and reveal spatial patterns that are hard to obtain from a text or a
table'®. Despite of all the developments in computing and analysis techniques, the human eye

and brain is still the most efficient mechanism for identifying spatial map patternslg.

Maps can be divided into two broad categories: topographic maps and thematic rnalps.20 To-
pographic maps display the locations of objects like roads, towns and administrative borders.
These maps are the designated map type for orientation purposes. Thematic maps focuses on
one particular theme and its spatial pattern'. Therefore it is very useful for presenting data on
a theme like population development. A thematic map always needs topographic data, to en-
able the user to locate the thematic info and to help explain spatial distribution patterns**.

This research on population development deals predominantly with statistical data, which is
quantitative ratio data. Classifying statistical data into ordinal classes and visualising it in ar-
eas is called chloropleth mapping™.

6.4. Additional value of GIS

The overall research methodology as introduced in chapter 5 (figure 5-1) describes the steps
of data non-spatial and spatial data processing and the analysis that follows on that. In tradi-
tional research general data is used that is analysed with non-spatial techniques. The analysis
is executed with generating graphs and tables and applying statistical methods. Figure 6-4
explains the main additional values of GIS complementary to traditional research.

' De By 2004

' Kraak & Ormeling 2003
'8 De By 2004

' Layne 2006

2 Heywood et al 2006

' Heywood et al 2006

* Blok 2008
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Figure 6-3: Application of GIS in data manipulation and analysis

General data about explanatory values can be linked to spatial reference data, to transform
non-spatial data into geo-data. The main advantage of this is that instead of only be presented
in text or tables the data can be presented in a map, revealing the spatial characteristics of the
data. Additional spatial processing can be applied: the analytical GIS capabilities as described
earlier in this chapter.
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6.5. Application of GIS in this research

Out of the described possibilities GIS techniques offer, the intention is to use a broad as pos-
sible set in the following chapters. For all the research topics visualization will be used in the
form of thematic maps. The selection of used analytical GIS capabilities is more specified.

For example distance measures will be used to determine the straight line distance between
the Frisian cores and central cities. An area measurement will be used to determine the areal
of a core that is designated as EHS. Spatial queries are used to determine of a core is located
inside or outside an area of economic or natural importance. The neighbourhood functionality
is applied to determine which cores are nearby a highway or the number of jobs within a set
radius of the core. Finally the connectivity functionality is used to determine travel time by
car from each core to important cities, railway stations and amenities. In the next three chap-
ters the choices and applications of the selected analytical GIS capabilities will be explained
in more detail.
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7. Population characteristics

As stated in chapter 3 the development of the population is an aspect of demography that is
related to many other population characteristics. This chapter will focus on three basic popu-
lation characteristics: population size, age composition and average household size.

7.1. Population characteristics of the Frisian cores

The three above mentioned aspects will be research on the spatial level of the 416 cores in the
province of Fryslan. The selection of these 416 cores is described before in chapter 2.

7.1.1. Population size

In an international context some of the most striking examples of population decline are in
large cities, for example in the United States and former East-Germany'. In the United States
this is largely caused by suburbanization, while in East-Germany migration for economic rea-
sons 1s common.

Opposed to this de- and suburbanization in for example the United States, urbanization
movements are still very common in the developed world. Rural and remote areas in for ex-
ample Sweden and Finland often face population decline. In those countries one in two rural
residents is living in a region threatened by population decline”.

In the Netherlands population decline in the past decades took place predominantly in the
smaller municipalities. Large cities rarely have a declining population®. Therefore the Nether-
lands is tending more towards the Scandinavian situation, albeit with an important deviation
due to the relative small size of the Netherlands.

The province of Fryslan includes 416 residential cores varying in size. Population numbers
range from only four in Breezanddijk up to over 87 thousand in Leeuwarden®. This range in
number of inhabitants is classified by the provincial administration into five classes and is
depicted in table 7-1°.

Table 7-1: Classification of size classes
Number of inhabitants

Class 1 > 15 000
Class 2 5000 - 15 000
Class 3 1500 — 5000
Class 4 500 - 1500
Class 5 <500

The spatial distribution of the Frisian cores according these population size classes is depicted
in map 7-1.

! Demographia 2010

? European Union 2010
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> Province of Fryslan 2006
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Map 7-1: Population size per core (2000). Source: Province of Fryslan 2010c

Two interesting observations can be derived from map 7.1. In the coastal zone and the area
west of the centre of Fryslan many small cores can be found. In the eastern part of Fryslan are
fewer cores located, but in general they are of a larger size.

7.1.2. Age composition

As introduced in chapter 3, population development is dependent on age composition of the
inhabitants. The age composition affects both the net migration as well as the natural increase.
The influence of age on migration is depicted in figure 3-4, from where four peaks can be
derived":

e Early childhood migration (approximately 0-15): This group is almost completely de-
pendent on the migration decision making by their parents. Therefore this age group is a good
measure for the migration of households with children. This group often migrates because of
reasons related to career opportunities, housing or living environment. The general pattern is a
migration away from large cities towards suburban and rural villages’.

e Educational migration (approximately 15-25): After finishing high school it is common
to continue education. This more specialized education of choice is often not located in the
same city as the high school: the distance between the parental home and the education insti-
tution increases significantly (see also the later chapter on amenities & economy: chapter 9).
This increased distance and the desire to leave the parental home leads to migration of stu-
dents towards cities with many education opportunities, and specific higher education®. Mi-

6 Boyle,Halfacree & Robinson 1998
7 Harts 2008b
¥ Harts 2008a

54



Chapter 7: Population Characteristics

gration of this age group coincides with migration related to early participation in the labour
force, which is generally towards large cities’.

e Retirement (approximately 50-70): Where the large cities are the designated place to fol-
low a good education and pursue a career, it might not be the ideal living environment after
the children left home and retirement is in sight. Although the retirement age in the research
period is 65, migration of the age group 50-65 anticipating retirement is not uncommon'”.
Migration of this kind is often towards a more beautiful living environment. This living envi-
ronment is often expressed in a more rural community, whether or not remigrations to the
region people originate from''.

e Late old age (approximately starting from 75): Where retirement migrants often move
towards the more rural communities, this tranquil living environment also has its downsides.
With old age health and mobility decreases, whilst the need for amenities and services in-
creases. Living in a remote, rural location is becoming problematic. Migration towards a city
Withlzmore amenities close by or to a retirement home is a solution to cope with this situa-
tion .

The influence on the natural increase on population development is via the size of the popula-
tion that is in their reproductive phase of life. Figure 7-1 shows the average age of the mother
of each live born child. The peak is around the age of 30 with the bulk of the live born chil-
dren having a mother with an age between 25 and 38", Assuming an average age difference
of two years between the mother and the father the gender unspecific reproductive age group
ranges from 25 to 40". Families with children are also often migrating for reasons described
under “early childhood migration”.

9 Boyle, Halfacree & Robinson 1998
1% Harts 2009

" Harts 2009

12 Harts 2009

13 CBS Statline 2010

4 CBS 2010
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Figure 7-1: Age of mother by birth (2008). Total number of live born children in the Netherlands is
184,634. Source: CBS Statline 2010

On large spatial units the CBS has very complete and detailed age composition data, specified
on age in years and gender'’. But for smaller sized statistical units this data is not available
due to privacy constraints. For small cores and statistical neighbourhoods a classification is
made in five age categorieslé. The five categories with their explanatory relevance are stated
in table 7-2, together with the proportion of these groups of the total Frisian population.

Table 7-2: Determination of five age groups
Proportional size in

Age group Relevance Fryslan (2001)"
0-14 Early childhood migration. 19,0 %
15-24 Migration induced by early participation in the la-

bour force and study 12,3 %
25-44 Reproductive years 29,1 %
45-64 Migration induced by children leaving the parental

home and retirement 25,0 %
65+ Migration due to old age 14,3 %

For each core with a known age group composition the most overrepresented age group per
core can be determined. This is done by calculating per age group the difference between the
percentage per core and the Frisian percentage. Compensation for the different age group
sizes is achieved by multiplying this difference with again the Frisian percentage. This over-
representation means that the age group is relative dominant in the residential core. Because
the significance of this dominance is hard to compare in between different cores, it is only a
measure to describe a particular core. The results are depicted in map 7-2.

15 CBS Statline 2010
16 CBS Statline 2010
7 CBS Statline 2010
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Map 7-2: Overrepresentation of age groups (2001). Source: CBS Statline 2010

An overrepresentation of the age group 15-24 is the most uncommon type. The specific over-
representation in the cities of Leeuwarden and West-Terschelling can be explained by the
high number of students connected to the educational facilities there. The most overrepre-
sented age group in the large cities of Heerenveen and Dokkum as well as in some medium
sized cities (St. Annaparochie, Kollum, Oosterwolde, Gorredijk, Wolvega, Joure, Balk and
Bolsward) is the group of 65 years and over. This might be related to the high level of ameni-
ties in these cities and specifically the retirement homes (see chapter 9). The remaining three
age groups are often overrepresented in the cores surrounding the large cities in Fryslan.

7.1.3. Average household size

As stated in chapter 3 the average household size is a topic closely linked to the theme of
housing and therefore to population development. The vacancy rate of houses asides, the in-
habitants, number of houses and average household size per core are interrelated according
the following formula:

Number of inhabitants = average household size X number of houses

Of these three factors the number of houses for each core is the most stable factor. Increasing
and decreasing the housing stock is slow. The planning and building of new residential homes
costs a considerable amount of time and money whilst demolishment of surplus houses is of-
ten regarded as important disinvestment. This implies that the change in the number of inhabi-
tants is most directly influenced by a change in average household size.
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The current demographic trends in Fryslan show a stable population development, but still a
thorough growth in the number of households'®. This implies a drop in average household
size. This will most strongly affect the cores with a high average household size: here a transi-
tion form large families into smaller household units will occur most. With the housing mar-
ket being slow, the newly created households may be forced to leave the core, leading to
population decline in the core of origin.

The average household sizes in Fryslan in the year 2001 ranges between 1.85 (Leeuwarden)
and 3.80 (Swichum)'®. The spatial spread of the average household sizes per core is depicted

in map 7-3.
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Map 7-3: Average household size per core (2001), Source: CBS Statline 2010

A small average household size can be identified in large cities as well as in small villages.
The top 25 of smallest average households includes cities like Leeuwarden, Heerenveen,
Sneek, Harlingen and Drachten. A large average household size is generally caused by a high
number of large families with multiple resident children. Small households are often consist-
ing of young adults or students on one side, or elderly without residing children on the other
side. Young adults and students often live in large cities, while elderly people live in the cities
as well as on the rural countryside. The rural parts of Fryslan with a relative lack of large
families (e.g. the Wadden Islands), have a low average household size.

'® Province of Fryslan 2010b
" Province of Fryslan 2010c
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7.2. Hypotheses

Combining the above mentioned three population characteristics with population develop-
ment leads to the generation of a set of seven research hypotheses.

Based on the fact that population decline in the Netherlands is predominantly occurring in

small municipalities without large cities:

PC 1 There is a positive correlation between the number of inhabitants and population de-
velopment

Based on the age migration schedule (figure 3-4) and underlying explanations combined with

the influence of the size of the reproductive age group on natural increase:

PC 2 There is a positive correlation between the relative proportion of the age group 0-14
and population development

PC 3 There is a positive correlation between the relative proportion of the age group 15-24
and population development

PC 4 There is a positive correlation between the relative proportion of the age group 25-44
and population development

PC 5 There is a negative correlation between the relative proportion of the age group 45-64
and population development

PC 6 There is a negative correlation between the relative proportion of the age group 65+
and population development

Because of the anticipated large influence of the average household size on the local housing

market:

PC 7 There is a negative correlation between average household size and population devel-
opment.

7.3. Methodology

To test the research hypotheses for this chapter a specified methodology is needed. This
methodology is based on the general methodology described in chapter 5. The used data is
briefly introduced in this section, but details can be found in appendix A.

7.3.1. Population size

For the population per core data from the CBS is used, containing the number of inhabitants
in the year 2000 for all the 416 Frisian cores™’. Numbers are absolute and not rounded. The
classification for the data is into 5 classes according to the Regional plan of Fryslan as de-
picted in table 7-1*".

2% Province of Fryslan 2010c
*! Province of Fryslan 2006
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7.3.2. Age composition

Age composition data is derived from CBS Statline®. The original data offered by CBS Stat-
line is not on the spatial level of the 416 Frisian cores, but it is presented on the scale of the
neighbourhood level. Used are the absolute number of inhabitants per neighbourhood in 2001
and the proportional distribution of this population over the five specified age groups in per-
centages. These proportional age distributions are calculated into age group sizes in absolute
numbers per neighbourhood. Individual neighbourhoods are grouped into the structure of 416
Frisian cores, summarizing the absolute figures of each age group. These absolute numbers
are converted into proportional percentages per core.

It has to be noted that the proportional group sizes given by the CBS are round of percentages,
without decimal precision. This implies a small deviation, propagated in the aggregated age
group composition per core. There are 26 cores with no data about age composition; most of
them are of a very small size. The 390 cores with a known age composition are divided into
five groups with an equal number of cores, by means of a quantile classification. The division
into the five quantiles means that class 1 stands for the 78 cores with the lowest percentage of
the inhabitations in that age group and class 5 represents the 78 cores with the highest per-
centage of that age group.

7.3.3. Average household size

The average household size data is generated in a similar fashion as the age composition.
Source data from CBS Statline is on neighbourhood level, which is aggregated into average
household sizes per core. The 395 cores with a known average household size are divided into
5 quantiles, similar to the quantile classes of the age composition.

7.4. Population characteristics versus population development

The link between population characteristics and population development leads to the out-
comes described below.

7.4.1. Population size

For all five of the size classes determined by the province of Fryslan the ratio between grow-
ing and declining cores is calculated as well as the mean average population development rate
with the associated standard deviation.

Table 7-3: PC 1. Number of inhabitants versus population development

N Grow Decl Ratio Mean SD

Class 1: 15000-83704 inhabitants
Class 2: 5000-15000 inhabitants 17 15 2| 7.50
Class 3: 1500-5000 inhabitants 52 31 21| 148
Class 4: 500-1500 inhabitants 118 65 53| 1.23
Class 5: 4-500 inhabitants 225] 101] 124| 0.81

Total 416 216] 200| 1.08

22 CBS Statline 2010
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The highest average yearly population growth is occurring in the four largest cities of Fryslan:
Leeuwarden, Drachten, Sneek and Heerenveen. Their average growth figure is 0.71 % per
year and that is almost double the average provincial growth rate of 0.37 %. Completely in
line with the provincial average is the class of cores with a population between 5000 and
15000 inhabitants. The remaining three size classes show below average population growth,
but still in the positive range per size class. Only in the class of cores with less then 500 in-
habitants more cores are declining than growing. From this classification into five classes a
clear correlation between core size and population development can be determined.

It can be stated that the four largest cities, with their high absolute number of inhabitants, are
very important factors in the provincial population development. Therefore it is necessary to
make a distinction between the average provincial population development of 0.37 % (domi-
nantly influenced by the highly populated main cities) and the average population develop-
ment per core of 0.12 %, where each residential unit has the same input.

7.4.2. Age composition

The age composition per core is a combination of five age groups, together making up the
total population. The assumption is that the proportional size of an age group in 2001 is influ-
encing the population development between 2000 and 2008.

Table 7-4: PC2. Proportion of age group 0-14 versus population development
N Grow Decl Ratio Mean SD

Unknown 26 16 10| 1.60
Q1:7-18.735 % 78 42 36| 1.17
Q2: 18.736-20.151 % 78 41 37 1.11
Q3:20.155-22 % 78 41 37 1.11
Q4:22-24.381 % 78 39 39| 1.00
Q5:24.49-35.644 % 78 37 41| 0.90

Total 416 216] 200| 1.08

The most striking observation is that cores with an unknown age group distribution have the
highest average population growth. This can be explained by the fact that these often small
cores are outliers regarding population development.

Concerning the proportion of the age group of 0-14 no large differences between the classes
can be determined. There seems to be no correlation between the proportion of the age group
0-14 in 2001 and population development over the period of 2000-2008. The bulk of this
group is expected to continue living with their parents during the research period.
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15-24 versus population development

N Grow Decl Ratio Mean SD

Table 7-5: PC3. Proportion of age group

Unknown 26 16 10| 1.60
Q1:1-9.091 % 78 41 37 1.11
Q2:9.139-10.891 % 78 48 30| 1.60
Q3:10.891-11.943 % 78 44 34| 1.29
Q4:11.962-13.289 % 78 39 39 1.00

Q5: 13.304-22 % 78 28 50| 0.56
Total 416 216] 200| 1.08

The relative size of the age group 15-24 shows more differences. The smaller the proportion
of this age group, the higher the average population growth per core. The lowest quantile is
with 0.48 percent annual growth well above the provincial average and the average growth
figure per core. Population growth numbers decline when the proportion of the age group of
15-25 increases, up to an annual population decline of 0.45 of the highest quantile.

These findings are in contradiction with the theory that cities with a large population of in-
habitants in their early twenties usually have a relatively high population growth. This theory
implies that these youngsters are students and that the cities are student cities. In Fryslan these
are only Leeuwarden and West-Terschelling. Leeuwarden is a student city with three higher
education institutions where West-Terschelling is a peculiar exception with a maritime educa-
tional institution located in a relative small community. The ratio of student cities against
non-student cities is two against 414 in Fryslan, hence explaining the low impact of student
cities in the provincial demography.

Also the assumption that all persons in the age group 15-24 are students or young profession-
als is not true. The range of he age group 15-24 includes many people that were a teenager
living with their parents in 2001, but became adult and left the parental home in the years fol-
lowing 2001. So it can be concluded that there is a correlation between the size of the age
group 15-24 and population development, but the other way round than initially expected: a
relative small size in 2001 leads to the highest average growth.

Table 7-6: PC4. Proportion of age group 25-44 versus population development

N Grow Decl Ratio Mean SD

Unknown 26 16 10| 1.60
Q1: 15.842-26.733 % 78 32 46| 0.70
Q2:26.765-28.776 % 78 35 43| 0.81
Q3: 28.779-30.386 % 78 37 41| 0.90
Q4:30.414-32.09 % 78 45 33| 1.36

Q5: 32.118-40.594 % 78 51 27| 1.89
Total 416 216] 200| 1.08

Regarding the proportional size of the age group 25-44 a somewhat linear correlation can be
identified, exemplified best in the highest quantile. A large proportion of the age group 25-44
leads to a higher average yearly population growth. An explanation for this situation is that
25-44 is the age group in their reproductive years, getting children in the years following
2001. This is corresponding with what was expected based on the theory.

62



Chapter 7: Population Characteristics

Table 7-7: PC5. Proportion age group 45-64 versus population development
N Grow Decl Ratio Mean SD

Unknown 26 16 10| 1.60
Q1:13.861-23.531 % 78 44 34| 1.29
Q2: 23.564-25.056 % 78 44 34| 1.29
Q3:25.06-27 % 78 52 26| 2.00
Q4:27-29.613 % 78 36 42| 0.86
Q5:29.703-57 % 78 24 54| 0.44

Total 416 216] 200| 1.08

The age group 45-64 also depicts differences between the five quantiles. The highest average
growth is in the class with the lowest proportion of this age group (0.33 %) and the lowest
growth in the class with the largest proportion (-0.32 %). So there is a correlation between the
relative size of the age group 45-64 and population growth, albeit not linear. The proposed
explanation is that this age group is migrating related to their retirement they want to spend in
a different environment.

Table 7-8: PC6. Proportion of age group 65+ versus population development

N Grow Decl Ratio Mean SD

Unknown 26 16 10| 1.60
Q1: 0.99-7.805 % 78 33 45| 0.73
Q2:7.867-10 % 78 40 38| 1.05
Q3:10-11.824 % 78 39 39 1.00
Q4:11.881-14.768 % 78 39 39 1.00
Q5:14.782-25.743 % 78 49 29| 1.69

Total 416 216] 200| 1.08

A correlation between the relative size of the age group 65+ and population development can
not be identified for the four lowest quantiles: all four annual population growth figures show
an around stable average. The quantile with the highest proportion of 65+ has with 0.21% an
above average annual population growth. This exception is explained by the fact that many
elderly people live in large cores with many amenities. That group of cores is showing posi-
tive population development figures.

7.4.3. Household size

Table 7-9: PC7. Average household size versus population development

N Grow Decl Ratio Mean SD

Unknown

Q1: 1.849-2.395 % 79 49 30| 1.63
Q2:2.4-2.508 % 79 43 36 1.19
Q3:2.51-2.66 % 79 44 35| 1.26
Q4:2.665-2.8 % 79 38 41| 0.93

Q5:2.8-3.8 % 79 29 50| 0.58
Total 416 216] 200| 1.08
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Similar to the age group composition the highest average population growth can be identified
in the cores that have an unknown average household size. Regarding the 395 cores with a
known average household size a prudent correlation can be identified: cores with a small av-
erage household size show higher average population growth than cores with large house-
holds.

This is in line with the expectations regarding the role of average household size regarding
demographic transitions and population development. A high average household size most
often represents large families. Families that where large in 2001 often face children leaving
the parental home in the years after 2001. When they leave the core, population decline oc-
curs.

7.5. Summary

The four largest cities of (Leeuwarden, Heerenveen, Sneek and Drachten) can be regarded as
the driving force of population growth in the province of Fryslan. The average annual popula-
tion growth decreases with each step down in size class and population decline is more com-
mon under the smaller cores.

Of the five researched age groups only one has a clear positive influence on population devel-
opment: the age group of 25-44. This group is responsible for growth through migration, but
particularly due to natural increase.

Two age groups have a negative influence on population development: the age groups of 15-
24 and 45-64. The latter can be explained by the fact that their children leave home and the
migration relate to their retirement. The negative influence of the proportion of the age group
15-24 is in contradiction with theory that suggests that cities with a large community of
youngsters are growing. This theory is only applicable on student cities, not on rural villages.
Also a large proportion of teenagers in 2001 leads to migration in the following years.

For the age group 0-14 and population development no correlations can be derived. Regarding
the age group of 65+ there is only a correlation between the top quantile and population
growth. Many elderly people live in relatively large cores with a high level of amenities,
which also tends to have above average population growth.

There is a correlation between household size and population development: cores with a low
average household size have a higher average annual population development than cores with
a higher average household size. This can be explained by the fact that cores with a large av-
erage household size have to cope more intensively with the demographical trend towards a
smaller average household size.
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8. Planning & infrastructure

The second theme of the conceptual model (figug® 13- planning and infrastructure. This
broad term is used to cover the topics that thev{pcial) government has a clear role in.
Topics include planning hierarchy, centrality, eowimental restrictions, infrastructure and
housing.

8.1. Planning & infrastructure in Fryslan

Of the theme of planning and infrastructure foysid¢e are researched: the planning system,
centrality in the Frisian and Dutch context, plarmrestrictions and the infrastructure.

8.1.1. Planning system

The settlement pattern of Fryslan is traditionatiych spread (see chapter 2). Not only small
villages are spread around the province, the cagesvell. This inherited spatial structure is
acknowledged and endorsed by the provincial govemimThe provincial government
introduced the planning concepts of spatial plagierarchy and urban concentration zones
in order to allocate, steer and restrict spatiaetmments

The spatial planning hierarchy consists out ofatierarchical types of settlement cdres
e Main cities

e Regional centres

e Remaining cores

The six main cities of Fryslan are Leeuwarden, bBirae, Heerenveen, Sneek, Harlingen and
Dokkum. These cities are regarded to be drivingofacin the provincial economy and
employment and they have high level amenities. Sikieen regional centres are determined
to spread amenities equally over the province. Assalt, almost entire Fryslan is within a 10
kilometre range of a regional centre. The thirdegaty consists out of the remaining cores.
They are not allowed to have large scale housingusiness expansions and major amenities
are limited. They are foreseen to rely on the urachregional centres.

The effect of this policy is that cores that areaohigh hierarchical class are expected to
expand, both economically as well as in populati®mall countryside cores on the other
hand are limited in their possibilities.

One further pseudo-hierarchical division of the agnng cores category can be made. Based
on recreational facilities, the provincial govermmeppointed 21 villages as recreational
cores. Together with the main cities and regioealtres these recreational cores are allowed
to develop large scale and intensive recreaticmlities’.

All types of planning hierarchy as mentioned abaredepicted in map 8-1.

! Province of Fryslan 2006
2 Province of Fryslan 2006
® Province of Fryslan 2006
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Planning hierarchy
@ Main city
B Regional centre
@ Recreational core
O Remaining core
Urban concentration |

[ ¥] )
5 lEcononnc core area

Alex de Jonge - GIMA 2010 024 8 1216

Map 8-1: Urban concentration zones and regional cares. Source: Province of Fryslan 2006

Surrounding the six largest cities of Fryslan coricion zones are appointed, as depicted in
map8-1. These urban concentration zones are meannhtentrate the allocation of new large
scale housing and business afe@kis is linked to the concentration versus deeemrration
discussion Urban concentration, or the concept of the compitg, is the norm in Dutch
spatial planning. This implies the spatial concatdn of population and economical
activities. Perceived advantages of spatial comaBah can be classified into four fields:
geography (e.g. less fragmentation and degradafi@pen space), economy (e.g. saving on
infrastructure), social (e.g. more diversity) amdieonmental (e.g. less energy consumpfion)

Next to the urban concentration zones economicad eceas are determined in the Frisian
Streekplan as well. These are areas following rhaghways in Fryslan and including main
cities’. There are two economic core areas: The A-7 zndéNestergo, following the A-31.

In figure 8-1 the annual developments in Dutch pajan concentration is charted with the
use of an “entropy measure”. A negative score mdaas municipalities with a low

population figure grow relatively harder than mupadities of a large size. From figure 8-1
can be derived that de-concentration was growingnsively from the 1950s to a peak in

* Fryslan 2006

® Louter 2009

®Voogd 1999

" Province of Fryslan 2006
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1973. FL(B)m the mid 1980s to 2007 a fluctuatingdreawards minimal concentration can be
identified”.
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Figure 8-1: Developments in spatial concentration fothe Dutch population, 1950-2008. Source: Louter

2009, p32.

Spatial concentration implies cores that are desegh as a main city, regional centre or
recreational core, or are located in a designatbdruconcentration area which are foreseen
to expand. This in contrast to the remaining cdhed have fewer opportunities and more
limitations. The relation between spatial concemiraand population development is closely
linked to the relation between population size padulation development, as described in the

previous chapter.

8.1.2. Centality
Economic development is never evenly distributecerogpace. Some areas are more
developed than others and unequal relations exist,is also known as the core-periphery
systent. This is evident on the scale of the world (depelb versus the undeveloped world),
the Netherlands (Randstad versus the edge-provihamsin Fryslan (Leeuwarden versus
countryside villages). Key of this system is tHare is a centre, where the power is located
and a remote, peripheral surrounding that is lesgldped. So being in the spatial centre is a

plus for development possibilities.
This concept is very much related to the hieraalhmanning system of the province as

shown in map 8-1. In its application the topic @ntrality is very straight forward: it is
assumed that places located far away from Leeuwafdetermined as the central city of

8 Louter 2009
® Knox & Marston 2004
101 outer 2009
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Fryslarth) or Amersfoort (determined as the central cityN#therland¥) have a lower
population development.

8.1.3. Environmental planning restrictions

(Spatial) planning is about steering of developmettterefore restrictions are an integral
aspect. Some of the most intense spatial resigtawe related to natural and environmental
preservation. In the Dutch planning system two epitg regarding this topic are leading: the
EHS and the National Landscapes.

The abbreviation EHS stands for “Ecologische Homédsuur”, which means ecological main
structuré®. The EHS is not one single type of nature, bus ian umbrella term for many
forms of natural land use that together forms aerielated network. The provincial
administration of Fryslan implements the EHS infthilowing structuré™

e Large existing forest and nature areas, incluthnge bodies of water

e New, enclosing nature areas

e Enclosing demarcated nature control areas

e Realized ecological connection zones, includingse@nections

The EHS is intended to strengthen the intrinsiauratqualities and therefore the spatial
quality of Fryslan®. To ensure these intrinsic natural qualities thtSEareas are limited in
land use opportunities. Because of the diversityhef EHS, not all types have the same
characteristics and limitations. But in generakigive economic and housing activities are
restricted. Therefore EHS is regarded to have athegimpact on population development.
The areas that are designated as EHS are depicheap 8-2.

1 Province of Fryslan 2006

12 Wikipedia 2010a

13 Province of Fryslan 2006

1 Ministerie van Landbouw, Natuur en Voedselkwalig€10
'3 province of Fryslan 2006

'8 province of Fryslan 2006
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EHS and National
Landscapes

B EHS

[E Noordelijke Wouden
[E Zuidwest Fryslan :

© Population growth
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@ Population decline

Alex de Jonge - GIMA 2010
Map 8-2: EHS and National Landscapes in Fryslan. Soce: Province of Fryslan 2006.

024 8 1216

National landscapes are areas with national ornat®mnal rare or unique features of the
landscape qualitié§ The spatial qualities of these areas are bothralaas well as cultural-
historical. According to the national spatial plamghact, the Nota Ruimte, the values of the
National Landscapes need to be protected by ligifinpulation growtt. In Fryslan this
limitation is less strict, there is space to copthwthe local housing needs, but in migration
has to be limitetf. Of the twenty Dutch National Landscapes two aeaied in Fryslan:
Zuidwest-Fryslan and Noordelijke Wouden, both degaién map 8-2.

From map 8-2 it can be derived that the EHS and\thtonal Landscapes do not strongly
coincide: they are both very different entitieseTEHS is more spatially scattered and aimed
at ecological preservation and the National Langssaare more focussed on integral
cohesion of nature, culture and history.

The perceived influence of these environmental rptam restrictions on the development is
negative. All the attached limitations reduce omidor the expansion of housing and thereby
population development.

" Ministerie van Volkshuisvesting, Ruimtelijke Ordieg en Milieubeheer 2004
18 Ministerie van Volkshuisvesting, Ruimtelijke Ordieg en Milieubeheer 2004
¥ Province of Fryslan 2006
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8.1.4. Infrastructure

A good transportation network is highly importawr the mobility of the inhabitants of
Fryslan and therefore the social-economical devety of the province. Well accessible
locations develop more spatial dynafflicSpatial dynamic can be regarded as intensive
interactions with social, cultural and economicapects. Therefore spatial dynamic is an
important aspect to attract employment, amenitnespopulation, it is a genuine pull-factor.

Planning hierarchy

= Highway

A Railway station

— Railway
Population growth A

Population decline

U \ s Km
Alex de Jonge - GIMA 2010 " N024 8 1216

Map 8-3: Main infrastructure of Fryslan. Source: Province of Fryslan 2006

Regarding the day-to-day accessibility of the Bngpopulation two transportation modalities
are of importance and depicted in map 3: roadsraitdays”, both depicted in map 8-3.
Main roads in Fryslan are the A7: North-Holland el®vard — Sneek — Joure — Heerenveen —
Drachten - Groningen, A32: Leeuwarden — Heerenve®fpolvega — Overijssel, A6: Joure —
Lemmer - Flevoland and the A31: Harlingen — Franekkeeeuwarden. These roads are major
factors in reducing travel time, so increasing asii®lity.

The province of Fryslan has two railway linkageshe rest of the Netherlands. The main
connection is from Leeuwarden via Heerenveen to llBvand the Randstad. The second
connection is the line Leeuwarden — Buitenpost en@igen. Next to these two external
connections there are two railway routes within fgnevincial boundaries: Leeuwarden —
Franeker — Harlingen and Leeuwarden — Sneek — &tavé clear hub in the Frisian railway
network is the city of Leeuwarden, all four linemaect here.

% Province of Fryslan 2006
L Province of Fryslan 2006
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The influence of accessibility can be seen sintdahe push- and pull factor analogy. A good
accessibility by car and train is assumed to hagesitive and a bad accessibility a negative
influence on population development.

8.1.5. Housing

As stated in chapter 3 housing has a large infle@rcmigratiof’. The topic of housing has
two components: quality and quantity. Quality isibally a subjective term and therefore
harder to measure than quantity. But the term tyjualn also be captured in numbers and
figures. Factors related to the quality of a hoase for example construction year, floor
space, building materials and energy efficiencycddse of this complex combination of
factors it is hard to apply and therefore omittexhf this research.

The relationship between the quantity of houses pogulation development can be
researched with more reliability. For each Fristane the growth in housing stock between
2000 and 2008 is known and depicted in map 8-4. rettetionship between housing and
population development is already described in grevious chapter on population
characteristics: the number of inhabitants is aftion of the average household size and the
number of houses in a core.

Development of housing
stock
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O Lowest quantile
@]
O
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. . 0 o Q \
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Alex de Jonge - GIMA 2010 7O 024 8 1216

Map 8-4: Development of housing stock between 20@dd 2007. Source: Province of Fryslan 2010c

22 Boyle, Halfacree & Robinson 1998
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Map 8-4 on the spatial distribution of housing &tdevelopment gives a mixed image. All
over the province cores with a growing housing lstand cores with a declining housing
stock can be identified. Even on the Wadden Islaswse villages have a growth in the
housing stock. Schiermonnikoog is the only island municipality with a decline in housing
stock.

8.2. Hypotheses

This chapter consists out of four topics, each whtir own set of research hypotheses. These
research hypotheses are described below.

Based on the trend of concentration of popula@onenities and employment:

PI'1 There is a positive correlation between the ramkthe planning hierarchy and
population development.

Pl 2 There is a positive correlation between being padn urban concentration area and
population development.

PI3 There is a positive correlation between being éran economic core area and
population development.

Considering centrality an important aspect in tbpylation development of Fryslan:

Pl 4 There is a negative correlation between the ditdige distance to Leeuwarden and
population development

PI5 There is a negative correlation between the tréwee by car to Leeuwarden and
population development

PI6 There is a negative correlation between the ditdige distance to Amersfoort and
population development

Based on the limiting effects of planning restoas regarding environmental quality:

P17 There is a negative correlation between the arkalcore that is determined as EHS
and population development

PI8 There is a negative correlation between being para National Landscape and
population development

Considering the importance of adequate infrastreabm population development:

PI9 There is a negative correlation between the traned by car to a railway station and
population development

Pl 10 There is a negative correlation between the tréve¢ by car to a main city and
population development

Pl 11 There is a negative correlation between the traned by car to a main city or regional
centre and population development

Pl 12 There is a positive correlation between being with5 kilometre radius of a highway
and population development

Based on the relations between housing, averaggehold size and population development:
Pl 14 There is a positive correlation between the graositthe housing stock and population
development.

8.3. Methodology

To test the hypotheses stated above, for each topmdditional methodology is described.
The correlation between the explanatory factors @opllation development is examined in
the same manner as before: each factor is classifi@ number of discrete classes that are
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compared on average annual population growth amdatto between growing and declining
cores within the class. A detailed description dltbe used data and classification can be
found in appendix A.

8.3.1. Planning hierarchy

Information about the planning hierarchy typesha tores is obtained from the regional plan
of the provincé®. This is obtained on the level of 416 cores. Ttedrine which cores are
within an urban concentration area or an econoroie area a spatial query is used in the
form of select by location.

8.3.2. Centrality

The straight distance between Leeuwarden and thainéng 415 cores is calculated using the
dataset of the 416 Frisian cafed or the calculation of the straight line distabesween the
416 cores and the centre of the Netherlands thedicmdes of Amersfoort are added. In the
RD coordinate system the coordinates are X: 15%008: 463006°. The travel time by car
to Leeuwarden is calculated by using a road netwatiset of OpenStreetMapHow this is
calculated is described in Appendix B.

8.3.3. Environmental planning restrictions

The calculation of the EHS ratio consists out o ®lements: the total area of a core and the
area of a core that is designated as EHS. Becaleseant spatial activities like housing,
amenities and businesses are usually land bashdbed figures are adjusted for open water
and wet EHS.

The determination of the cores that are locatedéna Nation Landscape is executed with the
use of a spatial query.

8.3.4. Infrastructure

The topic of infrastructure consists out of thrdeneents: railway stations, proximity of
highways and travel time by car to main cities eggional cores. The latter is done with the
same method as the travel time to Leeuwarden,msndix B.

Regarding the railways stations, they can alsodsevedd from the Streekplan FrysfanOf
the 25 Frisian stations two are not in a fully negwservice: Leeuwarden Achter de Hoven
and Heerenveen |Jsstadion, therefore they are emitom the analysis. The remaining 23
stations are spread over 20 cores: the cities etivarden, Sneek and Harlingen have two
railway stations. Travel time from cores withoustation towards a station is calculated with
the use of the generated OpenStreetMap networketatke described above.

The determination of the cores that are withinva &ilometre range of a highway is executed
with the help of a neighbourhood function withinGdS. A buffer of five kilometre is
generated surrounding the highways in the NWB etdset, the cores inside that buffer are
selected with a select by location functf8n.

% Province of Fryslan 2006

> ESRI 2010a

% Alberda & Ebbinge 2006, p.22
% OpenStreetMap 2010

" Province of Fryslan 2006

8 SWOV 2010
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8.3.5. Housing

Data about the development in the housing stodk@#16 Frisian cores is derived from the
CBS®. The average annual growth rate between the €08 and 2007 is calculated and
will be used as explanatory factor.

8.4. GIS results

The first topic of this chapter, planning hierarchyas no specific outcomes out of GIS
processing. The spatial layout of the planning drgry and urban concentration zones is
already depicted in map 8-1. The GIS results fer tdmaining three topics are described
below.

8.4.1. Centrality

Travel time by car to
Leeuwarden

o <10 min

o 10 -20 min

o 20 - 30 min

o 30 -40 min

@ 40 - 50 min

@ > 50 min

© Leeuwarden

@ Island village

— Shortest route

] Distance to Amersfoort

7 Distance to Leeuwarden

[ Outline main city
Population growth
Population decline

NI

Alex de Jonge - GIMA 2010 Te¥ T 2% 1216

Map 8-5: Travel time to Leeuwarden and distances theeuwarden and Amersfoort

Map 8-5 depicts the straight line distance fromheegre to the cities of Leeuwarden and
Amersfoort, as well as the travel time by car telearden. First thing that can be noticed is
that Leeuwarden is not the spatial centre of FrysfBhe provincial capital is located
approximately 13 kilometres north of the exact spaentre of mainland Fryslan. Regarding
the straight line distance to Amersfoort it canrnmgiced that the north-eastern part of the
province is located relatively far away from Ameisft and the Randstad.

29 Kerncijfers Fryslan
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The travel times by car to Leeuwarden conforms pastthe straight line distance. But main
roads like the A31, A32, N31 and N355 are intenfgricores closely located to these roads
show better accessibility than other cores withsidi@e straight line distance.

8.4.2. Environmental planning restrictions

Proportion of EHS per .
core

| |No EHS
D Lowest quantile

]

]

]

]

l Highest quantile

[E Noordelijke Wouden
ﬁ Zuidwest Fryslan

D Outline main city

© Population growth

® Population decline

= Km
024 8 12 16

Alex de Jonge - GIMA 2010
Map 8-6 Proportion of EHS per core

The ratio of the area of each core that is detexthes EHS is depicted per core in map 8-6.
The highest ratios are found on the Wadden Islafls.core with the highest EHS ratio of
mainland Fryslan is Nijetrijne (0.78). Main conamions of cores with high EHS ratios are
the nature rich borders regions of Fryslan (Laumeesrgebied, Drents-Friese Wold) and the

south-western lakes. Once again, the National leapks score mediocre on the element of
EHS.

8.4.3. Infrastructure

The four Frisian Wadden Islands and their coreslav exceptional position in relation to
infrastructure. Being disconnected from the maidlamplies that the islands don’t have
railways and have an exceptional high and irreguéasel time to mainland cores.
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Travel time by car to
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Map 8-7: Travel time by car to railway stations

From map 8-7 three areas can be derived that haskatase poor access to railway stations:
the northern coastal zone, Lemmer and surroundargs the south east corner of the
province. The first two areas are relatively splgrg@opulated. The lack of a railway
connection in the south eastern corner is more emhirDrachten, being the second largest
city of Fryslan, is the largest Dutch city withaary form of railway transportatidh This is
regarded as undesirable and a problem. Therefaerdhiway connection Heerenveen-
Drachten-Groningen is currently being plantfe@he extreme tip of the south-eastern corner
of the province is served by the railway stationAgEen, which is less than ten kilometres
from the provincial border.

%0 Wikipedia 2010b
%1 Nederlands Dagblad 2008
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Cores within 5 km of a
highway

@ Within

O Outside
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Alex de Jonge - GIMA 2010 Vo " G224 ¢ 1§

Map 8-8: Cores within a 5 kilometre radius of a higpway

Map 8-8 depicts the highways with their correspagdiive kilometre corridor. Out of the
416 cores, 187 cores are inside and 229 coresudsale the buffer zone. A large part of the
province has excellent access to highways; thewaitbahe most significant lack of highways
is the north-eastern part of the province.
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Map 8-9: Travel time by car to main cities

From map 8-9 four areas can be derived with pooessibility to the six major cities of
Fryslan: this is expressed in a travel time by @amore than 20 minutes. These areas are
south-west Fryslan, Buitenpost and surroundingsmrher and surroundings and De
Stellingwerven. The latter two areas have highefawnes to the main cities of Fryslan, but
cities in other provinces are relatively close. §are respectively Steenwijk (Overijssel) and
Assen (Drenthe). Across the border from Buitenpm the rural countryside of the province
of Groningen, South-West Fryslan is bordered byhter of the 1Jsselmeer.
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Map 8-10: Travel time by car to main cities or regbnal centres.

Focusing on the travel times from the cores towdhds major cities or regional centres
another pattern emerges (map 8-10). Zero cores daravel time of more than 20 minutes.
Additionally, only a small number of cores haveavel time between 15 and 20 minutes.

8.5. Planning and infrastructure related to populat ion
development

Connecting the planning and infrastructural topiath population development leads to the
following results. For some explanatory factors Wadden Islands depict some deviating
outcomes. The explanation for this situation isegin box 8-1.
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Box 8-1: Population development on the four Frisian Wadden
Islands

Out of the 18 cores on the islands of Vlieland, s€eelling, Ameland and
Schiermonnikoog ten cores are declining and 8 caresgrowing. The unweighted
average annual population development is with @@ hbove average, so that seems
contradictory. Regarding the absolute numbersdta population of the Frisian Wadden
Islands was 10,407 in 2000 and reduced to 10,212008. This makes a weighted
average population decline of 0.23 %. This dewiati@tween two calculation methogs
might imply a high impact of some (small) coreshmitigh average annual population
development on the unweighted figure. Because ©f tomplex situation and thge
extraordinary position of the Wadden Islands, thsy considered as deviant to mainlgnd
Fryslan.

8.5.1. Planning hierarchy

The planning hierarchy of Fryslan consists outaa genuine high hierarchy planning classes
(main cities and regional cores), a pseudo planhiagarchy class (recreational core) and the
group of remaining cores without a specified plagriierarchy. This is introduced in section

1.1.

Table 8-1: PI 1. Planning hierarchy class versus palation development

Grow | Decl Ratio Mean SD

Main city 6 0
Regional centre 6 16 0
Recreational core 41 12 9
Remaining cores 343 182| 191
Total 416] 216/ 200

There is a clear correlation between the plannirgralchy of a core and population

development. The main cities and regional centnesvssery high population growth figures.

All 22 cores are growing in population and the ager population growth rate is around 0.6
% per year. Recreational cores perform above aeaaad the remaining cores slightly below
average. It can be concluded that there is a ceaelation between the rank in the Frisian
planning hierarchy and population development.

lation development
Grow Decl Ratio Mean SD

Table 8-2: PI2. Urban concentration areas versus f

Inside urban concentration area

Outside urban concentration area B17169| 148
Total 416 169 148
Difference

The hypothesis is that cores within an urban camagan area show higher population

development figures than cores outside this areegause of the planning system that is aimed
at concentration. The result of the analysis is @ékact opposite of this hypothesis. Cores
inside a concentration area have a slightly belevo population development. The balance
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between growing and declining cores inside an udmtentration area gently tilts towards
decline. Cores outside an urban concentration hes@ a slightly above average annual
population growth.

This negative unweighted average annual populat@relopment figures do not mean that
the whole urban concentration zone is facing pdmralecline. In total the six concentration

zones grew with 10,496 inhabitants in the perio®@®2R008, making an average annual
population growth of 0.42 %. The six main citiepra are responsible for an eight year
growth of 10,483 inhabitants, almost all of thewgio of the urban concentration areas. So
these negative figures are caused by populatiohndeim the smaller cores. Splitting the

broad category of urban concentration areas in® $ix urban concentration areas
surrounding a specific main city leads to the failog results.

Table 8-3: PI 2. Six individual urban concentrationareas versus population development
Grow \ Decl Ratio Mean SD

Dokkum 8
Drachten 10 4 6
Harlingen 9 4 5
Heerenveen 24 16 8
Leeuwarden 2p 12 17
Sneek 15 7 8
Outside urban concentration areas 317169 148
Total 99 47 52

It can be concluded that only two urban concerinasireas deviate from the negative trend.
The urban concentration area of Heerenveen/Jowamaround average population growth
but a strongly positive growth/decline ratio and tirban concentration area of Sneek has a
strongly above average annual population growth.ef&planation for this overall negative
relation between urban concentration areas andlaii@u development might be the heavy
competition between large cities and the smallaurding villages. The main cities are
expanding at the expense of these smaller surrogrudires.

populain development

Gro Dec Ratio|Mean SD
A7 35 21 14
Westergo 37 16 21
Outside an economic core area B44 79| 165
Total 416 216| 200

Table 8-4: PI 3. Economic core area versus

Just like the previous hypothesis it is expected tores within a core economic area have an
above average population development. The two iddal economic core areas differ
strongly in between. The A7 zone (Sneek, HeerenvBeachten) has an above average
population growth, whilst the Westergo zone hasiaimal population development. The
ratio between growing and declining cores suppibrits outcome. The remaining cores that
are not located inside an economic core area hama average scores. There is a positive
relation between being in the A7 zone and populatievelopment and a negative correlation
between the Westergo zone and population develapmen
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8.5.2. Centrality

The topic of centrality consists out of the abselahd relative distance to Leeuwarden and
the absolute distance to Amersfoort.

population development
Grow | Decl Ratio Mean SD

Table 8-5: PI 4. Straight line distance to Leeuwardn versus

<10 km

10 — 20 km 11% 58| 57
20 — 30 km 132 67| 65
30 — 40km 87 50 37
> 40 km 38 20 18
Total 416 216/ 200

There does not seem to be a clear correlation leetivee population growth per core and the
straight line distance to Leeuwarden. Three clagegsgct an almost stable average annual
population development and two an above averageanpopulation development. The
distribution of these groups is unclear.

population development
Grow Decl Ratio Mean SD

Table 8-6: PI 5. Travel time by car to Leeuwarden grsus

<10 min

10 - 20 min 76 42| 34
20 — 30 min 119 62| 57
30 — 40 min 127 65| 62
40 — 50 min 48 28| 20
> 50 min 14 6 8
Island village 1§ 8 10
Total 416 216/ 200

Focusing on travel time by car to Leeuwarden irtsteastraight line distance shows an even

more unclear pattern. Therefore no correlation betwthe travel time to Leeuwarden and

population development can be determined. Both tgses about the central role of

Leeuwarden in relation to population developmermidi® be rejected. Leeuwarden cannot be
regarded as the one primate city of the provin@xaBse both the absolute and the relative
distance to Leeuwarden do not show clear outcoinean not be determined which measure
is more applicable.
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population development
Grow Decl Ratio Mean SD

Table 8-7: PI 6. Straight line distance to Amersfod versus

<90 km

90 — 100 km 79 43 36
100 — 110 km 4 43 31
110-120 km 79 41 38
120 — 130 km 5p 27 28
> 130 km 78 33 45
Total 416 216, 200

Regarding the balance between growing and declioomgs over the six classes there seems
to be a correlation between the straight line distato Amersfoort and population
development. Looking at the average annual poulatevelopment a linear correlation can
not be identified. Only for the two most outer shiethe area of Northern Fryslan, a clear
negative correlation is identified. Overall, theretation between the straight line distance to
Amersfoort and population development can not Wb fadopted, but there are leads to
assume there is a relation between distance tBdhestad and population development.

8.5.3. Planning restrictions

The influence of planning restrictions on populatidevelopment is exemplified in the

percentage of the areal of each core that is daggnas EHS. 158 cores are completely
outside the EHS zoning, the remaining 258 coreslarded into six quantiles based on EHS
areal.

Table 8-8: PI 7. Percentage of EHS areal versus polation development
Grow Decl Ratio Mean SD

No EHS

Q1: 0-1.427 % 48 22| 21
Q2: 1.484-5.951 % 4 24| 19
Q3: 6.126-13.208 % 43 23] 20
Q4: 13.261-21.332 % 43 28| 15
Q5: 21.447-34.622 % 43 24| 19
Q6: 35.402-96.316 % 43 20| 23
Total 416| 216 200

The relation between the EHS areal quantile andulatipn development seems very
fluctuating. The quantile with the highest averagaual population development has a very
high standard deviation: which implies that it tsoagly influenced by population growth
extremes. Overall, no clear correlation between plkecentage of EHS and population
development can be identified.
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populiain development
Grow | Decl Ratio Mean SD

Table 8-9: PI 8. National Landscapes versus

Inside a National Landscape

Outside a National Landscape 310163| 147
Total 416] 216/ 200
Difference

It can be derived that the 53 cores that are ldcatside a National Landscape have a
considerable lower average annual population dewedmt than the other cores. The main
explanation for this situation is the fact that tik® national landscapes are located in rural
and peripheral parts of the province. The bordersleawn to exclude main cites and regional
centres like Bolsward, Sneek, Lemmer, DrachtengBuor, Buitenpost and Kollum. Those

cities are growing cores of Fryslan. The hypothdbet there is a negative correlation

between national landscape and population developoag be accepted.

Comparing the limiting force of environmental régtons on population development the
National landscapes have a more clear correldtian the EHS.

8.5.4. Infrastructure

The research on infrastructure consists out ofetletements: railway stations, travel time by
car to main cities and travel time by car to maittes or regional cores. Because of the
exceptional position of the Wadden Island in relatio infrastructure as well as population
development they treated special (see box 8-1).

population development
Grow Decl Ratio Mean SD

Table 8-10: PI 9. Travel time to railway stations ersus

Core with station

<5 min 49 26 23
5-10min 128 63 65
10 — 15 min 93 51 42
15— 20 min 71 34 37
> 20 min 37 19 18
Island village 1§ 8 10
Total 416 216/ 200

Out of the analysis results a clear division inrage annual population development rates can
de derived. Cores that either have their own rajlstation or are within a five minute car
travel time of a station clearly have a higher gapon growth than cores located further

development can be identified.
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Table 8-11: PI 10. Travel time by car to main citis versus population development

Grow | Decl Ratio Mean SD

Main city

<5 min 10 2 8
5—-10 min 97 42 55
10— 15 min 138 77 61
15 - 20 min 92 55 37
20 — 25 min 30 14 16
> 25 min 25 12 13
Island village 1§ 8 10

Total 416] 216/ 200

As concluded from the analysis on planning hienatttie main cities show an above average
population growth. Focusing on the remaining maidlaores a particular curve can be
identified in the relation between travel time taim cities and population development.

Villages very close to a main city show populatd&tline, whilst core with 10-15 minutes of

travel time from main cities show the highest agerannual population growth. The

population decline figures of the villages closéstthe main cities are related to the
population decline of cores inside the urban cotredon zones. Regarding the research
hypothesis a slightly more complex correlation baridentified.

Table 8-12: P1 11. Travel time by car to main citis or regional centres versus population development
Grow \ Decl Ratio Mean SD

Main city or regional center

<5 min 45 17 28
5— 10 min 228 112| 116
10 — 15 min 89 50/ 39
> 15 min 14 7 7
Island village 1§ 8 10

Total 416] 216/ 200

Again main cities and regional centres top thedisaverage annual population growth per
core. Also the villages nearby these main cities @@gional centres again show population
decline. This might be related to the populatiowveli@ment in the urban concentration
zones. Curiously, the 14 cores located the furthesty from the high hierarchical cores show
a high average annual population development, larernores are declining than growing.
The correlation between travel time to main citesd regional centres and population
development is less clear compared to the corogldietween travel time to main cities only
and population development.
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population development
Grow\DecI Ratio Mean SD

Table 8-13: Pl 12. 5 kilometre zone from highway vsus

Within 5 km of a highway
Not within 5 km of a highway 200 114| 115
Total 416 114| 115
Difference

Cores that are within a five kilometre radius dfighway have an average annual population
development of 0.21 %. This is 0.15 % higher thares outside that zone. Concerning the
growth/decline ratio the differences are more modgst overall, it can be concluded that
there is a correlation between being within fivéokietres of a highway and population
development.

8.5.5. Housing
Table 8-14: Pl 13. Development of housing population development

Grow Decl Ratio Mean SD

stock vaurs

Decrease

Stable 84 29 55
Q1: 0.044-0.0275 m 25 46
Q2: 0.275-0.53 7L 33 38
Q3: 0.531-0.85 7L 48 23
Q4: 0.851-27.262 mn o4 7
Total 416 216/ 200

It can be concluded that there is a very strongetation between the growth in housing stock
in the period 2000-2007 and population developmBoth in average annual population

development as well as in the ratio between growaimd) declining cores. The average annual
population development of the 71 cores with thehégy growth in housing stock is very

extreme with 1.23 %, albeit with a high standardial&on too. It has to be noted that this

strong correlation has to be interpreted in botleddions. An increase in the number of
houses is leads to a positive population developraed a positive population development
leads to a growth in the housing stock.

8.6. Summary

Related to the subject of planning and infrastmectu selection of GIS techniques is used. A
spatial query is used to determine the cores inailairban concentration area. An area
measurement function is used to calculate the ptopoof the areal of each core that is
designated as EHS and distance measurement fusetierused to calculate the straight line
distance from the cores to Leeuwarden and Amersfddext to the absolute distance the
relative distance can also be computed by meaascohnectivity function: the travel time by

car between the cores and respectively the nesaidstly station, main city, regional core

and Leeuwarden is calculated.

The highest average annual population growth camdmtified at the 22 cores of the main
cities and regional centres. They show a populajromvth figure of almost twice the average
annual population growth of the recreational cofdg remaining cores still show an average
annual population growth figure, but more of thesees are declining than growing. The
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relationship between urban concentration areaspapdlation development is different than
expected. It appears that the main cities are grgvat the expense of small villages
surrounding those main cities.

The factor of centrality related to Leeuwarden ahmersfoort does not correlate with
population development. Also a relation betweenréi® of EHS in each core and population
development can not be identified. Both topics @ftcality and planning restrictions can not
be determined as influential on population develepin

Considering the topic of infrastructure railwaytstas have a correlation with population
development. It can be identified that cores thttee have an own railway station, or are
within 5 minute travel time from one have a striin higher average annual population
growth. Travel time by car to main cities and/ogiomal centres show a little more diffuse
correlation with population development. The fgkell around the cores with a high planning
hierarchy show an annual population decline, simita the urban concentration areas
outcome. For the travel time to the main citiesyprd negative linear correlation with

population development can be identified. For trdwee to main cities or regional centres
this correlation is less present.
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9. Amenities & economy

The third theme in the conceptual model (figure) 3s2he combined theme of amenities and
economy, both regarded as push — and pull factdrs.topic of economy in this research is
exemplified by the topic of employment.

9.1. Amenities & economy in Fryslan

As introduced in chapter 3 a link between a decimamenities and population decline is
often assumed in a general context. It is conndayatie interlinking topics of liveability and

social cohesioh A high level of amenities in an area can be mgaras a pull factor while a

relatively low level of amenities can be determimasda push factor.

The term amenities is closely linked with the tezenvices, although a distinction needs to be
made. An amenity can be defined as “a useful dratae feature of a placéand a service as
“a system supplying a public need such as transppuitilities such as wateY"The practical
distinction is that amenities have a fixed physioahtion and services are footloose and often
brought to the beneficiary. This research puts $amu the influence of the fixed spatial layout
of amenities on population development.

Focussing on the situation of the province of Fgghe broad term amenities can be defined
in more detail. The provincial administration det@res seven basic types of amenities that
are of importance These seven amenities are listed below with betwike parentheses the
most explicit examples:

e Education (primary school)

e Health care (general practitioner)

e Social-cultural (community building)

¢ Retail (supermarket or village shop)

e Business services (bank or postal agency)

e Welfare (nursing home)

e Public transportation (train station or bus stop)

The importance of the locations of these spatiatfighored amenities is not the same for each
subgroup of the population. For persons that asdtlne mobile and prosperous it is no prob-
lem to travel towards amenities. But people thatyarung, old, less vital or less wealthy trav-
elling is not so self-evident and they are moreetielent on locally based amenitiea per-
ceived result of this is the out migration of th@spulation groups, declining the base for the
amenities even more. This can be regarded asausicircle that is hard to bréak

! Province of Fryslan 2006
2 AskOxford 2010a

¥ AskOxford 2010b

* Province of Fryslan 2010e
® Province of Fryslan 2010a
® Province of Fryslan 2010a
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The relationship between amenities and populatexeldpment is two-way. Amenities influ-
ence population development and population devedopieads to changes in the structure of
amenities. A close relationship between demographitd amenities is not totally uncon-
tested. Van Dam et al sketch a situation of supl¢ demand, where the changing behav-
iours of providers and customers are more impoffanthe support of amenities than devel-
opments of the population or the househbldis is most clearly manifested in the open
market of the retail sector, but it also applies dther amenities. Spatial concentration and
increase of scale are mainly caused by changinguroer behaviour (a mix of increased mo-
bility, changing lifestyles and changing preferesjcand business factors (operation costs,
scale advantages). Demographic changes are patdeivanly have a stimulating or muting
effect on these autonomous developments and viseve

9.1.1. Education

The first amenity that is a subject of researatdigcation. Omitting schools for special educa-
tion, the Dutch school system can be classed imtotfpes of education For each type a
typical service area size can be determined. Thecgearea size is basically reversed propor-
tional with the number of available facilities. Maaf the individual schools are collaborating
in or are merged into one large school board. Rixgaithe secondary schools and vocational
education it is often the case that there is onm megation and multiple annexes in smaller
villages.

Table 9-1: Types of education

Service area Number in the | Number in Number of cores

Netherlands Fryslan® in Fryslan
(2008)-°

Primary Neighbourhood or 6898 505 260

school (multiple) villages

Secondary| Municipality 647 29 28

school

Vocational| Region 60 3 8

education

Higher Province 36 4 2

education

University | Part of the country 12 0 0

The Dutch school planning system does not knowctreept of school districts. Therefore

there are no limited service areas for schools. ltioed with the various types of denomina-

tions, this leads to the situation that schoolsehaverlapping and fuzzy service areas. The
most widely spread type of education are the piynsahools. Also primary schools are often

named as an important factor regarding populaterebpment.

" Van Dam et al 2008

8 van Dam et al 2008

° Sectorbestuur Onderwijsarbeidsmarkt (SBO) 2010

19 Sectorbestuur Onderwijsarbeidsmarkt (SBO) 2010

" Primary school: DUO-CFI 2008; Secondary schoatvitice of Fryslan 2010d;Vocational education: Fagsl
2010d; higher education: Opleiding.net 2010; Manitilnstituut Willem Barentsz Terschelling 2010

2 province of Fryslan 2010a
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Primary schools
@Primary school present o
ONo primary school
[IOutline main city
Population growth

Population decline o

Alex de Jonge - GIMA 2010 o 024 8 12 16
Map 9-1: Primary schools. Source: DUO-CFI 2008.

In the whole of Fryslan there are 505 primary sthocations which are distributed over 260
villages, which makes that 62.7 % of the Frisiareschave a primary schddl The spread of
villages is depicted in map 9-1, from what can b&d that the villages in the south-east of
Fryslan very often have a primary school. This barrelated to the fact that these villages
generally have a relativily large population (sespni-1). Additionally it can be derived from
comparing both maps that the larger cores gendnallg more primary schools.

The average school size in Fryslan is 134 pupimpared to the national average of ¥25
Many small schools are under threat of closure Umxaf their small size. The legally im-
posed érglinimum school size differs per municipalityt closure forms a threat for many
schools”.

Another related aspect about primary schools iddbethat they differ a lot. The basic form
of primary schools is the public school; independ#meligious believe, life stance or educa-
tional vision. Primary schools differ from the pigdchools on one or more of these grounds.
Common religious denominations are for example @athChristian Reformed, Jewish and
Islamic. Also primary schools can differ on thettueational philosophy, like Dalton, Mon-
tessori and Jenaplan educational metHodtaving choices in school options can be regarded
as a pull factor for migrating young parents.

'3 partoer 2008

 Province of Fryslan 2010a

'3 province of Fryslan 2010a

16 Sectorbestuur Onderwijsarbeidsmarkt (SBO) 2010

91



Using GIS in Analyzing Population Development

9.1.2. Health care

The Netherlands National Institute for Public Healhd the Environment (Rijksinstituut voor
Volksgezondheid en Milieu/RIVM) defines seven basgjes of health care, divided into first
line and second line care. First line health carepgen and directly accessible for everyone,
whilst second line health care is more specialaed needs referral from a first line health
care entity"’

For the whole of the Netherlands two distance measents are known related to each type
of health care: the average distance and the 8@ééttold distanc¢& The latter indicates the
distance where 80 % of the Dutch population livethiw. Both distance measurements state
the distance between the resident’s home and aedstacility.

Table 9-2: The Dutch health care system and averagand threshold distances
Average distance (in km}® 80% threshold distance (in

km)20
First-line:
General practitioners 1,1 1,6
Physiotherapists 2,2 3,1
Pharmacies 1,3 1,7
Obstetrician 3,6 5,5
Children’s health care 1,7 2,5
Second-line:
Hospitals 7 11,7
Nursing homes 3,7 5,2

Of this list general practitioners (GP’s) can béedained as the most widely spread type of
health care. The general practitioner is oftenfitis¢ contact when facing medical complaints
and thereby frequently visited. Overall, a generalktitioner is the type of health care most
related to liveability and therefore population ei@pment.

" Ministerie van Volksgezondheid, Welzijn en Spadi@
18 RIVM Zorgbalans 2008
9 RIVM Zorgbalans 2008
2 RIVM Zorgbalans 2008
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Map 9-2: General practitioners. Source: ROS Fryslan 2008

In the province of Fryslan there are 228 practaead over 110 cores in 26§%s depicted

in map 9-2. Again the cores with a high populati@mve more general practitioners. In the
south-western half of the province relatively mamoyes can be detected without a general
practitioner. This coincides with the fact thatsbere often small villages.

%! Regionale Ondersteunings Structuur (ROS) FrieskOos
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9.1.3.  Social-cultural
An important aspect of the liveability in a villagethe social-cultural community [#& This
community life can only flourish when there is & space to congregate in the village. A
community building is therefore regarded as a paeigte for a successful community life.
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Map 9-3: Community buildings. Source: Doarpswurk 20 08

230 out of the 416 cores in Fryslan have a communiflding, see map 923 It has to be
noted that many large towns and cities do not hawkesignated community building. But
those cities are foreseen to have sufficient faedito accommodate social activities. Regard-
ing the designated community buildings the spalistribution is quite even.

2 province of Fryslan 2010a
3 Doarpswurk 2008
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9.1.4. Retail

Changes in the retail business can be linked toyncanses. Support for retail amenities is
only partially dependent on the total number ofainitents of an area. More important are
changes in shopping behaviour of consumers andidocdecisions by retaile’s The most
common and daily type of shopping is shopping facgries. This includes shops as baker-
ies, greengrocers and butcheries, but the mosbprieant form of grocery shopping is the
supermarket.
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Map 9-4: Supermarkets. Source: Province of Fryslarz010d

In Fryslan 280 individual supermarkets can be ifiedt divided over 118 corés The spa-
tial distribution is depicted in map 9-4. In thestern parts of Fryslan relatively fewer vil-
lages have a supermarket; this might be relatdidetoelative small size of these villages.

4\an Dam et al 2008
% Province of Fryslan 2010d
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9.1.5. Business services

Next to retail, business services are an imporaapect of daily live. Examples of business
services are banks, postal agencies and ATM’s. |IBeop often in need of these services, so

it can be regarded as a basic amenity relatedeallility.

Banks and postal agencies are not totally equivalantheir delivered services. Banks are
primary front offices for large financial institotis where banking and insurance activities
can be arranged. Postal agencies are more focossednding and distribution of post and
packages. The common denominator is the optiobt&aimmoney at both offices.
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Map 9-5: Banks and postal agencies. Source Province of Fryslan 2010d; TNT Post 2009.

The spatial distribution of cores with a bank ddfior a postal agency is depicted in map 9-5
and shows an even patt&tnAgain the cores with a high population have npidtibanks and

postal agencies.

% Province of Fryslan 2010d; TNT Post 2009
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9.1.6.  Public transport
As stated in the introduction of this chapter: ee¢ry person has the same mobility. Healthy,
affluent middle aged people often own a car andtaeefore highly mobile. Two groups that
are not car mobile are the elderly and the youtherd@fore they are dependent on public
transport.
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Map 9-6: Access to public transportation: Source Pr  ovince of Fryslan: Verkeer & Vervoer 2009

In Fryslan public transportation consist out ofrtrand bus routes. The train connections and
the importance of railway stations are describatiezan this chapter. The bus routes are all
regular, scheduled routes. Out of the 416 Fris@es 372 cores are served by some form of
public transpoft. This makes 89.6 % of all the cores. The spaiigttidution of the cores
with public transportation access is depicted ipra#&. Most regions have very dense public
transportation coverage, only some gaps can bdifiéenin the east and the south of the
province. The explanation for the widespread naputdic transportation is the recently abol-
ished Provincial policy that each core of over 2@fabitants needs to have access to public
transportation.

Regarding the concession zones the Wadden Islaththarcity region of Leeuwarden have a
full coverage. The two largest public transportatemncession zones are North- and South-
West Fryslan and South-East Fryslan. Of those twaession zones the North- and South-
West definitively has a better coverage.

%" Province of Fryslan: Verkeer & Vervoer 2009
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9.1.7. Welfare
As stated above the elderly and less vital are egkile and therefore more dependent on
local amenities. The most intensive form includieiinal residency for people that are not
able to live independently due to (physical) haapggor old age. The umbrella term for such
kind of entity is nursing home. Because nursing é®mave resident clients, it has an influ-
ence on population development of a core.
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Map 9-7: Cores with a nursing home. Source: Partoer 2008

In the province of Fryslan there are 84 nursing ésnspread over 49 cof@sThe spatial
distribution of the cores with nursed living is dgpd in map 9-7 and the distribution pattern
Is quite even. Regarding the number of nursing fsopee core the main cities stand out, sup-
plemented with the towns of Bolsward and Wolvega.

9.1.8. Complete cores

Each individual type of amenity is of importance tbe liveability, but the mix of available
amenities in each core is also relevant to theabugy and population development. Follow-
ing a holistic motto of “the whole is more than gen of its parts” might be even more im-
portant. Cores that are regarded to have a suificiex of basic amenities are determined as
complete cores. Although the term complete core is an importamoept no strict definition
can be given. The best applicable definition islétermine cores that posses six or seven out
of the seven basic amenities are regarded as ctergaee’. Complete cores are regarded to

*8 partoer 2008
29 Province of Fryslan 2006
%0 Province of Fryslan 2010e
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have sufficient facilities to offer. Inhabitants dot have to leave the village on a regular ba-
sis in order to fulfil their needs.
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Map 9-8: main cities, regional centres and complete cores. Source: Province of Fryslan 2006.

The complete cores are depicted in map 9-8. Allsikemain cities and 16 regional centres
have at least six of the seven described basic iiegrso they are complete cores as well.
The spatial distribution can be described as even.
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9.1.9. Employment

In the year 2006 there where in total just ove088,employment locations in FrysfanAn
employment location is a work location where emplksy are registered to carry out paid
work. These locations can include company and azgéon’s headquarters as well as an-
nexes. The spatial spread of these employmentidmsais depicted in map 9-9.
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Map 9-10: Employment locations 2006. Source: Provin  ce of Fryslan 2010d

It can be noted that many employment locationd@ured in the cities: main cities as well as
regional centres. The eastern part of the provaise seems to have a high number of em-
ployment locations.

Regarding employment there is an important dividietween site and situation. Each core
has its own internal employment, but of course ma@gple are not employed in their resi-
dential core. Therefore the measure of the numbgabg within a certain distance from each
core is deemed of more importance.

%1 Province of Fryslan 2010d; this dataset doesmwtile employment in the agricultural sector
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9.2. Hypotheses

On the theme of amenities and employment the relsdaypotheses as described below are
generated.

Based on the envisioned positive influence of thes@nce of individual amenities on the

liveability and therefore population development:

AE 1 There is a positive correlation between the preserf a primary school and the popu-
lation development of a core.

AE 2 There is a positive correlation between the presesf general practitioner and the
population development of a core.

AE 3 There is a positive correlation between the preseri a supermarket and the popula-
tion development of a core.

AE 4 There is a positive correlation between the preseri a community building and the
population development of a core.

AE 5 There is a positive correlation between the presesi public transportation and the
population development of a core.

AE 6 There is a positive correlation between the preseof a bank office and the popula-
tion development of a core.

AE 7 There is a positive correlation between the presai nursing home and the popula-
tion development of a core.

Assuming not only the individual amenities are imaot, but the combinations of amenities

even more:

AE 8 There is a positive correlation between the nunabexisting amenity types per core
and population development

AE 9 There is a positive correlation between being mpdete core and population devel-
opment.

Introducing travel times to the relation betweereaities and population development:
AE 10 There is a negative correlation between the aeetiayel time by car to a mix of es-
sential amenities and population development

Regarding the effect of nearby employment on pdmralevelopment:
AE 11 There is a positive correlation between employmetitin a 10 kilometre radius of the
centre of a core and population development

9.3. Methodology

Additional to the general methodology as descrilmedhapter 5 specific GIS methods are
used to research the hypotheses stated above.

9.3.1. Individual amenities and complete cores

Regarding the seven individual types of amenitiesinventory of 2010 is us&d For each of
the 416 cores is known which amenities are prassite each core. A core is determined as
complete when six or seven of these amenities eesept. For this part of the theme of
amenities no specific spatial or GIS analysis gliapg except geo-visualization. An overview
of the data used and classification method is de=gtin Appendix A.

%2 Province of Fryslan 2010e
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9.3.2.  Average travel times

Next to the presence of amenities the averagelttiawe by car to a mix of amenities can be
calculated with the use of a connectivity functidast like the previous theme of planning
and infrastructure this is calculated with the abthe OpenStreetMap road dataset (appendix
B). The essential mix of amenities consists ouheffollowing five amenities:

e Primary schools

e General practitioner

e Supermarket

e Bank or postal agency

e Community building

The spatial locations of the first four amenities derived from the “Werkgelegenheidsregis-
ter” (WGR), a dataset about employnm&nfhis dataset contains information about employ-
ment and type of employer and it is spatial refeeenby means of a postal code. For the
community buildings the exact spatial location @ known, therefore the spatial centre of
the corresponding core is used as input for adaéigscalculations.

Two amenity types are omitted from the mix of artiesi nursing homes and public transpor-
tation. The first is not an amenity many peoplet\ogs a daily basis and the latter is best re-
garded as a mode of transportation itself, whicklgs widely distributed over the province.

9.3.3.  Employment

The calculation of employment within a 10 kilometadius is executed on the provincial
employment register of 2006, which is georeferefitethis calculation is an example of a
neighbourhood function combined with an overlayction. Around each core a 10 kilometre
buffer is created and the employment of all the ganies and organizations within that
buffer is summarized by an overlay (intersect) disdolve combination.

9.4. GIS results

Regarding the individual amenities and the comptetees no GIS processing is executed.
The average travel time towards the mix of five aities and the number of jobs within a 10
kilometre radius around a core are new GIS speaificomes.

% Province of Fryslan 2010d
% Province of Fryslan 2010d
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9.4.1. Average travel times
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Map 9-11: Travel times by car to the mix of five amenities

The average travel time by car to a mix of five aimes (primary school, general practitio-
ner, supermarket, bank/postal agency and commbnitgling) is depicted in map 9-10. Be-
cause of the exceptional position of the Waddeantid their eighteen villages are grouped
into one specific class. On the mainland the mestate villages can be identified in the
south-western region. It has to be noted that dagarthe border regions amenities in the
neighbouring provinces are not taken in accounis Thight lead to slightly lower travel
times.
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9.4.2. Employment
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Map 9-11: Employment within a 10 kilometre distance

The number of employees within a 10 kilometre rapigine centre of each core is depicted in
map 9-11. Again the large cites can be derived fttoenmap image. Leeuwarden has a strong
impact and three other cities have a medium img@&uwtek, Heerenveen and Drachten. Cores
in the vicinity of those cities can benefit fronethigh employment options of the large cities
nearby.

Due to data restrictions (only employment data ivithe Province of Fryslan is used), some
areas show values that are lower than in realiegalBse the data of actual employment loca-
tions of neighbouring provinces is omitted it ist mounted as employment within a 10 km

radius from the centre of each core. This partiaktplains the low scores for the border re-
gions. The low scores for the coastal areas andiiagden Islands represent actual low em-
ployment opportunities.

9.5. Amenities & economy and population development

All the research hypotheses are subject of stedistinalyses. For the first seven hypotheses
the analysis is very simple: cores that have aatedmenity are compared with cores that
lack that amenity. The other amenities are compkkedhe chapters before and as described
in chapter 5.
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95.1. Individual amenities

Table 9-3: AE 1. Presence of primary schools versympulation development

Grow Decl Ratio Mean SD

Primary school present

No primary school 15p 68 88
Total 416] 216/ 200
Difference

The annual population development averages bete®es with or without primary schools
do not differ much: both classes score around geeralso noteworthy is the fact that in the
group of cores that lack a primary school more €@are experiencing population decline than
in the group of cores that have a primary schoat. &erall the differences are small. There-
fore it cannot be stated that there is a clearetation.

population development

Grow Decl Ratio Mean SD

general practitionerersus

Table 9-4: AE 2. Presence of

General practitioner present

No general practitioner 306 142| 164
Total 416] 216/ 200
Difference

Regarding the topic of general practitioners tHeatfof the presence of one on the average
annual population development is stronger thanpttesence of a primary school: 0.19 %
against 0.06 %. The most striking observation ithan group of cores with a general practi-
tioner the number of growing cores is more thanbtlothe number of declining cores. It can
be concluded that there is a correlation betweenptiesence of a general practitioner and

population development.

Table 9-5: AE 3. Presence of a community buildingersus population development
Grow Decl Ratio Mean SD

Community building present

No community building 16p 82 87
Total 416] 216/ 200
Difference

Just like the general practitioners the differebetveen the groups of cores that have a com-
munity building and the group that has not is ®49The growth/decline ratio is less pro-
nounced than the previous amenity. It has to beewthat some major cities do not have a
designated community building, possibly leadingtdeviant outcome. But overall there is a
clear positive correlation between the presenca cdmmunity building and population de-

velopment.
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Table 9-6: AE 4. Presence of a supermarket versu®pulation development
Grow Decl Ratio Mean SD

Supermarket present
No supermarket 298 140 158

Total 416] 216| 200
Difference

The difference in average annual population devet between the group of cores with
and the group without a supermarket is just like tvo previous amenities: 0.19 %. The
growth/decline ratio is in between both previoweated amenities. Just like the other two, a
clear correlation can be determined.

Table 9-7: AE 5. Presence of a bank or population development

Grow Decl Ratio Mean SD

postal aggneersus

Bank or postal agency present
No bank or postal agency 2r4127| 147

Total 416 216/ 200
Difference

The difference in average annual population devetyg between cores with a bank or post
agency and the cores without is 0.12 %. This caddseribed as a mediocre positive correla-
tion.

Table 9-8: AE 6. Presence of population development

Grow Decl Ratio Mean SD

public transportatiowversus

Access to public transportation
No access to public transportation 44 22| 22

Total 416 216/ 200
Difference

Public transportation is the most widely spreaddamenity in Fryslan. Only 44 cores lack a
regular scheduled stop of public transport. Thighthexplain the small differences in average
annual population development between cores that had cores that do not have access to
public transportation. Equal to the hypothesis dmary schools, a clear correlation can not
be determined.

Table 9-9: AE 7. Presence of nursing home versus palation development

Grow | Decl Ratio Mean SD

Nursing home present
No nursing home 347 180| 187

Total 416] 216| 200
Difference

The differences between the group of cores withirging home and without a nursing home
are quite large. The average annual populationldereent differs 0.25 %, the highest score
of all seven basic amenities. Also the number ofmgng cores with a nursing home is almost
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three times higher than the number of decliningesoA very strong positive correlation be-
tween the presence of a nursing home and populdéeelopment can be determined.

This relation between nursing homes and populadevelopment can be linked to the rela-
tion between the age group of 65+ and populatiseldpment. A relative large proportion of

residents of nursing homes are 65+. Both factoosvsh positive correlation, what also might
be related to the size of a core and the plannieatthy. Nursing homes are more often lo-
cated in larger towns.

9.5.2.  Complete cores

Complete cores posses a minimum mix of basic amenithe most straightforward method
is to count the number of present amenity typescpee. Cores with six or seven amenities
are regarded as complete.

Table 9-10: AE 8. Number of present amenity typesearsus population development
Grow Decl Ratio Mean SD

No basic amenities

1 type 105 54 51
2 types 73 31 42
3 types 83 36 47
4 types 33 19 14
5 types 41 22 19
6 types 35 22 13

7 types 35 29 6
Total 416 216, 200

Two extremes can be identified: cores without aypetof amenity have an average annual
population decline of 0.43% and cores with severeraties have an average population
growth of 0.45%. The relation is not entirely line€ores with 5 or 6 amenities have a
somewhat linear score, but a strange deviatioheggtoup of cores with exactly two types of
amenities. This group has an average annual pogulgtowth of 0.31 %. This figure is
linked with a high standard deviation of 3.26, wimaplies a large influence of outliers. Over-
all the figures tend towards a correlation betweember of unique amenities and population
development, but this can not be fully endorsed.

Table 9-11: AE 9. Complete cores versus populatiaevelopment
Grow Decl Ratio Mean SD

Complete

Not complete 346 165/ 181
Total 416] 216/ 200
Difference
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Using the definition that a core is complete whenagit of seven amenity types are present
there is a clear difference between complete camelsnon- complete corésComplete cores
have a higher average annual population developarahthe balance between growing and
declining cores is tilting strongly towards growirherefore a strong positive correlation be-
tween complete cores and population developmenbeatetermined.

9.5.3.  Average travel time by car
Table 9-12: AE 10. Average travel time by car to nx of amenities versus population development

Grow Decl Ratio Mean SD

<1 min

1-2 min 56 28| 28
2-3 min 114 56/ 58
3-4 min 102 47| 55
4-5 min 52 27 25
>5 min 26 12 14
Island village 1§ 8 10

Total 416] 216/ 200

The hypothesis is that if an essential mix of amesi(primary school, general practitioner,

supermarket, bank/postal agency and community ingjds close by and easy to reach this
positively correlates with a high population deyetent. The outcomes of the analysis do not
support this hypothesis, so it needs to be rejected

9.5.4. Employment

Table 9-13: AE 11. Employment within a 10 km radiusrersus population development
Grow Decl Ratio Mean SD

Q1: 10-4902 jobs 5p 25 27
Q2: 4926-7182 jobs g2 29| 23
Q3: 7249-10275 jobs 42 25| 27
Q4: 10284-12883 jobs 32 23| 29
Q5: 12949-19506 jobs 42 28| 24
Q6: 19606-23585 jobs 32 30 22
Q7: 23605-31298 jobs 32 29/ 23
Q8: 31609-61504 jobs 42 27| 25
Total 416| 216 200

Focussing on the correlation between the numbenygiloyees within a 10 kilometre radius
of the centre of the core and population develogrgams no correlation whatsoever. This is
in contradiction with the research hypothesis, yimg there is a correlation between nearby
employment and population development.

% Province of Fryslan 2010e
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9.6. Summary

In this chapter on amenities and population devalag a selection of GIS techniques is ap-
plied. For each core the average travel time tosvardet of essential amenities is calculated,
as well as the number of jobs within a 10 kilome#adius.

The presence of each of the seven individual basienities does not correlate with popula-
tion development in the same extent. The strongesitively correlated amenity is the nurs-
ing home, followed by the general practitioner, esaparket and community building. The
correlation between the presence of a bank/pogaaiey and population development is pru-
dent, whilst the relations between respectivelynpry schools and public transportation with
population development are determined not valid.

Beyond the individual amenities the constellatibmmenities for each core is also of impor-

tance. There is a prudent positive correlation betwthe number of present amenity types
and population development. Defining a core as detapvhen six out of seven amenities are
present leads to a relative strong correlation betwcomplete cores and population develop-
ment.

The last two hypotheses on the correlation betvasemage travel time towards an essential

mix of amenities and population development andctireelation between the number of jobs
in a 10 kilometre radius and population developnoaniot be proven valid.
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10. Regression analysis

The chapters 7 till 9 treat three different themes, where the relations of individual explanatory
factors with population development are researched. In this chapter the individual elements
are integrated into one statistical analysis: a linear regression model.

10.1. Linear regression

The application of a regression model is to determine the influence of individual explanatory
factors on a dependent factor, in this research population development. This is cast in a
formula with the following structure:

Population development = constant + B1 X factorl + B2 X factor2 + B3 X factor3 + ...

The constant is a mathematical value used to adjust the formula. The B-values are related to
each individual factor. This B-value describes the influence of the change of the factor on
population development. The B-value is dependent on the related factors and therefore they
can not be compared in between. This is resolved by standardizing the B-value in a Beta-
value, ranging between -1 and 1.

A positive Beta-value means that the explanatory factor has a positive influence on population
development and a negative value implies a negative influence of the explanatory factor on
population development. An absolute value close to 1 means a large influence on population
development and close to zero means a low influence on population development.

In a multi-factor research like this a number of factors coincide: those factors both show the
same correlation with population development. When using a linear regression some of these
correlating factors might not show up in favour of another factor that describes the
relationship more clearly. This is not a denial of the correlations as described in the chapters 7
to 9.

10.2. Outcomes

The linear regression as applied on the average yearly population development per core. The
R-square is 64 %, which means that 64 % of the variance of population development can be
explained by the explanatory factors as described in this research. Table 10-1 lists the
explanatory factors and their influence on the linear regression formula. The explanatory
factors are sorted on absolute value.

Table 10-1: Linear regression
Explanatory factor

Constant 2.244
Development of housing stock 0.933
Age group 25-44 0.043
Age group 15-24 -0.080
Average household size -0.319
Distance to Amersfoort 0.000
Age group 45-64 -0.018
Age group 0-15 -0.020
Distance to Leeuwarden 0.000
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Community building -0.228| 0.243 -0.940
Employment within a 10 km radius 0.000| 0.000 -0.891
Travel time to amenities 0.000| 0.000 0.715
Supermarket -0.154| 0.292 -0.527
Within 5 km of a highway -0.137 0.140 -0.975
National Landscape -0.121 0.137 -0.880
Number of amenities 0.024| 0.209 0.117
General practitioner -0.111 0.286 -0.388
Primary school 0.091 0.258 0.351
Economic core area 0.074| 0.112 0.665
Urban concentration area 0.102| 0.166 0.611
Nursing home 0.082| 0.334 0.245
Main city 0.192| 0.788 0.243
Regional centre 0.110] 0.364 0.303
Public transportation -0.059| 0.275 -0.213
Bank or postal agency 0.035 0.300 0.116
Age group 65+ 0.003 0.017 0.156
EHS -0.063| 0.442 -0.144
Railway station -0.048 0.293 -0.162
Recreational core 0.035 0.271 0.131
Complete core -0.009 0.298 -0.029
Inhabitants in 2000 0.000| 0.000 -0.013

Four explanatory factors are statistically excluded:
e Travel time to Leeuwarden
e Travel time to main cities
e Travel time to main cities and regional cores
e Travel time to railway stations

10.3. Interpretation

The explanatory factor with the highest Beta-value is the development of the housing stock,
with a positive Beta-value of 0.765. This means that change in housing stock is strongly
related with population development. This is an expected outcome because an increase in
housing stock offers opportunities for new inhabitants to settle in the village and vice versa: a
growth in population can be absorbed with the construction of new houses.

Four out of the five age groups have a relative high impact on population development, only
the impact of the age group of 65+ is negligible. The directions of the influence are consistent
with the correlations between the individual age groups and population development. The
impact of the age group 25-44 is the highest. It has to be noted that the impact of the age
group 25-44 with a Beta-value of 0.192 is much lower than the Beta-value of 0.760 of
development in housing stock. The age groups together with the average household size form
the core of the population characteristics. It can be concluded that these population
characteristics form the strongest correlated topic in this research.
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Curiously the number of inhabitants of the year 2000 is of virtually no influence on
population development in this regression model, whilst the correlation between inhabitants
and population development individually was determined positive (see chapter 7). This
situation can be explained by the fact some other factors coincide with the number of
inhabitants of 2000, like for example the presence of amenities.
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11. Conclusions

This research consists out of two sub questions that together form the main research question,
as described in chapter 4. The two sub questions will be treated individually first and later
integrated by answering the main research question.

11.1. GIS techniques

The first research question of this research is:
Which GIS techniques can be used to research factors related to local population decline?

It is important to make a distinction between the visualization of spatial data by means of
generating maps and more advanced spatial analysis capabilities of GIS.

11.1.1. Visualization

As discussed in chapter 2, population development in Fryslan differs per core; it has a clear
spatial extent. These spatial deviations in population development of the 416 Frisian cores are
best depicted with the use of a map (map 2-8). Visual analysis with the use of maps is still the
most efficient mechanism to identify spatial patterns'.

The same as with population development the explanatory factors also have spatial differen-
tiation. Again this is best identified with the use of a map, what is done in both the introduc-
tory sections as well as the GIS outcomes sections of chapters 7, 8 and 9. It can be concluded
that when researching a geographical subject like the differences in population development
between cores and their explanatory factors, maps are indispensable. Maps are an essential
tool to understand the spatial layout and analyze the spatial spread.

11.1.2. Spatial analysis

On the subject of spatial analysis a classification of analytical GIS capabilities into four main
groups is made in chapter 6%

e Measurement, retrieval and classification functions (for example the straight line distance
between all the Frisian cores and Leeuwarden)

e Overlay functions

e Neighbourhood functions (for example the determination which cores are within 5 kilome-
tre of a highway)

e Connectivity functions (for example travel time by car towards the main cities of Fryslan)

This classification can be used as a framework to understand and identify various spatial
analysis tools and methods. These analytical functions are applied in chapters 7, 8 and 9 as
spatial data processing in order to do statistical analysis. An overview of which spatial analy-
sis function is used for each hypothesis is in table 11-1. The hypotheses that do not require
spatial analysis are also listed.

' Layne 2006
* De By 2004
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Table 11-1: Research hypotheses and GIS methodolog

Description

Population characteristics
Number of inhabitants

Non-spatial only

Distance

PC 2-6

Proportion of age groups

urement

Area measurement

Spatial query

Neighboorbood
Connectivity

PC7

Average household size
Planning & infrastructure

PI1 Planning hierarchy

P12 Urban concentration area

P13 Economic core area

P14 Straight line distance to Leeu-
warden

P15 Travel time by car to Leeuwarden

P16 Straight line distance to Amers-
foort

P17 EHS ratio

P18 National Landscape

P19 Travel time by car to railway
stations

PI10 Travel time by car to main cities

PI11 Travel time by car to main cities
and regional centres

PI12 Within 5 km of a highway

PI13 Development of housing stock

Amenities & economy

AE 1 Primary schools

AE 2 General practitioner

AE3 Community building

AE 4 Supermarket

AE S Bank or postal agency

AE 6 Public transportation

AE7 Nursing home

AE 8 Number of unique amenity types

AE9 Complete cores

AE 10 |Travel time by car to mix of
amenities

AE 11 |Employment within a 10 km ra-

dius
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Out of the 27 topics 13 have a spatial analysis methodology and 14 lack a spatial analysis
component. But all research hypotheses and explanatory factors have a spatial extent, which
can be visualized by means of mapmaking as mentioned above.

A widely used class of spatial analysis is the connectivity functionality or network analysis.
This is used in calculating travel times by car from the Frisian cores to Leeuwarden, main
cities, regional centres, railway stations and amenities. Neighbourhood functions are used to
determine which cores are within five kilometres of a highway, as well as in combination with
an overlay to determine the number of primary schools or jobs within a set radius. Solitary
use of the overlay function is to determine the number of jobs within the area of a core.

The related spatial query is used to identify which cores are located in a specified zone, like
an urban concentration area, economic core area or National Landscape. The function of area
measurement is only applied to determine the ratio of EHS of the areal of each core, whilst
the distance measurement is used to calculate the straight line distance between the individual
cores and Leeuwarden and Amersfoort.

11.2. Determination of factors

The second research question is constructed to identify which explanatory factors correlate
with population development:
Which factors can be identified to explain local population decline?

In chapter 3 the three main themes related to population development are stated. These three
themes function as umbrella terms to cover multiple explanatory factors, all with a spatial
component. The three themes are:

e Population characteristics

e Planning & infrastructure

e Amenities & economy

For each of these themes a set of research hypotheses are generated, proposing a correlation
between an individual explanatory factor and population development. Based on the statistical
outcomes correlations can be identified, with their directions.

11.2.1. Population characteristics

Based on chapter 7 where the research hypotheses related to population characteristics and
population development are stated and treaded table 11-2 is generated.

Table 11-2: Correlations between population characteristics and population development

\ Description \ Correlation \ Direction
PC 1 | Number of inhabitants Yes
PC 3 | Proportion of age group 15-24 Yes
PC 4 | Proportion of age group 25-44 Yes
PC 5 | Proportion of age group 45-64 Yes
PC 7 | Average household size Yes
PC 6 | Proportion of age group 65+ Unclear Positive
PC 2 | Proportion of age group 0-14 No -
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Many of the population characteristics research hypotheses apply on the province of Fryslan.
The largest six cities can be determined as driving force of population development. There is
a clear positive correlation between the number of inhabitants and population development.

Regarding the age composition only the proportion of the age group 0-14 does not correlate
with population development. The presence of the age group 25-44 has the largest positive
correlation with population development: this is assumed to be caused by migration of this
age group and natural increase. The average household size is negatively correlated with
population development.

11.2.2. Planning & infrastructure

In chapter 8 the research hypotheses concerning planning, infrastructure and housing are re-
searched. The outcomes in brief are stated in table 11-3

Table 11-3: Correlations between planning & infrastructure and population development

 Description | Correlation | Direction

PI1 Planning hierarchy Yes

PI2a | Urban concentration area Yes

PI12b | Urban concentration area: Dokkum Yes

PI2c¢c | Urban concentration area: Drachten Yes

P12d | Urban concentration area: Harlingen Yes

PI12f | Urban concentration area: Leeuwarden Yes

PI12g | Urban concentration area: Sneek Yes

PI13b | Economic core area: Westergo Yes

P18 National Landscape Yes

P19 Travel time by car to railway stations Yes

PI 12 | Within 5 km of a highway Yes

PI 13 | Development of housing stock Yes

PI2e | Urban concentration area: Heerenveen Unclear

PI3a | Economic core area: A7 Unclear

P16 Straight line distance to Amersfoort Unclear

PI 10 | Travel time by car to main cities Unclear

PI 11 | Travel time by car to main cities and regional centers Unclear

P14 Straight line distance to Leeuwarden No -
P15 Travel time by car to Leeuwarden No -
P17 EHS ratio No -

The planning hierarchy as determined by the provincial administration of Fryslan is clearly
reflected in the provincial population development. Main cities and regional centers clearly
have an above average population development. Urban concentration areas on the other hand
have a negative correlation with population development: villages close to large cities have a
below average population development. That is also why the correlation between travel time
by car towards main cities and/or regional cores and population development is not clear.

Being within five kilometre of a highway correlates positively with population development,
just like being in the economic core area of the A7 zone. The economic core area of the
Westergo region on the other hand is negatively correlated with population development.
Planning restrictions in the form of EHS and National Landscapes have only a minimal effect
on population development in Fryslan.
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The clearest correlation between an explanatory factor and population development can be
identified between the development in housing stock and population development. This is a
clear link: the newly build houses are occupied by new inhabitants, causing population
growth.

11.2.3. Amenities & economy

The third main theme of this research, amenities & economy is treated in chapter 9. The out-
comes of the research hypotheses are stated in table 11-4.

Table 11-4 Correlations between planning & infrastructure and population development

' Description ' Correlation Direction

AE 2 | General practitioner Yes

AE 3 | Community building Yes

AE 4 | Supermarket Yes

AE 5 | Bank or postal agency Yes

AE 7 | Nursing home Yes

AE 9 | Complete cores Yes

AE 1 | Primary schools Unclear

AE 6 | Public transportation Unclear

AE 8 | Number of unique amenity types Unclear

AE 10 | Travel time by car to mix of amenities No -
AE 11 | Employment within a 10 km radius No -

Except the primary schools and public transportation the presence of each individual basic
amenity has a positive correlation with population growth. Cores that are determined as com-
plete also show this positive correlation.

The topics concerning travel times to a mix of essential amenities, the number of schools
within a five kilometre radius and employment do not clearly correlate with population devel-
opment.

11.2.4. Regression

From the regression described in chapter 10 can be derived that the growth of the housing
stock between 2000 and 2007 is the strongest related explanatory factor. Also factors that
score high are the age composition of each core, related to the population characteristics de-
scribed in chapter 7.

11.3. Main question

The main question of this research is a combination of the two previous sub questions:
Which factors behind local population decline in Frysldn can be revealed by using GIS?

Broadly it can be concluded that answering the two sub questions answers the main question,
but one aspect needs some special attention. That is the determination of which spatial analy-
sis technique has lead to the most valuable results. Therefore table 11-1 is combined with the
tables 11-2 to 11-4 into one list specifying the research hypotheses of which a correlation can
be determined (or is unclear) and required spatial analysis. This list is stated in table 11-5.
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Table 11-5: Spatial analyses that lead to correlation with population development

Hypothesis Description

P12 Urban concentration area

P13 Economic core area

P14 Straight line distance to Amersfoort

P18 National Landscape

P19 Travel time by car to railway stations

PI 10 Travel time by car to main cities

PI11 Travel time by car to main cities and regional centres
PI 12 Within 5 km of a highway

Out of this list it can be concluded that two main groups of analytical GIS capabilities can be
meaningful applied on population development research: spatial query and travel time by car.
In addition a distance measurement and a neighbourhood function can be applied with equal
success.

Table 11-5 implies that there are also some results of spatial analysis that did not lead to valu-
able outcomes. These research hypotheses are stated in table 11-6.

Table 11-6: Spatial analyses that did not lead to correlation with population development

Hypothesis Description

P14 Straight line distance to Leeuwarden
P15 Travel time by car to Leeuwarden
P17 EHS ratio

AE 10 Travel time by car to mix of amenities
AE 11 Employment within a 10 km radius

Not all distance measurements, neighbourhood functions and travel time by car calculations
lead to meaningful results, shows table 11-6. For the area calculations no useful application is
determined in this research.

Once again, all the explanatory factors have a spatial extent. Using GIS to visualize the spatial
spread of each factor proves a valid form of analysis for each explanatory factor.
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12. Discussion

In chapter 11 (Conclusions) is stated which knowledge is gained by this research. But except
answering questions, this research on the spatial factors behind population development
maybe raises even more. This chapter is aimed to give guidance in the relevance of this re-
search and possible new leads. First some limitations of this research are discussed and later
suggestions for further research are made.

12.1. Limitations of the research

As far as not described in the scope of this research (chapter 4) other limitations that came up
during the research process are described below.

12.1.1. Correlations versus causality

Goal of this research is to identify the spatial factors behind population development. This is
achieved by searching for correlations between these explanatory spatial factors and popula-
tion development. An important remark is that when a correlation is proven, this does not im-
ply there is causality. A specific spatial pattern in an explanatory factor might not be the cause
of changes population development. Population development might be the cause of change of
that spatial factor. Or both the spatial factor and population development are caused by a third
factor.

12.1.2. Spatial distribution

As depicted in map 2-8 the spatial pattern of growing and declining cores seems very random.
No clustering can be identified. Therefore it can not be said that one specific region within the
province of Fryslan is a decline region. This is in contrast to for example north-east Gronin-
gen or Zeeuws-Vlaanderen in the Province of Zeeland.

The distribution pattern of population development might be related to the spatial distribution
of an explanatory factor, which is part of the focus of this research. But because of the mix of
explanatory factors there is not one that can be determined as the sole explanation. Therefore
the spatial distribution of this one sole explanatory factor can not be linked to the spatial dis-
tribution of population development. With the use of the CommonGIS application some spa-
tial relations are interactively investigated, but it was proven hard to use it in order to come up
with clear correlations.

12.1.3. Absolute versus relative growth

Population development figures are in the most original form absolute figures. The number of
inhabitants is known for the years 2000 and 2008 (1% of January). From this the average an-
nual population development can be derived (see chapter 5).

The main advantage of the relative growth is that the development of different cores can be
compared, regardless to the size of the cores. This relative figure implies that each core has an
equal impact in the statistical analysis, which has complications. The large impact of absolute
numbers in a city like Leeuwarden with 3760 more inhabitants in 2008 instead of 2000 only
leads to an average annual population growth of 0.56 %. The growth of this case is statisti-
cally balanced by the average annual population decline of 0.56 % in the village of Waaksens
(Littenseradeel), although it only means an eight year decline of four inhabitants. This situa-
tion explains why the average annual population development for the whole province (0.37
%) differs from the average annual population development measured as an average for the
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416 Frisian cores (0.12 %). As stated in chapter 4 the population growth of the province of
Fryslan is mainly driven by the absolute growth of a select number of large cities, which is
ruled out by the averages of all the other cores in a relative growth measure.

12.1.4. Provincial borders

This research is focussed on the provincial territory. Mostly, only factors inside the provincial
borders are taken into account. The only exception is the location of the city of Amersfoort,
but all other data is on the provincial level of Fryslan only. This is not representative for vari-
ables like the travel distance to amenities like stations for example.

12.1.5. Statistical analysis

In this research the final choice is made for a universal statistical analysis method: classifying
the explanatory factors into groups and compare those groups on the ratio between growing
and declining cores and on the average annual population development. The main advantages
are the mutual comparisons between statistical outcomes and the easy to understand and in-
terpret meaning of the outcomes. The disadvantage is that for the ratio and interval variables
detail is lost by classifying data.

For some hypotheses that have an interval/ratio explanatory variable experiments are done
with the Pearson’s chi-square test. This test helps to detect a correlation between two inter-
val/ratio variables and generates to results: the strength of the correlation and the statistical
significance of this result. The latter is to determine how representative the sample’s correla-
tion is in relation to the population. Because the 416 Frisian cores that are researched make up
the whole statistical population of Frisian cores this significance figure is not of relevance.
The strength of the correlation is expressed in a value between 0 and 1 for a positive correla-
tion and between 0 and -1 for a negative correlation. An outcome closer to the absolute value
of 1 means a stronger correlation.

In practise an outcome of the Pearson’s chi-square test between -0.3 and 0.3 is regarded as not
correlated. Almost all the explanatory factors in relation to the average population develop-
ment have an outcome that does not exceed this range, so by the rule all suggested correla-
tions needs to be rejected. This can be interpreted in two ways. There is no correlation be-
tween the explanatory factors and population development or the method to demonstrate the
relations is not suitable. Applying a different method (as described in chapter 5) leads to use-
ful results. But it has to be noted that the relations between individual explanatory factors and
population development are statistically not very strong.

12.2. Future research

Suggestions for future research include improving the current research setup by adding more
explanatory factors, creating a new (supplemental) methodology and directions for follow-up
research based on this report.

This research is not complete: not all explanatory factors behind population development are

included in the analysis. Some of the missing explanatory factors can be identified others re-
main unknown.
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12.2.1. Housing

As stated in chapter 3 housing is an important topic related to population development. This
research deals with this topic by taking the average annual change in housing stock over the
years 2000-2007 in account. The correlation between change in housing stock and population
development is clear (see chapter 8). This might imply that there are more correlations be-
tween housing related factors and population development. Two most prominent factors are
the housing price and the vacancy rate.

These factors can be monitored in various ways. Data about the selling price of houses can be
requested at the Kadaster'. Another alternative is a monitoring system of the real estate value,
WOZ (Waardering Onroerende Zaken). The WOZ-value is monitored by municipalities for
reasons of taxations, but the database can also be used to monitor changes in both average
house prices and vacancy rates. The Province of Limburg recently started a project on the
monitoring of WOZ-values to cope with and monitor population decline in the province”. Im-
plementing these municipal WOZ databases can also prove to be a valuable addition for the
Province of Fryslan.

12.2.2. Amenities

On the topic of amenities seven basic amenities are determined and inventoried: a primary
school, a general practitioner, a community building, a supermarket, a bank, a nursing home
and access to public transportation. This selection of seven basic amenities might be a bit lim-
ited, but it is based on practical reasons: these seven were relatively straightforward to inven-
tory. The eighth amenity that could be added to the list of basic amenities is the sport club.
This is also often regarded as a social meeting place that strengthens the liveability of a vil-
lage. Data about sport clubs could be derived from “De Bosatlas van Fryslan”, but the com-
pleteness of that inventory is not undisputed3 . Also on-line listings could be used, but again

this might not be of the needed accuracy and completeness.

An additional amenity of importance is the religious meeting place: in Frisian villages the
church. Data about church buildings is available at the Provincial administration, but informa-
tion about how often congregations are held is presumably less up-to-date. Also the determi-
nation of the church as a basic amenity is not so clear as the other eight.

12.2.3. Economy

Economy related factors are often linked to population development and population decline.
In this research the topic of the economy is only treated by taking the employment into con-
sideration. The topic of employment has three aspects: absolute employment within the core,
relative employment within the core and absolute employment within a ten kilometre radius.
All three aspects have in common that they describe a stable situation of the year 2006. Addi-
tion of the growth in employment between the years of 2000 and 2008 might prove beneficial.

Other economy related topics that might prove useful in research are for example average
incomes and unemployment rates.

! Kadaster 2010
% Etil 2009
3 Noordhoff Atlas Productions 2009
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12.2.4. Other explanatory factors

In the conceptual model of this research (figure 3-2) six defined themes are described and one
header called “unknown”. Some elements of this group of unknown factors can be converted
into known factors and some extra explanatory factors can be added.

An example of a possible relevant factor concerning housing is the “Water kansen kaart™.
This map is the result of a spatial multi criteria analysis to determine where the best options
for the construction of new houses are. Locations where new housing is proposed this might
have a positive influence on population development, whilst restrictions because of flooding
risks might have a negative influence on population development.

12.2.5. Soft GIS

This research focuses on explanatory factors that are of a “hard” nature: statistical data, physi-
cal objects or clear contours made by policy makers. Together with the statistical analysis it
makes research quite quantitative.

There are many clues that population development is not only explainable by using this hard
data. Perception and the image of a village is a very important push- and pull factor. Some
villages have a very good image and people like to live there, but it is hard to identify what
causes this positive image. Because this image is hard to quantify and explain it does not
mean it is not of importance. A way to overcome this situation is to introduce a so-called
“soft” GIS methodology. This implies using local knowledge of citizens by letting them par-
ticipate by means of a (web)GIS application”.

A research could be commissioned where the inhabitants of Fryslan are asked to rate a num-
ber of villages they would like to live in and a number of villages they would not like to live
in. This can be done in the form of a plain list of villages which can be georeferenced in a GIS
application or people are asked to pinpoint the locations in a web-based GIS application. The
advantage of the latter is that also other spatial entities can be utilized. For example by asking
questions like: which road do you think is unsafe? Or what part of the landscape do you ap-
preciate the most? Both can be regarded as important factors in the push- and pull constella-
tion of migration.

12.2.6. Causality

As already described in both the scope of the research (chapter 4) as above, this research only
states correlations between explanatory factors and population development, not their causal-
ity. In order to truly understand the phenomena of population development knowledge is
needed about these relations. Is population development caused by the explanatory factors or
is it vice versa? Or is the relationship both ways?

A method to research this is to focus on changes over time. Does the disappearance of a su-
permarket in 2004 lead to a sudden population decline in the following years? Or did the
population decline started before 2004 and therefore forcing the supermarket to close? Re-
search in this direction is very complicated because of the interrelated nature of all the factors.

* Samenwerken aan water 2010
’ Kytta 2010
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12.2.7. Spatial statistics

A key contribution of GIS in population development research is analysis by using maps. This
gives key insights on spatial distribution of both population development as well as the ex-
planatory factors. Applying “traditional” statistics on GIS processed information has proven
to be a useful addition, albeit tricky. Applying spatial statistics, taking relations between fac-
tors and spatial relations in account, is determined very troublesome. More in-depth research
on the addition of spatial statistics in population development research might lead to valuable
results.

Regarding the spatial statistics analysis methods only two are applied in this research: average
nearest neighbour and Moran’s 1. Two additional spatial statistics analyses could be imple-
mented: Cluster and Outlier Analysis (Anselin Local Moran’s I) and Hot Spot Analysis
(Getis-Ord Gi*)°. The first is a local application of the Moran’s I function and can be used to
determine which areas close to each other have similar or opposite values. The latter deter-
mines which areas of the map are clusters of high or low values.

12.2.8. Monitoring and prognosticating population development

This research on the spatial factors behind population development gives insight in the rela-
tions and therefore a better understanding of population development and more specific,
population decline. The results of this research can be used to monitor or even prognosticate
population development. Therefore some explanatory spatial factors can be transformed into
indicators. Examples could be the development of the housing stock or age composition.

® Mitchell 2005
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General

Cores: points

Name Dorppunt

Data type Point

Source Internal GIS

Producer Province of Fryslan

Description | This layer contains all the 416 Frisian cores represented as points
Year 2010

Cores: areas

Name Dorpsgebieden

Data type Polygon

Source Internal GIS

Producer Province of Fryslan

Description | This layer contains all the 416 Frisian cores represented as polygons
Year 2010

Road networ

Name OpenStreetMap

Data type Lines

Source

Producer OpenStreetMap community

Description | An open source user generated road network dataset
Year 2010

Population characteristics

Inhabitants per core

Name Inwoners per kern

Data type text

Source Kerncijfers Fryslan

Producer CBS

Description | The datasets contains the number of inhabitants per core for each year (first
of January)

Year 2000-2008

Age composition

Name Bevolking naar leeftijd

Data type Text

Source CBS Statline (http://statline.cbs.nl/statweb/)

Producer CBS

Description | Dataset that contains the age composition per neighbourhood

Year 2001
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Average hous

ehold size

Name Gemiddelde huishoudensgrootte

Data type Text

Source CBS Statline (http://statline.cbs.nl/statweb/)

Producer CBS

Description | Dataset that contains the average householdsize per neighbourhood
Year 2001

Planning & Infra

Urban conce

tration zones

Name Kaart 2: Stedelijke bundelingsgebieden en woningbouwregio’s (Streekplan
Fryslan 2007)

Data type Polygon

Source Internal GIS

Producer Province of Fryslan

Description | A layer file containing the urban concentration zones (NL: stedelijke bun-
delingsgebieden)

Year 2006

Main cities a
Name

d regional cores
Kaart 3: “Complete” dorpen (Streekplan Fryslan 2007)

Data type Point

Source Internal GIS

Producer Province of Fryslan

Description | A layer file containing the classification in main cites (NL:stedelijke centra)
and regional centres (NL: regionale centra)

Year 2006

Name Kaart 7: Recreatiekernen en toeristische netwerken (Streekplan Fryslan 2007)
Data type Point

Source Internal GIS

Producer Province of Fryslan

Description | A layer file containing the locations of recreational cores

Year 2006

Ecologische hoofdstructuur

Name Kaart 11: Provinciale ecologische hoofdstructuur (Streekplan Fryslan 2007)
Data type Polygon

Source Internal GIS

Producer Province of Fryslan

Description | A layer file containing the contours of the provincial EHS

Year 2006
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National Lan

scapes

Name Kaart 9a: Nationaal Landschap Zuidwest-Fryslan; kaart 9b: Nationaal land-
schap Noordelijke Wouden (Streekplan Fryslan 2007)

Data type Polygon

Source Internal GIS

Producer Province of Fryslan

Description | A layer file containing the point locations of railway stations

Year 2006

Railway stations

Name Kaart 5: Netwerkverbindingen (Streekplan Fryslan 2007)
Data type Point

Source Internal GIS

Producer Province of Fryslan

Description | A layer file containing the point locations of railway stations
Year 2006

Name Nationaal Wegen Bestand (NWB)

Data type Lines

Source Internal GIS Province of Fryslan

Producer Ministerie van Verkeer en Waterstaat

Description | Dataset containing all the roads in the Netherlands, from which the highways
in Fryslan can be derived

Year 2010

Housing stoc

Name Woningvoorraad

Data type Text

Source Kerncijfers Fryslan

Producer CBS

Description | This dataset contains the housing stock per core in the years 2000 and 2007,
form which the average annual change can be derived

Year 2000-2007

Amenities

Inventory pri

ary schools

Name Inventarisatie basisscholen

Data type Text

Source BGI

Producer Dienst Uitvoering Onderwijs — Centrale Financien Instellingen (DUO-CFI)
Description | A list containing the number of primary schools per core

Year 2008
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Inventory ge

eral practitioner

Name Inventarisatie huisartsen

Data type Text

Source BGI

Producer Regionale Ondersteunings Structuur (ROS) Friesland
Description | A list containing the number of general practitioners per core
Year 2008

Inventory co
Name

munity buildings
Inventarisatie dorpshuizen

Data type Text

Source BGI

Producer Doarpswurk

Description | A list with all the Frisian cores that have a community building
Year 2008

Inventory supermarkets

Name Inventarisatie supermarkten

Data type Text

Source BGI

Producer Werkgelegenheidsregister Fryslan

Description | Dataset contains all the employers in the province with the number of em-
ployees and field of work. A list containing the number of supermarkets and
village shops per core is generated

Year 2006

Inventory banks

Name Inventarisatie banken

Data type text

Source BGI

Producer Werkgelegenheidsregister Fryslan

Description | Dataset contains all the employers in the province with the number of em-
ployees and field of work. A list containing the number of banks per core is
generated

Year 2006

Inventory postal agencies

Name Inventarisatie postagentschappen

Data type text

Source BGI

Producer TNT Post (www.tntpost.nl)

Description | The website gives an overview of all the postal agencies in the Netherlands.
A list with the number of postal agencies per is generated

Year 2010
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Inventory nursing- and retirement homes

Name Inventarisatie verpleeg- en verzorgingstehuizen

Data type Text

Source BGI

Producer Partoer

Description | A list containing the number of nursing- and retirement homes per core
Year 2008

Inventory access to public transportation

Name Inventarisatie toegang tot openbaar vervoer

Data type Text

Source BGI

Producer Province of Fryslan: Afdeling verkeer & vervoer

Description | A list containing the cores that have at least one stop connected to regular
public transportation.

Year 2009

Spatial locations of primary schools

Name Spatial locations of primary schools

Data type Points

Source GIS

Producer Werkgelegenheidsregister Fryslan

Description | The WGR dataset contains spatial referenced locations of all employers from
which the primary schools are derived.

Year 2006

Spatial locations of employers

Name Spatial locations of employers

Data type Points

Source GIS

Producer Werkgelegenheidsregister Fryslan

Description | The WGR dataset contains spatial referenced locations of all employers in-
cluding the number of employees

Year 2006
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Appendix B: Creation of the road network of Fryslan

For the research on travel times from and to various specified locations in Fryslan a specified
road network dataset is needed. Goal of this road network is to calculate travel times by car.
This will be implemented in a GIS analysis in a desktop GIS application (ESRI ArcGIS). For
this reason website based or satellite navigation based route planners are not applicable.

Two datasets are eligible for application: The NWB dataset (National road dataset) from
Rijkswaterstaat and OpenStreetMap. OSM is a user generated and open source road map of
the world'. The maps are updated daily. Because the calculation of travel time in the key
functionality, both datasets are compared on how the roads are classified. The OSM dataset is
determined to be better classified and it includes more road segments with stated maximum
speeds.

The procedure of the creation of the road network consists out of four basic parts: acquiring
and preparing of the data, processing road segment data, the creation of the network and
calibration. This last step is added because of the perceived oversimplification of this
modelled road network. The followed procedure is described below and graphically
represented in figure 1.

! http://www.openstreetmap.org/
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aquisition

1B: Import data

1C: Clip data

v
AN

2A: Select
suitable roads
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Figure 1: procedure to create car and cycling networks

Part 1: acquiring and preparing the data

1A: acquisition of data

The used dataset is downloaded in a shapefile format from a server of Geofabrik®. The
specifications are:

Name dataset: Netherlands.shp.zip

Production date: November 2 2009

Downloaded from: http://download.geofabrik.de/osm/europe/
Used layer: roads

1B: importing data

To be sure the OSM data is interoperable with the other geo-data used in this research it is
imported into a feature dataset within the geodatabase. Important is that the projection of the
data is equal to the rest of the data and the standard used by the provincial administration of
Fryslan: the Rijksdriehoeksstelsel.

2 http://download.geofabrik.de/osm/europe/
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1C: clipping

The extent of the roads layer is the whole of the Netherlands, this is regarded as unnecessary.
Therefore the road layer is clipped to the size of the province of Fryslan with a buffer of 10
km in order to model shortest paths outside of the provincial perimeter.

Part 2: process road segment data

2A: selecting suitable roads

The roads layer of the OSM dataset contains many types of roads, not all accessible by car.
Therefore the appropriate road types need to be selected. The classification of road types is
given by the OSM community and described on their website®. This road classification
determines highway tags and these are primarily based on the road network of the United
Kingdom. In table 1 all the road types determined as suitable for cars are listed. Unpaved
roads are not regarded suitable.

2B: determine maximum speeds

In order to calculate driving time, the maximum speed for all the road segments is needed.
28% of the road segments have been assigned a maximum speed by the OSM community, but
the other 72% lack an assigned maximum speed. From the road segments with an assigned
maximum speeds this is copied. For the other road segments a maximum speed is determined
based on their road class and the maximum speeds map by Rijkswaterstaat’. Determining
maximum speeds by road class means generalization, ignoring specific road segment values.
The determined maximum speeds are stated in table 1.

2C: calculate travel times
The time it takes to traverse a road segment can be calculated with the following formula:
LengthOfSegment
Time ., = gthOfSes (m) 5
Speed,,,;,, *1000
For the speed variable the maximum speed of the road segment is used. The length of each

road segment is calculated, so with both variables known, the travel time for each road
segment can be calculated.

Table 1: Relevant road (highway) classifications

Type Description’ Max speed

(km/h)

motorway A restricted access major 120
divided highway,

normally with 2 or more |
running lanes plus e |
emergency hard shoulder. —
Equivalent to the
Freeway, Autobahn, etc.

3 http://wiki.openstreetmap.org/wiki/Key:highway
* http://www.maximumsnelheden.info/kaart.php
3 Described on: http://wiki.openstreetmap.org/wiki/Key:highway
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Motorway_link

The link roads
(sliproads/ramps)
leading to/from a
motorway from/to a
motorway or lower
class highway.
Normally with the
same motorway
restrictions.

120

trunk

Important roads that

&
aren't motorways.

Typically maintained by

central, not local .
government. Need not N
necessarily be a divided \
highway. In the UK, all

green signed A roads are,
in OSM, classed as
'trunk’.

100

Trunk_link

The link roads
(sliproads/ramps) leading
to/from a trunk road
from/to a trunk road or
lower class highway.

100

Primary

Administrative
classification in the UK,
generally linking larger
towns.

70

Primary_link

The link roads (sliproads/ramps) leading
to/from a primary road from/to a primary
road or lower class highway.

70

Secondary

Administrative

classification in the UK, | -
generally linking smaller =
towns and villages

70

Secondary_link

The link roads (sliproads/ramps) leading to/from a
secondary road from/to a secondary road or lower class
highway.

70

Tertiary

A "C" road in the UK.

Generally for use on -

roads wider than 4 metres | .
(13") in width, and for N
faster/wider minor roads =
that aren't A or B roads.

In the UK, they tend to

70
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have dashed lines down
the middle, whereas
unclassified roads don't.

Unclassified No administrative >0

classification.
Unclassified roads
typically form the lowest
form of the
interconnecting grid
network.

Note: This is not a marker
for roads where we still
need to choose a highway
tag (see highway=road
for roads that require
classification).

Road road of unknown classification. This is _ 50

intended as a temporary tag to mark a
road until it has been properly surveyed.
Once it has been surveyed, the
classification should be updated to the
appropriate value.

Residential 50

Roads accessing or

around residential areas

but which are not a .

classified or unclassified H
highway.

Living_street 50

A street where
pedestrians have priority
over cars, children can
play on the street,
maximum speed is low.
In the UK this is called
"Home Zone".

Service Generally for access to a 30

building, motorway

service station, beach,

campsite, industrial

estate, business park, etc.. .
This is also commonly \
used for access to parking

and trash collection.

Sometimes called an

alley, particularly in the

US.

e

Use with service=*, e.g.
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service=parking aisle to
mark a service way inside
a amenity=parking

Part 3: Creation of road network

The individually processed road segments are needed to be integrated into one road network
in order to apply travel time calculations. The network impedance on which the travel times
will be based is set to be the travel time by car. Additionally, the road net work is created with
a minimum of limiting settings. Elevation, one-way streets and turns are not modelled.

Part 4: Calibration network

Because the road network is modelled in a simplistic manner (disregarding one-way traffic,
turns, traffic lights, etcetera) the travel time is lower than the real life situation. In order to
cope with this effect 10 routes are calculated and compared with renowned internet route
planning websites: Google Maps® and ViaMichelin’. Test results are listed in table 2.

Table 2: Car travel times calculations by OpenStreetMap based model (OSM), Google Maps (GM) and
ViaMichelin (VM)

No|Departure address: Destination address: OSM|GM [VM [Avg |Factor
1|Jansoniusstraat Leeuwarden Lage Esch Oosterwolde 31 44| 42| 43| 1,39
2[Meerweg Stavoren Bronlaan Dokkum 62| 88| 87|87,5| 1,41
3|Waddenpromenade Harlingen Metaalstraat Wolvega 39| 49| 46| 475 1,22
4[Doctor Postmastraat Buitenpost Partuurstraat Sneek 38] 49| 50] 49,5 1,30
5|Kievit Lemmer Kerkeveen Appelscha 41| 56| 57|56,5| 1,38
6| Sterappel St. Annaparochie |Lauwersweg Suurhuisterveen| 35| 55| 46| 50,5 1,44
7| Tjalk Franeker Scholeksterstraat Heerenveen 29] 39| 36|375 1,29
8|De Warren Joure De Vlieren Veenwouden 31| 42| 40| 41| 1,32
9|De Oppers Bolsward Nijkamp Harkema 38] 50 49495 1,30

10|Fugelikkers Workum Robijnekamp Drachten 42| 49| 48]|48,5| 1,15

Average: 1,32

The travel time of Google Maps and ViaMichelin is averaged and the factor between that
travel time and the generated OSM network is calculated. The original car travel time of step
2C is adjusted with this factor and the car network is generated again.

Limitations
The generated road network model is a simplification of reality. It can be used for global
travel time determination, but some main limitations need to be accounted for:
e Travel speed is determined equal to assumed max speed of the road segment
The max speeds of the road segments are not always reliable
Turns and traffic lights are not modelled
One-way traffic is not modelled
The limitations of the above four points are party undone by the calibration of the car
network, but this only leads to a global fit
Traffic congestion is not modelled
e Travel time is modelled and measured between centres of the cores.

® http://maps.google.com/
7 http://viamichelin.com/
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