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Abstract

1. Biodiversity renewal activities are causing major changes to landscapes and

ecological assemblages in some areas. Initiatives are inherently intertwined with
local people and communities, who can be drivers, inhibitors and beneficiaries of
renewal efforts. It is therefore critical to understand how biodiversity renewal

impacts people's pro-nature attitudes and behaviours, health and well-being.

. Research to date has established that exposure to nature is linked to health

and well-being, as well as to pro-environmental behaviours. However, most
studies have been cross-sectional, hindering causal inference, or have focused
on attitudes and behaviours relating to the environment in general, rather
than on the impacts of biodiversity or environmental improvement efforts.
Relatively little is known about how people's interactions with nature vary, or
which components contribute to pro-nature attitudes and behaviours, health,

or well-being over time.

. Here we introduce the Renewing Biodiversity Longitudinal Survey (ReBLS),

a pioneering new longitudinal panel study exploring people's pro-nature
attitudes and behaviours, health and well-being and whether these are affected
by processes of environmental change and the renewal of biodiversity (both
actual and perceived). This will be one of the first attempts to track changes in

environmental responses, attitudes and behaviours over time within individuals.

. The survey will involve a national sample of approximately 18,000 adults from

across England. The panel will be invited to complete the survey once a year for
3years initially. We will link the longitudinal survey data with highly localised
spatial information about the environment where participants live, including
land cover, habitats and species distributions. We will measure participants'
exposure to biodiversity renewal using several approaches, including self-
reported awareness of and direct and indirect involvement in biodiversity
renewal activities, as well as a spatial assessment based on an audit of renewal
activities within England.
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1 | INTRODUCTION

The ongoing biodiversity crisis demands wide-ranging action atlocal,
national and global levels (IPBES, 2019; WWF 2022). This includes
protecting, improving, expanding and connecting existing habitats,
restoring habitats and reintroducing species that have been lost, as
well as increasing biodiversity in human-dominated areas such as
towns, cities and farmland. We collectively refer to these various
activities, ranging from planting street trees in towns and cities to
‘(re-)wilding’ entire landscapes, as ‘biodiversity renewal’. This rec-
ognises that trying to return to a past state is often undesirable
and sometimes unfeasible, given historic and anticipated changes to
the environment and climate (Corlett, 2016) and therefore, future
healthy functioning ecosystems may be partly or fully different in
comparison to past healthy states (Bowman et al., 2017).

Biodiversity renewal activities, and the initiatives they are part
of, are inherently intertwined with local people and communi-
ties. These interactions and resulting impacts are bi-directional;
renewal activities both affect local people, their attitudes, be-
haviours, health and well-being (Baker et al., 2024) and are af-
fected by the actions of local people. Further, renewal activities
are likely to have complex feedback loops of impacts and out-
comes (Alvarado et al., 2023). Biodiversity renewal has the po-
tential to deliver significant benefits to people by creating more
resilient environments and improving opportunities to engage with
nature, providing associated benefits for human health and well-
being (Elmquvist et al., 2015; IPBES, 2019; McKinnon et al., 2016).
Renewal activities are not, however, universally welcomed and
pose particular challenges in, for example, densely populated
areas and cultural landscapes (Toma & Buisson, 2022). They may
involve changes to valued landscapes or restrictions on usages
(Mikotajczak et al., 2022; Wynne-Jones et al., 2018) and nega-
tively impact people in a variety of other ways, from tree roots
causing damage to infrastructure to plant allergens exacerbating
problems with asthma (Pereira et al., 2023; Roman et al., 2021;
Soga & Gaston, 2022a).

The potential impacts of biodiversity renewal activities on peo-
ple's attitudes, behaviours, health and well-being will depend con-
siderably on several factors. Different types of renewal activities will

5. The ReBLS survey will advance understanding of whether, and how, biodiversity
renewal affects pro-nature attitudes and behaviours, health and well-being.
More generally, it will produce data with broad applications for both academics
working on topics relating to people and nature and for practitioners making

strategic decisions around biodiversity renewal, land management and public

attitudes, greenspace, health, nature restoration, outdoor recreation, personalised ecology,
pro-environmental behaviour, rewilding, well-being

affect landscapes, habitats and species to different degrees and at
different rates of change (Kail et al., 2015; Kremer & Bauhus, 2020;
Lu et al., 2019; Samhouri et al., 2017). Some approaches will have
minimal observable changes, or the changes made will take some
years to mature (England et al., 2024; Hale & Koprowski, 2018;
Maclean et al., 2017). The degree of involvement of local people and
communities will also have an influence. In some cases, renewal ac-
tivities are delivered by national organisations with little input from
local communities (Bourn et al., 2024; Butterfly Conservation, 2022;
Stroh et al., 2021). In other cases, local communities are driving
biodiversity renewal efforts both directly through community-led
initiatives and indirectly by influencing the management of public
spaces (Dunn et al., 2021; Flood et al., 2022; Howarth et al., 2015;
Stewart et al., 2020). Where biodiversity renewal is being driven
by private landowners or environmental organisations, the sup-
port of local people can still be crucial to the success of projects
because opposition to landscape-scale changes and species reintro-
ductions can hinder or even prevent their implementation (Coz &
Young, 2020; Redpath et al., 2013). As a result, there is a growing
awareness that the needs and concerns of local people and commu-
nities must be considered if renewal efforts are to be effective, eq-
uitable and long-lasting (Fox & Cundill, 2018; Lofqvist et al., 2023;
Martin et al., 2021).

Improving opportunities for local people and communities to
learn about and engage with efforts to protect the natural environ-
ment has become a primary objective of many renewal initiatives.
For example, the UK Government's commitment to restoring habi-
tats in England as part of its 25-year Environment Plan includes an
aim of ‘making sure that there are high quality, accessible, natural
spaces close to where people live and work, particularly in urban
areas, and encouraging more people to spend time in them to benefit
their health and wellbeing’ (Defra, 2018, 2023). There is an ambition
for a virtuous circle of impact: the more that people are exposed
to and understand efforts to renew biodiversity, the more invested
they will be and the more likely they will be to support future ef-
forts (Morrison, 2016). Longitudinal research that looks at biodiver-
sity renewal efforts alongside the attitudes, behaviours, health and
well-being of local people is needed to examine the potential for this

virtuous cycle.
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1.1 | Limitations of existing research

Research over the past decade has established associations
between exposure to nature, health and well-being (Bratman
et al., 2019; Twohig-Bennett & Jones, 2018; White et al., 2020), as
well as pro-environmental behaviour (Barragan-Jason et al., 2023;
DeVille et al., 2021; Whitburn et al., 2019). For example, since
2009, the non-governmental public body Natural England—the
Government's adviser for the natural environment in England—has
collected national repeated cross-sectional data to look at peo-
ple's environmental attitudes and outdoor visit behaviours in the
form of the Monitor of Engagement with the Natural Environment
(Natural England, 2019) and, subsequently, the People and Nature
Survey (Natural England, 2023b). Analyses of these surveys have
provided numerous insights, not only for the associations be-
tween nature and health (de Bell et al., 2020; White et al., 2016,
2019) and pro-environmental behaviour (Alcock et al., 2020), but
also, for example, evidence for social variance in participation
in outdoor recreation (Boyd et al., 2018) and for changes in the
use of green and natural spaces during the Covid-19 pandemic
(Phillips et al., 2022).

However, existing research in this area has several major lim-
itations. First, most large-scale studies have been cross-sectional
(surveying people at a single time point) or repeat cross-sectional
(surveying different sets of participants at multiple time points;
Natural England, 2019, 2023b). This means that it is not possi-
ble to look at associations between changes within individuals,
making it difficult to infer potential causal pathways because the
same individuals are not tracked through time. As described, re-
search has predominantly focused on attitudes and behaviours
relating to the environment more generally and on the links be-
tween the environment and human health, rather than on bio-
diversity or environmental improvement efforts. Longitudinal
studies, for example, have typically used secondary analysis of
health and well-being surveys, linked with coarse spatial mea-
sures of nature exposure such as ‘greenness’ of the local area
(e.g. Alcock et al., 2014, 2015; de Keijzer et al., 2019; Persson
et al., 2019; White et al., 2013). Purpose-designed studies of
nature and human health, on the other hand, have typically in-
volved relatively small numbers of sites and participants and have
been in specific contexts—often in urban settings (e.g. de Oliveira
et al.,, 2013; Hunter et al., 2019), or relating to protected areas
(Pullin et al., 2013; Rasheed, 2020). On the whole, there is a lack
of understanding about which specific components of nature, and
people's interactions with nature, contribute to pro-nature atti-
tudes and behaviours, health and well-being. Relatively little is
known even about the unique set of direct interactions that each
person has with nature—their ‘personalised ecology’ (Gaston
et al., 2018)—and how this varies across the day and year, and be-
tween different people, or in response to changes to the environ-
ment. This is arguably at the core of the biodiversity crisis (Gaston
et al., 2023), with evidence for a decline in human connection to
nature over time (Soga & Gaston, 2023).
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1.2 | Introducing the Renewing Biodiversity
Longitudinal Survey (ReBLS)

Recognising the identified gaps in the research literature, we there-
fore decided on a longitudinal panel approach, whereby we ask the
same people the same questions over multiple years such that we
can assess within-person variation over time. This protocol paper
introduces our pioneering longitudinal panel survey—the Renewing
Biodiversity Longitudinal Survey (ReBLS)—which will be the first
national study of the relationships between biodiversity renewal,
personalised ecologies, pro-nature attitudes and behaviours, health
and well-being. The survey will involve a large sample of approxi-
mately 18,000 people, recruited from across England. The survey
data will be linked to spatial environmental data, including informa-
tion about local renewal efforts. The study will thus allow assess-
ment of whether exposure to nature and biodiversity renewal are
associated with changes in attitudes, behaviours, health and well-
being and will provide insights beyond those from cross-sectional
surveys by allowing potential causal pathways to be explored using
appropriate statistical techniques. The survey has been developed in
close partnership with Natural England and is intended to contribute
to their strategic objectives around having ‘thriving nature for peo-
ple and planet’ and doing this in a way that is evidence-led (Natural
England, 2022b).

The study has the following aims:

Aim 1. To understand people's personalised ecologies, pro-
nature attitudes and behaviours, the relationships between
these, and associations with health and well-being.

Aim 2. To determine whether personalised ecologies, pro-nature
attitudes and behaviours, health and well-being (and the rela-
tionships between these) are changing, and whether changes are

associated with exposure to nature and biodiversity renewal.

Our choice of a relatively large sample means that many ques-
tions relating to Aim 1 can be addressed using the first year of
cross-sectional data. For example, with the first wave of data we will
compare individual's perceptions of local biodiversity to ‘actual’ bio-
diversity (i.e. assessed using ecological methodologies), examine the
predictors of support for biodiversity renewal activities and explore
key characteristics of nature interactions and nature exposure that
are associated with health and well-being outcomes. Highly localised
information about the environment where participants live will be
acquired from spatial environmental data, for example land cover,
habitats and species distributions. As subsequent waves of survey
data are collected from the same individuals, we will address Aim 2,
exploring how attitudes, behaviours, health and well-being change
through time and in response to environmental change. This longi-
tudinal component will also serve as the basis for a potential long-
term monitor of public engagement with nature for Natural England.
Throughout the study we will focus on social and spatial inequalities,
asking, for example, whether potential benefits of biodiversity re-
newal are equally distributed amongst social groups.
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1.3 | Conceptual framework

The study forms part of the Natural Environment Research
Council (NERC) funded ‘Renewing biodiversity through a people-
in-nature approach’ (RENEW) programme, which aims to inform
the pro-nature initiatives of key engaged partners to deliver
evidence-based best practice that can be scaled at the global
level (RENEW, 2023). At the heart of RENEW is the ambition to
understand people: their agency, their nature experiences, the
connection they feel to landscapes and the ways in which they
understand and make sense of the natural environment in relation
to biodiversity loss and renewal. The ReBLS study takes a broad,
interdisciplinary and primarily quantitative, perspective drawing
on approaches from social and environmental psychology, ecology,
policy and land management. We discuss the limitations of such

an approach later in this paper, including how we are addressing

them in the ReBLS study and within the RENEW programme more
broadly.

Our conceptual framework describes how and why we expect
certain pro-nature attitudes and behaviours, health and well-being
to change in response to biodiversity renewal. We provide an ex-
planation of key concepts in Table 1. The framework was developed
through an iterative process. Initially, we mapped out various path-
ways by which exposure to biodiversity and changes in biodiversity,
might affect perceptions, determinants of behaviour (e.g. attitudes,
beliefs), actual behaviour and health and well-being outcomes. This
mapping was informed by nature-health frameworks (e.g. Bratman
et al., 2019; Grellier et al., 2017; Hartig et al., 2014; Markevych
et al., 2017; White et al., 2020), theoretical explanations of be-
haviour change (e.g. Ajzen, 1991; Michie et al., 2011; Steg, 2016)
and models of human-nature interactions (Gaston et al., 2018; Soga

& Gaston, 2022b), which resulted in a highly detailed and complex

TABLE 1 Explanation of key concepts in the study.

Term

Nature

Green and
natural spaces

Personalised
ecology

Biodiversity
renewal

Biodiversity
exposure

Behavioural
determinants

Nature-based
behaviours

Explanation

The biotic components of the natural environment, including fungi, plants and animals. Given that the study is about people's
interactions with nature, our focus is on macro-organisms, which are those that are typically detected by human senses, rather
than micro-organisms such as bacteria

Outdoor spaces, regardless of the level of human management, consisting predominantly of vegetation or other natural land
surfaces and/or water bodies rather than artificial built or paved surfaces. This includes urban green spaces such as gardens,
parks and allotments; outdoor spaces in the countryside such as farmland, woodland, mountains and cliffs; as well as both
urban and rural blue spaces such as canals, rivers, lakes and beaches. We also use the term to include the open sea, but our
focus is on terrestrial spaces given that people's experiences of biodiversity renewal are predominantly on land

An individual's personalised ecology is their unique set of direct sensory interactions with nature, for example via sight, sound,
smell and touch (Gaston et al., 2018)

Any activity that aims to benefit biodiversity. This could include creating new habitats such as planting street trees in a town
or city, or improving ecological states through management actions such as reducing how often amenity grassland is mown,
or converting a farm to semi-natural habitat as part of a ‘(re-)wilding’ project. The scale of these activities may range from
creating a small area of wildflowers, to transforming a public space, to (re-)wilding an entire landscape. Biodiversity renewal
activities are often coupled with public engagement such as community consultation, launch events, open days and/or media
coverage

A person has multiple exposures to nature, which collectively relate to their personalised ecology. These include the amount
of nature that is visible, or accessible, from a person's home and place of work, as well as during intentional outdoor visits.
Within these contexts, a person's exposure to nature is further affected by their behaviour, namely their level and type of
engagement with nature within these settings

We similarly conceptualise exposure to biodiversity renewal as consisting of multiple, related components, which are

broadly associated with increasing intensity. These are (i) proximity to biodiversity renewal—people who live closer to
renewal activities are more likely to be aware of them, (ii) awareness of biodiversity renewal—for example resulting from
public engagement or media coverage, (iii) indirect involvement in biodiversity renewal, such as taking part in community
consultation and (iv) direct involvement in biodiversity renewal, such as helping with tree planting (i.e. pro-nature behaviours)
Given these different considerations, it is unrealistic to characterise people as either exposed or unexposed to nature or
biodiversity renewal. Instead, we consider these exposures to be graded, multi-faceted constructs with complex temporalities
(Humphreys et al., 2016)

Determinants of nature-based behaviours include: (a) environmental value orientations; (b) affective and instrumental
attitudes towards nature, spending time outdoors and biodiversity renewal, whereby pro-nature attitudes are those that
are beneficial for nature, such as caring about protecting nature; (c) normative beliefs about nature-based behaviours; (d)
capability or self-efficacy for undertaking nature-based behaviour; and (e) intentions to undertake nature-based behaviours

These include: (a) outdoor visit behaviours (where, when and how often people go outdoors), including how people interact
with nature (e.g. the extent to which they watch wildlife, listen to birdsong, or notice plants) and (b) pro-nature behaviours—a
subset of pro-environmental behaviours that are associated with benefits for nature. These include behaviours that aim to
directly benefit nature such as planting trees, those that assist or encourage others to benefit nature such as donating to a
nature conservation organisation, and other behaviours that may benefit nature even more distally such as educating oneself
by watching nature documentaries
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conceptual model. To simplify this, we grouped components into
categories that were theoretically or practically similar. We then
focused on retaining the pathways that were most critical to the
overarching aims of RENEW, were supported by evidence, or made
novel propositions about how biodiversity may affect these vari-
ous outcomes. The resulting conceptual framework is intended to
be used to make novel propositions about how biodiversity could
affect nature perceptions, behavioural determinants, nature-related
behaviours and the resultant consequences for health and well-
being, and guide our analysis and interpretation in future studies. It
is not intended as an exhaustive explanation where all bi-directional
and acyclic relationships are necessarily able to be evidenced within
our planned analysis. We hypothesised various possible pathways by
which different exposures to nature and biodiversity renewal might
affect pro-nature attitudes and behaviours, health and well-being.
Our model (Figure 1) describes a process whereby: (a) the creation
or improvement of green and natural space, and the public engage-
ment, outreach and knowledge therein affects (b) the actual and
perceived quality and availability of green and natural space; which
(together with (a)) may shift (c) values, attitudes, normative beliefs
and self-efficacy related to nature-based behaviours, which can
prompt intentions to visit green and natural space more or to care
for nature more, leading to (d) greater contact with nature and pro-
nature behaviours, which improve (f) human health and well-being,
as well as potentially resulting in feedback loops by benefiting biodi-
versity and the quality and availability of green and natural spaces.
We expect that many of these relationships are bi-directional and
moderated or mediated by additional individual (such as age and
gender), area (such as area deprivation) and other broader and cul-
tural factors (such as the media).

A core consideration throughout the study was the need to focus
on changes in terms of (a) the exposure to biodiversity renewal and
(b) key outcomes that are plausible and measurable within the ini-
tially funded 3-year duration of the study. Due to this pragmatic
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consideration, we prioritised assessing certain upstream factors for
anumber of outcomes. Specifically, we deem ‘upstream’ factors such
as attitudes to be far more likely to change within this relatively short
timeframe than ‘downstream’ factors such as health and well-being.

2 | METHODS AND ANALYSIS

We have developed a bespoke longitudinal panel survey—the
Renewing Biodiversity Longitudinal Survey (ReBLS)—which ex-
plores the components of the conceptual framework. The survey,
which was launched in November 2023, will ask panel members
to complete the survey for up to 3years initially. We will link the
longitudinal survey data with spatial data about participants' local
areas, for example, land cover, habitats, species distributions and
other highly localised information about the environment where
participants live. We will use various approaches to measure par-
ticipants' exposures to (i) nature: including self-reported availability
of green and natural space at different distances from home, vis-
ible from home and place of work, information about outdoor visits
and nature interactions and spatial assessments using land use and
habitat data; and (ii) biodiversity renewal, including awareness of,
and direct and indirect involvement in biodiversity renewal activi-
ties and spatial assessments based on an audit of renewal activities
within England.

2.1 | Ethics

The study was granted conditional ethical approval by the
University of Exeter Medical School and Health and Care
Professions Research Ethics Committee on 20th February 2023

(Application ID 530090) with the final survey approved on 31
October 2023.

FIGURE 1 Conceptual framework outlining how and why certain pro-nature attitudes and behaviours, health and well-being may change

in response to biodiversity renewal.
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2.2 | Administration

The survey is being administered by YouGov—a contracted mar-
ket research company that has experience in carrying out large-
scale longitudinal surveys. YouGov is fully compliant with the UK's
Data Protection Act 1998 and the EU's General Data Protection
Regulation (GDPR). Their survey platform is fully compliant with
Web Content Accessibility Guidelines 2.1, which cover recommen-

dations for making online content more accessible.

2.3 | Study population

Our study population is approximately 18,000 adults, aged 18+, liv-
ing in England and representing a range of socio-demographics (e.g.
age, income, education and ethnicity). Participants will be members of
YouGov's online panel. These are people who have specifically opted
in to participate in online research activities. YouGov actively recruits
hard-to-reach audiences (such as younger people and those from
ethnic minority groups), including via search engine optimisation,
affiliate networks, niche websites and refer-a-friend programmes.
Participation in YouGov surveys is incentivised by a points-based re-
wards system, with the number of points rewarded for completing
a survey determined by survey length. YouGov panel members ac-
cumulate points, which they can redeem either for entries into prize
draws with a wide range of prizes or towards a cash payment.

Forty per cent of this sample (approximately 7200 people per
year) will be nationally representative in terms of age, gender, re-
gion and NRS social grade. The remaining 60 per cent of the sam-
ple (approximately 10,800 people per year) will be exclusively from
rural areas and will broadly represent the demographic make-up of
these areas, based on the same demographic factors where avail-
able. This rural oversampling is intended to increase the likelihood
of recruiting people living in proximity to large-scale biodiversity
renewal activities. We define ‘rural areas’ based on the Office for
National Statistics rural/urban classification (Office for National
Statistics, 2016). Specifically, we include all rural categories as well
as the ‘urban city and town in a sparse setting’ category, which
consists of a small number of places (including Penrith, llifracombe,
Mablethorpe, Ludlow and Minehead) that are suitably rural and, in
many cases, very near to protected landscapes such as National
Parks or Areas of Outstanding Natural Beauty.

We have chosen to use a market research company so that we
are not relying on a self-selected sample of individuals that are more
likely to be interested in the topic. Despite the representativeness of
the sample, we note that there will likely be biases in the sample; for
example, people who spend less time online (Burgess et al., 2021).

2.4 | Recruitment

Participants will be recruited evenly throughout the year to ensure
seasonal representation, approximately 1500 people per month.

Targeted YouGov panel members will be emailed a generic survey
invitation. The link will lead to a screening phase question to en-
sure that they are eligible for the survey, for example they have not
relocated outside of England. Panel members who pass the screen-
ing will be informed of the topic, estimated survey length and their
reward for taking part. In the two subsequent years, the same
participants will be invited to complete a repeat survey during the
same month as they completed their first response. Those who do
not repeat the survey will be replaced, termed ‘longitudinal survey
with refreshment’ or ‘top-up sampling’ (Watson & Lynn, 2021), to
ensure the same number of participants each year, as far as possible
maintaining the same overall demographics of the sample and the
same proportions of urban and rural participants. This will provide a
robust, nationally representative sample of participants to facilitate
cross-sectional analyses at each wave and allow for sampling of indi-
viduals at two points in time.

YouGov applies tactics to encourage good response rates, based
on their experience of longitudinal research. This includes up to
three reminder emails per survey invitation, tailored reference to the
longitudinal nature of the study and flexible variation to the points-
based incentives to reward retention. We estimate a retention rate
of 60% between Year 1 and Year 3, resulting in an anticipated 9000-
12,600 people completing the initial three waves of the survey.
These are estimates and cannot be guaranteed; however, YouGov
has prior experience in longitudinal research achieving these rates.
This includes an eight-wave longitudinal study of smartphone own-
ers in England and Wales, whereby the eighth wave maintained 60%

of the original participants.

2.5 | Informed consent

Participants will be presented with an information sheet at the start
of each survey and are required to provide electronic informed con-
sent before they can take part (Appendix S1). Participants have the
option to select that they ‘prefer not to say’ to questions relating
to demographics, health and well-being. Participants can withdraw
from the study at any time if they no longer wish to take part but are
only able to withdraw their data up to 5days after completing the
survey, due to anonymisation procedures. This is made clear in the
information sheet and consent at the start of the survey.

2.6 | Thesurvey

We developed the survey using the following process.

2.6.1 | Refining and ordering the survey modules

We created seven survey modules: (1) Residential location—for
example, where the participant lives and how long they have
lived there; (2) subjective well-being; (3) pro-nature attitudes and
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behaviours—for example, attitudes towards spending time outdoors,
attitudes towards biodiversity renewal and pro-nature behaviours;
(4) outdoor visits—where, why and how often participants visit green
and natural spaces; (5) perceptions of local nature—how people feel
about their local green and natural spaces; (6) demographics and (7)
health.

Modules were arranged to reduce order effects—the possibility
of one set of questions contaminating responses to a subsequent set
of questions. We placed the subjective well-being module towards
the start of the survey because we expected that participants' re-
sponses to these questions may change after they have been think-
ing about the positive and/or negative aspects of their local natural
environment (OECD, 2013). The demographics and health modules
were located at the end of the survey because these are relatively
more objective, so less influenced by earlier questions, easier to
answer, so preferable if respondents are experiencing fatigue and
considered to be more personal, which can discourage participants
if asked at the beginning of a survey.

2.6.2 | Identifying relevant existing measures

We identified relevant existing survey questions from a range
of sources, especially the People and Nature Survey (Natural
England, 2023a, 2023b), the Monitor of Engagement with the
Natural Environment (MENE) (Natural England, 2019) and the
BlueHealth International Survey (Elliott & White, 2020), as well as
the Defra Survey on Attitudes to the Environment (Defra, 2014), the
Public Opinion of Forestry (Forest Research, 2023b), Understanding
Society (University of Essex, 2023), the Labour Force Survey (Office
for National Statistics, 2023), the European Social Survey (https://
www.europeansocialsurvey.org/) and the UK Biobank (https://
www.ukbiobank.ac.uk/). We identified the origin of questions from
these surveys to determine when they were based on valid and relia-
ble questions and scales. We also searched for previous and existing
longitudinal surveys for relevant questions that had been used for
longitudinal purposes. We found many existing questions measuring
health and well-being and some relating to pro-environmental be-
haviours, but otherwise very few questions covering our other areas
of interest such as attitudes towards biodiversity renewal. We also
searched for papers and information about the sensitivity of ques-
tions to change, to identify measures that might be most appropriate
for detecting change over the initial 3-year duration of the study.
Unfortunately, we found remarkably few appropriate measures
which demonstrated sensitivity to change, except for health and
well-being scales that are intended to measure anxiety, depression
and loneliness for clinical purposes.

We maintained the original wording of validated and reliable
measures as far as possible, for example, the single-item self-rated
health measure (SRH), the single-item physical activity measure
(Milton et al., 2011), the Office for National Statistics four personal
well-being questions (ONS4; Office for National Statistics, 2024),
the Office for National Statistics Loneliness Indicator (Office for
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National Statistics, 2018), the Short Warwick-Edinburgh Mental
Well-being Scale SWEMWABS; NHS Health Scotland et al., 2008) and
the Inclusion of Nature in Self scale (INS; Schultz, 2001). However,
we adapted and modified other existing questions to make them
more appropriate for our purposes. We modified several existing
questions relating to the environment to focus more specifically on
nature, for example, focusing on pro-nature behaviours rather than
on pro-environmental behaviours. We also adapted several ques-
tions to increase their granularity. For example, a question from the
People and Nature survey asks participants how many times they
have visited green and natural spaces in the past 2weeks. We mod-
ified this to ask participants to separate their visits in the past week
into three categories based on the distance travelled for each visit.
In many cases, we increased the size of response scales, for example,
from 5 points to 11 points, to improve their sensitivity to short-term
longitudinal change. We also made minor edits to question-wording
throughout to harmonise the language used across the survey.

2.6.3 | Creating additional novel questions

We created various novel questions where few existed, which ad-
dressed aspects of the conceptual model. For example, we created
questions to measure normative beliefs relating to nature, attitudes
to biodiversity renewal, exposure to biodiversity renewal, percep-
tions of nature in the participant's local area and perceived ecosys-
tem (dis)services (advantages and disadvantages) of increasing the
amount of nature in the respondent's local area. The rationale and
development of each novel question are described in Appendix S1.
In all cases, given the relatively short timeframe of the study, we
made sure to measure factors that might plausibly change and de-
signed questions using formats that are likely to be sensitive enough

to respond to potentially small, short-term changes.

2.6.4 | Deciding and defining language

We defined terms used in the survey where necessary whilst being
mindful that this creates an additional cognitive burden for partici-
pants, will often not be read or retained and can prime participants
to focus on specific components of a definition. We principally
chose the term ‘nature’ to describe the natural environment be-
cause it is widely used, aligned with the language used in existing
validated scales such as the Inclusion of Nature in Self (INS) scale
and is more typically interpreted as meaning the biotic components
of the environment (i.e. species) than alternative terms such as the
‘environment’. It is also more broadly encompassing than ‘wildlife’,
for example, which may be interpreted as meaning wild animals only
(i.e. not plants or other species). The term ‘wildlife’ was, however,
used strategically in a small number of places, primarily as part of the
phrase ‘nature or wildlife’, to ensure that people are thinking about
animals as well as other components of nature. The ‘outdoor visits’
and ‘perceptions of local nature’ modules often refer to ‘green and
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natural spaces’ (as in the People and Nature Survey). We defined
the term at the start of each module (adapting the definition used
in the People and Nature Survey), given that it is not widely used.
Definitions broadly followed those given in Table 1, though these
were sometimes adapted for specific purposes. For example, ‘green
and natural spaces’ was defined as excluding private gardens, to
avoid participants thinking of these when being asked about their
outdoor visits and perceptions of the quality of local green and natu-
ral spaces.

We avoided using other jargon wherever possible. For exam-
ple, we used the term ‘variety of animals and plants’ instead of
‘diversity’, ‘biodiversity’ or ‘species richness’. We also used ‘efforts
to benefit nature’ rather than ‘nature conservation’, ‘nature resto-
ration’, ‘nature recovery’, ‘biodiversity renewal’ or ‘(re-)wilding’ as
it is broadly inclusive, easily understandable and less emotionally

loaded.

2.6.5 | Pre-testing and pilot testing

We scored all survey questions on our long list of potential options
based on their relative importance for our purposes and shortlisted
guestions to meet the desired survey length of 15-20min. We gath-
ered feedback on the survey questions, including from a steering
group at Natural England and from colleagues from Forest Research,
the RENEW programme and the European Centre for Environment
& Human Health at the University of Exeter. We also consulted the
members of the University of Exeter's Health and Environment
Public Engagement Group (HEPE) (Maguire et al., 2019). We pre-
tested the survey (including carrying out in-depth cognitive inter-
viewing on ten individuals with a range of ages, backgrounds and
disability) in an iterative way—making adjustments to the survey
between pre-tests—to ensure comprehension of questions, to check
interpretation, question order, survey length and response variation
and to identify any other problems.

The pre-tested survey was put into YouGov survey software.
At this point, we made further edits to the survey, including re-
moving various demographic questions where sufficient compara-
ble information was already held by YouGov about panel members
(including age, gender, education, marital status, number of chil-
dren, employment, income, ethnic group, dog ownership, garden
access, political leaning and limiting disability). These data are
collected by YouGov during the initial opt-in process and ongoing
profiling and are updated typically every 3-6 months depending
on the relative frequency with which the demographic is likely to
change. As part of the survey, update checks will be carried out
to ensure that all demographic data provided are no more than
12 months old.

A formal pilot of the survey was carried out on 179 YouGov panel
members. We assessed the time taken to complete the survey, sense
checked responses (including comparing with those from the same
or similar questions in the People and Nature Survey), assessed re-
sponse variation and considered correlations between variables.

This resulted in only minor edits to the survey, for example remov-
ing four questions to reduce survey length and improving format-
ting. For several questions that ask about ‘visiting green and natural
spaces’, we suspected that participants were sometimes focusing
on more intentional ‘destination’ visits, rather than also including
day-to-day visits from home (e.g. walking the dog). We therefore re-
phrased this as ‘spending free time in green and natural spaces’. We
also identified a ceiling effect when asking participants how they
feel about spending time in nature, so changed the upper labels from
‘important’, ‘exciting’ and ‘pleasant’ to ‘very important’, ‘very excit-
ing’ and ‘very pleasant’. The final survey is presented in Appendix S1,
including information about the purpose, origin and development of

each question.

2.7 | Environmental data

The survey contains a question asking the participant for their
postcode. Although participants can choose not to share this, we
expect that approximately 80% of people will do so, based on re-
sponses to this type of question in the People and Nature Survey.
We will use participants' postcodes to link survey responses with
various spatial environmental datasets, for example, on land cover,
habitat and species distributions. Datasets are likely to include
OS Open Greenspace (Ordnance Survey 2023b), OS MasterMap
Greenspace Layer (Ordnance Survey 2023a), the UKCEH Land
Cover Maps (UKCEH, 2021), the Living England Habitat Map
(Natural England, 2022a), the National Forest Inventory (Forest
Research, 2023a), the Ancient Woodland Inventory (Natural
England, 2024), very high resolution (~1 m) maps of trees, hedge-
rows and woodland habitats (Luscombe et al., 2023) and species
distributions based on models derived from biological records data.
The precision provided by postcode data, rather than coarser home
location information, will reduce the risk of exposure misclassifica-
tion. We do, however, note that postcodes are unlikely to be miss-
ing at random. As such, we will assess the representativeness of
any samples using postcode data, adjust if appropriate and report
any biases.

In addition to the self-reported measures of ‘exposure’ to nature
and biodiversity renewal from the survey (which include awareness
of, and direct and indirect involvement in, biodiversity renewal ac-
tivities), we will estimate spatial exposure to nature and biodiversity
renewal based on participants' postcodes and an audit of renewal
activities within England. We will consider the relative merits of
proximity and cumulative opportunities-based metrics in determin-
ing these (Ekkel & de Vries, 2017). By its very nature, the audit will
focus on larger-scale activities because it depends on the availabil-
ity of spatially explicit information about renewal activities, and it
would be impossible to capture every renewal activity across the en-
tirety of England. Smaller-scale biodiversity renewal activities such
as tree planting and wildflower creation within public parks are likely
to be missed by such an approach but may be expressed through the
self-reported measures of exposure.
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2.8 | Survey data quality

We will implement several measures to ensure the quality of the
data. As part of the survey, YouGov includes a question designed to
verify whether participants are paying attention by asking them to
select a specific response. Additionally, we will review the data for
‘straightliners’—participants who provide the same response across
multiple questions—and consider excluding those who complete the

survey in an unusually short time.

2.9 | Analyses

We will use the various measures of exposure to nature and bio-
diversity renewal to determine their relationships with attitudes,
behaviours, health and well-being. We will also use environmental
data to determine the influence of the local environment and local
biodiversity on our outcomes.

We will carry out appropriate statistical analyses and report-
ing, which are likely to include mixed effects models and structural
equation models. Mixed effects models will allow us to account for
within-person responses, temporal aspects and spatial autocor-
relation, whilst structural equation models will additionally help to
explore potential causal pathways. The main longitudinal analyses
addressing aim 2 will likely include cross-lagged panel models, a type
of structural equation model, which measures multiple variables at
multiple points in time. This modelling approach allows research-
ers to explore how one variable at an earlier time point may be
related to another variable at a later time point within individuals.
We recognise, however, that it is not possible to control for all po-
tential explanatory factors and therefore we will remain cautious in
our conclusions regarding causality or direction of effect. Within-
participant analysis will be restricted to those who respond more
than once to any instance of the survey (e.g., in Year 1 and Year 2, in
Year 1 and Year 3, in Year 2 and Year 3, or in Years 1, 2 and 3), using
appropriate statistical tools to adjust for any biases in attrition.

Analyses will be carried out using appropriate software (primar-
ily R statistical software), ensuring that it is reproducible and mini-
mises human error. Code will be made publicly available alongside
the publication of findings. We will report, where relevant, the lim-
itations of the study design, particularly any results from analyses
that may not be generalisable to the English population due to the

sampling approach.

2.10 | AQualitative follow on

It is intended that a subset of ReBLS participants, or other targeted
groups, will be invited to take partin a retrospective qualitative com-
ponent to explore their personalised ecologies and environmental
histories. This will be an opportunity sample of those from the main
ReBLS survey who are willing to take part, from whom we will se-
lect participants to reflect a range of demographic backgrounds and

E
socioeconomic circumstances. We will use a retrospective life grid/
timelining approach (Blane, 1996; Cherrie et al., 2018), based on in-
depth, semi-structured interviews, in which people will reflect on
and reconstruct their environmental biographies in order to cross-
reference the timings of changes in their pro-nature attitudes and
behaviours. The findings will supplement the main ReBLS survey,
providing greater depth and insight across a variety of the outlined

topics.

3 | CHALLENGES AND LIMITATIONS

We acknowledge some significant challenges and limitations of the
ReBLS study. First, whilst online panels are commonly used in na-
tional statistics (e.g. Natural England, 2023b) as an effective way
of obtaining large samples that would otherwise not be affordable
using face-to-face methods, participants are not representative of
the general population, even when they are nationally representa-
tive in terms of basic demographic factors (Valentino et al., 2020).
A further challenge with a longitudinal survey is the differential
drop-out of participants across years. For example, those who are
more interested in the topic are less likely to drop out. However,
this can be understood by carrying out analyses of who is dropping
out, and it can be partially addressed by calculating and applying
weightings.

At present, a comprehensive list of biodiversity renewal activi-
ties does not exist, and so this will be collated for the purpose of this
research. There will inevitably be some error and uncertainty in this
measure of exposure to biodiversity renewal. For example, some ac-
tivities may be missed, especially where small-scale, not delivered in
full, or as originally described. There may also be lags between proj-
ects being funded and actual changes to spaces occurring, maturing,
and being noticed. This will also vary dramatically between renewal
activities. For example, some habitats will take longer to establish
and for species to colonise them. We may be able partially to miti-
gate some of these uncertainties using mapped environmental data,
which may permit measures of yearly, or possibly more frequent,
changes in habitats. We further accept that a challenge of our re-
search exists in being able to attribute changes in survey responses
to external environmental changes. However, taking a multifaceted
and graded approach to defining exposure to biodiversity (described
earlier) reduces this possibility. We acknowledge that there may
be minimal effect sizes for the impact of landscape changes on hu-
mans. Nevertheless, this remains important knowledge for such pro-
grammes to learn from going forward as they seek to develop public
support and benefits.

Furthermore, the survey is only guaranteed for 3years due to
project funding. A longer duration would provide greater insights
and is probably necessary to understand fully the potential impacts
of biodiversity renewal activities and a changing environment on
more downstream factors such as human health. A longer time pe-
riod would not be without its challenges; however, it comes with
greater attrition of participants. As with all longitudinal surveys,
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there is a need to keep survey questions and format similar to allow
comparability, even if weaknesses are identified.

Finally, the ReBLS survey measures a large and diverse number
of variables but is necessarily constrained in length. There are ad-
ditional elements that we recognise as being important, including
those relating to culture and relational values (Chan et al., 2018;
Schulz & Martin-Ortega, 2018), that we have not explicitly in-
cluded. We acknowledge that there are many such elements that
could not be studied sufficiently in a very broad-ranging, quantita-
tive study. Many of these topics, as well as those that we have cov-
ered, inherently depend on qualitative research to understand in an
in-depth and meaningful way. The described qualitative interviews
will go some way toward addressing this. There are also limitations
in the range of theories and frameworks we considered. Additional
perspectives, such as those from educational psychology (e.g.
Gehlbach et al., 2022), may have been useful in shaping the devel-
opment of our survey. In addition, many of these considerations
are being covered by other parts of the RENEW programme, in-
cluding how populations that are disengaged, disadvantaged, or
disconnected from nature can benefit from inclusion in solutions
development, and how renewal activities can be designed and de-
livered by diverse sets of land managers and interest groups. These
other components of the RENEW programme will make use of
both qualitative and quantitative methodologies and approaches
spanning the humanities and arts, as well as the natural sciences,
providing additional insights and perspectives that supplement the

ReBLS survey.

4 | CONCLUSIONS

This paper has introduced the Renewing Biodiversity Longitudinal
Survey (ReBLS)—the first national-scale study of the bi-directional
relationships between biodiversity renewal, personalised ecologies,
pro-nature attitudes and behaviours, health, and well-being. This
large-scale survey of adults in England will: (1) Advance understand-
ing of whether and how biodiversity renewal impacts pro-nature at-
titudes and behaviours, health, and well-being; (2) provide a monitor
of changes in exposure to and engagement with nature, pro-nature
attitudes and behaviours, and health and well-being outcomes
within individuals, contributing to several of Natural England's ob-
jectives including helping track progress made against Government's
25-Year Environment Plan and (3) produce data and methodological
insights with broad applications for those looking to understand re-
lationships between people and nature, whilst providing a variety of
insights that can support strategic decision-making around biodiver-
sity renewal, land management and public health.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.

Appendix S1. Spreadsheet outlining the survey questions, including

the source of the questions and their development.
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