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Abstract

Increasing international evidence shows that forestsenhgincanental and physical health

by providing opportunities for relaxation, physical activity, social interactiortfaodigh

reducing air pollution. Studies also suggest that forests may halesia reducing
socioeconomic health inequalities by weakening the links between poverty, deprivation and
poor healthKK nowledgesurroundingherelationship between forests, health and

inequalities is limited aso national studiesave been carried owndfindings to d&e are

based on crossectional datarhis thesis addressthese research gaps by examining
associations between forests, Iieand inequalities for the whote# Scotland over a 20ear
period.

Firstly,changes in the sockpatial distribution of forests in Scotland between 1991, 2001

and 2012were assesseBollowingFollowing this relationships between different lotgrm

pa terns of individualsd forest access and
influence of cumulative forest access throughout life and levels of forest access at particular
life stages on later mental health were aigsmiedstudiedLastly,iongnvestigaions into

whether changes in forest access were associated with changes in generaiehealstiried

out In order to understanghether foresmight reducesocioeonomic health inequalities,

each of the empirical analyses considerné@mnces between sociodemographic groups.

Measures of forest access in 1991, 2001 and 2011 were dredted IS for all postcodes

in Scotland and linked to a sample of individuals in the Scottish Longitudinal Study (SLS).
The SLS containknked census recosicollectedn 1991, 2001 and 2011 fapproximately
274,000 peoplé5.3% of the population)rhe studysampe included those who had

complete datawere presenn all three censusgsvereaged 18+ in 199iandlived in

private residences on the Scottish mainland (n=97,@&Bninistrative health recordeom

2011to 2016, including the prescribing of antidepressants and hospital admission data were
l inked to the sample members. A synthetic
characteristics and forest user informatiothi& Scottish People and Nature Survey

(SPANS) was also used to examine whether visiting forests explained the associations
between forests and general heaftatistical techniques included Latent Class Growth

Modelling (LCGM), hybrid effects models and tests for mediation.

Over the study perigdjeographicahccesdo forestamproved throughout Scotland

However, there wasevidence tlvadividuals with low socioeconomic status in 1991 were
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more likely to have worsieng-term patterns dforest access than those with higher
socioeconomic statu$here was evidence that thegersetrajectories of forest access had
implications forlaterhealth; individuals with better forest access trajectories had reduced

risk of having worse health at the end of the study pevitminenwith agreater

accumulaibn of forest access were less likely to attend a mental health outpatient clinic or be
prescribed antidepressants during 22016 For men and those without qualifications who

had improved forest access between time points, the risk of having-tetomijness

reduced, compared to those whose forest access did not chamtjegs also suggested that
better forest access across the life course and at particular stages in adulthood may be linked
to reduced inequalities in mental health between men anéwand between those with

higher and lower socioeconomic status. Forest use partially explained the association
between forest access and general health but there was also evidence of a direct effect of
forest access on mental health.

The key contributiorf this thesis was the linkage of spatial environmental data to census
and administrative health records for individuals and the application of a longitudinal
approach. The thesidsocontributes to the international literature by providing new insights
into the causal mechanisms though which forests may influence health across the life course
and how these may vary between social groups. The research has provided important
evidence for policy makers such as Forestry Commission Scodladt the socialalue of
forestry in Scotland (and potentially elsewhere) and the opportunities that maintaining and
enhancing forest access could have for improving popuksia mental health and

reducing health inequalities. In particular, those designing inteorentd encourage forest
use among disadvantaged groups should consider how interventions could be targeted at
those with low individualevel socioeconomic status as well as deprived areas. Future
research should use life course approaches to betterysihecif/ays in which forests may
support health for those with specific mental illnessesl where possible consider the

effect of forest access in childhood as well as adulthood on later life health outcomes.



Lay Summary

Studies fronacross the worlduggesthat forests are linked to better health by providing
attractive places for people to exercise, relaxtake part in social activitiest has also

been shownhat the healtfpromoting effects of green spaces areaterfor those living in
poorerneighbourhoods. Therefgr®rests which are in close reach of deprived communities
could have a role in reducing the health gap between richer and poorer groups. However,
knowledge about the links between forests and health is limited as researchhtasdagen
based on information collected at one point in time. Being able to follow the same people
through timeand record information about their level of forest access and health at different
time points would provide better indication of whether the influence of forests on health is
causal. This thesmexplores changes in public access to forests, anddlaionship between

forests and health through time inyestigating the following questions:

Do people withbeterlong-term patterns of forest accdssve better health?

Are there certain stages in a personbs |
mental health or do protective effects of forests on healtd bpibver time?

Does peopl e dimpravewhenrthey liveltlesar ltotfanests?

Does visiting forests explain improvements in health?

Is the influence of forests on health stronger for particular social groups?

This research took place in Scotland and was the first study to explore thedinieen

forests and health through tima a national scale. It involved the collection of digital maps

which showedhe locations of all forests and residential postcodes in 1991, 2001 and 2011
andenabled levels of forest accdese estimated. The dimce fromeach postcode tihe

nearest forest wasalculated for the three time poinfhese were thdinked to the Scottish

Longitudinal Study (SLS) which contains census information for 5% of the population in

1991, 2001 and 2011. Further health rdsaturing 20122016 were also linked to the final

study samplef 97,658 people which indicated mental health problems such as depression.
Statistical tests wereapplied in order to id
forest access and theieddth Tests were also run separately for men and women, by age

group and level of education.

For the whole of Scotland, peoplebs | evel of
2011. Howeverpeople who were worseff had poorer forest access thghout the study

period than those who were more advantaged. Those with better patterns of forest access



over time also had better health during 2@016. The influence of forests on health varied

between men and women. For example, men who had impronest &mcess between time

points had better general health thaanrwho did not experience improvements in forest

accessFFor women, protective effects of forests built up over time and reduced the risk of

mental health problems later in life. The findiradso indicated that better levels of forest

access throughout life and at particular stages in adulthood may help to narrow the gap in

health between men and women; and between vaffsad more advantaged individuals.

Visiting forests provided some bnbt all of the explanation for the relationship between
forests and gener al health. This suggests th
necessariljhaving to visit e.g. through feeling less stressed when viewing forests from a

window.

Byusingi nf or mati on about peopleds forest access
points over a 2Qear period, this study has enhanced what we know about relationships

between forests and health; and how relationships might be stronger or weaker fdaparticu

groups of individuals. The research findings aldoave some important policy messages,

particularly for organisations like Forestry Commission Scotland. For example, initiatives

aimed at improving the health of disadvantaged groups may consideayhénmvhich

those who are worsaff may be encouraged to visit forests, as well as improving levels of

forest access in deprived neighbourhoods. In order to build on this study, future research

may explore the ways in which forests may help to ease symspbspecific mental

illnesses and also assess how experiences of forests in childhood may influence health later

in life.
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1 Introduction

1.1 Mental health, inequalities and the physical environment

In 2018, theWorld Health Orgarzation (WHO) called for immediate action to tackle non
communicable diseases including mental ilinesses andiéwnghealth condition@Vorld

Health Organization 2018d§lobally, depression is one of the most common mental

illnesses, currently affecting 300 million people, and is the leading cadssability (World

Health Organization 2018&d)epression and other mood disordersasehighly correlated

with suicide(Angst et al. 1999)vhich accounts for 800,000 deaths worldwedeh year

(World Health Organization 2018a3ddressing such mental health problema gdobal

public health priority and is included in th

Goals(Scorza et al. 2018)

In the Unied Kingdom (UK), it has been estimated that a quarter of the population is

affected by a mental health issemch yeatMental Health UK 2018)In a ecent survey of
approximately 2,300 people, just under half reported that they had experienced depression

and a quarter reported panic atta@ental Health Foundation 2017h Scotland, the

situation is worse than the UK average with one in three people affected by a mental health
problem in any given yed6cottish Government 201,8nd suicideatesapproximately 4%

higher than in Englan(Samaritans 2017 ompared to most other Western European

countries, Scotland has a lower ldgpectancy, higher mortality rates and larger

socioeconomic health inequaliti€Bhe Scottish Public Health Observatory 2018Jhe

difference in healthy life expectancy between those living in the 10% most and 10% least
deprived areas is 25 years for males and 22 years for fe(Balattish Government 2015b)
Studies investigating the causes of Scotl and
and poor have pointed towards temgloymeatunt ryoés

history, and poor quality living environments particularly in Glasgwehich has negatively
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affected health behaviou(@opham 2006; Smith & Mads 1994; Walsh et al. 2018n

order to enhance health and reduce health inequalities in Scotland, a suite of policies

addressing social, economic and environmental policies including flbmssing on the

physical environment have been recommendex® of which include§ i mpr ovi ng
greenspace access andWatshueadl. i201g, pg.10). Thie pr i ved ar
recommendation draws on increasing evidence of associations between access to green

spaces and a range of health outcomes; and the evidiendtledre are smaller health

inequalities between deprived and affluent areas with greater access to green spaces than

areas with lesser green space ac@d#shell et al. 2015Mitchell & Popham 2008)

1.2 Therole of forests in addressing public health challenges

One area of growing academic and politterestis thepotential health benefits of forests.
Studies in a range of contexts from across the world suggest that forests may influence
aspects of both pisical and mental health and enhaugaality of life. It has also been
suggested that forests improve hegtidrticularly for those living in deprived areas
Thereforeforests may potentially help to reduce socioeconomic health inequéiiiadisis

et al. 2018; Nordh etl. 2009; Ward Thompson &spinall 2011) In Asiaand Europe it has
been demonstrated that visiting or viewing forests can improve mood, reduce symptoms of
mental ilinessefiwata et al. 2016; Komori et al. 201 8upport recovery from surgery
(Ulrich 1984)and enhance immuniffsao et al. 2018Jt has also been demonstrated that
living in areas with more forests is associated with higher abilities to cope with(ktikss
et al. 2017) The mechanisms through which forests are related to health include stress
reduction(Ulrich 1983) mental restoratiofKaplan & Kaplan 1989)Jmproving air quality

by reducing pollutanté@Nowak et al. 2014and providing opportunities for physical activity

(Pietila et al. 2015and social interactioh O6 Br i en et al . 2014)

The role of forest planning and management in policies addrassing of thecurrent

public health challengeand for meeting targets for sustainable developnhestbeen
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recognised internationalfFood and Agriculture Organization of the United Nations 2018)

For example, in Europe it is recommended that expanding forests in urban areas and

improving forest access shouldibeat t he heart of | ocal and reg
(European Environment Agency 20f@3) in order to reduce health riskgrticularlythose

associated with urban living and climate charagel incountries with ageing populations.

Enabling access to forests for social benefit and community health and wellbeing is currently
a key feature oforestry management policy in Scotland. For exanipl2005, Forestry
Commission Scotland (FCS) launched Weods In and Around Towns (WIAThding

programme which enables local authorities and community groups in urban areas to improve
access to, anguality of, local woodlands through physical enhancements and provides

support for social engagement activities to encourage regular use of urban woodlands
(Forestry Commission Scotland 2016urthermore, FCS have developed a Woods for

Health Strategy, written in partnership with Scottish Natural Heritage (SNH) and NHS
Scotland, which outlines actions for delivering the health benefits of forests to all, for
example,tdicr eat e o m@mavitdewsuppott forgpeoplaliving in our most deprived
communities, through woodl and (Fprestbygr ammes, gt
Commission Scotland 200%iy. 15). Forests have also been incorporated into the delivery of
healthcare througBranching Outa programme providg a 12week course of outdoor

learning activities to adults with mental health isgresestry Commission Scotlan2018)

TheNHS Forest: Growing Forests for Healpinogramme hs enhanced the grounds of 150
hospitals across the UK. Scottish examples include Ninewells Hospital and Medical School

in Dundee and Argyll and Bute Hospital,@esialist mental health hospital on the west

coast. Interventions such as the installation of accessible trails, therapeutic gardens and green
gyms have allowed patientand hospital staffto improve their health and wellbeing by

being more physically éiwe and partaking in outdoor therapy sessions as part of their
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Agr een pr (E€encerfdr pustainaliiesHealthcare 2018; Forestry Commission

Scotland 2010)

While evaluations of the above programmes and the broader international literature have
found evidence to supporfpasitive relationship between forests and health, there are still a
number ofmethodological constraints which limit ounderstanding of this link. For

example, most of the studies to date have been based orsectis®al designs, focusing on
small sarples at one particular time point. Therefqgretential causal associations and
pathways cannot be tested and the imq effects of forest access on health cannot be
explored. Furthermore, there have been no investigations into how national distsiladition
forests may have changed over time due to migua factors and how these mlagve
exacerbatedr reduced inequalitie® forests across different places, contexts and

sociodemographic groups.

1.3 Aims and objectives

This thesis provides new insightgo the associations between forests, health and

inequalities; and contributes to the international evidence base by adopting a longitudinal
approach usingationatlevel data sources. The investigation is located in Scotland and uses
census and administrae ve records that captures peopl eds
outcomes at three time points during ay2@r period. The thesis addresses the following

research aims and objectives:

1. To assess changes in the soapatial distribution of forests in Scotland between
1991, 2001 and 2011 (Chapter 4).

1 How has the geographical extent of and access to fatestgjecdver this period?

1 How have changes in forest access varied betvaegmived and affluent

neighbourhoods; different parts of Scotland; and urban and rural areas?
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To examine the relationship between different patterns of forest access over a

20-year period (19912011) and subsequent health outcomes (Chapter 5)

Is accessa forestdn 1991, 2001 and 201dssociated with general and mental
healthoutcomesduring the period 20120167

To what extent do sociodemographic characteristics of individuals predict
individual s6 fo?est access trajectories
Are differenttrajectoriesof forest accesbetween 1991 and 20ptedictive of

general and mental healbntcomes during 20120162

To what extent do particular life course models of health describassociations
betweenforest accessand mental health in later life (Chapter 6)

At which stagesf adulthoods forest access associated with mental health during
201120167

Is a greater accumulation of forest acdestsveen 1991 and 20&&sociated with
bettermental health in 20220167

Do associationsary between differerdocicdemogaphicgroups gex
socioeconomic status, age, ateeel deprivation and urban rural classification)?

Is forest access associated with a reduction in inequalities in mental health?

To investigatewhether changes in forest access over time arassociated with
changes in general health (Chapter 7)

Ar e changes forestaccesbsedtiveemn 199 52004 énd 2044sociated
with changes in general healthtween time points?

Does the abovassociation vary between differesdciocdemographigroups éex
socioeconomic status, age, ateeel deprivation and urban rural classification)?

Doesuse offorests explain the associatibatween forest access and general health
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1.4  Thesis structure

The thesis consisof eight chapters. Chapter 2 includeszview of the current empirical
evidence and theoretical perspectives regarding associations between forests, health and
inequalities, and discusses the ways in which the thesis aims to contribotiativance

this knowledge. These discussions dravbmyader theoretical understandings of place and
health, including socioecological models and the environmental justice framework. Chapter
3 describes the data sources and measures used in the analyses. These include a large
representative sample of indivials from the Scottish Longitudinal Study (SLS), which
contains census data from 1991, 2001 and 2011; linked administrative health; r@edrds

data from historical forest inventories. Methodological approaches such as the linkage of
forest access measusd synthetic estimations of forest use are also described. The
particular statistical techniques appliadd results of the analyses are explained in each of
the following four empirical chapters. As outlined above, Chapter 4 consists of daalea
analysis exploring changes in levels of forest access for the population of Scotland between
1991, 2001 and 2011. Chapter 5 then explores different trajectories of forest access for a
sample of individuals in the SLS and examines associations betweerafmess

trajectories, sociodemographic characteristics and different health outcomes at the end of the
study period. Chapter 6 further investigates relationships between forests and mental health
through time by using life course models of health. Thetharfinal empirical chapter, the
analysis explores changes in forest access and changes in general health and whether
peopleds use of forests explains the associ a
discusseshe key findings and reflects dine strengths and weaknesses of the study. The
thesisthenconcludes by summarising the main contributions to knowladdemplications

for policy.
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2 Background

2.1 Place nature and health

Over recent decadebhere hasbeem gr owi ng interest in how pl a
physical and mental health. This is supported by a large evidence base which proposes that
structures and contextual features of residential, work and recreational environments e.g.
housing conditionssocial capital and air qualiffvacintyre et al. 2002nay be

60sal udiogeenipcr omot e healt h, dAntoroyslytld9@®geni c o i
Considering the roles of both the physical and social aspects of environments enable

discussios on howplacecanenable and constrabehaviours which influence healt®ocio

ecological models of research have been applied in rstujes thaexplore how a

multitude of health and wellbeing related outcomes are affected by elements of the physical

and social environments in which we live. For examplis,approach alsallows s to
considempsychosocial elements of health dngw resident(and norresident§

perceptions of their neighbourhood might relate to health outcantieental weltbeing in
particular(Macintyre et al. 1993furthermore, investajing the characteristics of places

can provide insighaisto why spatial and social inequalities in health might exist (Macintyre

et al., 1993)More recently, the temporal nature of place has been recognised and there have
been calls to integrate life emse approaches into geographical investigations in order to

enhance knowledge about the ways in which place is linked to health. Such approaches

would enable, for example, assessment of the ways in which transitions between places
throughout life and statural changes to the neighbourhoods in which people live, influence

health and inequalities in later lifBearce 2015)

Increasing attention from academics and policy makers across the world has focused on the
potentubnbgésiacd effects of natural environme

beaches and gardens, and the ways in which they may be important for public health,
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particularly for those living in urban are&Evidence suggests that livirig areas with rare

green spacks linked to lower stresRoe et al. 2013)ower risk of diabetes and

cardiovascular diseasAgtellFBurt, Feng, et al. 2014Mitchell & Popham 2008and

enhanced quality of life (Ward Thompson and Aspinall, 2011). Furthermore, it has also been
shown in European countries, including the UK, that socio@mic health inequalities are

lower in neighbourhoods with greater amounts of green space (Mitchell et al., 2015; Mitchell
& Popham, 2008). Specifically of interest has been the potential role of forests in supporting
health. Unlike the studies above whigplore links between all types of green space
(collectively) and health, the reseamkploring thepossiblehealing effects oforestsin
particularhas largely been based in Japan where the practice of engaging with forests is
calledshinrinyokuorédr e st (@saunetsugumnegd. 2010jhe Japanese body of

literature and studies in the UK/Europe have supported positive associations between either
viewing or visiting forests and improved heatthated outcomes including enhanced mood

and reduced risk of poor mental hegltelinis et al. 2018; lwata et al. 2016; Komori et al.

2017; Mitchell 2013)

In this chapter, the theoretical perspectives and empirical evidence of the relationship
between forests, health and inequalities are reviewed. While the thesis focuses primarily on
forests, insight is also drawn from the wider research on green space where there is a lack of

evidence specifically on forests.

2.1.1 Theoretical perspectivesnd pathways

2.1.1.1 Stress Reduction Theory and Attention Restoration Theory

There are two dominating framevks which theorise the pathways through which forests

may be related to health. FisstStress Reduction Theory, also known as

Psychoevolutionary Theolrich 1983)p| aces emphasi s on the nat.

capacity to reduce feelings of stress. This theory focuses on the immediate positive

22



emotional and physiological reactions to natural environments as the primary explasati

to why they areonsideredherapeutiqHartig et al. 2003)Ulrich (1983)argueghat contact

with nature can quickly encourage feelings of positivity hence reducing feelings of stress and
anxiety. The main underlying assumption of this evolutionary theory, that humans have a
deeprooted emotional connection with nature, is informed by biophilia and habitat theory.

The notion of biophilia was first proposed fWilson 1993)and is described as the

ingrained tendency for fondness towards nature and natural environments and that this need

is genetically based. Similarly, habitat theory is based on the basic assumption that humans

are sensitive to and immediately reactivéh@ir physical surroundingg\ppleton 1975)

The theory proposes that these perceptions are indicative of whether the conditions present in

an environment are favourable for human survfiZeinesh et al. 19997\ppleton (1975)
proposes that environmentswhh o f f er t he opportunity for bo
reasonabl e view of surroundings), and o6refug
significantly satisfies the human need for survival and therefore may explain why humans

may find forest enviroments particularly attractive.

Secondy, Attention Restoration TheorKaplan & Kaplan 1989olds thatcontact with
naturesupportsrecovery from states of mental fatigue caused by the continuous demands

and stress associated with everyday life in modern built environments. It is claimed that by
providing mychological distance from mentatigxing environmers; natural spaces Ipe

restore the brainés capacity t@enmesseanc& ntr at e,
Cimprich 1995)Kaplan and Kaplan (1989) claim that there are four essential conditions for

an environment or experience to be congdexs attentionestoring These include (1)

effortless fascination(2) sense of being away i.e. allowing escape from demanding routines,

(3) sufficient extent with rich content which differentiates from everyday place&and

compatibility with theindr i d u al 6 s (Harsrpanm eaal. 20073lthough natural
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environments are not unique in offering these four qualities, Kaplan and Kaplan (1989)

claim that they are particularggfective in doing so.

Whereas Ulrichés (1983) trhéeéoeynpvplraomene diphaas
reduce feelings of stress, Kaplanso (1989) f
restoring capabilitiegHartig et al. 2003)However, in practice, the two experiences are often

linked. Ulrich et al.(1991)argues that the decline in performance experienced when one is

mentally fatigueds due to the detrimental effects of strd&aplan(1995)highlights the

challenge of studying stress and mental fatigue as they often occur together in research

scenarios, which leads to the assumption that this is always the case in reahig@theless,

Kaplan (1995) attempto clarify how stress and menfatigue connectKaplan (1995)

highlights the importance of harm (direct and threatening) and resource inadequacy (lack of
psychological resources in order to handle difficult scenarios) in leading to how one

responds to stress. However Pagsong1991)highlights, this perspective assumes that

6harmdébd is a prerequisite for stress and igno

experiences in life which are mentally demanding yet rewardingiding a new job.

Although the above theories offer considerable analytical inglugit, focus orearly human
experiences of natural environments is criticisbichas been suggesteatlie to rapid
industrialisationincreasing urbanisation, advascin technology and accompanying cultural
changes throughout the®26entury, that humans may have become emotionally as well as
physically detached from the environments in which they evqi@edlone 2000)It has also
been suggested that biophilia is perhaps not always an importiénitatin the relationship
between naturanvironmentsand health and that cultural connections and individual
characteristics angreferences are more likely to explain positive perceptions of and
responses to natur@rinde & Patil 209). It has also been suggested that the positive

connection between forests and health may be facilitated by mechaignghan those

24



relating to reduced stress and restordjoimproving air quality social interaction and

physical activity.

2.1.1.2 Enhanced & quality

Although evidencef an effectis wealk, it is often proposed that forests contribute to human
health directly by reducing pollutants such as ozone, nitrogen dioxide, sulphur dioxide and
particulate matter. However, the extent to whichdtemitigateair pollutants may only be
slight. RResearch in the United States (US) demonstrated that the proportion of air quality
improvements attributable to tree cover was less than one p@xoerk et al. 2014;

Nowak et al. 2006 On the other hand, it has also been suggested that forests have a role in
producing particles that can harm health as trees release pollutants amhg|liergjuding
pollen, which can be detrimental to health particularly for those with asthma and hayfever
(Lovasi et al. 2013)Again, evidence of this link is limited as studies in the UK and US did
not find significant associations between risk of asthma hospitalizations and tree pollen
counts(Osborne et al. 2010r with percentage of evergrefamest cove(Erdman et al.

2015) AA study carried oubn green spaces in three European cities did not find air
pollution to be a mediator in the relationship between green space and Bigaltia et al.
2017) Alternatively, forests may influence health through indirect mechanisms e.g. by

providingsettingsfor social interaction and physical activity.

2.1.1.3 Social interaction and social cohesion

Studieshave shown that forests promote social interaction and facilitate social cohesion
which are proposed to be linked to mental health by providing protection against stress,
sharing of health related information between peers and encouragingrieéski
behaviourqKawachi & Berkman 2014; Cohen & Wills 198%) the context of
neighbourhoods, social cohesioneoftrefers to the extent to which people feel that their
residential area has a sense of community and belonging; the level of trust and friendliness

between neighbours; and shared social norms and (&oesst & Kearns 20010A study
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in the US showed thagVels of social interaction among neighbours and use of public spaces
werehigher in housing estates with vegetated spaces (trees and grass present) compared to
those with concretepen space@uo et al. 1998) In the UK, studies have shown that

forests provide opportunitider making social connectioriis the neighbourhood.

Furthermore, study participants have reported enjoywfestrialising with othersmeeting

new people, becoming more involved in the governance and management of local
community forestsand also the comfort felt when viewing other people enjoying the forest
(Carter et al. 203 Dinnie et al. 2013; Edwards & Weldon 2006; Morris et al. 2011a;

OO0 Br i e2014gSociabalktivities in forestsavebeen found to be particularly beneficial

for those suffering from depressiday, offering opportunities for new social connections,
working with others, feelings of increased confidence, contribution to socieétgraative
expressior{Townsend 2006)Such positive feelings are suggested to be linked to better
mental health by moderating physiological responses to stress, aiding coping mechanisms
and providing incentives for setfire e.g. exercising more, smoking legs(Cohen et al.

200Q Kawachi & Berkman 2014 Other studies have higlglted the importance of feeling

safe and the quality of green spaces as potential moderating fsaftecting the social

pathways between green space and h¢akha ¥ mi er czak 2013; Maas et

Overallthere is insufficient evidence to suggest that levels of social interaction mediate the
relationship betweeforestsand health outcomeStudies thus far have reported mixed

results and have examined green spaces collecti@€lysssectional studies iRuropean

and Australian cities identified that social cohesion was a mediator in the relationship
between perceived quantity and quality of neighbourhood green space and general and
mental healtl{Sugiyama et al. 2008; de Vries et al. 20Ziplema et al., 202)7with social
support being particularly important for men and those under the aggD&@sand et al.

2016) However, not all studies, including one from Europe, have detected these

relationshipgTrigueraMas et al. 2015)This is possibly due to diffen types of green
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space appealing to different social groups and may also be due to the measure of social
interaction or coh&on used. It has also been suggested that new methods of data collection
including GP&tracking and those facilitated by smarbpl applications which record the
quantity of and type of interactions between peapkey be important for providing a more

detailed insight into social pathwagidarkevych et al. 2017)

2.1.1.4 Physical activity

It is well known and accepted that achieving certain levels of physical activity is important
for maintaining physical and mental healthby reducing the risk of depression and
cardiovascular diseases, and by enhancing quality of life for people of a{Bizest al.

2007; World Health Organization 2018€&)prests may be linked to health by providing

suitable settings for physical activity, mainly walkifRjetila et al. 2015Ward Thompson &
Aspinall2011but al so cycl i n(gO6aBrd e@tudidgsddoBetland,s pl ay
South Korea and Switzerland have also suggested that physical activity in forests supports
mental health more so than physical activity indoPRarticipants who exercised in forests
reported more pronounced feelings of stress relief, happiness and being more mentally
balanced than those who exercised indoors. Participants alsddveet riskof poor mental
health compared to those who exercised indoors or in other types of green spaces and blue

spacegHug et al. 2008; Mitchell 2013; Shin et al. 2013)

Evidence supporting whether physical activity mediates the relationship between forests and
health is weak. There hawvaly been a few greespace studies in England and Europe

which found that physical activity was either a partial mediator with low explanatory power
(Dadvand et al., 2016) or did not mediate associations between green space and health
(Lachowycz & Jones 201Zijlema et al., 201)¢ Furthermore, green space studies lwse
found a negative association betwé¢lema mount of green space and p
activity levels. This may be due to areas with more green space also being further away from

everyday destinatiorlike grocery stores, schools, places of work etc. aacktbre being
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located in areas where people are less likely to walk or ¢{ieleig et al.2014 Markevych

et al. 2017.

2.1.2 Testing pathways between forests and health

As demonstrated above, several potential pathways might explain the connection between
forests (or green spaces) and health, whiclstaogvnin Fig. 2.1. Howeverevidence has

been weak and there are few studies which have explicitly tested mediation using statistical
techniques. Furthermore, results have been inconc|asidemediators have varied

according to social groups and particular indicators of health. Thereforeygitfarests

may provide people opportunities to improve aspects of their health, there is little convincing
evidence of clear pathways between these environments and specific health outcomes.
LLittle attentionhas beemaid tohow opportunitiego engage witHoreststo improve health

may beshapedy a number o$tructuralfactorswhich determine where forests are located
such as théevel of public acces#s illustrated in Fig.2.lJpeopl eds | evel of fo
may be influesedby their opportunities tparticipate in decisiemakingrelating to choice

of residential location and environmental plannifgrthermore, pportunities to visit

forests are also shaped by individual preferences about foregdtseamueighbourhoad

whichin turnmay beinfluencedb y a n i ncharastéristics gohsbesperiences, and
emotionaland cultural connections to foresthie ways in which these factors operate over
time has largely been ignored in previous literaturgthey are importat determinants of

the timing and accumul ation of yedwpl ebs expo

This chapter turnaow to the current empirical evidence linking forests, health and

inequalities.
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Fig.2.1: Conceptudtamework of the relationship between forest access and health, integrating principles of environmental justiceecwlagicad models of health inequalities.
Adapted from Hartig et al., (2014).
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2.2 Forests, health and inequalities: the empirical evidence

Studiesrom across the world have suggested émaaging with forests may help improve
physical and mental health outcom@ssitive influences have been demonstrategpdople
maintaining good healtiwho visitlocal forests recreationally and thosith illnesswho

participate in forest therapy programmes

Much of the evidence supporting possible therapeutic effects of forestsrhagrom Asian
countries including Japan, China and South Kongth a smallemumber from Europe.

Most studies have focused on sttegshere is also some evidence of links between forests
and physical aspects of health. These include but are not limited to conditions such as
hypertensior{fMorita et al. 2011Sorg et al. 2017; Sung et al. 201R)ng diseasélia et al.
2016) enhancing immunity against can¢er & Kawada 2011 Li et al. 2010 Li et al.

2008 Tsao et al. 2008improving cadiovascular healtfiMao et al. 2018Mao et al. 2012

Sung et al. 2012bjand supporting recovery from surgéiirich 1984)

A range of physiological and setported markers have been used to measure associations
between forests and feelings of stré&3udies have shown thah comparison to viewing

urban landscapes, participants experienced lower blood pressure anddamweate

variability when viewing forest§ Lee et al. 2009Park et al. 2010a; Takayama et al. 2014)
Experiments have also shown redubtabd pressure, pulse ratadsalivary cortisol (stress
hormone) concentratiowhen walking in the forest comparedaalkingin an urban
environmeniKobayashi et al. 2017; Komoeet al. 2017; Le et al. 2014t ee et al. 2011L1

et al. 2011 Park et al. 2010; Park et al. 2009; Park et al. 2008; Toda et al. 2013; Tsunetsugu
et al. 2007)O0ne study in Korea found increased parasympathetic nerve activity (indicator
of calmness) among those wharficipated in a &veek forestwalking program, compared

to a control group who maintained their normal physical activity levels during the study
period(Bang et al. 2017)Particular aspects of brain health have also been used as measures

of stressAA crosssectional study in Berlin showed that older adults with more forest cover
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around their home had healthier amygdala structure, indicating higher ability to cope with
stresqKihn et al. 2017)Similar findings were also found among Japanese males whose
parasympathetic nerve activity significantly increased and sympathetic nerveyactivit
(response to threat) significantly decreased in forests but not when in urban environments

(Lee et al. 2011)

Subjective measusssuch as the Profile of Mood Score (POMS), Beck Depression
Inventory, Hamilton Rating Scales for Depression (HR&M the MontgomerAsberg
Depression Rating Scal@dADRS) support a positive influence of visiting forestsstress
and various other aspectsroéntal healtl{Bang et al. 201;Mao et al. 2012; Toda et al.
2013; Sung et ak012) SSudies have founteduced feelings of stress, anxiety, anger
hostility and exhaustiofHansmann et al. 200®orita et al. 2007Park et al. 201;1
Tsunetsugu et al. 201ahd increased feelisgf positivity, relaxation, restoratioand
enthusiasngBielinis et al. 2018Kondo et al. 2008Stigsdotter et al. 201 Bhin et al2013
Takayama et al. 20)4fter visiting forestsHowever, significant differences in mood
betweertreatment and contrgiroups are not always identifi€ldomori et al. 2017)A
number of Asian and Europeatudieshave also linked forests to reduced symptoms of
mental iliness including depression, anxiety and bipolar disdhdata et al. 2016; Kim et

al. 2009; Nordh et al. 2008hin et & 2012 SonntagOstrom et al. 2011;)

As demonstrated, there are many health outcomes that have been associated with forests.
However, studies also suggest that the potential health benefits of forests might be unevenly

shared across the populatiordahat some groups are more likely to benefit than others.

2.2.1 Differences acrossociodemographic groups

2.2.1.1 Age
Some evidence suggests thatitifeience offorests on health varies by agéis has been

demonstrated by several experiments carried out in JapbBRepublic of KoreaSSudies
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have shown reductions in physiological (blood pressure, salivary cortisol and heart rate)
measures of stress, improvements insgtiorted mood, depression and quality of life for

middle aged and older people who visitece&ts, compared to a control group who were not
exposed to fores{$loriuchi et al. 2013Matsunaga et al. 201Sawa et al. 201 1Shin et al.

2012) Reductions iranxiety, confusion, anger hostility and increased feelings of aioge

enjoyment were also reported by those in the same age drdonigchi et al. 2013

Matsunaga et al. 201 $5hin et al. 2012)Furthermoreit hasbeen suggested tlla¢ ways in

which forests facilitatghysical activityandsocialising and reduce feelings of loneliness

have shown to be particularly important for older and retired pébpter r i s & OOBr i en

201z OO6Bri enO&Br iaén & 03 Mabbush@el0 200 7

2.2.1.2 Sex

Differences in relationships between green spaces (not specifically forests) andysakh
have been identified for a range of outcomes, including mental heéhhgreen spaces
favouring womenr(van den Bosch et al. 201%8)nd cardiovascular and general health with
green spaces favouring m@Richardson & Mitchell 2010)Qualitative researctpecifically

on forestsdhas also demonstrated thagjanised activitiese.g. rangeted walking groups, are
particularly important for women in encouraging socialising and physical activity in forests
(Morrisetal. 2011aMo r r i s & 10)06TBis magraflec?vthatas also been suggested
about womends ac cvwwomen maydhavé aotendencl 130t to visit ferests,t h at
due to concerns about personal safety. These concerns are thought to arise from negative
personal experiensg the way in which forests are portrayed in the meala societal

beliefs about what is considered safe behaviour, which act as strong barriers for women

(Krenichyn 2006; Morris et al. 2011b)

2213 Deprivation, equgenesBal i ti es and 0
Previous studiem the UKsuggesthat forests and other types of green space in urban

deprived agas enhance quality of lifegduce feelings of stressid provide relaxing places
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away from busy built environment®r those living theréRoe et al. 2013; Ward Thompson
etal. 2012; Ward Thompson &spinall 2011) A studyin Florida found a positive influence
of neighbourhood greenness on redudhmpnic diseasesuch as hypertension and diabetes,
and that these relationships were stronger for those living in less affluen{Brman et al.
2016) It has also been proposed that tppartunities for social interaction which forests
provide are particularly important for those living in kineome households or deprived
areay O6Brien 2005; O06Brien & Mo)ltigpsssildeda b ;
green spaces in deprived areas may madtéyink between poverty and poor health through
a combination of psychsocial and physical pathwagsad thaigreen spacesould be
labelleda®® e qui geni ¢ envi r onweakenthsrélationshg betwedno s e
socioeconomic inequality and health inequalijitchell et al. 2015Mitchell 2013

Mitchell & Popham 2008)Studies which have investigal the distribution of green spaces
and their contribution to health inequalities include the viayriitchell & Popham (2008)

This study, based in England, found that inequalities in mortality were smaller between
incomedeprived and affluent areas with more green spacejrtthose with less green

space. Similar effects were found in a study of urban residemissa@4 European countries.

This study showed that the gap in mental wellbeing score between individuals who reported

OO0 E

t hat

high and low levels of financial strain was narrower for those with better access to green and

recreational aregdlitchell et al. 2015)However no studieshaveexamine change®ver
timeinpep | e 6 s #restsengarticulaand the possiblenplications forsubsequent

health outcomes ardtersocioeconomic health inequaliti€auch evidence would advance

knowl edge on how engaging wit h-terimbealthards may h

inform strategies on the role of forests in reducing health inequalities.

In summary studies have shown that not all population groups may gain the prospective
health benefits associated with forestsggeshg that barriers which prevent oisdourage

certain groups from accessing or visiting forests may eXigrefore uneven patterns of
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forest access and use may contribute to health inequalities. Hoaaess health studies,
there has also been little reflection on how astepotentally therapeutic environments has

been conceptualised and measured.

2.3 Forest access and use

2.3.1 Conceptualising forest access

In Scotland, the public have access rights to all forests for recreational puipoksas

under the Land Reform Act 20@Bairburn et al. 2005However, emical studies in
Scotland and elsewhere (e.g. England, Norway and Austsaligjest that eange of

physical and environmental factors have a major role in determining whether forests are
perceived to bpublicly accessibland likely to be used for recreatid@dClose proximity to
home and beingasy to reachy foot, bike or cais commonly found as a factor determining
frequent use diorests(Coles & Bussey 200M@allimer et al. 2014; Koppen et al. 2014

O 6 rign 2005 Ward Thompson et al. 20p45tudies also highlight the importance of the

f o r elsysicdl sontexincludingthe presence of visible access points, footp@thster &
Horwitz 2014)and way marking signad®oick et al. 2013)Diverse forests, in terms of tree
species and agare also considered nmattractive to visitor§ O6 Br i en & . Morr i s
This finding is also reflected in the work surrounding the therapeutic effgctef spaces
collectively, which suggests that theymhological benefits of green spadesreases with

species richneg®allimer et al. 2012Shanahan et al. 2005

The evidencalsosuggests that perceptionsfofestsand what makes farestaccessible,
varies by social grouOlder people, those with mobiliiynpairmens and those less

familiar with visitingforestspreferforestswhich are managedith good qualiy foot paths,

information boards, maps, benches, toiletsand car pakke ppen et al . 2014 ;

2014; Ward Tbmpson et al. 2004Dverall, the evidence identifies several different features

which determine whethdorests are perceived as practically accessible to the public
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Although these factors vary between social grarsindividual needst appears tat
forestswhich are in closeeachof populations and e§ to reach by road or footpatnd
those which contain a network of access routes i.e. roads, paths ancatraciae likely to

be positively perceived and used recreationally

2.3.2 Measuring forestaccess in health research

There has beenlittitesea ch i nt o the | inks between peopl e
health outcomesowever insightsinto how access is measunady be drawn from the

wider green spacand healthresearch. fie methods adopted in order to measure access vary

bet ween studies and there i s togreéenspacesaccept ed
Thresholds or specified distances at which peomeldHive from green spaces in order to

gain the associated health benefits are also inconsistent.

Peopl ebds | evel of a c aheosgh hetuse of GiSmsedtechnijgueb e en c a
which have measured either the Euclidéanw-fly distance)or ndwork distance frorman

i ndi v place d fresidere to the nearest green spaketudy examining distance

betweemublic parks and place of residence in different socioeconoragsasf Glasgow

measured Euclidnd i st ance bet we e n dihahoundacg ofpha mearesd h o me s
park(Macintyre et al. 2008)Potential levels of accessyealso been measured by

conductingouffer analyses. For exampla,a study on access to urban green ways

different socioeconomic groups in the city of Indianapolis (UB)dsey et al. (2001greated

a buffer of 0.5 miles around the bowng of green wstrailsand examined theroportions

of socioeconomic groupaithin this buffer.

Alternatively, studiesha have been able to access spatial data on transport nehaweks
calculated theoutedistance between green space and participanth ovia eoads and
footpaths AA study based in Norwich measured distance by road from residential location
to nearest green spaestrancepoint (Hillsdon et al. 2006)However, due to lack of data

availability, calculation of network distances is not often possitléefull residential
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addres®f study participantss notusuallycontained irsocial and healtbata setor has not

been geocoded. Therefoine most studies, estimates of green space access are calculated
using the centroi d aréa(arlarger orainistrative pepgaphty)sa® p o st
the starting pointFurthermoregdistance to the nearest green space boundary is often

calculated, rather than the distancéht® nearest green spaaecess poinasthis level of

detail isalsonot usuallyavailablein regional or nationwide data sets.

It has been recommended thahere possibleyoth Euclidian and network distancgsould
be includedn analysess they can provide different resutdilisdon et al.2006) It has also
been argued thalthough crowfly distance is often the easiest solution to measuring
distance, network approacheen offera more realistic representation of acca@s$ss is
because analysis of transport routes may alsoagivredication of how practically easy

places are to access, particularly by f@@agcon et aR015)

As demonstrated, different methods of measuring access to green spaces have been adopted
and often depend on data availability. Howewasra guide, ational benchmarkare often
referred tan policy documentationTheTheAccessible Natural Greenspace Standard

(ANGST), designed by Natural Englanstates:

T No person should live more than 300m from their nearest area of natural green space
of at least 2ha in size.

1 There should be at least orexassible 20ha site within 2km of home.

1 There should be one accessible 100ha site within 5km of home.

1 There should be one accessible 500ha site within 10km of home.

(Mckernan & Grose 2007)

Another example specifically relating to forests is the Woodland Access Standard. This was
developed by th#Voodland Trust as part of their proje@paces for People: Targeting

Action for Woodland Access. The Standard states:

1 No person should live more than 500m from at least one area of accessible woodland

of no less than 2ha in size.
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1 There should be at letasne area of accessible woodland of no less than 20ha within
4km (8km round trip) of peoplebs homes
(Woodland Trust 2015)
In the UK and otheEuropean countries, soratudieshave used these Standards to define

6good accessd in their investigations of the
where 300m or 500m has been considered walking dis{gessel et al. 20QKuta &

Ajayi 2014 Markevych et al. 2004 However otherthresholdsvhich might be important

for health outcomes have also been identiR@dople living within 300m of green spaces

have shown to haviewersymptoms of depression and better-sefforted general health

than those living further awgiReklaitiene et al. 2014%imilar findings have also been

found using a threshold of 400¢@turm & Cohen 2014However a study in Los Angeles

showedhat green spaces further than 300m may also be important and that people living

between 300m and 1km of a green space had comparable health to those living within 300m

(Stigsdotter et al. 2010)

As demonstrated in the above examples, there is little consistency or agreement on which

levels of forest and green space access are important for health. Previous studies also suggest
that important thresholds magny between different aspects of health, countries and social

groups. Thereforduture studies in the field should conduensitivity analysedesting

different thresholds other than the current benchmarks to ascertain which of these are most
importantfor the health outcomes being investigat®@®ne remaining limitation of using
measures of peoplebs access to forests is th
forests. This information is not available in nationwide longitudinal surveysaigaining

detailed measures of health. Therefore i s di ffi cult to assess re

actual engagement with forests and specific health outcomes for populations.

2.3.3 Predictors of forest use and associations with health
Previous studie suggest thatomesocicdemographigroups are more likely to use forests

than othersForest use has been found to varyagg, gender, socioeconomic status
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(measured by housing tenure, education, income and social grade) and df¥ioicity et

al. 2011a; Ward Thompson et al. 2008jher factors for adults includhildhood visits to
forests, dog ownership and having cultural or emotional associations with {ovests
Thompson et al. 20040Iso, drawing on some examples from the green space literature
marital status and having children in the household have been found to be important for
visiting green areas in théK and DenmarKlrvine et al. 2013Schipperijn et al. 201Q;)
Preferences about forests and green spaces have also been f@armgdtoong social
groups.it has been identified that families with young children require safe routes to the

green space and prefer the provision of play and sports facilities, cycle friendly paths and

designated areas fordogBar bosa et al . 2007; Morris & OOE
2006)
Geographical and soci al environmental factor

use of forests and other types of green space haveesdsdrvestigated. Studies have

highlighted the importance of close proximity in encouraging frequent use and interventions

that enhance the physical aspects of forests e.g. new footpaths. It is also suggested that a

degree of social engagement is necesiariynterventions to be successtlallimer et al.

2014 Seaman et al. 201Qarticularly those that consider neighbourhood charatiteris
including deprivation, cultural history, soc
perceptions, experiences and memories of the(doegensen & Anthopoulou 20070 &

Jim 2010 Sanesi & Chiarello 200@&eaman et al. 2010)

Fewer studies have been able to ascertain how forest use relates to health or whether there
are specific usagéitesholds that are important for gainangy associated health benefits.

Those identified include two studies in the UK which found that people who visited forests
at least weekly were significantly less likely to have poor mental health than peopledwho di
not visit(Cox et al. 2017Mitchell 2013. However, another study in Scotland highlighted

similarities incharacteristics and perceptions of forests between those who visited monthly
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and weekly; and between those who never visited forests and thosmlykisited

annually(Ward Thompson et al. 2004)

As demastrated in previous research, a multitude of demographic, social and environmental
factors which may potentially determine levef forest access and likelihood of usevda

been identified. Also, the lexedf forest access and use which may be impofaartiealth

are likely to vary between places, social groups and the specific aspect of health studied.
Furthermoreit has not been considered hdifferencesn forest access (andequalities in

the potential health benefits of forésése produced andhether thesdevelop over time
throughchanges in structural factofsocusing on Scotland, tmext section explores the key

structuralshifts which may have influencéelvels offorest accesamong the population.

24 A brief hi s tfovestyccesdh Scptermlp | e 6 s

This section discusses the key developments in forest policy, practices, cultural views and
technology which have shaped the geography of forests in Scotlartieangpact of these

structural changesgmne o p | e 6 s fThekey tsahsiti@sin doeestrgfrom the end of

World War Two(WW?2) to the decades leading up to and included in the study period are
discussedin particular, researdin this fieldhas focused on the ways in which changes in

policy, practice and wider sictural and economic factors have influenpeadlic

perceptions of forests and have affected social patterns of forest access. These factors are
summarised in a timeline in Fig.2Kather(2001)describes the main change in forestry as

a shift from 6forests of productiondé (emphas

consumptiond (emphasis on recreation and bio

2.4.1 Forests of production (1943.980)
Throughout thel900s the amount of forest area in Scotland grew dramatically raiteh
was lostin order to meetlemands for agricultural land and timlxprevious centuries

(Mather2004) Due to rapid depletion of the UKO&s t
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imports during Wrld War Twoand the increasing demand for timber ia growing mining

industry, arespeciallyintense period of forest planting was triggered. It is estimated that the
amount of forest cover expanded by over 20,0Q@heyear between 1950 and 1990. This
growthmainly consisted of largscale plantationsontining conifer species which were
low-maintenance and could withstand poor soil, steep inclines and harsh weather conditions
(Thomas et al. 2015Y0 encourage rapid expansion of forests, the UK Government offered
generous tax incentives and sulssdfor land owners and farmers. This included the

Forestry Commission Dedication Scheme and Afforestation Program which focugesiton

war expansion of food production as well as forestry. These two land uses were

geographically determinedhereby fertile soils of the Scottish Lowlands were exclusively

reserved for agriculture aridrtile soils of the Scottish Lowlands were excledywreserved

for agriculture and the vast areas of land unsuitable for crop production but habitable for

conifer species in the upland areas of the country were used for forest planfdimns

process was largely unregulated and local communities andisaijans were not consulted

on plans for commercial planting. Decisioraking in the industrial forestry period was

confined to private land owners, farmers, high earners and high tax payers who were
exclusively favour ed bynahchaleupgd and geagnaphitdl 6s unr
sorting of commercial forestgevelopments (Foot, 2003.or est s wer e o6out of
mi ndd for the gener al popul ation, 80% of whi
the time of the 1951 cens(lsyd 1952) Thr oughout the 1950s and 1
of productiond continued to be supported by
developments in the private sector and advancing machinery including the invention of the

chain sawTThe 1951 Fordsy Act was introduced which required all felled areas to be

replanted. Land owners and private firms could also divert tax liabilities to woodland

creation opportunities which sparkgtkformation of the Economic Forestry Group of

companies, currently kmwvn as Tilhill, Fountain Forestry and Scottish Woodla(faot

2003) However, also during the 1960s, increasing affordability of cars meant that people
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were more mobile than before and more inclineddit the countryside for recreation.
Mather(2001)describes these changes as the start ofggoductivist and postaterialist
trends by which increasinghanisation, wealth and improved technology triggered changes
in the ways people related to natural environments and forests in particular. Visits to rural
areas increased in popularity as people became more connected with the dutdoors
complaints werenade by the public and wildlife organisatiangh as th®oyal Society for

the Protection of Birds. Visitors and conservationists were disappointed with the forest
experience and described the | andscafee as
species which contained little wildlif¢oot 2003) Throughouthe 1970s and 1980s,
connections between people and biodiverse forests strengthened through increasing
campai gns f or restryzmhierébiy theumdystoysveulil sefrve ecological, social
and recreational purposes as well as econ@farestry Commission 2017a; Woodland

Trust 2017)

2.4.2 Forests of consumption (1980s onwards)

I n t he ear | yunhirg®edgdion Sthame wasdenminated and replaced with
shortterm grants by the Conservative Government. Additionally, intrboiu of the

Wildlife & Countryside Act (1981) and Sites of Special Scientific Interest (SSSIs) presented
new challenges for commercial foresters and landowners to continue planting for the sole
purpose of producing timber. Requirements for public acbésdiversity enhancement and
aesthetics were now in place in order to obtain funding to plant and maintain forests.
Furthermore, the introduction of the Farm Woodlands Premium Scheme and the possibility
of overlapping various farming activities with fongstalong with the increasing public

interest in the recreational and ecological value of forests, gradually brought forests closer to
the more populated areas of the Scottish Lowlands throughout the 1980s, 1990s and 2000s

(Foot, 2003.
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Thebroadening ofunding sources fromationalcharities includingthe National Lottery

Fund and development of ndecal charities such as Central Scotland Forest Trust, meant
that small forests for access and recreation could be planteohaintaineéh areasnuch

closer tourbanpopulationgFoot 2003) and particularly in areas characterised by heavy
industries which were now declininghe introduction of the Scottish Forestry Strategy in
2000 by the Scottish Egative reflected the changes in relationship between people and
forests throughout the 2@entury and the need for publicly accessible forests which
provided environmental and social benefits to the population. New funding programmes and
changes in European agricultural policy made forestry a viable activilgvitandfarmers

as they now cdd receive annual payments for planting and maintaining areas of woodland
on their land. Such opportunities for forestry were previously only available to the remote,

rural areas of upland Scotlafiather 2004)

More widely, issues of climate change and sustainable development were becoming high on
political agendas, including the eobf forestry as carbon sink. Key meetings in the 1990s

highlighted the importance of diversifying the forestry industry and marked the international
acceptance of the soci al and environment al b
included thdJN conference on Environment & Development (Rio de Janerio, 1@92}he

Ministerial Conference on the Protection of Forests in Eufdpésinki 1993 & Lisbon

1998).

Whereas forestry was previously an industry created purely to resolve thegodishber

shorage it had now diversified into one which delivers many public benefits. Tiesefits
includedincludedsupporting rural economies through farm diversification; improving

quality of life by providing educational and recreational opportunities to contiesiand
enhancing biodiversity especially in urban areas; and helping to offset the impacts of climate
change through sustainable flood management schemes and by absorbing greenhouse gas

emissiongForestry Commission Scotland 2009a; Scottish Executive 200particular, the
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potentialhealth benefits of forests webeginning to beecognised.rcreasing forest access

in populated areas, especially those that are deprived, became a priority of Forestry
Commission Scotland and funding was made available through new schemes such as Woods
In And Around Towns (WIAT), launched in 2006, in order to plant, manage and enhance
urban forestsparticularly in deprived ared&Borestry Commission Scotland 2018)recent
evaluation of WIAT estimated thaig amount of visits to WIAT funded woods by those

with low socioecononai statugoseby 17% from the beginning of the scheme in 2006 to

2011 andhatthe most benefits were found in communities where local people already had a
connection to woodsuch aghrough an active Friends gro(dmbroseoji et al. 2014)
Community engagement and partnering wiitical Authorities in delivering recreational and
health benefits of woods to local people was emphasised as a key element to successful
WIAT projects(Ambroseoji et al. 2014) Evaluation of the WIAT scheme continuegh a
longitudinal study currently being undertakerinvestigae the possible mental health

benefits of WIAT interventions at the neighbourhood s¢ilreirinha de Oliveira et al.

2013)

2.4.3 Currentknowledge otevels of forestover and publi@access

In 2017 it wasestimated that themgerel1.44 million hectares of woodlama Scotland

which is 18% of the c¢ourdalasedsoftreceswhirharelab nd ar

e

leastO.5heacar es in size. Approxi mately two thirds

authorities, private companies, other organisations and indiviffemisstry Commission
GB 2017) The remaining third is known as the National Forest Estate (NFE) vghich

owned and managed by Forestry Commission Scotland.

In 2017, astudyby the Woodland Trust estimatétht therevere 765,204 ha of forests
whichwereaccessible by the public, a 2% decrease 2645, and that 32.4% of the
Scottish population livewithin 500m of those fores{an approximation od wi wéalking

distancé). This proportion varietdy local authorityMore populated areas includiiNgest
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Lothian, East Dunbartonshire and Dundee City thee highest proportions whildte

Orkney Islands, Shetldnslands and South Ayrshire which are less populatddtaastal,
hadthe lowest levels of forest accd¥8oodland Trust 2017)n terms of gople actually
visiting forestsfindings of a nationally repsentative survey showed that 26¢the

Scottish populationisitedforests at least monthly during 202814(TNS 2014b) Forestry
Commission Scotland also estinthatthere were 9.1 million visits to the National Forest
Estate from November 2012 to October 200l3s is approximately 5% more than that

recorced in the previous survey which took place from June 2004 to Jund98720144a)

Whereas previous research suggtsds forestaccess has improved in Scotland, empirical
studies have not considered whether changes in forest access have been uneven across
different areas of Scotland e.g. between deprived and affluent areas. Furthemsboelies

to date have explored this question as a potential environmental justice cimdtevhether

uneven distributions of forests may be related to health inequalities
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Forests of production
(Intense period of forest planting of conifer species for timber production located in upland areas
of Scotland. Forests were ‘out of sight, out of mind® for the general population).

Forestry Act 1951 Rise of private forestry due to
tax liabilities being diverted to

woodland creation.

Tax incentives & subsidies for
land owners to plant forests

Formation of the Economic
Forestry Group

FC Afforestation & Dedication

Schemes introduced
areas

Invention of chain saw and

Increasing affordability of cars
enabling easier access to rural

Post-productivist /
post-materialist trends

Increasing urbanisation and wealth,
people now seeking countryside as a
retreat and becoming more in contact
with forests

Complaints that rural landscapes were
dominated by ugly blocks of conifers
and lack of wildlife —not in keeping
with expectations of the wilderness

Increasing community
involvement with rural
land development.

Thatcher —end of FC
Dedication Scheme. Sh

National Lottery Funding
becomes available due to
recreation, nature and
community benefits of
forestry becoming
increasingly recognised.

Formation of Central
Scotland Forest Trust —
increased forest planting in
urban areas of Central Belt

Farm Woodlands Premium
Scheme allowing overlaps
between agricultural and
forestry land use

ort-term

Forests of consumption

Climate change and
sustainability becoming high
on political agendas (role of
forestry as carbon sink
becoming recognised)

Earth Summit
(1992)

Depletion of timber resources

cable cranes 1

(Focus on multipurpose & diverse forestry providing economic, health, social &
environmental benefits. Forests now in everyday landscapes.)

Introduction of the

during WW2 grants introduced. European ministers conferences Scottish Forestry

. (Helsinki, 1993; Lisbon, 1998) — WIA
—_ ey R ELE : focus on community and social \Svu;‘;fjgsyfoﬂ_[ea]l;; s
Incre.asmg Umber demand from remedy for nutrient deficiencies 9815 & Wildlife & aspects of forestry management

e in soils Countryside Act 1981 Rl Gilon
1 1 >

1943-50 1960 1970 1980 1990 2000°s

Political / economic Legislation Technology Social / cultural
Fig. 2.2 Key structural factors i he shi ft .Basedoioodt(2003r, Matheér@004, Mathern(260d)u c t i on o
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2.5 Environmental justice

Studies of environmeatjustice first emerged in the United States during the late 1970s and
early 1980s. Investigations focused on the uneven distribution of hazardous waste facilities
and demonstrated that these were predominaitiigted in areas within close proximity of
ethnic minority communitie@Brulle & Pellow 2006) Furthermore, race was found to be the
most powerful determinant of where hazardous waste sites would be |@daitedi Church

of Christ 1987) Since then, environmental justice concerns have broddesy®nd

discussions about race and civil rights in the US to consider the ways in which other
potentially vulnerable populations elsewhere may be disproportionately burdened by a range
of healthdamaging environmental issy@scluding the impacts of cliate changéwilson

et al. 2010rnd gentrification{Anguelosski 2015) IIn the UK, studies suggest that those

living in deprived areafRichardson et al. 2010; Shibet al. 2014and those with lower
income(Fairburn et al. 200 re groups more likely to livie close proximityto pathogenic
environmentsPeople living in areas of multiple environmental deprivation are also more
likely to have poor health than those in areas containing less pathogenic f@Reares et

al. 2010)

Research into envirorental justice has also explored thiays in which healtpromoting

environments might be unevenly distributed across the population. Findings have illustrated

that disadvantaged or minority grougige pooreraccess o envi r onpseahbdsal 6 go
greenspaces and blue spacesgcomparison tanore advantaged and wealthier graups

There are very few studies which focus on environmental justice issues with regards to forest
access in particulahowever research largely focused,dsut not limited to North America

suggests that access to green spaces, increased tree canopy cover and streetvgieenery

greater for residents of more affluent communileskes et al. 20%3.i et al. 2015

Schwarz et al. 2015ister et al. 20Q9/Nolch et al. 2014 However,oather research reports

mixed findings. lIn the city of Skffield in the UK, people in more disadvantaged groups had
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the greatest access to green sifBeebosa et al. 2007Also, in a southern US county
(anonymised by authors), the distribution of parks was foeondt be significantly related

to neighbourhood deprivatioi(ghey et al. 2016

It has beersuggested that pooraccess tdealth promoting environments may oféer
partialexplaration for whythose in lower socioeconomic groups or those living in deprived
areas also tend to have worse healittomeghan those in more advantaged gro(fisortt

et al. 2014)However this has rarely been investigated in studies focused on environmental
justice and has not yet been examined specifically in relation to forest atfitdés.the
environmetal justice framework, there are four key concepts whalpto explore possible
explanations for uneven accessdoekts and the possible uneven distribution of the
associated health benefits. These arditjibution,(2) recognition,(3) participationor
proceduralssuesand(4) capabilities(Schlosberg 2007 hey are linked conceptshich

help us to consider the different factors and processes that contribute to environmental
justice problemdrig.2.3summarises these concepts and shows how they can be related to

forests and health inequalities.

/

Distribution of forests in Scotland may be Participation/Procedural injustice in
uneven across demographic and socioecono  decisionmaking processes e.g. where forests
population groups. are planted, where forests are removed, how

forests are managed and maintained.

Concepts of Environmental
Justice relating to forest
access, health and production
of health inequalities

Recognitionof the broader structural, politica Capabilities to improve health and health
and cultural processes which influence whel behaviours e.g. opportunities to visit forests for
forests are planted & removed and their | recreatioror opportunities to have a say in how
physical quality. local forests are managed.

o J

Fig.2.3: Conepts of Environmental Justice relating to forest access, health and production of health inequalities.
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Firstly, much of the literature on justice hfused on the unequdistribution of
environmentatesources, goods and services and it has beeadtigat the concept of
justice is only applicable whetkere is a distributive iss{®obson 1999)However the
distribution approach is commonly criticised for failing to recognise the underlying social
contexts and broader structural processes that createeglhendistribution in the first place
(Young 1990) Furthermore, discussions abanjusticeshould not just involve describing
theuneven distributios of environmenbut alsoreflectrecognitionof the keystructural,
political and economiprocesses whicproduce tkem.In terms of the distribution of forests
in relation to populations, atralevel factors may include government policies, public
funding arrangements and land availability which direct forest planting opportunities to
certain parts of the country andtrmthers(as discussed in section 2.4nother structural
factor might be the affordability araailability of housingwhich may exclude poorer
people from living near forestdn Scotlandthe price of land in close proximity to green
spaescan havaup to a 20% premiurnompaed to areas without good acc€Ssottish

Natural Heritage 2014)

Linked to the notion of recognition participationor proceduralenvironmentajustice,

which refesto thetransparency and inclusivity of environmental decisitaking processes
(Aragéo et al. 2016)n order for justice to be achieved, political processes must be
participatory and democratic across the population (Young 198@) approach considers
the factors whichiestrict the ability of individuals angioupsto participaten the wider
communityandpolitical decisionmaking.SSome social groups may be more likely than
others to participate in public consultations alglahs to plant, fell or maintain forests in
their local aregBell 2011) Thereforeit is possible that some viewpoints are not included in
the discussion and considered in the decisiaking processvhich leaddo forest access

only being impoved for those groups who are able to participate.
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Further to this, the capabilities approach considers the inequity of opportunities across the
populationandthat it is the extent of opportunities that people have for achieving what they
consider goodhings in life, which is important for thelrealth andvell-being(Anand et al.

2005) It places emphasis on what people are capable of doing rather than the resources they
have or theiractions |t acknowl edges that an individual
improve their health are shaped by the social contexts in which they live and wider structural

and political factors. The capabilities approach is useful for understanding thetlivéein

health inequalities and forteaccess in several waysid a broad and flexible framework
considering the many different factors and |
contribute to health and welleing.llt takes into consideratiorspects to do with lifestyle

and maintaining physical and mental health at the indivilval and the importan

influence of being connected to and participating in wider political and structural processes.

This includeghe ability to havenoppatunity for play and recreatiom\s suggested in

section 2.21.2, women may be less likely to visit forests for recreation due to societal beliefs

about responsible behaviour and concerns for personal safety which are amplified in the

media. Also emphasisedti®e opportunitytohavd c ont r o | over onebs envi
(Nussbaum 200Bg.42) which directly links to procedural environradisticeand having

the opportunity to participate in discussions and decisienk i ng whi ch affects

access to forests.

CConcepts of enivonmental justice consider the ways in which structural factors may have
produced (and possibly maintained) uneven distributions of forests and inequalities in
peopleds forest access. Conducting this stud
allows investigation into the broader structural mechanisms through which uneven patterns

of forest access and inequalities in health are prodi8feattt et al. 2014 However studies

focusing on environmental justice have tended not to take a longitudinal approach and

consider how environmental injustices have been produced ovefTtime far, studies on
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forests and health inequalities have been limited due to-seasi®nal designs, which do not

allow understanding of how changes in forest access may be related to changes in health; and
the widening or narrowing of health inequalit@ger time PRrevious research suggests that

temporal approaches could provide important insights as environmental risk factors may
accumulate over the life course and influence health in latQiigis 2004) Also, there

may be critical periods in a personbts I|ife w
to health outcomes in older affeearce et al. 2016Dther possibilities include investigation

into potential links between the histories of individuals and the places tiegnereviously

lived ard their current healtfHladnik & Pirnat 2011)None of these questions have yet

been explored in r el at icansideration opliecoursee 6s f or est
approaches and information about places, people and their health at different time points

would provide a more thorough understanding of how forests influence health over time and

is likely to provide important evidence for arfning policy and interventions targeted at

reducing health inequalitig¢dliedzwiedz et al. 2012 he next section further explores life

course approaches and longitudinal study designs and discusses how they are useful for

advancing knowledge on forests, population health and inequalities.

2.6 Life course approachesand longitudinal study designs

2.6.1 Life course models of health

Life course epidemiology has made significant contributions to the ways in which we
understand population health. Interest in life course approaches has arisen from increasing
awareness that exposures ardegziences in early life influence mental and physical
development and that this contributes to many health outcomes in aduNtadsiworth et

al. 2007) Across the literature on environments and health there has been little attention paid
to how peopl egdgesiceaviranreents suthas farests ahange over time and

there have been no studies to date which use life course models of health to investigate
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potential ways in which different levels of forest access throughout life might be linked to
health in later fie. There are three main life course models of health suggested in the
literature(Benshlomo & Kuh 2002Ben-Shlomo & Kuh 1997Niedzwiedz et al. 2012

These are (1) accumulation, (2) critical periods and (3) effect modification, atgch
summarised in Fig.2.4. using tlexample ofa hypothesisetklationship between forest

access levelsver thdlifelife courseand health in later adulthood.

Accumulation model:

1. Strict (e.g. the effect of forest access on health in late adulthood depends on the total level of forest
access experienced over the life course):

Forest access in
childhood

+

Forest access in
early adulthood

+

—»{ Health in late adulthood

Forest access in
late adulthood

2. Relaxed (e.g. the effect of forest access on health in late adulthood depends on the level of forest
access at each stage of the life course but with childhood and late adulthood having greater influence
than early adulthood):

Forest access in

childhood \

Forest access in
early adulthood

Forest access in /

late adulthood

Health in late adulthood

|
v

Fig.2.4. Life course models of forest access and health
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Critical period model (e.g. The effect of forest access on health in late adulthood depends on the level
of forest access in childhood, regardless of forest access at any other stage in the life course):

Forest access in
childhood

Forest access in

early adulthood Health in late adulthood

Forest access in
late adulthood

Effect modification (e.g. the effect of forest access in childhood on health in late adulthood may be
enhanced or diminished depending on level of forest access in early adulthood):

Forest access in Forest access in

childhood early adulthood L [ T T

Fig.2.4. continued.

Firsty, the 6éaccumul at i o ntheetiedtedf dertapxpaswessnels t hat
experiences throughout life canild up over time and influendealth later in the life
course(Niedzwiedz et al. 2012 here are two suggested mechanisms through which

exposures can accumulate and subsequently influence later healthafd&aown as
O0standtoérel axedd. Using the example of fores
would suggest that individuals with higher total levels of forest access throughout life may

have better health in late adulthood than those witleddatal levels of forest access
throughout | ife. The assumptions of the O6rel
whereby it is suggested that level of forest acceah life stages are related to health in late

adulthood but that level of fest access in childhood may contribute more than the other life
stagegKuh et al. 03;Mishra et al. 2009Murray et al. 2011; Wadsworth et al. 200Vard

Thompson et al. 2008)

Secondly, the critical period model proposes that there are particular time windows in which

change in an environmental exposure can have protective or detrimental effects for later
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health independently of exposure levels at other time pfitatbgvist et al. 2004)Using the
previous example of forest access, under this model, it could be hypothesised that an

individual ds | evel of f or e ste adalthooceregardldssof ¢ hi | d

their level of forest access during other life stages.

Thirdly, the effect modification model would postulate thatdffect of forest access in
childhood on health in late adulthood may be enhanced or diminished dependingl oh le
forest access in early adulthoddA study based in Edinburgh and the Lothians of Scotland
found that greater provision of public parks in childhood was significantly linked to better
cognitive ageing in older adults but that provision of parksityedulthoodalsomodified

the relationshigCherrie et al. 2018)

Studiesin the UK alsosuggest that life course modelshealth may vary between health
outcomes studied armbcicdemographic groups including sex and socioeconomic status
(Cherrie et al. 2018inghManoux et al. 2004)The importance of recogrmig cohort

effects which apply to a specific group of pedpden in the same year tme frame has

also been emphasiséden-Shlomo & Kuh 2002)Therefore, in order to enhance knowledge
about life couse models of health and associations with environment, there is a need for
studies to explore whether there are potential differences between different cohorts,
sociodemographic groups and for different measures of health. Longitudinal data about
individuds which contain large sample sizes and a range of health outcomes allow
exploration into these questiofidenard 2002)Further advantages of adopting longitudinal

research designs for investigations into forests, health and inequalities will now be discussed.

2.6.2 Longitudinal study designs

Longitudinal study desigriavolve the use of repeatethservations of the same individuals
over a period of timeasopposed to crossectionalktudy designs which explore associations
at one specific point in tim@arrington 1991)Use of longitudinal data in exploring

relationships between forests, health and inequalities may advance knowledge in several

53



ways. These includdistinguishing trends in changes ambletterunderstandingf causal
relationshipsetween forest access and he@ilenard 2002)and exploration into theange
of factors leading to or possibly causingchangei n peopl ebs access to f

health outcomegSinger & Willett 2003)

In crosssectional studies, any associatiansidentifiedfrom differences between

individuals only therefore the direction of causal pathways cannot be expldedever,

longitudinal data allows examination of both differences between individuals and changes

over time within the same individual (Farrington, 199Dngitudinal dataallowa clear

time-ordering of eventto be establishedor examplevhetherac hange i n an i ndiyv
health statubetween two time pointsccurs aftethe individual experiences a change in

forest accesahich mayprovide stronger suppdiar a causal relationship bedan access to

forests and healttrurthermore, longitudinal data enables different types of questions about

the relationship between forests and healthetmvestigatedPRe o pl eds tr aject or.i
access over a time period can be estimated, algpimirestigation into whether people with

better forest access trajectories throughout the study period have better health at the end of

the study period than those with worse trajectories. Such questions have not been explored in

the literature on fores{®r green space) and healtitowever one placebasd example

includes a study bWalsemann edl. (2017) This explored whether neighbourhood histories

of poverty were associated with psychosocial wellbeing astongthers living in

California. The study showed that women living in areas with decreasing poverty were less

likely to have depressavsymptoms than those living in lgpoverty areas throughout the

study period.

Longitudinal data about peoplebds health is b
cohort studies including Growing Up in Scotlafuhiversity of Edinburgh 2018nd the
British Birth Cohort Studie@University College London 2018nd surveys such as

Understanding SociefyJniversity of Essex 2018 However there are very few longitudinal
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data sources that capture changes in environment. Two examples consedttand where

data linkage projects have been possible. The first, as described earlier, explored life course
models of park access and cognitive health by digitising and linking historical green space
maps to the residential address histories containgek 1936 Lothian Birth Coho¢Cherrie

et al. 2018) This study used a model comparison framework develop&tidiya et al.

(2009)in order to identify the most appropriate life course model for describing the
relationship between green space access at different time points and cognitive health in older
age. The second study linked data on urban green space to census data andatigainis

birth records for siblings. Findings demonstrated that mothers living in areas with more

green space were more likely to have babies with higher birthweights. However, advanced
model |l ing al so showed that i mpgsbetweembithst s i n

were not linked to improved birthweights between siblifRjshardson et al. 2018)

As a resulpbf the lack of available historical environmental détde is known about how
changes in accessnatural environmentsicluding forestsiay correlate with changes in
peopl e dBue ththialimitation, stlies ofterassume that the environment has not
changed during the study peridth one study which examined the relationship between
green space and mental healthoas the lifecourse in Great Britain, the measure of green
space was estimated using diatemn one time point onlyAstell-Burt, Mitchell, et al. 2014)

A similar study, based in England, on the link between green space aszkingll

(measured by ratings of life satisfaction) applied land use data from 2005 to all time points
studied(White et al. 2013b)Another method to explore changes in potential access
environments is to focus on participants in a longitudinal survey whorhaved to a new
housebetween time point$ln Swedenresearcherexamined whether there is a relationship
between changes in access to types of nature and changes in mental healtly siatys
including movers in their sample and using environmental data for one time poitamly

den Bosch et al. 2019p addition to ignoring potential changes in land use, excluding non
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movers from the study sample biases resthityefore the extent to which the findings can

be generalised to the population is limited.

2.7  Summary

This chapter has reviewed the currgrgoreical perspectives and empirical investigations
relevant to exploring relationships between forests, health and inequalities. In particular, the
chapter has highlighted the need to incorporate life course approaches and historical
perspectivesand to ale consider the principles underlying the environmental justice
framework and socioecological models. These approaches are particularly relevant in
Scotland where structurldvel factors such as shifts in forestry policies and practices, have
shaped geogpdical and sociodemographic differences in levels of forest access among the

population.

As demonstrated in this chapter, empirical evidence which supports relationships between
forests and health mainly consists of cregstional or experimental studiasd has

involved the collection of both seléported and biological measures of health for small
samples of individuals at one point in time. Also, soregearchn this fieldhas tended to
focus on specific contexts such as evaluatingffexts of forest therapy programmes on
people with particular illnesses; there have bmechfewerstudies on the possible health
benefitsof having good access to foreastsdon whether forests have a role in aglsking

public health challenges suchraslucing socioeconomic health inequalities. Furthermore,
there are several criticisms of the experimental study designs currently adopted. These
include lack of attention paid to the effect of attrition on results, the suitability of control
groups, fact@ whi ch may affect the validity of
whereby participants behave in the way expected given their exposure to the treatment or
control conditiongl. Lee et al. 2017; Persaud 201@xher cited issues include the need for
larger sudy samples witla range ofhige groups, inclusion of participants diagnosed with

specific conditions e.g. clinical depression, the use of bothegatirted and biological
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measures of health, and further critical evaluation of the indicators used. Thesboth
the particular aspects of health supposedly being measured and the ways in which exposure
to forests is captured i.e. through peopl eb

based on residential addrékd_ee et al. 2017; Song et al. 2016)

As argued in this chapter and eldgere, there is a clear need for more longitudinal studies

which utilise data about people and their potential access to forests, collected at different

time points. Longitudinal data allows exploration into the toergn effects of forests on

health;test ng of whet her there are |l inks between ¢
changes in their health; and may provide further insight to the potential mechanisms through

which forests are related to healbhansen et al. 2017, Lee et al. 2017Song et al. 2016;

Meyer & BirgerArndt 2014;; Markevych et al. 2014)

Thefollowing chaper describes the data and measures used in this thesis in order to examine

associations between forests, health and inequalities by applying a longitudinal study design
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3 Data and measures

3.1 Introduction

Thisthesis aims to examine relationships betweesstasccess, health and inequalities in
Scotland by adopting a longitudinal approach. This chapter presents the methodological
approach used in order to address this overall aim. The chapter is structured in four key
sectionsFirstly, the data sources usamd methods adopted for creating measures of forest
access and estimates of forest use and the linkage of these to the Scottish Longitudinal Study
(SLS) will be described. Then an overview of the data included in the SLS and linked
administrative healthecords will be provided. The third section describes how key measures
from these data sets were selected and operationalised. Lastly, deiailstbé study

sample was derived are presented, including the extent and handling of missing data.

3.2 Forestry data

3.2.1 Overview

This section describes the development of the forest exposure measures used. This includes
the sourcing and cleaning of forest inventory and land cover data to create a longitudinal
forest access data set for Scotland; and creating a syrabttiate of forest use based on
nationwide survey data. The processes of verifying these measures and linking them to the

SLS are also described.

3.2.2 Creating measures of forest access
In order to explore whether forest exposure is related to different asdwalth over a
period of 20 years, it was essential to create a longitudinal forest datasetqiiinements

of the data set were as follows:

1 Toidentify forest cover across Scotland at the time of the last three censuses (1991,

2001 and 2011).
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1 To distinguish those forests which are likely to be accessible to the public for
recreational purposes.
I Toincludemeasures of access to forests which can be linked to the members of the

Scottish Longitudinal Study.

A flowchart summarising the full process for creating the forestry data set and linking to the

SLS is shown in Fig.3.1.
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Data sources

2011 2001 1001
i -NFI 2011 =t O NIWT 2002 4 - Land-cove map 1990

- - OS Mastermap 2011 - OS Landline 2001 - OS Landline 1995

Prepare & clean data

Convert raster data to vector format
Exclude 6énon woodlanddé polygons
Join adjacent woodland polygons

Calculate tharea of all polygons

Exclude woodland polygons with areas < 2 ha
Exclude features other than roads, tracks & paths

v

Distinguish accessible forests from no@accessible forests.
Create Oall forests6 and 6baccessiblle forests
1 Extract forest polygons which intersect with roads, tracks or paths poly
T Export extracted polygons to a new | ayer

E I EEE ]

Verify the data
1 Visually compare the layers created with the National Forest Estate
Recreational routes, points and areas

Create measures showing access to forests
1 For each time point, calculate the Euclidean distance from eatdodescentroid in
Scotland to the boundary of the nearest forest and the boundary of the nearest accessible
forest.

Provide data file to SLS staff for linkage to the SLS members, containing every
postcode in Scotland and the following forest access nsemes in distance bands
(0-<150m, 156<300m, 306<500m, 500<750m, 756<1500m, 1500m +):

2011 Distance to the nearest forest

2011 Distance to the nearest accessible forest

2001 Distance to the nearest forest

2001 Distance to the nearest accessible forest

1991 Distance to the nearest forest

1991 Distance to the nearest accessible forest

= -8 a8 _a_8a_2

Fig.3.1: Flowchart showing process for creating the forestry data set and linking to the SLS
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3.2.2.1 Data on forest cover

Land Cover Map of Great Britain 1990 (LCMGB)
The Land Cover Map of Great Britain (1990) is the first nationwide digiaesentation of
land cover and was created by the Institute of Terrestrial Ecology (ITE) using satellite
information collected in both summer and winter. The map consists of 25m x 25m grid cells
and classifies each cell into one of 25 land types, basedtellite images and verified by
field observationgCentre for Ecology & Hydrology 1990The data set was @mloaded
from the Digimap Collections held by EDINA and was converted from raster format to a

polygon shapefile in ArcMap. There are two classifications which identify areas of

woodl and. THdeskedaoes bdbadl eaved aconffermi xed w
and broadleaved ever green treesbo. Both <cl as
set. Adjacent areas of woodland were joined

than 2ha in size were then excluded. This enabled the data emparable with the forestry

data contained in the later National Inventory of Woodlands and Trees (NIWT), described
below. Also, as highlighted in the previous chapter, 2ha is considered an important threshold
in the policy literature surrounding accessabural environments. The threshold is also

used bythe Forestry Commission for allocating grant funding for forest planting and

management.

National Inventory of Woodlands and Tre&&02(NIWT)
The National Inventory of Woodlands and Trees (NIWT) isgitalimap of all areas of
woodland eqal to or greater than 2l size for the whole of Great Britain. In Scotland, the
woodland survey was based on the Land Cover Map of Scotland (1988) which was produced
from 1:25 006scale aerial photographic imagesllected between 1987 and 1989. The map
was last updated by the Forestry Commission in 2002 to contain areas of trees which were
either hidden by cloud cover in the photographs or were planted since the recorded

photograph date. The NIWT contains data@ane$t characteristics and classifies woodlands
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into nine forest type€&Smith et al. 2010)The NIWT was downloaded from the Forestry
Commission wesite as an ESRI polygon shape file. Woodland polygons categorised as
6broadl eaved?©é, 6coni ferd or O6mi xedobd were
adjacent woodlands would combine to form the same polygon. The remaining forest types
i.e. coppte, felled, ground prepared for planting, shrub and young trees, were not selected
for this study as it was thought they would have little or no value to human health, compared

to established areas of woodland.

National Inventory for Scotland 2011(NFI)
TheForestry Commission holds an accessible National Forest Inventory (NFI) for Scotland.
According to this inventory, in 2011here were a total of 1,385,000bwoodland in
Scotland, 481,000ha of which were owned by the Forestry Commission and 909,@0€ha w
owned and managed by Councils, private landowners and other organiéatiimson &
Townsend 2011)Forests includediithe data set are at leastta®which allowed the
inclusion of very small urban woodlands as well as large forests foundalraraas. The
inventory is available to download freely from the Forestry Commission website as a
polygon shape file-orForthe data set to be comparable with the earlier NIWT, dissolved
polygors that were less than 2lmsize were removed from the datt. The NFI classifies
areas of woodland into 4 Woodland Types.
6l ow densityd (t-woodédnaddéodFaehdprd adanens,
young tress), and 0 asadasmevdplantiogppudnbtacesd 6 ( ar e
identified in aerial photographs). Those
were retained whilst the latter two were discarded as they were unlikely to contain

established trees.

Ordnance Survey Ladihe (1995 2001) and Mastermap (2011)
Landline and Mastermap were used to identify accessible forests. These data are routinely

produced by Ordnance Survey and have full
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private routes extending 100m or more. Spaih for 199%representing access routes in

1991) 2001 and 2011 covering the whole of Scotland were provided by EDINA as File
Geodatabase Feature Classes. Line features i
extracted. Thenl oaatiingn @ hteo dls eil re cAr I S, for
intersected with roads, paths or tracks were identified as accessible forests and exported into

a new layer.

3.2.2.2 Verification

In order to verify that the accessible forests identified above were iadeedsible to the

public, the accessible forests layer created was compared to the National Forest Estate (NFE)
recreational routes, points and areas data sets. These contain recreationakigdilass

play areas, walking routesdpicnic tablesfor alForestry Commission owned forests and

were last updated in 201Borestry Commission 2017bJhis could only bearried oufor

the 2011 time point as datgerenot available for the 1994nd 200%ime points.

Using the features contained in the NFE data sets, forest polygons (2011) that intersected
with those features were compared with those identified as being accessiblenghe sa

13,442 forest polygons were identified in both the NFE recreational data sets aniyethe
classifying accessible forests in 20The latter also contained an additional 3,508 woodland
polygons. Howeveiit may be possible that these forests cangaicess routes which are
managed by the local authority or other organisation (although the forest is owned by FC); or
that the forest is managed mainly for timber production but is still potentially accessible by

road or track.

3.2.2.3 Measuring access to fests and linkage to the SLS
The study focuses on the influence of people
health. As discussed in the previous chapter, it hasdiemmnthat living in close proximity

to forests and other types of green spa@estrong predictor of visiting these spaces.
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Thereforemeasures that capture peoplebdbs potenti al
calculating the distance from postcode centroids to the boundary of the nearest forest.

Geocoded postcode centroids for 1991, 2001 and 2011, covering the whole of Sgetkand

sourced from the UK data servifgK Data Service 2012)nd mapped in ArcMap. The

layers containing the boundaries of every forest in Scotland, and eessdite forest,

were also mapped. Using the 6dneardé tool, the
to the nearest forest and nearest accessible forest were calculated in metres, for each time

point. Network distance could not be calculated dusdtwrical data suitable for network

analysis in ArcGIS not being available for 1281d 2001 Also, there were no data showing

forest access points.

Data files containing the postcodes and corresponding distances were linked to the SLS

members using theostcode for place of residence recorded in the 1991, 2001 and 2011
censuses. Due to the potenti al ri sk of SLS nm
not released to researchers. Therefore, linkage was completed by SLS statb Also
minimisedisclosure riskthe forest distance measures were provided as categorical variables
rather than continuous. Different ways of categorising the variables were investigated. As
discussed in Chapter 2, in earlier work many different thresholds have begnisedmas

important for determining use of green spaces and for predicting health outcomes. The

primary distance bands selected for this study are those used in previous research which
explores the psychol ogical i mpadstnandof Forest
Around Towns (WIAT) programméSilveirinha de Oliveira et al. 2013)hese are-0

<150m, 156<300m, 308<500m, 500<750m, 7H-<1500m, 1500m +. The selected distance

bands reflect earlier findings in thigeratureregarding threshold distances associated with

health outcomes e.g. living within 300m and 500m of forests, anderalaleg: enough

range ofcategoriedor individuds.
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3.2.3 Estimating use of forests

As highlighted inChapter 2, studies often rely on information about where people live in

relation to forests and not their actual use or time spent in forests, when measuring exposure
and analysing with health outcomes. Unfarn at el vy, i nformation about
and use of forests is not included in any nationwide dataset for the UK or Scotland.

Therefore, insightenthe relationship between forests and health at the populatiehcan

only be drawn from estimatesf peopl esd potential access to
residential location and not their actual direct exposure to forests. Without further

information on the behaviour of individuals in relation to forests, it is difficult to explore the
mechanisms tlmugh which forests are related to health. One way of addressing the absence

of forest use measures in largeale data sets such as administrative records and the Scottish
Longitudinal Study (SLS) is to create synthetic estimates of forest use for irals/idased

on the information in a separate data set.

3.2.3.1 DatasourceScotl andds People and Nature Surve
The | i kelihood of visiting forests was estinm
Nature Survey (SPANS) which was conducted between Marchatd Bebruary 2014

(TNS 2014b) Data were collected by interview from approximately 1000 adults (aged 16

years or over) each month, generating a total sample size of 12,104 people living in

Scotland. Commissioned by Scottish Natural Heritage (SNH), SHAMNS part of the

wider Scottish Opinion Survey (SOS) and consists of several sets of questions, with each set
added to the SOS on a rotational basis therefore not all questions are asked every month.
Questions relating to forest use were askemdmthly. Re s pondent s were askec
12 months, how often on average have you visited forests or woodlands for walks, picnics or

other recreation? (More than once per day/Everyday/Several times per week/Once a

week/Once or twice a month/Once evesg thonh s / Once or t wi ce/ Never) o
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individuals provided respons€BNS 2014c)kas shown in Table 3.1. This was recoded into a

binary measure of forest use.

Question: In the last 12 months, how often on average have you vesitforests or
woodlands for walks, picnics or other recreation?

Responses n %
More than once per day 22 0.47
Every day 192 4.09
Several times per week 360 7.67
Once a week 455 9.69
Once or twice a month 879 18.73
Once every B months 717 15.27
Once or twice 909 19.37
Never 1,160 24.71
Total 4,694 100.00

Table 3.1 Frequencies of forest use, as measured in SPANS.

Potential thresholds consideredto create a binary variable included visiting forests weekly,

mont hly and at | east once in the |l ast 12 mon
weekd was used by Mitchell ( 2 0deB gpaces@ande x pl or e
mental health outcomes. People who visited forests at least weekly were significantly less

likely to have poor mental health than regers (Cox et al. 2017; Mitchell 2013)

Alternatively6 at | east monthly/l ess than monthlyd w
examining frequency of green space visits andreglbrted mental health. Scorfes

measures of psychological wellbeing decreased for those visiting less than monthly

(Dallimer et al. 2014)However, a study which identified distinct categories of forest users
highlighted similarities in characteristics and perceptions of forests between those who

visited monthly and weekly; and those who visited once a year and those who reported that

they never visit forest@Vard Thompsno et al. 2004) Taking these findings into

consideration, a binary variable measuring the likelihood of visiting forests was created

where those visiting once a month or more are considered likely to use forests and those

visiting lessthan once a montérenot expected to use forests. For sensitivity, binary

variables based on weekly use and whether the respondent had ever visited forests in the last

12 months were also created.
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3.2.3.2 Predictor variables

In order for the synthetic estimate to be applied t8 8lembers, the variables used to

predict forest use must be present in both SPANS and SLS. As described in Chapter 2
previous studies suggest that various demographic and household factors may be related to
forest useincludingage, socioeconomic statasd having children in the househ@Morris

et al. 2011; Ward Thompson et al. 2088hipperijn et al. 2010; Irvine et al. 2018)ther

identified factors that are not included in the SLS or SPANS includehdaittivisits to

foregs and having a cultural or emotional association with for@&erd Thompson et al.

2004) The variables suggested in the literature that are present in both SPANS and the SLS
which will be considered forreating the measure of forest use include: age, sex, ethnicity,

children in the household and housing tenure.

3.2.3.3 Statistical approach

Creating the synthetic estimate
Individuals aged 16 and 17 were excluded from the sample (n=187) so the age range would
be the same as for the SIS he bivariate relationship between each of the selected
variables listed above and forest use was tested using the chi square tessitfdgtysen
other variables shown to be related to forest use and which were only present in SPANS
were also examinegneasures of dog ownership and perceptions of the local area.
Unfortunately these variables contained high levels of missing data (>908dharefore

could not be used in a sensitivity analysis.

All variables tested (age, sex, ethnic origin, children in the household and housing tenure)
except sex were found to have a significant correlation with forest use (p<0.05). A binary
logit model wa then used to estimate the likelihood of forest use. All variables were added
to the model togethein a fully adjusted model,aving children in the household was not

significantly associated with forest use so this was dropped from the model. Fregudenci
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the variables in the final model, and the estimates generated, are shown in Table 3.2.
Following the approach adopted 6lemens & Dbben (2014)individuals with missing data
in any of the final predictor variables or outcome variable were excluded (n=85), providing a

final sample size of 4,609 people.

Variable n(%) Visited Visited Visited at
weekly monthly least once
Age group
(reference: 4554) 839(18.20)
1824 430(9.33) -0.22 -0.11 -0.24
2534 703(15.25) -0.18 -0.05 -0.05
3544 692(15.01) -0.67 0.02 0.06
55-64 795(17.25) -0.32 -0.37 -0.66
6574 735(15.95) -0.32 -0.36 -0.90
75+ 415(9.00) -0.66 -0.90 -1.39
Ethnicity
(reference: white) 4,502(97.68)
Not white 107(2.32) -0.64 -1.09 -0.93
Housing tenure
(reference: owns home) 2,964(63.92)
Private rented 535(11.61) -0.23 -0.20 -0.35
Social rented 1,070(23.22) -0.22 -0.42 -0.72
Other 58(1.26) 0.04 0.06 -0.11

*Significant results in bold (p<0.05)
Table 3.2: Coefficients estimating likelihood of whether the respondent visited forests weekly, monthly and at
least once ithe previous 12 months.

Linkage to the SLS
The estimates of forest use generated were converted to log odds then probabilities,
following the approach b cottish Government (201@&stimates were then created for
every combination of the predictor variables and written into a Stata do file. This allowed the

estimates to be applied to the SLS members, indicating likelihood of forest use.

3.2.3.4 Validationof estimates

The following steps were taken in order to validate the estimates created. Firstly, different
model specificationsuch awith sex and children in the household added, were compared
usingAkaike Informaton Criteria (AIC).AIC is used to asss relative model fit based on

the number of parameters in the model whereby models males values of Alhetter

represent patterns in the data heinciécatebetter modefit (Singer & Willett 2003) The
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final model, containing age, ethnicity and housing tenure was found to have the most

appropriate model specification.

Secondly, whether th&ynthetic foresuse estimatesereassociated with healih the way

that actual forest use would be expectedtowas t est ed by applying th
mont hl yé estimate to individualhns4,786)Theée he Scot
outcomemodelled (binary logistic regressiowpswhether or not the respondent had a long

term iliness. On the other hand, whether or not the participant had eaténefpievious

day was also testeds this was nanticipatedo be related to foresise. This analysis

indicated that people who used forests at least monthly were significantly less likely to have

a longterm illness (OR=0.94, 95% CI=0.9895). As expected, forest use was not

significantly related to eating fruit (OR=1.00, 95% CI=02001).Therefore, these results

may suggest that the synthetic forest estimate behaves similarly to an actual forest use

measure in relation to health outcomes.

3.3 Individual -level health data

3.3.1 Data source criteria

In order toaddress the thesis objectives forest access measures were linkealdataset
thatsatisfiedtwo criteria. Firstly, it had to be longitudinal, nationally representative and
contain measures of general and mental health for indivitivialg in Scotland Ideally the

data set wouldlso allow more specific health outcomes to be explored, in particular those
that are hypothesised to be related to the natural environment. Secondly, it had to have a
large sample size and rich information on individiezkel and aredevel socioeconomic
characteristicso that potential inequalities between social groups could be explored. The
data set also had to contain postcode information for place of residence at each time point to

enable linkage to forest access measures.
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3.3.2 ScottishLongitudinal Study

The Scottish Longitudinal Study (SLS) contains census data collected in 1991, 2001 and

2011 forapproximately274,000 individuals living in Scotland (5.3% of the population).

Study members were recruited using 20 random birth dates.rsdrative records such as

vital events (births, marriages and deaths), education and health data can also be linked to the
SLS member$SLS-DSU University of Edinburgh 2018bror each of the three time points,

the SLS contains information on individual 6s
demographic characteristics. I't al oWy cont ai n
accessible to SLS staff) and ecological variables which provide information about the
neighbourhoods in which they have lived at each time point including deprivation scores

(Feng 2013)As census information is required by law this means that attrition rates are very

low which allows a large sample size to be maintained over tye&0period. As people

are lost from the study by deathdaemigration, they are replaced with those who enter by

birth or immigration into Scotlan(Hattersley & Boyle 2007)

3.3.3 NHS administrative health data

3.3.3.1 Overview

The following subsections describe each of the administrative health data sets that were
joined to the SLS for further analysis on specifitcomes. As detailed in the previous
chapter, earlier research suggests that engaging with forests improves mental health. This
includes reducing symptoms of particular conditions such as anxiety and depression.
Administrative health records allow the esgation of specific mental health outcomes (e.qg.
prescribing of antidepressants) in addition to the general health outcomes contained in the
SLS. Furthermore, data on hospital episodes indicates whether the SLS members have

received care or treatment asantal health inpatient or by visiting an outpatient clinic.
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3.3.3.2 Prescribing Information Syste(RIS)

The Prescribing Information System contains all records relating to medicines prescribed by
doctors, nurses and dentists within NHS Scotland which wererdied in community
pharmacies. Data includes information about the drugs being prescribed e.g. name, strength
and quantity provided; the dates the medicines were prescaibedletails of the prescriber
anddispenser. The PIS was initiated in 1988weve, for research purposes, the data set is
only available for 2009 onwards duedata quality issues with earlier reco(ti8HS

National Services Scotland 2012)

3.3.3.3 ScottishMorbidity Records 04 Mental Health Inpatient and Day Case dataset

(SMR 04)
The Mental Health Inpatient and Day Case dataset contains records of all admissions to
psychiatric NHS hospitals in Scotland. Inpatients are defined as those who stay overnight in
the hospital whereas day cases require the use of a hospital bed for their treatment but
without staying in hospital overnight. Data includes the dates of admission and discharge,
diagnoses (the main condition and up to five additional conditions areledoat the time of
admission and at discharge) and length of hospital stay. The dataset contains records from
1981 onwardéut, due to data quality issues, only records from 1997 onwards are available

(ISD Scotland 2018)

3.3.3.4 Scottish Morbidity Records G0Outpatient Attendance dataset (SMR 00)

The Outpatients Attendance dataset includfEsmation on all outpatient appointments at
Scottish NHS clinics (except for Accident and Emergency and Genit@ary Medicine).
Outpatients include those who attend an arranged meeting with a specialist clinician in order
to seek advice or receive @itenent foraparticular health issue. The data set includes
information on each appointment including the date, the speciality of the clinician seen and
the recommended followp care. The data set is available from 1997 onw@dpson

2010)
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3.3.4 Accessing the SLS and NHS health data

The SLS and NHS administrative health data sets contain anonymised indigidlalata
therefore a number of measures are put in place bydtierfdlRecords ofScotlandto

ensure confidentialityToTo be granted access to the dafaplication forms were completed

and submitted to the SLS Research Board and the Public Benefit and Privacy Panel for
Health and Social Care. These forms detailed the scope of the proposed research and the
specific varables needed. As required by the SLS team, a training course in Information
Governance was completed by the researcher and SLS Approved Researcher status was
attained. An Undertaking Form was signed by the researcher and all members of the
supervisory tearto show understanding of the confidentiality and security procedures. Once
the application forms were approved and the required data extracted, the data were accessed
on a standéilone computer in the SLS safe setting at the National Records of Scoflaad of

in Edinburgh. Before any data and results were taken out of the safe setting to discuss within
the supervisory team or present at conferefaresxampleythey were checked and

approved byhe SLS team in line with the SLS Disclosure Control ProtoEatther details

about the SLS data access arrangements are found on their wehsitésls.Iscs.ac.uk/

3.4  Selection and operationalisation of key variables

3.4.1 Measures derived from the SLS

SeveralSeverdiealth outome measures are examined in this th€asisus measures
includedwhether or not the SLS membermdralongterm illness, had a mental health

condition and a selassessment of general health. The actual questions asked in the census

and possible resporsare summarised in Table 3.3

Longterm iliness
The measure for long term illness was the ¢rdglthrelatedquestion included in all three

censuses. This was used as a measure of general health in chapter 7 which explored changes
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i n peopl e denthatbraeltimenpoimiseanhdveleanges in forest access. The measure
from the 2011 census, was recoded into binar
l'imted a |littled combined i ntteomilmeseisac at egory
reliable ndicator of need for health services and recreational facilities. It is also regularly

used in policy environments for monitoring progress in improving public h@idfice for

National Statistic2010) DDue to its utility in policy andbecauséongterm illness was the

only measure of general health present at each of the three study points, it was considered an

appropriate outcome of interest for this study.

Selfreported general health
In the initial crosssectional analyses (forming part of chapter 5), therselbrted general
health measure was explored. Following a similar approach in other qiMdies et al.
2006 Moskowitz et al. 2013; Young et al. 2018)e responses to tigeneral health
guestion were dichotomised with 6very goodd
6fairé6, oO6poord and 6very poord combined to f
only being asked in the 2001 and 2011 censagdghere beinghanges to the coding
schemeit was not appropriat®r longitudinal analyses in this study which examines

changes in health between all three of the censuses.

Mental health condition
In the 2011 census only, respondents were asked to indicate theafatioyenealth
conditions which have lasted or expected to last for at least 12 months, which included an
option for O6mental health conditiond. The me
as binary variables, indicating whether the SLS membertexpbbaving any of the
conditions providedl) has a mental health conditjp) does not have a mental health

condition.
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3.4.2 Measures derived from administrative health data

Four binary measures which provide information about different aspects of mexitial he

from 2011 to 2016, were derived from the administrative heatths#ds described in section
3.33. This allowed investigation into whether patterns of forest access throughout the study
period influenced particular aspects of mental health at thefehe study period. Four
outcome variables were derived from the administrative health data sets as summarised in

Table 3.4. These were whether between 2011 and 2016, the SLS member was:

1 Prescribed antidepressants
1 Prescribed anxiolytics
1 Admitted as annpatient to a mental health hospital

1 Attended an outpatient clinic for a mental health issue.

For sensitivity, a combined measure indicating whether or not the SLS member was
prescribed anxiolytics or antidepressants between 2011 and 2016 was alscasreatad

types of antidepressargach aselective serotonin reuptake inhibitors (SSRIs), are
prescribed for the treatment of depression, anxiety and other mental health co(iti@ns
National Services Scotland 2017Burthermore, amitriptyline, another type of
antidepressant, cardlsobe used to treat other conditions such as migraines and chronic pain
at doses less than 30mg per day, as well as depressiontarishto be prescribed at higher
doseqdNHS National Services Scotland 201%hereforethere is a risk of misclassifying

SLS members when using this data. In order toesddthis, exploratory analysis was also
conducted withndividualsindividuals who werprescribed amitriptyline on doses less than

30mg per day, classified as not receiving antidepressants.

Each of the three administrative data sets used in this studypn@vided with multiple
records per individual SLS member i.e. one record per hospital episode or per medicine

prescribed. Once the required records were extracted, the data sets were reduced to single
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records per individual and linked to the SLS, ughngSLS identification number which was

present in both data sets.

Prescriptions for antidepressants and anxiolytics were distinguished using the British

National Formulary (BNF) subection code (4.1.2. for anxiolytics and 4-8.for

antidepressant¢NHS National Services Scotland 201Ratients who attended an
outpatient clinic for a mental health issue
classi ficati on & previdesiinfbbinbtion abolithhe specialsm of the

clinician seen by the patient. Thira total of 62 different specialities in the data set. For

this study, only those records with specialisms relating to mental health were extracted.

These were GendrRsychiatry, Psychiatry of Old Age and Psychothel@apson 2010)

As the Mental Health Inpatient and Day Case dataset only contained admissions for mental

health conditions, all records were extracted from the data set.
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Measure of
health 1991

Census questions
2001

2011

Long term
illness

Do you have any lonterm iliness, health
problem or handicap which limits your
daily activities or the work you can do?
Include problems that are dteeold age.
1) VYes, | have a health problem
which limits activities
2) I have no such health problem

Do you have any lonterm illness,
health problem or handicap which

Are your dayto-day activities limited because of a health
problem or disability which has lasted, or is expected to la

limits your daily activities or the work at least 12 months? Include problems related to old age.

you can do? Include problems that & 1)

due to old age 2)
1) Yes 3)
2) No

Yes, limited a lot
Yes, limited a little
No

General health

Over the past 12 months would you How is your health in general?

say your health on the whole has 1) Very good
been: 2) Good

1) Good? 3) Fair

2) Fairly good? 4) Bad

3) Not good? 5) Very bad

Mental health

Do you have any of the following conditions which have
lasted, oexpected to last, at least 12 months? Tick all that

apply
1)
2)
3)

4)
5)

6)
7
8)
9)

Deafness or partial hearing loss

Blindness or partial sight loss

Learning disability (f
Syndrome)

Learning difficulty (for example, dyslexia)
Developmental disorder (for examplAutistic
Spectrum Disorder or A
Physical disability

Mental health condition

Long-term illness, disease or condition

Other condition, please write in

10) No condition

Table 3.3: All healthrelatedquestions included in the 1991, 2001 and 2011 Scottisbuses
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Administrative health data sets Measures derived
Prescribing Information System Prescribed antidepressants 22016 (Yes/No)
Prescribed anxiolytics 2012016 (Yes/No)
Prescribed antidepressants or anxiolytics 20416 (Yes/No)

Scottish Morbidity Records 04 Admitted to a mental health hospital 262016 (Yes/No)
Mental Health Inpatient and Day Case
dataset (SMR 04)

Scottish Morbidity Records 00Outpatient Attended outpatient clinic for a mental health issue 22016
Attendance dataset (SMR 00) (Yes/No)
Table 3.4 Measures derived from administrative health data sets

3.4.3 Potential confounders
This section describes the variables considered as potential confounders of the relationship

between forests and health, and the data preparation steps undertaken.

3.4.3.1 Demographic variables

Sex, age, ethnicity and children in the household
As discussed in Clpger 2, studies suggest that the health benefits of forests may be unevenly
shared between men and wonfBichardson & Mitchell 2010)Therefore, sex is considered
a potential confounder in the study, due to the close connectpaitesns ohealth and
suggested link to forest use. In the SLS, sex is recorded as a binary variable (male or
female). Also highlighted in the previous gher is the importance of age in determining use
of forests, with people over the age of 45 being the most likely to visit f¢Festsstry
Commission 2013and significant health benefits of foresteing found only among middle
aged study participan{Sawa et al. 2011Again, there is an obvious link between age and
illness, with older people more likely to have health iss{Mavandadi et al. 200&hd sat
was important tencludeage as a confounding factéior this study, age was categorised
into 4 groups. These were (age in 199829, 3044, 4554, 55+. The cut off points for the
age groups were restricted by the data distribution. Ideally, the group aged 55+ in 1991
would have been further classifiedje5574, 75+, as the group is likely to be heterogeneous
in terms of health. However, initial exploratory analysis indicated that there were too few

cases in each category for conducting stratified analysesx@\ained fully in section 3,5
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the study ample only contained those who were present in all three censuses and aged at
least 18 years in 1991, therefore the sample is relatively yatuihgs initial dateand ages

throughout the study period.

In this study, the data for ethnicity is as repodéthe time of the 1991 census. Respondents
were asked to provide their ethnic group by ticking the appropriate option. Respondents
could choose between White, BlaClaribbean, Blaclfrican, BlackOther, Indian,

Pakistani, Bangladeshi, Chinese, or arheotthnic groupRespondentalso had the option

to describe their ancestry. In the SLS, the variable is coded with 35 different categories.
However due to the relatively low ethnic diversity in Scotland, the variablerecasled as

binary (white/not whie) to enable sufficient category numbers for analyses.

Also accounted for is whether the SLS member lived with children in the housabdhis
has been shown to influence the chances of visiting local green $lpaiceset al. 2013)
and is potentially linkedo mental healtl{Helbig et al. 2006)Thereforea binary variable

indicating this was derived for each time point ¢cleildrenpresenin the household (yes/no).

3.4.3.2 Socioeconomic variables

The SLS offers a variety of indicators that may be used as measures of socioeconomic status
(SES). For this study it was important to identify the particular aspects of SES that were
most closelyinked to the relationship between forests and health and therefore can be
treated as potential confounders. Problems with the way in which SES is controlled for in
health research kiebeen discussed and critiqued. SES is widely recognised as a complex
and multifaceted construct made up of psychosocial and material elei@Gemtsly & Holt
2001)and therefore cannot be cad in a single indicatqBraveman et al. 20054} has

been suggested that \&les measuring SES should have meaning for the particular
population groups and health outcomes being exaniBlealvers 2007and reflect the
hypothesised causal mechanisms through which the particular SES measure is related to the

variables of interegMacintyre et al. 2003)It is also recognised that accurate measurement
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of SES for individuals is not always possible and that researchers are often limited by the
availabiity and quality of datéBraveman et al. 2005a)hereforea combination of

individual, household and/or aravel measures which capture different elements of
socioeconomic position should be considered. It has also been suggested that education or
social class paired with a household or dex&l measure of aterial deprivation is

appropriate for investigating health and health inequalities among older age groups in
particular (Grundy and Holt, 2001). In this study, all measures of SES considered are
described below. For the reasons outlined, it was decidegdasure socioeconomic status
using t he SLS lemebohedueatian and hauging tersire. These were provided

for each of the three study time points.

Highestlevel education
Education is one of the most widely used measures of SES in headtithegan
individual 6s education captures p(Bravermahi al ea
et al. 2005h)It has also been suggested that education might also be related to health
through health behaviours, with those who are more educated more likely to engage in health
supporting activitiegLynch et al. 197). Furthermore, as education is normally completed in
early adulthood, highe$tvel qualification is particularly useful for the current study as the
study population is aged at least 38 years at the last study timeapdins reasonable to

expet study members to have completed their education by this age.

Thehighestlevel educational qualification held by the SLS memberasidedfor each

time point. For 2001 and 2011, variables are provided with five categories. These are:

1 No qualificatiors (0)
1 Standard grade/GCSE/CSE/GSVQ/SVQ Level 1 or 2/SCOTVEC module etc. (1)
9 Higher grade/CSYS/GSVQ/SVQ Level 3/ONC/OND etc. (2)

1 HNC/HND/SVQ level 4 or 5 etc. (3)
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9 First degree/higher degree/Professional qualifications (4)

In the 1991 census, the question regarding higbest educatioonly asked about post
school qualifications and was therefamed into fewer categories, indicating whether or
not the respondent had a degree (2), a higher qualification other tharea @ggor none
(0). To maintain consistency across time points, higles education in 2001 and 2011

was also recoded into the same format

Housing tenure
Household tenure is often used as a measure of material deprisicimtyre et al. 2003)
and due to the home ownership category, also potentially captures financial assets and
wealth. In the200And 201lcensuses, respondents were asked whether theylmvnented

their accommodation and could provide one of the following answers:

1 Owns outright

1 Owns with a mortgage or loan

1 Part owns and part rents (shared ownership)
1 Rents (with or without housing benefit)

9 Lives here rent free

If renting, respondents wetieen asked who their landlord was which helped distinguish

those who rented privately i.e. from a private landlord, letting agency, employer, relative or
friend,, and those who rented socially i.e. from their local authority, a housing association or
registered social landlord. In the 1991 census, a similar question with regards to housing
tenure was asked with respondents asked to specify whether they rent or own their
accommodation and the arrangement for this. However, the option for shared ownesship wa
not available. In the SLS, the housing tenure variables were derived from the two questions
about tenure and nature of the landlord. These variables were recoded as summarised in

Table 3.5. Those who lived rent free were in small numbers and were gritipgaivate
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renters. In the census questionnaire, those who reported living rent free were still asked who

theirlandlord wasbutthis was not specified by the coding of tlexivedvariable. It was

thought that people living rent free would have bdae & do so through the social support

provided by and the wealth of a close friend or relative, but do not have enough financial

resources to own their home. Therefore, for psychosocial reasons they were considered to be

more similar to private rentersan social renters.

1991censusvariable 2001censusvariable 2011censusvariable Recoded

coding coding coding variable used
in analyses

1.0wner occupier 1.0wner occupier 1.0wner occupier 1.0wner

mortgage or loan
2.0wner occupier outright

mortgage or loan
2.0wneroccupieri
outright
3.0wned- Shared
ownership

mortgage or loan
2.0wner occupier
outright
3.0wned- Shared
ownership

3.Scottish special housing
association/Scottish homes
4.Local Authority (Council)
5.New TownCorporation
6.Housing Association or
charitable trust

4.Social rented: Rented
from council (or Scottish
Homes)

5.Social rented: Registere
Social Landlord or Housing
Association

4.Social rented: Rented
from council

5.Social rented: Registere
Social Landbrd or Housing
Association

2.Social rented

7 .Private landlord furnished
8.Private landlord
unfurnished

9.With job; farm; shop or
other business

6.Private rented: Private
landlord or letting agency
7.Private rented: Employer
of a householdnember
8.Private rented: Relative
or friend of a household
member

9.Private rented: Other
10.Lives rent free

6.Private rented: Private
landlord or letting agency
7.Private rented: Employe
of a household member
8.Private rented: Relative
or friend of a hosehold
member

9.Private rented: Other
10.Lives rent free

3.Private rented

Table3.5: Recoding of housing tenure variables

Other SES measures considered: Economic activity, The National Statistics Socio

economic Classification (NSEC) &Income

The census measures economic activity by asking whether the respondent was employed or

selfemployed; working hours; and reasons for being unemployed e.g. studesigrimng

sick or disabled, retired and looking after home/family. This variablecosasidered

unsuitable for measuring SES in this study because it does not capture social hierarchy

within those who are employed and those who are retired. Therefore, important psychosocial
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elements of SES relating to health might be ignored. Also, duéhte -@rimacick @r
di sabledd category, it is problematic for
not completely comparable between the censuses due to differences in wording in the census

questionnairédSLS-DSU University of Edinburgh 2018a)

Current main job and a brief description of duties was also asked in the last three censuses. If
not currently working, respondents were instedicto provide the details of their last main

job, which means retirees were also able to be included. In the SLS, information on
occupation is coded in line with the NSEC. However, it was decided not to use
occupatioAbased measures as they are not faflidor capturing the SES of certain groups
including women whose work is more likely to be based at Homexampleexample

raising a family, people working in casual or informal jobs, and ret{@af®bardes et al.

2006)

A synthetic measure of income based on Standard Occupational Classification (SOC) created
by Clemens & Dibben (2014) was also considered but was found to have several
disadvantages for this study. Firstly, the measure isanhgntlyavailable for the 1991 and

2001 census; secondly, income can only be estimated for those who are in employment.
Whilst Clemens & Dibben (2014uggest that inconmean be estimated for these groups

based on standard welfare payments or agiieement occupation if recorded, it was

decided that this could not be done robustly without further modelling which was beyond the

scope of the thesis.

3.4.3.3 Arealevel deprivatiormeasure Carstairs index

An arealevel measure of deprivation was required in order to agdesther deprived and
affluent neighbourhoods have féifent levels of forest access. The Carstairs index was
chosen as this was the only ategel deprivatiormeasure available for each of the time
points used in this studyhe index was created from four census indicators aggregated at

the postcode sector level, for which there were 978 in Scotland, at the time of the 2011
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censugNHS National Services Scotland 2017E)ese indicators are: (1) lack of car
ownership (2) low occupational social class (3) overcrowded households; and (4) male
unemploymen{ISD Scotland 2010)The Carstairs index was not used as a covariate in the
current study as aspects of socioeconomic statlisnaterial deprivation are already
controlled for using individuadkvel (highestevel education) and househd&l/el indicators
(housing tenure)CControlling for these elements at the neighbourhieegl may result in
overadjusting analysis models agllighted in previous studigdurray et al. 2013; Pearce

et al. 2015)

3.4.3.4 Environmental measures

Coastal proximity
Previoudongitudinal and crossectional sidies have shown that living closer to the coast is
linked to bettegeneral and mental healftVheeler et al. 2012; White et al. 201.3a)
Exploratory analysis in this study also showed an inverse relationship between forest
proximity and coastal proximity, with those in the sample living >1560m forests
tending to be located very close to the coastli@astal proximity in distancealnds
(<1km; >2:5km; >520km; >20km), similar to those used in Wheeler et al. (2012), was
added to regression models as a confounder. Coastal proximity for 1991, 2001 and 2011 was
calculated and linked to the SLS members using the same method used foingeasu
distance to the nearest forests, as described in seidre3using functions in ArcGIS to
calculate Euclidean distance from postcode centroid to the nearest point on the British

coastline.

Urban rural classification
The Scottish Government urbaural classification was used to control for rurality and to
explore differences in the relationship between forests and health for those living in urban

and rural areas. Thefald classification was used instead of thfolél or 8fold version of
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the chssification to enable large enough categories for the analysis concerning the SLS

sample and health outcom@&cottish Government 2012)nitial exploratory analysis

showed very few SLS members | iving-in remote
whitebo. For the anal ys i Ghapiendy, thesdold vgraicnwasg f or e s
used to enable a more fhgeained examination. The relationship between the two versions

and definitions for each of the categories, are shown in Table 3.6. Urban rural classification

is provided in the SLS at the output ategel. In Scotland, oput areas are the smallest

geography for which census data is available and eautain between 20 and 77

household¢Scotish Government 2013)

2-fold 6-fold
Urban areas Settlements of 3,000  Large Urban AreasSettlements 0£25,000 or more people.
people or more Other urban areasSettlements of 10,000 to 124,999 people.

Accessible small townsSettlements 08,000to 9,999 people and
within 30 minute drive of a settlement of 10,000 or more
Remote small townsSettlements of 3,000 to 9,999 people and wi
a drive time of over 30 minutes to a settlement of 10,000 or more
Rural areas Settlements of less than Accessible rural Areas with a population of less than 3,000 peopl
3,000 people and within a 30 minute drive time of a settlement of 10,000 or mc
Remote rurat Areas with a population of less than 3,q@ple, and
with a drive time of over 30 minutes to a settlement of 10,000 or
more.
Table3.6: Scottish Government urban rural classifications

FCS conservancy regions
The current study aimed to examine the ways in which forest acaéss batween dferent
regionsof ScotlandAs the findings will be of particular interetst Forestry Commission
Scotland who are committed to improving access to forests across the country, the FCS
conservancy boundaries were used to identify policy relevant regioese Were
downloaded as an ESRI shape file from the Forestry Commission website and linked to all
postcodes in Scotland with distance to the nearest forest attached (as explained in section
3.2). Across Scotland, there are five conservancies (Central i@td8auth Scotland, Perth
& Argyll, Highlands & Islands and Grampian) which are shown in the map in Fig.3.2. In
Chapter 4, levels of forest access are compared between these five regions across the three

study time points.
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Highlands & Islands ,

Grampian

Central Scotland

South Scotland

Fig 3.2 Map showing FCS regions.

3.5 Study sample

For this study, only those individuals who were present in the 1991, 2001 and 2011 censuses
and aged 18+ in 1991 were included in the sample which provided data on 113,171 people.
This allowed changes in forest access and changes in health to be exéraisedllowed
cumulative effects and critical periods to be assessed. As the SLS coveysa périod

and not the full life course, it was decided to concentrate on adult years only and assess
mental health outcomes later in life. Due to the factttimamount of prescriptions for
antidepressants and anxiolytics is highest for those who are middle ag#@iydars old)

(NHS National Services Scotland 2017&)d the amount of mental health hospital
admissios s highest for middle aged and older ad(iN$1S National Services Scotland

2016), it was decided to focus on those who would be approaching these life stages at the

time of the last census.
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The flowchart in Fig.3.3 summarises how the final sample was derived from the original
SLS extract provideth=113,171) RResidents of commal establishments and those who
had missing data were removed from the sample. This gave a sample size of 99,834 people.

The extent of and approach to handling missing data are described in section 3.5.2.

Original SLS sample
n= 113,171

2,286 regidents of communal establishments excluded

n= 110,885

11 cazes with migsing health data excluded

n= 110,874

11,040 cases with all other missing data excluded

Final sample
n=99,834 cases
(n=97,658 excluding island residents)

Fig 3.3:Flowchartsummarising theample exclusn criteria

3.5.1 Residents of communal establishments

The study sample excluded individuals who had lived in communal establishments at any
time in the study period. Communal establishments are facilities which provide managed
residential accommodation amttiudes prisons, large hospitals and hotels. In the census, an
individual is recorded as a communal resident if they have lived in the establishment for at

least six months and do not have another usual address reffdatiedal Records of
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Scotland 2018a)Communal residents have missing information for householdadatas is

not collected from themThis includes housing tenure and whether there are children in the
household, both of which are covariates used in the analysis. Other studies using the SLS and
focusing on health outcomes have also removed communal residentsdreamtple for this

reasonPopham & Boyle 2011; Ralston et al. 2016)

3.5.2 Missing data

This section describes how missing data was handled in the analysis. Due to the variables
being derived from routinely collected administrative records and the census, the completion
of which is a legal obligation, there was a relatively small amount of missing data present in
the sampleAlso, missing data and data discrepancies in 2011 wereopstyiimputed

before linked to the SL3Jissing data were investigated and identified as one of three types:
missing completely at random (MCAR) where the missingness is not due to unobserved and
observed factors; missing at random (MAR) where missingaetpendent on only the
observedactors; or missing not at random (MNAR) where missingness is dependent on the
unobserved facto@wisk 2013) Table 3.7 shows the proportion of missing observations

for the variables used. For those measures derived from administrative health records, there

was no missing data.

Percentage of missig data

SLS variables with missing data 1991 2001 2011
Long term limiting iliness - 251 -
Highestlevel education 3.38 271
Housing tenure - 1.89
Carstairs deprivation guintile - 0.01

Table 3.7: Proportions of missing data in the SLS sample

For each variable with missing data, the relationship between the missing observation and
earlier observation was investigated usingstjuare tests. Secondly, the relationship
between missing observations and other covariates was investigated usaimgehe s
statistical technique. Then, the sample was divided into two groups; those without missing

data and those with missing data at one or more of the three time points. Any significant
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associations between variables used in the analysis and having rdessivgere then

identified.

All variables tested were found to be signif

analyses. However, age had a stronger effect size (V=0.16), with people aged 65+ in 2001
having the highest proportion of missing data (20.5%). This is the casafigrdata sets
possibly because older people are more likely to make mistakes or miss questions when
completing questionnaire forn(lardy et al. 2009)Therefore ashe missing data are related

to the observed data for another variable, this suggests that the data is missidgrat ra

(MAR) (Ibrahim & Molenberghs 2009)

Furthermore, following the approach adopigdShortt et al. (2014three versions of the

initial exploratory crossectional analyss (with all health outcomes studied) were

conducted. First of all, models were run with only those in the sample who had complete
data. Secondly, the same analysis was run with missing data included as a category in each

of the affected variable&. Lasty, the models were run with imputed data. For all variables

with missing data, ten data sets were i mpute

functions in Stata. As advised Bartlett & Carpenter (208) all variables featuring in final
models were included in the imputation model. The estimates produced by the three sets of
models were compared. There were no differences in the significance of the estimates
between those models with completecasead ysi s and t hose where
as an extra category. There were negligible differences (<0.1) in magnitude. The imputed
data sets produced some different results. Howaggahere were minimal changes to the
estimates from when those witlissing data were excluded from the sample, this indicates
that the complete case analysis was not bid3Bde to the small proportion of missing data

in the sample and the absence of any significant change to the estimates produced when
those with missig data were removed, it was decided that imputing the missing values was

not required.
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3.5.3 Island residents

In Scotland, there are 93 inhabited islands which form 4 main groups. These include the
Orkney and Shetland islands, and the Inner and Outer Hebridte #me of the 2011

census there was a total of 103,700 people living on islands which is 2% of the Scottish
population(National Records of Scotland 2Q1&ensus results show that the composition of
island populations tends to be different from that of mainland populations. On average,
island residents are older and healthier than those living in the rest of Scotland. The labour
market is also differdras there is a higher proportion of people working-par¢ or self
employed and a lower proportion working in professional r(\egional Records of

Scotland 2015)It hasalso been suggested that socioeconomic health inequalities are
narrower on islands and that the protective effect of high socioeconomic position is reduced
or even reversed, possibly due to higher levels of social capital agchiide found among
island communitie$Clemens n.d.)In terms of forestry, areas of woodland are sparse, with
just 4.5% of t he orctheislands whidhsare mostlyersthedHebfrides: n d
Initial exploratory analysis of the NFI 2011 showed that there are just 82ha of woodland on
the Orkney Islands and none on the Shetland Islands. For many of the island postcodes the
nearest forest was founad be on the mainland or on a neighbouring island with access to
them being by ferry or plane. For those livinghe Shetlands and Outer Hebrides in

particular, distance to the nearest forest was in some cases over Pikento the distinct
disparitiesn the composition of the population; the different relationship between
socioeconomic position and health; and lack of practically accessible forests, the first section

of analyses in Chapter 4 was conducted with and without island residents in the. sampl

3.6  Summary
This chapter has described the data sources used, measures dedwadbtthe necessary

data preparation undertaken to investigate the thesis objectives. The statistical techniques
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applied and findings of the first set of empirical analysesd&cussed in the following

chapter

4  Public access to forests in Scotlandnd environmental justice

4.1  Introduction

As discussed in Chapter 2, previous cresstional studies on cases of environmental
injustice in the US and Europe have discovered undigtributions of urban green spaces,
with the most affluent communities tending to have the best access and people living in the
most deprived areas benefiting the least. However, this issue has not yet been examined in
relation to the ditribution of forets.Furthermore, the potential role of historical forestry
policies and practices in shaping the subsequent geography of forests has not been
considered within a longitudinal and empirical investigation, nor through the lens of
recognition and procedurptocesses of environmental injustice. Tttiapter enhances the
current evidence by exploring the ways in which forest access may have changed for the
population of Scotlanbetween 1991, 2001 and 2011. With a particular focus on inequalities
in forest acess within Scotland, the analysis also provides ingngbtdifferentialchanges

in forest accesBetween deprived and affluent aredgch evidence would provida

indicationof whether forest distribution has contributed or not to environmental wgusti

The specific aim and research questiaddressewvere:

To assess changes in the sopatial distribution of forests in Scotland between 1991,

2001 and P11.

1 How has the geographical extent of and access to fatestgecdver this period?
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1 How havechanges in forest access varied betwedeprived and affluent

neighbourhoods; different parts of Scotland; and urban and rural areas?

The chapter consists of two main sections. Firstly, the analytical approach and statistical
techniques applied iorder to investigate the above questions are described. Then the results

of the analyses are presented.

4.2 Analysis plan

4.2.1 Comparing levels of pblic access to forests in 1991, 2001 and 2011

The area ifhectares (ha) of all forests in Scotland and measures of p Ipatedtial access

to forests was examined by using the information contained in the forest access dataset
created (as described in section)3This included the Euclidean distance from every
postcode centroid in Scotland to the nearest foresheakst accessible forest in 1991, 2001
and 2011Taking into account that the population at every postcode in Scotland would vary
with some postcodes having no residents, postcodes were weighted by populatigsirgize
thedweightbcommand in Statapjving greater importance to those with higher populations.
For each time point, populatiameightedmean distancesere calculated which indicated

the level of access forests for Scotland as a whole and how the level of forest access
differed between ttime pointsResults are provided for the analysis with population size
accounted for as this was considered more relevant for addressing the objectives and
overarching aim of the thesis which are conc

provision.

For sensitivity populationweighted mean distancesre generated with and without island
postcodes in the sample. As explained in Chapter 3, island communities may have
exceptionally poor access to forests, compared to those on the mainland, due to there being

no forests on some of the island groups.

91



4.2.2 Modelling change in access to forests

For this section of analysis onlgn alternative forest access data set with consistent postcode
boundaries over time was created to entideamount oEhangen forest acceswithin

postcode areas to be estimafBa.ensure consistent geographical boundaries over time, only
the 2001 postcodeentroids wereised to calculate distance to the nearest forest at each time
point i.e. distance from 2001 postcode to nearest forest in 1991, distance from 2001 postcode

to neaest forest in 2001, and distance from 2001 quui# to nearest forest in 2011.

Mixed-effects (or multilevel) linear regression models were used to explore the changes in
distance to the nearest forest. Mix@ifiects models are a less crude way of detenmitiie
amountand directiorof change as they take all data into consideration, not just the mean.

They are an extended version of MANOVA and take into account the grouping of individual
measurements within cases. The models therefore allow changesthgtiseime postcode

areas as well as between postcode areas to be investigated. The coefficients generated by the

mo d e | can therefore be interpr(éwise20l3as bot h

Models were run with a random intercept only which allowed each case to have its own
intercept(Ployhart & Vandenberg 20094 likelihood ratio test was used to assess whether
adding a random slope to the model (allowing the slope to vary between cases) was
necessaryTorresReyna n.d.)The result of this test was insignificant (p>0.05) which
suggested that the relationship between distance to the nearest forest and time was best
analysed using a modeith a random intercept only. Models were run initially with each of
the forest access variables as the outcomegeards the exposure variable (whemear

was a categorical variable with 1991 as the reference category). The postcode population
size wa then added to the model as a covariate to control for population change as it was
hypothesised that areas which @éaxperienced change in forest aceceayg also have
experienced population chanfyge exampleforests on the edge of urban areas may have

been lost due to housing developments. This first set of models estimated the amount of
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change in forest access between 1991 and 2001 for the whole of Sddfihadels were
repeated with 2001 as the referenagegory to estimatdifferences over timbetween 2001

and 2011.

4.2.3 Differences in forest access/tarealevel deprivation, urbamural classification

and geographical region
In order to assess differences in forest acbesseen time points and deprivedand
affluent areasndto potentially identify evidence of an environmental justice concern
populationweighted distance mearend mixedeffects models were stratified by Carsiai
deprivation index (quintiles)nequalities in forest access at eacletpointwere examined
by calculatinghe quintile ratio between the most deprived and least deprived area. This
indicated whether or not relative inequalities in forest access had reduced between the three
time points.Theratio was also calculated sepatgtfor urban and rural areas when island

postcodes were excluded.

Populationweighted distance megrend mixedeffects models were also stratified by the
Scottish Government urban rural classificatiofiglél) and FCS conservancy regions

(Central Scotlad, South Scotland, Perth and Argyll, Highlands and Islands, and Grampian).
Wald tests were used to formally assess whether changes in forestoaecdsaevaried

significantly between areas.

43 Results

431 Scotl andbés forests

Findings showdthat the amouraf forestry in Scotland increased over the study period
(Fig. 4.1). In 1991, the total amount of forest cover was 523,972ha. This increased to
818,843ha in 2001 and to 1,092,503ha in 2011. The amount of accessible forests also

increased throughout but willsss change occurring between 2001 and 2011.
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Fig. 41: Forest cover in Scotland in 1991, 2001 and 2011 (ha).

4.3.2 P e o p lcaedss to forests in Scotland

4.3.2.1 The whole of Scotland

Across the whole of Scotland, the population weighted mean distance to thé¢ fozasts
reduced fom 2,287m in 1991 to 1,495m in 2001 then torG8@ 2011, which suggests that
peopl edtsforests tnpraved (Table 4.There were similar findings when only
publicly accessible forests were considered. The mean distances werg1891x.=
2,392.00m; 200%.= 1,546.81m; 201%.= 1,373.84mhichwhichwas expected as there

were fewer forests identified as accessible.

4.3.2.2 Differences within Scotland

The next stage was to examine differeriogerest accesky arealevel deprivaibn and

other environmental indicators. There was not a clear trend across deprivation quintiles. In
1991 and 2001, the least deprived (12211,011.32m; 200%.= 635.68m) andecondeast
deprived areas (19%= 4,623.63m; 200%.= 3,127.47m) hadhe best and worst accdss
forests respectively (Table 4.2In 2011, this pattern shifted as the least deprived had the
worst access (2024= 983.07m) and theecondmnost deprived areas héuke best (201%.=

473.11m).
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Areas in the Highlands and dsids (199k.= 20,954.79m; 200%.= 14,906.95m; 201%.=
4,160.55m) and those in remote rural areas (k2913,453.70m; 200%¢.= 9,963.57m;
2011x.=9,620.55m) had the worst access to forests at each of the three time points. On the
other hand, ages in South Scotland (1991= 737.22m) and Central Scotland (200%

676.91m; 201%k.= 522.58m) experienced the best access over the study period, as did
accessible small towns (199E 809.09m; 201¥.= 516.52m) and accessible rural areas

(2001x.= 587.10m). Similar trends were found when examining accessible forests only.

4.3.2.3 Excluding island postcodes

As described in the previous chapter, the analysis was repeated with island postcodes
excluded. This was because many of the islaidlaot have foest cover and therefore
generate@xceptionally high values falistance to the nearest forédthen island postcodes
were excluded from the analysis (approximately 2% of all postcodes), the mean distances to
the nearest forests were reducedapgroximatel 30-60% (Table 4.1)The findings also
suggested that the relationship between-breal deprivation and forest access was different

on islandghan on the mainland (Table %.8n the sample with island postcodes excluded
there was a clear and consistent gradient in forest access across the quintitess nvitkt

deprived areabaving the worst access to foreateach of the three time poiratsd the least

deprived areas having the best access.

Relative inequality in farst access was measured by calculating the quintile ratib (et
deprived: QT least deprived) at each time point. This showed that inequality in forest
access between the most and least deprived areas had reduced over the studly\(vbeod.

all forests were considered, the ratio redugedn 1.71(1991), to 1.35 (2001) then to 0.57
(2011). However, when excluding the island communities, the reduction in the ratio between
2001 and 2011 was substantially smaller (1991=1.85, 2001=1.36, 2011=1.3%rrRarth

when this quintile ratio was calculated separately for urban and ruralasestsownn

Table 4.3 excluding island postcodes), the ratio slightly increased between 2001 and 2011
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for urban areas (1991=1.74, 2001=1.32, 2011=1.35) but consigteitiged for rural areas
acrosghethree time points (1991=1.08, 2001=0.97, 2011=0.73). These results suggest that
excluding island postcodes is more helpful in understanding the pattern of forest access
improvements in Scotland, as they are identifiedtggical of the Scottish populationjth
particularly large distances to the nearest foke&iny changes in forest access, particularly

in Shetland, Orkney and the Outer Hebrides have a disproportionate effect on the data

distribution.

Importantly, the esults indicated that the reductions in forest access inequality between the
most and least deprived areas in urban areasly took placédetween 1991 and 2004nd
in rural areas between 2001 and 2011, and that inequality in access to all foresdedhcrea

slightly in urban areas in the latter period.

Due to these findings and the demographic and socioeconomic differences between the
island and mainland populations highlighted in Chapter 3, the subsequent anallyses in
chapter and the rest of the theser@conducted vith island communities excludgedghilst

differences between urban and rural areas continued to be investigated.

All of Scotland Excluding island postcodes

1991 2001 2011 1991 2001 2011
All forests
n 118,099.00 129,472.00 136,822.00 115,373.00 126,401.00 133,589.00
mean 2,287.30 1,494.51 687.35 1,186.43 717.50 474.38
sd 13,998.78 10,552.29 2,920.57 918.53 602.95 415.62
minimum 0.00 0.00 0.00 0.00 0.00 0.00
maximum 270,981.20 222,311.80 88,616.00  28,414.70 10,209.30 8,520.40
Accessible forests only
n 118,213.00 129,472.00 136,822.00 115,373.00 126,401.00 133,589.00
mean 2,392.00 1,546.81 1,373.84 1,260.66 733.58 595.50
sd 14,028.91 10,625.49 10,528.25 963.87 624.20 538.53
minimum 0.00 0.00 0.00 0.00 0.00 0.00
maximum 270,981.20 222,311.80 222,313.20  28,414.70  10,412.40 11,060.30

Table 4.1Population weighted mean distances (m) to forests for all postcodes im8cattd when island
postcodes are ekmed, for 1991, 2001 and 2011 (sd=standard deviation).
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All of Scotland

Excluding island postcodes

1991 2001 2011 1991 2001 2011
Carstairs deprivation index (quintile s)
All forests
1 (least deprived) 1,011.32 635.68 983.07 922.63 632.98 413.77
2 4,623.63 3,127.47 607.66 988.08 693.66 496.20
3 2,841.29 1,979.15 806.09 1,097.60 675.74 438.96
4 1,208.42 864.77 473.11 1,210.56 724.80 463.30
5 (mostdeprived) 1,728.76 859.50 559.58 1,706.84 859.40 558.89
Ratio Q5:Q1 1.71 1.35 0.57 1.85 1.36 1.35
Accessible forests
1 (least deprived) 1,068.42 653.61 2,805.64 979.21 650.57 544.72
2 4,722.38 3,240.99 838.79 1,066.37 711.67 613.46
3 2,947.32 2,067.07 1,815.33 1,174.60 697.73 535.27
4 1,317.60 896.67 688.17 1,305.36 737.89 598.38
5 (most deprived) 1,881.30 869.38 688.86 1,771.40 869.28 684.56
Ratio Q5:Q1 1.76 1.33 0.25 1.81 1.34 1.26
Urban rural classification (6-fold)
All forests
Large urban 1,614.68 796.35 505.11 1,614.68 796.35 505.11
Other urban 981.40 719.30 477.21 981.40 719.30 477.21
Accessible small town 758.15 641.11 424.08 758.15 641.11 424.08
Remote small town 9,920.09 6,587.61 2,120.56 1,187.27 732.19 547.46
Accessible rural 743.57 550.48 415.23 743.56 550.49 415.23
Remote rural 12,772.01 9,349.39 2,809.84 753.10 590.02 393.72
Accessible forests
Large urban 1,661.86 801.77 619.84 1,661.86 801.77 619.84
Other urban 1,053.11 731.69 586.14 1,053.11 731.69 586.14
Accessible small town 809.09 660.48 516.52 809.09 660.48 516.52
Remote small town 9,962.11 6,621.53 6,023.42 1,235.64 770.55 693.84
Accessible rural 873.44 587.10 566.60 873.43 587.11 566.61
Remote rural 13,453.70 9,963.57 9,620.55 996.30 646.21 604.35

Table 4.2: Population weighted medistances (m) to forests for all postcodes in Scotland, and when island postcodes are excluded, stratified by Cavst#nrs gigiptile, urban
rural classification (6old) and FCS Conservancy region
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All of Scotland Excluding island postcodes

1991 2001 2011 1991 2001 2011
FCS conservancy region
All forests
Central Scotland 1,246.25 666.41 426.70 1,247.30 667.28 427.07
Grampian 1,091.11 1,016.85 610.53 1,091.11 1,016.85 610.53
Highlands and Islands 20,954.79 14,906.95 4,160.55 1,108.55 813.44 522.54
Perth & Argyll 1,198.74 731.53 529.91 1,156.64 703.34 505.65
South Scotland 972.55 690.89 556.77 972.55 690.89 556.77
Accessible forests
Central Scotland 1,310.91 676.91 522.58 1,311.80 677.63 522.97
Grampian 1,154.34 1,033.36 806.97 1,154.34 1,033.36 806.97
Highlands and Islands 21,652.82 15,597.57 14,161.95 1,318.58 856.48 712.29
Perth & Argyll 1,288.06 748.03 643.40 1,237.12 718.10 616.63
South Scotland 1,056.23 733.45 737.22 1,056.23 733.45 737.22
Table 4.2: (continued).
Urban Rural
Carstairs deprivation index (quintiles) 1991 2001 2011 1991 2001 2011
All forests
1 (least deprived) 1,000.47 663.46 417.41 683.58 546.24 405.99

2 1,114.38 773.54 527.64 671.10 508.08 415.95

3 1,147.90 676.38 437.33 829.95 672.08 449.16

4 1,229.40 733.10 472.90 1,014.15 627.29 361.09

5 (most deprived) 1,743.55 873.69 564.67 737.72 532.04 294.36
Ratio Q5:Q1 1.74 1.32 1.35 1.08 0.97 0.73

Accessible forests only
1 (least deprived) 1,035.95 674.58 532.12 804.92 582.25 571.64
2 1,17161 782.55 628.24 802.25 546.98 575.73
3 1,191.12 691.77 512.56 1,086.72 731.69 676.99
4 1,314.57 743.73 608.39 1,209.33 669.23 491.78
5 (most deprived) 1,801.15 881.83 690.59 985.90 581.73 408.60
Ratio Q5:0Q1 1.74 131 1.30 1.22 1.00 0.71
Table 4.3: Population weighted mean distances (m) to the nearest forest for all postcodes in mainlands8edifieddyy
Carstairs deprivation index (quintiles) and urban rural classificatidold®.
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4.3.3 Changes in access to forests from 1991 to 2001; and from 2001 to 2011
Changes in access to forest@r timeduring thestudy period were then explored for 1991,
2001 and 2011 for the population of mainl&abtlandonly, using mixeeeffects linear
regression models, adjusted by postcode populationGemgraphical differences within
Scotland were also examined démealevel deprivation, rurality and region, as were
differences between access to all forests and those identifpedbidy accessibleThe

model coefficients indicated thairest access improved significantly foainlandScotland
between the three time mis (Table4.4). Therewas a greater improvemeintdistance to
the nearest forest (m) over timetween 1991 and 2001l(forestsb: -465.67, Cl-469.65,-
461.69) than between 2001 and 2011 (all forlest&54.14, Cl:-258.12,-250.16). Results
for acessible forests were similar. When differenibetwveen differenéreas of Sotland
were examined (Table 4,5he greatest improvements were in distance to the accessible
forests and took place between 1991 and 2001 in the most deprived areas (adoessib
b:-1134.39, CE1145.37;1123.41), in large urban areas (accessible fobes&65.40, ClI:-
971.76,-959.03) and in Central Scotland (accessible folesi$5.99, Ck771.25;760.74).
The results of thgVald tests indicated that the changeforest accessgaried significantly

betweerdeprived and affluent neighbourhoods, urban and rural areas, and FCS regions

(p<0.0001).
All forests Accessible forests
b (95% CI) b (95% ClI)

Unadjusted models
19912001 -466 (470.11,-462.16) -525.82 {529.54,-522.10)
20012011 -253.78 {257.76,-249.80) -123.85 ¢127.57,-120.13)
Adjusted models
19912001 -465.67 {469.65,-461.69) -525.41 ¢{529.14,-521.69)
Population size -0.73 €0.80,-0.66) -0.64 €0.72,-0.57)
20012011 -254.14 ¢258.12,-250.16) -124.16 €127.89,-120.44)
Population size -0.73 £0.80,-0.66) -0.64 €0.72,-0.57)

Table 4.4 Coefficients indicating changes (192001; 20012011) in distance to the nearest fordstsall
postcodesn mainland Scotland (m).
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Distance to the nearest forest

Distance to the nearest accessible fores

1991 to 2001

2001 to 2011

1991 to 2001

2001 to 2011

b (95% ClI)

b (95% CI)

b (95% CI)

b (95% ClI)

Carstairs deprivation index (quintile s)
1(least deprived)
2

3
4
5(most deprived)

Urban rural classification (6-fold)
Large urban

Other urban

Accessible small town

Remote small town

Accessible rural

Remote rural

FCS region

Central Scotland
Grampian
Highlands & Islands
Perth & Argyll
South Scotland

-224.73 {230.70,-218.59)
-302.87 (310.38,-295.36)
-337.96 (348.55,-327.38)
-486.49 (495.08,-477.90)

-1085.37¢1096.05;1074.69)

-931.36 (937.79,-924.93)
254.93 (259.77,-250.10)
-117.34 {124.98,-109.70)
-414.64 {436.03,-393.28)
-122.41 ¢128.13,-116.70)

-27.27 ¢50.96,-3.46)

-718.82 (723.95,-713.68)

-20.37 ¢27.11,-13.63)
-176.69 (226.13,-127.26)
-420.10 (427.62,-412.58)
-268.61 (274.86,-262.35)

-226.34 (232.34,-220.33)
-202.51 ¢209.99,-195.02)
-285.30 (295.45,-275.14)
-288.48 (296.88,-280.07)
-284.85 (295.21,-274.48)

-321.42 (327.85,-315.00)
-241.14 (245.97-236.30)
-228.43 (236.07,-220.80)
-155.81 ¢177.19-134.44)
-164.89 ¢170.60,-159.17)
-236.78 (260.53,-213.03)

-226.53 (231.67,-221.39)
-417.65 (424.39,-410.91)
-353.11 (402.54,-303.67)
-181.90 €189.42,-174.38)
-122.80 €129.05,-116.55)

-267.00 (273.05,-260.95)
-372.85 (381.83,-363.87)
-401.14 ¢411.10,-391.18)
-562.97 (572.58,-553.35)

-1134.39¢1145.37:1123.41)

-965.40 (971.76,-959.03)
-309.70 ¢315.04 -304.36)
-149.69 (158.46,-140.93)
-416.06 (437.96,-394.15)
-212.81(-219.59,-206.02)
-202.40 (218.27,-186.53)

-765.99 (771.25,-760.74)

-65.23 (71.66,-58.81)
-433.39 (465.32,-401.46)
-486.47 {494.66,-478.27)
-329.58 {337.55,-321.60)

-95.96 (102.03-89.89)
-64.77 ¢73.67,-55.87)
-182.84 ¢192.34,-173.35)
-147.79 ¢157.19,-138.38)
-154.70 (-165.36,-144.04)

-172.56 ¢178.93-166.19)
-139.89 (145.23 -134.55)
-168.93 (177.69,-160.17)
-81.32 ¢103.22,-59.41)
-26.02 (32.80,-19.24)
-39.65 (55.52,-23.78)

-134.51 ¢139.77,-129.26)
-206.43(-212.86,-200.01)
-86.43 (118.35-54.50)
-79.68 (87.87,-71.48)
13.76 (5.79, 21.74

Table 4.5: Coefficients indicating changes (1:28D1; 20012011) in forest access for all postcodes in mainland Scotland (m), stratiftearstairs deprivation quintile, urbaaral

classification (6fold) and FCS conservancy region
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44 Summary

This chapter has described the analysis techniques employed in an investigation of how

forest cover and access to fordststhe population of Scotlarftave changedver time for

the last three census years; and for identifgivigence ofvhether changes in forest access

varied between different types of aal locations, indicating potential reinforcement or

reduction é patterns of environmental injusticeindings showed that forest cover increased

and peoplebdbs access to forests igmatesoved over
improvements taking place between 1991 and 2001. When islands were excluded from the
sample, the most deprived areas of Scotland continued to have the worst access to forests at
each of the three time points, despite experiencing large decredssatite to the nearest

forest, which suggests environmémjustices may remainChangesri forest access also

varied by geographical region and between urban and rural aidamore populated areas
experiening greater improvement&xamining the differences in forest access between the

most and least deprived areas of Scotland showeht#wialities had reduced over the

study period, but less so when islands were excluded from the samgblhat the largest

reductions in inequalities took place in urban areas between 1991 and 2001 and in rural areas
between 2001 and 2011. These issudldoe discussed further in Chapter 8, taking into
account how Scotlandbs forest | andscape has
forestry policies and practices; and how this has shaped socially uneven patterns of forest

access through procs that continue to reflect environmental injustice.

As highlighted in Chapter 2, the health outcomes of environmental injustices are rarely
investigated from a longitudinal perspective and no studies to date have specifically focused
on access to forest§he next chapter examines the relationship between different
trajectories of forest access and various health outcomes over time using a sample of

individuals in the Scottish Longitudinal Study (SLS).
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5 The relationship between forest access trajectorieend health

5.1 Introduction

Using aredevel data, e previous chapter showed that although forest access had improved
across the three study time points, changes were uneven across &aakanfl, providing
evidenceelating toenvironmental injusticelhis next section of analyses investigated the
potential outcomes of uneven forest access for health. Using indiédehldata from the

SLS and linked administrative health records, this chapter explored the relationship between
forest access and heatitosssectionally and longitudinallyn particular, it investigated

whether there were distinct trajectories of forest access among the population and whether
people with better forest access trajectories had better general and mental health at the end of
the study periodPotential evidenceelating toenvironmental injustice and implications for
health inequalities were also investigated by testing whether indiviglellcharacteristics
including age, sex and socioeconomic stareslicted particular f@st access trajectories.

The specific aim and research questions were:

To examine the relationship between different patterns of forest access over ayaar

period (19922011)and subsequent health outcomes.

1 Is access to foresiis 1991, 2001 and 20ldssociated with general and mental
healthoutcomesduring the period 20120167

I To what extent do sociodemographic characteristics of individuals predict
individual sé6 fo?est access trajectories

1 Are differenttrajectoriesof forest accessetween 1991 and 20ptedictive of

general and mental heallatcomes during 2012016?
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