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Introduction

Abstract

Offsetting is a policy instrument intended to provide flexibility for develop-
ment. We developed a simple calculator to predict when no net loss is fea-
sible using biodiversity offsetting. Assuming offset ratios <10:1 are indicative
of operational feasibility and employing a discount rate of 3%, we predicted
that no net loss is feasible where biodiversity can be restored within 55 years,
which restricts the impacts on biodiversity that can be offset using restoration.
Alternatively, no net loss is feasible by avoiding loss to biodiversity that is de-
clining under the counterfactual at an annual rate =6%. However, this is con-
siderably higher than typical background rates of biodiversity loss so restricts
where avoided-loss offsets are feasible. No net loss is theoretically feasible in
the broadest range of circumstances if biodiversity gains are provided in ad-
vance of development. However, these gains are procured by restoration or
avoided loss, so constraints presented by these approaches also apply. We con-
cluded that no net loss is feasible in a limited range of development scenarios
unless offset ratios greater than 10:1 are more widely tolerated.

continue or expand without detrimental net effect on the
environment (Jenkins et al. 2004; Fromond et al. 2009;

Global population growth and increasing per capita con-
sumption (Lenzen et al. 2012) has led to the loss of
2.3 million km? of forest between 2000 and 2012 (Hansen
et al. 2013). Habitat degradation and loss remains the key
threat to biodiversity (McLellan et al. 2014). Thus, solu-
tions that decouple economic development from biodi-
versity loss are required.

Biodiversity offsetting—the process of generating
gains in biodiversity to compensate for losses from
development—is a policy instrument that seeks to
achieve no net loss of biodiversity against a background of
ongoing development. Offsetting, it is argued, represents
a flexible alternative to command and control regulation
because it theoretically allows development impacts to

Reid 2011). However, the converse has also been ar-
gued with respect to biodiversity offsetting. Issues such as
low success rates for ecological restoration, the slow rates
at which some biodiversity gains accrue, and challenges
representing the complexity of biodiversity in a fungible
metric, limit the circumstances in which no net loss of
biodiversity is feasible using offsetting as a policy instru-
ment (Gibbons & Lindenmayer 2007; Bekessy et al. 2010;
Maron et al. 2012; Curran et al. 2013; Overton et al. 2013).

We are lacking simple, generic methods that enable
biodiversity losses and gains to be quantified in the
context of biodiversity offsets that, in turn, can be used
to transparently identify or audit development scenarios
in which no net loss is feasible. Here, we: (1) develop
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a simple calculator to quantify the amount of biodiver-
sity gain that is required to compensate for a known
amount of biodiversity loss and (2) use this calculator to
quantify development scenarios in which no net loss of
biodiversity is most likely to be feasible.

Methods
Defining no net loss

No net loss of biodiversity is achieved when the gain in
biodiversity generated by an offset is equal to, or greater
than, the loss of biodiversity from the impacts of a devel-
opment. However, calculation of no net loss is sensitive
to the baseline specified (Bull et al. 2014). The conceptual
model for no net loss we use in this article is illustrated
in Figure 1. Loss and gain are calculated as the difference
between: (1) the amount of biodiversity that would ex-
ist with a change in management (i.e., with development
and with the offset) and (2) the amount of biodiversity
that would exist under the counterfactual (i.e., without
development and without the offset; Maron et al. 2013).

A method to calculate no net loss

Here, we describe a simple method to calculate whether
an offset proposal achieves no net loss as defined in Fig-
ure 1. We illustrated each part of the calculator with a
hypothetical example in which a protected plant species
(species A) and bird species (species B) are impacted by
a proposed development (Table 1). An Excel spreadsheet
that implements the calculator using data in our example
is provided in the Supplementary Material.

Calculating loss from development

We defined the present value of loss (PVL) for a biodiver-
sity attribute (i = 1 to k) from a development as
(I x P;p);

: (1)

T

where I is the predicted impact, or amount of biodiver-
sity that will be lost on the development site over ¢, years
in Figure 1, P; is the proportion of this loss that can be
attributed to the impact from development, and r is the
discount rate. We estimated the impact (I) of biodiversity
from a proposed development separately for each bio-
diversity attribute of interest (i = 1 to k) and using the
most appropriate units for that attribute. Examples of dif-
ferent attributes used to characterise losses to biodiver-
sity include the amount of habitat lost, the number of
individuals lost, the change in reproductive success, or
change in patch or landscape indices (e.g., perimeter of
area ratio). In our hypothetical example (Table 1), I=100

When no net loss is feasible

individuals of species A, I = 50 nesting cavities for species
B and I = 10 ha of feeding habitat of species B will be
impacted because of the proposed development.

The proportion of the estimated impact from develop-
ment on a biodiversity attribute is given by P; in Equation
(1). For example, a species on a site may be declining be-
cause of a threat unrelated to the proposed development
(e.g., disease), in which case only a proportion of the es-
timated loss of this species at the development site can be
attributed to the development. In our example (Table 1),
P; =1 for all attributes.

Development of a building site might be rapid while
the development of a mine, and the associated impacts
on biodiversity, might take several years. We therefore
discount the loss of biodiversity from a development over
the number of years the development occurs (t,). Here,
we make all estimations for the PVL using a discount rate
of 3% as recommended for Habitat Equivalency Analysis
in the United States (NOAA 1999), which reflects the ap-
proximate average rate of social time preference for pub-
lic goods (Dunford et al. 2004).

Calculating gain from offsets

The present value of gain (PVG) generated from an off-
set for each separate attribute of biodiversity (i) that is
impacted by the proposed development can be given as
(O x Py x E);
(L+r)0

where O is the gross quantity of attribute 7 that is provided
as the offset, Py is the proportion of O that is additional to
what would have been provided under the counterfactual
scenario, E is the rate of effectiveness or success of the
proposed management action for attribute 7 at T, years in
Figure 1 and r is the discount rate. We explain each of
these terms below.

The gross quantity of a biodiversity attribute that will
be provided as an offset is denoted by O, which must be
expressed in the same units used to enumerate the PVL
for the same biodiversity attribute (i = 1 to k) from de-
velopment. In our hypothetical example (Table 1), the
proposed offset for the impact on 100 individuals of plant
species A is to plant 500 individuals of the same species,
and the proposed offset for the impact on 50 nesting cav-
ities for species B is to erect and maintain 300 artificial
nesting cavities.

The proportion of the offset that is additional to what
would have occurred under the counterfactual (without
development and without offsets) is given as P,. In our
example (Table 1), where the proposed offset is to plant
500 individuals of plant species A, P, = 1 because all
plants will be established specifically for the offset and
there is no existing obligation for the land owner to do

PVG; = (2)
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Figure 1 Our conceptual model for defining the loss of biodiversity from development (left) and gain in biodiversity generated from an offset (right). Net

present values for loss and gain were calculated using time discounting.

this. However, in Table 1 where the proposed offset is to
establish 10 ha of feeding habitat for species B, Pp = 0.5
because 5 ha (50%) of feeding habitat already exists on
the proposed offset site and we assume this would persist
irrespective of the offset.

Actions to restore biodiversity (Hilderbrand et al. 2005;
Maron et al. 2012; Curran et al. 2013) or avoid threats to
biodiversity (Hockings 2006; Joseph et al. 2009; Bottrill
et al. 2011) have varying levels of success, so E is an ex-
plicit measure for the rate of effectiveness or success of
the proposed offset at T, (Figure 1). In our hypothetical
example (Table 1), the value of E for planting species A
is 0.4 because this is the survival rate of plants at 7, =
2 years (the age of reproductive maturity for the species).
The value of E for erecting nest boxes for species B is 0.2
because this is the known occupancy rate of nest boxes
by this species. The value of E for the offset to establish
trees as replacement feeding habitat for species B is 1.0
because the offset includes a provision to monitor mor-
tality and replace any planted trees that are required to
meet the objective.

In our calculator, we used discounting to account for
the lag between the loss of biodiversity from development
and the gain generated by an offset. The raw gain gener-
ated by the offset for each biodiversity attribute (i = 1 to
k) is discounted over the number of years between #, and
T, in Figure 1 to give the PVG generated by the offset.

Calculating no net loss

A development proposal results in no net loss if PVG >
PVL for each and every biodiversity attribute (i = 1 to
k) under consideration. The total offset (O) that must be
established for a specified amount of loss (PVL), such that
PVL = PVG can be calculated by combining Equations (1)
and (2) as

_PVLix(141)"

0= (E X Po); )

Simulations under different loss-gain scenarios

We used Equation (3) to identify offset ratios that are re-
quired to achieve no net loss (i.e., units of biodiversity
gain required for every unit of PVL) under the two most
common offset strategies: restoration offsets (offsets based
on restoring biodiversity) and avoided-loss offsets (offsets
based on avoiding loss to existing biodiversity under cur-
rent threat of loss) delivered over different time frames.
We simulated restoration offsets assuming the product of
effectiveness for ecological restoration (E) and the pro-
portion of the gain in biodiversity from restoration that
is additional (P,) range from 0.1 to 0.5 (this is based
on the assumption that typical rates of effectiveness for
ecological restoration are <0.5; Maron ef al. 2012) and
restoration can compensate for losses from development
with delays ranging from 0 to 100 years. We simulated
avoided-loss offsets by assuming the product of effective-
ness (E) and the proportion of biodiversity lost under the
counterfactual (or “without offset” scenario in Figure 2;
Pp) is 0.1-1.0, and that biodiversity subject to the offset
will be lost under the counterfactual over time frames
ranging from 0 to 100 years. For these scenarios, we fixed
the discount rate (r) at 3%. However, we also simulated
scenarios under a range of discount rates (1-4%) that
have been proposed for compensatory habitat (Dunford
et al. 2004) while holding values for effectiveness (E) and
additionality (Py) at their maximum (i.e., 1.0).

In all simulations, we interpreted offset ratios <10:1
as indicative of greatest potential for operational feasi-
bility given offset ratios employed in 10 out of 11 bio-
diversity offset policies we reviewed were <10:1 (see
Supplementary Material). However, we acknowledge
that offset ratios below (e.g., Queensland State Govern-
ment, Australia) and above (e.g., South African Govern-
ment) 10:1 represent an upper limit in different offset
policies.
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Figure 2 Simulations indicating offset ratios required to achieve no net
loss of biodiversity for scenarios representing restoration offsets. The
different curves represent values for the product of additionality (Po)
and effectiveness (E) ranging from 0.1 to 0.5 to reflect the potential for
restoration offsets to have typical rates of effectiveness up to 0.5 and
values for additionality up to 1.0. The discount rate is fixed at 3%. The
horizontal (red) line represents an offset ratio of 10:1.

Results
Restoration offsets

The range of scenarios in which no net loss is most likely
to be feasible (i.e., offset ratios <10:1) using restoration
offsets is illustrated below the red line in Figure 2. Assum-
ing the maximum typical rate of effectiveness for ecolog-
ical restoration is 0.5 and maximum value for addition-
ality is 1.0, no net loss using restoration offsets is most
likely to be feasible where the biodiversity impacted by
development can be restored within 55 years. Where bio-
diversity takes longer than 55 years after the impact to be
restored, no net loss cannot be achieved with offset ra-
tios <10:1 based on our underlying assumptions. No net
loss is feasible across a broader range of values for effec-
tiveness and additionality for biodiversity that can be re-
stored within 55 years, or where delays between the loss
of biodiversity from the impact and the gain in biodiver-
sity from restoration can be reduced below 55 years by
establishing the offset in advance of the impact.

Avoided-loss offsets

Assuming complete loss of biodiversity under the coun-
terfactual (i.e., Po = 1.0) and actions to reverse this
loss will be 100% eftfective (i.e., E = 1), no net loss is
most likely to be feasible (i.e., offset ratios <10:1) using
avoided-loss offsets where biodiversity subject to man-
agement from the offset would otherwise have been en-
tirely lost within 78 years (Figure 3). This equates to an

P. Gibbons et al.

Offset ratio
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Years after development before complete loss of
biodiversity under the counterfactual

Figure 3 Simulations indicating offset ratios required to achieve no net
loss of biodiversity for scenarios representing avoided-loss offsets. The
different curves represent values for the product of additionality (Po) and
effectiveness (E) ranging from 0.1 to 1.0 to reflect the potential for avoided-
loss offsets to have values for additionality (Po) and effectiveness (E) up to
1.0. The discount rate is fixed at 3%. The horizontal (red) line represents an
offset ratio of 10:1.

annual rate of loss =6 % under the counterfactual. Where
existing threats to biodiversity at the offset site will result
in only partial losses of biodiversity (i.e., P < 1.0) un-
der the counterfactual, and/or values for effectiveness for
abating threats to biodiversity on the offset site are <1.0,
then avoided-loss offsets are only likely to be feasible
where losses to biodiversity under the counterfactual oc-
cur at higher rates, or where avoided-loss benefits accrue
in advance of impacts to biodiversity from development.

Discount rates

With values for effectiveness (E) and additionality (Po)
held at their maximum (i.e., 1.0), the scenarios in which
no net loss is feasible when employing discount rates
from 1% to 4% are illustrated below the red line in
Figure 4. At discount rates of 1%, 2%, 3%, and 4%, no
net loss is likely to be feasible with delays between biodi-
versity losses and gains up to 231, 117, 78, and 59 years,
respectively. That is, greater delays between impacts on
biodiversity from development and commensurate gains
from offsets are tolerable where lower discount rates are
employed.

Discussion

We used our calculator to predict the circumstances in
which no net loss is most likely to be feasible under the
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Figure 4 Simulations indicating offset ratios required to achieve no net
loss of biodiversity for discount rates (r) between 1% and 4%. Additionality
(Po) and effectiveness (E) were each fixed at 1.0 (their maximum values).
The horizontal (red) line represents an offset ratio of 10:1.

two main offsetting strategies that are employed: restora-
tion and avoided loss.

Employing a discount rate of 3% (the approximate
average rate of social time preference for public goods;
Dunford et al. 2004), typical rates of effectiveness for
ecological restoration of <0.5 (Maron et al. 2012) and
assuming all actions are 100% additional, we pre-
dicted that not net loss using ecological restoration
is likely to be feasible (i.e., using offset ratios <10:1)
where delays between losses and gains are <55 years
(Figure 2). That is, restoration offsets are unlikely to be
feasible where delays between development and com-
pensation of these losses will take longer than 55 years.
This is likely to preclude offsets aiming to restore old-
growth or late successional habitats (e.g., a meta-analysis
of 108 studies indicates that secondary-growth habitats
achieved species richness comparable with old-growth
habitats within 100 years in 40% of cases; Curran et al.
2013) or habitat elements (e.g., mature trees; Gibbons
et al. 2008; Maron et al. 2010); and plant species diversity
on sites that are highly degraded or have been fertilized
(Wilkins et al. 2003; Prober et al. 2005). Because many
forms of ecological restoration have low rates of success
(Maron et al. 2012; Curran et al. 2013), this also means
that restoration offsets must typically be established in
areas with high additionality, which means that the
use of restoration offsets is further restricted to areas
where there is little or no existing obligation to conserve

When no net loss is feasible

biodiversity. Thus, circumstances in which no net loss
can be achieved using restoration offsets are restricted.

It has been suggested that offsets based on avoided
loss are more suited to achieving no net loss where
development impacts on biota that are difficult to re-
dress through restoration, such as old-growth habitats
(Gibbons & Lindenmayer 2007). Employing a discount
rate of 3%, and assuming actions to remove threats
to biodiversity are 100% effective, no net loss is most
likely to be feasible (i.e., using offset ratios <10:1) where
biodiversity at the offset will be completely lost within
78 years under the counterfactual. This equates with an
annual rate of loss =6%. Since we cannot assume that
actions to abate threats to biodiversity are always 100%
effective (Hockings 2006; Joseph et al. 2009; Bottrill et al.
2011), the required rate of loss to biodiversity under the
counterfactual that is necessary to achieve no net loss is
realistically higher. The rate of global biodiversity loss
(2% per annum; data from McLellan et al. 2014) and rate
of global deforestation (0.15% per annum; data from
Hansen et al. 2013) are well below the annual rate of loss
that we predict is necessary for no net loss to be feasible
using avoided-loss offsets and none of the assumed
rates of biodiversity decline under the counterfactual in
Australian biodiversity offset policies are =6% (Maron
et al. 2015). Indeed, Bull et al. (2014) caution that a
perverse incentive exists to overestimate declines under
the counterfactual when employing offsets. Our results
therefore indicated that avoided-loss offsets are only
feasible for achieving no net loss where biodiversity is
declining much faster than typical background rates of
biodiversity loss.

Providing biodiversity offsets in advance of im-
pacts from development is preferred by several au-
thors (Bekessy et al. 2010; ten Kate et al. 2014).
Offsets (whether based on restoration or avoided loss)
that generate benefits prior to development reduce or
eliminate delays between losses and gains in biodiversity
and therefore make no net loss theoretically feasible in
a broader range of scenarios (Figures 2 and 3). However,
because advanced offsets are procured using restoration
or avoided loss, they impose practical constraints on
development for similar reasons that restoration offsets
and avoided-loss offsets impose constraints on develop-
ment. That is, the restricted range of biodiversity gains
that can be generated from ecological restoration and the
long time frames needed to generate biodiversity gains
from restoration or avoided loss will restrict the develop-
ment scenarios where advanced offsets are feasible.

In conclusion, no net loss is likely to be feasible in a
restricted range of circumstances when applied to biodi-
versity and thus may not be a more flexible alternative to
command and control regulation. The principal reasons
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for this are that the effectiveness for ecological restoration
and threat abatement are often well below 100%, that it
takes a long time for ecological restoration to realise suf-
ficient gains for many forms of biodiversity and that the
rate of biodiversity loss under the counterfactual must be
higher than typical background rates of biodiversity loss.
No net loss is likely to be feasible under a greater range
of circumstances where offset ratios greater than 10:1 are
more widely tolerated—a conclusion also made by Laitila
et al. (2014) and Moilanen et al. (2009)—and where dis-
count rates less than 3% are deemed appropriate when
calculating gains in biodiversity through time.
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