Biodiversity Co-Benefits in Carbon Markets?
Evidence from Voluntary Offset Projects

Zoey Yiyuan Zhou*' and Douglas Almond?

PRELIMINARY AND INCOMPLETE
NOT FOR CITATION

Oct, 2024

Abstract

Carbon offset projects frequently claim biodiversity “co-benefits,” yet empirical
evidence supporting these claims remains scarce. This study provides the first com-
prehensive empirical investigation of how voluntary carbon offset projects may impact
biodiversity. We compile a novel dataset combining hand-collected data on 10,911 vol-
untary carbon offset projects with finely-resolved data on local ecosystems from satellite
measures. Results indicate carbon offset projects are associated with a 3.7% increase
in human impact on local ecosystems, as measured by the Human Impact Index (HII).
To investigate whether certain types of projects yield biodiversity co-benefits, we ana-
lyze heterogeneity across four dimensions: (a) projects located in areas with low initial
HII, (b) projects subject to specific biodiversity requirements, (c) projects that disclose
biodiversity benefits, and (d) projects located in protected areas. Despite this hetero-
geneity analysis, we find no evidence of significant biodiversity co-benefits across these
dimensions. These findings raise concerns about the additionality and effectiveness of
biodiversity claims, suggesting a disconnect between stated goals and actual ecological
outcomes. The results highlight potential “biodiversitywashing” in voluntary carbon
markets and underscore the need for more rigorous standards to align carbon finance
mechanisms with biodiversity conservation objectives.
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1 Introduction

The global economy faces dual crises of climate change and biodiversity loss, both of which
pose significant risks to financial stability, economic growth, and human welfare (Dasgupta,
2021; Network for Greening the Financial System, 2022; Karolyi and Tobin-de la Puente,
2023). As policymakers fail to adopt the first-best solutions, the voluntary carbon market
has emerged as a potential mechanism to channel private capital towards climate mitigation
and, increasingly, biodiversity conservation efforts. This market, valued at $2 billion in 2021
is projected to reach $50 billion by 2030 (McKinsey & Company, 2021) and operates on the
premise that carbon offset projects can deliver emissions reductions while simultaneously
providing ecological co-benefits, particularly biodiversity conservation.

However, the true environmental impact of these projects, especially their biodiversity out-
comes, remains a subject of intense debate (Seddon et al., 2020; Griscom et al., 2017).
Critics argue that many offset projects, particularly those based on avoided deforestation,
may overstate their benefits or even lead to perverse outcomes (e.g. West et al., 2020).
Proponents, on the other hand, contend that well-designed nature-based solutions can offer
cost-effective climate mitigation while enhancing biodiversity and supporting local commu-
nities (e.g. Chausson et al., 2020). This debate has significant implications for the efficacy
of market-based approaches to environmental conservation and the effective allocation of
billions of dollars in climate finance.

Despite the growing importance of this issue, there is a striking lack of empirical evidence
on the actual biodiversity impacts of carbon offset projects. Most existing studies rely
on case studies or theoretical models, leaving a critical gap in our understanding of how
biodiversity considerations are integrated into the voluntary carbon market at scale. This
gap is particularly concerning given the rapid growth of corporate net-zero commitments
and the increasing emphasis on nature-based solutions in climate strategies (Taskforce on
Scaling Voluntary Carbon Markets, 2021).

Our study addresses this critical gap by providing the first comprehensive empirical inves-
tigation of biodiversity considerations in the voluntary carbon offset market. We leverage
a novel dataset that combines detailed project-level data from major carbon registries with
satellite-based biodiversity metrics, firm-level financial and environmental data, and infor-
mation on relevant regulatory events. This unique dataset allows us to analyze over
29,974 offset projects and 419,267 credit retirement records from 2000 to 2023,
linked to 13,664 firms across 46 countries.

We employ a range of empirical strategies, including difference-in-differences analyses, cross-
sectional regressions, and panel data methods. Our analysis yields several important findings.
First, we document that carbon offset projects are associated with a 3.7% increase in human
impact on local ecosystems, as measured by the Human Impact Index (HII). This effect
is heterogeneous across project characteristics: (a) projects located in areas with initially
low HII or (b) those subject to specific biodiversity requirements show relatively smaller HIT
increases compared to their counterparts. However, (c) whether projects disclose biodiversity
benefits or (d) are located in protected areas does not play a significant role, as both types still
increase HII. These findings raise concerns about additionality and effectiveness, suggesting



a disconnect between stated biodiversity goals and actual ecological impacts, potentially
indicating “biodiversitywashing.”

Our study makes several important contributions to the literature on environmental finance
and corporate environmental strategy. First, we provide novel empirical evidence on the ex-
tent and nature of biodiversity considerations in carbon offset projects. This contributes to
the ongoing debate about the effectiveness of market-based approaches to biodiversity con-
servation (Salzman et al., 2018) and informs policy discussions on the regulation of voluntary
carbon markets (Taskforce on Scaling Voluntary Carbon Markets, 2021).

Second, our analysis of the spatial relationship between offset projects and protected areas
contributes to the literature on conservation effectiveness and additionality in ecosystem
service markets (Pattanayak et al., 2010; Jayachandran et al., 2017; Aspelund and Russo,
2024). By quantifying the extent of overlap and examining its implications, we provide
insights into the potential for carbon finance to expand or reinforce existing conservation
efforts.

Third, our longitudinal analysis of biodiversity metrics in offset project areas offers new
evidence on the long-term ecological impacts of carbon finance. This addresses a key critique
of offset markets— whether they deliver lasting environmental benefits (Barbier, 2020)—and
provides insights into the factors that influence project success.

The remainder of our paper is organized as follows. Section 2 provides institutional back-
ground on the biodiversity-related voluntary carbon offset market and details our hypotheses.
Section 3 describes our data and empirical strategy. Section 4 presents our main results and
additional analyses. Section 5 discusses the implications of our findings for policymakers,
investors, and corporate decision-makers. Section 6 concludes.

2 Related Literature

Broadly speaking, economists agree on first-best policies to address climate change through
GHG mitigation. The failure to implement such policies to date is stark. Even in the more
progressive policy environments, average carbon prices implicit in existing governmental
policies are well below that required to limit warming to 1.5 degrees Celsius (Allen et al.
2023). Capital markets may offer avenues for large and cost-effective reductions in GHG
emissions even in the absence of first-best governmental policies policies.® This promise has
helped drive growth in the marketplace for voluntary carbon offsets, projected to reach $50
billion in 2030 (McKinsey & Company 2021). Fortunately, these are just one potentially-
promising tool in the absence of sufficient political support for the adoption carbon cap and
trade or carbon taxes of sufficient ambition.? Furthermore, capital markets have the financial
heft to leverage the requisite investments in mitigation. Indeed, the market for sustainable
debt securities totalled nearly $6,000 billion in 2020 (Allen et al., 2023).

IMeanwhile a budding literature in political economy considers obstacles to first-best GHG policies, e.g.
Besley and Persson 2023; Longuet-Marx 2024.

2Allen et al. 2023 argue that carbon contingent securities might improve welfare by enabling wealthier
countries to finance major reductions in carbon emissions.



Forests { through reforestation and avoided forest conversion, and better forest management
{ are central to nature-based climate solutions. Griscom et al. 2017 nd that forests provide
over two thirds of the nature-based mitigation needed to keep warming below 2 degrees
Celsius. Franklin and Pindyck 2024 focus on marginal costs, estimating a supply curve for
forest-based removal of CO2 in South America, factoring both land opportunity costs as well
as direct forest costs. They nd that more than 1 billion tons of CO2 can be removed each
year via forestation at a cost up to$45 per ton, well below current estimates of the social
cost of carbon.

Huston and Marland 2003 highlight the general issues surrounding the ecosystem-dependence
of environmental bene ts, and implemented poorly, carbon sequestration can harm biodi-
versity. In the case of forests, Huston and Marland 2003 come to a positive view:

...carbon sequestration in living plants and soils, either through long-term pro-
tection of currently mature forests, or long-term protection of re-growing forests,
is likely to have an immediate net positive e ect on atmospheric carbon dioxide,
plus a positive e ect on biodiversity and other ecosystem services.

Freedman et al. 2009 advance a similarly sanguine view in the context of growing market for
carbon o sets. Across a variety of land uses, bene ts in both GHG ofsetting and biodiversity
are found (Freedman et al., 2009, Figure 1). Freedman et al. 2009 state: \Many kinds of
land-management actions that are undertaken to engage ecological carbon sequestration or
to protect existing reservoirs will also help to conserve biodiversity, and vice versa."

On a more cautionary note, Seddon et al. 2020 note that reforestation through commer-
cial plantations often involve single tree species, i.e. monocultures. Horn 2022 studies tree
planting programs funded by voluntary carbon market and veri ed according to guidelines
of Veri ed Carbon Standards (VCS), the \market leader" of voluntary carbon standards. A
particular focus is on the number of tree species planted, which Horn 2022 nds tends to
reduce carbon sequestration { mono-culture commercial forestry stored more carbon. In this
vein, Huston and Marland 2003 likewise noted: \...the diversity of plants generally declines
at high levels of productivity and is low in high productivity forests with massive trees. This
counter-intuitive pattern is caused by competition among plants, which is most intense when
plants are growing rapidly and achieving large sizes." Seddon et al. 2020; Horn 2022 both
note that such monocultures are not supportive of biodiversity.

Flammer et al. 2023 approach the question of biodiversity preservation directly from the
perspective of biodiversity nance and private capital, either on its own or \blended" with
public of philanthropic capital. Using data from a leading biodiversity institution on deals
from 2020 to 2022, Flammer et al. 2023 nd that blended nance projects are most common
and support large-scale biodiversity projects with moderate risk, but also moderate returns.
Underscoring the novelty of the research area that lags substantially behind investor practice,
Flammer et al. 2023 is likely the rst academic paper to focus speci cally on biodiversity
nance.

Grupp et al. 2023 conducts the empirical analysis most similar to our own in the broadness
of its scope and in deploying a large-sample, event study design. Grupp et al. 2023 nd
that the European Union's Protected Area Policy did not generate any additional bene ts
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in terms of improved vegetative cover or reduced night lights, and therefore are unlikely to
have promoted biodiversity as intended.

3 Data and Methodology

3.1 Data Sources

Our analysis draws on a unique combination of datasets that allow us to examine the intersec-
tion of carbon o set markets, biodiversity, and corporate behavior. The primary components
of our data are as follows:

3.1.1 Voluntary Carbon O set Data

We hand-collected comprehensive data on voluntary carbon o set projects from major reg-
istries. Our dataset covers January 2000 to December 2023 and includes 29,974 distinct
projects. For each project, we collected the following information:

" Project ID, name, type
" Project location (country and, if available, geographic coordinates)
" Project developer and associated rms
~ Project start date and crediting period
~ Annual and cumulative credit issuances
~ Any explicit biodiversity-related claims or certi cations
For credit retirements, we collected data on:
" Retirement date
" Number of credits retired
" Vintage of retired credits

Retiring entity (matched to rm identi ers where possible)

This dataset provides a comprehensive view of the supply and demand sides of the voluntary
carbon market, with a particular focus on projects with potential biodiversity co-bene ts.

3.1.2 Biodiversity Metric

In evaluating the biodiversity impacts of carbon o set projects, the Human In uence Index
(HI1) is employed as the principal indicator of anthropogenic pressure on ecosystems. The
selection of HIl is motivated by its comprehensive integration of multiple human-driven
factors that directly a ect biodiversity, making it a suitable and rigorous metric for analyzing
the potential ecological consequences of carbon o set activities.



Human In uence Index (HII): Developed by Venter et al., 2016, HIl is a global, high-
resolution metric designed to quantify the cumulative human pressure on natural ecosystems.
The HII integrates multiple anthropogenic drivers, including population density, land use
intensity (e.g., urban areas, agricultural land), accessibility to natural areas (e.g., distance to
roads and railways), and infrastructure development (e.g., powerlines, navigable waterways).
By incorporating these diverse variables, the HIl provides a robust, temporally consistent
measure of the extent and intensity of human impact on biodiversity (Sanderson et al., 2022).

The HII dataset is constructed using satellite-derived data at a 300-meter spatial resolution,
o ering a granular view of human in uence on ecosystems. This spatial resolution is suf-
ciently ne to capture localized human impacts, which is essential for the assessment of
carbon o set projects that often operate in heterogeneous landscapes with varying degrees
of human interference. The temporal scope of the HIl (2001-2020) also permits longitudinal
analysis, allowing for both spatial and temporal evaluation of changes in human pressure
over time, particularly in areas targeted for carbon o set interventions.

The HIl assigns values on a scale from 0 to 64, where 0 represents areas with no detectable
human in uence (pristine ecosystems), and 64 represents areas subjected to maximal human
pressure. The index captures the gradient of human impact, making it particularly useful
for identifying regions where biodiversity is most at risk from anthropogenic disturbance.
Areas with high HII values are typically characterized by signi cant habitat fragmentation,
ecosystem degradation, and diminished biodiversity. Conversely, regions with low HIl values
often correspond to critical biodiversity hotspots, where intact ecosystems provide habitat
for a high number of endemic and threatened species (See Sanderson et al. 2022).

Rationale for Using HII in Carbon O set Project Evaluation: The use of HIl in
this analysis is justi ed by its ability to serve as a proxy for biodiversity pressures in areas
where carbon o set projects are implemented. Carbon o set projects, such as reforesta-
tion, a orestation, or avoided deforestation, typically aim to mitigate climate change by
sequestering carbon. However, these projects can also have signi cant implications for local
biodiversity, either positive or negative, depending on the design and implementation of the
project.

Carbon o set initiatives that involve land-use changes can, for example, improve biodiver-
sity by restoring degraded ecosystems or enhancing habitat connectivity. However, they also
risk reducing biodiversity if they result in practices such as monoculture plantations, the
displacement of native species, or the disruption of existing ecological processes. As such,
understanding the baseline level of human pressure|captured by the Hll|allows for objec-

tive assessment of whether a carbon o set project is likely to alleviate existing pressures or
exacerbate them.

Furthermore, HIl provides a rigorous empirical lens for assessing the extent to which carbon
0 set projects contribute to or detract from broader conservation goals. In areas with high
pre-existing human pressure (i.e., high initial HIl values), carbon o set projects could play a
role in mitigating further degradation by stabilizing or restoring ecosystems. Conversely, in
areas with low human in uence (i.e., low HIl values), poorly designed o set projects could



introduce new disturbances to otherwise intact ecosystems, resulting in biodiversity loss. By
incorporating HIl into the evaluation framework, this study ensures that the biodiversity
impacts of carbon o sets are not assessed in isolation but are instead contextualized within
the broader landscape of human pressures.

Limitations of the HII in Biodiversity Assessment: While the HIl is a robust metric

for capturing human pressures, it is important to acknowledge its limitations in biodiversity
assessment. The HIl primarily re ects human activities and does not directly measure species
richness, ecosystem health, or conservation status. Therefore, it should ideally be comple-
mented by additional biodiversity-speci ¢ indicators, such as species distribution models,
habitat suitability assessments, or biodiversity intactness indices, to obtain a more complete
understanding of biodiversity impacts.

However, to the best of our knowledge, no widely available open-source database currently
o ers biodiversity-speci ¢ indicators with the same level of geo-spatial precision and time-
series coverage as the Hll. This lack of comprehensive, high-resolution biodiversity data poses
a signi cant limitation for biodiversity assessments, particularly in large-scale projects where
localized and time-sensitive biodiversity outcomes are essential for accurate evaluation.

As a robustness check, we incorporate the Biodiversity Ecosystem Resilience Index (BERI)
and the Biodiversity Habitat Index (BHI). However, these measures are only available for the
years 2000, 2005, 2010, 2015, and 2020, limiting their ability to provide continuous temporal
coverage across the full study period.

We also attempted to replicate the methodology of the Biodiversity Intactness Index (Bll)
study, as outlined by De Palma et al. 2021. However, we found that the publicly available
data sources required to calculate Bll are limited, which constrains the feasibility of gener-
ating a comprehensive and comparable Bll measure for our study. As a result, our analysis
relies primarily on HIl, supplemented by BERI and BHI, to assess biodiversity impacts.

Despite these limitations, the HIl remains a critical tool in the evaluation of biodiversity
outcomes associated with carbon o set projects, particularly when used in conjunction with
other ecological metrics. Its capacity to integrate spatial and temporal dimensions of human
impact makes it indispensable for identifying areas where human activities have the most
pronounced e ects on ecosystems, and for tracking how these pressures evolve in response
to conservation or o set interventions.

In summary, the Human In uence Index (HIl) provides a rigorous, geographically com-
prehensive, and spatially resolved means for understanding the anthropogenic pressures on
biodiversity. Its application in this study enables a systematic evaluation of the biodiversity
risks and bene ts associated with carbon o set projects, ensuring that the ecological out-
comes of these interventions are assessed systematiclaly in light of the broader landscape of
human disturbance.

3.1.3 Satellite-based Vegetation Measures

We complement the HII with two additional satellite-based measures of vegetation:



" Land Use Land Cover (LULC) Classi cation: We employ the ESA CCI Land
Cover product, which provides annual global land cover maps at 300m resolution from
2000 to 2020, allowing us to track changes in ecosystem types over time.

" Forest Cover Change: We use the Global Forest Change dataset from Hansen et al.
2013, updated annually, which provides information on forest loss and gain at 30m
resolution from 2000 to 2019.

For each carbon o set project in our sample, we extract these metrics for the project area
and a 10km bu er zone for each year from 2000 (or project start, if later) to 2020. This

allows us to analyze biodiversity trends before and after project implementation, as well as
compare project areas to their immediate surroundings.

3.1.4 Protected Area Data

To assess the additionality of carbon o set projects and their relationship to existing con-
servation e orts, we use the World Database on Protected Areas (WDPA)?). The WDPA

is the most comprehensive global database of marine and terrestrial protected areas, o ering
critical insights into the existing conservation landscape. Key features of this dataset include
both spatial (polygonal and point) data and attribute information for each protected area.

We use these data in several ways:

1. Spatial Overlap Analysis: We calculate the percentage overlap between each carbon
0 set project and existing protected areas. This allows us to assess:

" The extent to which projects are expanding upon protected area coverage

" Potential issues of additionality for projects that overlap substantially with exist-
ing protected areas

2. Strati cation: We stratify our analysis based on the IUCN categories of overlapping
protected areas to examine how the level of existing protection may in uence project
outcomes.

3. Control Variables: We use the presence and type of pre-existing protected areas as
control variables in our regression analyses to account for baseline conservation e orts.

4. Matching: In our design-based analysis aimed at causal inference, we use protected
area status as a matching criterion to ensure we compare carbon projects to control
areas with similar pre-existing conservation status, along with similarity along other
dimensions (to be conducted).

By combining the WDPA data with our carbon project and HIl datasets, we can provide
novel insights into:

1. The spatial relationship between carbon nance and traditional protected area ap-
proaches

2. The additionality of biodiversity bene ts in carbon projects



3. The potential for carbon nance to complement or extend existing protected area
networks

3.1.5 Biodiversity Awareness and Regulatory Events

To capture exogenous shocks to biodiversity awareness and regulatory pressures, we have
collected data on major IPBES report releases, including the Global Assessment Report's
rst draft in 2017 and nal release in 2019. (see Giglio et al., 2023)

These data allow us to implement di erence-in-di erences and event study analyses to iden-
tify causal e ects of information shocks on market behavior (to be conducted).

3.2 Empirical Strategy

Our empirical analysis consists of several complementary approaches designed to address our
research questions and test our hypotheses.

3.2.1 Impact of Carbon O setting Projects on Biodiversity

To examine the impact of carbon o setting projects on biodiversity, we employ a di erence-
in-di erences (DiD) approach:

HIl ikt = + PostEstablishment skt + X isjsk:t + + ¢+ j+ kK + ikt (1)

where HIl i represents the Human Impact Index for project in country j, registry k,
and yeart. P ostEstablishment;;: is an indicator equal to 1 for the years following project
establishment. X« denotes a vector of time-varying control variables.;, , j, and
represent project xed e ects, year xed e ects, country xed e ects, and registry xed
e ects, respectively.

By including xed e ects for every project ;, we isolate variation in HIl coming entirely over
time within each individual VCM project. This allows us to remove unobserved di erences
across projects and their implementations that could otherwise confound variation identifying
our primary ( ) coe cients of interest.

We extend this base speci cation to examine heterogeneity across project characteristics:

HIl it = + i1PostEstablishment;,; + »(PostEstablishment;;,. Characteristicij.: 1)
+ X isjok;t + i + t+ j + Kk + ikt (2)

where Characteristic jjx: 1 represents Project-speci ¢ features measured in the year prior
to the current observation, such as lagged HIl levels, biodiversity requirements, or location
in protected areas.



3.2.2 Temporal Dynamics of Biodiversity Impact

To capture the evolving impact of projects over time, we estimate:

X
HIT ije =+ ml (€ Gge = M)+ Xijjie + i+ o+ j+ «* e (3)

m= 5

wherel (t t;;, = m) are indicators for years relative to project establishment, allowing us
to trace out dynamic treatment e ects.

3.2.3 Impact of Exogenous Shocks to Biodiversity Awareness

To evaluate the causal impact of increased biodiversity awareness on market behavior, we
employ a di erence-in-di erences approach exploiting the release of major IPBES reports:

Yijke = + 1(Treatjx Post)+ ,Treati+ zPost+ X it + i+ ¢+ j+ «+ ijkt (4)

where Yk is an outcome variable, such as number of biodiversity-linked credits issued or
purchased) for project/ rm i in country j, registry k, yeart. Treatx indicates rms or
projects more likely to be a ected by the IPBES reports, andP ost, indicates the post-report
period.

These empirical strategies allow us to identify the causal impacts of carbon o setting projects
on biodiversity and evaluate how market behavior responds to increased biodiversity aware-
ness, providing a comprehensive analysis of the interplay between carbon markets and bio-
diversity conservation e orts.

4 Results

4.1 Temporal Dynamics and Spatial Patterns

Figure 1 illustrates the temporal and geographical distribution of carbon o set projects.
Panels A and B show a steady increase in the number of projects over time, with a notable
acceleration in recent years, particularly for projects related to biodiversity. Panels C and
D reveal that while carbon o set projects are globally distributed, there is a concentration
in certain regions, such as North America, Europe, and parts of Asia.

Figure 2 depicts similar trends for carbon o set credits, showing a rapid increase in credit
issuance, especially for biodiversity-related projects. Table 1 focuses on the buyers of carbon
o set credits, indicating a growing market with an increasing number of participants over
time.

Figure 3 provides a visual representation of the relationship between carbon o set projects
and the Human Impact Index. The comparison between Panels A (2001) and B (2020)
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suggests that many carbon o set projects are established in areas that have experienced
increases in human impact over time.

Figure 4 o ers a more detailed view of the biodiversity impact of carbon o setting projects
over time. Panel A, which includes all projects, shows a clear increase in HII following project
establishment. Panel B, focusing on projects in areas with initially low human impact, reveals
an even more pronounced increase in Hll, consistent with our regression results.

Figures 5 and 6 further explore heterogeneity in biodiversity impact. Figure 5 shows that
projects disclosing biodiversity bene ts and those subject to speci c biodiversity require-
ments exhibit di erent temporal patterns in their impact on HIl. Figure 6 indicates that
projects located in protected areas have a distinct impact trajectory compared to those
outside protected areas.

Finally, Figure 7 examines the biodiversity impact of carbon o setting projects based on land
use changes. Projects involving forest expansion, particularly those converting pasture or
shrubland to forest, show a more pronounced increase in HIl compared to projects without
forest expansion.

4.2 Impact of Carbon O setting Projects on Biodiversity

We begin our analysis by examining the impact of carbon o setting projects on biodiversity,
as measured by the Human Impact Index (HIl). We note that whether we consider event
study plots of the raw data (beginning with Figure 4), or regression adjusted tabular esti-
mates, including a xed e ect for each project, the basic qualitative patterns remains the
same.

Table 3 presents our baseline results, with the average HIl as the dependent variable across
all speci cations. In Column (1) of Table 3, we observe a positive and statistically signi cant
coe cient on the PostEstablishmentdummy (1.297, s.e. = 0.093), indicating that carbon

0 setting projects are associated with an increase in human impact on local ecosystems.
This e ect persists, albeit with a smaller magnitude, when we include country, year, and
registry xed e ects in Column (2) (0.648, s.e. = 0.232).

To address potential confounding factors and isolate the causal e ect of carbon o setting
projects, we restrict our analysis to a balanced panel of observations from ve years before
to ve years after project establishment in Columns (3)-(7). The e ect remains positive and
statistically signi cant across these speci cations. In our most stringent speci cation with
project xed e ects (Column (6)), we nd that project establishment is associated with a
0.187 increase in the HIl (s.e. = 0.050), representing a 3.7% increase relative to the sample
mean.

Column (7) provides a more nuanced view of the temporal dynamics. We observe that the
impact on HIl is not immediate but grows over time. The coe cient on the Establishmen-
tYear dummy is positive and signi cant (0.243, s.e. = 0.041), and the e ect continues to
grow in subsequent years, reaching 0.159 (s.e. = 0.053) three years after establishment.

To account for the skewed distribution of HIl and potential non-linear e ects, we re-estimate
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our models using the log of average HII as the dependent variable in Table 4. The results are
qualitatively similar, with the coe cient on PostEstablishmentin our preferred speci cation
(Column (6)) indicating a 5% increase in HIl following project establishment (0.050, s.e. =
0.019).

4.3 Heterogeneity in Biodiversity Impact

We next explore heterogeneity in the biodiversity impact of carbon o setting projects across
various dimensions. Table 5 presents these results, with Panels A-D focusing on di erent
project characteristics and Panel E providing a comprehensive analysis.

Panel A of Table 5 examines the dierential impact based on the initial level of human
inuence. The results show that projects in areas with initially high HIl show a larger
and more statistically signi cant increase in HIl post-establishment (0.223, s.e. = 0.055)
compared to those in low HIl areas (0.140, s.e. =0.112). This suggests that carbon o setting
projects may be more e ective in preserving biodiversity in relatively pristine areas.

In Panel B, the result reveals that projects disclosing biodiversity bene ts exhibit a smaller
HIl increase (0.115, s.e. = 0.060) relative to those that do not (0.189, s.e. = 0.066). Both
e ects are statistically signi cant at the 10% and 1% levels, respectively, indicating that
projects with explicit biodiversity beni ts may have a smaller impact on human in uence in
the area. This unexpected result warrants further investigation and may indicate potential
biodiversitywashing or overstatement of biodiversity bene ts by some projects.

In Panel C, we observe that projects subject to speci c biodiversity requirements have a
larger HIl increase (0.265, s.e. = 0.077) compared to those without such requirements
(0.141, s.e. = 0.061). This result, signi cant at the 1% level, suggests that biodiversity

requirements may not necessarily mitigate human impact on local ecosystems.

Panel D indicates that projects located in protected areas show a larger HIl increase (0.236,
s.e. = 0.072) than those outside protected areas (0.167, s.e. = 0.074), with both e ects
signi cant at the 1% level. The dierence in coe cients suggests that carbon o setting
projects in protected areas may have a more pronounced impact on human in uence, raising
important questions about the additionality and e ectiveness of these projects in already
protected ecosystems.

Panel E of Table 5 provides a comprehensive analysis of these heterogeneous e ects in a
single regression framework. The results con rm our previous ndings. Projects in areas
with initially low human impact ( LowHIIBeforeEstablishmen} show a signi cantly smaller
increase in HIl relative to the baseline (coe cient = -0.479, s.e. = 0.063). This suggests
that carbon o setting projects may be more e ective in preserving biodiversity in relatively
pristine areas, potentially due to lower initial anthropogenic pressures.

Interestingly, projects subject to speci ¢ biodiversity requirements exhibit a smaller increase
in HII compared to those without such requirements (coe cient =-0.430, s.e. =0.065). This
result, when considered alongside the positive coe cient oRostEstablishment(0.444, s.e.

= 0.062), suggests a nuanced relationship between biodiversity requirements and changes
in the Human Impact Index (HII). Interpreting these results requires careful consideration
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of potential baseline di erences and selection e ects. The negative interaction coe cient
indicates that projects subject to biodiversity requirements experience a smaller increase
in HII relative to their starting point, compared to projects without such requirements.
However, this does not necessarily imply that these projects have a lower absolute HII post-
establishment.

Projects that disclose biodiversity bene ts show a slightly smaller, though statistically in-

signi cant, increase in HIl (coe cient = -0.121, s.e. = 0.083). This suggests that self-

reported biodiversity bene ts may not necessarily translate into measurable reductions in
human impact.

Notably, projects located in protected areas do not show a statistically signi cant di erence

in HIl increase compared to those outside protected areas (coe cient = 0.110, s.e. = 0.072).
This result is particularly concerning as it suggests that carbon o setting projects in pro-

tected areas may not provide additional biodiversity bene ts beyond existing conservation
e orts.

These results reveal a nuanced relationship between carbon o setting projects and their
impact on local ecosystems, as measured by the Human Impact Index (HIl). These hetero-
geneous e ects underscore the complexity of implementing e ective carbon o set projects.
They highlight potential unintended consequences and emphasize the need for careful project
design, location selection, and monitoring. From a policy perspective, our ndings suggest
that current approaches to biodiversity conservation in carbon o set markets may be insuf-
cient or even counterproductive. They call for more nuanced regulatory frameworks that
account for these heterogeneous impacts and potentially reassess the e ectiveness of existing
biodiversity requirements and protected area designations in the context of carbon o setting.

4.4 Robustness Checks and Additional Analyses
To ensure the robustness of our results, we conduct several additional analyses:

1. Alternative Biodiversity Metrics: For each project, we calculate zonal summaries
of the HII by overlaying the project boundaries with the HIl data, producing key
statistics | minimum, and maximum|of HIl values within each project's area. We
re-estimate our main speci cations using the minimum, maximum, and standard de-
viation of HIl as dependent variables (Table Al). The results are qualitatively similar
to our main ndings, with project establishment associated with increases in all three
measures of HlIl.

To assess the robustness of our results, we conduct sensitivity analyses using two alter-
native biodiversity metrics: the Biodiversity Ecosystem Resilience Index (BERI) and
the Biodiversity Habitat Index (BHI). BERI measures the capacity of ecosystems to
maintain biodiversity in the face of human pressures and environmental changes, while
BHI quanti es the intactness of natural habitats. These measures provide complemen-
tary perspectives to the Hil, allowing us to capture di erent aspects of biodiversity
impact. However, as discussed in Sub-Section Biodiversity Metric, it is important to
note that BERI and BHI are only available for the years 2000, 2005, 2010, 2015, and
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2020, which limits their ability to provide continuous temporal coverage across our
full study period. To address this limitation, we employ a long-di erence approach in
our analysis, comparing changes in these metrics between the closest available time
points before and after project establishment. As shown in Figure?, the results are
qualitatively similar to our main ndings, with project establishment associated with
decreases in all biodiversity measures.

2. Heterogeneity: We replicate our heterogeneity analysis using alternative HIl mea-
sures (Table A2). The results largely con rm our main ndings, with some variations
in e ect sizes and statistical signi cance across di erent HIl measures.

3. Temporal Dynamics: Figures Al, A2, A3, A4 provide visual representations of the
robustness checks. These measures consistently reveal patterns in the biodiversity im-
pact of carbon o setting projects across various HIl metrics and project characteristics.

And should treatment e ect heterogeneity appear more pronounced, we can look to e ect
heterogeneity to ascertain where biodiversity improvements might be maximized through
carbon markets.

5 Discussion and Conclusion

We are the rst to link scienti ¢ data on human's ecological impact to economic data on
carbon o set projects at a global scale. This permits assessment of the additionality of
biodiversity bene ts from carbon o set projects, which may have biodiversity impacts to
the extent that the local ecology is impacted by carbon-promotion strategies, especially
those involving nature based solutions. Additionally, carbon o set projects frequently (and
increasingly?) claim biodiversity co-bene ts.

Not only do we nd no improvement in biodiversity, we often see perverse e ects. Nor can
we identify speci c sub-classes of carbon o set projects that speci cally bene t biodiversity.

We conclude that e orts to preserve biodiversity outside of voluntary carbon markets should
be redoubled.
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Figure 1. Trends in Carbon O set Projects
These gures illustrate the time and geographical distributions of carbon o set projects, with a focus on
those related to biodiversity.

Panel A Carbon O set Projects

Panel B Carbon O set Projects Related to Biodiversity
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Panel C Carbon O set Projects

Panel D Carbon O set Projects Related to Biodiversity
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Figure 2: Trends in Carbon O set Credits
These gures illustrate the time and geographical distributions of carbon o set insurance credits, with a
focus on those related to biodiversity.

Panel A Carbon O set Credits

Panel B Carbon O set Credits Related to Biodiversity
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