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Abstract

This study introduces the basket-based choice experiment (BBCE) as suggested by Ca-
puto and Lusk (2022) into the field of environmental economics and management. The
application is a survey to assess garden owners’ preferences for installing design elements
conducive to biodiversity conservation in private gardens. In addition to showcasing this
approach in the context of environmental management, the present application of the
BBCE adds two new methodological features to this approach. First, an experimental
design is used to provide context attributes for each basket-based choice task to assess the
extent to which policy levers set by local councils can affect how garden owners design
their gardens. Second, the econometric model to analyse the resulting basket-based choice
data is augmented by a latent class structure to accommodate the empirical finding that a
substantial share of respondents never chose to add any new element to their gardens (i.e.
chose an empty basket). Results show that the policy instruments have mixed effects on
the element-specific choice probabilities, with financial support for new garden elements
exhibiting the strongest effect on demand. Furthermore, it is demonstrated how prediction
can be used to assess the uptake of biodiversity friendly garden elements as a function of
policy instruments.
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1 Introduction

Private gardens are an important source of enjoyment, well-being and subsistence (Cameron
et al. 2012). Yet private gardens can also be an important element in biodiversity conserva-
tion (Delahay et al. 2023). Their total share of landcover may seem small. In Germany, for
example, the approximately 16 million private gardens only cover 0.84% of the country’s
total area. However, in biodiversity-poor settings such as urban or argicultural landscapes
their importance for biodiversity conservation may be substantial due to their large num-
ber. In the United States, lawns account for a large share of garden areas, particularly in
single-household residential properties. In total, lawns are the single biggest land cover type
amongst all irrigated crops in the country (Wheeler et al. 2017). These numbers demonstrate
the potential of private gardens to contribute to biodiversity conservation at scale. In urban-
ised areas in particular, private gardens can provide habitat for plant and animal species and
function as stepping stones in a larger network of green infrastructure (Delahay et al. 2023).

Wildlife gardening, an often-used term for managing gardens with the aim to improve
species diversity and ecosystem processes (van Heezik 2020), entails alternative manage-
ment and design choices carried out by each garden owner (Garcia-Antunez et al. 2023).
This practice includes avoiding the use of pesticides in the garden, applying less or no
chemical fertiliser, or no or much less frequent mowing of lawns, among other things. In
addition, design choices concern the question of which elements are installed in a garden
and how these are arranged spatially. Such design choices influence the presence of land-use
types (e.g. a flowering meadow instead of lawn) and of elements that positively impact on
biodiversity, such as a drywall or a pond.

Against this background, the present study addresses the following research questions
which are relevant for any conservation policy aiming to activate the potential of private
gardens for biodiversity conservation: (1) How do a set of policy instruments affect the
demand for garden elements supporting biodiversity conservation? (2) How do the current
design of the garden, and respondent and garden characteristics affect demand? Answering
the first question in particular would contribute to what Dewaelheyns et al. (2016) pre-
sented as a toolbox for garden governance. The starting point for their considerations is
that each individual private garden may look insignificant, but the aggregation of actions in
many gardens could result in significant habitat changes promoting biodiversity conserva-
tion. Thus, referring to ‘the tyranny of small decisions’, they suggest considering private
gardens as a ‘resource by small gardening actions’. This turns the question of policy design
into an economic question of incentives: Many decentralised individuals (private garden
owners) take decisions at a small scale (their garden) resulting in potentially significant
outcomes on the aggregated level (the landscape level). Wildlife gardening may entail pri-
vate costs to the garden owner, which results in benefits (in terms of species conservation,
for instance), which are — at least partly — public. So it is likely that policy intervention is
necessary to further incentivise private garden owners to increase the wildlife friendliness
of their gardens beyond the level enjoyed privately. In this context, it is important not only
to incentivise gardeners already engaged in such practices but also to examine whether
previously unengaged gardeners could be mobilised (Shaw et al. 2016). The formation of
green infrastructure networks via domestic gardens requires that a larger number of gardens
contain biodiversity-promoting elements. Individual gardens in isolation lack the capacity
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to enhance biodiversity at larger spatial scales (Goddard et al. 2010; Ellis and Wilkinson
2021).

The literature indicates that many private garden owners perceive wildlife gardening
to be important (Goddard et al. 2013; Garcia-Antinez et al. 2023). However, despite such
potential intrinsic motivation for wildlife gardening, little is known about how garden own-
ers can be motivated to adopt this practice. While some studies suggest possible instruments
to incentivise wildlife gardening, such as the ‘Homes for Wildlife’ scheme of the Royal
Society for the Protection of Birds (RSPB) in the UK (Goddard et al. 2017), systematic eval-
uations of the effectiveness of such programmes are rare (see also Fogel et al. 2023). Among
the few studies that do evaluate incentives, Kerr and Harricharan (2021) tested the impact
of complimentary wildflower seed packets as a way to facilitate native plant gardening and
promote pollinator conservation. Lange et al. (2022) used field experiments to investigate
whether information treatments are effective in increasing the probability of customers of
a Belgian wholesale store to buy pollinator-friendly seed mixtures. Beyond these two, the
authors are not aware of other studies that have examined the extent to which private garden
owners would respond to policy instruments aiming to promote wildlife gardening in the
face of private implementation costs and (partly) public conservation benefits.

To address the above research questions, we employed a novel version of the basket-
based choice experiment (BBCE) (Caputo and Lusk 2022) to assess private garden owners’
preferences for biodiversity-promoting garden elements in the presence of policy interven-
tions. For the purposes of this study private gardens are defined as an enclosed area around,
and associated with, a residential property in which plants are organised under human con-
trol (Cameron 2023; Coisnon et al. 2019). Such properties include single, semi-detached,
terraced and multistory houses in which the owners or tenants manage the adjacent garden
area. The BBCE was implemented as part of an online survey among 2000 private gar-
den owners across Germany. Using a list of land-use types and design elements that com-
monly occur in gardens, garden owners were requested to indicate the current configuration
of their garden. Such information can be used to assess the suitability of private gardens
for biodiversity protection (Young et al. 2019; Felgentreff et al. 2025). According to these
authors, information on the presence or absence of an element rather than on the quantity of
units of a specific element may already serve as an indicator of gardens’ biodiversity levels.
Subsequently, respondents were asked to complete the BBCE comprising all the land-use
types and elements that were previously queried. In a series of basket-based choice tasks,
respondents were asked which garden elements, each being offered at a varying price, they
would install in their garden within the next year. In the spirit of the biodiversity assessment
in Young et al. (2019), respondents could only add one single unit of an element.

In addition to assessing preferences for a certain type of wildlife friendly gardening, i.e.,
biodiversity conservation through design choices in private gardens, this paper advances the
literature on stated preference assessment in three ways. First, it adapts the BBCE, so far
applied in the field of food choice (Caputo and Lusk 2022; Neill and Lahne 2022; Kilders
et al. 2024; Ma et al. 2024; Neill and Britton 2024), for the use in environmental econom-
ics and management. This approach is similar to an analysis of purchase data in consumer
research (e.g. Song and Chintagunta 2006; Kwak et al. 2015; Richards et al. 2018) yet using
a bespoke survey to collect experimental data. The advantage of a BBCE for the present
application is that respondents are free to select into the “shopping basket” any combina-
tion of garden elements on the menu, each with a specific price, instead of confining their
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choice to predefined discrete alternatives. Consequently, compared to a standard discrete
choice experiment the BBCE allows for a better understanding of the trade-offs garden
owners make between garden elements and whether they are demand substitutes or com-
plements.! Second, the present study augments the BBCE as previously proposed in food
choice by combining it with a set of context attributes describing policy instruments aiming
to incentivise the installation of elements promoting biodiversity conservation.? These con-
text attributes are policy levers that can be set by local councils, and which are varied over
a series of basket-based choice tasks according to an experimental design. This allows for
an analysis of the demand for different garden elements in the presence of specific combina-
tions of policy instruments and eventually the determination of the effectiveness of these
instruments to foster biodiversity-promoting garden design. Third, the econometric model
to analyse the resulting basket-based choice data is augmented by a latent class (LC) struc-
ture to accommodate the empirical finding that a substantial share of respondents submitted
an empty basket in every choice task. The argument is made that the composite likelihood
model employed by Caputo and Lusk (2022) is unable to accommodate the resulting choice
probabilities. The superiority of the proposed LC model in this case is demonstrated by
comparing it to the standard approach using the data collected in the present study.
Empirical results show that all garden elements on offer are demand complements, a
result which would have been practically impossible to ascertain using a standard discrete
choice experiment. Results regarding the context attributes further suggest that only mon-
etary instruments, i.e. a subsidy on maintenance costs and, in particular, a rebate on new
garden elements, affect demand. Different types of information provision have little effect.
Having a specific element already in their garden increases the probability of selecting it in
the BBCE for all but two elements. Additional systematic variation of demand driven by
respondent and garden characteristics can be detected. The remainder of the paper is struc-
tured as follows. “Methods” section sets out the methods. Results are presented in “Results”
section. “Discussion and Conclusions” section discusses these results and concludes.

! A small number of studies in environmental valuation have examined possible substitution and complemen-
tary relationships between, for instance, ecosystem conservation or environmental programmes (Hailu et
al. 2000; Hoehn and Loomis 1994). Note that, in theory, it is possible for a standard discrete choice experi-
ment to elicit the same information by including mutually exclusive alternatives each presenting different
combinations of garden elements. With a sufficiently high number of choice responses a multinomial choice
model is able to study both marginal and interaction effects and could produce information regarding the
substitution or complementary relationship between elements. In practice, however, the data requirements
are prohibitive. With, for example, 14 elements as in the present study, there would be 21* = 16, 384 pos-
sible baskets. With more elements in the basket-based choice experiment, the number of combinations in
the full factorial design increases accordingly. Offering respondents different element-specific prices then
requires another dimension of variation. So even the use of a fractional factorial design quickly results in an
intractable number of potential baskets (and hence choice sets) even in BBCE with relatively few elements.

2Previous applications of context attributes include, for instance, the elicitation of preferences for fresh fruit
(Jaeger and Rose 2008) and characteristics of urban parks (Bertram et al. 2017).
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2 Methods
2.1 A Context-Augmented Basket-Based Choice Experiment

To investigate whether policy instruments set incentives for private garden owners to add
elements to their gardens in the face of private costs, we employ a basket-based choice
experiment (BBCE) as part of an online survey among garden owners across Germany. The
BBCE is an item-based choice format eliciting preferences (and essentially demand curves)
for a list of 14 garden elements (also referred to as items). For this application, the BBCE is
augmented by the addition of context attributes which describe different policy instruments
set by the local authority. The context attributes consist of a set of instruments promoting
wildlife-friendly garden design which are varied between basket-based choice tasks follow-
ing an orthogonal design. In the following, the BBCE is introduced followed by a descrip-
tion of the context attributes.

2.1.1 The Basket-Based Choice Experiment (BBCE)

At the core of the experiment, the BBCE section showed respondents definitions of 14
garden elements (Table 1). During the BBCE, respondents could recall the definitions by
hovering the computer mouse over the names of the elements in the choice task. Before the
BBCE section in the questionnaire, respondents had been asked to indicate whether each of
these elements was already present in their respective garden.

The subsequent basket-based choice tasks combined the context (as described by the pol-
icy instruments, see below) and the prompt to select elements from the menu of 14 elements.
Respondents were asked “Which elements in the table would you add to your garden in the
next 12months?”. By ticking a specific element, respondents could indicate that they would
install one unit of this element. As such, the experiment does not have a quantity dimension
which follows most applications of the BBCE in the food choice literature, and is also con-
sistent with the evaluation of the effects of the mere presence or absence of garden elements
on biodiversity levels (Young et al. 2019). The period of one year was further emphasised
in a question asking for confirmation of each basket-based choice. In these basket-based
choice tasks, each element was further characterised by a specific purchase price (in Euro)
and space requirement (in sqm). While the prices were varied according to an orthogonal
experimental design (over a set of four element-specific price amounts, Table 1), the space
requirement of each element was kept constant across all choices. Three elements (Dead-
wood; Leaves and branches; Wild corner) were always displayed at zero price to ensure
scenario realism. The design consisted of 36 price combinations from which one was drawn
randomly without replacement for each basket-based choice task. The order of appearance
of the garden elements in the list was randomised to mitigate potential ordering effects.

The structure of the basket-based choice task in the online survey extended over two
consecutive webpages (Fig. A.1 and A.2 in the online Appendix). Respondents had the
opportunity to move back and forth between these pages. The first webpage started with the
introductory sentence, “Imagine your city/municipality offers a support programme with
the following measures” followed by a combination of the policy instruments (Table 2), the
prompt to select the elements one would like to install in the next 12 months and the menu
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Table 1 Elements promoting biodiversity in private gardens

Element Descriptions given in the questionnaire Prices  Space
(in re-
EUR) quired
(m’)
Berry patch By berry patches we mean all plants including shrubs that have berries 5, 10, 1to3
as fruits. Examples are blueberries, currants, rock pears and sloes. 25,50
Compost By a compost heap we mean a place in the garden that is used to decom- 30,70, 2to4
heap pose organic material from your own garden or kitchen and is at least 100,
half a metre by one metre in size. 150
Deadwood By deadwood we mean dead trunk parts or trunks that have a diameter 0 0.5

of at least 20 cm and are at least one metre long.
Drinking aid By a drinking aid we mean a place in the garden that is regularly filled 5, 10, -

with water and can be visited by birds without danger. 15,20
Drywall By a drywall we mean a wall made of natural stone. There are spaces 150, 1.5
between the stones that have not been firmly grouted. Plants take root in 300, to 4
them and insects or reptiles can hide in them. Please only enter the wall 500,
if it is at least 30 cm high and one metre long. 800
Flowering ~ By a flowering lawn we mean a lawn that is not fertilised and is only 5,12, 10
lawn mowed every few weeks, allowing some types of flowers and herbs to 18, 28
grow.
Native By native shrubs we mean woody plants that have several trunks and are 20,40, 2to6
shrubs at least one metre high. Trees, on the other hand, only have one trunk. 80, 120

Native shrubs are often planted as a hedge.
Nesting aid By nesting aids we mean artificially created places such as a bird nesting 15, 35, -

box, a hedgehog hotel or a bat box. 60, 90

Open space By an open space we mean an area that can be filled with sand or clay of 5, 10, 0.2
at least 40 by 40 cm or a former open sandpit that is no longer used by 15, 25
children.

Perennial By a perennial bed we mean a bed of perennials that have their natural 50, 120, 5 to

bed habitat in the area where you live. Herbaceous plants do not become 200, 10

woody like trees and shrubs and do not thicken as they grow. Examples 300
of these plants are forget-me-nots, daisies, columbine, deadnettle, wild
mallow, lily of the valley, ground ivy or nettle.
Pile of By these piles we mean places in the garden where cut branches from 0 0.5
leaves and  trees or shrubs lie on top of each other, often with leaves in between.
branches
Pond By a pond we mean a water body that is usually filled with water all year 500, 5to
round and contains soil substrate on which organisms can live, espe- 1100, 10
cially in the bank area. This allows typical vegetation to develop in the 1800,
bank area and in the pond (with pond lilies in the middle, for example). 2600

Tree [No definition was given for trees.] 25,40, 10to
65,90 15
Wild corner By a wild corner we mean an area in the garden that is left to its own 0 1to2

devices and is very rarely entered. Interventions in these areas are only
carried out to remove emerging young wood so that the natural corner
does not become “overgrown”.

of elements. Two additional pieces of information were presented before each basket-based
choice task:

o “For each element you will find details of the area required in square metres and the

cost in Euros. Both figures represent an order of magnitude. The amounts do not yet
include possible subsidies.” [emphasis in the original]
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Table 2 Policy instruments

Instrument Description Levels

Free consultation A consultant comes to your garden and advises you for up to No consulta-
2 hours. There are one or two appointments per household and tion; One
year. session up to

two hours; Two
sessions, each
up to two hours

Free telephone Your city/municipality offers regular consultation hours where No; Yes
helpline you can visit or call an expert on the subject of garden design and

maintenance.
Financial support A financial subsidy is paid in proportion to the cost of new 0%; 30%; 60%;
for new elements elements. 90%
Financial support A financial subsidy is paid in proportion to the costs of mainte- 0%; 30%; 70%;
for maintenance nance measures. The subsidy is initially promised for 10years. 100%

Notes: Levels were combined into packages using an orthogonal design with 96 combinations. Status-quo
levels are indicated in italics

e “Please select the elements that you would like to add to your garden with the above
support package. You can also select elements that already exist in your garden. If you
do not want to add any elements, go to the bottom of the page.”

At the bottom of the page another response option “I do not (want to) add any other elements
to my garden” was provided. Not choosing any items could have alternatively been indi-
cated by simply not selecting any element from the basket choice task. However, to make
clear that not choosing anything is the intended choice, respondents were asked to use this
separate response option.

After clicking the “Proceed” button, the subsequent page showed the policy instruments
again as well as the total purchase price of the selected basket of elements and the amount
payable after applying the subsidy for new elements as displayed (0%, 30%, 60% or 90%).
Afterwards, the respondent was asked: “Would you add the selected elements to your gar-
den with the support offered?”. Two response options were given: a) “Yes, I would add
the selected elements to my garden in the next 12 months”; b) “No, I would like to make
changes”. If choosing b), the respondent was redirected to the basket-based choice task on
the previous webpage. If choosing a), she went ahead to the next basket-based choice or the
question that followed the basket section if this was the sixth and last basket-based choice.

2.1.2 Context Attributes: Policy Instruments

As part of each basket-based choice task, respondents were given some context information,
specifically whether a set of supporting policy instruments would be provided by the local
council (Table 2). A particular combination of these instruments, which changed over choice
tasks, was shown on top of each basket-based choice task. The first of these instruments
was a one- or two-hour free consultation session in the respondent’s own garden provided
by a gardening expert sent and paid for by the council. The next instrument was a free-of-
charge telephone helpline for all questions concerning gardening and the installation and
maintenance of the different elements. The last two instruments both offer financial support
for respondents who decide to add new elements to their garden. While the third instrument
was financial support for adding new features to the respondents’ garden, the fourth instru-
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ment was a financial support for maintaining the new garden element. The subsidy for new
elements varied across the levels 0%, 30%, 60% and 90% of the price of the whole basket
of elements chosen. The maintenance subsidy could assume values of 0%, 30%, 70% and
100% of the (monetary) costs a household would incur to maintain the garden elements for
ten years.

These instruments and their levels were developed in an iterative process involving dis-
cussions with local policy makers (of the city of Giitersloh, Germany) and biodiversity
experts (Nature and Conservation Union of Germany — NABU e.V., Naturgarten e.V.). They
were further evaluated in two online-communities sampling garden owners from across
Germany and conducted two months before the main survey took place.> The levels were
combined into packages using an orthogonal design with 48 combinations. One of these
packages was selected randomly to be displayed on top of each basket-based choice task.
Since the garden elements offered at different prices and the context attributes were each
drawn randomly from different orthogonal designs, the effects of both price and the policy
instruments are identified.

2.2 Survey Instrument and Sampling

In the online survey, a set of screening questions at the beginning of the questionnaire (see
below) was followed by a section with questions about the respondent’s garden (size of the
garden, share of land-use types, time spent in the garden, etc.). A knowledge quiz consist-
ing of eight questions followed. Questions concerned topics such as lawn management or
the use of pesticides. In the subsequent section, respondents were asked which of the 14
elements used in the BBCE were already present in their garden. This follows Young et al.
(2019) who, in a survey in Switzerland, recorded which elements can be found in domestic
gardens. Expanding their work, additional questions were asked to obtain further details
about the elements. After the subsequent BCEE, the questionnaire proceeded by asking for
information about the respondent’s neighbours, attitudes toward gardening, among others,
and a best-worst scaling exercise about the effectiveness of policy instruments that aim at
promoting wildlife gardening. Finally, socio-demographics and further details about the
residential property and the associated garden were requested.

Respondents were recruited from the online panel GapFish (https://gapfish.com; around
470,000 sample able users across Germany, active panel management). As part of the initial
screening questions, the questionnaire started with questions about the respondent’s garden.
The rationale behind those questions was to ensure that only people who have a garden asso-
ciated to their residential property and who have a say about how the garden is maintained
and designed could participate in the interview. Quotas were not used to select respondents
based on socio-demographic characteristics as the target population is unknown. No official
statistics are available about people who own or rent a house with an associated garden. The
online survey took place in June and July 2023.

3In contrast to focus groups, online-communities gather participants not only for a single meeting but for a
sequence of tasks and meetings across a series of days. In the present case, the online-communities lasted
ten days. Tasks to be completed included short surveys, descriptions of their own garden or ranking of
photos. Intermittently, chat-based meetings in which participants discussed topics such as garden design or
could put questions to a garden expert were held. In total, 28 people actively participated in each of the two
online-communities, they received an incentive of EUR 50. The online-communities were implemented on
a software platform tailored for qualitative research (http://www.kernwert.de).
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2.3 Data Analysis

This section introduces the multivariate logistic (MVL) model to analyse the data resulting
from the basket-based choice tasks. Theoretically, an MNL model to examine the discrete
choice between all possible baskets could be used for analysis. However, due to the large
number of alternatives (cf. Footnote 2) this is numerically infeasible. Therefore, the first
part of the MVL model follows Caputo and Lusk (2022). In the second part, we propose
a modification to this basket-based choice model accommodating the empirical result of a
high share of respondents who, in their series of basket-based choices, never select any ele-
ment into their baskets.

Following e.g. Song and Chintagunta (2006), the observable utility V3 an individual
derives from a basket b consisting of a number of elements j € {1,...,5,...J} intask ¢ is
assumed to be

J J o J
Vi = Zaj yjt"—ZZ'ij Yjt Ykt (1)
j=1

=1 k#j

where y;; takes value of one if element j is included in this basket and zero otherwise. In
Eq. (1), «; indicates the baseline utility of element j and can be expressed as a function of
price pjt4 and other variables, X and/or X; (depending on if they are task-specific or not),
ie., a; = ag; + Bpji + Xid5; and ;. denotes the relationship between different elements
in terms of their effect on utility. In the present study, the policy instruments (Table 1) are
task-specific variables, i.e. they vary across choice tasks, and are therefore indexed ¢. All
other variables are respondent-specific (i.e. constant across the series of choice tasks of one
respondent) and therefore not indexed. These latter variables are an indicator if the element
is already present in a garden®, and indicate garden size, share of lawn cover and respondent
age. Garden size is included because all elements have space requirements which were
also indicated in the choice task. It is expected that owners of bigger gardens have a higher
chance of adding an element, ceteris paribus. The share of lawn cover in the garden serves
as a proxy for the level of engagement in gardening. The higher this share, the lower the sup-
posed willingness of the respondent to actively work in and shape their garden. Respondent
age is the only demographic variable included as a covariate with the expectation that older
respondents will be less willing to add elements to their garden.

Since the application of a BBCE in Caputo and Lusk (2022) contained only respondent-
specific variables, a distinction between X and X, as in the present study was not necessary
in that context. If v,z > 0, elements j and k are complements in utility, whereas for v,z < 0
they are substitutes in utility. v, = 0 indicates that the utility of element j is invariant to
the presence or absence of element k in basket b. It is assumed that v;; = 0 and v, = ;.
Given that the total utility of a specific basket of elements is Uy, = Vi + €41, Where ey, is
assumed to be Extreme Value Type I distributed, the probability of choosing a specific bun-
dle of elements into the basket can in principle be obtained using the standard conditional

*We let p;¢ enter the model in its logarithmic form (using log, ) to accommodate the differences in the abso-
lute amounts between garden elements (Table 2).

5In addition to being respondent-specific this variable is also element-specific, i.e. for a specific respondent,
a particular element can currently be present in their garden or not.
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logit (Ben-Akiva and Lerman 1985).% The issue with this approach in practice, however, is
that the number of possible combinations of garden elements is large. In the present case,
with J = 14 elements, there are B = 2'* = 16, 384 possible combinations, which makes
estimation using conditional logit difficult if not impossible.

As a compromise, in a composite conditional likelihood function a series of binary prob-
abilities of including an element in the basket are specified. The probability of picking ele-
ment j into the basket-based choice task ¢ conditional on other elements % also selected into
the basket (or not) is

. €xXp (th) .
Pr =—"— Vje 2
(7e) 1+ exp (z¢;) J 2)
J
where zj; = oj + Y vjryk. Note that the parameters a; and ;5 in Eq. (1) are equal to
k#j

those in Eq. (2) (Bel et al. 2018). This is ensured by assuming 7;; = 0 and the symmetry
restriction on the cross-utility effects, i.e. ;i = yi; (Besag 1974; Kwak et al. 2015). In
other words, with these assumptions in place the system of .J element-specific (binary)
probability expressions in Eq. (2) implies the choice of a basket with the corresponding
elements and the indirect utility as defined in Eq. (1) for all 27 possible baskets. With this
specification, the probability of an individual’s choice is then

Pr (jielyg) = Pr(je) yeg + (1 — Pr(j)) (1 — yi5) - (3

Therefore, the composite probability C' over the sequence of t =1,...,T basket-based
choice tasks by a respondent is

T J

Pr(C) =[] Pr iy )

t=1j=1

Note that this is the standard composite model as set out and applied by Caputo and Lusk
(2022) and Kilders et al. (2024). However, this model may be inappropriate whenever there
is a high share of individuals serially choosing an empty basket.” The model is unlikely
to perform well in predicting these probabilities as can be illustrated as follows. Suppose
Pr (j;) = 0.05Y5. This leads to a relatively high probability of not selecting any one ele-
ment j in any one particular choice task, i.e. 1 — Pr (j;) = 0.95¥;. In a BBCE with 14
elements and with six consecutive choice tasks as in the present application, this yields a
probability of choosing an empty basket in all tasks of [1 — Pr (j;)]"**® = 0.95%¢ = 0.013.
This shows that even with a very high probability of not selecting each of the elements on

% An example of this is the portfolio site choice model by Parsons et al. (2021) in which respondents could
have visited any combination of seven national parks in the United States. The resulting data of their actual
itinerary can be modelled as a discrete choice between 27 — 1 = 127 possible combinations of visited sites
using conditional logit.

7Or indeed consistently choosing any other possible combination of elements, such as a full basket compris-
ing all elements on the menu a relatively large number of times. As a result, the latent class model proposed
below will be superior to the standard model in any situation where there are a substantial number of
decision-makers exhibiting any of the above choice behaviour.
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offer in a basket-based choice task, the resulting likelihood of serially doing so for all ele-
ments in all tasks is quite low. Note that in the empirical application presented below, 23.9%
of individuals never choose a single element (Fig. 5, Panel B), which, assuming the same
probabilities for all elements, would require the probability of choosing any element to be
equal to 1 — 0.2385'/(1426) — (0,017, which in the present empirical study is unexpectedly
much too low given the empirical choice probabilties.®

As a consequence, not accounting for this empirical characteristic of the basket-based
choice data at hand likely leads to biased parameter estimates and poor predictions of choice
probabilities. To circumvent this problem, a model with a latent class (LC) structure is
employed. In the class where respondents never select an element in any of the 7" choice
tasks, the choice probability is expressed as

J
H 1_l/tg

=1 1f babket is empty in every task ¢
=0 otherwise.

Pr(C,

||
i m%

®)

In a second class, this choice probability is as defined by the composite probability of a
series of basket-based choices according to Eq. (4), i.e. Pr (Cy=2) = Pr (C). In effect this
LC specification is similar to a zero-inflated model where the observation of zero is given
additional probability mass.

With this the overall sequence of basket-based choice probabilities, which better accounts
for serial empty baskets is

Pr(Clr) =mPr(Cy=1) + (1 — m) Pr (Cy=2) . 6)

wherer is the unconditional probability of belonging to the class with the serial empty bas-
kets. It is modelled at the respondent level and can be expressed as a logit:

1 —T—X(E)X(QZ) ' @
p(0%)

In Eq. (7), Z contains respondent- (and garden-) specific characteristics which may account

for systematic differences in the probability of returning a series of 7" empty baskets. In the

present study, these are garden size, the share of lawn cover and respondent age.’ The likeli-

hood model as set out above is coded and estimated using R (R Core Team 2023).

With the estimated parameters in hand it is possible to do scenario evaluations of changes
in the probability of selecting a specific element j into the basket, i.e. changes in demand for
that element. Such changes can be the result of a change in policy, i.e. the implementation
of a specific instrument, ceteris paribus. We calculate this change as

8 As indicated in the right-hand panel of Fig. 4, the individual elements were selected in between 10 and 30
percent of all basket-based choice tasks.

9Note that it is generally possible to also include in Z element-specific variables, such as already-in-garden.
However, we decided against this approach to avoid the estimation of an additonal 14 parameters.
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AP =7 8)

where P; and 73; are the probabilities of choosing element j before and after implementa-
tion of the instrument, respectively. Alternatively, a change in the selection probability of
element j may be the result of a price change of element & (or a set of multiple elements).
If the price change is one percent, this is equal to the arc price elasticity of demand between
these two elements, I}, calculated as

Ejj, = Bor — Fir. )

Pjy,

where Pjj, and ]37\k are the probabilities of choosing element j before and after the price
change of element k, respectively. For k& = j these are own-price elasticities, and for k # j
they are cross-price elasticities of demand.

3 Results
3.1 Sample Characteristics

The realised sample is N = 2,000. Average respondent age is 49.7 years (Table 3), which
is approximately five years older than the mean of the resident population of Germany
as a whole. 51 percent of respondents are female; 22 percent are tenants. This low share
compared to the national average of 52 percent of household living as tenants is plausible
given that we expect the majority of people in our target population to own their properties.
However, no official statistics are available that describe exactly the target population of this
study. This prevents statements about representativeness.

Garden size is recorded in size brackets, with 19 percent of gardens in the sample being
smaller than 100m?, 32 percent ranging between 100 and 300m? and a respective quarter
of gardens being large (between 300 and 500 m?) and very large (more than 500 m?) (Table
3).1° The dominating (self-reported) land use type in the gardens is lawn with an average
share of 31 percent of the respective garden area. The second largest share are flower and
herbaceous areas with around 16.5 percent followed by land covered by trees and shrubs
with nearly 15.7%. Next both sealed surfaces and vegetable beds each cover approximately
12 percent of the garden areas. Lawns or meadows with wildflowers and herbs cover an
average area of just below 10 percent while water surfaces only cover around 3 percent of
the average garden size.

The total number of elements installed in the garden also varies considerably (Fig. 1).
There are gardens (0.2 percent of gardens) which contain none or all of the elements (1.8%)
available in the BBCE. Gardens with 6, 7, 8, 9 or 10 elements each account for more than
10% of the surveyed respondent gardens. The left-hand panel of Fig. 2 displays the share of
gardens containing each of the elements. Trees are most ubiquitous, being present in 87.5%

10Note that this variable is used in continuous form in the choice model (Table 4) and computed using the
mid-points of each size bracket, 50m?, 200m?2, 400m>, and 600 m? for the category “Very large (more than
500m?)”.
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Table 3 Sample characteristics

Mean Std. dev. Min Max
Age (years) 49.70 14.03 18 92
Gender (1=female) 0.51 0.49 0 1
I live for rent (1=yes) 0.22 0.42 0 1
Garden size categories (in percent)?
Small (less than 100m?) 19.00
Medium (100 to 300 m?) 31.95
Large (301 to 500m?) 23.80
Very large (more than 500 m?) 25.25
Share of self-reported garden area (in percent)
Size of the lawn® 31.06 22.15 0 100
Lawn with wildflowers and herbs 9.87 15.14 0 85
Meadow with wildflowers and herbs 9.76 16.01 0 100
Sealed surfaces 11.62 11.77 0 100
Trees and shrubs 15.70 11.48 0 100
Vegetable beds 10.51 11.27 0 100
Water surfaces 3.17 5.99 0 100
Flower and herbaceous areas 16.48 11.95 0 100
Other land-type uses 5.12 9.38 0 100

Notes: N=2,000; Whilst the characteristics of the whole population with access to a garden are unknown,
the respective averages of age, share of females and share of those who live for rent in Germany in 2023
were 45, 0.506, and 0.542

aFor size of the garden, 25 missing values were replaced by the median of the non-missings (200m?). The
estimation models below use this variable in continuous form, computed using the mid-points of each size
bracket, 50m?, 200m?, 400m?, and 600 m? for the category “Very large (more than 500 m?)”

YFor share of lawn, 149 missing values were replaced by the median of the non-missings (30%)

12

10

Percent
o
|

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Number of elements

Fig. 1 Number of garden elements already in present in respondents’ gardens (share of 2,000 respondent
gardens)
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Elements present (2,000 gardens) Elements selected (12,000 choices)
Tree [IN— Tree [
Native shrubs _ Native shrubs _
Drinking aid [ Drinking aid | NN
Berry patch [N Berry patch [
Nesting aid _ Nesting aid -
Flowering lawn _ Flowering lawn -
Perennial bed _ Perennial bed _
Leaves and branches _ Leaves and branches _
Wild corner _ Wild corner -
Compost heap _ Compost heap -
Deadwood _ Deadwood _
Drywall [ Drywall [
Pond [N pond NN
Open space - Open space -
I T T T T 1 I T T T T 1
0 20 40 60 80 100 0 10 20 30 40 50

Fig. 2 Percentage shares of garden elements present in private gardens (left-hand panel) and percentage
shares of those selected into the baskets (right-hand panel) in percent

of gardens, whereas drywalls, ponds and open spaces are only present in 26.8, 22.7 and
20.0%, respectively. The right-hand panel of Fig. 2 reports how often each of these elements
was selected across all basket-based choice tasks. Among the most popular are trees, drink-
ing and nesting aids and berry-bearing plants. All of them are already among those elements
that are most frequent in current gardens. In contrast, drywalls and ponds were selected less
frequently as new elements for the private garden.

In 43.9 percent of the 12,000 basket-based choice tasks, no element was selected into
the basket (Fig. 3, Panel A). Baskets with one, two or three elements each account for
approx. 10 percent of all choice tasks. Baskets with more elements were recorded increas-
ingly rarely, with baskets having more than nine elements appearing only in altogether 2
percent of all choices. On the number of empty baskets, Panel B in Fig. 3 shows that approx.
33 percent of respondents never made this choice, i.e. their number of empty baskets is zero.
At the other end, approx. 24 percent of respondents always (i.e. six times out of six) selected
the no-purchase option. This reflects that a substantial share of garden owners may not be
interested in wildlife gardening, a result also found elsewhere (Garcia-Antunez et al. 2023),
and are therefore not willing to add elements to their garden which support biodiversity
conservation in this way. This situation is the reason for introducing the LC structure into
the composite likelihood model as set out in the previous section.

3.2 Preferences for Garden Elements

Tables 4, 5 and 6 display the estimates of the composite conditional likelihood model in
three parts. Table 4 reports the estimates of all baseline utility parameters oy, the price
parameter p;; and the effects of the instruments and garden- and respondent-specific char-
acteristics ;. Table 5 shows the estimates of the cross-utility effects ;. Finally, Table 6
displays the effects of the covariates in the class membership function  (cf. Eq. 8). Start-
ing with Table 4, the leftmost column indicates the element-specific constants. These are
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A. Number of elements selected into the basket (percentage share of 12,000 choices)
50

40

30

20

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14

B. Number of empty baskets returned by one respondent (percentage share of 2,000 respondents)
40

30

20

0 1 2 3 4 5 6

Fig. 3 Number of elements selected into one basket (panel A); number of empty baskets returned by one
respondent (panel B)

all negative, which, in a binary logit model means that the probability of any one element
being in the basket is smaller than 0.5. This matches the observed choice frequencies in Fig.
2. The coefficient on price p;; in Column 2 is negative and significant, implying that more
expensive elements are less likely selected into a basket, ceteris paribus. Note that this coef-
ficient is modelled as constant across elements to reflect the assumption of equal sensitivity
to price. In other words, one Euro spent on any of the elements is assumed to cause the same
extent of disutility. While this model had the best fit to the data relative to alternative model
specifications with three (for cheap, medium-priced and expensive elements) or eleven price
coefficients (for each element with non-zero price), such alternatives (available from the
authors on request) served as robustness checks. The effects of all other variables in the
model, as presented below, remain unchanged.

Columns 3 through 7 report the element-specific effects of the policy instruments. The
basic picture emerging from these results is that the set of non-financial instruments have
virtually no effect on the purchase decisions of garden owners. The effects of these instru-
ments are mostly small compared to the differences garden and gardener characteristics
make (Columns 8 through 11), and mostly insignificant.

Exceptions are the subsidy for new elements (Column 7) and the financial subsidy for
maintaining the new elements (Column 6). The effect of the former is demonstrated both by
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R{bllgh6 %ompé)slite conditionlal Coef. se

ikelihood model ~part Il class =7 Co 3130 ok (0.259)

membership function (for class )

2 — serial empty baskets) Size garden —0.080 *** (0.025)
Share_lawn 0.750 *** (0.249)
Age 3.765 *** (0.421)

Notes: *** indicate significance at the 1%-level

the selective significant effects of the variable rebate_new, which is a continuous variable
taking on the value 0, 0.3, 0.6 or 0.9, as well as by the significant price effect. In other words,
respondents react to changes in prices, with lower, i.e. discounted prices, increasing the
chances of any one element to be selected into the basket and — at least for some elements
— to the rebate as a signal. The latter effect can be found for some expensive and medium-
priced elements, such as the nesting aid, the drywall, the perennial bed and the pond. The
financial subsidy for maintenance (money_main) is included as a continuous variable tak-
ing on the value 0, 0.3, 0.7 or 1. It has a positive and significant effect on the probability of
choosing three elements (drywall, native shrubs, perennial bed), which are rather long-term
installations in the garden.

Moving on, Columns 8 and 9 display the effect of garden characteristics on the probabil-
ity to select each of the 14 elements. Respondents managing larger gardens, where garden
size is modelled as a continuous variable (size_garden), are more likely to install a tree, a
drywall and a pond. In contrast, this variable makes the selection of a berry patch, a flower-
ing lawn, a drinking aid for birds, deadwood and a wild corner less likely. The effects of
the share of lawn of the total garden area (share_lawn) are similarly heterogeneous. The
probabilites of selecting a tree or drinking aid into the basket increase with higher shares
of lawn; the chances of picking a nesting aid, open space or a drywall decrease. Column 10
depicts the effect of the respective elements already being present in a respondent’s garden
on choosing it in the basket-based choice task. This effect is positive and significant for all
but two elements, indicating that many respondents who add elements to their baskets like
adding more units of elements they already have instead of installing genuinely new garden
features.!! The inclusion of this variable is also important because the present application of
the BBCE deals with durable goods (in contrast to those applications in food choice). Since
a garden element may potentially stay in a garden for a long time, this aspect of choice needs
to be controlled for.

The fact that most estimates of y;; reported in Table 5 are positive and significant indi-
cates that almost all pairwise relationships are characterised by a utility-increasing effect.
In other words, selecting element j into the basket increases the probability that element &
is chosen, as well. It is notable that the cross-utility coefficients between a few pairs of very
similar elements is particularly large, such as between a tree and a berry patch, a drinking
and a nesting aid, or a wild corner leaves and branches and deadwood. There are very few
cases of element pairs for which cross-utility effects are negative and significant, albeit very
small, such as between a tree and a wild corner.

The estimates in Table 6 are the covariates in the class membership function indicating
effects on the probability of a respondent to choose the no-purchase option in all six basket-

'While the model does not allow us to examine conclusively the reason behind these effects, they may be
a result of perceived availability and increased realism. We thank one anonymous reviewer for suggesting
this explanation.
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based choice tasks. Older respondents (age), those with smaller gardens (size_garden) and
those with higher shares of lawn (share_lawn) are all more likely to be in this serial opt-out
class.

To explore the appropriateness of the explicit modelling of a probability to return an
empty basket in each of the six choice tasks, we compare the fit of this model (Tables 4, 5
and 6) against that of an alternative model where the LC structure is missing (henceforth
referred to as ‘naive model’ and reported in Tables A.1 and A.2 in the online Appendix).
The LC model converges at a log-likelihood value of —49,835, whereas the naive model at
—50,970. However, the naive model has five fewer parameters to estimate (232 vs. 236), so
it is appropriate to compare the Bayesian Information Criterion (BIC). This indicator is also
in favour of the model with LC structure (BIC¢c = 101,463 vs. BIC),qive = 103,704). A
likelihood ratio test with 4 degrees of freedom is highly significant (p < 0.001). This com-
parison demonstrates that, given the data at hand, it is beneficial to account for the relatively
high share of respondents who leave their baskets empty in every single choice task.

3.3 Price Elasticities of Demand

With the estimates presented in Tables 4, 5 and 6 in hand, the analyst can predict prob-
abilities of the different elements to be selected into a basket. Using this prediction, Table 7
presents the price elasticity of demand for the different elements, i.e. the percentage change
in selection probability following a one-percent increase in the element-specific price (Eq.
9). Note the absence of columns for the elements Deadwood, Leaves and branches and Wild
corner because these elements have a price of zero. Results show that own-price elastici-
ties (the diagonal elements in the table) are all negative and significant as expected. How-
ever, their magnitude is very small. For instance, a one-percent increase in the price of a
tree will lead to only a reduction of demand of 0.0578 percent. Own-price elasticities for
other elements are in a similar range. All cross-price elasticities are negative and significant,
too, effectively making the 14 garden elements in the experiment demand complements.'?
Therefore, making any one element more expensive will reduce demand for all other ele-
ments, albeit with very small effect sizes.

3.4 Predictions and Simulations

The prediction of choice probabilities based on estimated parameters also allows for a com-
parison of the suggested LC model to accommodate respondents who serially return an
empty basket and the naive model. Note that choice probabilities based on the LC model
can be made either for all respondents (i.e. also for those who returned an empty basket in
each choice task — those ‘outside the market’) or only those who bought a basket at least
once (i.e. those ‘in the market’, i.e., those in Class 2 of the LC model). In the former case,
the choice probabilities of those in the market are scaled down using the average probability
of belonging to the serial empty basket class. Figure 4 indicates that the naive model slightly

12This is despite the fact that not all cross-utility effects in Table 5 are positive. As Caputo and Lusk (2022)
explain, only in the case of a choice of two possible items into the basket will there be a straightforward rela-
tionship between the cross-utility parameters -y and the cross-price elasticities. As soon as there are more
than two items to choose from, the cross-price elasticity between any two items j and k may depend on the
utility parameters of some or all other items on offer, too.
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underestimates the chances that a specific element is selected into the basket. Yet, 95% con-
fidence intervals overlap in the case of all elements, so the differences between models — in
the case of the present dataset — are likely insignificant. The same applies to the chances of
returning an empty basket.

Predictions can further be used to examine the effectiveness of different policy scenarios
in terms of shifting the probabilities of the different elements to be installed in a garden
according to Eq. (8). While such an evaluation of many different (policy) scenarios is pos-
sible, we focus here on the effect of financial support for maintenance and for the purchase
of new elements, since none of the other instruments show significant effects (Table 4). Fig-
ure 5 presents percentage changes in choice probability resulting from the introduction of;
for example, a 30 percent subsidy on garden maintenance costs. It shows that the changes in
choosing a drywall, native shrubs and a perennial bed are significant, i.e. have a confidence
interval not including zero. This confirms findings in Table 4. None of the other choice prob-
abilities are affected significantly by this policy instrument.

Figure 6 similarly depicts percentage changes of choice probabilities, now resulting from
an exemplary 30 percent rebate on the purchase price of all elements on offer. Note that the
predicted effects are a combination of a price reduction of 30% (which works through the
parameter on price) and the fact that there is a rebate announced for all elements (which
affects choice probabilities through the variable money new). The strongest effects can be
seen for some of the most expensive elements, the drywall and the pond. Yet also medium-
price elements, such as the tree, the nesting aid, native shrubs and the perennial bed are
between 6 and 14 percent more likely to be chosen with the rebate in place. The prediction
finds no effect for the zero-price elements (deadwood, wild corner and branches and leaves)
as well as for a selection of low-price elements. Note further that the effect of uniform price
changes (e.g. a blanket rebate on the whole basket) are not identical across garden elements
not only because of the element-specific effects of money new. Another reason is the pat-
tern of complementary utility effects which are captured by the estimates of 7, reported in
Table 5. These cross-utility effects partly explain why the selection probabilities of the three
elements with zero price (Deadwood, Leaves and branches and Wild corner) also change as
a result of the blanket rebate, albeit insignificantly.

Finally, note that these predictions are based on the composite likelihood model with LC
structure to accommodate the substantial share of respondents returning a series of empty
basket. If, however, these predictions are done based on the estimates of the naive model,
similar changes of element-specific choice probability are computed at the sample level
(Fig. A.3 and A.4 in the online Appendix). The difference, however, is in the level of the
precision of the predicted probabilities — predictions based on the naive model have much
larger confidence intervals, which in many cases encompass zero. This is the result of the
biased estimates produced by the naive model since it is less able to accommodate the high
share of respondents with a series of empty baskets.

4 Discussion and Conclusions
This study introduces the basket-based choice experiment (BBCE) as suggested by Caputo

and Lusk (2022) to the field of environmental economics and management. The application
is a survey to assess preferences of private garden owners for the installation of elements
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Fig. 4 Choice probabilities of garden elements (and empty basket) in the different basket-based choice
models

conducive to biodiversity conservation, i.e. a form of wildlife gardening. Before the experi-
ment, the current situation in gardens was assessed using a predefined list of 14 elements
that have been shown to promote biodiversity in gardens (Young et al. 2019; Felgentreff et
al. 2025). Results show a very heterogeneous distribution of elements among a sample of
2000 private garden owners in Germany. Between six to ten elements are present in at least
10 percent of the gardens in the sample. There are, however, also a few gardens with none of
these elements as well as gardens with all 14 elements (0.2 and 1.8%, respectively). Among
the elements chosen to be installed, the most popular were trees, drinking and nesting aids
and berry-bearing plants.

The model used to analyse the basket-based choice responses suggests that the policy
instruments employed in this study are partly ineffective in shifting demand for biodiversity
promoting garden elements. Information provision by means of free on-site consultation
and a telephone helpline do not affect choice probabilities of garden elements as suggested
by the lack of significant effects of these instruments (Table 4, columns 3 to 5). In contrast,
a subsidy for garden maintenance costs positively affects the demand for three of the most
expensive elements, namely a drywall, native shrubs and perennial beds (Table 4, column
6). It should be noted that maintenance costs were not spelled out directly in the survey.
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Fig. 5 Percentage changes of choice probabilities of garden elements (and the empty basket) after intro-
ducing an exemplary 30 percent subsidy of maintenance costs

However, we can only speculate whether this is the reason for the partial lack of effective-
ness of this instrument.

The instrument which drives demand for the largest set of elements on offer is the rebate
on new garden elements. This influences choice probabilities through two channels: (1)
the significant effect of price (Table 4, column 2) and (2) a signalling effect of providing a
rebate on the purchase price estimated through the effect of money new (column 7). Here
it should be noted that changes in individual, element-specific prices have a more limited
effect as evidenced by the significant but very small own-price elasticities of demand for
the elements. If prices are reduced in concert, however, the impact on choice probabilities is
larger for the medium- and high-price elements.

Both socio-demographics as well as garden characteristics impact choice probabilities of
many garden elements. As a socio-demographic variable, age has a mixed effect on choice
probabilities. While larger, more expensive and longer-lived elements are less likely to be
chosen the older the garden owner, smaller elements are more likely to be selected by older
owners. Regarding the garden characteristics, the size of the garden (size_garden) has mixed
effects. While respondents with larger gardens are more likely to add space-consuming or
fixed elements, such as trees, a drywall or a pond, they are less likely to choose more tran-
sient elements like a flower lawn or a wild corner. The share of lawn shows equally mixed
effects on choice probabilities. At the same time, these respondent and garden characteris-
tics unambiguously explain class membership, i.e. the likelihood of a respondent to return
an empty basket throughout the experiment.
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Fig. 6 Percentage changes of choice probabilities of garden elements (and the empty basket) after intro-
ducing an exemplary 30 percent subsidy of installation costs

On a methodological level, this study showcases the use of the BBCE to evaluate the
effectiveness of environmental management policies in the face of private implementation
costs. The fact that all possible elements can be presented in one choice task and that mul-
tiple elements can be selected is only practically possible when employing this basket-based
approach. Whilst a standard discrete choice experiment could elicit the same information in
theory, it is likely that the basket-based format is also cognitively easier for respondents as
they can select their ideal combination of elements at given prices. In a standard choice set-
ting, respondents would have to compare two (or more) combinations of elements none of
which they really like. The estimation of the cross-utility effects shows that detecting such
demand relationships would be almost impossible if the elements were portrayed as mutu-
ally exclusive alternatives in a traditional discrete choice experiment setting. The mostly
significant cross-utility effects between elements illustrate the usefulness of the BBCE. As a
caveat, however, it needs pointing out that the complementary relationships detected in the
analysis apply exclusively to new elements added to the garden. Potential demand effects
of elements already existing in a particular garden on those being added were not modelled
(except from the effect of an element on the selection of another unit of itself, as captured by
the variable already in garden). In other words, the analysis did not, for instance, examine if
the probability of selecting a tree is affected by the fact that the garden already has a pond.
It is generally possible to estimate such effects, but this would require (1) a large number
of additional parameters (practically another gamma matrix), and (2) an option to remove
existing elements from respondents’ gardens in the choice task. Neither of these aspects
were possible in the present study and we leave their investigation for future research. The
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first point above suggests another, general challenge of the BBCE. The econometric model
requires the estimation of a large number of parameters. This increases the necessary sample
sizes for modelling and also puts constraints on the number and types of variables to be
included in the model.

Beyond that, the application of the BBCE as presented above introduces two new fea-
tures that augment earlier applications of this approach (Caputo and Lusk 2022; Neill and
Lahne 2022; Kilders et al. 2024; Ma et al. 2024; Neill and Britton 2024). Both of these
features reflect challenges of the BBCE in environmental economics and may be relevant
to applications in fields such as food or product choice where (i) the effectiveness of public
policies in influencing behaviour is of interest and (ii) the experiment may contain durable
goods in certain applications. First, an experimental design is used to set context variables
for each choice via differing combinations of policy instruments. This layer is added to
examine whether such policy instruments affect the demand for garden elements in the face
of private purchase costs. In the specifications reported above, the effects of these policy
instruments are modelled as potential shifts of the baseline utility of the garden elements
on offer. Generally, it is also possible to interact these context variables with, for instance,
the price parameter to study if cost sensitivity (or other effects on utility) are affected by the
policy instruments. Second, the model is augmented by a latent class structure to accom-
modate the relatively high proportion of respondents who, in all their choices, select the
no-purchase option. To adequately model the probabilities of such a series of basket-based
choice responses at the individual level, the LC model distinguishes between respondents
exhibiting such a choice pattern and those who select at least one element in at least one bas-
ket-based choice, i.e. those respondents that can be considered “in the market”. For instance,
both the naive and the LC model estimate that, on average, 16 percent of all respondents in
the sample will purchase a tree. However, the LC model explicitly distinguishes between
those who never buy anything (i.e. those “not in the market”) and those who do so at least
once. Among the latter group 25 percent will purchase a tree. Since some characteristics
of those respondents in the market are known, policy-makers and marketers can customise
any offerings better towards that group of clients. Comparison of model fit reveals that this
model augmentation is indeed necessary in the present application to adequately represent
choice probabilities in the data. While it may be possible to accommodate the effect of
respondents serially choosing an empty or full basket by including in the utility function an
indicator which is common across all non-empty/non-full baskets, such a modelling strat-
egy could not examine the heterogeneity of this type of response behaviour (which, in the
LC model, is captured by the class membership function). In fact, the LC model structure
may besuperior to the basic BBCE model in cases where there is a substantial proportion of
respondents with a specific information processing strategy, such as serial choice of full or
empty baskets, non-attendance of specific elements or elimination or selection of elements
by aspects. It should also be pointed out that a substantial share of respondents who never
want to add any element to their garden is a credible result given the assumption that many
(or most) gardens are already configured according to their owners’ preferences.

An essential output of the study is the prediction of the type and the number of new ele-
ments that will be added to gardens in Germany as a result of a certain mix of instruments.
Scenarios can be used to evaluate what combination of policy instruments will have which
effects at the national level. The results indicate that instruments offering financial support
have a positive effect on the installation probability of certain garden elements. Compared
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to the business as usual rate of installation, i.e., the rate of installation that could be expected
without policy instruments, higher levels of financial support lead to higher choice prob-
abilities. Even if these probabilities do not increase very much, this would still result in a
much larger number of elements in the gardens on larger spatial scales, i.e., the landscape or
national level. For biodiversity conservation, this is good news, as it is not required that all
elements are present in all gardens. For the formation of green infrastructure networks via
domestic gardens it is sufficient if some gardens offer specific elements and could function
as stepping stones.

The empirical results have a number of implications for policy. First, the result that
information provision by means of free consultations and helplines does not shift demand
whereas only financial incentives do is sobering news for local councils which often have
very tight budgets. While there may be some level of intrinsic motivation of garden owners
to install biodiversity promoting elements, raising the adoption rate above that level will
require financial incentives. These findings, however, should not be interpreted to imply
that free consultation is irrelevant for garden owners at all times. It might be important, for
instance, when garden owners consider changing their entire garden management or design.
Second, the BBCE is based on the assumption that the level of biodiversity in a garden is
correlated with the number of different elements present (Young et al. 2019; Felgentreff et
al. 2025). However, not all garden elements may have the same effect on biodiversity. While
an economic study such as the present one does not intend to provide any insights into the
relative value of the elements for biodiversity conservation, it showcases the BBCE as a
useful tool to model the effect of price and the policy instruments on each of them indepen-
dently. Third, while the study only included respondents with access to a garden on their
respective residential property, the results can, to some extent, also be transferred to other
types of gardens which are privately managed, such as allotment gardens. Although such
garden colonies tend to have stricter rules on the design and use of the individual gardens,
they are still essentially managed by the individual owner (or tenant), so many questions
about the installation of garden elements have the demand characteristics examined in this
study.

A number of additional points regarding this study and suggestions for extensions can
be made. In applications where some or all the elements offered in the experimental design
may already be present in the respondent’s home, a possible extension of the model is to
estimate possible substitution or complementary relationships between existing and new
items. The specification presented above only accommodates such relationships between
new elements. However, it is conceivable that the probability of installing a, say, flowering
lawn in the garden depends on another specific element being present, say, perennial bed.

Another extension is to allow for the choice of multiple units of a specific element. The
BBCE as used here prompted respondents to only select a certain element or not. Neill and
Lahne (2022) propose an extension of the BBCE in which respondents can also choose
quantities of the goods on offer. The resulting data can then be analysed using an alter-
native model accommodating discrete-continuous choice (Bhat 2005, 2008). Finally, we
see potential applications of the BBCE in other contexts of environmental and agricultural
economics. This could include the estimation of recreation demand where the composite
likelihood model as presented above would be able to deal with multiple destination vis-
its. Another potential application in agricultural economics or environmental management
could involve managers or landowners, such as farmers or forest managers, selecting and
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implementing various measures from a range of management practices. This modelling
framework could be applied in a revealed preference context for ex-post policy evaluation
or in a stated preference context for ex-ante policy evaluation to assess the likely uptake of
different management options. Such insights could significantly aid in the design of these
policies. If the number of combinations of these practices is sufficiently large, the econo-
metric model presented here would be ideally suited to analyse the resulting choice prob-
abilities. It would also help explain the characteristics and potential reasons for opting out
of the policy entirely.

Supplementary Information The online version contains supplementary material available at https://doi.org
/10.1007/s10640-025-01050-5.
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