Biodiversity Sensitive Urban Design
for native grasslands using expert elicitation
Like many grassland ecosystems around the world, the
native temperate grasslands of the Victorian Volcanic
Plain are critically endangered. More than 99% of the
original extent has been cleared or converted to
agriculture, and less than 0.1% remains in good
condition (Barlow & Ross 2001). Much of the
remaining grassland exists on private land in areas
designated as growth corridors for the rapidly
expanding city of Melbourne.
In the absence of a formal grassland viability analysis
model, we used expert opinion to estimate the
influence of BSUD on native grassland persistence in
urbanizing landscapes. We assumed that a ‘viable’
grassland is one that will persist in the landscape
without deteriorating over a defined timeframe.
Specifically, we defined persistence probability as the
probability that a specified grassland exists in the same
or better condition in 25 years. BSUD elements were
assessed for their combined and individual contribution
to improving the likelihood that the remnant grassland
persists without deteriorating. In order to demonstrate
the utility of expert knowledge for assessing BSUD, we
elicited persistence probabilities and other estimates
from five urban grassland experts using a modified
Delphi technique (see Burgman, 2015).

condition under status quo, non-BSUD development
and BSUD development scenarios; 3) elicit values for
relative contribution of individual BSUD actions to
improvement in persistence probability.
Conceptual model of grassland condition

A simple conceptual model was constructed to
highlight the main attributes of grassland condition and
the management actions that influence them. The
ultimate purpose of the model was to identify the
pathways by which urban design can influence grassland
condition. The model was developed based on existing
models in the grey literature (eg. Rees, 2012). The key
attributes of grassland condition were identified as weed
cover, native species diversity and the functional
diversity of native species (Figure 1). Each of these
Determining the relative contribution of BSUD actions
attributes is influenced by management actions or
to grassland condition persistence proceeded in 3 steps:
environmental conditions such as water and nutrient
1) construct a conceptual model of native grassland
availability. BSUD may affect grassland condition by
condition, highlighting key attributes of grassland
influencing environmental conditions, or by influencing
condition and pathways of influence for BSUD; 2) elicit
the implementation and success of management
the probability of persistence in the same or better
actions.
Table 1. Biodiversity sensitive urban design actions that may influence grassland persistence

There was general consensus among the sample of
grassland experts that the model adequately described
grassland condition and the mechanisms by which
urban design may influence it. As a group, the experts
agreed upon a set of urban design elements that could
influence key variables (management actions and
vegetation attributes) within the model in such a way as
to lead to an improvement in grassland condition
(Table 1).
BSUD occurs during the design,
construction and post-construction/inhabitation phases
of development.

Elicitation of persistence probabilities
Experts were presented with a simple diagram depicting
a 35 ha (700m x 500m) site in an urban fringe setting.
The site, historically grazed by horses, is bounded on
two edges by urban and industrial land uses, and by
undeveloped agricultural land containing native
grassland remnants on the remaining boundaries. A
native grassland remnant of approximately 5 ha exists
within the site along the northern boundary (Figure 2a).

Figure 1. Conceptual model of grassland condition. Grassland condition is a function of 3 attributes: weed cover;
native species diversity, and the functional diversity of native species. These attributes are influenced by
management actions and environmental conditions. Urban design can affect grassland condition through
influences on management actions and local environmental conditions. Biodiversity sensitive urban design actions
– those actions that may positively influence grassland condition – are described in Table 1.

Experts were asked to estimate the probability of the
remnant grassland within the site persisting in the same
or better condition for 25 years under 3 scenarios: 1)
Left as is (Figure 2a). Current management continues,
site not developed, no change in the surrounding
landscape; 2) non-BSUD development (Figure 2b). The
site is developed using none of the BSUD protocols
identified in Table 1. The remnant grassland is
protected by a 6 foot cyclone fence and regular biomass
burns and weed control take place; 3) BSUD
development (Figure 2c). The site is developed using
all BSUD protocols identified in Table 1. The remnant
grassland is surrounded by a fence that limits
destructive uses, but encourages low-disturbance
access.
Standard biomass and weed control
management occurs. Under current planning policies
in Melbourne, it is unreasonable to assume that a site in
the urban fringe would be developed with none of the
BSUD protocols identified in Table 1. However, it was
necessary to consider such a scenario in order to
estimate the total contribution of BSUD to grassland
persistence.
We used a modified Delphi method for eliciting
probabilities of persistence from experts (Burgman et
al., 2011; Martin et al., 2012). Delphi techniques allow
for structured interactions between experts, in which
each expert provides their own estimate, but is allowed
to revise their estimate following discussion about the
range of estimates provided by all experts (see Burgman
2015). Typically, estimates are displayed to the group
and discussed anonymously, however anonymity is
difficult to maintain in a small group of experts who are
well known to each other, as was the case in our study.
With the consent of our experts, we proceeded without
maintaining strict anonymity when presenting
estimates. This may have had some implications for the
elicitation process; in particular, it

may have reduced the likelihood of discussion among
experts where opinions were disparate, and limited the
capacity for the process to reduce overconfidence.
The probability of the grassland persistence was elicited
using a 3-point method for eliciting probabilities. Using
this technique, experts are asked to consider all things
that could lead to a very low or very high probability.
Given these considerations, they are asked to estimate
the lowest plausible probability, the highest plausible
probability and, finally, their best estimate of the most
likely probability. The range between the lowest and
highest plausible estimates need not be symmetrical
around the most likely estimate. Eliciting probabilities
in this way is thought to minimize bias and
overconfidence (Speirs-Bridge et al., 2010).
Using the 3-point method, we asked each expert to
estimate the probability of the grassland persisting in
the same or better condition in 25 years for each of the
3 development scenarios, assuming the grassland was
initially in ‘good’ condition (good conditions = weed
cover <10%, native species diversity >18 per 1m2 &
functional diversity of native species = high). After each
elicitation, the individual estimates were displayed to the
group and discussed. Experts were then given the
opportunity to amend their estimates if they wished.
We took the average of the ‘most likely’ estimates to
provide a single estimate of the probability of the
grassland persisting without deteriorating in 25 years
under each scenario (See Lyon et al. 2015). We also
kept individual estimates from each expert to
understand the variation between experts that may be
cancelled out by taking the mean. The difference
between the probability of persistence when the site is
developed with and without BSUD principles
represents the maximum possible contribution that can
be made by BSUD to the persistence of the grassland in
an urban scenario.

Figure 2. Mock site and scenarios: a) status quo; b) non-BSUD development; c) BSUD development. Best viewed in colour.

Elicitation of relative contribution of individual
BSUD principles to grassland persistence
In the final step of the elicitation, experts were asked to
consider the relative contribution of the individual
BSUD principles listed in Table 1 to an improvement in
grassland persistence probability. They were asked to
estimate the relative weight of each principle/action,
such that the sum of all weights was 100. Estimates
were later rescaled according to the total possible
contribution made by BSUD as estimated in the
previous step.
The elicitation of persistence probabilities and relative
weights of BSUD principles was repeated for a
grassland in poor starting condition (Poor conditions =
weed cover >50%, native species diversity < 6 per 1m2
& functional diversity of native species = low).
Results
There was some variation between experts about the
probability of the grassland persisting the same or
better condition for 25 years under each of the 3
scenarios (Figure 3). However, all experts agreed that a
good quality grassland was more likely to persist
without deteriorating under the BSUD development
scenario than surrounded by non-BSUD development
or left as is. The average probability of persistence
across all experts was 0.59 under the BSUD
development scenario and 0.28 under the non-BSUD
development scenario (Figure 3a). Therefore, on
average, experts estimated that BSUD principles could
contribute a 0.31 increase in the probability of the
grassland persisting without deteriorating in 25 years.
This figure varied across individual experts, ranging
from an increase of 0.15 in the most likely probability
of persistence, to 0.6 (Figure 3a).
Figure 3. Results of expert elicitation showing:
estimates of the probability of persistence under 3
development scenarios for a good quality grassland (a)
and a poor quality grassland (b); and the relative
contribution of different
BSUD
elements
to
improvement in persistence probability (c). (a) and (b)
show the most likely esti mates and range of plausible
estimates for each expert (grey dots and error bars), as
well as the average of the most likely estimates (red
dots) for each of the three development scenarios. (c)
shows the average of the 5 experts’ esti mates of the
contribution of each BSUD element for good (black)
and poor (grey) quality grasslands. Erro r bars represent:
(a and b) the range between the lowest and highest
plausible estimates of persistence probability; (c)
standard deviation of the estimates of the contribution
of each BSUD element to persistence provided by
experts.

Experts were more pessimistic about the capacity for
BSUD to contribute to an improvement in the
persistence probability of a poor quality grassland, with
a comparison of average estimates indicating that an
improvement from 0.33 to 0.56 was possible (a 0.23
increase in persistence probability: Figure 3b).
Individual experts estimated that BSUD could
contribute to an increase in persistence probability of
between 0.1 and 0.6. It is worth noting that for both
initial conditions, some experts felt that under the
worst-case scenario, degradation of the grassland was
inevitable under the status quo and non-BSUD
development scenarios (as indicated by lower estimates
of 0 in Figure 3a,b). However, no one thought this was
the case under the BSUD scenario.
There was variation among experts about the
contribution of each BSUD principle to persistence of
the grassland without degrading (Figure 3). Generally,
experts agreed that actions taken to protect and manage
the grassland in the construction phase had most
potential to contribute to grassland persistence, more
so for good quality grasslands, than for poor quality
grasslands. Early protection and Appropriate management of
the grassland between acquisition and development
were thought to have the highest potential for
improving the probability of persistence of the
grassland. This result was particularly strong for the
high quality grassland, indicating that out experts
believe that high quality grasslands are particularly
vulnerable to degradation in the early phases of
development. However, there was considerable
variation between experts about the size of the
influence, which resulted in large ranges in possible
influence for some actions (Figure 3).
Other BSUD principles thought to have potential for
improving grassland persistence probability were Clean
construction, Effective buffers, Appropriate adjacencies and the
three principles designed to address possible conflicts
between inhabitants and grassland management: ‘Cues to
care’; Community education; and Active Stewardship.
No single BSUD action or principle contributed to a
large increase in the probability of persistence in either
case (poor or good initial condition), indicating that
multiple BSUD principles must be implemented to
achieve a meaningful improvement in persistence
probability.
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Biodiversity Sensitive Urban Design Resources
This methodological information sheet is designed to
complement resources for Biodiversity Sensitive Urban
Design, produced by the Interdisciplinary Conservation
Science Research Group at RMIT University. This
research was supported by The Myer Foundation.
More information about Biodiversity Sensitive Urban
Design can be found at:
www.icsrg.info/biodiversity-sensitive-urban-design
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