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Abstract Cultural landscapes generate many ecological
values. Much of the cultural landscape exists as private or
semi-private domestic gardens. These domestic gardens are
hidden treasures of information on small-scale urban
landscape design, urban biodiversity and the relation
between citizens and their direct living environments. In
this paper, an indicator framework is proposed that aims to
engage citizens in experiencing and exploring biodiversity
and ecosystem services in their own domestic outdoor
spaces. By integrating ecological and cultural factors
related to garden biodiversity the framework intends to fill
a gap in existing research on domestic gardens that has
until now either focused on ecological factors, or on
preferences of garden owners. The framework has been
developed by analysing pictures of front-yards in Phoenix
(AZ, USA) and Maastricht (the Netherlands). With the
BIMBY [Biodiversity in My (Back) Yard] framework we
aim to contribute to an inclusive trans-disciplinary and
transformational dialogue on ecosystem services, green
infrastructure and biodiversity conservation in the context
of the sustainable development of cities.
Keywords Biodiversity conservation  Green
infrastructures  Domestic gardening  Urban
sustainability  Ecosystem services and disservices  Urban
design
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Introduction
In this paper, we propose a framework for fostering a
dialogue about the potential role of domestic gardens for
the enhancement of green infrastructure and the conservation of biodiversity and ecosystem services in and
beyond urban areas. According to many authors ‘‘experiencing urban biodiversity will be the key to halt the loss of
global biodiversity, because people are most likely to take
action for biodiversity if they have direct contact with
nature (Müller et al. 2010, p. 26).’’ Much space in urban
landscapes exists as private or semi-private outdoor spaces
such as gardens, patios, courtyards, balconies and roofterraces. This means that many citizens may have their
main experiences with urban biodiversity in their own
gardens (Dunn et al. 2006; Cilliers 2010; Millard 2010). It
also means there is a great and still largely unexplored
potential to increase biodiversity, green infrastructures
(Rudd et al. 2002; Tzoulas et al. 2007; Cameron et al.
2012) and related ecosystem services (Costanza et al. 1997;
TEEB 2009, 2011; Costanza et al. 2014) in the context of
urban sustainable development. Finally, domestic gardens
are hidden treasures of information about small-scale urban
landscape design, urban biodiversity and the relation
between citizens and their (direct) living environments
(Miller and Hobbs 2002; Galluzzi et al. 2010; Goddard
et al. 2010; Cameron et al. 2012; Van Heezik et al. 2012;
Kurz and Baudains 2012).
Cities and citizens are becoming increasingly recognised as important players for the implementation of
international environmental agreements like the Convention on Biological Diversity (CBD) (Müller et al.
2010; Puppin de Oliveira et al. 2011). As more than half
of the world population lives in cities (Butler and
Spencer 2010), it will be important to embed
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conservation efforts in urban environments and human
lifestyle-practices (Cilliers 2010). Citizens can become
important agents in creating ecological connectivity
within and beyond cities (Rudd et al. 2002) and by
contributing to biodiversity conservation through greening their own yards (Miller and Hobbs 2002; Rudd et al.
2002; Galluzzi et al. 2010; Goddard et al. 2010; NWF
2013). The need for inclusion of cities and citizens in
conservation practices is also reflected in strategic goal
A of the Aichi Biodiversity Targets: it aims to ‘‘[a]ddress
the underlying causes of biodiversity loss by mainstreaming biodiversity across government and society
(CBD 2011).’’
A still underexplored way of engaging citizens for
conservation and sustainability is through involving their
domestic outside spaces in the debate. We address this gap
by proposing a framework that addresses ecological and
cultural elements that can be encountered in domestic
gardens. Yard-management decisions impact socio-ecological systems in various ways, for example, through
irrigation patterns, fertilization or the use of pesticides
(Larson et al. 2010), or through the choice for exotic species that may become invasive over time (Kendal et al.
2012). But yard-management decisions can also positively
influence the presence of pollinators (Gaston et al. 2005a;
Smith et al. 2006; Matteson et al. 2008; Goddard et al.
2010; Samnegård et al. 2011) improve soil quality (Dewaelheyns et al. 2013) or even foster small-scale ‘Wildlife
Habitats’ (NWF 2013) or ‘Garden Reserves’ (IVN 2013)
that can function as stepping stones for biodiversity and
increase connectivity of the wider environment (Rudd et al.
2002; Cameron et al. 2012).
Most research on the household-parcel scale until now
has been focusing on either ecological garden-structures
and -features (e.g. Cornelis and Hermy 2004; Gaston et al.
2005b; Hope et al. 2006; Baker and Harris 2007; Burghardt
et al. 2008; Loram et al. 2008; Martin 2008; Kendal et al.
2012), or on factors that influence human choices and
preferences for certain types of yards (Nassauer 1995;
Larsen and Harlan 2006; Larsen and Swanbrow 2006;
Lyytimäki et al. 2008; Larson et al. 2009; St.Hilaire et al.
2010; Zheng et al. 2011; Van Heezik et al. 2012; Kurz and
Baudains 2012). Although urban residential landscapes and
domestic gardening preferences, values and drivers are
increasingly studied in the context of sustainable development and biodiversity conservation (Miller and Hobbs
2002; Gaston et al. 2005b; Larsen and Harlan 2006; Mathieu et al. 2007; Loram et al. 2008; Galluzzi et al. 2010;
Goddard et al. 2010; Larson et al. 2010; St.Hilaire et al.
2010; Chowdhury et al. 2011; Zheng et al. 2011; Cook
et al. 2012; Van Heezik et al. 2012; Kurz and Baudains
2012), there is still much to be learned on how cultural
elements and human preferences represented in domestic
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gardens (e.g. design style, maintenance need, artefacts)
influence habitat value, ecosystem services and sustainability in and beyond human settlement areas (Dunn et al.
2006; Galluzzi et al. 2010; Larson et al. 2010; Chowdhury
et al. 2011; Cook et al. 2012; Van Heezik et al. 2012).
Integrative approaches that combine ecological and
cultural factors in domestic landscaping practices and
design are available but scarce (Larson et al. 2010; Cook
et al. 2012). In order to facilitate pioneers in this area, we
developed an instrument to increase awareness and to
stimulate dialogue and knowledge co-production on the
values, uses, and small-scale biotic and abiotic structures
that enhance or hinder the quality, richness and abundance
of biodiversity in and beyond urban areas.
Based on an analysis of pictures taken of front-yards in
Maastricht (Netherlands) and in Phoenix (AZ, USA), we
developed a framework that can be considered to assess
domestic garden biodiversity, ecosystem services (Costanza et al. 1997; Groot et al. 2002b; Norton and Noonan
2007), disservices (Lyytimäki et al. 2008) and the way
gardens are used, maintained and valued by their owners in
a trans-disciplinary and participatory way. We call the
framework BIMBY, which is an acronym for Biodiversity
in My (Back) Yard.

Materials and methods
The starting point for developing this framework has been
the ‘pigeon paradox’, the assumption made by Robert
Dunn and his colleagues (Dunn et al. 2006) that global
conservation can be advanced when citizens are promoted
to have more direct positive experiences with urban species
(e.g. through feeding pigeons or other birds) (Dunn et al.
2006). Furthermore, the key concept of ecosystem services
(Costanza et al. 1997, 2014; MEA 2005; TEEB 2009,
2011) has helped to structure the BIMBY framework and
its indicators towards a tool that enables looking beyond
biodiversity and towards its meaning in the context of
(urban) sustainability. The framework development went
through an iterative process: based on recurrent evaluations
of literature and empirical data and their role and contribution to the emerging framework. Three main phases
resulted into different ‘products’ that were used to construct the framework (see Box 1). The final result presented
in this paper is the BIMBY framework itself.
Phase 1: gathering information
Neighbourhood visits
In order to develop a framework that is both robust and at
the same time flexible enough to use in various
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Box 1 Phases of framework development

climatological, eco-systemic and cultural settings, two
substantively different cities (different size, climate, biophysical conditions, culture, history, demographic structure, urban design) have been chosen as pilot case areas:
Maastricht and Phoenix (see Box 2 for a more detailed
description of both cities and their context). We visited
easily accessible front-yards in six neighbourhoods in
Phoenix and six neighbourhoods in Maastricht. We included centrally located neighbourhoods, peripheral and semiperipheral suburbs, and neighbourhoods that are part of the
larger agglomeration. We also included different neighbourhood ages (built 0–10, 10–30, 40–70 and 80 or more
years ago), and different housing prices based on high
income, middle income, lower middle income and low
income (based on information from real estate websites).
However, selection was also based on accessibility and
mobility criteria for the field researcher. The neighbourhood visits took one day per neighbourhood in spring and
early summer of 2013. During the neighbourhood visits,
the lead author of this paper took photos and field notes of
her visual and other sensory observations.
Literature research
In the literature research phase the visually gathered
information was interpreted in the context of existing
research on residential yards and human preferences. Also
we compared existing indicator sets and methods for
assessing (urban) biodiversity (Hermy and Cornelis 2000;
Nagendra 2002; Spellerberg and Ferdor 2003; Keylock
2005; Martin 2008; Tzoulas and James 2010; FarinhaMarques et al. 2011). Generally, the existing research and
indicators did not combine ecological, cultural and preference-related factors in a way that can be called

scientifically integrative and easily approachable for the
general public at the same time. Therefore, the BIMBY
framework draws on elements from a variety of articles:
the method for a rapid assessment of urban biodiversity
from Tzoulas and James (2010); the categorisation of
habitat types as used in Martin (2008) and Larson et al.
(2010); the ecological assumption that structural and
compositional patterns in ecosystems can be used as an
indicator for the biological diversity (Noss 1990; Cornelis
and Hermy 2004; Hart 2007; Tzoulas and James 2010) and
other insights from literature on biodiversity indicators
(Noss 1990; Nagendra 2002; Spellerberg and Ferdor 2003;
Keylock 2005; Caro 2010; Tzoulas and James 2010), urban
and garden biodiversity (Bolund and Hunhammar 1999;
Savard 2000; McKinney 2002; Zerbe et al. 2003; Gaston
et al. 2005b; Baker and Harris 2007; CBD 2007; Loram
et al. 2008; Sukopp 2008; Dearborn and Kark 2009;
Galluzzi et al. 2010; Müller et al. 2010; Beatley 2011;
Müller and Kamada 2011; Jim 2013; Jorgensen and Keenan 2012; Kendal et al. 2012); on literature on biodiversity
governance at the urban scale (Miller and Hobbs 2002;
Zerbe et al. 2003; Goddard et al. 2010; Francis and Lorimer
2011; Müller and Kamada 2011; Puppin de Oliveira et al.
2011) and on literature on gardening styles and preferences
(Larsen and Harlan 2006; Larson et al. 2010; St.Hilaire
et al. 2010; Cook et al. 2012; Kurz and Baudains 2012).
Finally, we searched the literature for valuable information
on ecosystem services connected to urban biodiversity and
more specifically on ecosystem services that can be found
in residential yards (Costanza et al. 1997; Opschoor 1998;
Nunes and van den Bergh 2001; Appleton 2002; Groot
et al. 2002a; McNeely et al. 2005; MEA 2005; Norton and
Noonan 2007; Lyytimäki et al. 2008; TEEB 2009; Hancock
2010; Shin 2012; Qviström 2013).
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Box 2 Case study Selection

Phase 2: developing the framework
Developing preliminary indicators
In order to equip our framework with accessible and
graspable indicators, we mediated between biotic and
abiotic yard-features and the comprehensibility of the
framework. Some trade-offs had to be made to keep the
model understandable for non-scientists. We decided, for
example, to exclude elements such as species names and
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chemical soil composition, but focused instead on abundance and variations of plants, included broad animal
categories, and asking for soil cover types. Decisions were
also taken based on suggestions for further research made
in the assessed literature. This process finally resulted in
the first indicator set that involves both ecological and
cultural factors. The decision process also lead to the
exclusion of indicators for ecosystem dynamics and functional relations (see Box 3) as they were found too difficult
to understand by non-ecologists.
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Box 3 Exclusion of Ecosystem Dynamics and Functional Relations

First pilot analysis
In our first statistical analysis (using IBM SPSS Statistics
19) of the photos (N = 512; N = 185 for Phoenix and
N = 328 for Maastricht), we tested the new indicator set
for the total sample. We rendered a Kolmogorov–Smirnov
test, made histograms, normal Q–Q plots, detrenched normal Q–Q plots and box-plots for checking on outliers and
for testing normality (Beumer and Martens, in review). The
results of this first pilot analysis helped to define lower,
medium and higher levels of garden-contributions to biodiversity in the samples on a scale from -10 (damage to
biodiversity) to 50 (very high contribution to biodiversity)
(see Table 1) (Beumer and Martens 2014). It also helped to
further sharpen the indicator framework in reconsidering
the inclusion of indicators based on identifying visual
elements available in the gardens (e.g. plastic mulch was
not encountered in the existing literature, but present in
many yards), or values given to elements of the indicator
set.

sustainability scientists. In the group session the inclusive
approach combining ecological, cultural and preference
factors was valued. However, the main conclusion of the
group session was to keep the framework simple in order to
become an applicable tool for participatory research.
In the individual consultation session different potential
stakeholder groups were represented: citizens (n = 2),
governance (n = 3), design (n = 2) and commerce
(n = 1). These representatives individually reflected on the
final selection of indicators to make sure they are comprehensible to them. One citizen’s feedback was that it was
interesting to go into the garden with the framework as it
provided a new perspective on what a garden is. However,
she also found it a bit difficult to immediately understand
Table 1 Descriptive statistics diversity contribution on total sample
level (N = 512)

Mean

Statistic

SE

15.5801

0.39378

95 % confidence interval for mean

Evaluation sessions
To further evaluate the indicators that emerged from the
first pilot-results, we organised one small group evaluation
sessions and one session of individual consultations with
stakeholders. We wanted to see whether both ecologists
and non-ecologists would easily understand the indicator
framework. Also we wanted to see whether the framework
would be considered useful by different groups of stakeholders. The group evaluation session involved six colleagues of various disciplinary backgrounds (social
science, ecology, economy, innovation management and
philosophy). All of them have been as well trained as

Lower bound

14.8065

Upper bound

16.3537

5 % trimmed mean

15.6050

Median

15.0000

Variance
SD

79.391
8.91015

Minimum

-5.00

Maximum

47.00

Range

52

Interquartile range

12.00

Skewness

0.69

0.108

Kurtosis

-0.150

0.215
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the meaning of all the layers of the framework. It required
some studying. The governance representatives (spatial
planning) were interested in how the tool would be able to
link domestic gardens to broader landscapes and green
infrastructures beyond cities. Including domestic gardens
to the idea of green infrastructure was a novel and promising approach in their view. The two designers (landscape
architecture and architecture) immediately asked whether
they could collaborate in order to better integrate biodiversity concerns into their concepts.
However, the main feedback given by almost all evaluators was that in order to become an attractive participatory and transformative tool the BIMBY framework
needs to be simplified and further developed towards
becoming a playful visual game.

issues that are dependent on human valuation (see Fig. 1).
Also we increased the meaning of the BIMBY framework
in a broader landscape setting by including a qualitative
indicator that enables describing the context and location of
the studied yards. Another example of adjustments based
on the evaluations was to reposition maintenance features
like pesticides and herbicides into a separate category that
was called ‘signs of conflict’ (see Fig. 1). Some other signs
of conflict were added as well.
In a follow-up project a larger number of non-academic
citizens will be asked to take part in the co-development of
the framework towards an effective tool for transformative
trans-disciplinary science.

Phase 3: adjusting the indicators and the framework

The development of the BIMBY framework has been
framed by some practical and temporal limitations: due to
the analysis based on photos, we were only able to assess
directly visible biotic and cultural indicators. Less tangible
and dynamic aspects such as animal species, pesticide use,
irrigation, disease or subjective impressions can only be
meaningfully explored on-site and in consultation with
garden owners. Further on-site empirical testing and further

In the third phase we adjusted the indicators and the
framework based on many suggestions made in the evaluation sessions (see Fig. 1; Table 2). The layers of the
conceptual framework, for example, were clarified by
adding colours for the key sections: green for the ecological factors, red for the cultural factors and blue for the

Fig. 1 Conceptual structure of BIMBY framework
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Methodological limitations

Cultural

Infrastructure

Boulders, walls, fences, hedges, water

Counting number of animal species

Animal species
richness

0 = no; 1 = yes

Occurrence of trees, shrubs, flowers

Plant species
composition
Occurrence of non-desirable plant species

Occurrence of exotic and/or native
species

Plant species
richness

Birds, mammals, insects, arthropods,
molluscs, worms, reptiles, fish

Occurrence of annual and/or perennial
plants

Plant species
abundance

Weeds

0 = no; 1 = yes

Soft surface, medium surface, hard
surface, mixed surface

Permeability

Animal species
abundance

0 = no; 1 B 10 %; 2 = 10–50 %;
3 = 50–100 %

Percentage of plant species covering
yard, other than ground cover

Green coverage
abundance

Points: 0 = no weeds; 1 = weeds

Points: 0 = none, 1 = 1 of them, 2 = 2
of them, 3 = all three

Points: as number of category and
additionally: 0 = none; 1 = only
exotics; 2 is only natives 3 = natives
and exotics

Points: as number in category and
additionally: 0 = none; 1 = only
annuals; 2 is only perennials;
3 = annuals and perennials

Points: 0 = hard = low; 1 = medium;
2 = soft = high 3 = mixed

Points: 0 = none, 1 = medium,
2 = high

Dependent on vegetation-climate zone,
points: 0 = no diversity 1 = medium
diversity, 2 = high diversity, 3 = high
diversity and match with local
environment

Dependent on native vegetation-climate
zone: 1 point for match 0 points for
mismatch local environment

0 = no; 1 = yes

0 = no; 1 = 1–5; 2 = 5–10;
3 = 10[

Evaluate in context: points 1
for ? contribution, -1 for
fragmentation

Points: 0 = none; 1 = 1-5; 2 = 5–10;
3 = 10[

0 = no; 1 = 1; 2 = 2–5; 3 = 5 [ Points: 0 = none; 1 = 1; 2 = 2–5;
3 = 5 [ Additionally 1 point for each
occurring

Estimated number of native and/or
exotic species: 0 = 0; 1 = 1–3;
2 = 4–10; 3 = 11–20;
4 = 21–30; 5 = 30[

Estimated number of annual/
perennial plants: 0 = 0;
1 = 1–5; 2 = 5–10; 3 = 10–25;
4 = 25–50; 5 = 50–100;
6 = 100[

0 = hard = low; 1 = medium;
2 = soft = high 3 = mixed

0 = no; 1 B 10 %; 2 = 10–50 %;
3 = 50–100 %

Water, aquatic foliage, lawn, green cover,
mulch, granite, bare soil, pavement,
rocks

Soil cover

0 = no; 1 = yes

Dependent on other variables: points:
0 = discontribution, 1 = small
contribution, 2 = contribution

0 B 10 m2; 1 = 10 –30 m2;
2 = 30 m2[

Hydric, mesic, oasis, xeric

Qualitative contextualisation with virtual
maps like Google Earth

Treatment in analysis

Nominal

Value

Habitat type

Size of the yard or outside space

Yard size

Ecological

Context and location of yard

City and
neighbourhood

Objective
contextuality

Description

Variable

Spheres

Table 2 The BIMBY indicator set

Positive or negative
contribution to habitat
and connectivity

Species richness

Species groups and
abundance

Perspective on wildness

Vertical diversity,
habitat, food, shelter

Reproduction, habitat
and food for native
wildlife

Soil life

Plant abundance, habitat,
food availability

Habitat; soil life; water
run-off; abundance

habitat; water need;
design

Potential contribution or
discontribution to local
environment and
biodiversity related to
yard size

Context of infrastructure,
surrounding land use,
habitat, fragmentation
or connectivity

Indicator

Sustain Sci (2015) 10:87–100
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Subjective
contextuality

Spheres

Sprinklers, hoses, dripping, deep
irrigation, no

High; medium; low

High; low

Artificial fertilizer, pesticides, herbicides,
damage, disease
Signs of intentional human control,
structures and patterns
French/Versailles, English, Japanese,
vegetable garden, modern garden, wild
garden/flowers, wild garden/forest, healing
garden, desert garden, courtyard, none

Irrigation

Maintenance
need of yard
design

Maintenance
level

Signs of conflict

Level of
intentional
design

Design style

High/medium/low combination of: habitat
types, soil coverage types, permeability
levels, native and exotic species, vertical
diversity, variety of plant and animal
species, features

Dogs, cats, rodents, domestic birds

Pets

Diversity within
yard

Furniture, Swimming Pool, Play Equipment,
Vehicles, Light, Plastic mulch

Features
disturbance

Perception of (biotic and abiotic) diversity
compared to surrounding local
environmental context

Containers, compost, organic matter, wild
food, feeders, nesting, insect hotels, bathing

Features
contributing

Contextual
diversity

Description

Variable

Table 2 continued

0 = low; 1 = medium; 2 = high

0 = lower; 1 = average;
2 = higher

Nominal

Points: 0 = low; 1 = medium; 2 = high

Points: 0 = lower; 1 = average;
2 = higher

Nominal

Points: 0 = low; 1 = medium; 2 = high

-3 points for each

0 = no; 1 = yes

0 = low; 1 = medium; 2 = high

Low = wild: 2 pts, high = controlled: 0
pts low = paved: 0 pts, high = lush: 2
pts

Low = wild: 2 pts, high = controlled: 0
pts low = paved: 0 pts, high = lush: 2
pts

Points: 0 = no; 1 = yes

-1 for dogs and cats; ?1 for rodents and
domestic birds per category

-1 point for each

1 point for each

Treatment in analysis

0 = low; 1 = high

0 = low; 1 = medium; 2 = high

0 = no; 1 = yes

0 = none 1 = dogs, 2 = cats,
3 = rodents, 4 = birds

0 = no; 1 = yes

0 = no; 1 = yes

Value

Biotic and abiotic
diversity in the yard

Participants’ perception
of contribution to green
space

Relates to: perspective,
lifestyle, time,
preferences

Relates to: perspective,
lifestyle, time,
preferences

Sustainability, habitat,
hood, ecosystem
health, disturbance

Dependent on level of
‘wildness’ or
‘barrenness’

Dependent on level of
‘wildness’ or
‘barrenness’

Attraction of animal
species for water,
coolness, bathing, food
(not related to water
use)

Disturbance or attraction
by presence of
domestic species

Positive or negative
contribution to habitat,
food, mobility,
connectivity, or
disturbance

Indicator

94
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Ecosystem
services and
disservices

Spheres

Cultural: society
to ecosystem

Cultural:
ecosystem to
society

Supporting

Regulating

Disservices: e.g. disturbance, extinction

Services: e.g. pollination, habitat, nesting,
soil, green infrastructure, species migration,
edge-effects, irrigation

Disservices: e.g. annoyance, sounds, smells,
fear, time-related factors, cost-related
factors

Services: e.g. Well-being health, sense of
place, identity, social interactions, leisure,
property value, cost-reduction, safety

Disservices: e.g. eutrophication, excess soil
nitrates (soil) erosion

Services: e.g. nutrient availability, soil
species, soil structure

Disservices: e.g. urban heat island, water
run-off, poisoning

Services: e.g. cooling, shade and reduced
climate regulation costs, pest regulation

1 point for each service
-1 point for each disservice

-1 point for each disservice

-1 point for each disservice

-1 point for each disservice

1 point for each service

1 point for each service

-1 point for each disservice

1 point for each service

1 point for each service

-1 point for each disservice

-1 point for each disservice

1 point for each service

1 point for each service

-1 point for each disservice

-1 point for each disservice

1 point for each service

Points: 0 = low; 1 = medium; 2 = high

Treatment in analysis

1 point for each service

-1 point for each disservice

Disservices: e.g. invasive alien species,
nuisances (e.g. leaves in autumn or bird
excrements)

1 point for each service

Services: e.g. food, medicines

0 = low; 1 = medium; 2 = high

Value

firewood, gifts (i.e. flowers), seeds

High/medium/low variety of habitat types,
levels of intentional yard design and design
styles across a neighbourhood

Diversity across
neighbourhood

Provisioning

Description

Variable

Table 2 continued

Sustainability, values
and preferences

Sustainability, values
and preferences

Sustainability, values
and preferences

Sustainability, values
and preferences

Sustainability, values
and preferences

Neighbourhood diversity

Indicator

Sustain Sci (2015) 10:87–100
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evaluating and adapting the tool towards differences in
cultural and eco-systemic settings with various stakeholder
groups and non-expert citizens will be a crucial task for the
next phase of the development of the indicator framework
if it has to become a meaningful and inviting tool for
transformative knowledge production (Lang et al. 2012;
Wiek et al. 2012).

Results
The main result of our project is the BIMBY framework
itself. This framework consists of two parts: (1) a visual
conceptual framework and (2) an indicator set. Below we
describe these elements in more detail. The results of the
full pilot analysis of eight neighbourhoods in Phoenix and
Maastricht are presented in Beumer and Martens (2014).
The structure of the conceptual BIMBY framework
A visual representation of the BIMBY framework is pictured in Fig. 1. The framework can be read from the bottom to the top (the reading direction is represented by the
thick blue arrow). It is structured around the core components of the ecological factors section and the cultural
factors section, with infrastructure as a more fuzzy line in
the middle.
The bottom of the framework is defined in terms of
ecological indicators representing the amount of potential
moisture take-up occurring in a specific habitat: the mesic
(high moisture take-up), xeric (low moisture take-up) and
oasis (mixed moisture take-up) habitat types (Martin
2008). For wetter contexts, we also added the hydric habitat type (e.g. lakes or wetlands) to the analysis (Davies
et al. 2004).
The next bar of the framework describes the type of
soil ‘coverage’ which also relates (see purple arrows) to
the level of soil permeability and soil nutrition (Vrščaja
et al. 2008; Davis and Whiting 2013). We differentiated
between four types of easily identifiable soil coverage:
water or aquatic foliage, lawn, green low growth foliage,
decomposed granite or mulch, bare soil, and pavement.
The soil cover types also relate to the level of moisture
of the four habitat types, the level of soil permeability
and it is an indicator for the level and quality of soil
life.
The following bar in the framework is defined to indicate the variety of species. Without assuming that most
people can make a basic distinction between native and
exotic species, we still included this distinction in the
framework. Because this indicator is very complex it
should be treated with great caution. It may be better suited
to find assumptions on what people believe are native or
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exotic species, instead of finding results that can be
counted as objective facts.
Next, there is space to mention the occurrence and
abundance of trees, shrubs, flowers and weeds. This bar
aims to indicate the presence of an edge effect in the yards
(Casey 2011). Edges are ‘‘the transition areas between
adjacent habitats (Hart 2007, p. 103) and are recognised as
areas of increased biodiversity (Hart 2007; Casey 2011).
Nevertheless, edges can also create a loss of biodiversity,
especially when they are anthropogenic alterations of
(horizontal) landscapes leading to habitat fragmentation.
This can lead to species isolation (Hart 2007) and even
extinction (Diamond 1975; Rudd et al. 2002).
The vegetation structure and composition and the species richness and abundance are important indicators for
the biological diversity of landscape patches (Tzoulas and
James 2010). In the BIMBY framework it is possible to
indicate the presence and abundance of animal categories:
birds, insects, mammals, arthropods, molluscs, worms and
reptiles. Both the plant and animal species can be more
precisely described when participants know their names,
but they can also just be categorised into the broader categories by counting the occurrence of individuals from the
species groups. A special section is the intermediate bar
between eco-systemic and cultural factors. It is characterised by infrastructural components like hedges, fence,
water or walls that either increase or obstruct connectivity.
The third section of the framework consists of cultural
factors. We included this section because people are the
most important shapers of the urban ecosystem (Grimm
et al. 2000; Müller et al. 2010). Many objects people use and
the design they apply to their yards directly or indirectly
provide ecosystem services (Groot et al. 2002b) or disservices (Lyytimäki et al. 2008) to animals or plant species. At
the same time, garden designs and levels of maintenance
and care can help providing information about the values,
preferences, lifestyles, and the ecological knowledge and
awareness of the garden owners. Firstly, we distinguished
factors potentially contributing to biodiversity: plant-containers, compost, organic materials such as fallen branches,
leaves or decomposing wood, wild food sources (i.e. berry
carrying shrubs), water-features such as fountains, ponds or
bird-baths, animal feeders and nesting facilities such as
bird-houses or insect hotels. Secondly, we distinguished
potential disturbing features which point towards a level
and style of human usage of the yard and could potentially
scare away small animals. We included furniture, swimming pools, play equipment, pets, vehicles, plastic mulch
and pollution by artificial light (Lyytimäki et al. 2008).
On the succeeding bar, we look for the visible presence
of irrigation systems, such as sprinklers, hoses and dripping
systems. We include this as a positive indicator for the
attraction of animal species and plant growth (Gandy 2004;
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Palmer et al. 2010; St.Hilaire et al. 2010; Mee 1990), but
relative to the environment where irrigation systems are
used, irrigation can also point towards unsustainable use of
water. In the desert biome of Phoenix, for example, this is a
pressing issue (Zube et al. 1986; Larsen and Harlan 2006;
Larsen and Swanbrow 2006; Martin 2008; Larson et al.
2009; Palmer et al. 2010; St.Hilaire et al. 2010; Mee 1990;
DBG 2013). This means that contextualisation of the
indicators and the data is always of crucial importance to
gain a better understanding of broader sustainability
questions related to biodiversity.
Next, the framework intends to indicate the level of
yard-maintenance (higher or lower maintenance). We also
include the level of intentional design, design style and the
need for maintenance of the specific design style as cultural
indicators. This indicator may provide more information
about the way yard-preferences are connected to lifestyles
and the way people perceive and care for the world.
Nevertheless, caution must always be in place when
interpreting these factors without more qualitative information on (cultural) context and information given by the
yard-owners themselves, for example, through surveys.
Research has also pointed out that in many cases (especially in the US) front-yards represent other factors like
inheritance, social- and neighbourhood norms or restrictions imposed by Home Owner Associations (HOAs) more
than individual design-preferences and choices (Chowdhury et al. 2011; Cook et al. 2012).
Together, the ecological and cultural factors point
towards the experience of ecosystem services and disservices and their relation to values, preferences and sustainability (right side of Fig. 1). The total picture integrates
objective and subjective criteria for assessing garden biodiversity and its relation to green infrastructure on neighbourhood level, city level, and regional level.
The indicator set
The indicator set (see Table 2) is a more technical representation of the conceptual BIMBY framework as presented above. It shows more precisely how the yard
features described above can be measured and how they
can be treated in an analysis. Simple values have been
attributed to the variables. They ask, e.g. for approximations of yard size, counting of species, indicating categories
of soil cover or the presence of specific cultural factors like
irrigation, bird-houses, and design style. The variables can
be used in statistical programs. The results can be discussed
in the contextual situation of the urban area and compared
to local and regional datasets: what design and maintenance principles are popular and what roles do they play in
the urban green infrastructure? Do the yards contribute or
dis-contribute to local and regional biodiversity?
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The final section on ecosystem services and disservices
has to be further co-developed with stakeholders in the
follow-up project: the experience of services and disservices is highly dependent on cultural values and preferences of residents (Kumar and Kumar 2008).
The visual conceptual framework can provide a basis for
developing an understandable tool for citizens to explore
their yards, gather data, discuss and compare the outcomes
with other participants and become inspired to transform
their gardens into biodiversity hotspots. The indicator set is
intended for researchers who are able to analyse and
evaluate the data in their contexts and potentially link them
to other qualitative or qualitative datasets.

Discussion
The BIMBY framework we presented in this paper differs
from other indicators for assessing biodiversity in domestic
gardens in the way that it explicitly combines ecological
factors, cultural elements and citizen preferences. Much
information about ecological and cultural qualities can be
derived by researchers on the basis of visual information
that yards provide. However, the subjective elements
(values, preferences, uses, conflicts, and beliefs about the
role domestic gardens can play for the larger green infrastructure and biodiversity conservation) can only be communicated by the garden owners.
The BIMBY framework intends to transcend traditional
indicator sets by functioning as an integrative and accessible tool for increasing societal dialogue about biodiversity, ecosystem services and sustainable living
environments. Additional steps are to be taken where citizens will be involved as users and co-developers of the
framework as an attractive tool (e.g. an interactive app,
game or online platform) for exploring and learning about
biodiversity, ecosystem services and sustainability in and
beyond urban ecosystems. Ideally, the BIMBY tool will be
able to fulfil transformative needs in society on multiple
levels: (1) it transforms citizen science (Silvertown 2009)
into a trans-disciplinary process of the co-production of
‘‘actionable knowledge’’ (Pohl et al. 2010; Lang et al.
2012; Wiek et al. 2012, p. 22; Lachmund 2013); (2) it
transforms society towards higher levels of eco-literacy
(Mitchell and Mueller 2009; Beatley 2011); (3) it helps
transform cultural landscapes into biodiversity hotspots and
better connected habitats (Rudd et al. 2002;Cameron et al.
2012; Mitchell et al. 2013). Integration of the data gathered
by citizens with other datasets (e.g. spatial, demographic,
climatological, biophysical, cultural, and psychological)
can enrich the insights in emerging patterns, functional
relationships and complex dynamics in socio-ecological
systems.
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The presented BIMBY framework is not a fixed
framework. It should be open and adaptive to specific
environmental and cultural contexts in order to create a
meaningful dialogue about biodiversity, sustainability and
ecosystem services in society. Green gardens in Phoenix
with lawns, colourful annuals and lush trees, for example,
may increase the biodiversity of the city and the region and
also provide short-term beneficial ecosystem services to
residents, like cooling through evaporation and shade.
However, such gardens consume more water resources
than can be considered sustainable for an arid region.
Municipal projects are now starting to promote xeric gardens that better fit the desert environment. For such reasons
we consider it important that results that can be gained
through the BIMBY indicator framework are always
evaluated in the light of the specific socio-environmental
context and of larger sustainability questions like: how do
we find a healthy and sustainable balance in the way we
protect biodiversity and work towards living together with
it on our urbanising planet? How can we benefit most the
services provided for free by nature and how can we
become more serviceable towards non-human life in and
beyond urban environments (Costanza et al. 1997; Lyytimäki et al. 2008; TEEB 2009 2011; Costanza et al.
2014)? Finally, how can we create new sustainable ‘designparadigms’ (Felson and Pickett 2005) where aesthetic
pleasure and practical functionality of home gardens can
become combined with ecological integrity and awareness
of ecosystem processes and relations?

Conclusions
Can we find a healthy and sustainable balance in the way
we protect biodiversity and work towards living together
with it (Rosenzweig 2003) on our urbanising planet? This
is a relevant and highly normative question and its discussion in society has to be fuelled by engaging citizens in
exploring the biodiversity and ecosystem services in their
gardens. By doing so, citizens can help deliver sound data
that are sensitive to interpretation in local socio-cultural
contexts and to regional climates and ecosystems. Citizens
can also start thinking constructively about how they can
transform their gardens to functional ecological nodes in
the larger green infrastructure. We aim to contribute to this
potentially transformative discussion by developing a
framework that accounts for both ecological as well as
cultural features, and for the more subjective values and
life-style preferences represented in domestic gardens.
Gardens are small parts of the urban ecosystem that are
closest to residents and have a great potential for contributing to larger green infrastructure and (urban) ecosystem
services. BIMBY is meant to become a flexible and
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adaptive tool that intends to contribute to the field of transdisciplinary and transformative knowledge production
(Lang et al. 2012; Wiek et al. 2012) in order to advance
sustainability in and beyond our direct living environments.
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