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Chapter 3

Accessibility and subjective well-being

Abstract

This article uses geographically weighted regressions to measure the association be-

tween facility access decline and SWB, with a speci�c focus on regions experiencing

population decline. Facility decline is expected to a�ect residents' utility leading to

out-migration as a result of declining utility. However, empirically this has not been

consistently established. Using SWB as a proxy for in situ utility, this study addresses

the observability bias of measuring utility through migration. Allowing for spatial het-

erogeneity addresses the expected spatial sorting of residents along with their valuation

of proximity to services. The data used in this study consist of a large spatially disag-

gregated survey of population health and subjective well-being throughout the north

of the Netherlands. Only proximity to hospitality establishments in regions experienc-

ing population decline is associated with SWB. Other services assessed are education,

health, and retail. The absence of a measurable decrease in utility is consistent with

the lack of a migratory response to accessibility decline, and casts further doubt on the

existence of a negative self-reinforcing spiral of decline.

3.1 Introduction

Across developed nations, spatial concentration of services is a�ecting service acces-

sibility (Barakat, 2015). The decrease in accessibility is particularly large in areas

which already have fewer establishments, such as peripheral and rural regions. As such,

it coincides with areas experiencing or expecting population decline (Franklin and van

Leeuwen, 2018; Haartsen and Venhorst, 2010). The processes are assumed to be recipro-

cal and self-reinforcing, with decreasing local markets a�ecting the viability of services,
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40 CHAPTER 3. ACCESSIBILITY AND SUBJECTIVE WELL-BEING

and lack of services a�ecting inter-regional migration (the downward spiral: Barakat,

2015). Empirical results so far have not consistently established a link between facility

closure, or absence, and population decline. Looking at school closures and previous

and subsequent population developments through migration, Barakat (2015) �nds no

evidence that net migration is associated with school closure, while Elshof et al. (2015)

do identify a small e�ect on out-migration. For village shops, Amco� et al. (2011) sim-

ilarly fail to �nd signi�cant di�erences in migration to and from villages experiencing

shop closures. This contrasts with �ndings that residents consider services important

for social capital and as meeting places (Markantoni et al., 2013; Gieling et al., 2017),

and that rural service utilisation is a�ected by lower accessibility (Morrissey et al.,

2008).

There are a number of reasons why migration may not follow service level decline.

First, not everybody may be able to move. The canonical Tiebout (1956) model predicts

that residents will vote with their feet if their current residential location provides them

with lower utility than another, after adjusting for the cost of moving. A household will

not move, for instance, if the utility cost of moving house exceeds the decrease in utility

from declining service levels. This may be especially relevant for larger households

(Morrison, 2014). Similarly, the up-front cost of moving may be prohibitive for some

households (Chan, 2001), even if the net utility would be positive. An exogenous shock

to the quality of the living environment will also a�ect property values, meaning home

owners may be unable (or unwilling) to accept the nominal loss of selling in down

markets (Engelhardt, 2003). Second, migration related to the quality of the living

environment, social and family networks, or quality of the house generally involves

moving over short distances (Niedomysl, 2011; Bijker and Haartsen, 2012), as opposed

to longer distance moves for work or study. Studies such as Barakat (2015) and Elshof

et al. (2015) use regionally aggregated data to identify migration patterns, meaning that

within region migration may be overlooked. Therefore, local residential utility may be

a�ected even if there is a lack of observed migration outcomes.

Finally, housing preferences may be heterogeneous over space. There is an extensive

literature on life-course migration and stated preferences of migrants which shows that

there is substantial heterogeneity in reasons for moving (Bijker and Haartsen, 2012)

and reasons for selecting certain destinations over others (Niedomysl, 2011). Along the

life-course, those moving for educational reasons will prioritise proximity to facilities of

higher education, whereas households with small children might place a higher value

on space in and around the house. The availability of these types of amenities is

heterogeneous across space (Morrissey et al., 2008), resulting in spatial heterogeneity in

pull-factors of migration (Rijnks et al., 2018). Following this, individual or household
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preference structures will be spatially heterogeneous. As individuals who value certain

facilities will have a higher propensity to move closer to them, household willingness

to pay for regional amenities will also be spatially heterogeneous. In the case of Chile,

Sarrias (2019) �nds evidence of this spatial heterogeneity in the associations between

determinants of SWB and the resulting regional subjective well-being (SWB). However,

Sarrias (2019) does not take into account the level of service accessibility. Focusing

on service accessibility, Comber et al. (2012) �nd evidence of spatial heterogeneity

in the association between distance to facilities and the dissatisfaction with access.

Dissatisfaction with access is, however, not a proxy for overall utility: Individuals can

trade away access to services for other regional or individual factors.

This study aims to contribute to the existing literature on the association between

service access and residential utility in three ways. First, this study uses individual

residents' SWB as a proxy for in situ utility (Frey and Stutzer, 2002) to address the

previously outlined issues with observability bias associated with using migration as the

outcome variable. Second, this study models potential spatial heterogeneity, explicitly

providing a �rst assessment of potential spatial variation of regional valuations of service

provision. To do so, this study compares standard OLS models and geographically

weighted regressions (GWR, Brunsdon et al., 1998). Finally, this chapter models how

population decline as a context might a�ect the perceived loss of services. As Barakat

(2015) notes, losing facilities is considered particularly problematic by people in regions

experiencing population decline.

The main data used for this study are obtained from the Lifelines population cohort

survey, with a total of 167,729 participants in the north of the Netherlands (Scholtens

et al., 2015) of which 34,983 were available for this study. This data-set contains

individual level SWBmeasures (cross-sectional), as well as a variety of individual health,

socio-economic, and psychometric variables, together with household locations allowing

for the estimation of comprehensive spatial SWB models. The Lifelines data were

combined with establishment data from LISA, containing the size, sector, and location

of each establishment in the Netherlands. There are four types of facilities included in

the analyses, all of which have previously been linked to residential utility: consumer

retail (Song and Sohn, 2007), hospitality (Nofre et al., 2018), health (Morrissey et al.,

2008), and education (Cheshire and Sheppard, 2004a). Finally, population data and

population development were obtained from Statistics Netherlands at a 500 metre raster

resolution.

The results from this analysis are relevant for policies related to regional develop-

ment. As it stands, very little is known about the association between service provision

and SWB at lower spatial scales, even though the sub-regional spatial scale may be
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more appropriate for the neighbourhood as experienced by the residents. Similarly,

very little is known about the dynamics of regional development when faced with de-

cline. Franklin and van Leeuwen (2018) argue for both possible increases and decreases

in the quality of life in regions facing decline, while an extensive literature has emerged

on the assumed negative e�ects (see Barakat, 2015).

The results from this study con�rm that even though overall measures of SWB are

generally only susceptible to individual or household level determinants, the degree to

which each of these determinants a�ects SWB is in fact signi�cantly location speci�c.

Global models of SWB, and as a consequence global interpretations of welfare e�ects of

policy interventions, overlook this spatial heterogeneity. Second, this study shows that

regional di�erences in levels and developments of access to facilities are not signi�cantly

related to overall SWB. The implication of this is not that accessibility does not matter.

As accessibility is only one dimension of overall utility, levels and changes of accessibility

are traded with other aspects related to quality of life, resulting in a spatial equilibrium

of SWB. For research into regional quality of life, this �nding shows that domain-speci�c

measures of quality of life are necessary to uncover regional di�erences in residential

quality and inform e�ective regional policy. Finally, the results show that the e�ect

of service level decline in areas experiencing population decline does not signi�cantly

a�ect residents' SWB.

The remainder of this chapter is structured as follows. Section two constructs the

theoretical argument for a link between service accessibility and utility, and provides

the theoretical framework for using SWB as a proxy for utility and placing SWB in a

regional context. Section three provides an explanation of the models used in this study,

an overview of the datasets, and operationalizations of the main variables. In section

four the main results of the models are outlined. The conclusions and discussions of

these results make up section �ve.

3.2 Facilities and SWB

3.2.1 Measuring SWB rather than migration

The theoretical argument for a reciprocal relationship between population decline and

declining service provision is straightforward. At the macro level, fertility rates have

been below replacement rates in most western countries for some time, with net migra-

tion seldom large enought to make up the di�erence (Franklin and van Leeuwen, 2018).

This process, combined with increasing urbanization, leads to population decline (see

�gure 3.1). Population decline subsequently a�ects the viability of service provision
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Figure 3.1: The downward spiral of population decline and service provision decline

Population decline Local market

Facility closure Service concentrationUtility

as local market size decreases (e.g. for banking, Leyshon et al., 2008). Bosworth and

Venhorst (2018) and Overman et al. (2010) list a number of other reasons that might

reduce establishment viability relating to dwindling populations, such as lower �rm

productivity, agglomerations of scale, and supply of labour (see also Delfmann et al.,

2017).

Moving back across �gure 3.1, regional levels of service provision are subsequently

related to residential utility (Graves and Mueser, 1993). Gibbons and Machin (2003)

and Cheshire and Sheppard (2004a), indeed, show that school quality, in cases where

school admission is determined by catchment area, is related to the price people pay for

properties within those areas. Looking at wages, Oswald and Wu (2011) �nd that higher

regional quality of life is associated with lower wages, indicative of a compensating

di�erential between regional quality of life and nominal wages which is consistent with

Graves (1980). The Overman et al. (2010) model similarly allows for exogenous shocks

to the quality of life, although in this model these are accounted for as shift parameters

in the cost-of-living quadrant. At the sub-regional level, proximity to facilities delivering

services and proximity to environmental amenities should similarly be related to utility,

provided that increased distance corresponds to increased expenditure in time or cost

of travel (Nakaya et al., 2007). Des Rosiers et al. (1996) and Song and Sohn (2007)

�nd that distance to retail centres corresponds to a decline in property values, with

the exception of properties closest to the retail centres. The same �nding holds for

the relationship between natural amenities and property prices (Daams et al., 2016),

although Ferreira and Moro (2010) �nd an association between natural areas and SWB

net of property prices.

Having established the link between population decline and facility decline, the link

between facility decline and population decline is described in the canonical Tiebout

(1956) model of migration. The Tiebout model more broadly describes when households

might decide to move, as a function of the utility experienced in the current residential

location, and the expected utility in other locations. Formally this takes the form of

(following Cherry, 2009):
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Mr = Ur(er, ar, zr,mr)− U0(e0, a0, z0) (3.1)

where Ur is the expected utility at location r, given a location speci�c set of economic

conditions e, amenities a, control variables z, and moving cost m, compared to the

same at the current location (U0). Mr represents the utility gain of moving to location

i. Following this model, amenities act as compensating di�erentials in the equilibrium

restoring system of migration. Regions which have abundant amenities will, ceteris

paribus, be more attractive for people to live and work in, resulting in higher rates of

in-migration. Regions with more local amenities should be associated with lower (net)

wages or a higher cost of living. Conversely, regions facing facility decline will expect a

decrease in utility, which should be measurable in (selective) out-migration (Barakat,

2015; Elshof et al., 2015), wages, or rents.

Until now, no studies have been undertaken to directly proxy the impact of acces-

sibility on individual utility. As outlined in section 3.1, the expected migration �ows

are not consistently found in the empirical literature. In the Tiebout model, migration

is a function of individual or household utility. The explanations for the absence or

inconsistency of the migration response to facility closure are based on the idea that

a decrease in utility does not correspond one to one with migration. For instance, the

cost of moving, including non-pecuniary costs such as household embeddedness in local

communities, exceed utility gains from moving. Households with children, for instance,

will be particularly a�ected by these considerations (Morrison, 2014). These explana-

tions do not, however, mean that facility closures do not lead to utility decline. Using a

direct proxy for utility will circumvent the observability bias and increase the likelihood

of �nding the e�ects associated with accessibility. If utility can be directly assessed,

regional changes in service provision should be associated with a measurable response.

Up until recently, the utility experienced by an individual was considered unavail-

able to the researcher (Frey and Stutzer, 2002). In the emergent �eld of Happiness

Economics, researchers interpret a variety of happiness or life-satisfaction measures as

a proxy for utility (Veenhoven, 2012; Ballas and Tranmer, 2012). Happiness economists

such as Kahneman and Krueger (2006) have shown that the use of subjective well-being

data can serve as a direct proxy for utility. Frey (2004) argues that the use of SWB

data then allows researchers to go beyond revealed preferences and measure utility

as this is experienced by individuals. Although some concerns about the validity of

measurements of subjective well-being persist, and a variety of alternative methods of

measurement have seen the light (Kahneman and Krueger, 2006), a growing body of

literature supports the notion that SWB can be reliably measured, and that measures
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of SWB generally measure what they aim to measure (Veenhoven, 2012; Tella and Mac-

culloch, 2006). It is important to note there have been more critical studies on the use

of SWB. Bond and Lang (2019), for instance, take issue with a number of measurement

properties of happiness scales such as cardinality of the measure and whether or not

anything can be gleaned from happiness responses if reporting functions are unknown.

This issue can not be conclusively dealt with in this chapter. Taking a pragmatic route,

however, this study builds on previous results which are consistent with what would

be theoretically expected. A full review of the literature on the validity of happiness

measures linked to utility is beyond the scope of this chapter, the examples below are

a small set of prominent examples from the economics literature. The seminal work of

Easterlin (1974) showed that the relationship between income and SWB is as expected.

The relationship between unemployment and SWB (Korpi, 1997) is negative, and from

the psychological and medical literature the rates of smiling (Ekman et al., 1988), and

incidence of suicide (Bray and Gunnell, 2006) follow plausible lines. These types of re-

sults have been replicated in numerous studies, national and subnational contexts, and

time periods. As utility is not directly observable it can not be con�rmed that SWB

measures correspond well or well enough with a cardinal measure of utility. However,

the studies listed above provide substantial evidence that SWB is at worst a noisy mea-

surement of utility (Veenhoven, 2012). This study proceeds along the line that SWB

serves as a reasonable proxy for individual utility.

3.2.2 What to expect from regional SWB

A more pragmatic issue with the use of SWB as a proxy for utility in regional science is

that there may not be any observable heterogeneity in regional levels of utility because,

in equilibrium, utility should not vary from region to region. Expanding on equation 3.1,

the factors in�uencing individual utility are traditionally individual or household income

(Y ), individual characteristics (Z, or split between socio-economic characteristics, Z,

and health, H), and neighbourhood characteristics (U). The general form of SWB

functions (following Sarrias, 2019) to measure utility using the true well-being function

W is:

SWBi = Wi(Yi, Zi, Hi, Ur) (3.2)

Provided no (or su�ciently low) moving costs (mr in equation 3.1), in equilibrium

any additional utility derived from the residential location (Ur) is compensated through

a combination of higher rents (Zr) or lower wages (Yr). In equilibrium, the resultant

SWB should not vary from region to region. This is partially con�rmed by Ballas
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and Tranmer (2012), who show that regions are not an important predictor for SWB.

In their model, individuals were hierarchically nested in both households and regions.

The regional level did not contribute substantially to the model estimation, lending

credence to the spatial equilibrium model of utility for the UK. In a second study

con�rming this �nding for the US, Goetzke and Islam (2017) similarly reveal only small

di�erences in SWB between US census regions. Moreover, where they do �nd signi�cant

di�erences in SWB, these regions subsequently experience higher population growth.

This suggests that migration functions as an equilibrium restoring process. Where they

were found, spatial disequilibria were found to be short-lived. These �ndings suggest

that household location behaviour is consistent with a utility optimizing framework

and a long-run equilibrium, and that regional factors associated with higher utility are

capitalized in wages and rents (Cheshire and Sheppard, 2004a).

If there are only very limited regional di�erences in SWB this would limit its useful-

ness as a measure of regional quality of life. There are, however, three main arguments

why SWB is particularly instructive for questions around regional quality of life. These

three reasons concern the time it takes people to respond to changes, people's adapta-

tion of their preferences or expectations as a result of changes, and the spatial clustering

of preferences for living environments. First, exogenous shocks to the cost of housing

or regional amenities will generate a response in real wages and migration, but these

responses may take time to materialize. Households in owner-occupied housing will be

slower to respond to changes in the equilibrium, as will households who are more em-

bedded in place through children attending schools or local social networks (Bijker and

Haartsen, 2012). Short run disequilibria in utility do exist (Goetzke and Islam, 2017),

evidenced by studies that do �nd regional di�erences in subjective SWB large enough

to be related to other phenomena. Ferreira and Moro (2010) �nd regional di�erences in

SWB and link these to environmental quality, while Rodríguez-Pose and Tselios (2019)

�nd an association between SWB and quality of governance. Changes in experienced

utility should be instant, and these should be measurable in SWB. Second, individuals

adapt to circumstances over time, evidenced by adaptation to physical trauma and ill-

ness (Diener et al., 1999). Adaptation over time to declining levels of service provision

may prevent migration from happening, even if the initial change does correspond to

a decrease in utility. Finally, although the outcome of SWB will, in equilibrium, not

vary regionally, the relative contribution of the underlying determinants does (Sarrias,

2019).
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3.2.3 Spatial heterogeneity in SWB

The utility function W in equation 3.2 allows for heterogeneity in the valuation of

factors associated with utility across individuals. Taken together with the utility mi-

gration model (equation 3.1), this means that households who place a higher value on

certain regional attributes are more likely to pay for proximity to those attributes. As

an example, Bijker et al. (2013) give an overview of the literature on how di�erent

(rural) regions attract di�erent types of migrants and con�rm this observation for the

north of the Netherlands. These variations in migration motives and destinations may

include di�erent sub-populations along life-course dimensions. Take, for example, early-

retirees moving to regions high in natural amenities (also discussed in Graves, 1980),

people with di�erent educational backgrounds sorting to di�erent types of areas (see

also Venhorst et al., 2010), and people moving to be closer to their social networks and

family. While migration is often thought of in terms of responses to labour markets

(c.f. Hoogstra et al., 2017), Morrison (2014) shows that, for New Zealand, migration

for employment enhancement only accounts for a small percentage of moves. Other

migration motives such as housing cost and size, social ties, and environmental reasons

were mentioned more frequently. Comparing the in�uence of either the labour market

with self-reported residential quality on in-migragion in the Netherlands, Rijnks et al.

(2018) �nd signi�cant spatial heterogeneity in their associations.

The main consequence of this sorting is that the value placed on amenities will

be spatially heterogeneous (Brunsdon et al., 1998). The overall (regional) SWB mea-

sured across regions may be the same. However, the valuation that individuals place

on factors determining SWB in di�erent regions may be very di�erent. Those who

value natural surroundings more highly, are more likely to be located near them (for

a decomposition by age see Graves, 1980). Various aspects of these di�erences have

already been explored in the literature. Sarrias (2019) uses individual survey responses

georeferenced to regions in Chile and explicitly allows the regression coe�cients to

vary between these regions. The results reveal substantial regional heterogeneity in the

association between people's SWB and the factors known to a�ect SWB, similar to

slope-heterogeneity. Their paper focuses on the di�erences in coe�cients for conven-

tional determinants of SWB and uses only a limited set of variables pertaining to the

regional context. The regional data used are variables on pollution, crime, density and

degree of urbanity. Ballas and Tranmer (2012) use intercept-heterogeneity to assess the

question of a spatial equilibrium in SWB, similar to Goetzke and Islam (2017).

Comber et al. (2012) take a more explicit look at the way distance to services

a�ects satisfaction with accessibility to post o�ces and libraries in the UK and �nd
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that the association is spatially heterogeneous. Referring back to equation 3.2, the

dissatisfaction with access represents only part of the overall utility equation. Even

with higher dissatisfaction with access, overall utility may not be a�ected as lower access

will be capitalized in wages or rents. Recent studies looking at how population decline

a�ects service accessibility, and in turn, regional quality of life, also �nd that facility

closure is viewed negatively (Christiaanse and Haartsen, 2017; Gieling and Haartsen,

2017) and that household moving behaviour is to a degree informed by the perception

of accessibility (Elshof et al., 2015). Smith et al. (2009) �nd that neither growth nor

decline in rural communities can be linked to a permanent social well-being outcome,

ascribing the lack of change to social or individual coping. A similar outcome was found

in Delfmann and Koster (2016), where residents confronted with an anticipated school

closure did not expect this to necessarily be a negative development, although it would

change the social structure of the village. Relating these empirical �ndings back to the

utility migration framework appears to indicate that the empirics do not match the

expected outcome of a decrease in local utility and an associated out-migration, given

a decrease in local service provision.

3.3 Model speci�cation and data

3.3.1 Model speci�cation

For this study, levels of service provision are used to predict residents' SWB. From

the spatial equilibrium model, no association between levels of service provision and

SWB should emerge (Ballas and Tranmer, 2012). Subsequently, changes in service

provision are used to predict residents' SWB. As these may be thought of as exogenous

shocks, short run disequilibria might result and residents' SWB would be expected to

have a positive association with SWB (Graves, 1980; Bosworth and Venhorst, 2018;

Overman et al., 2010). The proposed spatial heterogeneity may prevent identi�cation

of the expected result in global models. Using a set of GWRs, this study allows for

locally varying associations between service provision and SWB. Finally, the context

of population decline may make service provision a more salient factor in residents'

assessment of their quality of life. This may mean that the e�ect of service accessibility

on SWB only materializes in regions experiencing population decline. To test for this

e�ect, this study includes an interaction between population decline and changes in

service provision.

In terms of spatial analysis, this chapter extends on the work done by Sarrias (2019)

and Ballas and Tranmer (2012) by using individual level SWB data in combination with
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individual level location data to estimate geographically weighted regressions. This

allows the SWB function, and possible spatial heterogeneity, to be estimated at a lower

level of disaggregation. Conventionally, SWB functions are estimated using so-called

global models (Brunsdon et al., 1998), such as ordinary least squares or logit or probit

models depending on the measurement variable of SWB (Ferreira and Moro, 2010).

This is taken as the starting point of the empirical analyses in this study. The initial

model speci�cation is:

SWB = βPA+ βY + βZ + βH + βU (3.3)

where the SWB is estimated using individual positive a�ect, PA, income, Y , socio-

economic conditions Z, individual self-reported healthH, and regional variables U . The

socio-economic conditions Z are proxied by the self-reported number of persons that

rely on income Y , number of contacts and health-related limitations regarding social

contacts, and dummies for unemployment bene�ts and disability bene�ts. Personal

health is proxied by self-assessed health (RAND) and age, age-squared, and age-cubed.

The regional factors included in the model are service provision, either distance to

nearest or enhanced two-stage �oating catchment area, Euclidean distance to nature,

population decline, and population density. All variables and measurement levels are

explained in detail in the Data section.

The residuals from this model are then analysed using a Moran's I for patterns of

spatial clustering (Anselin, 1995). Spatial clustering of the residuals is an indication

that the residuals are not independent, which is a key assumption of least-squares

regressions. Any clustering would indicate the presence of a spatial process in the

underlying data-generating process that is not accounted for by the variables in the

regression.

The GWR regression models were developed speci�cally to take spatial heterogeneity

in the coe�cients into account (Brunsdon et al., 1998). The basic model builds on a

standard OLS speci�cation, but includes the location of the data-points as part of the

model. The general form of a GWR taken from Lu et al. (2014) is:

yi = βi0 +
m∑
k=1

βikxik + εi (3.4)

where yi represents the dependent variable SWB at location i, βi0 is the intercept,

βik is the coe�cient for variable k at location i, xik is a matrix of m independent

variables, and εi is the local error term. This model produces parameter estimates for

each point in the dataset, which results in a coe�cient surface. This type of modelling
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is useful when there is reason to suspect that coe�cients may di�er from one region

to the next. Examples of the literature using GWR include housing studies (Helbich

et al., 2014), showing that hedonic valuation of housing attributes can display spatial

heterogeneity, and disease mapping (Nakaya et al., 2005), showing determinants of

mortality are spatially heterogeneous. In terms of accessibility, GWRs have been used

previously to model access to facilities (Comber et al., 2012), and access to green space

(Comber et al., 2008), although neither study uses a proxy measure for utility as its

dependent variable.

For this chapter all GWR models were estimated using the GWmodel (Lu et al.,

2014; Gollini et al., 2015) using the scalable GWR function. This function allows the

estimation of GWR models for larger datasets such as the one used in this study. There

are some drawbacks to using the scalable GWR function. First, the primary extension

of the basic GWR model is the semi-parametric mixed GWR model, which provides

parameter speci�c tests of spatial heterogeneity. This test is unavailable for the scalable

GWR model meaning only a model with all parameters estimated locally is possible.

This does not a�ect the interpretation of the current models. It does, however, limit

the ability to �nd an optimal �t, as semi-parametric estimation of the models can

reduce model complexity substantially. In terms of bandwidth, this model uses an

adaptive bandwidth speci�cation. The regression points used are not uniformly spread

out across the study region, meaning a �xed bandwidth (i.e. a �xed distance around

each regression point) would lead to inconsistent numbers of neighbours in the spatial

�lter. The model was run for 50 nearest neighbours, 100, 200, and 400, with AICc's

compared to �nd the most appropriate spatial speci�cation. Computational limitations

meant speci�cations larger than 400 could not be tested.

Second, the basic GWR function contains an option of predicting coe�cients for

locations not in the original dataset. The data used in this study is highly sensitive

to personal identi�cation and as a consequence, presentation of results is subject to

stringent rules. No personal information may be disclosed and all information shown

must represent ten observations at a minimum. Residential location is privacy sensitive

information, as are all summary statistics. To accommodate these restrictions while

still showing the main spatial patterns, all maps shown in this chapter were composed

using GWmodel geographically weighted summary statistics. Geographically weighted

summary statistics enable the calculation of local means, standard deviations, and other

population parameters using a spatial weighting scheme. For the summary statistics

in this chapter, a 100 person adaptive bandwidth with Gaussian weighting scheme was

used.

The use of GWR models is not without its limitations. First, GWR models are
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broadly considered to be more susceptible to local multicollinearity (Wheeler and Tiefels-

dorf, 2005). Generally speaking, the use of repeated local regressions increases the

probability that two (globally uncorrelated) determinants are jointly the result of some

local factor. Wheeler (2007) proposes solutions to the multicollinearity problem us-

ing ridge regressions and local diagnostics. Fotheringham and Oshan (2016) test the

problem of multicollinearity in local regressions using a simulation study and �nd that

GWR is in fact robust to multicollinearity and better capable of producing reliable local

parameter estimates where local multicollinearity does exist. To deal with local multi-

collinearity the GWmodel package (Lu et al., 2014) incorporates a number of general

multicollinearity statistics adapted to local regressions, such as VIF analysis.

This study estimates a baseline OLS for distance to nearest establishment and

E2SFCA for the four types of facilities under consideration. Second, a set of models

is estimated using change in distance to nearest establishment and change to nearest

establishment interacted with population decline. Next, GWR models are estimated

on the change to nearest establishment set, with coe�cient surface maps shown in

the results. As population decline and distance to nearest establishment at small spa-

tial �ltering windows coincide to leave very little variation to estimate local regression

coe�cients, the interaction models can not be reliably estimated with a GWR.

3.3.2 Datasets used

Measuring SWB

The data used for this study is the Lifelines biobank survey in the North of the Nether-

lands. Lifelines is a multi-disciplinary prospective population-based cohort study ex-

amining in a unique three-generation design the health and health-related behaviours

of 167,729 persons living in the North of The Netherlands. It employs a broad range of

investigative procedures in assessing the biomedical, socio-demographic, behavioural,

physical and psychological factors which contribute to the health and disease of the

general population, with a special focus on multi-morbidity and complex genetics. For

a comprehensive description of the Lifelines study set-up see Scholtens et al. (2015).

In short, the Lifelines participants were recruited through, �rst, invitations to 25 to 50

year olds in the study region sent out by general practitioners. Second, self-registration

was made available through the Lifelines website, and �nally, all individuals partici-

pating in the study were required to list contact details for their parents, siblings, and

o�spring, facilitating the three-generation design. The Lifelines cohort was found to be

broadly representative for the population in the North of the Netherlands (Klijs et al.,

2015).
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The baseline dataset used in this study contains the survey answers for 34,983 in-

dividuals. Out of the total dataset, coordinate-location data was available for 75,292

individuals. During early stages of the Lifelines survey collection, income data was

collected using a di�erent coding scheme. This resulted in 12,409 cases with unusable

income data which we excluded from the present analysis, leaving 62,883. Further se-

lection on missing survey data on number of social contacts led to the exclusion of 2,542

individuals, and 865 individuals who did not live in the North of the Netherlands were

also excluded, leaving 59,476 respondents. Finally, a number of the critical variables in

the SWB equation were not part of the �rst survey but asked during a second follow

up survey (six months later). For this study the sample is restricted to individuals

for whom follow up data was available and who did not move house in the meantime,

restricting the �nal sample to 34,983.

The Lifelines dataset contains measurements of SWB in the form of the MOSF-

36, or RAND-36 (Hays and Morales, 2001). The measurements are based on a total

of 36 questions, subdivided into eight constructs, ranging from experienced pain and

self-reported health status, to emotional functioning and social functioning. One of

the subsets deals with the SWB of the individual, asking respondents how much of the

time in the past four weeks they felt happy, nervous, depressed, calm, and downhearted.

Measuring how much time is spent in a these emotional states is consistent with the U-

index proposed by Kahneman and Krueger (2006), although the measure is retrospective

rather than contemporaneous, similar to the measures used in Ballas and Tranmer

(2012) and Dolan and Metcalfe (2012). The �nal composite SWB measurement is

an unweighted average of the individual metrics (scaled from 0-100). A composite

measurement has the preferable property of higher test-retest stability (Kahneman and

Krueger, 2006; Lucas et al., 1996) The measure is tested for construct validity using

Cronbach's Alpha. The rule of thumb for Cronbach's Alpha is that a score of 0.7 or

higher represents good item reliability. The Lifelines measure of SWB scored 0.83.

Table 3.1 contains the summary statistics for the variables used in this study. The

average SWB in the sample is 79.6, with a standard deviation of 13.5. This indicates

that most individuals report SWB in the upper regions of the total scale. It is not

uncommon for SWB measures to contain this ceiling e�ect (Frey, 2008), although it

does warrant some caution when interpreting SWB outcomes towards the upper end of

the spectrum.

A standardized way to correct for recent events a�ecting mood is to include a control

for positive a�ect (Frey, 2008). Positive a�ect measures an individual's mood and short

run emotions (Watson et al., 1988). The measure commonly refers to the individual's

experience over a relatively short period of time. In the Lifelines survey, the time frame



3.3. MODEL SPECIFICATION AND DATA 53

used is four weeks, which is towards the long end of this scale. This has the bene�t of

corresponding with the RAND-36 time frame used in the SWB question. Watson et al.

(1988) do �nd some di�erences in the interpretation of longer time frame measures of

a�ect. Test-retest reliability of longer time frames is higher than shorter time frames.

The measure used in the Lifelines survey may highlight a more trait-like aspect of a�ect

rather than merely short term mood. Studies have previously found that SWB reports

are to some extent a�ected by individual traits. Frijters and Beatton (2012) show that

including individual �xed e�ects changes the relationship between happiness and age.

Stutzer and Frey (2006) �nd that there are interpersonal di�erences in happiness by

answering the question "do happy people get married, or does marriage make people

happier", �nding evidence that supports the former. As the data used in this study is

cross-sectional, individual �xed e�ects are not available. Alternatively, changes in the

reporting function of SWB should be re�ected in positive a�ect (Watson et al., 1988).

Individuals reporting higher average SWB as a result of a more positive outlook will

similarly return higher levels of positive a�ect. The positive a�ect score in the Lifelines

survey measures the degree of positive a�ect experienced by the individual in the past

four weeks over ten survey items. Questions include attentive, active, alert, interested,

excited. The Cronbach's Alpha of the positive a�ect construct in this survey is 0.81.

Measuring accessibility

This study uses the Dutch establishment register LISA for the accessibility measures

LISA (2019). The LISA dataset contains data on every establishment, such as size of

workforce, full-time, part-time, location (coordinates), and SBI sectoral de�nition. A

longitudinal subset from 2008 to 2012 was used. As this study focuses on consumer

facilities and services, a subset of establishments was used in line with previous studies

linking either rural or peripheral service accessibility to population decline, or services

in general to SWB. The services measured are educational services (SBI 852** and

853**, primary and secondary education, c.f. Barakat, 2015; Elshof et al., 2015; Cheshire

and Sheppard, 2004a), health (SBI 86101-86102, general hospitals, and 862**, out-

patient care, GP, dentistry, c.f. Morrissey et al., 2008), consumer retail (SBI 471**,

supermarkets and warehouses, and 472**, specialized food and beverage shops, c.f.

Song and Sohn, 2007) and hospitality (SBI 55101, hotels with restaurants, 56***, food

and drink outlets,c.f. Nofre et al., 2018).

This study uses two operationalizations of accessibility, distance to nearest facil-

ity and a more involved enhanced two stage �oating catchment analysis. Figure 3.3

shows the spatial patterns for the distance to nearest facilities measure of accessibil-
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ity. Predictably, access to services is highest in population centres. There is, however,

substantial heterogeneity in the access to services throughout the region.

Comber et al. (2012) �nd that distance to the nearest post o�ce and library are

predictors of dissatisfaction with accessibility, with the association displaying spatial

heterogeneity. Comber et al. (2012) use road network distance as proxy. For this study

Euclidean distance is used as the road network operationalization was not available.

This represents a limitation to some extent: in regions where road networks are less

dense or that contain signi�cant obstacles, such as lakes and motorways, the Euclidean

distance may underestimate the actual travel time. However, the north of the Nether-

lands is a reasonably isotropic region, evidenced by Weiss et al. (2018) who �nd very

little heterogeneity in travel times for a given distance.

The change in distance to nearest facility was calculated taking the distance in 2010

minus the distance in 2014, meaning a negative score, i.e. higher distance to travel in

2014 compared to 2010, is interpretable as a decrease in accessibility. A negative score

relates to a decrease in accessibility. The changes in distance were further categorized

with breaks of -6000, -3000, -1000, 0, 1000, 3000, 6000, allowing for the estimation of

asymmetric e�ects. The reference category in all estimations is the fourth, stable to

slight increase in distance, category.

The second measure used to operationalize accessibility in this study is the enhanced

two stage �oating catchment area (E2SFCA Song and Sohn, 2007). The two stages in

E2SFCA represent standardizations of accessibility to, �rst, the size of each establish-

ment and geographic density of the establishments, and second, the density of the local

market (i.e. inhabitants). The formulation of the E2SFCA following Song and Sohn

(2007) is

ACCi =
n∑
i=1

Rjd
−β
ij∑k

k=1 d
−β
kj

(3.5)

where ACCi is accessibility for a given service n at point i, R is the proxy for size

of the establishment j, m represents the number of households within the catchment

area, and β the distance decay parameter. Song and Sohn (2007) use �oorspace as a

proxy for establishment size.

In this study establishment size is proxied through the number of employees based

in the establishment. LISA allows for the di�erentiation between full-time (38 or 40

hours per week) and part-time (>12 hours per week). Part-time employment is more

prevalent in the Netherlands, making up 3.8 million of an 8.2 million workforce Statistics

Netherlands (2019b) . For the present study, both full-time and part-time employees

were counted equally.
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The size of the catchment area was set to �ve kilometres, representing approximately

a thirty minute cycling round trip. As no a priori appropriate catchment area for each

of these services was known, robustness checks with ten and twenty kilometre catchment

areas were estimated, resulting in no appreciable di�erence in the parameters estimated.

As no prior information about the appropriate distance decay parameter was available,

both 1
d
and 1

d2
were used. Both speci�cations yielded similar results, the remainder of

this chapter uses 1
d2
, following Song and Sohn (2007) who �nd this improved estimation

in their study.

The bene�t of E2SFCA is that accessibility becomes a function of establishment

size and population served. Controlling for establishment size means that the measure

controls for the di�erence between, for instance, a corner shop or village mini-market,

and a larger supermarket. The rationale in favour of doing so is that larger estab-

lishments will o�er a wider range of products and, through agglomerations of scale, a

lower price-point (Bosworth and Venhorst, 2018). The argument against controlling for

establishment size is that small scale establishments o�er a complimentary set of ser-

vices to larger scale establishments: the weekly shop will take place at a larger regional

shopping centre, but, in case you have forgotten a small item, a nearby shop can save

you a longer round trip.

Controlling for population served also has arguments for and against. In cases where

service use is exclusive (e.g. dentists, GPs, primary schools) it is critical to know the

ratio of service provider to service consumer (Morrissey et al., 2008). This bene�t is not

so pertinent in cases where multiple users can access a service simultaneously with low

marginal dis-utility. Although long lines at the supermarket register are a nuisance, they

do not compare to the negative e�ects of long waiting times at the GP. For hospitality

services there is a case to be made that larger target demographics within the service

area increase the utility of the service, at least up to a point. An example of this would

be a mostly empty versus a vibrant village pub.

Individual confounding variables

Individual level confounding variables used in this study were income, social contacts,

health, employment, education, and relationship status. These variables were obtained

from the Lifelines survey data. Income is measured as self-reported household disposable

income in income ranges. The ranges used (in euro's) are incremental steps of 500 with

the exception of the �rst two stages: < 750 for the lowest category followed by 750 - 1000.

The highest category is >3500. Both log income and income dummies were analysed.

Coe�cients for income were not substantially di�erent between both speci�cations in
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sign and signi�cance, and the other model estimates were not a�ected. The log income

models are reported in this chapter. As is common practice, in order to control for

di�erences in household size the number of persons reliant on the household income

(self-reported) are included in the regression. Mean household income in the sample

is 2756 euros with a standard deviation of 932. According to Statistics Netherlands

(2019d) this is in line with registry data, mean disposable income for the north of the

Netherlands, excluding students, was between 2600 and 2700 for the study period.

Social contacts are positively related to SWB (Dolan et al., 2008). In the Lifelines

dataset individuals were asked how many people they spoke to in a week. The average

was 20 contacts per week, with a standard deviation of 28.7. From the RAND survey

items we are able to control for the interaction between health status and social contacts,

with one subset of the questions measuring the degree to which individuals feel that their

health inhibits their socializing. This construct was measured with an item reliability of

0.78. All RAND survey items are recoded such that higher values correspond to better

health. The mean RAND social score was 87.8, with a standard deviation of 17.9.

Equation 3.2 shows that individual health is one of the confounders of SWB (Dolan

et al., 2008; Deeming, 2013). As is highlighted by Oswald and Powdthavee (2008),

there are di�erences in the way objective health and subjective health a�ect SWB.

Their results show that individuals adapt to shocks to their health, suggesting a return

to (near) original levels within two years. The RAND survey contains a subsection

of self-reported general health assessments, which were included in the models. The

Cronbach's alpha for the resulting construct was 0.73, showing good item reliability.

Unemployment has a distinguishable e�ect on SWB beyond just the lower income

received (Dolan et al., 2008). In the Lifelines dataset, individuals were asked about

their employment status, with the options of unemployment or a recipient of disability

bene�ts. The latter did not distinguish between full disability bene�ts recipients and

partial disability bene�ts recipients. In the latter category the individual holds a job but

is compensated for disability-related loss of earnings. In this study, disability bene�ts

and unemployment are included separately as dummies. For the present study, age is

a confounder of both SWB and of the residential location decision. In the regression a

�rst, second, and third degree polynomial of age are used to correct for any remaining

age e�ects.

Level of education is a known confounder of SWB, with most authors �nding a small

positive association. Dolan et al. (2008) provide an overview of the literature linking

education with SWB and �nd that the size of the association is to a degree a�ected by

other variables in the equation. Income and health are both associated with education

and SWB, meaning separating the causal e�ect is complicated. For the present study,
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controlling for education is useful as the level of educational attainment is, in part,

a determinant of residential location selection. Thissen et al. (2010) �nd that there

are signi�cant di�erences between educational attainment and migration preferences in

rural areas in the Netherlands and Belgium. Morrison (2014) argue that the groups of

stayers and adjusters, or migrants, are to some extent dependent on the educational

attainment of individuals. Bijker and Haartsen (2012) shows that more popular rural

areas attract di�erent migrants to less popular rural areas, with cost of housing used

to proxy the popularity of rural areas.

Married people report higher levels of SWB (Stutzer and Frey, 2006). The Lifelines

dataset allows for a further di�erentiation of relationship status, distinguishing between

cohabiting couples, married couples, and living apart together (LAT) couples, single

people, divorcees, and widowed persons. All categories were included in the regression,

with cohabiting couples serving as the reference category.

Regional confounding variables

For the natural areas data, the Statistics Netherlands set on land use (Bestand Bodemge-

bruik) was taken Statistics Netherlands (2012a). From this set, regions which were

classi�ed as natural (code 61 and 62), forest (code 60), or water (code 7* and 8*),

were used as a proxy for access to nature. Daams et al. (2016) provide an in-depth

analysis of the valuation of the natural quality of the environment in house prices for

the Netherlands and �nd that there is a signi�cant willingness to pay for proximity to

green space, subject to distance decay. Ferreira and Moro (2010) show that for Ireland,

SWB is positively related to proximity to green space.

The �nal dataset used in this study is the publicly available Statistics Nether-

lands population raster data Statistics Netherlands (2019a). The Statistics Netherlands

(2019a) dataset is used for the measures of population density and population growth.

There are two resolutions available, 100x100 metres and 500x500 metres. For this study

the 500x500 metres set was selected, as Statistics Netherlands reports low case-numbers

per cell as missing. This problem predominantly a�ects rural areas and is more pro-

nounced in the 100x100 metres set. The variable used from the raster data is total

population, smoothed over a 5 kilometre radius with a 1
d2

distance weight. Empirical

results on the association between population density and SWB have been mixed, with

some authors �nding no association (Ballas and Tranmer, 2012; Goetzke and Islam,

2017), while others �nd positive or negative associations, depending on context (East-

erlin et al., 2011). Generally, when a density e�ect is found, it is found for urban areas

upwards of one million inhabitants. The urban areas in the north of the Netherlands are
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smaller, the city of Groningen, for example, being around 200,000 individuals. Controls

for population density were included, using quintiles of the smoothed average popula-

tion density over a �ve kilometre radius as a proxy for density. The middle category of

population density is used as the reference category throughout the analyses.

Population growth was measured using the population statistics for 2010 and 2014

as follows:

G =
P2014 − P2010

P2010

(3.6)

where local population growth G is the fraction of the di�erence of smoothed pop-

ulation numbers in 2014 and 2010 (P2014, P2010), over population in 2010. To allow for

asymmetric e�ects of decline compared to growth the resulting population dynamics

were grouped in six groups: Strong decline G < −0.2, decline −0.2 ≤ G < −0.1, mini-

mal decline −0.1 ≤ G < 0, minimal growth 0 ≤ G < 0.1, growth 0.1 ≤ G < 0.2, strong

growth G ≥ 0.2.

Figure 3.2: GW Summary statistics SWB and Health

Figure 3.2 on the left provides a small reference map for the North of the Nether-

lands. The provincial capitals, Groningen (G, for the province of Groningen), Leeuwar-

den (L, Fryslân), and Assen (A, Drenthe) are marked on the map, as well as Emmen

(E), a larger population centre in the south-east of Drenthe. The shading shows the

spatial distribution of population in the region. SWB is lower in the provincial capi-

tals. Higher quality of life is found around the Frysian lakes (the south-western corner)

and the western part of the Lauwersmeer (north central region). Some patterns do not

emerge, e.g. the lower socio-economic status of the eastern parts of Groningen and

Drenthe does not result in lower SWB scores.

Figure 3.3 shows the distances to nearest establishment by type for 2010. Starting

top left, facilities o�ering education are available at a short distance throughout most

of the study area. This is in line with what may be expected given the discussion by
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Table 3.1: Summary statistics

Variable n mean sd median min max
Subjective well-being
SWB 34983 79.569 13.529 84.000 0.000 100.000
Accessibility
Nearest Retail (hm) 34983 7.262 8.209 4.472 0.000 76.942
Nearest Hospitality (hm) 34983 3.818 3.839 2.828 0.000 66.400
Nearest Education (hm) 34983 2.684 3.410 1.414 0.000 50.448
Nearest Health (hm) 34983 2.090 3.193 1.000 0.000 54.644
E2SFCA Retail 34983 0.017 0.030 0.008 0.000 0.578
E2SFCA Hospitality 34983 0.018 0.037 0.009 0.000 1.616
E2SFCA Education 34983 0.033 0.046 0.018 0.000 0.945
E2SFCA Health 34983 0.083 0.178 0.038 0.000 7.425
Controls
Income 34983 2,756.246 932.219 3,000.000 750.000 4,000.000
Dependent persons 34983 2.978 1.383 3.000 1.000 7.000
Social RAND 34983 87.784 17.935 100.000 0.000 100.000
No. Contacts 34983 20.033 28.657 12.000 0.000 999.000
Dist. Forest (hm) 34983 11.298 10.746 8.062 0.000 88.295
Dist. Water (hm) 34983 5.337 4.307 4.123 0.000 27.514
Dist. Nature (hm) 34983 25.965 18.458 21.024 0.000 98.005
Positive a�ect 34983 3.542 0.416 3.600 1.000 5.000
Health RAND 34983 72.711 16.439 75.000 0.000 100.000
Unemployed 34983 0.026 0.159 0.000 0.000 1.000
Disabled 34983 0.025 0.157 0.000 0.000 1.000
Age 34983 41.891 9.969 43.000 18.000 63.000
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Figure 3.3: GW Summary statistics accessibility

Barakat (2015) on the perceived importance of schools to village life, as social pres-

sures from within the villages will help to maintain a local school. Concentrations of

education establishments occur around the major population centres. For hospitality

establishments (bottom left), most areas in the map are well served by restaurants,

bars, and co�ee places. The main concentrations are around the population centres,

with the university town of Groningen the best served by hospitality. Health and retail

services display a larger degree of spatial concentration. Both in terms of accessing

health and the daily shop, rural residents face longer travel times, as well as larger

potential increases in case of establishment closures.

3.4 Results

3.4.1 Linear baseline model

Table 3.2 shows the results from the initial linear regression on log-transformed SWB

for the E2SFCA and distance to nearest �rm. In general, none of the accessibility

measures reliably show an association with SWB. For distance to nearest �rms there

appears to be a positive association with distance to nearest healthcare establishment.

This is a surprising result, as higher distances re�ect lower accessibility. The result

is not replicated in the E2SFCA. As healthcare establishments are more concentrated
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around larger population centres than education and hospitality facilities (�gure 3.3),

the coe�cient may re�ect di�erences between more peripheral rural regions and regions

less remote. There appears to be no association between SWB and population decline.

Strong growth is positively associated with SWB in the E2SFCA model, but this result

is not replicated in the distance to nearest �rm model. There appears to be a negative

association between population density and SWB, but only for the most densely pop-

ulated areas. For the E2FSCA population density was not included in the model, as it

is already included in the E2FSCA measure. Meanwhile, distance to natural areas does

not appear to a�ect SWB.

Turning to the controls in the model, the individual control variables provide plau-

sible coe�cients indicating the model generally performs as expected. Positive associ-

ations are found for positive a�ect, health, income, people who are married, and have

active social lives. If more people are dependent on a certain income, this negatively

a�ects SWB. Other negative coe�cients are found for unemployment and all other rela-

tionship statuses (reference group is cohabiting couples). Tertiary education is negative

after controlling for income.

The coe�cients for the confounders of SWB are plausible and lead to the conclusion

that the model measures what it sets out to measure. There appears to be no association

between levels of accessibility and SWB estimated using global regressions. This result

is in line with the theoretical argument in Overman et al. (2010) and the empirical work

done by Ballas and Tranmer (2012) and Goetzke and Islam (2017). Regional di�erences

in SWB re�ect disequilibria which are quickly restored through market processes such

as migration, adjustments in rents, and income.

The downward spiral model of population decline requires a link between changes in

accessibility and SWB, as a proxy for utility. In the previous model, a link between levels

of accessibility and SWB could not be established. In the second set of models, changes

in accessibility are modelled, �rst, directly against SWB and second, interacted with

population decline. Table 3.3 shows the results for these models using the distance to

nearest establishment operationalization (E2SFCA results were run as well but returned

no appreciably di�erent results). Using the change in distance to nearest facility (2010-

2014) returns a positive and signi�cant coe�cient for the change in hospitality1. For

hospitality, increasing the distance to nearest establishment a�ects SWB negatively,

although the association is very small. A one hundred metres decrease in distance to

nearest hospitality establishment is associated with a 8.78E−06 increase in log SWB.

The result remains signi�cant in the interaction model, and the coe�cient increases

1In the E2SFCA no signi�cant association between accessibility and SWB were found
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Table 3.2: Linear regression result, dependent log(SWB)

Coe�cients: Estimate Std. Error Coe�cients: Estimate Std. Error
Retail: Distance 1.12E-03 1.00E-03 Retail: E2SFCA 1.67E-02 3.09E-02
Hospitality: � -1.29E-04 9.04E-04 Hospitality: � -2.97E-02 2.56E-02
Education: � -6.67E-04 8.37E-04 Education: � -4.65E-03 1.99E-02
Health: � 2.28E-03 7.57E-04** Health: � -3.60E-04 4.98E-03
Strong decline 8.68E-03 1.50E-02 Strong decline 1.38E-02 1.49E-02
Decline 4.14E-03 6.90E-03 Decline 7.77E-03 6.77E-03
Minor decline 7.00E-04 1.86E-03 Minor decline 2.08E-03 1.84E-03
Growth 3.62E-03 4.91E-03 Growth 3.45E-03 4.90E-03
Strong growth 1.38E-02 8.56E-03 Strong growth 1.73E-02 8.53E-03*
Controls
(Intercept) 1.84E+00 4.48E-02*** (Intercept) 1.84E+00 4.48E-02***
Positive A�ect 4.44E-01 9.48E-03*** Positive A�ect 4.44E-01 9.48E-03***
Health (log) 1.13E-01 3.38E-03*** Health (log) 1.14E-01 3.38E-03***
Unemployment -3.78E-02 5.44E-03*** Unemployment -3.83E-02 5.44E-03***
Disability -2.30E-03 5.69E-03 Disability -2.30E-03 5.69E-03
Age 1.95E-03 3.11E-03 Age 1.83E-03 3.11E-03
Age2 -7.86E-05 7.74E-05 Age2 -7.48E-05 7.74E-05
Age3 9.16E-07 6.21E-07 Age3 8.86E-07 6.21E-07
Secondary Ed. -1.14E-02 7.91E-03 Secondary Ed. -1.15E-02 7.91E-03
Tertiary Ed. -2.02E-02 8.05E-03* Tertiary Ed. -2.11E-02 8.05E-03**
Income (log) 2.19E-02 2.79E-03*** Income (log) 2.21E-02 2.78E-03***
Dependent pers. -4.82E-03 2.39E-03* Dependent pers. -3.95E-03 2.38E-03.
Divorced -4.78E-02 5.21E-03*** Divorced -4.79E-02 5.21E-03***
LAT -2.11E-02 4.85E-03*** LAT -2.14E-02 4.85E-03***
Married 1.21E-02 2.56E-03*** Married 1.26E-02 2.56E-03***
Other -1.29E-02 1.14E-02 Other -1.11E-02 1.14E-02
Single -1.84E-02 3.84E-03*** Single -1.87E-02 3.84E-03***
Widowed -7.97E-02 9.54E-03*** Widowed -7.91E-02 9.54E-03***
RAND Social (log) 2.68E-01 2.78E-03*** RAND Social (log) 2.69E-01 2.78E-03***
N contacts (log) 6.56E-03 9.70E-04*** N contacts (log) 6.62E-03 9.70E-04***
Forests 1.92E-04 9.99E-04 Forests -5.63E-04 9.86E-04
Water -1.67E-04 9.50E-04 Water 3.36E-05 9.46E-04
Nature -1.13E-03 1.14E-03 Nature -1.29E-03 1.15E-03
Density: First 5.99E-04 3.21E-03 Density: First
Density: Second 2.63E-03 2.69E-03 Density: Second
Density: Fourth 3.83E-03 2.74E-03 Density: Fourth
Density: Fifth -5.76E-03 2.89E-03* Density: Fifth
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substantially in size to 1.33E−04. Looking at the interaction coe�cients shows that

the e�ect is predominantly found in regions experiencing strong decline. All other

interaction coe�cients for hospitality are negative and return the combined e�ect down

to near zero.

The model reveals no signi�cant association between changes in accessibility and

SWB for health, education, and retail. The same result is found for the interactions

between accessibility and population change. The coe�cients in both the direct e�ect

model and the interaction model are estimated with a similar degree of precision to the

coe�cient for hospitality, for the direct e�ects model between 2.30E−06 and 4.85E−06,

and for the interaction model between 2.61E−05 and 5.15E−05.

Two things emerge from the estimation of the interaction term. First, associations

are not homogeneous across regions, with population decline shown to moderate the

association between hospitality accessibility and SWB. Failing to address this hetero-

geneity leads to the underestimation of e�ects on residential SWB. Second, the results

for hospitality are consistent with the idea that meeting places are most important for

regions experiencing population decline. The coe�cients are, however, small. A change

in distance to nearest establishment of just under 8 kilometres (distance unit in the

regression is hectometres) corresponds to a one per cent change in SWB. Small changes

are to be expected, as the main contributors to SWB, such as health, a�ect, income,

and relationship status, are controlled for in the regression. A second caveat is that the

results could not be replicated in the E2SFCA model.

3.4.2 Spatial regression results

Finally, a set of GWR models were run to establish spatial heterogeneity in the asso-

ciation between the degree of accessibility change and SWB. Accessibility change was

measured in six categories of changes in distance to nearest establishment. The category

breaks are at 6000, 3000, 1000 metres increase in distance, followed by 0, 1000, 3000,

6000 metres decrease in distance to nearest establishment. The reference category is 0

to 1000 metre decrease in distance to nearest establishment. In contrast to the baseline

model, the GWR coe�cients are allowed to vary which means that not one coe�cient is

estimated for the study area. The regression table typically shows the following distri-

butional characteristics of each coe�cient: range, min, max, and quartiles. The results

from the GWR measuring change in access are shown in table 3.4.

Figure 3.4 shows the results for the GWR of change in hospitality. The top two maps

show the e�ect of an increase in distance to nearest hospitality establishment, a large

increase on the left and a moderate increase on the right. The bottom row shows the
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Table 3.3: Linear regression result change in access, dependent log(SWB)

Coe�cient Estimate Standard Error Estimate Standard Error
δ Education -1.55E-06 4.85E-06 -1.10E-05 2.94E-05
δ Hospitality 8.78E-06 4.04E-06* 1.33E-04 5.15E-05*
δ Retail -1.52E-06 2.30E-06 5.45E-06 2.61E-05
δ Health -1.52E-07 4.08E-06 1.24E-05 3.13E-05
POPDEC2Decline -9.89E-03 1.91E-02 -3.71E-03 2.09E-02
POPDEC2Minor decline -1.49E-02 1.78E-02 -1.22E-02 1.94E-02
POPDEC2Minor growth -1.51E-02 1.78E-02 -1.30E-02 1.95E-02
POPDEC2Growth -1.19E-02 1.85E-02 -8.96E-03 2.03E-02
POPDEC2Strong growth 3.60E-03 2.01E-02 1.03E-02 2.27E-02
Education : Decline 2.81E-05 3.37E-05
Education : Minor Decline 8.77E-06 3.02E-05
Education : Minor Growth -2.72E-06 3.07E-05
Education : Growth 4.11E-05 3.83E-05
Education : Strong Growth 8.57E-05 4.72E-05.
Hospitality : Decline -1.10E-04 5.58E-05*
Hospitality : Minor Decline -1.21E-04 5.18E-05*
Hospitality : Minor Growth -1.28E-04 5.20E-05*
Hospitality : Growth -1.37E-04 5.38E-05*
Hospitality : Strong Growth -1.80E-04 6.00E-05**
Retail : Decline -3.74E-06 2.79E-05
Retail : Minor Decline -8.16E-06 2.63E-05
Retail : Minor Growth -6.17E-06 2.64E-05
Retail : Growth -1.82E-06 2.91E-05
Retail : Strong Growth -5.75E-06 2.99E-05
Health : Decline 4.27E-06 3.54E-05
Health : Minor Decline -1.26E-05 3.18E-05
Health : Minor Growth -1.37E-05 3.21E-05
Health : Growth -1.40E-05 3.55E-05
Health : Strong Growth -7.43E-06 3.69E-05

*** - p < 0.001, ** - p<0.01, * - p<0.05, † - p<0.10
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e�ects of a decrease in distance to nearest establishment, with a moderate decrease on

the left and a large decrease on the right. The top left map shows the coe�cient surface

for strongest increase in distance to nearest hospitality establishment. The coe�cients

are negative throughout the study area, with the strongest negative associations in the

south-west of Fryslân and the central Drenthe area. Neither of these areas experience

or anticipate population decline. In terms of size, the largest coe�cient re�ects a �ve

per cent decrease in SWB, but for most areas the decrease associated with a moderate

decrease in accessibility is between two and three per cent. The coe�cient surface for

a slight decrease in accessibility is also negative throughout, with similar patterns in

Drenthe and a more pronounced decrease in SWB in the north-east and north-west of

the study area. The size of the coe�cients is considerably smaller, with the largest

negative e�ect around one per cent change in SWB, and most of the coe�cients close

to zero.

Moving on to an increase in accessibility, the bottom left map shows that a moderate

increase in accessibility is not associated with an increase in SWB. The coe�cients here

re�ect a hospitality establishment opening up nearer to the place of residence and are

negative throughout the study area. This is a curious result, as this is relative to the

category stable to small increase in accessibility. Changes in the accessibility, even

moderately positive ones, are negatively associated with SWB. This contrasts with the

category strong increase in accessibility, which reveals positive coe�cients throughout

the study area, noting that the size of the association is very heterogeneous. On the

whole, this indicates that increased accessibility results in a higher SWB. The largest

coe�cients are not predominantly found in areas experiencing or expecting population

decline, indicating that the associations may be idiosyncratic to the places rather than

the macro-demographic context.

The results in table 3.4 reveal two main patterns. First, the size of the association

between changes in accessibility and SWB are small, mostly in the order of under a

one per cent di�erence in SWB (< 0.01) for each category of service level decline (the

reference category is the fourth, a slight increase in accessibility). Second, there are

only slight di�erences in the coe�cients indicating low to no spatial heterogeneity. The

interquartile ranges for all the parameters for change in accessibility are 0.006 or lower,

indicating most estimates are within a very small range of each other. For education,

the largest decrease in accessibility is associated with a decrease in SWB throughout

most of the study area. The same is true for hospitality in both of the categories of

accessibility decline. Interestingly, a substantial increase in proximity to hospitality

is associated with a decrease in SWB as well. The category experiencing the largest

increase in accessibility for hospitality does seem to be associated with an increase in
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Figure 3.4: GWR Coe�cient surface hospitality

SWB. For retail and health the results are more mixed, with both positive and negative

coe�cients for increasing and decreasing accessibility.

3.5 Conclusion and discussion

This study aims to link facility access and subjective well-being, with a particular focus

on accessibility decline and population decline. Previous empirical work has revealed

spatial heterogeneity in the coe�cients determining SWB (Sarrias, 2019). However,

their analyses do not take into account regional di�erences in access to services. Sim-

ilarly, Comber et al. (2012) �nd that the association between satisfaction with ac-

cessibility and distance to facilities is spatially heterogeneous, but does not link this

dissatisfaction to SWB. Others have previously shown that access to services may relate

to utility (Cheshire and Sheppard, 2004a; Song and Sohn, 2007), which should trans-

late into higher ratings for SWB. This study aims to resolve this gap by estimating

geographically weighted regressions of the association between SWB and accessibility,

while controlling for a comprehensive set of individual characteristics.

The main �ndings of the modelling exercise show that there is very little evidence for

an association between access to services and SWB in either the global regression model

or the GWR. Services included in the model were consumer retail, health, education,

and hospitality. Accessibility was measured in two ways, a simple distance to nearest
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establishment, and an Enhanced 2-Stage Floating Catchment Area approach (Song

and Sohn, 2007). An increasing set of distance bandwidths and three distance decay

parameters (linear, quadratic, cubed) were tested, all returning the same result. The

same absence of signi�cant associations is true for changes in accessibility and SWB,

where no signi�cant results were found in the global model or the GWR. The only

exception was hospitality, which returned a signi�cantly positive association between

SWB and accessibility. As the distance to the nearest establishment increased, SWB

decreased. Using an interaction term with population decline shows that this e�ect

only occurs in regions experiencing strong population decline. This result is in line

with previous studies linking residents' quality of life to their social living environments

(Gieling et al., 2019).

The general results from the GWR were in line with Sarrias (2019), �nding su�cient

spatial heterogeneity to justify the added modelling complexity. Previous studies as-

sessing the appropriate spatial scale of models relating to SWB found that smaller scales

provide better model �t Rijnks et al. (2019). This was not the case in the present study,

where bandwidths starting at 50 nearest neighbours up to 400, the computational max-

imum, were run. Comparing model diagnostics showed that 400 neighbours provided

the best �t. This is the �rst study to use individual residential locations as the unit of

analysis, as opposed to individuals nested in regions. The results from the back�tting

show that using larger scale spatial aggregations may not be very problematic.

The second contribution relates to the association between SWB and local demo-

graphic characteristics. Testing the assumption that higher densities relate to lower

SWB, this chapter �nds that people living in the lowest quintile of population density

are more happy than those living in the middle quintile. The mean SWB in the highest

quintile of population density is signi�cantly lower. The di�erences are small and not

consistent with the results found for the second and fourth quintile, meaning this asso-

ciation is very tentative. Population decline can not be related to di�erences in SWB,

with neither decline nor growth returning a signi�cant characteristic.

The results from this chapter show that two critical links in the downward spiral

associated with population decline are absent. First, there appears to be no direct

negative association between population decline and SWB. Taking SWB as a proxy

for utility, this appears to contradict the self re-enforcing e�ect of population decline.

Second, this study �nds no evidence of an association between service level decline and

SWB. The loss of local services does not impact regional utility. Both results are in line

with previous �ndings (Barakat, 2015), demonstrating that the feedback loop between

population and service level decline is not automatic. There are a number of possible

explanations for this absence of an association. First, as part of a substitution e�ect,
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facility closures are the result of under-utilisation. Larger and centralized facilities, for

instance in retail, can compete with local services on cost. The bene�ts of a cheaper

cost of living o�sets the higher cost of access, for those who can a�ord this. Second, the

day to day mobility requirements of living in peripheral areas are higher. As private

car ownership is already more widespread and necessary in rural and peripheral areas,

the increase in mobility cost may be small for most residents. Third, facility access

may simply be less important as a residential location factor than other neighbourhood

characteristics such as social contact, proximity to friends and family, availability of

a�ordable housing.

This study suggests two avenues for further research. First, the absence of a signi�-

cant association between accessibility and SWB could result from compositional e�ects.

Although the compensating mechanisms listed in the previous paragraphs may prevent

most of the rural population from experiencing signi�cant negative e�ects of facility

closures, there may still be an at risk population consisting of lower mobility residents.

Second, focusing on accessibility and residential utility, the results from this study show

a disconnect between the expected decline in satisfaction with access in Comber et al.

(2012), and measurable changes in SWB. SWB as a whole appears to correspond to

variables commonly associated with utility (Ballas and Tranmer, 2012) and behaves

(spatially) in line with expectations (Goetzke and Islam, 2017) in this study. However,

the lack of association between satisfaction with facility accessibility and overall SWB

needs resolving.
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Table 3.4: GWR Coe�cients change in accessibility

Coe�cients Min 1st Qu. Median 3rd Qu. Max
Accessibility
δ Education: Second -0.105 -0.012 -0.009 -0.007 0.066
δ Education: Third -0.015 0.002 0.004 0.005 0.028
δ Education: Fourth ref
δ Education: Fifth -0.119 0.003 0.005 0.007 0.082
δ Education: Sixth -0.026 -0.004 -0.002 0.001 0.046
δ Hospitality: Second -0.099 -0.030 -0.028 -0.026 0.029
δ Hospitality: Third -0.019 -0.006 -0.004 -0.003 0.016
δ Hospitality: Fourth ref
δ Hospitality: Fifth -0.143 -0.017 -0.015 -0.013 0.129
δ Hospitality: Sixth 0.011 0.077 0.080 0.083 0.175
δ Retail: First -0.072 0.000 0.002 0.004 0.080
δ Retail: Second -0.023 0.005 0.007 0.008 0.045
δ Retail: Third -0.010 0.003 0.004 0.006 0.042
δ Retail: Fourth ref
δ Retail: Fifth -0.097 -0.004 -0.002 0.000 0.076
δ Retail: Sixth -0.026 0.023 0.025 0.027 0.078
δ Health: First -0.077 -0.002 0.001 0.004 0.073
δ Health: Second -0.085 -0.010 -0.008 -0.005 0.029
δ Health: Third -0.018 0.001 0.003 0.005 0.028
δ Health: Fourth ref
δ Health: Fifth -0.195 -0.005 -0.003 0.000 0.103
Strong decline -0.142 0.009 0.011 0.013 0.156
Decline -0.064 0.003 0.005 0.007 0.075
Minor decline -0.009 -0.001 0.001 0.003 0.014
Minor growth ref
Growth -0.063 0.002 0.004 0.006 0.047
Strong growth -0.053 0.013 0.015 0.017 0.064
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