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Biodiversity offsets may miss opportunities 
to mitigate impacts on ecosystem services
Laura J Sonter1,2,3,4*, Jesse Gourevitch1,2, Insu Koh1,2, Charles C Nicholson1,2, Leif L Richardson1,2,  
Aaron J Schwartz1,2, Nitin K Singh1,2, Keri B Watson1,2, Martine Maron3,4, and Taylor H Ricketts1,2

Biodiversity offsets are most commonly used to mitigate the adverse impacts of development on biodiversity, 
but some offsets are now also designed to support ecosystem services (ES) goals. Here, we assemble a global 
database of biodiversity offsets (n = 70) to show that 41% already take ES into consideration, with the objective 
of enhancing cultural, regulating, and provisioning services. We found that biodiversity offsets were more 
likely to consider ES when (1) development projects reported impacts on services, (2) offsets had voluntary 
biodiversity goals, and (3) conservation organizations were involved. However, offsets that considered ES were 
similar in design (eg offsetting approach, extent, and location) to offsets focused solely on biodiversity, 
suggesting that including ES goals may represent an attempt to strengthen community support for 
development projects, rather than to offset known ES impacts. We also found that 34% of all offsets displaced 
people and negatively affected livelihoods. Therefore, when biodiversity and ES are linked, current practices 
may not actually improve outcomes, instead incurring additional costs to communities and companies.
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Biodiversity offsets (hereafter “offsets”) are used by both  
 the public and private sectors to mitigate adverse 

impacts of development projects, such as mineral extrac-
tion and infrastructure construction (ten Kate and Crowe 
2014). Offsets are conservation initiatives that aim to 
achieve no net loss of biodiversity by either increasing 
current levels of biodiversity or averting future biodiver-
sity losses (Maron et al. 2012; Sonter et al. 2017). In 
 principle, offsets should only be used to compensate for 
residual biodiversity losses (ie those that occur even after 
avoidance, minimization, and restoration efforts have 
taken place) and produce biodiversity gains that are in 
addition to those that might have occurred had no offsets 
been used. Furthermore, whatever biodiversity gains are 
achieved should be comparable to predicted residual losses 
(Bull et al. 2013; Gardner et al. 2013). However, available 
information about individual projects is limited and evi-
dence of their success is scarce, leading many conservation 
scientists to question their practical effectiveness (Curran 
et al. 2014). Offsets have also been criticized for their nar-
row focus on species diversity (McKenney and Kiesecker 
2010) and insufficient consideration of landscape context 
(Kiesecker et al. 2009), which is potentially to the detri-
ment of ecosystem services (ES; Tallis et al. 2015).

Ecosystem services are the contributions that ecosys-
tems make to human well- being (MA 2005). Given their 
link to biodiversity (Ricketts et al. 2016), ES are often 

incorporated into conservation activities (Goldman et al. 
2008). Although biodiversity offset policies typically do 
not require ES considerations, there are two primary rea-
sons why some policies or stand-alone projects may 
include ES. The first is to exploit synergies between 
 biodiversity and ES; if development affects biodiversity 
and ES, offsets could be designed and implemented to 
jointly mitigate both impacts (Jacob et al. 2016; Schulp 
et al. 2016). Exploiting synergies can also provide addi-
tional benefits, even when development does not impact 
ES. Offsets can generate income through trading ES, such 
as carbon sequestration. Or it can strengthen community 
support for the project and thus the company’s social 
license to operate. For example, the offset site may pro-
vide new opportunities for nature- based recreation. The 
second reason is to avoid negative trade- offs between off-
sets and ES, which may emerge if conservation activities 
restrict human access to ecosystems or displace nature- 
based livelihoods (Mandle et al. 2015; Kermagoret et al. 
2016). Incorporating ES into offset policies for either of 
these reasons will benefit the human beneficiaries of ES 
as well as the companies responsible for offsetting: 
exploiting synergies is cost- effective and avoiding trade- 
offs reduces potentially expensive conflicts with local 
communities (Franks et al. 2014; Rainey et al. 2015).

Because of these mutual benefits, some biodiversity 
 offsets do consider ES goals in their design and imple-
mentation (Madsen et al. 2010), as evidenced by emerg-
ing industry standards for environmental management 
(ICMM and IUCN 2013) and lending requirements of 
major financial institutions to mitigate impacts on biodi-
versity and ES (IFC 2012). However, despite anecdotal 
evidence, the proportion of offsets worldwide that 
 consider ES is currently unknown; it is also unclear how 
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offsets differ when ES are taken into account. These 
knowledge gaps are not surprising, given the limited infor-
mation on offsets and the fact that evaluations are rarely 
performed at the project level (McKenney and Kiesecker 
2010), especially for ES outcomes (Jacob et al. 2016; 
Schulp et al. 2016). Addressing these gaps will reveal cur-
rent practices, identify what motivates companies to con-
sider ES, and provide the insight needed for the public 
and private sectors to improve offsetting outcomes. Such 
knowledge is critical, given that offsets are increasingly 
popular mitigation tools used to address declining levels of 
biodiversity worldwide (ten Kate and Crowe 2014).

We assembled a global database of biodiversity offsetting 
projects and used it to answer two questions: (1) what pro-
portion of offsets currently considers ES and (2) how do 
these offsets differ from those focused exclusively on biodi-
versity goals? Specifically, we quantified differences in: (a) 
development characteristics, such as size, value, duration, 
and industry; (b) impacts of development on biodiversity 
and ES, including impact type and location, and assess-
ment methods; and (c) offsetting characteristics, such as 
their requirements (policy, financing), design (size, siting, 
biodiversity goals), and consequences for people.

 J Methods

Project database

We identified biodiversity offsetting projects (ie the offset 
and its associated development) from multiple sources 
(WebTable 1). In September 2016, we searched Web 
of Science for “biodiversity offset” OR “(biodiversity or 
biological) AND compensation AND mitigation” by topic 
(230 papers, 47 projects identified). We also searched 
the websites of organizations known to work on offsetting 
(four organizations, 23 additional projects identified). We 
focused on biodiversity offsets rather than ES mitigation 
efforts generally, and did not include online offsetting 
repositories in our search because the few that exist 
either are limited to specific policy contexts or do not 
contain the information needed for our analysis (see 
“Data collection” section). Due to our unavoidably small 
sample size, results should be interpreted with caution.

Data collection

We collected data on each project in three steps. First, 
we determined if development had regulatory approval 
and whether an offsetting strategy was available; projects 
without either were excluded from further analysis. 
Second, we collated documents describing projects, 
recording whether they were primary information sources 
(from development companies; eg environmental impact 
assessments) or secondary (published by third parties; 
eg scientific papers evaluating offsets). Third, from these 
documents, we extracted information on 24 variables 
related to development characteristics, impacts of 

development on biodiversity and ES, and offsetting 
characteristics (WebTable 2). One variable assessed 
whether offsets considered ES in their design and imple-
mentation. WebTable 2 defines “considered ES” and 
WebTable 3 lists potential ES. Each project was inde-
pendently assessed by two authors. Inter- rater accuracy 
(between authors) was >70% for binary variables, and 
scores for continuous variables were correlated (r > 0.8). 
All discrepancies between authors were discussed until 
consensus was reached prior to data analysis.

Data analysis

We compared offsets that considered ES with offsets 
focused exclusively on biodiversity goals for all measured 
variables (WebTable 2). Proportion tests were used for 
binary variables and logistic regressions for continuous 
variables. Given the limited sample size, we also per-
formed power analyses for each test to determine the 
sample size required (“req n”) to detect significant 
differences (α = 0.05, β = 0.8). When P > 0.05 but 
req n < 35, we reported this result to indicate potential 
differences in variables limited by sample size. Analyses 
were performed in R 3.4.0 (R Core Team 2014).

Limitations

Results reflect the contents of collated documents. 
Although all projects presented some information on 
environmental impacts and offsetting strategies, some 
projects had more information than others, and some 
documents may have been biased to reflect author 
purposes (eg to better ensure project approval). As a 
result, our results may not reflect actual outcomes of 
offsetting, but instead the aspirations of companies. 
However, the document’s information source (ie primary 
versus secondary) was not significantly related to the 
proportion of offsets that considered ES suggesting that 
this did not bias our results. Our final project database 
is available online (WebTable 1; doi.org/10.6084/
m9.figshare.5616160).

 J Results

We identified 70 biodiversity offsets, and found sufficient 
information to include 41 in our analysis (Figure 1a; 
WebTable 1). Of the 41 offsets, 17 (41%) considered 
ES; of these, 65% did so voluntarily, 35% were required 
by policy, and 5% did so for reasons relating to project 
finance (Figure 1b; values exceeded 100% because one 
project considered one type of ES due to policy and 
other types voluntarily). In addition, of the offsets that 
considered ES, 88%, 76%, and 59% targeted cultural 
services (eg opportunities for nature- based recreation), 
regulating services (eg sediment retention), and provi-
sioning services (eg food production), respectively 
(Figure 1c). Across all projects, 53% made in- kind ES 
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trades (ie the ES considered in the 
offset was the same type as that 
impacted by the development pro-
ject; WebFigure 1).

Development characteristics

Development projects included in 
the analysis spanned 22 countries 
(Figure 1a) and multiple industries 
(WebFigure 2), and ranged widely 
in duration (2– 41 years), reported 
value (US$17 million– 85 billion), 
and size (0.6– 5700 km2). None of 
these characteristics differed signifi-
cantly between offsets that consid-
ered ES and those focused exclusively 
on biodiversity (WebTable 2).

Impacts of development on 
biodiversity and ES

Environmental impact assessments 
and public consultations were con-
ducted for 88% and 83% of projects, 
respectively. Biodiversity impacts 
were reported onsite for all projects 
and offsite for 31% of projects; 
impacts on species, habitats, and 
ecosystems were reported for 80%, 
90%, and 73% of projects, respec-
tively. None of these proportions 
differed between offsets that con-
sidered ES and offsets focused exclu-
sively on biodiversity (WebTable 2).

Adverse impacts of development 
on ES were reported for 73% of pro-
jects. All of these projects reported onsite impacts and 
63% also reported offsite impacts, while 83% focused on 
provisioning services, 83% on regulating services, and 
86% on cultural services. The proportion of projects 
reporting ES impacts was significantly greater for offsets 
that considered ES than offsets focused exclusively on 
biodiversity (χ2 = 4.79, P = 0.02; Figure 2). No significant 
differences in proportions were found for impact location 
or ES type (WebTable 2).

Fifty- six percent of development projects reportedly 
displaced people and negatively affected livelihoods, a 
proportion that did not differ significantly between off-
sets that considered ES and those focused exclusively on 
biodiversity.

Offsetting characteristics

Some offsets were voluntary (34%), whereas others were 
required by policy (51%) or for project finance (23%). 
The “voluntary” proportion was greater for offsets that 

considered ES than those focused exclusively on bio-
diversity (χ2 = 3.09, P = 0.07, req n = 34; Figure 2). 
Offsets that considered ES also had a significantly greater 
proportion involving conservation organizations (χ2 = 
4.88, P = 0.03; Figure 2), but were incorporated into 
landscape plans less often (χ2 = 3.12, P = 0.08, req 
n = 34).

Different offsetting approaches were used to create bio-
diversity gains (85% used protection, such as establishing 
new protected areas; 68% used restoration, eg creating 
new habitat for threatened species; and 61% undertook 
non- land- based management, such as funding scientific 
research; WebFigure 3), and 95% of offsets used more 
than one approach. Offsets also varied in size (1– 9400 
km2), location (43% onsite, 92% offsite), and biodiversity 
trades (73% were in- kind). None of these proportions dif-
fered significantly between offsets that considered ES and 
offsets focused exclusively on biodiversity (WebTable 2).

Thirty- four percent of offsets reportedly displaced 
 people and negatively affected livelihoods, a proportion 

Figure 1. (a) Map of biodiversity offsetting projects (n = 41). Closed circles indicate offsets 
that consider ES, whereas open circles show offsets that focus exclusively on biodiversity 
(BD). Circle color indicates the project’s industry sector; “Other” includes development for 
wind, waste, and urban projects. See WebFigure 2 for comparison of industries between 
offsets that consider ES and those focused exclusively on BD. (b) Requirements for offsets 
(n = 41) to consider ES: 14% were required by policy, 27% were voluntary, 2% were for 
project finance, and 59% were focused exclusively on BD (values exceeded 100% because 
one project considered one type of ES due to policy and other types of ES voluntarily). (c) 
Number of offset projects that focused exclusively on biodiversity (n = 24) versus those that 
considered any of the three types of ES: provisioning, regulating, or cultural services (see 
WebTable 3 for example services within each type). Note: some offsets considered more than 
one type of ES, so the sum of columns >100% (ie >24 projects).
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that did not differ significantly between offsets that con-
sidered ES and those focused exclusively on biodiversity 
(Figure 2).

 J Discussion

Forty- one percent of offsets considered ES in their design 
and implementation (Figure 1), highlighting the per-
ceived importance of ES to companies responsible for 
offsetting. We found that four of the 23 variables dif-
fered between offsets that considered ES and those 
focused exclusively on biodiversity: whether (1) devel-
opment reported impacts on ES, (2) biodiversity offsets 
were voluntary, (3) conservation organizations were 
involved, and (4) offsets were incorporated into land-
scape plans (Figure 2). However, offsets that considered 
ES were similar in design (eg approach, size, location) 
to those focused on biodiversity, suggesting that including 
ES was probably not intended as an effort to jointly 
mitigate biodiversity and ES impacts.

Differences between offsets that do and do not 
consider ES

When linked to development that reported impacts on 
ES, offsets considered ES more often. Ninety- four percent 
of offsets that considered ES were linked to such devel-
opment, compared to only 58% of the offsets focused 
exclusively on biodiversity (Figure 2). This suggests that 
companies may perceive synergies between biodiversity 
and ES and be motivated to jointly offset impacts on 
both to reduce total mitigation costs (Rainey et al. 

2015). However, our database does not allow assessment 
of causation. We collected data largely from company 
reports, and companies that do not assess impacts on 
ES may be less likely to reference ES in their offsetting 
strategies. Independent project evaluation is needed (see 
“Conclusions” section); however, the 42% of offsets that 
were linked to development that reported impacts on 
ES but only focused on biodiversity may miss oppor-
tunities to mitigate impacts on both when biodiversity 
and ES are linked.

Three other variables increased the likelihood that off-
sets would consider ES. (1) Third- party stakeholders may 
play a role, as offsets that considered ES were significantly 
more likely to involve conservation organizations than 
offsets focused on biodiversity (Figure 2). Such involve-
ment included providing assistance to offsetting propo-
nents in the application of conservation planning tools 
(eg The Nature Conservancy’s Development by Design 
methodology; Kiesecker et al. 2009), and may reflect the 
increasing interest these organizations have in jointly 
conserving biodiversity and ES. (2) Biodiversity offsets 
that considered ES were also 2.7 times as likely to be vol-
untary (ie not required by policy or for project finance 
purposes; Figure 2), and therefore possibly had greater 
flexibility in their biodiversity offsetting goals and targets. 
(3) Offsets that considered ES were half as likely to be 
incorporated into government- mandated landscape 
plans, suggesting that companies operating beyond legal 
compliance see value in considering ES – perhaps to gen-
erate income through ES trades or to improve their social 
license to operate.

Similarities between offsets that do and do not 
consider ES

Offsets that considered ES were similar to offsets focused 
on biodiversity with respect to the remaining 19 tested 
variables (WebTable 2), two of which were unexpected. 
First, we anticipated that negative effects on people 
would occur less frequently among offsets that considered 
ES – that is, that these conservation activities would 
not restrict access to land and other natural resources 
(Sonter et al. 2014) – but we found no significant dif-
ferences in whether offsets reportedly displaced people 
and negatively affected livelihoods (Figure 2). This is a 
cause for concern, given that 35% of all offsets did so, 
often reducing provisioning services (eg food production) 
to affect local people, some of whom were indigenous. 
These consequences ranged from relatively minor restric-
tions (eg one farmer losing part of their property) to 
large- scale community resettlements. Moreover, 35% may 
be a conservative estimate, given that many offsets may 
displace people and livelihoods but exclude this infor-
mation from offsetting strategies or impact assessments 
(eg the Anglo American Platinum mine in South Africa). 
Although conserving threatened areas will maximize 
biodiversity gains by averting losses (Sonter et al. 2014), 

Figure 2. Four key comparisons between offsets that considered 
ES (n = 17) and those focused exclusively on biodiversity (BD) 
(n = 24). Left to right: development impacted ES (WebTable 2, 
Variable 9); offsets were voluntary (WebTable 2, Variable 16); 
involved conservation organization (WebTable 2, Variable 13); 
and offsets displaced people or livelihoods (WebTable 2, Variable 
14). Numbers inside columns indicate the number of projects; 
asterisks denote significant differences in proportions of projects 
that considered ES and those focused on BD (**P < 0.05; *P = 
0.07).
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the resulting trade- offs between biodiversity and produc-
tive land uses may incur large costs to communities if 
not mitigated through additional means, such as financial 
compensation (Franks et al. 2014; Mandle et al. 2015; 
Figure 3).

We also expected that the design of offsets that consid-
ered ES would be distinct from that of offsets focused 
solely on biodiversity, as is the case when ES are inte-
grated into other forms of conservation (Goldman et al. 
2008). Yet we found no differences in approach 
(WebFigure 3), size, location, or biodiversity trades (ie 
in- kind versus out- of- kind) between the two types of 
 offsets (WebTable 2). This may suggest that ES are rela-
tively simple to include in offsets, although this hypothe-
sis is debatable – trade- offs with biodiversity goals often 
occur (Mandle et al. 2015). Alternatively, design similar-
ities may indicate that ES are considered secondarily 
(rather than in parallel) to biodiversity goals – enhancing 
services otherwise unaffected by development and not 
beyond what would have occurred if offsets had focused 
only on biodiversity goals. Indeed, 47% of offsets that 
considered ES made out- of- kind trades (ie enhancing 
services not impacted by development) and all offsets 
making in- kind ES trades targeted cultural services (often 
recreation) by permitting people to access the offset site 
(WebFigure 1). Including ES in an offset may be 
 motivated more by a company’s desire to strengthen 
their social license to operate than their desire to mitigate 
their impact on ES.

Policy implications

Many companies recognize the value of considering 
ES in offsets, but our results suggest that this consid-
eration is not a strategic effort to optimize outcomes 
for both biodiversity and ES. One opportunity to improve 
current practice and enhance outcomes is through policy 
interventions, including changes to current offsetting 
regulations to allow companies to exploit synergies and 
avoid trade- offs. This approach may be particularly 
effective given that policies triggered 51% of all bio-
diversity offsets, but only required 14% to consider ES 
(Figure 1b). Policy changes should be context- dependent, 
and when interventions are impractical, understanding 
factors inhibiting consideration of ES will be key to 
improving outcomes.

 J Conclusions

As mentioned above, only 14% of the offsets investigated 
here were required to consider ES by policy. Companies 
nonetheless explicitly considered ES in the design of 
their biodiversity offsets for at least two additional rea-
sons: (1) to exploit potential synergies and (2) to reduce 
adverse trade- offs. Although 41% of offsets considered 
ES, they did not necessarily gain the full suite of benefits 
from doing so; some failed to jointly mitigate impacts 

of development and offsets on ES, others caused addi-
tional harm to people. Systematically considering ES in 
offsets may help to improve outcomes, but offsets should 
be optimized so as to avoid undermining the achieve-
ment of no net loss of biodiversity.

Quantifying offsetting outcomes is an important next 
step that requires progress on three fronts. (1) Projects 
must be evaluated. Our study is one of the first to assess 
offsets at the project level; most other research has 

Figure 3. (a) Nam Theun 2 Hydroelectric Project, Lao PDR 
(WebTable 1, Project 32). Development project and associated 
infrastructure (a) negatively impacted ES, displaced local people 
and their nature- based livelihoods, and undertook biodiversity 
offsetting. However, in this project, the offset did not consider 
ES in its design and implementation but rather compensated 
impacted communities through other means, such as (b) 
livelihood training in alternative fishing methods and locations 
and (c) financial transactions.
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focused solely on policies (eg McKenney and Kiesecker 
2010). However, we obtained much of our data from 
company documents, which may be biased. Project eval-
uation combining in- situ fieldwork, quasi- experiments, 
and scenario modeling, is needed. (2) Project data must 
be acquired and made publicly available. Offsetting 
 registries are needed to promote transparency and 
accountability, and their current scarcity limits project 
evaluation across diverse policy contexts. (3) The effects 
of offsets on biodiversity and ES must be quantified. This 
is  difficult for many reasons, one being the issue of 
 determining what would have happened to ES if devel-
opment had not been approved and offsets had not been 
implemented.

As biodiversity offsetting becomes an increasingly 
 common mitigation tool, it is crucial that ES synergies be 
exploited, and trade- offs avoided, wherever possible.
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