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Global markets for agricultural products, timber, and minerals are
critically important drivers of deforestation. The supply chains driving
land use change may also provide opportunities to halt deforesta-
tion. Market campaigns, moratoria, and certification schemes have
been promoted as powerful tools to achieve conservation goals.
Despite their promise, there have been few opportunities to rigor-
ously quantify the ability of these nonstate, market-driven (NSMD)
governance regimes to deliver conservation outcomes. This study
analyzes the impacts of three NSMD governance systems that sought
to end the conversion of natural forests to plantations in Chile at the
start of the 21st century. Using a multilevel, panel dataset of land use
changes in Chile, we identify the impact of participation within each
of the governance regimes by implementing a series of matched
difference-in-differences analyses. Taking advantage of the mosaic
of different NSMD regimes adopted in Chile, we explore the relative
effectiveness of different policies. NSMD governance regimes re-
duced deforestation on participating properties by 2-23%. The
NSMD governance regimes we studied included collaborative and
confrontational strategies between environmental and industry
stakeholders. We find that the more collaborative governance sys-
tems studied achieved better environmental performance than
more confrontational approaches. Whereas many government
conservation programs have targeted regions with little likelihood
of conversion, we demonstrate that NSMD governance has the
potential to alter behavior on high-deforestation properties.
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ince the 1980s, production of commodities for distant mar-
kets has emerged as a dominant driver of deforestation (1-3).
As the relative importance of global, rather than local, demand for
agricultural and forest products has grown, transnational corpora-
tions have become critical actors in influencing land use change. In
response, various nonstate, market-driven (NSMD) governance re-
gimes have emerged to improve the environmental and social im-
pacts of commodity production (4-6). Such NSMD governance
systems are the result of complex interactions between corporations
and nongovernmental organizations (NGOs) (7). These systems
take a variety of forms including multistakeholder agreements, land
conversion moratoria, and ecocertification schemes. Although vol-
untary in nature, they derive authority through markets. Credible
threats of market exclusion, or promises of price premiums can serve
to incentivize more responsible social and environmental practices
(8). Such governance structures have been praised for their potential
to slow deforestation associated with the production of Brazilian soy
and beef (9), Indonesian palm oil (10), and boreal timber (11).
Despite the growing optimism surrounding these NSMD gover-
nance regimes, questions remain about their effectiveness in achieving
environmental outcomes. For example, environmental benefits may
be limited if the producers opting into ecocertification are those al-
ready meeting sustainability standards (12). Although direct conver-
sion of forests to soy production in the Brazilian Amazon dropped
precipitously after the implementation of the soy moratorium (13),
indirect land use changes may have displaced soy expansion, causing
deforestation elsewhere (14). The costs of compliance with NSMD
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regimes may exceed the benefits for landowners, minimizing the po-
tential for large-scale conservation benefits (15). In addition, suppliers
may be able to circumvent environmental agreements by segmenting
markets and shipping production that fails to meet environmental
standards to consumers with weaker environmental concerns (16).
Even if initially effective, corporate commitments to environmental
practices may wane as public attention turns elsewhere (17).

Such critiques highlight the importance of clear program eval-
uation to determine the effectiveness of NSMD governance re-
gimes. Most ex-post evaluations of NSMD governance in the
forestry sector have focused on the legitimacy of the decision-
making process rather than on the environmental outcomes of the
regime (18). Clear assessments of the environmental impacts of
this new form of environmental governance are lacking (8, 16, 19,
20), due in part to the short history of NSMD governance and
confounding effects of broader market dynamics and government
policies (9). Previous assessments generally failed to meet basic
standards of rigor such as comparison with a credible control (21).
Recently, a handful of studies have begun to provide more rig-
orous assessments of the impacts of NSMD governance on de-
forestation. These studies indicate that Brazil’s zero deforestation
cattle agreement (22) and forest certification in Indonesia (23)
have reduced rates of deforestation, whereas timber certification
in Mexico (24) has had insignificant impacts on deforestation.

Beyond identifying the effectiveness of any one NSMD re-
gime, a comparison of the impacts of different approaches to
environmental governance is essential to improve policy design.
As with traditional governance systems, NSMD interventions can
vary at any of the traditional stages of the regulatory process:
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Global trade in commodities has become an important driver
of environmental degradation. In response, there has been a
proliferation of nonstate, market-driven governance seeking to
reduce environmental degradation through interventions in
the supply chain. We provide some of the first quasiexper-
imental evidence to show that private, market-driven policies
can slow deforestation. We compare the impacts of two certi-
fication schemes and a deforestation moratorium in Chile using
a factorial quasiexperimental design. Our results indicate that
governance regimes with greater collaboration between envi-
ronmental and industry stakeholders achieved better environ-
mental outcomes. In contrast to many public conservation
policies, we find that private governance systems can effec-
tively target high-deforestation properties.
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agenda setting/negotiation, implementation, and monitoring/en-
forcement (25). In the first stage, NGOs must decide how to balance
confrontational and collaborative strategies (26). Similarly, industry
participants can choose the level of collaboration with which to re-
spond; either participating in multistakeholder negotiations or de-
veloping their own standards to compete for legitimacy (4). In both
cases, the balance between collaboration and confrontation may shift
during the latter stages of the regulatory process. Cooperation in
regulatory processes has been found to improve the environmental
performance of public policies (27, 28), but relatively little is known
about the impact of collaboration on the effectiveness of private
governance regimes.

In a policy ecosystem with multiple NSMD governance re-
gimes, individual policies may interact in complex ways. Inter-
actions can be direct (e.g., an individual property owner adopts
multiple NSMD governance regimes simultaneously) or indirect
(e.g., competition between NSMD governance regimes lead to
changes in NSMD governance adoption or rules). Both direct
and indirect interactions can affect the outcomes associated with
any individual policy as different governance regimes can com-
plement, substitute, or weaken the effectiveness of individual
policies (16). As a result, it is important to understand how
stacked NSMD governance regimes may differ in their outcomes
from individual interventions that are implemented in isolation.

This study addresses three questions: Can NSMD governance
regimes achieve conservation outcomes? How do NSMD gov-
ernance regimes with varying levels of collaboration between
stakeholders differ in their effectiveness? Do interacting gover-
nance regimes complement, substitute, or weaken individual
policies? We use quasiexperimental methods and data on
property-level land use change in Chile to assess the impacts of a
mosaic of different NSMD governance regimes.

Chile’s forestry sector provides a rich history of NSMD gover-
nance. By the end of the 20th century, the conversion of natural
forests to industrial pine and eucalyptus plantations had become the
primary cause of Chilean deforestation (29, 30). Efforts to improve
management of natural forests through traditional government
policies were often halted. Chile’s native forest law spent 15 years in
Parliament before being adopted in 2007—longer than any law in
Chilean history (31). In response to growing demands from US
retailers for more sustainable products, several quasigovernmental
agencies worked with the primary forestry trade association to
develop El Sistema Chileno de Certificacion de Manejo For-
estal Sustentable (CERTFOR), a national certification for
sustainable forest management that was later endorsed by the
Program for the Endorsement of Forest Certification (PEFC).
Although the two largest Chilean forestry corporations [Arauco and
Compafiia Manufacturera de Papeles y Cartones (CMPC)] pursued
CERTFOR certification for the majority of their subsidiaries, other
corporations began to certify their operations through the Forest
Stewardship Council (FSC). The competition between FSC and the
producer-backed CERTFOR standard mirrored global discussions
about the relative stringency of forest certification standards defined
by an industrial sector (as for CERTFOR) or by multistakeholder
initiatives where other stakeholders such as environmental NGOs
have a strong voice (as for FSC) (20).

As the Chilean corporations began to negotiate and adopt
certification standards, many NGOs launched confrontational
campaigns to pressure the Chilean corporations to reform (32). In
advertisements in the New York Times, the environmental NGO
ForestEthics encouraged American consumers of Chilean timber
to demand an end to forest substitution and to only purchase
Chilean timber certified by FSC.* As a result of increasing con-
sumer pressure, the Home Depot helped convene a series of

*ForestEthics (September 13, 2002) Your dream home in a small clearing in the woods. NY
Times. Advertisement.
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meetings between environmental NGOs, and the Chilean forestry
corporations CMPC and Arauco. In 2003, CMPC, Arauco, the
Home Depot, and 10 environmental NGOs reached an agreement
they referred to as the Joint Solutions Project (JSP), whereby
Chilean timber corporations committed not to clear natural
forests on their properties.” In 2007, an additional agreement was
reached with a third corporation, MASISA, bringing the total
share of plantations owned by JSP participants to 64% (33).*

Although the conditions that gave rise to the three NSMD re-
gimes (CERTFOR, FSC, and JSP) were different, the substance of
the forest conversion commitments in each standard were roughly
similar. All three policies explicitly prohibited the future conver-
sion of natural forests to plantations’ (34, 35) and called for
transparency in the form of monitoring by third parties. Each
policy included some incentive for compliance, whether in the
form of an end to negative publicity in the case of the JSP or access
to differential labeling in the case of FSC or CERTFOR certifi-
cation. One of the few previous comparisons of FSC and CERT-
FOR found that participants in the two certification schemes
introduced similar numbers of institutional changes (36). However,
differences in the policies did exist. The JSP included explicit
language prohibiting companies from encouraging forest conver-
sion by other property owners. FSC standards went beyond the
other two policies by retroactively punishing past substitution
through restrictions on the certification of any plantations estab-
lished on lands that had been natural forests before 1994. Mir-
roring a global debate about the relative rigor of corporate versus
multistakeholder certification schemes (4, 37), many environ-
mental groups expressed concern that the corporate CERTFOR
standard was environmentally inferior to the FSC standards (38).

Chilean implementation of the JSP, FSC certification, and
CERTFOR certification provides a unique opportunity for the
quasiexperimental evaluation of the impacts of NSMD gover-
nance. All three policies included a common and clearly observable
objective—to halt conversion of natural forests to plantations—by
which to judge their effectiveness. Despite widespread public dis-
course about the merits of the different programs (38, 39), there
has been no rigorous quantification of their environmental impacts.
Fortunately, the different governance regimes were adopted nearly
simultaneously but heterogeneously across the country, allowing
for their comparison and the analysis of their interactions (Fig. 1).
Finally, rigorous quasiexperimental quantification of these effects
was enabled by the relatively long time period since policy adop-
tion, as well as by available data on land use change, and property
boundaries and ownership.

Results

At the start of our study period, the sample properties covered 329
thousand hectares of natural forests and 478 thousand hectares of
plantation forests. Over the following 25 years, a net deforestation
rate of 1.38% per year led to a net loss of 97 thousand hectares of
natural forests. In contrast, plantation forests expanded at an
annual rate of 2.30%, adding 367 thousand hectares. Between
1986 and 2011, property owners converted 38% of their natural
forests to plantations. Across the study properties, the average
gross rate of conversion of natural forests to plantations was
2.35% per year during the first time period (1986-2001), dropping
to 2.11% during the second time period (2001-2011), but varying
by NSMD participation (Fig. 2).

Propensity score models highlighted observable differences in
the characteristics of properties participating in each of the dif-
ferent treatments (Tables S1-S3). Potential plantation rents were
positively correlated with the likelihood to participate in any of the

TCMPC Maderas S.A., et al. (2003) Memorandum of understanding.

*Masisa, ForestEthics (2007) Memorandum of understanding.
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Fig. 1. Number of properties (companies) in each NSMD governance regime.

three NSMD regimes. In addition, properties participating in
NSMD governance regimes were generally located closer to
markets. They also had higher initial proportions of land dedi-
cated to plantations, more land in the highest land capability
classes, and higher pretreatment rates of forest substitution. The
multiscale model emphasized that larger companies were more
likely to be participants in NSMD governance. Finally, multiple
comparisons across the different treatment groups (Table S2, h, j,
m, and o) underscored the fact that properties with FSC certifi-
cation tended to have lower historical rates of deforestation than
properties pursuing other NSMD governance regimes.

Using matched difference-in-differences, we estimated the av-
erage treatment effect on the treated (ATT), a measure of the gain
from the intervention, of each NSMD governance regime (Table
S4 and Fig. 3). Pooled together, the ATT on properties governed
by any of the three policies (“any policy” group) was a reduction in
forest substitution of 0.338 + 0.294 percentage points (g). This
decrease is equal to a 2-23% reduction in the annual rate of forest
conversion. Although this result was not significant in the al-
ternate specification of this model using cluster robust SEs (P =
0.17), it was moderately significant (P = 0.10) in the spatial lag
model with cluster-robust SEs. The effectiveness of the any-policy
treatment was further supported in the multilevel model that ex-
plicitly accounted for company-level covariates (x). Although only
estimated on the small subset of the overall sample falling on the
common support (Supporting Information), this model found sig-
nificant impacts (P < 0.01) in all three model specifications.

Of the individual assessments, the JSP only (a, —0.508 + 0.304)
and FSC only (b, —0.870 + 0.373) treatments demonstrated sig-
nificant reductions in forest substitution rates. No treatments
exhibited significant increases in the rate of forest substitution (a—f).
Both of these results were evident in all three model specifications.

Paired comparisons between treatment groups were used to
evaluate the relative effectiveness of different policies. FSC
certification had a greater effect than either JSP participation (h)
or CERTFOR certification (m) alone, or the adoption of both
the JSP and CERTFOR certification (0). Although all three of
these results were evident in the main model and the alternate
cluster-robust specification, the spatial lag model yielded less
significant differences between FSC certification and (i) the JSP-
only treatment (h), and (ii) the JSP and CERTFOR treatment
(0). However, the spatial lag model did indicate that joint
implementation of FSC, CERTFOR, and the JSP may have
generated greater reductions in forest conversion than imple-
mentation of only CERTFOR and the JSP (v). Finally, the com-
parison between properties adopting only CERTFOR certification
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and those participating only in the JSP found that the JSP was more
effective in reducing forest conversion (i).

Paired comparisons between properties participating in mul-
tiple, overlapping governance regimes tended to emphasize a
lack of synergy and the possibility of interference between gov-
ernance regimes. Comparing properties with stacked governance
regimes to properties with only some of the same governance
regimes tended to find null or counterintuitive results. In the
models without a spatial lag, properties participating only in FSC
certification demonstrated greater reductions in forest conver-
sion than those participating in both FSC and the JSP (n). Al-
though only significant in a few specifications, our analysis
indicated that properties participating only in the JSP may have
achieved greater reductions in forest conversion than properties
participating in both the JSP and CERTFOR (k), or the JSP and
FSC (j). Even in the case where multiple policies did achieve
more reductions than properties with a subset of governance
regimes (v, spatial lag specification), the stacked treatment effect
was less than the additive effects of the individual treatment
effects from each policy. We found no evidence that adoption of
NSMD governance resulted in leakage to proximate properties.
Changes in forest conversion rates on properties without NSMD
governance were comparable whether or not those properties
were located in close proximity to NSMD participants (s).

Discussion

Our results show that NSMD governance regimes can slow de-
forestation. Between 1986 and 2011, 124 thousand hectares of
natural forests in the studied properties were converted to planta-
tions. The different NSMD interventions reduced annual rates of
forest conversion by 2-23% compared with the no-policy counter-
factuals. In aggregate, these policies conserved 3.82 thousand
hectares of natural forests. Although NSMD governance reduced
deforestation, all three programs sought to end, rather than reduce,
the rate of forest substitution. In this context, anything short of
100% reductions in deforestation within NSMD properties could be
interpreted as noncompliance with the governance regimes. How-
ever, because our treatment time period included several years
before the implementation of the NSMD governance regimes, our
analysis would tend to underestimate compliance. In addition, given
the voluntary nature of the governance regimes, any significant re-
ductions in forest conversion could be viewed as a policy success.
During their initial negotiation and adoption, the JSP, FSC, and
CERTFOR governance regimes varied in the level of engagement
and confrontation between industry and environmental interests.
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Fig. 2. Unmatched comparison of forest conversion rates by policy.
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Fig. 3. Comparisons of treatment effects estimated through matched difference-in-differences. Gray bars indicate that propensity score matching failed to
achieve acceptable balancing across all covariates. Error bars represent 95% confidence interval using propensity score robust SEs.

As the product of multistakeholder negotiations, FSC certification
represented the most collaborative governance regime (40).
Nearly all of the companies certified by FSC in its first 5 years of
operation in Chile actively participated in the rule-making
process for the development of FSC’s Chilean standards. In
contrast, the CERTFOR certification scheme sought to dem-
onstrate that industry could self-regulate, without participation
from civil society. Given their exclusion from the CERTFOR
standard-setting process, several NGOs expressed concern over
the certification scheme’s environmental rigor (38). Finally, the JSP
was developed through a combination of confrontational and col-
laborative strategies. Initially instigated through negative publicity
by NGOs, industry and NGO interests eventually collaborated to
develop the JSP’s commonly agreed-upon standards.

Our results indicate that FSC certification was more effective
in slowing forest conversion than either the more industry-
friendly CERTFOR standard or the JSP moratorium. Further-
more, the CERTFOR certification standard, which arguably had
the least engagement between companies and civil society, was
the least effective NSMD policy. Clear identification of a causal
relationship between collaboration and environmental perfor-
mance is complicated by the fact that the choice between col-
laboration and confrontation is rarely binary. In most cases,
actors shift their level of collaboration in different stages of the
regulatory process, or different actors may simultaneously adopt
different strategies. Given this nuance and the small number of
governance regimes analyzed, we are unable to claim a causal
link between collaboration and environmental performance.
Nevertheless, our results are consistent with theoretical (41) and
empirical results (27, 28) indicating that more collaborative
forms of governance can lead to better environmental outcomes.

In assessing interactive effects of different policies, we found no
evidence to suggest that combining multiple governance regimes on
a single property would improve environmental performance. In
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several cases, properties adopting multiple NSMD regimes ex-
hibited worse environmental performance than properties adopting
only one of the constituent regimes. One possible explanation for
this outcome would be interference across the different policy re-
gimes. In addition to the direct property-level interactions measured
by our quasiexperimental methods, the different NSMD governance
regimes also interacted in important ways at the national scale. The
existence of FSC certification may have increased the rigor of en-
vironmental safeguards in the final CERTFOR standards. Although
initial external assessments of CERTFOR noted weak protections
of natural forests (42), the final CERTFOR plantation standards
included clear language to limit natural forest conversion (35).
Second, the NGO campaign that led to the adoption of the JSP
may have also accelerated the adoption of FSC certification.
The initial market campaign encouraged consumers to pur-
chase only FSC-certified Chilean timber. Arauco and CMPC,
the primary targets of the NGO campaign, initially supported
the development of the CERTFOR standard as an alternative
to FSC. However, after continued NGO criticism of the
CERTFOR standard, both companies pursued FSC certifica-
tion. These interactions at the national level reinforced two
existing theories on the adoption of NSMD regimes: (i) com-
petition between NSMD governance regimes can strengthen
industry-led standards; and (i) NGO campaigns can encourage
the adoption of environmental certification (20, 37).
Differences in the implementation of NSMD governance seemed
to align with differences in the types of properties affected. Early
adopters of FSC had to be willing to collaborate with environmental
NGOs and sought to differentiate their products based on envi-
ronmental performance. In practice, FSC properties tended to have
lower rates of pretreatment forest conversion than other plantation
properties. In contrast, the JSP was initiated as a campaign to re-
form behavior. In this case, NGOs targeted specific corporations
that they viewed as priorities for reform. High pretreatment

Heilmayr and Lambin
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rates of forest conversion were a strong indicator of partici-
pation within the JSP (Table S2). These differences emphasize
a potential strength of NSMD governance regimes. Although
protected areas and other public conservation policies have the
potential to nearly eliminate deforestation, such interventions
typically target regions with relatively low rates of deforestation
(43, 44). In contrast to conservation areas located in in-
accessible locations, the properties affected by NSMD gover-
nance belonged to Chile’s largest timber corporations. The
pretreatment rate of net deforestation on NSMD properties
was 1.83%, more than double the rate of net deforestation
across all of central Chile (0.83%). In addition, the properties
participating in NSMD governance had higher than average
potential rents for plantation forestry.

Theory indicates that the adoption of NSMD governance could
lead to multiple forms of spillovers affecting rates of forest con-
version on nonparticipating properties. Restrictions on conversion
could increase demand for land suitable for plantation forestry,
increasing conversion of natural forests on nonparticipating
properties. To address such concerns, timber companies partici-
pating in the JSP agreed not to undertake actions that would en-
courage the conversion of natural forests on properties outside their
direct control. Ideally, an analysis of the resulting leakage patterns
would look at leakage as a process mediated by supply chains and
corporate relationships in addition to purely spatial lags. We posit
that both the potential negative effects of indirect land use change,
and the potential positive effects from policy spillovers would have
the strongest impact near participating properties. However, we find
minimal leakage from NSMD properties to proximate properties.
In addition to market-mediated leakage, environmental campaigns
and negotiations that led to NSMD governance may have encour-
aged broader policy reforms and changes in norms across the entire
sector. Such reforms would have more wide-reaching positive ef-
fects but are difficult to isolate given the structure of our analysis.

Conclusion

Using quasiexperimental methods, we demonstrated that Chile’s
NSMD governance regimes were successful in reducing natural
forest conversion to plantations by 2-23%. Of the three gover-
nance regimes evaluated, the multistakeholder FSC certification
standard achieved better environmental performance than either
the industry-led CERTFOR standard, or NGO-incited JSP mor-
atorium. In contrast to traditional public conservation policies
such as protected areas, these NSMD governance regimes were
often implemented on properties with high historical rates of
deforestation. Although our case study was focused on Chile, the
analysis can provide insights to guide the rapid spread of NSMD
governance globally. First, NSMD policies can achieve real im-
provements in environmental performance despite their voluntary
nature. Although compliance with NSMD governance is often less
than that achieved through public conservation efforts such as
national parks, NSMD policies tend to do a better job in targeting
high-deforestation properties. As a result, NSMD governance may
serve as a useful complement to traditional, government policies.
Finally, greater collaboration between environmental and industry
interests in establishing NSMD standards is likely to improve the
environmental performance of the resulting policies.

Methods

We sought to measure the impact of NSMD governance in Chile’s forestry
sector on the rate of natural forest conversion to plantations. To do so, we
(/) developed a hierarchical dataset identifying properties owned by timber
companies and the subset of those properties affected by each NSMD

1. Geist HJ, Lambin EF (2002) Proximate causes and underlying driving forces of tropical
deforestation. Bioscience 52:143-150.

2. Rudel TK, Defries R, Asner GP, Laurance WF (2009) Changing drivers of deforestation
and new opportunities for conservation. Conserv Biol 23(6):1396-1405.
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governance regime; (ii) calculated the rate of natural forest conversion in
pretreatment and posttreatment time periods for each property; and (iii)
conducted a series of matched difference-in-differences analyses to measure
the effect of each policy. We provide a summary of these methods below
and a more thorough description in Supporting Information.

Sample Selection. To link outcomes to treatment adoption and other associated
covariates, we developed a multilevel dataset spanning pixels, properties,
subsidiary companies, and their parent corporations. We used government
cadastral data to link unstructured spatial data to property boundaries and the
names of property owners. We then restricted our study to the set of properties
owned by forestry companies. Individual companies were associated with
parent corporations using market and corporate reports. By combining this
ownership information with primary data sources such as certification records
and signed voluntary agreements, we identified properties participating in
NSMD governance. Finally, we sorted the properties into eight groups repre-
senting properties regulated by the following: JSP only, FSC only, CERTFOR only,
JSP and FSC, JSP and CERTFOR, all three programs simultaneously, any of the
three programs, and none of the three programs.

Calculation of Natural Forest Conversion. Our outcome variable of interest was
the rate at which natural forests were converted to plantation forests within
each property. We calculated this rate using land use change maps from ref.
45. For each property, we calculated the annualized rate at which natural
forests were converted to plantations during each of the two time periods.

Matched Difference-in-Differences. \We measured the average effect of NSMD
governance on the rate of forest conversion within properties participating in
NSMD governance (ATT) through the use of a series of matched difference-in-
differences analyses. For our primary results, we defined our treatment group
as those properties participating in any NSMD governance regime, and our
control as those properties participating in no NSMD governance regime.
We used a biophysical, geographic, and economic controls to preprocess
our samples using propensity score matching. Diagnostics indicated that
the matching procedure reduced observed differences between treat-
ment and control groups (Fig. S1 and Table S3).

We took advantage of our longitudinal data to control for unobserved,
time-invariant characteristics of the properties such as company ownership.
We calculated the difference-in-differences estimator of the ATT, adjusting
SEs to reflect the estimated propensity scores (46). The benefits of combining
matching with panel methods have been confirmed through design repli-
cation studies comparing quasiexperimental results to the results generated
from random controlled trials (47, 48). Very few studies have used this two-
staged analysis for the identification of the effect of policies intended to
slow deforestation (49, 50), and even fewer have used this method to
measure the impact of NSMD governance of land use (23, 24).

We repeated this process to compare the relative effectiveness of different
programs, and to test for complementarities across programs as outlined in ref.
51. For each of the possible pairwise comparisons between the different
groups, we assigned one group to the treatment, and the other group to
the control. Iterating through all of the possible combinations, and in-
cluding comparisons to test for spatial leakage and a multilevel specifi-
cation, we were left with 24 pairwise comparisons for analysis.

To test the robustness of our results, we ran two alternate specifications of each
quasiexperiment, and two additional quasiexperiments. First, to account for
within-company correlation of errors, we reran all models using company-level
cluster-robust SEs. To test robustness to observed spatial autocorrelation, we
reran all models with spatially lagged dependent variables. Although our
primary models emphasized property-level characteristics, we explored the
robustness of our results through a multilevel model that incorporated com-
pany-level covariates. Finally, we tested for leakage by comparing forest
conversion on proximate, untreated properties to untreated properties located
more than 4 km from the nearest property participating in NSMD governance.
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