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INTRODUCTION

Renewable energy production, mostly via wind, solar, and biofuels, is central to goals worldwide
to reduce carbon emissions and mitigate anthropogenic climate change (IPCC, 2014; Portner
et al., 2021). Nevertheless, adverse impacts to natural systems, especially fatalities of wildlife and
alteration of habitat, are key challenges for renewable energy production (Allison et al., 2019;
Katzner et al., 2019).

Because of the magnitude of these challenges, extensive effort has been invested in surveys
and science to understand the environmental effects of renewable energy on species and systems.
Nevertheless, these impacts have not been formally compared relative to counterfactual conditions
(Bull et al,, 2021; Coetzee and Gaston, 2021), i.e., those occurring in the absence of renewable
energy. As such, cumulative ecological impact assessments required by many regulating agencies
typically only consider the adverse impacts of renewables, without evaluating whether mitigative
effects of current and planned build-out (e.g., Larson et al., 2020) will offset their adverse impacts
to species and natural systems (Allison et al., 2014). Accordingly, these critical decision processes
have an insufficient perspective to foster fully informed decisions, and, for some species or systems,
renewable energy could lead to more profound impacts than those it is intended to prevent.
Furthermore, because of this approach and, despite the well-studied benefits to society of renewable
energy development (IPCC, 2014), the ecological value of renewable energy is often premised on
the plausible but untested assumption that its negative effects to natural populations and systems
are less consequential than the negative effects in alternative scenarios with less renewable energy
and greater climate change.

A more comprehensive framing of the counterfactual in cumulative ecological impact
assessments would evaluate, for each species or system, the incremental effects of renewables over
their full life cycle against the incremental effects they provide by mitigating climate change. This
framing is important because a given species or system may see net positive or net negative effects
from either renewables or climate change. Furthermore, cumulative impact assessments could
identify optimized tradeoffs that balance, for each species or system, the effects of both climate
change and renewable energy.

COUNTERFACTUALS FOR RENEWABLES

Although the term “counterfactual” is only recently adopted by ecologists and conservation
biologists, the concept is used in many related fields (Baylis et al., 2016), and its core ideas are, in
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fact, familiar. Counterfactual thinking is an approach to impact
assessment (Ferraro, 2009) whereby scenarios in which an
action is taken and an impact measured are compared to a
hypothetical or an unobserved scenario in which an alternative
action, or no action, is taken (Kimmel et al., 2021). That said,
the exact meaning of the word is inconsistently applied in
conservation biology. For example, one definition requires that
the counterfactual conditions do not exist (Bull et al., 2021).
However, the term also has been applied to situations where
real controls are compared to real treatments (Brandt et al.,
2019; Santika et al., 2019; Jellesmark et al., 2021; also called
“matches” Coetzee and Gaston, 2021). The first definition is
particularly useful for large scale conservation questions—such
as evaluating the actual impact to global wildlife populations
from renewable energy development—where conducting an
experiment is difficult or impossible (Coetzee and Gaston, 2021).
In these situations, impact assessment may be achieved by
defining counterfactual conditions based on modeling of, and
assumptions about, hypothetical scenarios (Kimmel et al., 2021).

Because of the many assumptions required about unknown
futures, modeling counterfactuals for large-scale conservation
biology questions presents challenges. However, these challenges
have been overcome in closely related fields. For example,
counterfactuals are used in the rapidly emerging field of
climate change attribution (Mengel et al., 2021), and scenario-
based approaches including counterfactuals and sensitivities
are common in energy system modeling (Cole et al, 2020).
Similarly, Brook and Bradshaw (2015) used a multicriteria
decision making analysis to illustrate the relative cost-benefit
value of different energy types. Because their counterfactual
analysis clearly explained alternative scenarios, it also was
useful as the foundation for robust debate (Diesendorf,
2016; Hendrickson, 2016; Henle et al., 2016). Recently,
counterfactuals have been used to assess population-level
impacts to wildlife from renewable energy development (Katzner
et al, 2020; Conkling et al, 2022), and to understand
effects on bird populations from climate change (Sether
et al, 2019). Thus, combining these two types of models
should be eminently feasible with modern technical tools.
Moreover, the uncertainty and fidelity of the modeling
processes used to generate counterfactual insights would be
expected to improve with focused study, time, and improved
computational power. Finally, counterfactuals are beneficial
because, as these studies demonstrate, they can provide decision-
makers a more complete, transparent, and nuanced set of
opportunity costs, allowing exploration of working, and perhaps
untested, assumptions.

As an example of how this approach could be used to
understand ecological impacts of development of renewable
energy, consider diurnal birds of prey. Raptors are negatively
affected by renewables via fatalities, especially collision with wind
turbines, and by habitat loss, at both wind and solar energy
facilities (Watson et al., 2018; Kosciuch et al., 2020; Diffendorfer
et al,, 2021). Effects of climate change are less dramatic but
equally important, for example acting through shifts in range
and phenology (Paprocki et al., 2015; Therrien et al.,, 2017).
For this group of species, one could frame the counterfactual

as “how many diurnal raptors of species x will be killed in a
future in which renewable energy production is implemented
in a widespread manner to fully mitigate climate change, vs. a
future in which renewable energy production is less widespread
and climate change is only partially mitigated.” Furthermore,
if framed this way, it would be possible to evaluate multiple
counterfactuals (Bull et al., 2021). For example, the question
could be extended such that either numbers or demography
of a given species could be compared under incrementally
changing scenarios, from a scenario with no renewable energy
and substantial climate change, to a scenario with 100% of the
expected build-out of renewable energy and substantially less
climate change. Such an approach would provide a powerful
and scientifically important tool to assess the relative costs and
benefits of build-out of renewables at a cumulative scale.

A comprehensive assessment of the multiple costs and benefits
to diurnal raptors, or to other species, that is framed in
this manner would identify the scenarios of renewable energy
buildout in which species and populations are most likely to
remain stable. Furthermore, there is considerable nuance to this
comparison because, regardless of the focal taxonomic group,
some species are more likely to be affected than others, and
the spatial and technological characteristics of the buildout
will impact each species differently. An analysis of multiple
counterfactuals, therefore, not only could identify which species
are most likely to require management or mitigation actions in
the face of increasing numbers of renewable energy facilities, but
also help to frame the scope and focus of those actions. We expect
that if such an analysis were performed, most species would
be more adversely affected by predicted climate change than by
fatalities associated with expansion of renewables, but for a few
species, the predicted impacts of renewables would be greater
than those of climate change.

DISCUSSION

The counterfactual framework we propose here focuses on
species- and system-specific costs and benefits. Such an analysis
will be informative even if it does not include the many
social, political, and environmental costs and benefits of
renewable energy. For example, in the case of the diurnal
raptors noted above, the primary laws in the U.S.A. that
address fatalities occurring at renewable facilities were written
in 1918 (Migratory Bird Treaty Act) and 1940 (Bald and
Golden Eagle Protection Act), well before renewable energy
was widely used and well before the significance of climate
change was recognized. This is likely the case for laws
protecting wildlife in many countries around the world. In
part because of the way these laws were written, managers
and stakeholders currently grapple separately with the impacts
of climate change and of renewable energy. A counterfactual
analysis would provide a context in which managers could
explicitly link climate, renewables, and wildlife population
dynamics, generating a more nuanced understanding of their
interaction and thus a path forward for solving problems in
existing legal frameworks.
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Developing new data and insights covering a wider
array of impacts across infrastructure lifecycles is critical to
informed decision-making and to serving the objectives of
society and decision-makers. Ultimately, a full accounting
of the net effects to species and natural systems of
renewables will require incorporating analyses of multiple
counterfactuals that could guide projected near-term
and large-scale build-out. Doing so will require new
models, analytical tools, and theories for evaluation of the
ecological costs and benefits of both renewable energy and
climate change.
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