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Abstract 

Biodiversity offsetting is an increasingly popular yet contentious measure used to compensate for 

the ecological impacts of development. Much of the research focus on biodiversity offsetting has 

been on developing metrics for quantifying the amount of offset required to achieve a ‘no net 

loss’ or ‘net gain’ of biodiversity.  Although the majority of metrics in use take into account the 

spatial dimension of impact, few consider the time required for an offset to fulfil its 

compensation requirements to a particular species or ecosystem. Given that the future prospects 

of biodiversity is inextricably linked with time, surprisingly little work has been undertaken to 

quantify the offset requirements for threatened species and ecosystems which face varied degrees 

of threat to their persistence.  In this study, we introduce a novel approach to comprehensively 

estimate the offset requirements for biodiversity impacts over time and space, by incorporating 

the species’ annual probability of extinction as a discounting factor within our loss-gain metric. 

We find that accounting for ‘ecological time preference’ within out loss-gain metric results in 

greater offset requirements for threatened species and ecosystems, but offset burden can be 

reduced if compensation can be delivered more rapidly.  Our approach can utilise readily 
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available estimates of the probability of extinction related to the IUCN threat status of Red 

Listed species and ecosystems, but could benefit from refined estimates of annual extinction 

probabilities for specific biodiversity elements.  
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1. Introduction 

Biodiversity offsetting is an increasingly widespread policy mechanism which is aims to 

compensate for the ecological impacts of human development. Since the introduction of the 

United States’ wetland ‘mitigation banking’ program in the 1970’s (Burgin, 2010; Kentula, 

2000; Zedler, 1996), there are now at least 45 biodiversity offset schemes in operation around the 

world, with another 25 currently in development (Madsen et al., 2011).  The overall goal of 

biodiversity offsetting is to achieve a ‘no net loss’ or ‘net gain’ in biodiversity after accounting 

for development impacts (Bull et al., 2013; Business and Biodiversity Offsets Programme 

(BBOP), 2012a). This goal is usually operationalized through the use of metrics, which facilitate 

the quantification of biodiversity losses in the development area as well as estimating the offset 

requirements commensurate with the impacts.  

Adequately accounting for biodiversity in offset calculations requires consideration of equity in 

type, time and space in order to meet the ‘no net loss’ policy objective (Salzman and Ruhl, 

2000). Although the inherent uncertainties associated with measuring biodiversity (Regan et al., 

2002) inevitably mean that surrogates (such as the area of habitat impacted) are often used to 

quantify the biodiversity losses and gains associated with offsetting, much work has been done to 

provide guidance on how these estimates can be strengthened (Business and Biodiversity Offsets 

Programme (BBOP), 2012b). Generally, it is recommended that loss-gain calculations for 
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biodiversity offsetting should consider:  

(i) the type of biodiversity being impacted, such that ‘like-for-like’ or similar 

components of biodiversity are provided in compensation (Dunford et al., 2004; 

Quétier and Lavorel, 2011),  

(ii) the difference between status quo and the impact and offset scenario, such that offset 

outcomes are additional to what would have occurred anyway (Gibbons and 

Lindenmayer, 2007; Maron et al., 2013), 

(iii) the likelihood of the proposed offset meeting its stated requirements (McKenney and 

Kiesecker, 2010; Moilanen et al., 2009),  

(iv) the threat status or vulnerability of the impacted biodiversity components (Business 

and Biodiversity Offsets Programme (BBOP), 2012b), and  

(v) the time delay between the ecological impact and delivery of the offset  (Bekessy et 

al., 2010; Salzman and Ruhl, 2000).   

Although there is general consensus on the importance of these factors, no ‘standard’ approach 

exists to quantify the ecological impacts from development, and the offset required to 

compensate for these impacts (Gibbons et al., In Review; McKenney and Kiesecker, 2010). The 

majority of existing methods used to quantifying biodiversity offset requirements account in 

some way for exchanges in type and across space (Business and Biodiversity Offsets Programme 

(BBOP), 2012c; McKenney and Kiesecker, 2010), but the remaining (ii) – (v) factors are 

considerably less developed.  

Typically, offset requirements will be adjusted according to a ‘multiplier’, to reflect those factors 

not explicitly accounted for in the loss-gain calculation (McKenney and Kiesecker, 2010). 

Multipliers are commonly used to increase offset requirements in an effort to better account for 

risk, species or ecosystem threat status, and time delays (Business and Biodiversity Offsets 

Programme (BBOP), 2012d). However, the danger in the use of offset multipliers is that their 

selection is arbitrary, and may lead to over- or under-estimation of offset requirements (Moilanen 

et al., 2009).  

Several authors have introduced approaches for explicitly considering time delays and the 

associated uncertainty in delivering offset outcomes. A time discounting factor can incorporated 
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into the offset calculation to ensure that a delayed offset results in no net loss from the 

perspective of the present time (Denne and Bond-Smith, 2012).  The discount rate can also 

reflect (either individually or as a composite) a range of factors including pure time preference, 

the balance of supply and demand, risk and change in the marginal value of investment returns 

(Business and Biodiversity Offsets Programme (BBOP), 2012c; Moilanen et al., 2009; Overton 

et al., 2013).  

Moilanen et al. (2009) introduced the concept of applying a discount rate within offset 

calculations, to account for the loss to biodiversity during the time-lag between development 

impact and the offset being delivered. Overton et al. (2013) suggested that discounting should be 

incorporated into calculation of the ‘net present biodiversity value’ to address the risk of an 

offset not being delivered.  Yet despite the general agreement on the concept of discounting for 

biodiversity offsets, no clear guidance exists for the selection of an appropriate discount rate. 

This is crucial, given the large impact discounting can have on calculated offset requirements 

(Gibbons et al., In Review; Moilanen et al., 2009). 

Time discounting has been applied in a number of biodiversity offset policies. A 3.5% discount 

rate is currently being applied in calculations within the UK biodiversity offsetting pilot scheme 

(DEFRA, 2012) to reflect societal time preference. Denne and Bond-Smith (2012) recommend a 

1% discount rate for the New Zealand biodiversity offsets program. Further, they contend that 

that pure time preference is the only appropriate reason to apply discounting to biodiversity 

offsets, as “the assessment of what is an adequate offset is concerned only with the biodiversity 

outcome, not with the financial costs of retaining or replacing it”.  

It could be argued then, that the appropriate discount rate should not necessarily just reflect just 

human preference for the timing of offset delivery, but rather the adequacy of a time-delayed 

offset for biodiversity which is (in most cases) declining over time. A critically endangered 

species is unlikely to utilise an offset in a future time point beyond which it is expected to remain 

extant. It is surprising then that the discussion around time-discounting and biodiversity offsets 

has not extended to how the threat status of species and ecosystems should be explicitly 

considered in offset calculations, to avoid the use of arbitrary multipliers. 

In this study, we propose that the use of discounting in biodiversity offset calculations should be 
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informed by species or ecosystem threat status, which can be quantified as an annual probability 

of extinction. We define ‘ecological time-preference’ as the use of time-discounting to reflect the 

heightened offset requirements of species or ecosystems which are highly vulnerable to future 

extinction.  

We demonstrate our approach using a loss-gain metric developed by Gibbons and colleagues (in 

Review), which has been adopted as the basis for the Australian Government’s Environmental 

Offsets Policy (Australian Government, 2012). Our approach can utilise readily available 

estimates of the probability of extinction related to the IUCN threat status of Red Listed species 

and ecosystems, but could benefit from refined estimates of annual extinction probabilities for 

specific biodiversity elements. 

2. Methodology 

Loss-gain metric 

We present our approach for calculating offset requirements based on the loss-gain metric 

detailed in Gibbons et al. (In Review). The loss-gain metric is similar to the discrete-time 

cumulative ‘net present biodiversity value’ presented by Overton et al. (2013), but is simplified 

to consider only the instantaneous losses and gains, rather than the cumulative sum of marginal 

losses and gains over time.   

We assume that prior to calculating offset requirements, we have: 

1) followed the mitigation hierarchy (Business and Biodiversity Offsets Programme 

(BBOP), 2012a) and considered any thresholds of impact beyond which offsets should 

not be considered (Gibbons et al., 2009; Pilgrim et al., 2013), and  

2) have identified a ‘credit profile’ of the ecological characteristics of the impact site which 

must be matched on the offset site, to ensure a ‘like-for-like’ trade (Department of 

Environment and Climate Change (DECC), 2008; Gibbons et al., 2009). 

For simplicity, we assume that the likelihood of success of the offset meeting its requirements is 

100%.  

We first present the discrete-time cumulative value of an offset detailed by Overton et al. (2013). 
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We assume the impact occurs at 0t , and the full value of the offset is delivered at Tt  .  No 

net loss is achieved when the net present value (NPV) of the difference between the discounted 

sum of marginal values of the offset ( OMV ) and the discounted sum of marginal values of the 

impact ( iMV ) is equal to zero: 
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where 0NPV  represents ‘no net loss’.  

The discounting function )(tD  applies a discounting factor d  to the value of impacts or offsets 

that occur at time t into the future: 

tdtD )1()(  . 

We consider an exponential discounting function in this case, but other forms such as the 

hyperbolic (Gowdy, 2008; Henderson and Sutherland, 1996) and gamma (Weitzman, 2001) 

functions are possible.  

The loss-gain metric developed by Gibbons and colleagues and adapted for the Australian 

Government’s Environmental Offset Policy (2012) does not consider the discounted cumulative 

value of the impact and offset over time; but rather their respective values at the end-pointT .  

This simplification means that the impacts are potentially over-valued, and offset under-valued 

over the time period 0t  to T . However, for the purposes of the policy principles
1
, it was 

necessary to assume that biodiversity impacts are instantaneous, and that the value of the offset is 

not considered until T.  

We calculate the value of an offset ( OV ) by taking the difference between two counterfactual 

scenarios (Maron et al., 2013):  the future value of the offset site under baseline or status quo 

conditions ( bV ), and the future value of the offset site under the impact-and-offset scenario ( aV ): 

                                                           
1
 In particular, Policy Principle 7 requires the calculation of offsets to be “efficient, effective, timely, transparent, 

scientifically robust and reasonable”. Calculating the NPV cumulatively over the full time period was considered too 

complex for inclusion in the offset assessment guide spreadsheet:  

http://www.environment.gov.au/epbc/publications/environmental-offsets-policy.html 

http://www.environment.gov.au/epbc/publications/environmental-offsets-policy.html


7 

baO VVV   .  

As in the discrete-time cumulative version (Overton et al., 2013) the impact occurs at t = 0 and 

the offset is delivered at the end-time point T. The discounting factor d is applied to OV  at t = T. 

We only consider discounting on the offset side of the equation, but impacts could also be 

discounted based on human preference for biodiversity conservation (Gowdy et al., 2010; 

Overton et al., 2013).  No net loss is achieved when the discounted value of an offset ( )(tDVO  ) 

is equivalent to the magnitude of the original impact ( iV ). 

Discounting function 

We account for ‘ecological time preference’ by applying a discounting factor d which is 

informed by the impacted species’ threat status
2
.  Extant threatened species and ecological 

communities listed as protected under the Australian Environmental Protection and Biodiversity 

Conservation Act (EPBC) Act (1999) are categorised as Vulnerable, Endangered and Critically 

Endangered.  

Similar to the U.S. Endangered Species Act (ESA), there are no guidelines under the EPBC Act 

which quantify the probability of extinction for species listed under different threat categories 

(Regan et al., 2013). We therefore adopted the IUCN (2001) criteria for each threatened species 

category (Table 1),  and converted the probability of extinction in the wild into our annual 

discounting factor d by taking the geometric mean: 

y
Pd 1 , 

where P = the minimum probability of extinction in y years.  

The geometric mean is commonly used to model species population growth curves (Bascompte 

et al., 2002), and so provides a better approximation of the annual probability of extinction than 

the arithmetic mean.  

 

                                                           
2
 The Australian Government’s EPBC Act Environmental Offsets Policy requires offsets to be “in proportion to the 

level of statutory protection that applies to the protected matter” (Policy Principle 3) 
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Case study 

To illustrate our approach, we present a hypothetical case study for a threatened species native to 

Australia: the red-tailed black cockatoo (Calyptorhynchus banksii graptogyne), which listed as 

Endangered under the EPBC Act.  The key concern for this species is habitat loss and 

fragmentation driven by agricultural expansion in south-eastern Australia, which has impacted 

on the availability of its preferred food resources (Maron and Fitzsimons, 2007; Maron et al., 

2010).  

Consider an impact where 20 hectares of feeding habitat for C. banksii graptogyne is removed as 

part of a development. The impact occurs on a site which encompasses 100 hectares of suitable 

habitat in total. Ongoing pressures on the red-tailed black cockatoo’s habitat mean that it is 

expected to decline at a rate of 5% per year, based on estimates of land conversion in the 

surrounding landscape. The impact is to occur at t = 0 and it is proposed that an offset is initiated 

at this time by planting suitable vegetation at an adjoining site. We assume that the value of the 

offset site increases according to a power function, )()( TAtAtA x

z

xx   such that it reaches 

its maximum value at t = T, and the growth parameter z = 0.10 (Figure 1).    

We consider two scenarios: first, where the value of the proposed offset for C. banksii 

graptogyne is discounted according to its current threat status (Endangered, d = 1.1%). Secondly, 

the offset value is calculated according to the Critically Endangered threat status (d = 6.7%) to 

illustrate the impact on our findings. We calculate the offset requirements based on (1) our loss-

gain metric (Gibbons et al., In Review), (2) the discrete-time cumulative function (Overton et al., 

2013), and (3) a standard ‘multiplier’ approach. 

3. Results 

Using our loss-gain metric, we found that the 20 ha impact on endangered C. banksii graptogyne 

habitat could be offset to a no-net loss standard after 100 years by planting 60 ha of land with 

new vegetation (Table 2). When the cumulative value of the impact and offset were taken into 

account (Overton et al., 2013), we found that a slightly larger offset area of 80 ha was 

recommended.  

When we considered the case where C. banksii graptogyne was actually categorised as Critically 
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Endangered, our results based on the alternative approaches differed substantially. The offset 

required to achieve no-net loss as calculated by our loss-gain metric exceeded 10,000 ha in this 

case, which would likely be considered infeasible. Based on the discrete-time cumulative 

calculation, the offset requirement was 170 ha. 

The offset areas recommended by the standard ‘multiplier’ approach were lower than the 

estimated requirements based on the loss-gain metric as well as the discrete-time cumulative 

calculation (Table 2). 

4. Discussion 

We have presented a theoretical framework for explicitly accounting for the threat status of 

species and ecosystems in the calculation of biodiversity offset requirements.  Offset policies 

will often adjust offset requirements for threatened biodiversity according to an arbitrary 

multiplier  (McKenney and Kiesecker, 2010), which may seem intuitive but ultimately has little 

scientific or economic basis. Time discounting has been incorporated into some biodiversity 

offset policies (DEFRA, 2012; Denne and Bond-Smith, 2012), but is generally used to reflect 

pure-time preference or the risk of offset failure without differentiating whether the biodiversity 

components in question are threatened, and to what degree.  

Considering a discount rate for biodiversity offsetting which is informed by species’ annual 

probability of extinction offers a several advantages over the other approaches seen in policies so 

far.  Our approach explicitly considers ‘ecological time preference’ for offset delivery:  

specifically, the risk that a species will go extinct prior to an offset becoming available for use. 

Arguably, human time preference for offset delivery should be accounted for separately to the 

species’ time preference for the offset, given that the first consideration in biodiversity offset 

calculations should be as to whether an offset adequately satisfies a ‘no net loss’ criterion 

(Business and Biodiversity Offsets Programme (BBOP), 2012a; Denne and Bond-Smith, 2012).  

Pure time preference for biodiversity offsets could still be considered, but it first must be 

understood whether the biodiversity in question will be adequately compensated in order to 

remain extant over the time in which ecological impacts are incurred.  Differentiating the 

discounting factor based on threat status could also reflect human time preference; given the 

higher value which society places upon species and ecosystems at risk. Applying a generic 
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discount rate consistently across all biodiversity impacts suggest that humans place no greater 

preference over a critically endangered species compared to a common species. Of course, public 

preferences for biodiversity are influenced by a range of factors (Gowdy et al., 2010), but 

arguably these considerations should be accounted for after offset requirements are quantified.  

Higher discount rates for a threatened species could further incentive efforts to avoid, mitigate 

and restore impacts prior to choosing to offset
3
. Alternatively, the threatened species’ 

‘preference’ for timely compensation will require the development to provide an offset (which is 

scaled to the degree of species threat) which would ceteris paribus be larger than for a non-

threatened species. In particular, a high discount rate could incentivise a more rapid delivery of 

an offset. While reducing the time taken to deliver an offset in itself only increases the offset 

requirement, if the rate of restorative works or securing an averted loss offset happens more 

rapidly during this reduced timeframe, this could result in considerable cost savings for the 

proponent, and provide compensation for the threatened species sooner.  Gibbons et al. (In 

Review) found that a low discount rate was a key factor in contributing to whether a 

development is likely to achieve no net loss. Based on our approach, this translates to offsets 

being more viable for species with a lower level of endangerment. 

We have adopted the IUCN criteria on species probability of extinction to inform the discounting 

factor calculation of offset requirements, given this is the international benchmark for threatened 

species categorisation (IUCN, 2001). However, locally specific estimates of species extinction 

probability or estimates informed by population viability analysis (Boyce, 1992; McCarthy et al., 

2003) or expert opinion (Carwardine et al., 2012; Regan et al., 2013) could easily be 

incorporated if they were readily available  In contrast to a basic ‘multiplier’ approach, offset 

requirements discounted according species probability of extinction can readily updated as 

improved information on species risks emerge. This may be difficult to achieve if specific 

multipliers were set in policy according to categorical criteria only.  

Our case study illustrated the magnitude of difference in offset requirements for biodiversity 

where discounting is informed by species’ probability of extinction. The multiplier approach 

                                                           
3
 Anecdotal evidence from the implementation of the Australian Government’s Environmental Offsets Policy 

suggest that a greater emphasis is being placed on threatened species listings, to ensure species are placed in  the 

most appropriate threat category; given the large influence the discount rate (particularly for Critically Endangered 

species) has on biodiversity offset requirements 
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recommended offsets much smaller in size than what was calculated under the loss-gain and 

discrete-time cumulative approaches, and importantly, there was no way to determine whether 

these quantities would result in a no-net-loss outcome. The net present value of the offset could 

be estimated using the loss-gain and discrete-time cumulative approaches, but each differed in 

their treatment of impact and offset values. The offset recommended by each approach was 

similar in magnitude when the discounting factor was relatively small (d = 1.1%, endangered 

status), but the loss-gain metric was particularly sensitive to the critically endangered 

discounting factor (d = 6.7%). We considered offsetting over a 100 year time period in this case, 

but limiting consideration of offsets to a shorter timeframe could represent a more realistic 

scenario, and reduce sensitivities in the loss-gain metric
4
.  

However, certain offsetting scenarios may actually be more accurately represented by the 

instantaneous loss-gain metric, whereby the value of an offset is close to zero until a future time 

point. For example, the red-tailed black cockatoo may not be able to utilise feeding trees until 

they reach maturity around 100 years after they are planted (Maron et al., 2010), so the 

cumulative benefit function may not be appropriate in this case. More work is needed to fully 

explore a range of impact and offset value functions (Arponen et al., 2005), and the implications 

for ‘offsetability’ (Pilgrim et al., 2013) under different circumstances.  

Biodiversity offsetting is a policy which has come under fire due to the poor reported 

performance to date (Brown et al., 2013; Quigley and Harper, 2006), the lack of transparency 

and evaluation of outcomes (Edgar et al., 2005; Madsen et al., 2010) and the widespread use of 

metrics that are not fit for purpose (Maron et al., 2013). Many of the challenges presented by 

biodiversity offsetting will not be solved by improved metric design (Walker et al., 2009), yet the 

metric used to calculate offset requirements has such a fundamental role in determining whether 

the ‘no net loss’ objective can be achieved. Accounting for an ecologically relevant discounting 

factor in the calculation of offset requirements would address the need to explicitly consider the 

interaction between time and species endangerment, which has so far eluded biodiversity offset 

policy. 

 

                                                           
4
 The maximum period of time over which offsets can be considered under the the Australian Government’s 

Environmental Offsets Policy is 20 years 
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Tables 

Table 1. IUCN (2001) criteria translated into the minimum annual probability of extinction for each major 

threatened species category, used as the discounting factor d for calculation of biodiversity offsets 

Threat Status 
IUCN Criteria for Probability 

of Extinction in the Wild 

Annual Probability of Extinction 

(Geometric mean) 

Critically Endangered At least 50% in 10 years 6.7% 

Endangered At least 20% in 20 years 1.1% 

Vulnerable At least 10% in 100 years 0.1% 
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Table 2. Results from our hypothetical case study of the red-tailed black cockatoo (Calyptorhynchus banksii graptogyne), as calculated using the 

loss-gain metric, discrete-time cumulative function and basic multiplier approach. Offset requirements are calculated over 100 years, unders 

scenarios where the species is either endangered (EN) or critically endangered (CE). Cells in grey indicate that the variable (row) is not considered 

in the corresponding the offset calculation (column). 

 

 

  

   
 Loss-gain metric              

(Gibbons et al. In Review)  

 Discrete-time cumulative function 

(Overton et al. 2013)  

"Multiplier" approach 

     EN (d=1.1%)   CE (d=6.7%)   EN (d=1.1%)   CE (d=6.7%)   EN ( iA × 2)   CE ( iA × 3) 

Impact  iA  20.0 20.0 20.0 20.0 20.0 20.0 

Cumulative impact value  
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i tDtMV  
  

36.1 36.1 
  

Offset value required for 

NNL 
 oA  60.0 infeasible 80.0 170.0 40.0 60.0 

Discounted offset value  )(tDAo   20.1 - 
    

Discounted cumulative 

offset value  
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Figures  

 

 
 

Figure 1. Representation of the cumulative impact and offset value for our hypothetical case-study of the red-tailed black cockatoo 

(Calyptorhynchus banksii graptogyne, see inset). Under the baseline/status quo scenario, feeding habitat is lost at a rate of 5% per year due to 

external pressures. The time of impact is t=0, where 20 hectares of feeding habitat is removed due to development. Note that we do not apply a 

discounting factor to the impact trajectory, although this is possible. The figure illustrates the cumulative value of the offset after it is first planted 

at t = 0, and the trajectories as discounted according to whether the species is endangered (EN, d = 1.1%) or critically endangered (CE, d = 6.7%).  
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