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4 | Willingness to offset? Residents’
perspectives on compensating impacts
from urban development through
woodland restoration

Abstract - It is increasingly advocated that no net loss policies, aimed to mitigate environmental
impacts from development, should not only focus on impacts on biodiversity, but also on the con-
sequences for ecosystem services. The extent to which ecosystem services could be compensated,
however, largely depends on the needs of the people that are affected by developments. Empirical
studies investigating the public perception of offset policies are limited. In this study we exam-
ine the extent to which local residents perceive woodland restoration as compensation for impacts
from urban development. We use a choice experiment to study whether local residents in East
Lothian, Scotland - where the demand for housing forms a challenge for local authorities - are
willing to accept residental development in return for woodlands added to the rural countryside.
Using a latent class model we identify four classes of residents, each with different preferences for
woodland restoration and additional housing. A majority of the respondents (75%) expressed that
residential development will have a negative impact on the countryside, predominantly on biodi-
versity, agriculture and the traditional character of the landscape. Respondents, however, differed
widely in their willingness to offset these impacts: residents who felt most affected by housing were
least willing to offset additional housing. These findings show the importance of looking beyond
the ecological impacts from development by taking a closer look at the impacts of environmental
change on human well-being.

This chapter is based on Scholte, S.S.K., van Zanten, B.T., Verburg, P.H., & van Teeffelen, A.J.A. (2016).
Willingness to offset? Residents’ perspectives on compensating impacts from urban development through
woodland restoration. Land Use Policy, 58, 403-414.
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Chapter 4

4.1 Introduction

Urbanisation is a key driver of land use change (Seto et al., 2011; Liu et al., 2014; Song et al.,
2015). In Europe, the conversion of non-built-up areas has come predominantly at the expense of
high-quality farmland (Kasanko et al., 2006; Feranec et al., 2010), particularly as cities increasingly
expand in a dispersed rather than compact manner (Salvati and Carlucci, 2015). The dispersion
of urban settlements has lead to significant environmental impacts as a consequence of land take
and an increased demand for transport and energy (Bart, 2010). These developments affect the
functioning of ecological habitats and the species that rely on these habitats (Pauleit et al., 2005;
Braaker et al., 2014).

The growing concern about negative environmental impacts from urbanisation has led to a large set
of policy instruments to manage urban growth and minimise its impact on open space (Bengston
et al., 2004; Westerink et al., 2013). These instruments include steps to avoid, reduce and offset
impacts on the environment, the so-called ‘mitigation hierarchy’ (BBOP, 2012). Particularly the
last step, biodiversity offsets which aim to ensure that residual environmental impacts from devel-
opment are counterbalanced by environmental gains (resulting in ‘no-net-loss’), is receiving much
attention (Moilanen et al., 2009; McKenney and Kiesecker, 2010).

As no-net-loss policies and biodiversity offset programs are increasingly implemented, they are
also increasingly criticised (Bull et al., 2013; Maron et al., 2016). From a functional, ecological
perspective critiques relate to the poor definitions and measurability of the values to be offset, the
uncertainty in restoration outcomes, and the time lags before achieving the goals of the offset-
ting (Maron et al., 2012). From an ethical perspective concerns are expressed about the framing
of biodiversity conservation as a technical and economic problem, downplaying the moral and
ethical arguments for protecting biodiversity (Ives and Bekessy, 2015). Increasingly, however,
scholars are warning for the narrow focus of offset programs on protected habitats and species
while neglecting the impact of development on the environmental functions that underpin human
well-being (Brownlie et al., 2013; Tallis et al., 2015; Schulp et al., 2017), commonly referred to as
ecosystem services (ES).

Urban sprawl may negatively affect people currently living in rural landscapes, as these ’multi-
functional’ landcapes are increasingly valued in terms of multiple goods and services (Munton,
2009; Zasada, 2011), including, for example, cultural heritage, recreation, and tourism. As such,
no-net-loss policies should also be aimed to protect people from environmental degradation asso-
ciated with development in currently unprotected habitats (Persson, 2013; Villarroya et al., 2014).
The European Biodiversity Strategy (EC, 2011) addresses this issue by focusing on biodiversity
and ES: Action 7 explicitly aims at ensuring no-net-loss of ecosystems and their services by 2020,
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e.g. through compensation or offsetting schemes (see Schulp et al., 2017). Despite this focus on
ES, however, much is still unknown about how no-net-loss policies can cater for the impacts of
environmental degradation on human well-being. No-net-loss policies are predominantly aimed
at restoring the ecological functions of an ecosystem and rarely take the people that are supposed
to benefit from these functions into account (Tallis et al., 2015).

If we indeed are to broaden the scope of no-net-loss policies to ES, we must gain more insight into
the extent to which the people that are affected by development can or are actually willing to be
compensated for the loss of ES. In this study we contribute to this research gap by investigating the
potential of a no-net-loss mechanism, which we will refer to as environmental compensation, to
offset the impact of urban sprawl on ES as perceived by local residents. Using a choice experiment,
we examine how local residents evaluate the use of environmental compensation, in the form of
added landscape elements, in a rural residential development context. The specific aims are (i)
to measure the extent to which residents are willing to accept the offsetting of additional housing
through restoration of landscape elements, (ii) to assess what type of environmental compensation
is preferred, and (iii) to explain residents’ preferences for different types of compensation by look-
ing at attitudes towards residential development, values for ES provided by the rural countryside
and socio-demographic variables.

In the following section we introduce our study area and explain the specific context in which
this study took place. In the third section, we explain the methods we used to assess residents’
willingness to offset potential impacts from residential development. In the fourth section we
present results on residents’ perceptions of the rural countryside, their attitude against additional
housing and the extent to which they are willing to accept environmental compensation in return
for higher levels of additional housing. We discuss the implications of our findings in the final
sections of the paper.

4.2 Study area

Our study region, East Lothian, is one of the 32 council areas in Scotland (Fig 4.1), covering an
area of 679 𝑘𝑚2 east from Edinburgh, for which large population increases are expected. The
population was estimated at 101,360 people in 2013 and is expected to grow by 10.3% to 111,800
in 2022 (East Lothian Council). This increase poses a large challenge for the Scottish government
to meet the related housing demand. The pressure for residential development in peri-urban and
rural areas has been the basis for much conflict and ‘has transformed the rural environment on the
periphery of many of Britain’s cities into a battle ground’ (Pacione, 2013, p.61).
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Fig. 4.1 Area of East Lothian. Land cover based on the UK Land Cover Map 2007

From north to south, the East Lothian landscape is characterised by dune-back sandy beaches along
the coastal margins, a rich farmed coastal plain with historic towns and villages, including lowland
river valleys, and edged by the Lammermuir Hills. The lowlands in East Lothian are one of the
largest areas of high-quality farmland in Scotland. Since the 1940s, agricultural intensification has
led to wide-spread loss of (semi-)natural habitats in East Lothian (Ghaffar and Robinson, 1997).
In 2000 the native woodland cover of East Lothian comprised only 0.9% of the total land area. In
addition, lack of management has resulted in farm woodlands, especially hedgerows, becoming
fragmented.

The demand for new housing is estimated at around 5,000 dwellings per year for the entire area of
Edinburgh and the Lothians. Brownfields are prioritised in the allocation of new housing areas, but
these are not adequate to meet the housing demand, making the loss of greenfield sites unavoidable.
Additional housing, however, is prohibited on greenfield sites within the green belt surrounding the
city of Edinburgh, forcing housing development to be allocated to areas in the rural countryside.
Nevertheless the councils from Edinburgh and the Lothians strive towards a development that is
‘in accordance with the principle of sustainable development, whilst maintaining and enhancing
the environmental heritage that underpins the area’s quality of life’ (Edinburgh and the Lothians,
2004). To do so, one of the explicit goals is to protect and enhance the important landscape settings
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of settlements and areas of green space. This study took place in this particular context.

4.3 Methods

To analyse how respondents evaluate the use of woodland restoration to compensate for addi-
tional housing in the East Lothian, we used a discrete choice experiment. Choice experiments
are able to account for the multidimensional nature of landscapes and are specifically suited to
evaluate marginal landscape changes and trade-offs between landscape attributes (Domínguez-
Torreiro and Soliño, 2011; de Ayala et al., 2015). Since increasingly development strategies that
emphasise themultifunctional character of rural landscapes are put forward, choice experiments are
frequently used to investigate public preferences for benefits provided by rural landscapes (Gram-
matikopoulou et al., 2012; Newell and Swallow, 2013; Vecchiato and Tempesta, 2013; de Ayala
et al., 2015). In our study, we tried to better comprehend respondents’ preferences for rural land-
scape options by complementing the choice experiment with an assessment of the importance peo-
ple assign to ES that can be provided by the rural countryside. We considered respondents’ values
for ES, the ES respondents attributed to different types of woodlands, and the attitude respondents
had towards additional housing in East Lothian.

4.3.1 Data collection and questionnaire design

We conducted the survey using face to face interviews with local residents in October 2014, after
having done a pilot study in July 2014. Based on communication with the local spatial planning
department, we selected all towns for which residential development plans were made in East
Lothian to conduct the interviews: Haddington, Tranent, Musselburgh, Prestonpans, Dunbar and
North Berwick. Residents were approached in public spaces in each of these towns. In total 258
respondents were interviewed.

The questionnaire consisted of five parts. In the first part we asked respondents about their current
use of and familiarity with the East Lothian landscape. This part of the questionnaire included
questions regarding recreational activities, i.e. type of activities, location and frequency, and resi-
dency in East Lothian, i.e. residence time and whether respondents grew up in East Lothian.

In the second part of the questionnaire we asked respondents to evaluate a set of ES, so that we
could assess how their choice for environmental compensation could be explained by perceptions
of the landscape. We chose to include nine ES in this study: Air quality, climate change mitigation
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(by carbon sequestration), support of agricultural production, the provision of timber, tourism,
recreation, maintaining the traditional character of the landscape, aesthetic quality of the landscape,
and the support of biodiversity. We based the selection of these ES on scientific literature and
policy reports about ES and important woodland functions in rural and peri-urban landscapes in
the UK (Haines-Young and Potschin, 2008; Nijnik and Mather, 2008; Swanwick et al., 2007). As
the ES concept tends to be rather abstract for the broader public, we made pictograms for the nine
ES, explaining these as the benefits that could be provided by the East Lothian countryside. We
asked people to point out those three ES which they found most important for their own personal
well-being. Consequently we asked themwhich ES they associated most with each of the proposed
environmental compensation measures: shelterbelts, softwood forest and broadleaved forest (the
choice of which we explain in the following section).

A key assumption in our study was that additional housing was perceived as a threat to the East
Lothian landscape by local residents; if not, environmental compensation (from the perspective
of public) would not be necessary. To test the validity of this assumption, in the third part of the
questionnaire, we tested the respondents’ attitudes towards additional residential development in
East Lothian. We included four items which respondents had to evaluate on a 5-point Likert scale.
Additionally we asked respondents which ecosystem service, if any, they thought would be most
impacted by residential development.

In the fourth part of the questionnaire, we presented the choice experiment. We showed respon-
dents photos of the different compensationmeasures and asked themwhether, without linking these
measures to the housing context, they thought the addition of these landscape elements would im-
prove the East Lothian landscape. Consequently we asked them to evaluate the choice sets where
the restoration of woodland types acted as compensation for additional residential development in
East Lothian. After the choice experiment we asked respondents several control questions to see to
what attribute they had paid most attention and whether they thought that the proposed woodland
restoration would be adequate and/or necessary to compensate for residential development in East
Lothian. In the final and fifth part of the questionnaire, we asked respondents to give us infor-
mation about their age, gender, place of residence, education, occupation, income and household
size.

4.3.2 Rationale of the choice experiment

In a choice experiment, each respondent is presented with a choice set, consisting of two or more
alternative representations of a certain good. Following Lancaster’s theory of value (Lancaster,
1966), choice experiments are built on the assumption that individuals derive utility from certain
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characteristics of a good, i.e. attributes, rather than the good itself. In our case this meant that the
agricultural landscape differed in each alternative according to a set of landscape attributes, i.e.
the different types of environmental compensation, and a housing attribute, representing different
levels of potential additional housing in East Lothian. Respondents were consequently asked to
choose, on the basis of these attributes, the alternative they preferred most.

To identify appropriate attributes concerning housing and environmental compensation in Scotland
in a preliminary stage, we reviewed several policy and research documents related to environmen-
taland spatial planning of East Lothian. We identified initial attributes and attribute levels based on
the Forestry Framework for Edinburgh and the Lothians (LFHNP, 2010) and the Edinburgh and
Lothian Forestry & Woodland Strategy 2012-2017 (LFGNP, 2012). To further adapt and inform
the design of the choice experiment, two group sessions and a pilot study (n=20) were held in July
2014. One group meeting included four local councilors, from the spatial planning department,
cultural heritage department and wildlife department. The other group meeting included one local
councilor and three advisors for the Lothians Fife and Green Network Partnership.

In theForestry Framework for Edinburgh and the Lothians and theEdinburgh and Lothian Forestry
&Woodlands strategy 2012-2017, four specificwoodland types were considered: softwood forests,
native forests, mixed woodland and urban woodlands. Softwood forests are commonly associated
with commercial timber plantations, but recently more effort has been put in restructuring soft-
wood forests to improve their contribution to recreational opportunities, biodiversity and landscape
quality. Mixed woodlands usually consist of a mix of native species and contribute much to the
landscape character of the regions rural areas, mostly in the form of shelterbelts or patches of forest
around the edges of agricultural fields. Native forests are mostly found in the riparian corridors
of the Lothians, which have remained inaccessible to intensive agriculture and development pres-
sures. Existing conservation efforts in the region do not focus particularly on the addition of native
woodlands, but rather on improved maintenance of existing woodlands and enhancing connectiv-
ity between them. We therefore chose to focus on the creation of new softwood forests and mixed
woodlands as compensation measures relevant for our study context. We split up mixed wood-
lands into shelterbelts and (patches of) broadleaved forest. Mixed woodlands may consist of a mix
of both broadleaved and coniferous trees, but are mostly dominated by broadleaved species. To
put emphasis on the presence of broadleaved species we therefore termed this landscape attribute
‘broadleaved forest’ .

Commonly, choice experiments include a price attribute, in the form of some type of payment
(WTP) or compensation (WTA), that is used to estimate the change in welfare related to chang-
ing attribute levels. The proper use and framing of a payment vehicle in environmental research,
however, is complicated due to the fact that people are not used to paying for most environmental
goods and services (Burney, 2000) or may even refuse to pay for them (Svedsäter, 2003; García-
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Table 4.1 Choice attributes. Status quo attribute levels are given in bold.

Attribute Description Levels

Shelterbelts The addition of shelterbelts to the landscape None, Low
Medium, High

Softwood forest
The addition of softwood forest to the landscape None, Low
in patches along the edges of agricultural fields Medium, High
or replacing agricultural fields

Broadleaved forest
The addition of broadleaved forest to the landscape None, Low
in patches along the edges of agricultural fields Medium, High
or replacing agricultural fields

Housing Amount of additional houses to be built 250 (16ha), 500 (32ha)
in East Lothian (per year) 750 (48ha), 1000 (64ha)

Llorente et al., 2011). In addition, the calculation of price estimates for environmental goods and
services is not always necessary nor sufficient to advance our understanding of environmental pref-
erences and choices (Vatn and Bromley, 1994; Adamowicz, 2004; Kerr and Sharp, 2008). It is also
possible to study the impact of environmental change by considering the marginal rates of substitu-
tion between (non-monetary) environmental choice attributes (Aravena et al., 2014; Cleland et al.,
2015).

Since it was not our intention to estimate the willingness to pay for landscape changes, but rather
to assess how people make trade-offs between levels of additional housing and different woodland
restoration types, we decided not to include a price attribute. For the policy context of our study it
was more relevant to gain insight into the direction of preferences for compensation measures and
the marginal rates of substitution between housing and environmental compensation. In addition
we did not want to make the choice experiment overly complicated by introducing a varying price
attribute on top of the variation in housing, which might have led to a high cognitive burden on the
respondents (Aravena et al., 2014).

The housing attribute levels were set at 250, 500, 750 and 1000 houses. These levels were based on
results from the pilot study, where people were asked what the maximum amount of housing was
that they were willing to allow. We explained to respondents that the additional housing would take
place directly surrounding existing settlements and that the development would be small-scale and
in character of the settlement or the local area (as stated by the Edinburgh and Lothians Structure
Plan 2015).
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4.3.3 Experimental design of the choice experiment and model specification

We used a fractional factorial design, specifically a randomised balanced overlap design using
Sawtooth software (www.sawtoothsoftware.com), to reduce the number of alternatives. Our final
design consisted of 64 choice sets, which we blocked into eight different versions. Respondents
were thus confronted with eight choice sets that consisted of three options: a status quo option
plus two alternatives. In the status quo option, no environmental compensation was offered and
the amount of houses to be built in East Lothian was kept at a minimum (250), as an alternative
without any housing would not be realistic.

For data analysis we excluded all respondents who, after being asked towhat attributes in the choice
experiment they paid most attention, had explicitly stated that they had ignored the attributes in the
choice experiment but had rather based their decision on the overall impression of the photo (the
alternatives in the choice set were visualised, as will be explained in the following section). This
reduced our sample to 240 respondents for further analysis, resulting in 1920 observations for the
choice model estimation.

Choice models are based on the assumption that from a set of alternatives, individuals will choose
the alternative that maximizes their utility, i.e. provides the greatest utility 𝑈 . Following Random
Utility Theory (RUT) (McFadden, 1974), the utility of an individual 𝑖 from choosing an alternative
𝑗 consists of a systematic component𝑣𝑖𝑗and a random error component 𝜀𝑖𝑗s o that

𝑈𝑖𝑗 = 𝑣𝑖𝑗 + 𝜀𝑖𝑗 (4.1)

where 𝑣𝑖𝑗 is a termwhich depends on observable explanatory variables and 𝜀𝑖𝑗 is a random variable
following a standard Gumbel distribution with a location parameter of 0 and a scale parameter of
1. The systematic component 𝑉𝑖𝑗can also be denoted as

𝑉𝑖𝑗 = 𝛽𝑖 + 𝑋𝑖𝑗 (4.2)

where 𝑋 is a vector of explanatory variables, i.e. attributes (with different levels), and 𝛽 is a vector
of individual specific utility parameters.
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A wide range of methods exists to analyse choice experiment data, of which the conditional logit
(CL) model has been most standard. A strength of the CL model is its simplicity, but the model
also assumes that respondents have identical preferences. Though it is possible to take into account
some observed preference heterogeneity through interaction terms, other models have been pro-
posed to relax the homogeneity assumption and to account for unobserved heterogeneity (Boxall
and Adamowicz, 2002). One of these is the latent class model (LCM) which we employed in this
study.

In a LCM the assumption is made that an individual can be sorted into a set of C classes which are
all characterized by unique class-specific utility parameters. The choice for a certain alternative by
an individual 𝑖 is conditioned by class membership 𝑐 so that the probability for choosing alternative
𝑗 amongst a set of 𝑁 alternatives can be denoted as

𝑃𝑖𝑗|𝑐 =
𝑒𝑥𝑝(𝛽𝑐𝑋𝑖𝑗)

∑𝑁
𝑛=1 𝑒𝑥𝑝(𝛽𝑐𝑋𝑖𝑛)

(4.3)

The probability that individual 𝑖 belongs to class 𝑐 out of C classes can be denoted as

𝑃𝑐 = 𝑒𝑥𝑝(𝛾𝑐𝑍𝑖)
∑𝐶

𝑐=1 𝑒𝑥𝑝(𝛾𝑐𝑍𝑖)
(4.4)

where 𝑍 is a vector of covariates, commonly observed socio-demographic variables. Both 𝛾𝑐
and 𝛽𝑐 are specific class vectors of parameters to be estimated associated respectively with the
covariates and attributes. The unconditional joint probability of an individual 𝑖 choosing alternative
𝑗, is the product of the two probabilities stated in Eq. (4.3) and Eq. (4.4).

Our choice of covariates was based on hypotheses about the potential sources of heterogeneity in
landscape preferences. The role that place of residence and familiarity with the landscape play in
landscape preferences has been often discussed in the literature (Van den Berg and Koole, 2006;
Hasund et al., 2010). We therefore included a variable that indicated whether people grew up in
East Lothian, whether they went for recreation in the East Lothian countryside and distinguished
between urban and rural residents. In addition we included age, which has also been correlated
with resistance to change in the landscape (Van den Berg and Koole, 2006).
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We also included the functions of the landscape people assign most importance to, i.e. the ES, as
these may influence the choice of particular woodland attributes. Shelterbelts are often associated
with cultural heritage in rural landscapes (McCollin, 2000; Oreszczyn and Lane, 2000). Further-
more, biodiversity is often associated with the perceived naturalness of forests (Fry et al., 2009;
Bakhtiari et al., 2014), thus we hypothesised that respondents with high values for biodiversity
would have preferences for alternatives with high levels of broadleaved forest instead of softwood
plantations. We therefore chose to include a variable indicating whether respondents assigned im-
portance to the support of biodiversity and whether respondents thought maintaining the traditional
character of the landscape is an important function of the East Lothian countryside.

All choicemodels were estimated usingNLOGIT 4 (Econometric Software Inc., www.nlogit.com).
We dummy coded all the environmental compensation variables, entering these into the utility
function while keeping the lowest level as a reference category. We specified a separate utility
function for the status quo option, which included an alternative specific constant (ASC) to capture
potential status-quo effects.

4.3.4 Marginal rate of substitution between housing and environmental com-
pensation

To gain more insight into the extent to which people would be willing to offset housing with envi-
ronmental compensation, we calculated the marginal rate of substitution (MRS) between housing
and all the landscape attributes as follows:

𝑀𝑅𝑆𝑘 = −𝛽𝑘
𝛽ℎ

(4.5)

where 𝛽𝑘 is the utility coefficient of the landscape attributes, representing the marginal utility of
an environmental compensation measure, and is the utility coefficient of the housing attribute,
representing the marginal utility of additional housing in East Lothian. The consequent MRS can
be interpreted as the amount of houses people are willing to ‘pay’, i.e. allow in the area, for a
change in any of the landscape attributes.
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Fig. 4.2 Choice card examples

Visualisations

The pilot study revealed that the initial set-up of the choice experiment, where woodland attribute
levels were communicated in terms of hectares and meters, was too abstract for people to process.
As pointed out by Tress and Tress (2003, p.164), ’a higher degree of abstraction leaves an empty,
unknown area that is filled by people’s own imaginations, which could easily lead to misinterpre-
tations and consequently complicate communication’. Hence, we chose to add visualisations to
the choice sets, which is not uncommon in choice experiment studies (Rambonilaza and Dachary-
Bernard, 2007; Westerberg et al., 2013).

We chose a representative landscape photo of the case study area as the background layer. The
photo was taken from a viewpoint in July 2014, allowing to assess the landscape from a birds-eye
perspective. Consequently we used Adobe Photoshop to digitally adjust the photos and visualise
the different choice sets. The final choice cards consisted of both a visualisation of the attribute
levels in the lower half and pictograms depicting the different attribute levels in the upper half (Fig.
4.2).

4.4 Results

4.4.1 Descriptive statistics of the sample

Taking into account age, gender and education, our sample draws a fairly representative picture of
the East Lothian population (Table 4.2). There is a slight underrepresentation of young adults and
people aged above 75. The time of residence varied greatly among respondents, with a minimum
of 0.5 years and a maximum of 88 years. Almost half of the respondents grew up in East Lothian.
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Table 4.2 Socio-demographic characteristics of the sample (N=240) compared to population statistics of
the whole of East Lothian

Socio-demographic characteristics Sample East Lothian
Age (%)

18-29 15 19
30-44 27.5 22.1
45-59 28.8 28.2
60-74 21.7 20.1
75+ 7 10.6

Gender (%)
Female 56.8 52.8
Male 43.2 47.2

Education (%)
Higher degree 46.7 49.9

Residence time in years (mean, SD) 26.87(20.45) -
Grew up in East Lothian (%) 46.7 -

Overall, respondents strongly agreed with the statement that additional housing will have a neg-
ative effect on the East Lothian landscape (Table 4.3). There was, however, more disagreement
with regard to the statements about the necessity of housing in East Lothian. On average respon-
dents somewhat agreed that additional housing is necessary, but at the same time, residents were
not certain about whether there are enough houses in East Lothian. The slight inconsistency in
responses to these similar statements possibly reflects the complex nature of attitudes towards ad-
ditional housing in East Lothian. Most residents did not particularly like the idea of more houses
being built in East Lothian (as confirmed by the fourth statement), and would perhaps rather keep
the level of housing as it is. At the same time they may also have felt that the increasing population
will inevitably require additional housing.

When we asked respondents to indicate which three of the nine depicted ES they thought were most
important, when thinking about their personal well-being, recreation, maintaining the traditional
character of the landscape, and supporting biodiversity were mentioned most often (Fig. 4.3).
Timber and climate change mitigation (through carbon sequestration) were mentioned least often.
Tourism was not found to be very important, which may be because people do not regard tourism
as important for their own personal well-being, but rather for the entire area of East Lothian.

67



Chapter 4

Table 4.3 Attitudes towards residential development. Statements were rated on a 5 point Likert scale where
1 is absolutely disagree and 5 is absolutely agree.

Attitude towards residential development Mean (SD)
Statements

Additional housing will have a negative effect on the landscape of East Lothian 4 (1.14)
We have got enough houses in East Lothian 2.9(1.48)
Additional housing is necessary 3.5(1.36)
It would be nice to have new settlements in East Lothian 2.6(1.38)

Tim
ber

Clim
ate

 ch
an

ge m
itig

ati
on

Air q
uali

ty

To
uris

m

Support a
gric

ultu
re

Aes
theti

c q
uali

ty

Biodive
rsi

ty

Tra
ditio

nal 
ch

ara
cte

r

Rec
rea

tio
n

Threatened
Important

Fig. 4.3 Perceptions of ES
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Seventy-five percent of the respondents mentioned that at least one of the ES would be threatened
by additional housing in East Lothian. In addition 11 % answered that maybe one of the ES would
be affected by additional housing. When asked which one would be affected the most, biodiversity,
traditional character of the landscape, supporting agriculture and aesthetic quality were mentioned
most often.

After asking people about their perceptions of the East Lothian landscape, we also asked which
ES they associated most with each of the woodland restoration attributes (Fig. 4.4). Broadleaved
forest was mostly associated with biodiversity, although the difference between softwood forest
and broadleaved forest for this ecosystem service is small (6%). This may indicate that forests in
general may already be thought to be beneficial for plants and wildlife, in contrast to agricultural
fields.

Shelterbelts were mostly associated with supporting agriculture and maintaining the traditional
character of the landscape. Softwood forest was mostly associated with the provision of timber,
which was not found important by many respondents. Recreation was associated mostly with
mixed broadleaved forest, but on average it was not mentioned often. This may be because many
respondents answered that they went to the coast of East Lothian for recreation (63.8%), whereas
44.6% mentioned that they went to the rural countryside of East Lothian for recreation.

Fig. 4.4 Associations of ES with the three types of woodland. Numbers indicate the percentage of respon-
dents that listed a particular ES by each woodland type.
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Table 4.4 Results from the conditional logit model

Attribute Variable name 𝛽 s.e.
ASC −.457∗∗∗ .133
Houses Houses −.002∗∗∗ .034
Softwood forest low SFlow .148 .096
Softwood forest medium SFmed .366∗∗∗ .097
Softwood forest high SFhigh .536∗∗∗ .097
Shelterbelts low SBlow .191∗∗ .097
Shelterbelts medium SBmed .385∗∗∗ .108
Shelterbelts high SBhigh .454∗∗∗ .102
Broadleaved forest low BFlow .281∗∗∗ .099
Broadleaved forest medium BFmed .546∗∗∗ .094
Broadleaved forest high BFhigh .802∗∗∗ .101

Log Likelihood -1829.16
Adjusted 𝜌2 0.0852
* significant at 0.1
** significant at 0.05
*** significant at 0.01

4.4.2 Preferences for landscape attributes

The conditional logit model indicates all landscape attributes, except for the low level of softwood
forest, had a significant effect on the choice of alternatives (Table 4.4). The high levels of all the
woodland restoration attributes played the largest role, with most emphasis on broadleaved forest.
As hypothesised, on average the housing attribute negatively affected choice and the woodland
restoration attributes positively affected choice of the alternatives. The negative coefficient for the
ASC suggests that on average respondents significantly chose one of the two alternatives rather
than the status quo option. The explanatory power of the model however, as indicated by the 𝜌2

statistic, is rather low.

The latent class model (LCM) provides further insight into preferences for housing and landscape
attributes. A LCM can be run using different amounts of segments, i.e. classes. Determining the
appropriate number of classes is usually based on goodness of fit indicators such as the Bayesian
Information Criterion (BIC) andAkaike’s Information Criterion (AIC). For the identification of the
proper amount of classes, however, the significance of parameter estimates as well as the external
validity of the model have to be considered (Scarpa and Thiene, 2011). In our case, the BIC favors
a model with 2 classes, while the AIC keeps improving with increasing number of classes (Table
4.5). Taking into account the significance levels of the parameter estimates and the external validity
of the model, we chose the model with 4 classes as the most appropriate.

The four-class LCM reveals that preferences for both the housing and landscape attributes clearly
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Table 4.5 Criteria for identifying the appropriate number of classes

Number of classes 𝜌2 AIC BIC Log Likelihood Parameters
1 0.0852 3682.234 3743.424 -1829.16 11
2 0.2336 3289.472 3450.699 -1615.74 29
3 0.2524 3246.066 3507.365 -1576.03 47
4 0.2731 3195.008 3556.379 -1532.5 65
5 0.2836 3186.558 3648.001 -1510.28 83

differ between groups, indicating that formost attributes preferences are quite heterogeneous (Table
4.6). Probability of membership in class 1 was highest at 44.3% and lowest for class 4 at 13.3%.

The ASC is not significant for all groups; only class 1 and class 3 show significant negative coeffi-
cients for the ASC, meaning that only in these two groups respondents were more likely to choose
one of the two alternatives with environmental compensation rather than the status quo. The co-
efficient for the housing attribute was negative and significant for all classes, except for class 2,
indicating that for this class the amount of houses did not play a significant role in choosing for a
certain alternative.

Looking at the significance of the coefficients for the woodland attributes, it is clear that respon-
dents in class 1 and class 3 were more positive towards woodland restoration than the other two
groups, although a clear distinction can be made. Respondents in class 1 had a high preference
for alternatives including high levels of broadleaved forest and shelterbelts, while respondents in
class 3 rather avoided options with high levels of shelterbelts. For respondents in class 2 softwood
forest and high levels of shelterbelts were most important. Respondents in this class had a negative
preference for broadleaved forest. For respondents in class 4, of all woodland attributes only the
presence of high levels of shelterbelts played a highly significant role in the choice of alternatives.
In addition the coefficient for the presence of softwood forest is slightly significant.

The parameter estimates for the socio-economic and ecosystem service variables in the lower por-
tion of table 4.6, reveal some information about the sources of heterogeneity. The parameters for
class 4 are normalized to 0 for estimation, so the estimates for the first three classes are evaluated
relative to class 4. None of the socio-economic variables were significant for the first class. The
negative parameter for the ’grow up’ variable indicate that respondents who did not grow up in
East Lothian were more likely to be part of class 2 or class 3. The negative parameter for the
recreation variable indicates that respondents going for recreation in the East Lothian countryside
were less likely to be part of class 3. Respondents who lived in urban settlements rather than rural
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Table 4.6 Results from the latent class model

Class 1 Class 2 Class 3 Class 4

Attributes 𝛽 s.e. 𝛽 s.e. 𝛽 s.e. 𝛽 s.e.
ASC −2.213∗∗∗ 0.433 -0.256 0.255 −1.126∗∗∗ 0.235 0.425 0.581
Houses −0.001∗∗∗ 0.0002 -0.0003 0.0003 −0.005∗∗∗ 0.072 −0.018∗∗∗ 0.002
SF low 0.237 0.152 0.223 0.203 0.263 0.180 0.774 0.566
SF med 0.384∗∗ 0.168 0.657∗∗∗ 0.216 0.475∗∗ 0.187 1.111∗ 0.591
SF high 0.860∗∗∗ 0.167 0.443∗∗ 0.197 0.375∗∗ 0.166 1.031∗ 0.578
SB low 0.728∗∗∗ 0.166 -0.326 0.201 −0.307∗ 0.171 0.451 0.451
SB med 0.924∗∗∗ 0.199 0.323 0.214 -0.238 0.196 0.397 0.546
SB high 1.108∗∗∗ 0.187 0.445∗∗ 0.197 −0.392∗∗ 0.179 1.471∗∗∗ 0.478
BF low 0.394∗∗ 0.154 0.083 0.19 0.433∗∗ 0.204 0.197 0.56
BF med 0.983∗∗∗ 0.155 −0.397∗∗ 0.193 0.947∗∗∗ 0.176 -0.55 0.573
BF high 1.610∗∗∗ 0.184 −0.762∗∗∗ 0.212 0.489∗∗ 0.192 0.639 0.47

Log Likelihood -1532.504
McFadden Pseudo 𝜌2 0.2730875

Class function probabilities 0.443 0.153 0.272 0.133
Constant 1.629 0.905 -0.899 1.157 -0.566 1.086 - -
Urban 0.472 0.555 1.195∗ 0.695 -0.194 0.699 - -
Age 0.01 0.015 -0.014 0.02 0.027 0.018 - -
Grow up -0.735 0.51 −1.485∗∗ 0.665 −1.283∗∗ 0.588 - -
Biodiversity -0.221 0.494 -1.026 0.64 0.61 0.601 - -
Recreation -0.478 0.497 -0.455 0.659 −1.243∗∗ 0.597 - -
Traditional character -0.292 0.492 -0.605 0.66 -0.547 0.573 - -
*significant at 0.1
**significant at 0.05
***significant at 0.01
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settlements, were more likely to be part of class 2. This may explain why the housing attribute was
not significant for this group, indicating that urban residents have a more positive attitude towards
additional housing than do rural residents.

4.4.3 Substitution between housing and environmental compensation

To show differences between the CL model and the LCM we calculated the MRS for both models
(Table 4.7). Consequently we also discuss the differences between 3 classes of the LCM. Following
the results from the previous section, we did not calculate the MRS for class 2, since the housing
attribute was not significant.

The CL model showed that on average the MRS increases with higher levels of environmental
compensation, indicating that on average people are willing to allow a higher level of housing when
more woodland restoration takes place. This is also the case for the first group of the latent class
model, where respondents displayed a relatively high MRS for all woodland restoration attributes:
for high levels of shelterbelts and broadleaved forests, respondents in this class are willing to allow
the development of more than a 1000 houses in East Lothian. The results reveal a considerably
lower MRS for the woodland restoration attributes for respondents in class 3 and class 4. In class
3 the maximum amount of houses people were willing to allow was 189, for medium levels of
broadleaved forest, and in class 4 the maximum amount of houses people were willing to allow,
for high levels of shelterbelts, is only 82.

The MRS for respondents in class 3 are much lower than for those in class 1, meaning that re-
spondents in class 3 were less willing to accept additional housing in East Lothian in return for
environmental compensation. For class 3 respondents it is apparent that not all compensation ef-
forts can be considered as an environmental good (given the negative MRS for shelterbelts) and
more compensation is not necessarily experienced as better. As woodland restoration to a cer-
tain extent also implies loss of current agricultural land, respondents may prefer medium levels of
woodland compensation.

Class 4 exhibits the lowest rates of marginal substitution. We suspect that this class exhibits signs
of lexicographic preference ordering and that the most important attribute for this group was the
amount of housing. This was confirmed by the follow-up control question in which we asked re-
spondents to which attribute(s) they had paid most attention: 82% of the respondents in this class
stated that housing had been the most important attribute (this percentage was significantly lower
for the other classes, 𝜒2=44.6377, df=3, 𝑝 < 0.01). The respondents in this class may therefore
have ordered their preferences according to the housing attribute, meaning that environmental com-
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Table 4.7 Marginal rates of substitution between housing and woodland attributes for the CL and LCM
model

CL Class 1 Class 2 Class 3 Class 4
Attributes MRS Rank MRS Rank MRS Rank MRS Rank MRS

SFlow - - - - - - - - -
SFmed 183 7 384 8 - 1 95 3 57
SFhigh 268 6 860 5 - 3 75 5 25
SBlow 95.5 8 728 6 - - -61 - -
SBmed 192.5 4 924 4 - - - - -
SBhigh 227 3 1108 2 - 2 -78 - 82
BFlow 140.5 5 394 7 - - 87 4 -
BFmed 273 2 983 3 - - 189 1 -
BFhigh 401 1 1610 1 - - 98 2 -

pensation, specifically shelterbelts, was only preferred when combined with low levels of housing.
This suggests that for respondents in this class woodland restoration cannot compensate for ad-
ditional housing, as people are not willing to offset higher levels of housing with environmental
compensation.

4.4.4 Explaining choices for environmental compensation

Latent class profiles

To enrich our understanding of the respondent groups identified by the latent class analysis we
summarized data of several characteristics of the individuals in each latent class (Table 8). To
do so we allocatedrespondents to a certain class according to their class probabilities (where the
respondent was allocated to the class for which they had the largest probability). The summarized
data therefore do not account forthe differing probabilities between respondents. Nevertheless,
average class probabilities (calculated by averaging the class probabilities of all respondents within
one class) for all but one of the four classes were at or above 90%. Class 4 had an average of 82%.
We therefore think the profiles can provide a useful description of all the classes.

We tested for independency between classes for several of the variables, using chi-squared for cate-
gorical variables, a Kruskal Wallis test for ordinal variables and a one way ANOVA for continuous
variables. To test for significance between specific groups we conducted pair wise comparisons
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through post-hoc tests.

As became apparent in the class probability function (Table 6), the classes differ significantly when
looking at place of residence (urban versus rural, 𝜒2= 9.5414, df=3, p<0.05) and growing up in
East Lothian (𝜒2=15.5326, df=3, p<0.01). Class 2 consists of more urban residents (45.7%) than
the other classes. Class 4 is clearly characterized by respondents who grew up in East Lothian and
who have lived there for a long time (relative to age). Residence time (𝜒2=3.5696, df=3, p<0.05)
differed significantly between classes. No significant differences were found for education and
income between the classes.

Recreation and maintaining the traditional character of the landscape were mentioned often as
an important ES by all groups. There was a significant difference between classes concerning
the support of biodiversity (𝜒2=15.24, df=3, p<0.01), which was a more important function for
respondents in class 3 than it was for respondents in class 1 and 2. Significant differences were
also found for tourism (𝜒2=13.4399, df=3, p<0.01) which was found more important in class 2
than in the other groups, and for supporting agriculture (𝜒2=8.1606, df=3, p<0.05), which was
found more important in class 1 than in class 2.

Regarding the attitudes towards residential development, significant differences between classes
were found for statement 1 (𝜒2=16.9447, df=3, p<0.01), where respondents in class 1 agreed less
with the notion that additional housing will have a negative effect on the landscape of East Lothian,
than respondents in the other classes. Respondents in class 4 agreed significantly more with the
statement there are enough houses in East Lothian than respondents in class 1 and 2 (𝜒2=16.9701,
df=3, <0.01). Consistent with this result, respondents in class 4 also agreed significantly less
with the statement that additional housing is necessary than respondent in class 1 and class 2
(𝜒2=12.0572, df=3, p<0.01). With regard to the last statement, whether it would be nice to have
new settlements in East Lothian, a significant result was found between respondents in class 2 and
4 (𝜒2=9.4071, df=3, <0.05).

Finally, significant differences were also found between the classes for the question whether wood-
land restoration is adequate to compensate for additional housing in East Lothian (𝜒2=16.2304,
df=3, p<0.01). Whereas most respondents in class 1 and 2 thought environmental compensation
would be adequate, respondents in class 3 and 4 did not. In contrast there was no significant dif-
ference between classes concerning the question whether environmental compensation should be
mandatory, as a majority of the respondents in all classes answered yes to this question.
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Table 4.8 Latent class profiles

Variables Class 1 Class 2 Class 3 Class 4
Socio-demographic characteristics
Urban (%) 27.3 45.7 17.7 21.2
Age (mean) 47.6 50.4 52.4 44.6
Income (mean)* 3.3 3.5 2.9 3.5
Education (mean)** 2.6 2.5 2.6 2.7
Female (%) 53.6 45.7 64.5 66.7
Grew up in East Lothian (%) 51.8 34.3 32.3 69.7
Residence time (mean, as % of age) 60.1 44.1 48.1 66.8
Goes for recreation in countryside (%) 48.2 45.7 30.6 60.6

Values for ecosystem services (%)
Aesthetic quality 32.7 34.3 38.7 45.5
Supporting biodiversity 49.1 31.4 71 51.5
Supporting agriculture 42.7 20 29 27.3
Maintaining traditional character of the landscape 57.3 57.1 48.4 60.6
Provision of timber 7.3 5.7 1.6 0
Recreation 60.9 62.9 62.9 72.7
Tourism 20.9 48.6 19.4 18.2
Climate change mitigation 8.2 5.7 3.2 9.1
Air quality 20.9 34.3 25.8 15.2

Attitudes towards residential development***
Additional housing will have a negative
effect on the landscape of East Lothian 3.7 (1.23) 4.3 (1.03) 4.2 (1.03) 4.4 (0.78)
We have got enough houses in East Lothian 2.6 (1.48) 2.7 (1.19) 3.1 (1.45) 3.8 (1.47)
Additional housing is necessary 3.7 (1.32) 3.7 (1.25) 3.3 (1.37) 2.9 (1.39)
It would be nice to have new settlements 2.8 (1.33) 3.1 (1.24) 2.4 (1.44) 2.2 (1.45)
in East Lothian

Evaluation of environmental compensation
Do you think that woodland restoration can
adequately compensate for additional housing
in East Lothian?
Yes (%) 64.5 65.7 45.2 30.3
Maybe (%) 23.6 20.0 37.1 36.4

Do you think that woodland restoration should be
obligatory when building in East Lothian?
Yes (%) 80.9 88.6 75.8 75.8
Maybe(%) 14.5 5.7 12.9 6.1
a *on a scale from 1 to 5, where 1=0-999, 2=1000-1499, 3=1500-1999, 4=2000-3000, 5>3000
b ** on a scale from 0 to 4, where 0=no education, 1=primary, 2=secondary, 3=bachelor/higher degree and
4= postgraduate

c *** mean with standard deviation in parenthesis, 1= absolutely disagree, 5 =absolutely agree
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4.5 Discussion

4.5.1 Residents’ acceptance of environmental compensation to offset im-
pacts from additional housing

Mitigating impacts from land use change is commonly focused on biodiversity (Tallis et al., 2015),
thereby neglecting potential impacts from development on the people that rely on and appreciate
the landscape. Our paper took up the challenge of taking the broader ES perspective by assessing
residents’ preferences for alternative compensation options and provides empirical evidence of
residents’ willingness to offset additional urban development through woodland restoration.

Most respondents agreed with the statement that additional housing in East Lothian would have
a negative impact on the landscape of East Lothian and stated that environmental compensation
should be mandatory when building additional housing in East Lothian. This sentiment adheres
to the general feeling that where one degrades the environment, one should also try to restore it,
an argument which rests on the polluter pays principle (Persson, 2013). Similar findings were
obtained by Bauer et al. (2004), who, studying preferences for wetland mitigation banking in the
US, found that people were more in favor of taking somemitigation action rather than none, despite
of the additional costs.

Studying public acceptance of biodiversity offsets in Western Australia, Burton et al. (2017) also
found support for biodiversity offsets among the majority of respondents. In a similar vein, Bauer
et al. (2004) highlight the importance of biodiversity to the public for supporting offset schemes,
which corresponds to our findings: biodiversity was both perceived as important and as threatened
by development by most respondents. Our findings thus indicate that there is overall support for
the general idea of biodiversity offsets. However, as people did not associate shelterbelts much
with supporting biodiversity, proper communication of the biodiversity benefits of these may be
key to achieving public support.

Whereas Bauer et al. (2004) and Burton et al. (2017) only tested respondents attitudes against en-
vironmental compensation aimed at offsetting biodiversity, we investigated whether respondents
were willing to accept environmental compensation as a way to offset the losses they themselves
associated with the environmental impacts from additional housing. The extent to which people
were willing to offset impacts from development varied greatly between groups of respondents. In
contrast to opinions about the necessity of environmental compensation – to which almost every-
body agreed - there was far less agreement about the extent to which environmental compensation
could be an adequate tool to compensate for the impacts from additional housing in East Lothian.
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The willingness of respondents to offset environmental impacts from residential development was
strongly related to their attitude towards additional housing. Respondents in class 4, who opposed
to housing so strongly, were not willing to accept much more housing in return for woodland
restoration. Respondents in this class where characterised by rural residents who grew up in East
Lothian and may have strong emotional links to the East Lothian landscape. They may thus have
high levels of place attachment, which can result in an emotional sense of loss when these places
change or disappear (Walker and Ryan, 2008). In addition, respondents in class 4 may have per-
ceived additional housing as a threat to their own cultural identity, for which woodland restoration
cannot compensate. Next to environmental impacts, rural development may also have social im-
pacts, as the increase of urbanites moving to the rural countryside changes not only the landscape
but also the lifestyles of those living in the landscape (Antrop, 2004; Primdahl et al., 2013). In
theory it may be possible to differentiate between the social and environmental impacts, but in
practice respondents may not do so. In contrast to respondents in class 4, respondents in class 1,
the largest group in our sample, did not have such strong oppositions against additional housing,
and were consequently more willing to accept environmental compensation.

4.5.2 Methodological considerations

Choice experiments are increasingly used in a landscape valuation context, as they provide a useful
method to assess societal preference towards tradeoffs resulting from landscape policies that relate
to specific landscape attributes and/or when studying (marginal) values for specific landscape char-
acteristics. At the same time, however, choice experiments offer a reductionist approach towards
landscape valuation by breaking down landscapes into different components, whereas people may
rather perceive landscapes as a ‘whole’ and not merely as a sum of its parts (Swanwick, 2009).
Choice experiments are not appropriate to holistically study the importance of landscapes, and
their related goods and services, as the summation of values for single landscape attributes does
not necessarily give an accurate reflection of the value of landscape. Our study should thus not be
seen as an attempt to provide an overall valuation of the landscape, but rather to measure prefer-
ences for specific changes in certain characteristics of the landscape.

While traditionally choice experiments are used with a monetary attribute to estimate WTP of
specific measures, we have chosen for an experimental setup in which the tradeoff was not repre-
sented by a monetary attribute but rather by the level of additional housing. Even though the use of
a monetary value estimate can be useful to assess impacts of environmental change on social wel-
fare, it is not always necessary to better understand environmental preferences or choice behavior
(Adamowicz, 2004). As expressed by Kerr and Sharp (2008, p. 396) the ’adequacy of mitigation
may be explored using choice experiments, whether or not they include monetary attributes’. The
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exclusion of amonetary attribute can help researchers overcome the problems related to finding and
communicating a suitable payment vehicle for non-marketed environmental goods and services,
which may improve respondents’ performance during the choice tasks.

Although we do take into account the heterogeneity in preferences among respondents, our results
draw a relatively one-sided picture of environmental compensation in a rural residential context.
In our study we only focused on the general public within the residential areas, while farmers
would have to play a large role in the implementation of environmental compensation efforts. Most
land in East Lothian is privately owned, and so the introduction of woodland restoration schemes
would also entail the necessary financial compensation to those who would lose agricultural land
and related crop yields. Vecchiato and Tempesta (2013) who also studied woodland restoration
in a peri-urban landscape, mentioned that afforestation schemes cause a large reduction in the
income of local farmers. This could again have implications, not only for the farmers, but also
for the local residents who support these farmers. In our sample, respondents from the first class,
who supported woodland restoration the most, also found agriculture more important than the
other groups. This poses an additional trade-off which we have not treated extensively in our
study. An objective for future research would be to investigate, given the fact that environmental
compensation consumes agricultural land, where and when agricultural land can be sacrificed for
environmental compensation, according to public preferences.

4.6 Conclusion

With rising pressures from development, environmental compensation is rapidly embedded in the
form of offset policies or pursued as voluntary commitments to ensure a no-net-loss or net gain
of biodiversity and ES. In order to offset ES it is necessary to look beyond biodiversity impacts
by taking into account the environmental impacts of development on human well-being. To know
which ES need to be restored, it is important to identify which ES are threatened the most, from the
perspective of the people who rely on and appreciate these services. Our findings for instance show
that, while recreation was very important to local residents, they did not perceive recreation to be
threatened by additional housing. This stresses the importance of using both biophysical and social
indicators when planning to offset ES. In addition it is crucial to identify who needs compensation.
Offsetting ES should ideally be aimed at people who are most affected by environmental change,
but in our study these people were least inclined to accept compensation. To successfully mitigate
the impact from development on ES, we need a better understanding of how different beneficiaries
are affected by environmental change caused by development. Only then can we begin to discuss
how those affected may be compensated.
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