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WebFigure 1. Comparing offsets that make in-kind (n = 9) versus out-of-kind (n = 8) ES trades
(WebTable 2, Variable 23) in terms of the proportions making in-kind BD trades (WebTable 2,

Variable 17), having various BD requirements (WebTable 2, Variable 16), and different ES types
(WebTable 2, Variable 21). ES = ecosystem services; BD = biodiversity.
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WebFigure 2. Comparing industries (WebTable 2, Variable 4) between offsets that considered
ecosystem services (ES; n = 17) and those that focused exclusively on biodiversity (BD; n = 24).
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WebFigure 3. Comparing offsetting approaches between offsets that considered ecosystem
services (ES; n = 17) and those that focused exclusively on biodiversity (BD; n = 24). Note: 95%
of offsets used more than one offsetting approach, so the sum of the series totals is >100%.
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WebTable 1. Biodiversity offsetting projects.

Project name Source Development  Offset Information source
approved strategy EIA Offset strategy
1st 2nd 1st 2nd

1 Akyem gold mine w Cl (2013); Y Y N Y N Y
Madsen et al. (2010)

2 Amaila Falls hydropower w Cl (2013) N N - - - -

3 Ambatovy nickel mine WL Bidaud et al. (2015) Y Y Y N Y N
Kormos et al. (2014);
Madsen et al. (2010)

4 Anglo American Platinum mine W BBOP (2009); Y Y Y N N Y
Madsen et al. (2010)

5 Antamina copper and zinc mine w BBOP (2009) Y Y N Y N Y

6 Apennine wind farms W BBOP (2009) Y Y N Y N Y

7 Awustralia Pacific LNG ES offset w Madsen et al. (2010) Y Y Y N Y N

8 Barrick Gold’s Kanowna Belle w Madsen et al. (2010) Y Y N Y Y Y

9 Basslink undersea power cable WL Bidaud et al. (2015) Y Y Y N N Y
BBOP (2009)

10  BP oil and gas project, San Juan L Sochi and Kiesecker (2016) N N - - - -

11  Brisas copper—gold mine w Madsen et al. (2010) N N - - - -

12 Bujagali hydropower project w BBOP (2009); Y Y Y Y Y Y
Madsen et al. (2010)

13 Bumbuna hydroelectric project L Cole and Dahl (2013) Y Y Y Y Y Y

14  Carbones del Cerrejon w Cl (2013) Y Y Y Y Y N

15 CEMEX El Carmen Wilderness Area w BBOP (2009) Y N - - - -

16  Chad-Cameroon pipeline w BBOP (2009) Y Y Y N N Y
Madsen et al. (2010)

17 Cobre Panama WL  Kormos et al. (2014) Y Y N Y N Y
ICMM and IUCN 2013

18  Esso Highlands LNG project w Cl (2013) Y Y Y Y Y Y

19  Oc’via farmland in southern France L Maron (2015) Y Y N Y N Y

20  Gasoduto Bolivia—Brasil pipeline L Quintero and Mathur (2011) Y Y Y N N Y

21 Global Alumina project L Cole and Dahl (2013) Y Y Y Y N Y

22 Holcim Bardon Hill quarry w BBOP (2009) Y Y Y N Y Y

23 Ingula pumped storage scheme w BBOP (2009); Y Y Y N Y Y
Madsen et al. (2010)

24 Jandakot airport development L Martin et al. (2016) Y Y Y N Y N




Project name Source Development  Offset Information source
approved strategy EIA Offset strategy
1st 2nd 1st 2nd
25  Jonah Gas Field w Madsen et al. (2010) Y Y N Y N Y
BBOP (2009)
26  Kate Valley landfill L Norton (2009) Y Y N Y N Y
27  Kennecott Utah copper mine w BBOP (2009) Y Y N Y Y Y
28  Kumtor gold mine w BBOP (2009) Y N - - - -
29  Lom Pangar dam L Kormos et al. (2014) Y Y Y Y Y Y
30  Manuaus Energia Balbina hydropower w BBOP (2009) Y Y N Y Y Y
31  Mount Royal golf estate w BBOP (2009); Y Y Y N N Y
Madsen et al. (2010)
32 Nam Theun 2 hydropower project w BBOP (2009) Y Y Y N Y Y
33 Abbot Point Growth Gateway L Martin et al. (2016) Y Y Y N Y N
34  Pascua Lama w BBOP (2009) N N - - - -
35  Pulp United pulp mill w BBOP (2009); N Y - - - -
Madsen et al. (2010)
36 QGC Pty Ltd — Curtis LNG project L Martin et al. (2016) Y Y Y N Y N
37  QIT Madagascar Minerals w Bidaud et al. (2015); Y Y Y N Y N
BBOP (2009);
ICMM and IUCN (2013)
38  Rhenish-Westphalian w BBOP (2009) N Y - - - -
39  Rio Tinto Simandou partnership WL  Kormos etal. (2014) N Y - - - -
Seagle (2012);
Virah-Sawmy et al. (2014);
Madsen et al. (2010)
40  Oyu Tolgoi copper—gold mine w ICMM and IUCN (2013); Y Y Y N Y N
Madsen et al. (2010)
41  Smgla wind farm L Cole and Dahl (2013); Y N - - - -
42 Strongman mine w BBOP (2009) Y Y N Y Y N
43 Waikatea Station farm L Norton (2009) Y Y N N N Y
44  Waratah coal development L Martin et al. (2016) Y Y Y N Y Y
45  Tarrawonga open-cut mine L Martin et al. (2016) Y Y Y N Y N
46 A50 highway L Cuperus et al. (1999) N N - - - -
47  AT73-South highway L Cuperus et al. (1999) N N - - - -
48  E12 highway L McGillivray (2012) Y Y N Y N Y
49  Mertainen mine L McGillivray (2012) Y Y N Y N Y
50  A20 motorway intersection Peene Valley L McGillivray (2012) Y Y N Y N Y
51  A20 motorway intersection of Trebel and Recknitz Valley L McGillivray (2012) Y N - - - -
52  Aircraft factory Muhlenberger Loch L McGillivray (2012) N N - - - -




Project name Source Development  Offset Information source
approved strategy Offset strategy
1st 2nd 1st 2nd
53  Development Trupbach (Siegen), North Rhine-Westfalia L McGillivray (2012) N N - - - -
54  Colliery extension Haniel L McGillivray (2012) N N - - - -
55  Port expansion Rotterdam L McGillivray (2012) N N - - - -
56  Railway (Nordmaling to Umed) Bothnia L McGillivray (2012) N N - - - -
57  Dam construction La Brefia Il, Andalucia L McGillivray (2012) N N - - - -
58  Rail development (Paris—Strasbourg) TGV East L McGillivray (2012) N N - - - -
59  Airport expansion Karlsruhe/Baden-Baden L McGillivray (2012) N N - - - -
60  Port construction Granadilla, Tenerife L McGillivray (2012) N N - - - -
61  Libeck-Blankensee airport, Schleswig-Holstein L McGillivray (2012) N N - - - -
62  A20 motorway (Schleswig-Holstein) L McGillivray (2012) Y Y N Y N Y
63  A49 motorway extension (Hesse) L McGillivray (2012) Y Y N Y N Y
64  Infrastructure development Gy6r L McGillivray (2012) N N - - - -
65  Seine estuary L Meineri et al. (2015) N N - - - -
66  Great Keppel Island Resort L Meineri et al. (2015) Y Y Y Y Y Y
67  Notre-Dame-des-Landes airport L Meineri et al. (2015) N N - - - -
68  Roback, new bypass on route E12 west of Umea L Persson et al. (2015) N N - - - -
69  Jarfalla, expansion railway between Barkarby and Kallhall L Persson et al. (2015) N N - - - -
70  Port of Antwerp L Schoukens and Cliquet (2016) N N - - - -

Notes: Projects were identified from two sources: websites (W) of conservation and industry organizations, and a literature (L) search on Web of Science. We
coded projects with approved development and developed offset strategies. Documents used for coding were environmental impact assessments (EIAs) and
offsetting strategies, which came from primary (1st; from development companies; eg EIAs) and secondary (2nd; published by third parties; eg scientific papers
evaluating offsets) sources.



WebReferences

Bidaud C, Hrabanski M, and Meral P. 2015. Voluntary biodiversity offset strategies in
Madagascar. Ecosyst Serv 15: 181-89.

BBOP (Business of Biodiversity Offsets Programme). 2009. Compensatory conservation case
studies. Washington, DC: BBOP.

Cole SG and Dahl EL. 2013. Compensating white-tailed eagle mortality at the Smgla wind-
power plant using electrocution prevention measures. Wildlife Soc B 37: 84-93.

ClI (Conservation International). 2013. Biodiversity offsets. Arlington, VA: Conservation
International.

Cuperus R, Canters KJ, Udo de Haes HA, and Friedman DSG. 1999. Guidelines for ecological
compensation associated with highways. Biol Conserv 90: 41-51.

ICMM and IUCN (International Council on Mining and Metals and International Union for
Conservation of Nature). 2013. Independent report on biodiversity offsets. London, UK:
ICMM and IUCN.

Kormos R, Kormos CF, Humle T, et al. 2014. Great apes and biodiversity offset projects in
Africa: the case for national offset strategies. PLoS ONE 9: e111671.

Madsen B, Carroll N, and Moore Brands K. 2010. State of biodiversity markets report: offset and
compensation programs worldwide. Washington, DC: Forest Trends.

Maron M. 2015. Conservation: stop misuse of biodiversity offsets. Nature 523: 401-03.

Martin N, Evans M, Rice J, et al. 2016. Using offsets to mitigate environmental impacts of major
projects: a stakeholder analysis. J Environ Manage 179: 58-65.

McGillivray D. 2012. Compensating biodiversity loss: the EU Commission’s approach to
compensation under Art 6 of the Habitats Directive. J Environ Law 24: 417-50.

Meineri E, Deville AS, Grémillet D, et al. 2015. Combining correlative and mechanistic habitat
suitability models to improve ecological compensation. Biol Rev 90: 314-29.

Norton DA. 2009. Biodiversity offsets: two New Zealand case studies and an assessment
framework. Environ Manage 43: 698-706.

Persson J, Larsson A, and Villarroya A. 2015. Compensation in Swedish infrastructure projects
and suggestions on policy improvements. Nat Conserv-Bulgaria 11: 113-27.

Quintero JD and Mathur A. 2011. Biodiversity offsets and infrastructure. Conserv Biol 25: 1121
23.

Schoukens H and Cliquet A. 2016. Biodiversity offsetting and restoration under the European
Union Habitats Directive: balancing between no net loss and deathbed conservation? Ecol
Soc 21: art10.

Seagle C. 2012. Inverting the impacts: mining, conservation and sustainability claims near the
Rio Tinto/QMM ilmenite mine in southeast Madagascar. J Peasant Stud 39: 447-77.

Sochi K and Kiesecker J. 2016. Optimizing regulatory requirements to aid in the implementation
of compensatory mitigation. J Appl Ecol 53: 317-22.

Virah-Sawmy M, Ebeling J, and Taplin R. 2014. Mining and biodiversity offsets: a transparent
and science-based approach to measure “no-net-loss”. J Environ Manage 143: 61-70.



LJ Sonter et al. — Supporting Information

WebTable 2. Data collected on development characteristics, impacts of development on biodiversity and ES, and offsetting
characteristics

Description Statistic P value

Development characteristics
1 Year* Year development was approved -1.1 0.27
2 Area (km?)* Area affected by development 0.26 0.79
3 Value (US$)* Revenue over project life 0.02 0.84
4 Industry
Mining 0.47 0.33 0.32 0.57
Infrastructure 0.12 0.17 Te32 1
Gas 0.18 0.08 0.18 0.68
Hydropower 0.18 0.13 0.01 0.99
Other Includes: wind, waste, urban 0.05 0.29 2.11 0.15
Impacts of development on BD and ES
5 EIA Environmental impact assessment conducted? 0.88 0.96 0.10 0.76
6 Consultation Public consultation conducted? 0.82 0.88 8e 32 1
7 BD offsite BD impacts offsite? 0.24 0.38 0.37 0.54
8 BD type
Species BD impacts a specific species? 0.76 0.83 0.02 0.88
Habitat BD impacts habitat(s)? Habitats were listed when specific species were said 0.88 0.92 33t 1
to be impacted by removal of habitat
Ecosystems BD impacts ecosystem(s)? Ecosystems were listed when specific species 0.82 0.67 0.58 0.45
were not mentioned (eg tropical forests)
9 Impacted ES Development impacts ES? 0.94 0.58 4.79 0.02
10 Residual ES ES impacts remaining after mitigation hierarchy? 1.0 0.67 3.9 0.04
10 Offsite ES ES impacts offsite? 0.75 0.50 1.08 0.30
11 TypeES See WebTable 3 for definitions
Provisioning ES impacts provisioning services? 0.75 0.93 0.67 0.41
Regulating ES impacts regulating services? 0.75 0.93 0.67 0.41
Cultural ES impacts cultural services? 0.88 0.86 473t 1
12 Displace people Development displaces people or livelihoods? 0.75 0.46 2.25 0.13




Offsetting characteristics

13

14
15

16

17
18

19

20
21

22

23
24

Conservation

org.

Displaced people

Approach
Conservation
Restoration
Management

BD requirement
Voluntary
Policy
Finance

BD in-kind trade

Location
Onsite
Offsite

Area (km?)*

Landscape plan

ES type
Provisioning
Regulating
Cultural

ES requirement
Voluntary
Policy
Finance

ES in-kind trade

Consider ES

Involved conservation organization in offset design?
Offset displaces people or livelihood?

Land-based protection
Land-based restoration

Non-land-based management (eg funded scientific research into threatened

species)

BD offset not required by policy or finance
BD offset required by government policy
BD offset required for project finance
Offsets same BD impacted by development?

Offset onsite (ie within development, Variable 2)

Offset offsite (ie outside development, Variable 2)

Area of biodiversity offset

Offsets incorporated into landscape plan (eg protected area network, or
strategic development plan)

See WebTable 2 for definitions

Offset provisioning services?

Offset regulating services?

Offset cultural services?

ES not considered by policy or finance

ES considered due to government policy
ES considered for project finance

Offsets same ES impacted by development?

Did offset consider ES? To qualify, it must be demonstrated that the offset
was designed and implemented to achieve ES goals; this excludes those that

simply mention potential ES co-benefits

0.88

0.35

0.82
0.82
0.53

0.47
0.47
0.12
0.65

0.53
0.94

0.41

0.58
0.76
0.88

0.64
0.35
0.05
0.53

0.50

0.33

0.87
0.58
0.67

0.16
0.66
0.25
0.83

0.39
0.95

0.74

4.88

76—31

1.1e™*
1.65
0.32

3.09
0.87
0.43
0.85

0.58
2e—30
-0.31
1.97

0.03

0.99
0.19
0.57

0.07*
0.35
0.51
0.36

0.58

0.75
0.08*

Notes: All variables were binary, unless otherwise indicated. Variables 1-23 are summarized (for binary variables only) and compared for Variable 24: ie offsets
consider ES (n = 17) versus offsets focused exclusively on biodiversity (BD; n = 24). Statistics for binary variables are %> and continuous variables are z scores.
*Continuous variable; *P > 0.05 but req n < 35 (see Methods).
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WebTable 3. Ecosystem services, as defined by TEEB (2010).

Provisioning services Regulating services Cultural services
Provision of: food, fiber, fuel, fresh  Regulation of: air quality, climate, Spiritual and religious values,
water, genetic resources, water (ie timing and/or magnitude), cultural diversity; knowledge
biochemical, natural medicines, human disease. Water purification or  systems; educational values;
pharmaceuticals, ornamental waste treatment; erosion control; inspiration; aesthetic value; social
resources. biological control; crop pollination; relations; sense of place; cultural

storm protection. heritage; recreation and ecotourism.
WebReference

TEEB (The Economics of Ecosystems and Biodiversity). 2010. Mainstreaming the economics of
nature: a synthesis of the approach, conclusions and recommendations of TEEB.
www.teebweb.org/our-publications/teeb-study-reports/synthesis-report. Viewed 12 Feb 2018.
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Biodiversity offsets may miss opportunities
to mitigate impacts on ecosystem services

Laura J Sonter"** Jesse Gourevitch!?, Insu Koh'?, Charles C Nicholson'?, Leif L Richardson'?,
Aaron J Schwartz!"?, Nitin K Singh!?, Keri B Watson"?, Martine Maron>*, and Taylor H Ricketts!?

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.

Front Ecol Environ 2018; 16(3): 143-148, doi: 10.1002/fee.1781

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

!Gund Institute for Environment, University of Vermont, Burlington,
VT; “Rubenstein School of Environment and Natural Resources,
University of Vermont, Burlington, VT; 3School of Earth and
Environmental Sciences, The University of Queensland, Brisbane,
Australia; *Centre for Biodiversity & Conservation Science, The
University of Queensland, Brishane, Australia " (1.sonter@uq.edu.au)

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

© The Ecological Society of America
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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.

M 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 (o« = 0.05, p = 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).

M Results

We identified 70 biodiversity offsets, and found sufficient
information to include 41 in our analysis (Figure la;
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

www.frontiersinecology.org

© The Ecological Society of America



L] Sonter et al.

Biodiversity offsets and ecosystem services

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 3
(Figure la) and multiple industries
(WebFigure 2), and ranged widely
in duration (241 years), reported
value (US$17 million—85 billion),
and size (0.6-5700 km?). None of (@)
these characteristics differed signifi-
cantly between offsets that consid-
ered ES and those focused exclusively

on biodiversity (WebTable 2).
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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).

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) .

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 (x* = 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

© The Ecological Society of America

considered ES than those focused exclusively on bio-
diversity (x2 = 3.09, P = 0.07, req n = 34; Figure 2).
Offsets that considered ES also had a significantly greater
proportion involving conservation organizations ()(2
4.88, P = 0.03; Figure 2), but were incorporated into
landscape plans less often ()(2 = 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
km?), 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
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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).

that did not differ significantly between offsets that con-

sidered ES and those focused exclusively on biodiversity
(Figure 2).

M 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),
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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.

M 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

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. Howewer, 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.

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
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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.

B Acknowledgements

We thank N Crossman, ] Goldstein, L Mandle, ] Morrell,
and members of the Gund Institute for Environment for
helpful comments, as well as the Lintilhac Foundation
and the Gund and Parker families for support. L]JS re-
ceives support from ARC Discovery Early Career Research
Award (DE170100684) and USDA Mcintire-Stennis
program (VTZ-00138); JG and KBW receive support
from USDA Mclntire-Stennis (2014-32100-06050); IK
receives support from USDA-NIFA (2012-51181-20105);
CCN and AS receive support from NSF Graduate Research
Fellowships (DGE1451866); LLR receives support from
USDA-NIFA (11588247); NKS receives support from
TNC Vermont (VT063016-01); and MM receives support
from ARC Future Fellowship (FT140100516). The authors

declare no conflict of interest.

M References

Bull JW, Suttle KB, Gordon A, et al. 2013. Biodiversity offsets in
theory and practice. Oryx 47: 369-80.

Curran M, Hellweg S, and Beck J. 2014. s there any empirical
support for biodiversity offset policy? Ecol Appl 24: 617-32.
Franks DM, Davis R, Bebbington A], et al. 2014. Conflict trans-
lates environmental and social risk into business costs. P Natl

Acad Sci USA 111: 7576-81.

Gardner TA, von Hase A, Brownlie S, et al. 2013. Biodiversity
offsets and the challenge of achieving no net loss. Biol Conserv
27: 1-11.

Goldman RL, Tallis H, Kareiva P, et al. 2008. Field evidence that
ecosystem service projects support biodiversity and diversify
options. P Natl Acad Sci USA 105: 9445-48.

ICMM and IUCN (International Council on Mining and Metals
and International Union for Conservation of Nature). 2013.
Independent report on biodiversity offsets. London, UK:
ICMM and IUCN.

IFC (International Finance Corporation). 2012. Performance
Standard 6: biodiversity conservation and sustainable manage-
ment of living natural resources. Washington, DC: IFC.

Jacob C, Vaissiere A-C, Bas A, et al. 2016. Investigating the inclu-
sion of ecosystem services in biodiversity offsetting. Ecosyst
Serv 21: 92-102.

Kermagoret C, Levrel H, Carlier A, et al. 2016. Individual prefer-
ences regarding environmental offset and welfare compensa-
tion: a choice experiment application to an offshore wind farm
project. Ecol Econ 129: 230-40.

Kiesecker J]M, Copeland H, Pocewicz A, et al. 2009. Development
by design: blending landscape-level planning with the mitiga-
tion hierarchy. Front Ecol Environ 8: 261-66.

MA (Millennium Ecosystem Assessment). 2005. Ecosystems and
human well-being: current state and trends. Washington, DC:
Island Press.

Madsen B, Carroll N, and Moore Brands K. 2010. State of biodi-
versity markets report: offset and compensation programs
worldwide. Washington, DC: Forest Trends.

Mandle L, Tallis H, Sotomayor L, et al. 2015. Who loses? Tracking
ecosystem service redistribution from road development and
mitigation in the Peruvian Amazon. Front Ecol Environ 13:
309-15.

Maron M, Hobbs R], Moilanen A, et al. 2012. Faustian bargains?
Restoration realities in the context of biodiversity offset poli-
cies. Biol Conserv 155: 141-48.

McKenney BA and Kiesecker JM. 2010. Policy development for
biodiversity offsets: a review of offset frameworks. Environ
Manage 45: 165-76.

R Core Team. 2014. R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing. www.R-project.org.

Rainey HJ, Pollard EHB, Dutson G, et al. 2015. A review of corpo-
rate goals of no net loss and net positive impact on biodiversity.
Oryx 49: 232-38.

Ricketts TH, Watson KB, Koh I, et al. 2016. Disaggregating the
evidence linking biodiversity and ecosystem services. Nat
Commun 7: 13106.

Schulp CJE, Van Teeffelen AJA, Tucker G, et al. 2016. A quanti-
tative assessment of policy options for no net loss of biodiver-
sity and ecosystem services in the European Union. Land Use
Policy 57: 151-63.

Sonter L], Barrett D], and Soares-Filho BS. 2014. Offsetting the
impacts of mining to achieve no net loss of native vegetation.
Conserv Biol 28: 1068-76.

Sonter L], Tomsett N, Wu D, et al. 2017. Biodiversity offsetting in
dynamic landscapes: influence of regulatory context and coun-
terfactual assumptions on achievement of no net loss. Biol
Conserv 206: 314-19.

Tallis H, Kennedy CM, Ruckelshaus M, et al. 2015. Mitigation for
one and all: an integrated framework for mitigation of develop-
ment impacts on biodiversity and ecosystem services. Environ
Impact Asses 55: 21-34.

ten Kate K and Crowe MLA. 2014. Biodiversity offsets: policy
options for governments. Gland, Switzerland: [UCN.

I Supporting Information

Additional, web-only material may be found in the
online version of this article at http://onlinelibrary.
wiley.com/doi/10.1002/fee.1781/suppinfo

www.frontiersinecology.org

© The Ecological Society of America


http://www.R-project.org
http://onlinelibrary.wiley.com/doi/10.1002/fee.1781/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/fee.1781/suppinfo

Copyright of Frontiersin Ecology & the Environment is the property of John Wiley & Sons,
Inc. and its content may not be copied or emailed to multiple sites or posted to alistserv
without the copyright holder's express written permission. However, users may print,
download, or email articles for individua use.



	Biodiversity offsets may miss opportunities to mitigate impacts on ecosystem services
	Recommended Citation
	Authors

	Biodiversity offsets may miss opportunities to mitigate impacts on ecosystem services

