
Appendix 1. Background & Methods  

1.1 Offsets Overview 

 
‘Biodiversity offsetting’ is a mechanism whereby the permitted environmental impacts of 
development projects are compensated through conservation activities that yield a gain 
at least equivalent to the impact. Biodiversity offsets are increasingly being used 
globally in both marine and terrestrial environments, though the policy principles, design 
and technical approaches used for these offsets vary among jurisdictions and schemes. 

 
International best practice in biodiversity offsets calls for quantifiable conservation gains 
to counteract any significant biodiversity loss, based on adherence to the ‘mitigation 
hierarchy.’ The mitigation hierarchy requires that all impacts to biodiversity must first be 
avoided or minimised; any residual damage to biodiversity can then be offset as a last 
resort, to achieve the primary objective of ‘no net loss’ (NNL) of biodiversity (Ten Kate et 
al. 2004). Biodiversity offsets can only achieve the goal of NNL by adherence to 
stringent conditions (Dutson et al. 2015).  
 
To ensure offsets are commensurate with impacts the two must be of the same 
magnitude, and offset exchanges should follow the principle of ‘like for like or better’ 
equivalence of biodiversity values (BBOP 2012). This relates to two factors, character 
(or biodiversity value) and quality (important attributes) equivalence (Dutson et al. 
2015). For any biodiversity value being offset these factors could include both species 
and functional diversity, species composition, species condition, ecological integrity or 
ecosystem services values (BBOP 2012). Offsets should also be ‘additional’ to what 
would have occurred to the biodiversity value without either the impact or the offset , this 
is termed the “counterfactual” (Ferraro, 2009). To ensure offsets have ‘additionality’ and 
to more accurately quantify the amount of change that is relevant to the project under 
consideration, the counterfactual must take into account both regional scale trends 
(e.g., GBR outlook report), targets, and all funded interventions (e.g., government 
commitments to achieve water quality improvements). 

 
Biodiversity offsets are not appropriate for all development impacts as there are limits to 
what can feasibly be offset. This concept of ‘offsetability’ is important in instances where 
NNL is unable to be achieved as a result of the irreplaceability or vulnerability of the 



biodiversity value, or is ecologically or practically infeasible (BBOP 2012a, b; Pilgrim et 
al. 2013). 

 
Current offsets in Australia, while inclusive of the marine environment, were 
conceptualised primarily for terrestrial ecosystems and have most often been applied in 
terrestrial settings. However, the marine and terrestrial environments are fundamentally 
different mediums for offset application. Two primary examples of these differences are 
ownership and connectivity (Bos et al. 2014), which can make offsets in the marine 
environment more difficult. Unlike land, marine and coastal resources are public 
commodities, making sustained legal protection more difficult than terrestrial offsets in 
many cases (Bell et al. 2014; Dutson et al. 2015). Marine environments also have 
greater spatial and hydrological connectivity, enabling many impacts to flow further and 
affect a greater range of species and ecosystems (Carr et al. 2003; Bell et al. 2014; Bos 
et al. 2014). 

 
The Great Barrier Reef World Heritage Area (GBRWHA) encompasses the Great 
Barrier Reef Marine Park and some island and nearshore areas (Dutson et al.  2015). 
The entire Great Barrier Reef ecosystem, including the catchment area underpin key 
ecosystem processes and provide ecosystem services to the region. The GBRWHA is 
jointly managed by the Australian and Queensland governments via intergovernmental 
agreement (1978) and various laws and regulations, while the Great Barrier Reef 
Marine Park Authority is the statutory authority with the primary responsibility for the 
management of the park (GBRMPA 2014). Biodiversity offsets within the Reef are 
covered under both state and national legislation. 

 
In Queensland, offsets are regulated by the Environmental Offsets Act 2014 , including 
the Environmental Offsets Policy 2016, which seeks to counterbalance any significant 
residual impacts on matters of national, local or state environmental significance. This 
includes matters protected under the Environment Protection and Biodiversity 
Conservation Act 1999  (Cwlth) and any species listed under the Nature Conservation 
Act 1992 , areas classified as highly protected zones under the Marine Parks Act 2004 , 
referable wetlands and watercourses in protection areas or in high ecological value 
waters, fish habitat areas and marine plants under the Fisheries Act 1994  and legally 
secured offset areas (Queensland Government 2014). The EPBC Act Environmental 
Offsets Policy sets out the Australian Government’s approach to offsetting significant 
residual impacts on matters of national environmental significance (MNES) which are 
protected under the Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). In the marine environment, this includes Ramsar-listed wetlands, all 



EPBC-listed threatened species and ecological communities, marine and migratory 
species, all World Heritage areas, and the environment of the GBRMP. 

 
To date, offsets in the GBRWHA have been assessed and implemented by proponents 
of development (‘proponents’) on a per-project basis, leading to fragmentation and 
inefficiencies (Bos et al 2014). In 2014, the Australian Government created the ‘Reef 
Trust’, a program focused on improving the quality of water, improving the health and 
resilience of coastal habitats and protecting marine biodiversity. The Reef Trust includes 
a mechanism that allows proponents to enter voluntarily into agreement with the Reef 
Trust to meet offset obligations.  

1.2 Summary of Phase 1 
 

This project is an extension of a project funded by the National Environmental Science 
Programme (NESP) hereinafter called “Phase 1.” As background information to the 
current project, a summary of the Phase 1 project is provided next.  
 
A NESP project team was tasked with developing a draft calculation approach that was 
1) based on and consistent with the EPBC Act offsets assessment guide but adapted to 
the marine context, 2) developed in consultation with key stakeholders including 
relevant government agencies, industry representatives, and non-governmental 
representatives, and 3) consistent with the Reef Trust and the current regulatory context 
for marine biodiversity offsets in the GBRWHA (the EPBC Act). The scope of the project 
was to create a calculation approach that accounted for impacts to biodiversity. Impacts 
to other aspects of Outstanding Universal Value – including heritage values, cultural 
values, and other values that cannot be scientifically quantified AND exchanged – were 
outside the scope of the project. The project also built upon two recent publications with 
which the project team had been involved: 

 
Bos, M., Pressey, R.L. & Stoeckl, N. (2014). Effective marine offsets for the GBRWHA. 
Environmental Science & Policy , 42, 1-15. 

 
Dutson, G., Bennun, L., Maron, M., Brodie, J., Bos, M. & Waterhouse, J. (2015). 
Determination of suitable financial contributions as offsets within the Reef Trust. Report 
to the Department of the Environment, Commonwealth of Australia. 

 
Together these publications provide recommendations for how to systematically 
improve the assessment, implementation, and evaluation of marine biodiversity offsets 



in the Reef region. Improving how proponent financial liability is calculated was one of 
those recommendations. 

 
The NESP project was conducted with frequent engagement of key stakeholders. Three 
stakeholder workshops have been conducted: 

 
● August 2015, Townsville, attended by representatives of industry, government, 

and non-governmental organisations 
● February 2016, Canberra, attended by representatives of the Department of the 

Environment and Energy 
● April 2016, Brisbane, attended by representatives of industry, government, and 

non-governmental organisations 
 

The output of the NESP project was a prototype calculator that is based on terrestrial 
offset calculators used in Australia and international best practice, but adapted for the 
Reef context. The prototype calculator is a transparent and easy-to-use 
spreadsheet-style tool that considers:  

  
● Surrogates: proxies for groups of MNES that are likely to be negatively impacted 

by proposed projects 
● Surrogate Condition Factor: numerical factor that accounts for the ability of a 

habitat or species to respond to conservation action, based on scientific evidence 
of condition and trend of the MNES  

● Implementation Costs: estimates of cost to implement offset activities, including 
implementation risk factors, in order to achieve a benefit for the MNES  

● Time Delay: factor that accounts for the time difference between impact and the 
benefit being generated by the offset activity  

● Administration Fees: charge to recover the costs of administering, monitoring, 
reporting, and adapting offsets  

 
The prototype calculator was designed specifically for marine offsets in the GBRWHA, 
required through EPBC approval conditions, and delivered through voluntary agreement 
between Proponent and the Reef Trust. 

 
The prototype calculator was not intended to be used in the following situations:

  
● to evaluate impacts and offsets for non-biodiversity values such as heritage and 

culture   



● to estimate financial liability for non-permitted actions (e.g., ship grounding, toxic 
pollutant spill)   

● to estimate financial liability for regional and global scale issues (e.g., climate 
change impacts to the Reef) 

 
The prototype calculator is represented by Table 1-1. Each column is briefly explained 
following, but for a detailed explanation, please refer to the project final report (Maron et 
al. 2016).  
 
Table 1-1. Prototype Calculator from Phase 1 

 
Surrogates Impacts Costs Liability 

 Name Unit Surrogate 
Condition 
Factor 

Surrogate Cost per 
unit ($AUD) 

# Units 
Impacted 

Time 
Factor 

Admin 
fee 

Offset 
liability (AUD 
$) 

Water quality surrogates 

Suspended fine 
sediment 

Total 
Suspended 
Sediment         25%   

Nitrogen Dissolved 
Inorganic 
Nitrogen         25%   

Habitat surrogates 

Intertidal 
beach/mudflats 
and associated 
shorebird species 

Ha * condition 
metric ** 

        25%   

Mangrove forest 
habitats and 
mangrove 
species 

Ha * condition 
metric ** 

        25%   

Seagrass 
meadow habitats 
and seagrass 
species 

Ha * condition 
metric ** 

        25%   

Shallow coral 
reefs and 
associated 
benthic species 

Ha * condition 
metric ** 

        25%   

Deep reefs and 
associated 
benthic species 

Ha * condition 
metric ** 

        25%   



Lagoon floor and 
associated 
benthic species 

Ha * condition 
metric ** 

        25%   

Shoals and 
associated 
benthic species 

Ha * condition 
metric ** 

        25%   

Island terrestrial 
vegetation 

Ha * condition 
metric **          25%   

Halimeda bank 
habitat and 
Halimeda species 

Ha * condition 
metric ** 

        25%   

Species surrogates 

Bony fish Kg Biomass         25%  -  

Sharks and rays Number of 
Individuals         25%  -  

Sea snakes Number of 
individuals         25%  -  

Marine turtles Number of 
individuals         25%  -  

Estuarine 
crocodiles 

Number of 
individuals         25%  -  

Seabirds Number of 
individuals         25%  -  

Shorebirds Number of 
individuals         25%  -  

Whales Number of 
individuals         25%  -  

Dolphins Number of 
individuals         25%  -  

Dugongs Number of 
individuals         25%  -  

 
 

 
 
  



Grey shading indicates information that is provided in the calculator (columns A, B, and 
H). Orange shading indicates values that will be accessed through attached data tables 
(columns C , D, and F). Yellow shading indicates values that are entered by the user 
based on environmental assessment data (column E). Green shading indicates values 
calculated by the tool (no data entry; column H). 

 
COLUMN A: SURROGATES 

 
A biodiversity surrogate is a relatively easily-measured metric that works as a proxy for 
other components of biodiversity that are harder to measure.  

 
COLUMN B: UNITS 

 
Column B is the units (e.g., number of individuals) in which each surrogate is measured. 
This would be auto populated once the surrogate was selected. 

 
COLUMN C: SURROGATE CONDITION FACTOR 

 
The Surrogate Condition Factor accounts for the ability of MNES to respond to an 
intervention. This factor considers the condition, trend, and resilience of the group of 
MNES underlying each surrogate.  
 
COLUMN D: SURROGATE COST PER UNIT 

 
Column D is the offset implementation cost for each unit of gain. The value that appears 
in this column would be auto-populated.  
 
COLUMN E: IMPACTED UNITS 

 
The first information input into the calculator by the user is the number of impacted units 
of each surrogate for which offsets are required. These values are estimated during the 
environmental impact assessment process.

 
COLUMN F: TIME FACTOR 

 
The time delay between impact and the achievement of no-net-loss results in losses to 
ecosystem services. To mitigate time delays, a ‘time factor’ can be used by applying a 
discount rate (Table 1-2). This factor would not penalise proponents for time delays 



between project impact and offset implementation once the Reef Trust has accepted 
offset liability. 

 
COLUMN G: ADMINISTRATION FEE  

 
The administration fee is necessary to account for the costs of delivering projects on 
ground (in alignment to administrative costs allowed for government investment) 
including the management, monitoring and (if necessary) adaptation of the offset. 
Should the proponent be delivering the offsets, there would be administrative costs 
associated with that delivery as well. Administration fees are not kept by the Reef Trust 
but is passed through to implementing partner(s).  

 
COLUMN H: LIABILITY 

 
This column is the financial liability that is the result of the risk and time adjusted cost 
plus the administration fee. It is calculated for each surrogate, and then summed across 
surrogates. This is the financial contribution which will be reflected in the condition of 
approval for the referral.  



Table 1-2: Time Delay Factor 
 
 

Time delay between impact and 
achievement of no-net-loss (# 

years or partial years) 

Time Delay Factor 

0 1.00 

1 1.05 

2 1.10 

3 1.16 

4 1.22 

5 1.28 

6 1.34 

7 1.41 

8 1.48 

9 1.55 

10 1.63 

11 1.71 

12 1.80 

13 1.89 

14 1.98 

15 2.08 

16 2.18 

17 2.29 

18 2.41 

19 2.53 

20 2.65 



For the prototype calculator to be fully operational, Maron et al (2016) recommended 
that the following items should be addressed: 
 

● Review of mapping of MNES to Surrogates: clear and precise mapping of all 
MNES to the list of surrogates to ensure that no MNES are inadvertently missed 
or inadequately accounted for by the surrogates. 

● Surrogate Metrics: for some of the recommended surrogates, further research is 
required to determine the most suitable unit of measurement that will allow for 
quantifiable estimates of impacts and gains. 

● Surrogate Condition Factors: for each surrogate, further research and expert 
elicitation are required to set default surrogate condition factors, based on the 
condition, trend, resilience, and other factors of the underlying MNES. These 
may vary among implementation zones. Risk premiums will need to be updated 
periodically in alignment with Reef 2050 timeframes. 

● Surrogate Cost per Unit: for each surrogate, further research and expert 
elicitation are required to develop robust estimates to use as default 
implementation costs per unit surrogate. These estimates can be based on 
known and predicted costs and effectiveness of conservation, restoration, and 
management activities for underlying MNES, and updated periodically in 
alignment with Reef 2050 timeframes. Expert elicitation and review of existing 
work, as well as the outcomes of projects funded through the NESP Tropical 
Water Quality Hub, may provide more data to support these recommendations.  

● Number of units impacted: an approach is needed to define and guide 
proponents and assessors in measuring the number of units of a surrogate which 
will be impacted by a proposed action and which require offsets. This connects 
directly to the estimated impacts measured through the Environmental Impact 
Assessment process. 

●  Data availability in referrals: recommendations may need to be made regarding 
the environmental assessment process to ensure that appropriate and adequate 
information is gathered in the referral stage to make the calculator usable and 
accurate should it end up being used post-approval. The information required is 
basic (e.g., what matters are expected to be impacted, how much, and through 
what process), and collecting it is likely to be standard in impact assessments, 
but ensuring it is expressed explicitly in impact assessment reports will help 
ensure ease of use of the calculator.  

● Counterfactuals: the Department, in coordination with other government agencies 
will need to consider the appropriate counterfactual scenarios for each surrogate. 
These counterfactuals will need to consider both condition and trend data, as 
well as planned and funded interventions.  

 
The current project is being funded by the Department to address the above gaps 
identified by Maron et al. (2016) in order to fully operationalise the prototype calculator, 
develop a Reef Trust Priority Offsets Plan, and develop guidance document to 
accompany the calculator. 



 
1.3 Spatial Prioritisation and Co-Location of Offsets 
 
To date, offsets in the Reef have been assessed and implemented by proponents of 
development (‘proponents’) on a per-project basis, leading to fragmentation and 
inefficiencies (Bos et al 2014). The prototype calculator (Maron et al 2016) recommends 
that offsets be implemented in a three to five consolidated, strategic zones across the 
region to maximise the likelihood of success and to improve cost effectiveness by 
co-locating implementation, monitoring, and management. The Reef Trust has the 
ability to improve and consolidate marine offsets in the region, which could significantly 
increase the likelihood that marine biodiversity offsets achieve no-net-loss, but there are 
several technical and policy elements that require research and careful design to avoid 
suboptimal outcomes.  
  
Ad-hoc offsets, occurring to varying degrees throughout the GBRWHA, are unlikely to 
be effective in achieving broad-scale outcomes at the landscape level. Until recently, 
United States wetland mitigation required that compensatory action be in areas directly 
adjacent to the impact site, but this approach has been criticised for being reactive and 
piecemeal, leading to inadequate compensation at the watershed scale (McKinney and 
Kiesecker 2010). Best practice for offsetting is that offsets should occur as close as 
possible to the impact site, or at least in the same watershed, though the restoration or 
protection of habitat for threatened species conservation may occur across a wider 
landscape (BBOP, 2012b). Just how far an offset can be implemented across the wider 
landscape has not been explored fully in the research (Kiesecker et al., 2009), however 
allowing some flexibility in space could lead to more coordinated conservation networks 
and facilitate threat avoidance (Bull, Hardy, Moilanen, & Gordon, 2015). Composite 
offsetting or offsetting at multiple locations is also quite common, and is useful for 
spreading risk across the landscape, but also to ensure that all the biodiversity lost will 
have gains elsewhere (BBOP, 2012a). 
  
The selection of any offset location should be determined based on landscape level 
analysis of both local and regional priorities, as well as ecosystem processes (BBOP, 
2012a). For example, it would be counterproductive to offset seagrass in a busy port 
that will likely need maintenance dredging every few years, a better outcome would be 
to co-locate the offset elsewhere in the region. Because marine offsets are not yet 
widespread globally however, there are few examples of how co-located offsets should 
occur. One example comes from an offshore wind farm in the Netherlands where 
offshore impacts were mitigated onshore through the expansion of a coastal and 
migratory bird reserve, restoration and decontamination of a dune valley, a fund for 



migratory bird and other marine species and support for removal of marine litter 
(Vaissière, Levrel, Pioch, & Carlier, 2014). However, objections to this type of flexibility 
in offset location are that equivalency becomes a problem, for example onshore 
conservation for offshore impacts (Vaissiere et al. 2014), that it could lead to localized 
loss of cultural values or ecosystem services (BBOP, 2012a), or out of kind exchanges 
and a ‘weakening’ of offset policy. For these reasons, explicit tracking of impacts and 
commensurate offset actions is needed. 
  
For migratory species it has been suggested that threat alleviation anywhere within a 
highly mobile species range could provide better outcome for species (Bull, Suttle, 
Singh, & Milner-Gulland, 2013). While this type of flexibility could be appropriate for 
some species, for others, offset action close to the impact site or within the catchment 
area would be considered best practice, especially for those habitat surrogates that act 
as important systems for other MNES (e.g. Seagrass and Dugongs or Green turtles). 
For example, the selection of offset location for individual species should be based on 
population scale data for the value being offset. However, this entails having some level 
of data on population genetics at a local and regional scale. 
  
The Great Barrier Reef region is divided into five Natural Resources Management 
(NRM) regions: Cape York, Wet Tropics, Burdekin, Mackay-Whitsunday, Fitzroy, 
Burnett-Mary (see Figure 1-1). The NRM regions are planning units for water quality 
and catchment management, and could serve as useful boundaries for offset 
co-location.  
 
Offset location priorities are likely to differ due to the type of surrogate (water quality, 
habitat, and species) and also according to the migratory nature of the species. For this 
reason, the literature review and expert elicitation investigated the optimal offset 
location boundaries for each surrogate (See 1.4: Methods, Appendices 2 and 3).  

 

 

  



Figure 1. Natural Resources Management (NRM) Region Boundaries (Brodie & 
Waterhouse, 2015) 



 



1.4 Methods 

1.4.1 Literature Review 

In order to determine the amount of data available compared to the data required to 
complete the project, a thorough review of the relevant literature was completed. Two 
major recent reports, the GBR Strategic Assessment and the GBR Outlook Report 
2014, consolidate the literature on the state of the GBR and acted as guidance 
documents to determine where additional research was needed. The reports also 
provide a guide to other relevant literature on the review topics. For each topic 
reviewed, targeted searches were performed using search engines like google and 
google scholar. Once literature on a topic was found, the reference list of that document 
was also searched to ensure all relevant literature had been identified. This included 
both published literature as well as grey literature such as government and 
non-government documents, reports and websites.  

1.4.2 Discussion Paper 

A discussion paper summarising the project background and objectives, and the 
findings of the literature review was distributed to all prospective experts. The 
discussion paper also put forth the questions the experts would be asked in the 
elicitation process and summarised the findings that were established in the literature 
review. The purpose of the paper was to give participants the necessary background 
information to contextualise to the project, and to demonstrate the findings of the 
literature review to aid in gathering additional information through the elicitation process.  

1.4.3 Expert Elicitation  

Expert elicitation is the synthesis of opinions of authorities of a subject where there is 
uncertainty due to insufficient data or when such data is unattainable because of 
physical constraints or lack of resources (O’Hagan 2006, Slottje et al. 2008, Johnson et 
al, 2010, French 2011). Expert judgements are essential when time and resources are 
stretched or we face novel dilemmas requiring fast solutions (Burgmann et al. 2011). 
Expert elicitation is essentially a scientific consensus methodology and it allows for 
parameterization, an "educated guess", for the respective topic under study while 
quantifying uncertainty (Johnson et al, 2010; French 2011). To address the data 
requirements outlined by the NESP project (additional information above) and the gaps 
identified in the literature review, an expert elicitation process was conducted via a 
two-part online questionnaire.  



 
A total of 49 experts (n=49) responded to the online expert elicitation, which represents 
a response rate of 64% (see Table 1-3). The experts on average had 15 years of 
experience in their area of expertise (see Table 1-4). The experts on average had 18 
years of experience working and/or studying in the Great Barrier Reef Region (see 
Table 1-5). The majority of experts identified as academic scientists (n=23) and experts 
also represented government, industry, environmental consulting, and non-profit 
organisations (see Figure 1-2).  
 

 
Table 1-3. Expert Response Rates for Rounds 1 and 2 of the Online Expert 

Elicitation 
 

Number Percentage 
Total number of experts  
who responded ( Round 1 or 2 or both) 49 64% 
No Response 25 33% 
Round 1 and 2 22 29% 
Round 1 Only 17 22% 
Round 2 Only 10 13% 

 
 
 

Table 1-4. Self-reported years in area of expertise (n=49) 
 

Range 0-40 
Median 12 
Average 15 

 
 

 
Table 1-5. Self-reported years in the Great Barrier Reef region (n=49) 

 
Range 3-40 
Median 15 
Average 18 

 
 



  



Figure 1-2. Self-reported sector of expert respondents (n=49) 
  

 
 
 

1.4.4 Stakeholder Workshops 
 
Following the expert elicitation process, a series of short, targeted workshops will be 
performed to inform any remaining gaps in the data and to ensure the best available 
scientific evidence has been used to inform decision making around the use of the 



offset calculator. This project will be conducted with frequent engagement of key 
stakeholders.  
Three stakeholder workshops will be conducted: 
 

● November 18 2016, Townsville, attended by representatives of industry, 
government, and non-governmental organisations 

● November 22 2016, Brisbane, attended by representatives of industry, 
government, and non-governmental organisations 

● November 23 2016, Canberra, attended by representatives of government 

 

1.4.5 Next Steps 
 
After the stakeholder workshops, the draft plan will be revised and stakeholders will be 
given a second opportunity to comment. Case studies will be developed to test the Plan 
and the calculator, and the final Plan will be complete by February 2017. Methods for 
upcoming project steps will be included in the Second Draft Plan.  


