
Social preferences for the design of biodiversity offsets for shorebirds in Australia 1 

Abstract 2 

Understanding the social acceptability of biodiversity offsets is important in order to properly design 3 

offset policy. This study used a discrete choice experiment to quantify preferences of the Australian 4 

people for a migratory shorebird offset, in the context of an oil and gas development. We used both 5 

current and prospective offset policy characteristics, with a view to informing future policy design of 6 

the social dimensions related to offset acceptability. We found that the practice of offsetting was 7 

accepted by the community as a means to allow economic development. Substituting protection of a 8 

species impacted by the development for a more endangered species was a desirable policy 9 

characteristic, as was having the offset implemented by a third party or the government, rather than 10 

the company responsible for the development. Direct offset activities were preferred over indirect, 11 

and there was a strong aversion to locating the offset at a site other than where the impact 12 

occurred. The rate at which positive and negative characteristics can be traded off is identified.    13 

Introduction 14 

Biodiversity offsets can compensate for unavoidable environmental impacts resulting from 15 

development. The potential for offsets to allow project specific investments to proceed while 16 

accounting for environmental damage has drawn international interest from government and non-17 

government agencies, and development companies. Offset policies are being implemented by 18 

governments worldwide to formalize the appropriate design of offsets (Mckenney & Kiesecker 19 

2010). While the objectives of these policies are often similar, typically centred on the concept of ‘no 20 

net loss’ (Bull & Brownlie 2015), there is variability in the policy characteristics to achieve this 21 

(Mckenney & Kiesecker 2010).  22 

Scientific evidence cautions that offsets must be designed carefully, or they can fall short of 23 

delivering their environmental objectives (Dickie et al. 2013; Temple et al. 2012; ICMM IUCN, 2012; 24 

Quétier et al. 2014; Treweek et al. 2009). Therefore, ecological feasibility should be the key 25 

consideration in offset policy design. Once ecological feasibility is established, it is possible that 26 

flexibility will remain in how an offset is designed. The economic and social aspects of design can 27 

then be considered. A better understanding of community acceptance could help to set the social 28 

boundaries within which offset policies operate, reducing the risk of public resistance to the practice 29 

(Burton et al. 2016; Richert et al. 2015).  30 

Research on offsets to date has primarily focussed on their physical design (e.g. Dickie et al. 2013; 31 

Department of Environment and Conservation NSW 2011; Quétier & Lavorel 2011; Madsen et al. 32 

2010; Middle & Middle 2010; Hayes & Morrison-Sanders 2007).  There is some work on social 33 

acceptability: Bougherara et al. (2013) study community acceptance of firms making versus buying 34 

offsets in milk production in France. Burton et al. (2016) quantify preferences of the West Australian 35 

community for biodiversity offsets, in the context of an oil and gas development impacting on the 36 

habitat of a species of a nationally protected migratory shorebird. Paredes (2015) conducted a 37 

similar study in Queensland.   38 

In Australia, offsets are governed by both State and Commonwealth policies. Offsets are required 39 

when a development cannot avoid or mitigate all environmental impacts. The offset policies aim to 40 

achieve equivalence: a proponent must demonstrate that the offset will achieve ‘no net loss’, 41 

typically by protecting or improving equivalent environmental matter elsewhere. State offset 42 

policies apply to any residual environmental damage that occurs as a result of development within 43 
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the state (e.g. Government of Western Australia 2011); the Commonwealth’s Environmental 44 

Protection and Biodiversity Conservation (EPBC) Act Offset Policy applies in addition when a ‘matter 45 

of national environmental significance’ is affected by the development (Australian Government 46 

2012). Australian policies, particularly the latter, are prescriptive in terms of permissible offset 47 

design: there is a strong emphasis on direct (like-for-like) actions and limited scope to substitute 48 

protection for other species, habitats or locations.   49 

Using a discrete choice experiment (DCE) (Hensher et al. 2005), we relax the existing policy setting to 50 

investigate the social acceptability of changes in the design of a biodiversity offset for shorebirds. 51 

We examined preferences of the Australian community for the type of offset activity, location of the 52 

offset, the species and the number of individuals of that species protected, and the party 53 

responsible for implementing the offset. Overall economic and environmental tradeoffs were also 54 

examined by altering the number of jobs created, where it was hypothesised that more jobs would 55 

lead to greater acceptance of an offset. 56 

In the DCE that follows, the hypothetical scenario controls for uncertainty related to the offset. The 57 

environmental damages are assumed to be known, and the policy options offered are assumed to 58 

deliver the required offset. We acknowledge that there is often uncertainty in these measurements 59 

in real offset applications, and the results of this study should be viewed with this in mind.   60 

Methods 61 

Discrete choice experiment 62 

Discrete choice experiments have been widely applied in the environmental non-market valuation 63 

literature to quantify the tradeoffs people are willing to make between different environmental 64 

attributes (Adamowicz 2004). A sequence of hypothetical questions (choice scenarios) to 65 

respondents, each of which contains potential policy options (alternatives), which in turn include 66 

statements of the outcomes of those policies. The outcomes are described in terms of the policy’s 67 

characteristics (attributes). The set of attributes are the same for each alternative in the choice 68 

scenario, but they can take on different levels or amounts, varying the outcome of each alternative. 69 

Respondents are asked to select their most preferred policy package out of the set of alternatives 70 

given. An ‘opt-out’ is commonly included in the choice scenario so that a respondent is not forced to 71 

choose a policy alternative they would not vote for. 72 

In this DCE, the hypothetical policy context was an oil and gas development in the vicinity of a beach 73 

on the Kimberley coast in Australia’s north-west. Respondents were advised that some 74 

environmental impacts could be avoided or mitigated, but there would be residual impacts on the 75 

use of the beach as a feeding ground by 1000 Ruddy Turnstones (Arenaria interpres), a species of 76 

shorebird. These birds are protected under Australia’s EPBC Act as a migratory species, and would 77 

require an offset to compensate for the impact if the development were to proceed (Australian 78 

Government 2012).  79 

Developments in the resource sector commonly require offsets to manage residual impacts, and the 80 

migratory status of shorebirds triggers both State and Commonwealth policies, while having cross-81 

border and international relevance. Hence our experimental context reflects current conditions for 82 

offset policy in Australia.  83 

Attribute selection 84 
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The choice scenarios used attributes that varied the way in which an offset was implemented. 85 

Respondents were informed that each offset would achieve no net loss from an ecological 86 

perspective, to remove any uncertainty around the success of each option presented. Attributes 87 

were selected based on: (1) the policy characteristics currently used, or being considered, in 88 

Australian offset design (based on personal discussions); (2) the policy characteristics that were 89 

raised in two focus groups (16 participants); and, (3) information gathered from Burton et al. (2016). 90 

They included the proportion of direct offsets, location of the offset, who would implement the 91 

offset, what species and how many individuals would be protected, and the size of the development 92 

(Table 1). An ‘opt-out of development’ option was also specified. This avoids respondents being 93 

forced to make choices between offset packages when they would prefer the development not to 94 

proceed. 95 

[Insert Table 1 around here] 96 

In Australia, most offset policies prescribe that the majority of an offset should be direct; that is, a 97 

tangible on-ground intervention aimed at improving the environment of the impacted species 98 

(Middle & Middle 2010). However, the potential to use other compensatory measures, or ‘indirect 99 

offsets’, also exists, where it can be demonstrated they will provide greater environmental benefit 100 

than a direct offset (Australian Government 2012; Government of Western Australia 2011). Indirect 101 

offsets relate to activities that aim to improve future management of the impacted species (Middle 102 

& Middle 2010). For example, the EPBC Act Offset Policy permits indirect offsets where there is 103 

scientific uncertainty regarding the best approach for a direct offset, and research to improve 104 

understanding of the relevant ecosystem to guide future management is preferable. Approval of an 105 

offset under the policy means that there is a legal obligation to deliver the outcome of ‘no net loss’, 106 

whether that be via direct or indirect activity. Uncertainty in delivering the outcome (directly or 107 

indirectly) can be addressed by adjusting the quantity of the activity. However, even with these 108 

controls in place, it is possible that people could perceive direct offsets as being more reliable, or 109 

otherwise preferable. The proportion of direct offsets varied between 50 and 100%, with indirect 110 

offsets defined as research that would improve existing on-ground management of the birds. In 111 

reality, it can be difficult to measure the environmental gains of indirect offsets in comparable 112 

metrics to direct offsets. For example, indirect offsets might be measured in research outputs or 113 

peer reviewed articles, compared to direct offsets being measured by habitat area, survival rates, or 114 

species diversity (Gonçalves et al. 2015; Australian Government 2012). Our experiment controlled 115 

for this by informing respondents that the ecological outcome was equivalent and achievable by 116 

either (or a combination of) a direct or indirect offset, confirmed by independent scientists, and 117 

measured in terms of the number of birds protected by the offset. 118 

For a migratory shorebird species, it is possible to intervene at various points in its flyway to improve 119 

its welfare (Bamford et al. 2008). An intervention located away from the development site might not 120 

affect the welfare of the specific individuals impacted by the development, but it could ensure no 121 

net loss to the species overall. Many shorebirds stop to rest and feed at bottleneck sites in eastern 122 

Asia during their migration along the East-Asian-Australasian flyway (Iwamura et al. 2013). 123 

Conservation gains could be achieved outside of Australia, even if the development impact occurs 124 

within Australia (Gonçalves et al. 2015). Shorebird offsets in other regions might be cheaper and 125 

more effective if targeting critical habitat bottlenecks. However, issues of governance and a desire 126 

for local solutions to local problems may lead respondents to reject offsets away from the impact 127 

site. The offset location attribute reflected regions the shorebirds travel through: Western Australia, 128 

Northern Territory, New Zealand and China. As with the other attributes, respondents were told that 129 

each location was ecologically capable of delivering the offset. That is, the ecological effectiveness of 130 

location was held constant so that we could establish the trade-off required for a location away from 131 
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the impact site to be socially acceptable: how many more birds are required to be protected, or how 132 

much more effective does the offset need to be, if it is located elsewhere.    133 

While the financial obligation for an offset lies with the developer, they do not necessarily have to 134 

implement the offset themselves. We included an attribute to reflect this, where the implementer 135 

could be the developer, the Government’s environment department for the region in which the 136 

offset occurs, or a third party company with a proven track record in offsets. It was anticipated that 137 

respondents might have less confidence, for example, in the developer implementing the offset (Bull 138 

& Brownlie 2015), relative to an independent third party. We did not vary the party responsible for 139 

regulating the offset, as the obligation to ensure its success lies with the Australian and West 140 

Australian governments.   141 

Offsets are typically aimed at protecting the species impacted by a development, adhering to the 142 

strict definition of ‘no net loss’; in this case, the Ruddy Turnstone. However, the community might 143 

perceive there to be greater benefits by protecting a more endangered species with the offset: the 144 

Eastern Curlew (Numenius madagascariensis). Including this alternative offers an initial response to 145 

the question posited by Bull and Brownlie (2015, p.5) as to “the extent to which loss of biodiversity is 146 

accepted in exchange for conservation of biodiversity of a higher priority”. The Eastern Curlew has a 147 

similar migratory presence to the Ruddy Turnstone, making it a suitable substitute for the purpose of 148 

the experimental design. It was made clear to respondents that this species would be protected 149 

instead of (and not in combination with) the Ruddy Turnstone. 150 

The number of individuals of the species protected by the offset was varied, so that potentially more 151 

birds would be protected relative to the number impacted by development. This allowed us to 152 

estimate how many additional birds would need to be protected for people to accept socially 153 

undesirable policy characteristics. The Ruddy Turnstone ranged from 1000 to 2000 individuals 154 

protected, and the Eastern Curlew from 500 to 2000. The difference in the minima reflected that at 155 

least 1000 turnstones had to be protected as that was the number impacted by development, while 156 

a smaller number of curlews might be acceptable given their more endangered status. 157 

Finally, there was a split design, with two different survey versions: with either 500 or 1000 new jobs 158 

arising from the development. It was anticipated that the difference in economic size of the 159 

development would not change the preferences for the attributes of the offset, but may influence 160 

selection of the no development alternative.  161 

Survey and experimental design 162 

In the survey, respondents were introduced to the concept of biodiversity offsets and asked about 163 

their existing knowledge of them (see Supporting Information for sample characteristics). The steps 164 

required by developers to avoid, mitigate, then offset environmental damages to achieve ‘no net 165 

loss’ were described using an example of seagrass habitat. Next, respondents were presented with 166 

the hypothetical development and attribute descriptions, and the DCE. The choice scenarios were 167 

designed with three policy alternatives and an opt-out alternative. Ngene (Rose et al. 2012) was 168 

used to generate an s-efficient design using the parameters estimated in Burton et al. (2016) as 169 

priors (see Rose & Scarpa 2008 for an overview of efficient designs), resulting in 24 choice scenarios 170 

blocked into four groups of six. Each respondent answered one block of six questions. 171 

The DCE was accompanied by a consequential statement explaining the study results could be used 172 

to adapt current offset policy in Australia. Debriefing questions followed the choice experiment, 173 

asking respondents about the certainty of their answers and whether they found the choice 174 
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scenarios or information provided confusing. Attribute non-attendance questions were not included 175 

due to the length of the survey. Another section asked respondents about their attitudes towards 176 

the oil and gas industry, including 15 questions aimed at measuring respondents’ social license to 177 

operate (SLO) for the industry. A SLO is an implicit contract between an industry or company and its 178 

stakeholders, where the risk of socio-political challenges to the industry’s operations is reduced if it 179 

behaves in a manner befitting its stakeholders’ values (Prno & Slocombe 2012; see Supporting 180 

Information). Finally, socio-demographic information was collected. 181 

There was no personal cost included in this choice experiment. Conventionally, a cost is included to 182 

enable calculation of monetary values for changes in attributes. However, asking for a personal 183 

expenditure to achieve an offset that is a legal requirement (and the financial responsibility of the 184 

developer) was deemed inappropriate. This study was interested in the tradeoffs across attributes, 185 

rather than placing a dollar value on offset outcomes per se. 186 

The survey was administered online by a market research company. A nationally representative 187 

sample (stratified by age, gender and location – see Supporting Information) of 1371 respondents 188 

completed the survey during October-November 2014. The survey was conducted in accordance 189 

with The University of Western Australia’s Human Research Ethics procedures (#RA/4/1/6036). 190 

Data analysis 191 

Data were analysed using Intercooled Stata/IC 13.1 (Statacorp 2013) (see Supporting Information for 192 

a description of random utility theory and the multinomial logit model, and Train 2009). We 193 

specified an error components multinomial logit model to account for different correlation patterns 194 

across alternatives, and in particular between the offset options compared to the opt-out (Scarpa et 195 

al. 2006). Individual specific covariates were interacted with the alternative specific constant (ASC) 196 

or with attribute variables. The ASC captures the utility associated with a labelled alternative, in this 197 

case the opt-out. The full utility function specification is reported in the Supporting Information. 198 

Note that alternative modelling approaches that capture additional heterogeneity exist, including 199 

mixed logit models with parameters treated as random (Train 2009). Several alternative models 200 

were estimated with this data, and while they did better explain the distribution of preferences 201 

across individuals in the sample, the results for an average individual were similar and did not alter 202 

the policy conclusions which are the focus of this paper.  203 

Results 204 

The greater the SLO granted to an industry by its stakeholders, the lower the risk to the industry’s 205 

operations (Prno & Slocombe 2012). In the case of the Australian oil and gas industry, the 206 

stakeholders are the general public, who could be directly or indirectly affected by the 207 

environmental impacts of an oil or gas development. Following the approach of Richert et al. (2015), 208 

two measures of the SLO for the industry were derived from the 15 questions: a measure of 209 

‘economic legitimacy’ (SLO_Econ), which is attained when respondents believe the industry will 210 

provide economic benefits; and, a measure of ‘social legitimacy’ (SLO_Soc), which is reached when 211 

respondents believe the industry will improve community wellbeing and will act in consideration of 212 

community interests. These were derived as simple averages of scores from two subsets of 213 

questions. The partition into the two measures was confirmed by factor analysis: the Supporting 214 

Information provides further detail. In the current context, it was anticipated that a stronger social 215 

license would lead to increased acceptance of offsets, and of the developer implementing them. 216 
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Table 2 reports the choice model results which show that respondents preferred higher levels of 217 

direct offset relative to indirect (Percent), and that they had a preference for more Birds being 218 

protected by the offset. The effect of changing bird species is reflected in two coefficients: the 219 

impact of changing species on the marginal value of additional birds protected (Ruddy 220 

TurnstonexBirds), and a species specific dummy (Ruddy Turnstone). The former is negative, 221 

indicating that the marginal value of an additional Ruddy Turnstone being protected is less than that 222 

of an Eastern Curlew, but the species specific dummy is positive, suggesting that there is an initial 223 

preference for Ruddy Turnstone over Eastern Curlew.  At the original level of 1000 birds affected, 224 

respondents were (statistically) indifferent between the two species, but as numbers increased, the 225 

marginal value gained from additional Ruddy Turnstones was less than that for Eastern Curlews, 226 

implying they valued the more endangered species more (see Supporting Information for a more 227 

detailed analysis). 228 

[Insert Table 2 around here] 229 

The preference ranking of offset location was Western Australia (where the impact occurred), 230 

Northern Territory, New Zealand and then China. We investigated whether there was an ‘own state’ 231 

preference by interacting the location variables with a dummy variable indicating whether the 232 

respondent was a West Australian resident (WA). West Australian residents gained greater disutility 233 

from shifting the offset out of the impact State compared to residents of other states. Unfortunately 234 

the sample of Northern Territory respondents was not large enough (reflecting the small size of the 235 

region: 1% of the national population) to estimate a model that would identify if Territory residents 236 

had greater preferences to bring the offset to the Northern Territory. 237 

On average, the Developer was less preferred as the implementer of the offset, and a 3rd party more 238 

preferred, relative to the Government. By interacting the developer variable with the SLO variables, 239 

we explored whether the level of SLO changes the acceptability of the developer to respondents. 240 

This was the case for the social legitimacy variable (SLO_Soc x Developer), where the coefficient was 241 

positive and significant, but not for economic legitimacy (SLO_Econ x Developer), which was negative 242 

but not significant. 243 

Given the normalization of the SLO variables (zero mean and a standard deviation of one), 244 

respondents who had a social legitimacy score one standard deviation from the mean would have an 245 

implied marginal utility for the developer being the implementer of +0.02 (from Table 2, the 246 

coefficient for Developer plus that for SLO_Soc x Developer, i.e.: -0.189+0.211). That is, this group of 247 

the sample were essentially indifferent between the government and the developer implementing 248 

the offset. Conversely, those who held a lower social legitimacy score would be even more averse to 249 

an offset implemented by the developer. A relatively small proportion of the sample preferred the 250 

developer over the government (those at the upper end of the distribution of the social legitimacy 251 

score). However, this effect is not sufficient to overcome the preference for the 3rd party 252 

implementer. 253 

Respondents could potentially reject the offsets offered by selecting the opt-out, which would retain 254 

the original ecological conditions, but also no economic benefit in terms of jobs. However, relatively 255 

few did: in only 13% of choice occasions was the opt-out selected.  256 

By interacting the ASC dummy with the SLO variables, one can identify whether the level of SLO 257 

changes the tendency to reject development entirely. Individuals who held higher social license 258 

scores (as shown by coefficients on SLO_Econ x ASC, SLO_Soc x ASC) tended to hold a lower utility for 259 
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the opt-out; or conversely, those who held a low SLO for the oil and gas industry tended to select the 260 

opt-out option more often.  261 

We introduced the number of jobs as an interaction variable with the opt-out ASC to allow for the 262 

possibility that the probability of rejecting the development entirely may be influenced by its 263 

economic impact, but it was not significant (results not reported here).  264 

Tradeoffs across attributes can be estimated through marginal rates of substitution; that is, the rate 265 
at which one can substitute the level of one attribute for another, and leave the respondent at the 266 
same level of utility. These are calculated by dividing the marginal utility of an attribute by that of 267 
the numeraire, which can be any continuous attribute.  In this case, we used the number of Ruddy 268 
Turnstones. The interpretation of the resulting marginal rates of substitution is the change in the 269 
number of Ruddy Turnstones protected that is required to exactly compensate for a change in 270 
another attribute. A negative number indicates a change in an attribute that respondents value (i.e. 271 
bird numbers can be reduced), while a positive number implies that the attribute change reduces 272 
utility, and more birds are needed to compensate for it. 273 
 274 

[Insert Table 3 around here] 275 

Table 3 reports the marginal rates of substitution for the attributes measured in terms of numbers of 276 

Ruddy Turnstones. If the Eastern Curlew were to be used as the numeraire the numbers would be 277 

61% of those in Table 3, due to the higher marginal value placed on the species. We caution that 278 

while precise estimates of bird numbers are presented here, in practise there will be scientific 279 

uncertainties around how many birds an offset will actually generate. The numbers here are 280 

intended to be indicative of the magnitude of the offset required. 281 

For offset location, if the default is 1000 Ruddy Turnstones in an offset in Western Australia, an 282 

additional 353 birds would have to be included to compensate for moving the offset to the Northern 283 

Territory, 808 for New Zealand, and 2092 to compensate the movement to China (i.e. the offset in 284 

China would require a total of 3092 birds to be seen as equivalent to the 1000 birds in Western 285 

Australia). For a resident in Western Australia, these values were higher: the offset in China would 286 

require a total of 6752 birds to compensate (i.e. from Table 3: default[1000] + China[2092] + WA x 287 

China[3660]). 288 

For direct versus indirect offsets, eight fewer birds would be required for every additional 289 

percentage point of direct offset. That is, an increase from 90% to 95% would require 40 fewer birds; 290 

a decrease from 90% to 85% would require 40 additional birds to be considered equivalent. 291 

Table 3 also shows that a change in implementer from government to the developer would require 292 
an additional 352 birds in the offset for a respondent with mean SLO scores.  Individuals with a social 293 
legitimacy score that is one standard deviation above the mean would prefer the developer to 294 
undertake the offset, and in fact would be content with a slightly smaller number of birds protected 295 
(352-393=-41). Although reported, note that the effect that economic legitimacy has on the 296 
developer is not significantly different from zero. Acceptance of the use of a third party implementer 297 
would be feasible with a lower number of birds protected, relative to government implementation. 298 

Discussion 299 

With biodiversity offsets being increasingly used worldwide to compensate for unavoidable 300 

environmental damages resulting from development, it is important for governments to set 301 

appropriate policies for offset implementation (Gonçalves et al. 2015). Getting the science right is 302 
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obviously critical in meeting the objective of ‘no net loss’; however, there might be different 303 

methods by which that could be achieved. It is important to ensure that offset policies reflect what is 304 

acceptable by community standards. This study explored the community’s acceptance of a number 305 

of potential policy characteristics, in the context of Australian biodiversity offsets for migratory 306 

shorebirds impacted by an oil and gas development. Being a new area of study, it is important to 307 

note that the extrapolation of these results to other biodiversity contexts or to policy settings 308 

outside of Australia must be viewed with caution. 309 

There was widespread acceptance of the use of offsets in this context, with respondents rarely 310 

opting out of development. We had anticipated that a development leading to more jobs created 311 

(and corresponding economic benefit to the community), would influence the willingness to allow 312 

the project to proceed.  For the number of jobs we considered, this was not the case, implying that 313 

the scale of the development was not influencing attitudes towards environmental management.  314 

The social license to operate that individuals held for the oil and gas industry influenced the general 315 

acceptance of offsetting: those who granted a lower SLO were more averse to the development 316 

proceeding, relative to those granting a higher SLO. From a developer’s perspective, this would 317 

suggest that maintaining a positive relationship with the local community will be important for 318 

gaining approval to embark on projects requiring offsets (Richert et al. 2015).  319 

There was a preference for more shorebirds to be protected by the offset, and, once the number of 320 

birds exceeded the number impacted (1000 birds), the marginal value for each additional bird was 321 

greater for the more endangered Eastern Curlew relative to the impacted Ruddy Turnstone. This 322 

suggests that ‘trading-up’ of species was accepted by the community.  Currently in Australia, the 323 

Commonwealth legislation does not allow this substitution (Australian Government 2012); however, 324 

some State policies suggest it could be possible if the ecological benefit to the substitute species 325 

exceeded that of an offset for the impacted species (Government of Western Australia 2011). If the 326 

science supports an offset focusing on a more critically endangered species (or habitat), it would be 327 

worthwhile having flexibility in offset policies to allow this.   328 

There was a preference for direct versus indirect offsets, suggesting respondents may have been 329 

placing a risk premium on indirect offsets to account for uncertainty in research outcomes, despite 330 

being told the offset was equivalent via either approach. However, there is also literature which 331 

shows that people may care about how policy is implemented, and not just the outcome (Rogers 332 

2013). This finding supports the current Australian position for the majority of an offset to be direct 333 

(Australian Government 2012). However, the use of indirect offsets could be compensated for by 334 

other factors: increasing the number of shorebirds protected by the offset beyond the number 335 

impacted (an additional eight Ruddy Turnstones for every percentage point) was an acceptable 336 

tradeoff for increasing the proportion of indirect offset activity. This suggests that where direct 337 

offsets may not be practicable, indirect offsets can be considered on the condition that they are 338 

ecologically plausible and that some multiplier is used to protect more of the impacted matter (i.e. 339 

over and above any multiplier required to improve confidence levels in biodiversity outcomes, see 340 

Bull & Brownlie 2015). 341 

As in Burton et al. (2016), respondents preferred the offset to be located close to the site of impact 342 

(Western Australia). Utility diminished as the offset moved offshore: China was the least preferred 343 

location. Burton et al. (2016) only sampled population from Western Australia, meaning it was not 344 

possible to differentiate between an ecological imperative (keeping the offset near the impact) and a 345 

geo-social one (keeping the offset in the same state as the respondent). Here, the national sample 346 

demonstrated that the effect of diminishing utility with increased distance from the impact site was 347 
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present, irrespective of which state they lived in. This implies that, for the Australian locations where 348 

perceived ecological and governance risks should be constant, there is a preference to keep the 349 

offset close to the impact site due to geographical distance. However, for international locations, the 350 

diminished utility could additionally reflect concerns about ecological and governance risks: for 351 

example, the ability of the Australian Government to enforce an outcome. While respondents were 352 

informed that the ecological outcome was equivalent at all locations, they may not have accepted 353 

this due to their own perceptions of risk, or a preference for locations independent of ecological 354 

outcomes. This reaction to location was emphasised if the respondent was a West Australian 355 

resident, suggesting there may also be some degree of ‘local offsets for local people’ (e.g. reflecting 356 

enhanced use value or a desire to keep the benefits within their State). 357 

It was possible to compensate for the disutility of moving the offset away from the impact site by 358 

increasing the number of birds protected. A substantial increase in the number of birds was 359 

required, especially if the offset was located overseas (thousands of birds). From a community 360 

perspective, offsets are unlikely to be acceptable if they are too distant from the impact site. This is 361 

an interesting divergence from an ecological perspective: in the case of migratory shorebirds it 362 

would be desirable to use offsets internationally at sites with habitat bottlenecks (Iwamura et al. 363 

2013). Policy design will need to be mindful of these potentially conflicting views, and should 364 

consider raising community awareness if international offset strategies are adopted. 365 

Respondents were more accepting of an offset if it was implemented by the government (i.e. the 366 

relevant environmental department for the region), relative to the developer themselves. A third 367 

party with a proven track record in offsetting was the most preferred implementer. Individuals who 368 

held a high SLO, granting the oil and gas industry social legitimacy, would accept the developer as an 369 

implementer. This was a very small proportion of individuals, as social legitimacy is difficult for the 370 

industry to achieve (Richert et al. 2015). While economic legitimacy is more readily granted to the oil 371 

and gas industry, it did not improve the acceptability of the developer as an implementer. This 372 

implies that, even when a developer has a generally positive economic legitimacy, the majority 373 

would still prefer that an offset policy requires implementation via the transferring of funds from the 374 

developer to the government or a third party. We reiterate that preferences for who implements the 375 

offset were set in the context of Australian governments being responsible for monitoring the offset, 376 

and that trust in the monitoring body could influence preferences (an issue we did not explore). 377 

Currently, Australian policies are not prescriptive as to who should implement an offset.  378 

In conclusion, the choice experiment has shown a general acceptance of biodiversity offsets by the 379 

Australian community in the context of an oil and gas development. It also provides support for 380 

increasing the flexibility in some offset policy characteristics. In particular, the trading up of species 381 

was considered acceptable. Other policy characteristics would be accepted provided that 382 

appropriate compensation was offered by protecting more biodiversity. This was relevant for 383 

increasing the proportion of indirect offset activity and moving the offset to a location away from 384 

the impact site. Acceptability of offsetting improved if the responsibility of implementation was 385 

shifted away from the development company and to a third party.  386 

Supporting Information 387 

‘Measuring Social License to Operate’ (Appendix S1), ‘Estimation of discrete choice models’ 388 

(Appendix S2), ‘Sample characteristics’ (Appendix S3), and ‘Marginal value of bird species’ (Appendix 389 

S4) are available online. The authors are solely responsible for the content and functionality of these 390 

materials. Queries (other than absence of the material) should be directed to the corresponding 391 

author. 392 
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Table 1. The offset policy attributes included in the choice experiment, with level specifications and 494 

variable names. 495 

Attribute Level  Variable name  (and coding) 

    

Proportion of direct 

offset activity 

50%,60%,70%,80%, 

90%,100% 

Percent  (continuous) 

    

Location of offset 

Western Australia  

Northern Territory  

New Zealand 

China 

Western Australia 

Northern Territory 

New Zealand 

China 

 (base level) 

 (= 1 if present, 0 otherwise) 

 (= 1 if present, 0 otherwise) 

 (= 1 if present, 0 otherwise) 

    

Offset implementer 

Government 

Developer 

Third Party 

Government 

Developer  

3rd Party 

 (base level) 

 (= 1 if present, 0 otherwise) 

 (= 1 if present, 0 otherwise) 

    

Species protected by 

offset 

Eastern Curlew  

Ruddy Turnstone 

Eastern Curlew 

Ruddy Turnstone 

(base level) 

(= 1 if present, 0 otherwise) 

    

Number of birds 

protected 

500*, 1000, 1500, 2000 Birds  (continuous) 

* The level of 500 was only included if the species was the more endangered, but non-impacted, Eastern Curlew as the 496 
stated impact of the development is 1000 birds, and hence this has to be achieved for the Ruddy Turnstone. 497 
 498 

 499 

 500 

 501 

 502 

 503 

 504 

 505 

 506 

 507 

 508 

 509 

 510 

 511 
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Table 2. Estimates of an error components logit model for the choice data. 512 

Variable Coefficient (SE)  

    
Percent 0.004 (0.001) *** 
Ruddy Turnstone 0.282 (0.105) *** 
Birds 8.7E-4 (3.8E-5) *** 
Ruddy TurnstonexBirds -3.3E-4 (6.9E-5) *** 
Northern Territory -0.190 (0.037) *** 
WAxxNorthern Territory -0.490 (0.126) *** 
New Zealand -0.435 (0.054) *** 
WAxNew Zealand -0.623 (0.184) *** 
China -1.127 (0.056) *** 
WAxChina -0.845 (0.185) *** 
Developer -0.189 (0.032) *** 
SLO_Econ x Developer -0.054 (0.036)  
SLO_Soc x Developer 0.211 (0.035) *** 
3rd Party 0.101 (0.030) *** 
SLO_Econ x ASC -1.107 (0.171) *** 
SLO_Soc x ASC -0.930 (0.160) *** 
ASC -2.839 (0.240) *** 
σ2 3.776 (0.198) *** 
    

Notes: *** denotes significance at the 99% level of confidence. 513 
Log likelihood = -9199.591; number of choice occasions = 8226; number of individuals = 1371. 514 
Interaction variable definitions:  515 
SLO_Econ: social license to operate economic legitimacy variable, normalised so mean=0, std dev.=1 516 
SLO_Soc: social license to operate social legitimacy variable, normalised so mean=0, std dev.=1 517 
WA: dummy variable =1 if respondent lives in Western Australia 518 
Percent and Birds are continuous variables 519 
Ruddy Turnstone, Northern Territory, New Zealand, China, Developer, and 3rd party =1 if present; =0 otherwise. 520 
 521 

 522 

 523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 
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Table 3. Marginal rates of substitution, using the number of Ruddy Turnstones as the numeraire.  532 

Variable Coefficient  95% CI 

    
percent  -8 -12 -5 
Northern Territory 353 206 500 
WA x Northern Territory  1263 750 1776 
New Zealand 808 554 1061 
WA x New Zealand  1965 1197 2732 
China 2092 163 2521 
WA x China  3660 2676 4645 
Developer 352 204 499 
SLO_Econ x Developer 100 -33 233 
SLO_Soc x Developer -393 -548 -238 
3rd party -188 -301 -75 

    
Notes: For the location variables, these represent the marginal rates of substitution for respondents who live in WA, and 533 
those not in WA.   534 
For the SLO interactions, these represent the change in marginal rates of substitution as the SLO changes by one, 535 
equivalent to one standard deviation. 536 
 537 
 538 
 539 
 540 
 541 
 542 
 543 
 544 
 545 
 546 
 547 
 548 
 549 
 550 
 551 
 552 
 553 
 554 
 555 
 556 
 557 
 558 
 559 
 560 
 561 
 562 
 563 
 564 
 565 
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 571 
 572 
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 574 
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S1: Measuring Social License to Operate  576 

In measuring the Social License to Operate (SLO) we follow the implementation reported in Richert 577 

et al. (2015), which itself was based on the work of Boutilier and Thomson (2011). A set of 15 578 

questions, modified from those used by Boutilier and Thomson (2011) to make them relevant for our 579 

context, were presented to respondents. These were hypothesized to be linked to three underlying 580 

levels of SLO. It is Boutilier and Thomson’s contention that SLO is earned progressively, from 581 

Economic legitimacy to Interactional trust to Institutionalised trust, and the questions are designed 582 

to identify the level of SLO on these three criteria. 583 

Richert et al. (2015), using a smaller Western Australia sample, found that only two levels were 584 

identified in their data, which they term “Economic legitimacy” and “Social legitimacy” (the latter 585 

consisting of the two higher levels of Boutilier and Thomson’s hierarchy). Economic legitimacy was 586 

measured by the first four questions in Table S1 below, while social legitimacy was determined by 587 

scores to the remaining 11 questions.  588 

For our data we applied a factor analysis to the responses to the 15 questions, and identified two 589 

factors with Eigenvalues exceeding one (values of 8.55 and 1.18: the next highest value was 0.23). 590 

Inspection of the scoring coefficients indicated that the two factors were again associated with a 591 

grouping of the first four questions, and the second block of 11 questions. This confirms the earlier 592 

finding of Richert et al. (2015) that at this level of abstraction (dealing with an industry as a whole, 593 

rather a specific company as in Boutilier and Thomson’s work), two measures of SLO can be 594 

identified.  595 

An important prediction from Boutilier and Thomson (2011) is that the level of SLO awarded by 596 

individuals will follow their hierarchy. In our context this means it is unlikely to see individuals 597 

awarding a higher score for social legitimacy compared to that awarded for economic legitimacy.   598 

Figure S1 is a scatter graph of the two scores (with a small amount of jitter applied, to separate 599 

individuals with identical scores). This gives a strong indication that the prediction is true: only 5% of 600 

respondents give a higher average score for social legitimacy than for economic legitimacy, 601 

although, as is clear from the figure, the full range of values is given for both across the sample. 602 

In the statistical analysis of the choice model we use the scores generated by averaging the answers 603 

to the blocks of questions, normalised so that they have a mean of zero and standard deviation of 604 

one (i.e. defining the variables SLO_Econ, SLO_Soc). Correlation between a simple average of the 605 

answers in the two groups and the predicted factors was 0.97 and 0.94. Using the scores generated 606 

by the factor analysis generates trivially different results, with no consequences for the conclusions 607 

of the paper.   608 

  609 
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Table S1. Questions used to determine the degree of social license to operate. 610 
 

 

Please state whether you agree/disagree with the following statements: 
(5pt Likert scale, 1= strongly disagree, 5= strongly agree) 

1 "Australia can economically benefit from the oil and gas sector" 
2 “Australia needs to have the cooperation of the oil and gas sector to achieve the 

Country’s most important goals” 
3 “The presence of the oil and gas sector in Australia is a benefit to the Australian 

population” 
4 "In the long-term, the oil and gas sector makes a contribution to the well-being of 

Australia" 
5 “The oil and gas sector does what it says it will do in the media" 
6 “I am very satisfied by the oil and gas sector in Australia” 
7 “The oil and gas sector listens to the Australian population’s concerns" 
8 “The oil and gas sector in Australia treats everyone fairly”  
9 “The oil and gas sector respects Australia’s way of doing things” 
10 “The Australian population and the oil and gas sector have a similar vision for the 

future of Australia” 
11 “The oil and gas sector gives more support to those it negatively affects” 
12 “The oil and gas sector shares decision-making with the Australian government” 
13 “The oil and gas sector takes into account the interests of the Australian population" 
14 “The oil and gas sector is concerned about the welfare of the Australian population” 
15 “The oil and gas sector openly shares information that is relevant to the Australian 

population” 

  611 

 612 

Figure S1.  Scatter plot of individual scores for Economic and Social legitimacy.  Average of the 613 

relevant scores (n=1371). 614 

 615 
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S2: Estimation of discrete choice models. 617 

The core concept underpinning the estimation of discrete choice models is that of a utility function, 618 

which links an individual’s subjective judgement of welfare gained from an outcome to a number of 619 

observable characteristics of that outcome, usually through a linear additive function: 620 

ij j ijU X          (Equation S1) 621 

That is, the utility obtained by individual i from outcome j is determined by a linear function of a 622 

vector of attributes X, weighted by parameters β, and an unobservable ‘random’ element ε. This 623 

random utility specification accounts for the possibility that not all aspects that determine choice 624 

have been quantified by the researcher. If an individual is faced with J alternatives, and an 625 

assumption that the random element follows a Type I Extreme value distribution, then the 626 

probability that they select option n is given by: 627 

exp( )
( )

exp( )

n

jj

X
P Y n

X




 


       (Equation S2) 628 

Where  are normalised parameters, to account for the influence of the error variance. 629 

Equation S2 is the standard conditional logit formulation, and information on which options are 630 

chosen, and the attributes associated with all options, allows one to identify the normalised 631 

parameters, which represent the marginal utilities associated with the attributes, and hence a 632 

measure of the sign and intensity of preference for those attributes.   633 

The standard model assumes that the Independence of Irrelevant Alternatives (IIA) holds; that is, the 634 

relative probability of selecting two alternatives is not changed by the presence or absence of other 635 

alternatives. Imagine a situation where the probability of selecting from between two offset options 636 

(A and B) is 60% and 30% respectively, while the probability of selecting the opt-out is 10%. IIA 637 

implies that if option A was not available, the relative probability assigned to B and C would be 638 

unchanged, i.e. the new probabilities would be 75% and 25%.  However, it’s not unreasonable to 639 

assume that the two offset alternatives are closer substitutes for each other than the opt-out, and 640 

that option B would gain the majority of the probability associated with option A. This implies that 641 

there should be correlations in the error process across alternatives, which breaks the IIA 642 

relationship. We estimate the error components model assuming a panel structure: as Scarpa et al. 643 

(2006) note, whether this is appropriate compared to a model with independence in errors across 644 

choices is an empirical matter, and we find an improvement of some 850 log likelihood points 645 

between the two models. Hence, we take the panel model to be appropriate.  646 

The utility function for individual i for the model reported in Table 2 is as follows,  647 

Ai Ai i Ai

Bi Bi i Bi

Ci Ci i Ci

SQi SQi SQi

U x

U x

U x

U z

  

  

  

 

  

  

  

 

        (Equation S3) 648 
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where A, B and C indicate offset options. 650 

# 0 1 2 3

4 5

6 7

8 9

10 11 ,

12

i

i

i

i

Econ i

S

x Percent RuddyTurnstone Birds RuddyTurnstone Birds

NorthernTerritory WA NorthernTerritory

NewZealand WA NewZealand

China WA CHINA

Developer SLO Developer

SLO

    

 

 

 

 



     

  

  

  

  

, 133rd

oc i Developer Party 

(Equation S4) 651 

SQ 14 15 , 16 ,i Econ i Soc iz ASC SLO ASC SLO ASC           (Equation S5) 652 

2~ (0, )i N            653 

And the error components μ are Gumbel-distributed. 654 

The marginal rate of substitution (MRS) for a particular attribute (j) can subsequently be calculated 655 

by: 656 

𝑀𝑅𝑆𝛽𝑗𝛽1
=  𝛽𝑗 𝛽1⁄          (Equation S6) 657 

   658 

 659 

 660 
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S3: Sample characteristics. 672 

Table S3.1: Sample demographics (n=1371).  673 
Percentage of respondents by location    

Australian Capital Territory – Canberra  2.5% Australian Capital Territory – regional n/a 
New South Wales – Sydney  18.9% New South Wales – regional 11.6% 
Northern Territory – Darwin  0.5% Northern Territory – regional 0.1% 
Queensland – Brisbane  8.9% Queensland – regional 10.9% 
South Australia – Adelaide  6.7% South Australia – regional 2.0% 
Tasmania – Hobart  1.2% Tasmania – regional 2.0% 
Victoria – Melbourne  19.7% Victoria – regional 6.9% 

Western Australia – Perth  6.5% Western Australia – regional 1.7% 

Percentage of respondents by gender    

Male 48.2%   
Female 51.8%   

Percentage of respondents by age group    

18-29 15.5%   
30-44 31.5%   
45-59 27.1%   
60-74 19.9%   
75+ 6.1%   

 674 

Table S3.2: Respondents’ familiarity with the notion of an offset prior to completing this survey 675 

(n=1371).  676 
Didn’t know what an offset was  36.4% 
Had a vague idea of what an offset was  47.7% 

Knew what an offset was 15.9% 

 677 

Table S3.3: Type of offsets respondents were aware of, for respondents who knew/had an idea of 678 

what an offset was (n=872; respondents could select more than one option). 679 
Carbon offset 54% 
Biodiversity offset 54% 
Marine biodiversity offset 18% 

 680 

Table S3.4: What respondents thought about the information that was provided to describe the 681 

offset strategies (n=1371).  682 
Thought it was confusing 15.0% 
Thought the description was inaccurate 4.7% 
Thought it was an informative and accurate description 55.9% 
Would have liked more information 24.4% 

 683 

Table S3.5: Whether respondents thought that the attributes used to describe the offset strategies 684 

were useful to help them make choices when answering the offset scenario questions (n=1371). 685 
Yes 93.8% 
No  6.2% 

 686 

 687 
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S4: Marginal value of bird species  688 

The estimates in Table 2 indicate a difference in the marginal value associated with increasing 689 

numbers of Ruddy Turnstone and Eastern Curlew, with Eastern Curlew holding higher value. That is, 690 

a greater increase in utility is associated with an additional Eastern Curlew compared to an 691 

additional Ruddy Turnstone. It is useful to look at the relationship between the two attributes across 692 

the full range of possible values. Figure S4 below shows the number of Eastern Curlews required in 693 

an offset (y axis) to generate the same value as a given number of Ruddy Turnstones (x axis). The 450 694 

line is included.  What is notable is that at 1000 Ruddy Turnstones the number of Eastern Curlews is 695 

lower, but only marginally so (and statistically the value is not different from 1000).  As the numbers  696 

of Ruddy Turnstone increase, the matching number of Eastern Curlew increases, but not as fast, as 697 

indicated by the higher marginal utility estimate.  Thus, it is NOT possible to substitute the 1000 698 

Ruddy Turnstone with a smaller number of Eastern Curlew, and maintain the same utility level: the 699 

same minimal number of birds must be protected of both species.  It is only for additional birds, 700 

above the baseline number affected by the development (1000), that increased value is placed on 701 

the Eastern Curlew.  Alternatively, one could suggest that respondents are ‘anchored’ on the 702 

number of birds directly affected. 703 

 704 

Figure S4. Number of Eastern Curlew and Ruddy Turnstone that give the same utility level, based on 705 

parameter estimates in Table 2. 706 

 707 
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S5: Shorebird offsets survey 711 

 712 

 713 

The University of Western Australia Research Project   714 

 715 

Community acceptance of marine biodiversity offsets   716 

 717 

Thank you for considering participation in this research project, involving completion of an 718 

online survey about attitudes towards the environmental management of developments that 719 

may occur in the marine environment.    720 

 721 

The research project is being conducted by researchers at The University of Western 722 

Australia.    723 

 724 

You have been selected to participate at random, and your involvement is voluntary. 725 

Completion of the questionnaire will take approximately 20 minutes. Continuing to the next 726 

screen of the questionnaire will be taken as your consent to participate.   727 

 728 

Your responses will be anonymous and will not be used individually. Whilst your participation 729 

is voluntary, please be aware that, to guarantee your anonymity, it will not be possible to 730 

remove your responses from the database once you have submitted your online survey.    731 

 732 

If you have any questions, please feel free to contact me via the ORU email address below:  733 

XXXX.   734 

 735 

Kind Regards,   736 

Dr. Michael Burton    737 

The School of Agricultural & Resource Economics,  738 

The University of Western Australia,  739 

Crawley WA 6009   740 

Project Reference Number:   RA/4/1/6036   741 

 742 
Approval to conduct this research has been provided by the University of Western Australia, in 743 
accordance with its ethics review and approval procedures. Any person considering participation in 744 
this research project, or agreeing to participate, may raise any questions or issues with the 745 
researchers at any time.  In addition, any person not satisfied with the response of researchers may 746 
raise ethics issues or concerns, and may make any complaints about this research project by 747 
contacting the Human Research Ethics Office at the University of Western Australia on (08) 6488 748 
3703 or by emailing to hreo-research@uwa.edu.au       749 

750 
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*******************************************************************************[indicates new screen]* 751 

 752 

Before we begin the survey, please answer these few questions: 753 

 754 

Q1) What is your gender? 755 

 Male (1) 756 

 Female (2) 757 

 758 

Q2) Which of the following age groups applies to you?  759 

 18-29 (1) 760 

 30-44 (2) 761 

 45-59 (3) 762 

 60-74 (4) 763 

 75 and over (5) 764 

 765 

********************************************************************************************************* 766 

 767 

Q3) What is your residential location? 768 

o Australian Capital Territory – 
Canberra  

o New South Wales – Sydney  
o Northern Territory – Darwin  
o Queensland – Brisbane  
o South Australia – Adelaide  
o Tasmania – Hobart  
o Victoria – Melbourne  
o Western Australia – Perth  

o Australian Capital Territory – 
regional 

o New South Wales – regional 
o Northern Territory – regional 
o Queensland – regional 
o South Australia – regional 
o Tasmania – regional 
o Victoria – regional 
o Western Australia – regional 

 769 

******************************************************************************************************** 770 

 771 

MARINE BIODIVERSITY OFFSETS      772 

 773 

The purpose of this survey is to determine the Australian community’s preferences regarding 774 

marine biodiversity offsets.  The survey comprises of 4 main parts:        775 

 776 

PART 1: You will be given some background information on marine biodiversity offsets.       777 

PART 2: We will describe a development and its impact on the environment. Then, you will 778 

be presented with a series of possible offset scenarios. These are questions where you will 779 

be asked to consider a set of options that contain different offset strategies from which you 780 

choose your most preferred.        781 

PART 3: We will ask your opinion on some environmental issues.        782 

PART 4: We will ask some questions about you, to make sure we have a representative 783 

sample of the Australian community. 784 

 785 

 786 

********************************************************************************************************* 787 

PART 1        788 

 789 

Marine Biodiversity is defined as the variability among living organisms in a marine 790 
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environment.       791 

 792 

In other words, it’s all of the different species of plant and animal life in the oceans and 793 

coastal waters such as mangroves, lagoons, salt marshes, or estuaries.       794 

 795 

Offsets are measures that compensate for the adverse impacts of an action on the 796 

environment.     797 

   798 

In other words, if some sort of development or activity is undertaken that will damage the 799 

environment, the developer that is responsible must ‘offset’ that damage by doing 800 

something  to protect or conserve the environment in the same proportion.                           801 

 802 
 803 

          804 

      805 

Images: Green turtle, seals, clown fish - courtesy of the WA Department of Environment & 806 

Conservation’s Marine Sciences Program; shorebird - courtesy of the CSIRO. 807 

 808 

 809 

 810 

Q1) How familiar were you with the notion of an offset before this survey? 811 

 I didn't know what an offset was (1) 812 

 I had a vague idea of what an offset was (2) 813 

 I knew what an offset was (3) 814 

 815 

 816 

Answer if knew/had an idea of what an offset was: 817 

 818 

Q2) What type of offsets were you aware of before this survey? 819 

 Carbon offset (1) 820 

 Biodiversity offset (2) 821 

 Marine biodiversity offset (3) 822 

 Other - please specify: (4) ____________________ 823 

 824 
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 825 

Q3)  Have you previously completed an online survey that has asked you about marine 826 

biodiversity offsets? 827 

o Yes  SCREENOUT, display message “Thank you for your interest in this 828 

survey. We need a certain subset of the population to answer the questions, and 829 

don’t require your services at this time.” + link to reward 830 

o No 831 

o Unsure  832 

 833 

 834 

 835 

********************************************************************************************************* 836 

 837 

Offsets implementation   838 

       839 

Any activity that might have adverse impacts on the environment must go through a 840 

government approval process.    841 

 842 

During that process, the developer must demonstrate that they have done absolutely 843 

everything possible to:     844 

  845 

Step 1: Avoid environmental damages in the first place (example) For example, building in 
a location where it will not disturb wildlife)   

Step 2: Mitigate or repair any damages that can’t be avoided (example) For example, 
treating polluted water before it runs off into the ocean)      

Step 3: If there are remaining damages, the developer must offset them. 

  

Overall, the sum of avoidance, mitigation, and offset strategies must lead to no net loss 
to the environment.       

i.e. Step 1 Avoid  
 +  
 Step 2 Mitigate  =  No net loss to the environment 
 +  
 Step 3 Offset  

   846 

 847 

For example, consider a coastal development that, even after avoidance and mitigation, will 848 

damage 5 hectares of seagrass. The seagrass is an important habitat for turtles and 849 

dugongs, so it must be replaced.  850 
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 851 

The developer must offset the damage by replanting seagrass and ensuring that an 852 

equivalent area of seagrass is available for the turtles and dugongs as there was before the 853 

development. 854 

 855 

 856 
 857 

    858 

In the approval process, any proposed offsets are examined by the government to see 859 

whether they offer appropriate compensation for the remaining damages. If the offsets are 860 

not suitable, then the activity or development is not allowed to go ahead.            861 

 862 

Note that offsets are planned for – in other words, the possibility of damage to the 863 

environment is considered before a development is undertaken. The proposed offsets to 864 

compensate for those damages are part of the approval process.     865 

 866 

Offsets are not the same thing as compensating for unexpected events or accidents, such as 867 

oil spills.    868 

 869 

Q.) Complete the following statement by selecting the option that most closely reflects your 870 

opinion: 871 

 872 

 “I think that offsets are an appropriate way for developers to compensate for environmental 873 

damage…”: 874 

o “… without having to avoid and mitigate the damages first.” 875 

o “… only after all possible avoidance and mitigation steps have been taken.” 876 

o “… in no situation whatsoever – a development should not be approved if damage 877 

cannot be prevented.” 878 

 879 

 880 

********************************************************************************************************* 881 

 882 

PART 2      883 

 884 
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Now we’d like you to think about a hypothetical development proposal that will require a 885 

marine biodiversity offset:       886 

 887 

There is a species of migratory shorebird called the Ruddy Turnstone which is protected 888 

under Australian legislation.  889 

 890 

There are nearly 500,000 Ruddy Turnstones worldwide. Almost 10% of these birds follow a 891 

migration pattern where they breed in Siberia, and each year migrate south to feeding 892 

grounds in Australia, China and New Zealand.            893 

 894 

 895 

 896 
Ruddy Turnstone (Photo: LT Mike Levine) 897 

 898 

 899 

Q.) Were you aware that some bird species migrate from Northern countries to Australia as 900 

part of their life cycle? 901 

 902 

o Yes  903 

o No 904 

 905 

 906 

  907 

********************************************************************************************************* 908 

 909 

An oil and gas exploration and production company is planning to construct and operate a 910 

gas plant in the vicinity of a beach along the Kimberley coast of Western Australia.   911 

 912 

The development will lead to 1000 [5000] new jobs for Australian workers. 913 

 914 

Some environmental impacts can be avoided or mitigated but there are residual impacts on 915 

the use of the beach as a feeding ground by 1000 Ruddy Turnstones.        916 

 917 

The impacts include artificial lighting and an increase in the number of people using the 918 

beach, which will disturb the birds. Frequent disturbance reduces the birds’ ability to feed 919 

and store energy, leading to a higher mortality rate during their migration north.        920 

 921 

The 1000 Ruddy Turnstones won’t be able to feed on the beach anymore. The developer will 922 

have to offset these impacts if the project is to go ahead, to ensure that there is no net loss 923 

POSTPRINT http://onlinelibrary.wiley.com/doi/10.1111/cobi.12874/abstract

https://www.nespmarine.edu.au/document/social-preferences-design-biodiversity-offsets-shorebirds-australia 27



to the species. 924 

 925 

Q10 Had you heard of the Ruddy Turnstone before? 926 

 Yes (1) 927 

 No (2) 928 

 929 

Q11 In your opinion, how important is it to protect Ruddy Turnstones? 930 

 Very unimportant (1) 931 

 Somewhat Unimportant (3) 932 

 Neither Important nor Unimportant (4) 933 

 Somewhat Important (5) 934 

 Very Important (6) 935 

 936 

Q12 Have you ever been bird watching before? 937 

 No, never (1) 938 

 Yes, but only occasionally (2) 939 

 Yes, frequently (3) 940 

 941 

********************************************************************************************************* 942 

 943 

To offset the environmental impacts, the developer has to consider a number of offset 944 

features. 945 

 946 

These include: 947 

 948 

 What type of offset to use 949 

 The location where the offset will be implemented 950 

 Who will be responsible for implementing the offset 951 

 What bird species the offset should protect 952 

 How many birds should be protected 953 

 954 

We will describe each of these over the next few screens. 955 

 956 

********************************************************************************************************* 957 

 958 

TYPE OF OFFSET 959 

 960 

There are two different ways to offset the impacts of the development on the Ruddy 961 

Turnstone: through direct or indirect offsets. 962 

 963 

 Direct offsets mean that the offset provides protection or conservation through new 964 

on-ground interventions aimed at improving the environment. 965 

 966 

 Indirect offsets use research to improve existing on-ground management 967 

techniques of the birds to ensure there is no net loss to the species. 968 

 969 

 Direct and Indirect offsets can be used in combination to ensure there is no net 970 
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loss to the environment.                   971 

 972 

For example, to protect the 1000 birds, we could directly offset for 800 birds (80%), 973 

and indirectly offset 200 birds (20%). 974 

 975 

 976 

The direct offset will involve the developer protecting a particular area of beach in order to 977 

ensure the survival of the birds.        978 

             979 

A suitable substitute beach will be identified:                 980 

 At a site that the shorebirds might have used previously, but that has been degraded 981 

over time (from other causes not related to the development); and             982 

 That can be made a suitable habitat again for the birds by fencing off an area so that 983 

people can’t disturb them.                                                   984 

 985 

 986 

The indirect offset would consist of funding a research program aimed at managing existing 987 

pressures on the birds more efficiently.  988 

                                           989 

Q.) How appropriate do you think it is to use each type of offset in an offset package? 990 

 991 

Direct offsets: 992 

Indirect offsets:  993 

[Likert scale answer 1-5 from Very inappropriate through to Very appropriate] 994 

 995 

********************************************************************************************************* 996 

LOCATION OF THE OFFSET 997 

 998 

The offset could be located at a number of sites that are used by the Ruddy Turnstones.  999 

 1000 

At each of these sites there are degraded beaches where a direct offset could be used, and 1001 

existing pressures that could be managed by an indirect offset. 1002 

 1003 

The sites include: 1004 

 1005 

 In Western Australia: a few kilometres away from the gas development site.  1006 

This site would be used by the same 1000 Ruddy Turnstones that are 1007 

impacted by the development          1008 

 1009 

 In the Northern Territory:         1010 

This site would still protect 1000 Ruddy Turnstones, but they would not be 1011 

the same individuals impacted by the development.                1012 

 1013 

 In New Zealand:         1014 

This site would still protect 1000 Ruddy Turnstones, but they would not be 1015 

the same individuals impacted by the development.               1016 

 1017 

 In China:         1018 
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This site would still protect 1000 Ruddy Turnstones. As all Ruddy Turnstones 1019 

that come from Australia and New-Zealand stop in China, they can either be 1020 

the same individuals impacted by the development or other individuals.                1021 

 1022 

Q.) Have you ever visited or lived in: 1023 

 1024 

o The Kimberley region in WA 1025 

o The Northern Territory 1026 

o New Zealand 1027 

o China 1028 

o None of the above 1029 

 1030 

Q.) Please rate the confidence that you have in each of the following Government 1031 

Environment Departments to follow through with its conservation commitments: 1032 

 1033 

Western Australia’s Government Environment Department: 1034 

Northern Territory’s Government Environment Department: 1035 

New Zealand’s Government Environment Department: 1036 

China’s Government Environment Department: 1037 

[Likert scale 1-5 Not at all confident to very confident] 1038 

 1039 

 1040 

********************************************************************************************************* 1041 

WHO IMPLEMENTS THE OFFSET 1042 

 1043 

Different parties could be responsible for implementing the offset.  1044 

 1045 

They include: 1046 

 1047 

 The development company:  1048 

The developer could use their own trained staff to implement the offset 1049 

 1050 

 The local Government Environment Department: 1051 

The developer could pay a government department to implement the offset on 1052 

their behalf.  1053 

The Government in the location that the offset takes place would be the one 1054 

responsible for implementing the offset.  1055 

For example, an offset in Western Australia would be implemented by the WA 1056 

State Government, while an offset in China would be implemented by the 1057 

Chinese Government. 1058 

 1059 

 An independent Third Party: 1060 

The developer could pay an independent company to implement the offset. 1061 

This third party company will have a proven record in implementing other 1062 

offsets.  1063 

 1064 

 1065 

Note that, whoever implements the offset, the developer must guarantee that the funds to 1066 
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undertake the offset are available upfront to account for risks such as bankruptcy.  1067 

 1068 

Q.) Please rank these groups in terms of your confidence in their ability to successfully 1069 

complete an offset program, where 1=most confident and 3=least confident: 1070 

 1071 

o Development Company 1072 

o Local Government Environment Department 1073 

o Independent Third Party 1074 

  1075 

 1076 

********************************************************************************************************* 1077 

SPECIES PROTECTED BY THE OFFSET 1078 

 1079 

The developer could propose to protect either the Ruddy Turnstone or another species of 1080 

migratory shorebird.       1081 

 1082 

Although the Ruddy Turnstone is a protected species, it is not a species at very high risk of 1083 

extinction given there are nearly 500,000 of them.        1084 

 1085 

Instead of offsetting the impact on the Ruddy Turnstone, the developer could offer to protect 1086 

a different, but more endangered species.       1087 

 1088 

The Eastern Curlew is more endangered with a population of only 38,000 worldwide.  1089 

 1090 

As is the case for the Ruddy Turnstone offset, to protect the Eastern Curlew the developer 1091 

could: 1092 

 1093 

 Use the same types of direct and indirect offsets. 1094 

 1095 

 Locate the offsets on the Kimberley coast in Western Australia, in the Northern 1096 

Territory or in China. The Eastern Curlew does not migrate to New Zealand, so an 1097 

offset cannot be located there. 1098 

 1099 

 Implement the offset themselves, or pay a Government Environment Department or 1100 

Third Party. 1101 

 1102 

 1103 

 1104 
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Eastern Curlew (Photo: A McDougall, Department of National Parks Recreation, Sport and 1105 

Racing) 1106 

 1107 

Q.) Had you heard of the Eastern Curlew before? 1108 

 Yes (1) 1109 

 No (2) 1110 

 1111 

Q.) In your opinion, how important is it to protect Eastern Curlews? 1112 

 Very unimportant (1) 1113 

 Somewhat Unimportant (3) 1114 

 Neither Important nor Unimportant (4) 1115 

 Somewhat Important (5) 1116 

 Very Important (6) 1117 

 1118 

 1119 

 1120 

********************************************************************************************************* 1121 

NUMBER OF BIRDS PROTECTED 1122 

 1123 

If the developer is protecting the Ruddy Turnstones, they need to offset for at least 1000 1124 

birds, which is the number of birds impacted by the development.  1125 

 1126 

If the developer is protecting the more endangered Eastern Curlew, they need to offset for at 1127 

least 500 birds.  1128 

 1129 

However, the developer could choose to protect more. 1130 

 1131 

 The number of Ruddy Turnstones protected could be 1000, 1500 or 2000. 1132 

 1133 

 The number of Eastern Curlews protected could be 500, 1000, 1500 or 2000.  1134 

 1135 

  1136 

********************************************************************************************************* 1137 

 1138 

Please, read the following guidelines before proceeding further:               1139 

 1140 

 You will be presented with 6 possible offset scenarios to compensate for the impact 1141 

on the birds. Each question should be treated independently.            1142 

 1143 

 1144 
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 In each scenario, you will be shown 3 options that each present a possible offset 1145 

strategy that the developer is proposing.  1146 

The strategies are characterized by: 1147 

o The proportion of direct and indirect offsets used 1148 

o The location of the offset 1149 

o Who will implement the offset 1150 

o The species protected by the offset 1151 

o How many birds are protected by the offset 1152 

 1153 

 In each case independent scientists have approved the offset strategy and confirmed 1154 

that it will result in no net loss to the environment. Moreover, each option would have 1155 

approximately the same cost for the developer.       1156 

      1157 

 A 4th option will also be shown in each scenario, where the development is not 1158 

permitted to go ahead.  1159 

 1160 

 In each scenario, you will be asked to choose the offset strategy that you most prefer 1161 

from the 3 available, or, if you don’t like any of the strategies, you can choose the ‘no 1162 

development’ option.      1163 

 1164 

 In making your decision, remember that the development will create 1000 [5000] new 1165 

jobs for Australian workers. 1166 

 1167 

 We will be surveying a large number of people to work out the preferences held 1168 

across the Australian community. The findings that emerge from this study may be 1169 

used to adapt the current policy regarding the implementation of offsets in 1170 

Australia.      1171 

 1172 

 1173 

********************************************************************************************************* 1174 

SAMPLE SCENARIO 1175 

    1176 

Below is an example of the type of question you will be presented with (you don’t need to 1177 

answer this one).       1178 

 1179 

When answering the scenarios, don’t forget to:          1180 

 Consider each option (looking down each column)         1181 

 Choose your most preferred option based on the assumption that these are the only 1182 

options available to you.      1183 

 Treat each scenario independently. You don’t need to remember or anticipate the 1184 

choices you make across the six questions. 1185 

 1186 

 1187 
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 1188 
 1189 

 1190 

 1191 

You will be asked to choose your most preferred of the 4 options. 1192 

 1193 

For example, if you chose Option 1, it would mean that you prefer this offset rather than the 1194 

offsets provided in Option 2 or Option 3, or No development.  1195 

 1196 

In this example, Option 1 is an offset that:       1197 

 Is made up of 90% direct and 10% indirect offsets to achieve no net loss 1198 

 Is located in Western Australia, near the development site 1199 

 Is implemented by the development company 1200 

 Protects 2000 Ruddy Turnstones, which are the species impacted by the 1201 

development 1202 

 1203 

 1204 

Insert the 6 choice scenarios 1205 

Q.)  Consider the following options. Assuming these are the only options available to you, 1206 

which one would you choose? 1207 

 Option 1 (1) 1208 

 Option 2 (2) 1209 

 Option 3 (3) 1210 

 Option 4 (4) 1211 

 1212 

 1213 

Move your mouse over the links below if you want to read the explanations related to the 1214 

characteristics of the offset strategies:       1215 

 Proportion of direct and indirect offset 1216 

 Offset location 1217 

 Offset implementer 1218 

 Species protected      1219 

 Number of birds protected      1220 

[pop-up boxes with explanations] 1221 

 1222 

 1223 

********************************************************************************************************* 1224 

 1225 
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 1226 

Answer if option 1 always chosen: 1227 

 1228 

Q.) You always preferred the ‘no development’ option over the potential offset strategies. 1229 

Please provide your reason why: 1230 

 I object to the idea of offsetting (1) 1231 

 I need to know more about offsetting before I would feel comfortable deciding on which 1232 

offset strategies are most suitable (2) 1233 

 I don’t trust the science underlying the practice of offsetting (3) 1234 

 I don’t trust the Australian Government to monitor and ensure success of an offset (4) 1235 

 I object to the idea of more coastal development, regardless of whether offsets are used 1236 

(5) 1237 

 I found the choices difficult or confusing, so I preferred the ‘no development’ option (6) 1238 

 Other: (7) ____________________ 1239 

 1240 

********************************************************************************************************* 1241 

 1242 

Next, we have a few questions on what you thought about the offset scenarios 1243 

  1244 

Q.) Please indicate how certain you were of the answers you gave in the offset scenarios, 1245 

from "Not certain at all" (1) to "Very certain" (10) 1246 

 1247 

______ How certain were you of the answers you gave in the offset scenarios? (1) 1248 

 1249 

Q.) Did you think that the scenarios were confusing to answer? 1250 

 Yes (1) 1251 

 No (2) 1252 

 1253 

********************************************************************************************************* 1254 

 1255 

Q.) What did you think about the information that was provided to describe the offset 1256 

strategies? 1257 

 It was confusing (1) 1258 

 I thought the description was inaccurate (2) 1259 

 I thought it was an informative and accurate description (3) 1260 

 I would have liked more information (4) 1261 

 1262 

 1263 

Q.) Do you think the features [Pop-up: Proportion of direct/indirect offsets; Location; 1264 

Implementer; Species protected; Number of birds protected] used to describe the offset 1265 

strategies were useful to help you make choices when answering the offset scenario 1266 

questions? 1267 

 Yes (1) 1268 

 No (2) – please explain why not: [Comment box] 1269 

 1270 

********************************************************************************************************* 1271 

 1272 

Q.) Please indicate on the following scale how likely you think it is that the results of this 1273 
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study will influence future policy decisions regarding marine offsets in Australia from "Not at 1274 

all likely" (1) to "Very likely" (10) 1275 

 1276 

______ How likely do you think it is that the results of this study will influence future policy 1277 

decisions? (1) 1278 

 1279 

 1280 

********************************************************************************************************* 1281 

 1282 

PART 3 1283 

 1284 

Now we’d like to ask some questions about your attitudes towards the environment, the oil 1285 

and gas sector in Australia, and government management of environmental issues. 1286 

 1287 

 1288 

 Not at all (1) Not much (2) 
I am not sure 

(3) 
A little (4) A lot (5) 

Q1) Are you 
concerned 

about 
environmental 
problems in 
general? (1) 

          

Q2) Are you 
concerned 

about marine 
biodiversity 

loss? (2) 

          

Q.) Do you 
think the oil 

and gas sector 
contributes 

towards 
marine 

biodiversity 
loss? 

 

          

Q.) Do you 
think that the 
use of marine 
biodiversity 
offsets will 

improve the oil 
and gas 

sector’s ability 
to protect 
marine 

biodiversity?   
 

          

 1289 

 1290 

********************************************************************************************************* 1291 

 1292 
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 1293 

Q4) How much do you know about the oil and gas sector in Australia? 1294 

 I know nothing about it (1) 1295 

 I know the names of some of the companies, but not what they do (2) 1296 

 I know a little about the activities of the oil and gas sector (3) 1297 

 I know a lot about the activities of the oil and gas sector, including how their activities 1298 

interact with people and with the natural environment (4) 1299 

 1300 

********************************************************************************************************* 1301 

 1302 

Please state whether you agree/disagree with the following statements:  1303 

Arrange in table format, 5pt scale strongly disagree to strongly agree. 1304 

 1305 

"Australia can economically benefit from the oil and gas sector" 1306 

 1307 

“Australia needs to have the cooperation of the oil and gas sector to achieve the Country’s 1308 

most important goals” 1309 

 1310 

“The oil and gas sector does what it says it will do in the media" 1311 

 1312 

“I am very satisfied by the oil and gas sector in Australia” 1313 

 1314 

“The presence of the oil and gas sector in Australia is a benefit to the Australian population” 1315 

 1316 

“The oil and gas sector listens to the Australian population’s concerns" 1317 

 1318 

"In the long-term, the oil and gas sector makes a contribution to the well-being of Australia" 1319 

 1320 

“The oil and gas sector in Australia treats everyone fairly”  1321 

 1322 

“The oil and gas sector respects Australia’s way of doing things” 1323 

 1324 

“The Australian population and the oil and gas sector have a similar vision for the future of 1325 

Australia” 1326 

 1327 

“The oil and gas sector gives more support to those it negatively affects” 1328 

 1329 

“The oil and gas sector shares decision-making with the Australian government” 1330 

 1331 

“The oil and gas sector takes into account the interests of the Australian population" 1332 

 1333 

“The oil and gas sector is concerned about the welfare of the Australian population” 1334 

 1335 

“The oil and gas sector openly shares information that is relevant to the Australian 1336 

population” 1337 

 1338 

 1339 

********************************************************************************************************* 1340 

POSTPRINT http://onlinelibrary.wiley.com/doi/10.1111/cobi.12874/abstract

https://www.nespmarine.edu.au/document/social-preferences-design-biodiversity-offsets-shorebirds-australia 37



 1341 

PART 4 1342 

Almost finished! In this section of the survey, we will ask some questions about you. The 1343 

information collected will be kept anonymous. 1344 

 1345 

 1346 

 1347 

Q4) Do you have any children? 1348 

 Yes – including children who are still dependent (1) 1349 

 Yes – all children are now independent (2) 1350 

 No (3) 1351 

 1352 

Q5) What is your highest level of education? 1353 

o High school 1354 

o Trade/technical certificate or equivalent 1355 

o University degree 1356 

o I would rather not say 1357 

 1358 

******************************************************************************************************** 1359 

 1360 

Q6) Do you work in any of the following fields? 1361 

o Environmental management, research or consulting  1362 

o Public sector, including Local, State, Territory or Commonwealth governments 1363 

o Mining industry, including the oil and gas sector 1364 

o Hotel and tourism industry 1365 

o None of these fields 1366 

Q7) Do you belong to any environmental or conservation groups? 1367 

o Yes 1368 

o No 1369 

 1370 

 1371 

Q8) What is your gross annual household income before tax?  1372 

o Under $13,000  (under $250/week) 1373 

o $13,000-$25,999 ($250-$500/week) 1374 

o $26,000 - $41,599 ($500-$800/week) 1375 

o $41,600 - $62,399 ($800-$1200/week) 1376 

o $62,400 - $88,399 ($1200-$1700/week) 1377 

o $88,400 - $129,999 ($1700-$2500/week) 1378 

o $130,000 - $181,999 ($2500-$3500/week) 1379 

o $182,000 and over ($3500+/week) 1380 

o I would rather not say 1381 

******************************************************************************************************** 1382 

 1383 

 1384 

Thank you very much for your time! If you have comments you want to make about the 1385 

survey, or the issues raised in it, please add them below: 1386 

 1387 

Comment box. 1388 
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