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A B S T R A C T

Voluntary markets transacted over $66 million USD of forest carbon offsets in 2016, according to Forest Trends,
and over 99% of those offset projects were audited to a standard, primarily the Verified Carbon Standard (VCS).
We provide a table characterizing all 70 validated and verified forest carbon projects employing the VCS version
3.0 currently-in-use (December 2011–July 2017). We also examine two separate aspects of the audit pro-
cess––impact and thoroughness––to assess the effectiveness of the costly audit process, which can consume up to
one-third of offset revenue. Audit impact we measure in terms of reduction in the number of offsets from ex ante
estimated to ex post approved. Audit thoroughness we measure both directly in terms of the number of auditor
hours worked per project and also indirectly in terms of the total number of Corrective Action Requests (CARs)/
Non-Conformity Reports (NCRs) auditors prescribe. In terms of impact, we find that Afforestation/Reforestation/
Restoration (A/R/R) and Improved Forest Management (IFM) projects, though only constituting 5% of total
verified offsets, demonstrate significant (p < = 0.05) reductions from ex ante estimated to ex post approved
offsets, likely because auditors can easily scrutinize carbon stocks/emission factors for the commercial tree
species involved in these project types. In terms of thoroughness, we find that higher ex ante estimates correlate
with more total auditor hours worked and total CARs/NCRs prescribed for three of four project activity types,
likely because auditors perceive larger ex ante projects as higher risk. We conclude with recommendations for the
VCS to empower auditors to scrutinize carbon stocks/emissions factors from avoided deforestation projects, and
also to continue to flag high ex ante projects as higher risk.

1. Introduction

Forest emissions constituted approximately 10–15% of the 52
gigatons of greenhouse gases emitted (in carbon dioxide equivalents
(CO2e)) from anthropogenic sources in 2015 (UNEP, 2016), with the
lower 10% estimate including only deforestation net regrowth and the
upper 15% estimate also including emissions from degradation and
drained peat soil (Pearson et al., 2017). In response to these emissions
from the forestry sector, the United Nations Framework Convention on
Climate Change (UNFCCC) (see Table 1 for acronyms) Paris Agreement
of 2015 states: “Parties are encouraged to take action to implement and
support…activities relating to Reducing Emissions from Deforestation
and forest Degradation, [plus] the role of conservation, sustainable
management of forests, and enhancement of forest carbon stocks
(REDD + ).” Indeed, REDD+ initiatives provide up to a quarter of the
intended nationally determined contributions planned by tropical

countries under the Paris Agreement (Grassi et al., 2017).
REDD+ initiatives differ from historic integrated conservation and

development projects primarily by their conditionality of payment-for-
performance of carbon storage conducted via measurement, reporting
and verification (MRV) (Blom et al., 2010) that effectively convert
fund-based initiatives into market-based initiatives.1 Publicly funded
REDD+ initiatives from the United Nations and World Bank high-
lighted by the Paris Agreement are years away from this payment-for-
performance conditionality, but privately funded REDD+ initiatives
are already there. In 2016, over $66 million USD of forestry offsets were
purchased in the voluntary market, primarily for the demonstration of
corporate socio-environmental responsibility (Hamrick and Gallant,
2017).

Compliance markets have required audits against protocols and
methodologies for transacted projects since their inception, with the
audit process effectively converting abstract offsets into credible market
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goods (Kelly and Schmitz, 2016). Voluntary markets have increased
their use of the audit process over time: from fewer than 50% of
transacted projects audited against standards in 2005 to over 99% in
2016 (Hamrick and Gallant, 2017). Voluntary forest carbon offsets are
covered by three major international standards: the Gold Standard; Plan
Vivo; and the Verified Carbon Standard (VCS). A separate co-benefit/
safeguard standard, Climate, Community and Biodiversity (CCB), is
occasionally employed in combination with the VCS to demonstrate the
conservation of biodiversity and the improvement of socio-economic
welfare. We focus on the VCS because: (1) the VCS is applicable,
through specific methodologies,2 to the entire range of REDD+ project
types, making it the most widely used standard in more than two-thirds
of voluntary forest carbon offsets by total transacted volume (Goldstein,
2016); (2) the VCS, among all global standards, involves the most
comprehensive (Merger et al., 2011) and the most conservative (Galik
et al., 2009) calculation of forest carbon offsets; and (3) the VCS does
not employ a pre-validation/pre-verification assessment by standards
personnel, so publicly available VCS audit reports contain all findings.

All VCS offset projects must prove additionality by demonstrating

that the projects are unique and face significant barriers in the absence
of carbon finance (including, among other offset types, landfill methane
conversion, machinery fuel substitution, and sun, water, and wind
power). We focus on forest carbon offsets due to additional challenges
they must overcome to make them equivalent with other offset types,
adding greater weight to the auditing process. These challenges include:
(1) risk of impermanence (reversal of sequestered carbon to the atmo-
sphere) due to natural disturbances and also anthropogenic cutting and
burning; (2) error-prone extrapolation from small measurement plots to
large forest tracts to calculate carbon stocks/emission factors; (3) re-
liance on hypothetical, counter-factual baselines to calculate activity
data; and (4) susceptibility to negative spillage or leakage3 by displa-
cing current land uses (Agrawal et al., 2011).

Offset project proponents typically go through seven steps,4 in-
cluding two audits, from project initiation to selling their first tranche
of offsets on a VCS-sanctioned offset registry. On the registry, vintages
are recorded to specify the date of carbon emission reduction/removal
and also identification numbers are assigned to reduce the risk of
double-counting. The first audit involves a qualitative validation of
project design based on the Project Document (PD). Concurrent with or
subsequent to validation, a second audit involves a quantitative ver-
ification of offset quantities produced over the monitoring period based
on the Monitoring Report (MR). Typically, validation is only conducted
once at project initiation (unless project specifications change sig-
nificantly), whereas the VCS requires verification at least every five
years to confirm offset quantities during the minimum 30 year required
project length (else impermanence risk buffer credits are put on hold
and potentially cancelled). Forest carbon projects often require at least
two years from conception to audit readiness, and the audit process
typically lasts an additional six months (Ibid). Figs. 1 and 2 illustrate
how forest carbon auditors conduct field audits, including observing a
project inventory team following its standard operating procedures for
carbon stock/emission factor measurement, and assessing project ac-
tivity implementation in terms of reforestation progress.

The VCS is considered a legitimizing institution5 as it transforms the
invisible commodity of carbon into a credible market good (Corbera
and Brown, 2010) via standard development, auditor (Validation and
Verification Body (VVB)) accreditation, and credible market access via
the VCS registry. In terms of accreditation, VCS audit firms are subject
to oversight from the American National Standards Institute or the
Clean Development Mechanism (CDM) Accreditation Panel. In addi-
tion, to reduce the risk of client capture, the VCS requires projects to
rotate with at least one other auditing firm during successive verifica-
tion audits after the first validation and verification.

REDD+ projects involve two major explicit costs: implementation
costs of activity administration and realization; and transaction costs of

Table 1
Acronyms (in alphabetical order) used in the research article and their full referents with
additional descriptions in parentheses.

Acronym Full referent

AENOR Asociación Española de NORmalización y certificación (auditing firm)
APD Avoided Planned Deforestation (project activity stratum)
A/R/R Afforestation/Reforestation/Revegetation (project activity stratum)
AUDD Avoided Unplanned Deforestation & Degradation (project activity

stratum)
CAR/NCR Corrective Action Request/Non-Conformity Report (type of auditor

finding)
CCB Climate, Community, and Biodiversity (standard)
CDM Clean Development Mechanism (standard)
CEC China Environmental united certification Center (auditing firm)
DNV Det Norske Veritas (auditing firm)
ERA Extension of Rotation Age or cutting cycle (sub-stratum of IFM)
ESI Environmental Services International (auditing firm)
FSC Forest Stewardship Council (organization & standard)
IFM Improved Forest Management (project activity stratum)
IPCC Intergovernmental Panel on Climate Change (organization)
LtPF Logged to Protected Forest (sub-stratum of IFM)
MR Monitoring Report (document against which auditors conduct

verification)
MRV Monitoring, Reporting & Verification
NIR/CL New Information Request/CLarification request (type of auditor

finding)
PD Project Document (document against which auditors conduct

validation)
RA Rainforest Alliance (auditing firm)
REDD+ Reducing Emissions from Deforestation & forest Degradation

[+] the role of conservation, sustainable management of
forests & enhancement of forest carbon stocks

SCS Scientific Certification Systems (auditing firm)
UNFCCC United Nations Framework Convention on Climate Change

(organization)
VCS Verified Carbon Standard (organization & standard)
VVB Validation & Verification Body (analogous to “auditing firm”)

2 VCS forest carbon offset methodologies provide instructions for: (1) Identifying the
project boundary; (2) Determining the baseline scenario; (3) Demonstrating additionality;
(4) Quantifying net greenhouse gas emission reductions and/or removals; and (5)
Specifying monitoring procedures to track emission reductions and/or removals.
Methodologies also provide guidance on which of the seven stocks are eligible for
quantification including: (1) Live aboveground tree; (2) Live aboveground non-tree; (3)
Coarse and fine roots; (4) Standing and downed dead wood; (5) Litter; (6) Soil; and (7)
Harvested wood products. To date, the VCS has approved 13 forestry methodologies, four
Clean Development Mechanism (CDM) A/R/R methodologies, and one forestry perfor-
mance method for reduced impact logging. Each of these 18 methodologies and perfor-
mance methods is specific to a defined project activity and in some cases a particular
location.

3 Leakage is defined by the VCS as “the net change of anthropogenic emissions by GHG
sources that occur outside of the project/program boundary, but are attributable to the
project/program.” The VCS recognizes negative leakage arising from activity-shifting
drivers, ecological factors, and/or economic market forces.

4 The seven project development steps in chronological order are: (1) Completing a PD
for auditors; (2) Undergoing a validation audit based on the PD; (3) Registering the va-
lidated project with the VCS; (4) Completing an MR for auditors; (5) Undergoing a ver-
ification audit based on both the PD and the MR; (6) Registering the verified project with
the VCS; (7) Issuing the first tranche of offsets via a VCS-approved registry, then repeating
steps 4–7 often called Monitoring, Reporting and Verification (MRV) (Olander and
Ebeling, 2011).

5 The VCS Requirements version 3.0 provides six principles to guide the institution’s
legitimizing role: “(1) Relevance: Select the GHG sources, GHG sinks, GHG reservoirs,
data and methodologies appropriate to the needs of the intended user; (2) Completeness:
Include all relevant GHG emissions and removals and include all relevant information to
support criteria and procedures; (3) Consistency: Enable meaningful comparisons in GHG-
related information; (4) Accuracy: Reduce bias and uncertainties as far as practical; (5)
Transparency: Disclose sufficient and appropriate GHG-related information to allow in-
tended users to make decisions with reasonable confidence; and (6) Conservativeness: Use
conservative assumptions, values and procedures to ensure that net GHG emission re-
ductions or removals are not overestimated.”
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audit preparation and execution (White and Minang, 2011). The total
transaction costs to sellers from auditing, monitoring, and report pre-
paration is 5–35% (Rendon-Thompson et al., 2013; Bellassen et al.,
2015) of offset revenue with implementation costs at approximately the
same amount (Rakimata et al., 2017). Transaction costs are justified by
enabling access to credible markets (White and Minang, 2011) but they
also increase the economies of scale (Cashore et al., 2007) for REDD+
projects, essentially making smaller projects non-viable financially at
less than 1000 HA at offset prices of $8 USD/tCO2e and less than 2000

HA at offset prices of $4 USD/tCO2e (Pearson et al., 2014).
The international voluntary offset market currently suffers from low

demand, likely from pre-compliance buyers no longer participating due
to diminished prospects (Liang et al., 2016). The total volume of forest
carbon offsets transacted has dropped by approximately 25% from 17
million tons CO2e in 2011 (when VCS version 3.0 was introduced) to 13
million tons CO2e in 2016. The average price has fallen even more
sharply, by nearly 50%, from an average price of $10.12 USD/tCO2e in
2011 to an average price of $5.10 USD/tCO2e in 2016 (Peters-Stanley
et al., 2012; Hamrick and Gallant, 2017).

In the face of falling demand, transaction costs can only be sustained
if they support market credibility, for example by ensuring that buyers
driving demand receive at least as many offsets as they pay for. Recent
research, however, questions the credibility of international voluntary
forest carbon offsets. Seyller et al. (2016) and Van Kooten et al. (2015)
demonstrate how baselines may have been gamed in avoided un-
planned deforestation projects in Africa and Canada by using reference
areas with dense populations and addressable markets to project future
deforestation for relatively unpopulated and inaccessible project areas.

Our research builds on these studies by examining whether the VCS
audit process builds credibility by minimizing the potential “hot air” of
inflated offsets (due to either inadvertent miscalculation or intentional
misrepresentation) so that buyers receive at least as many offsets as
they pay for. Specifically, we ask the following two questions: (1) Audit
impact: Does the audit process have a statistically significant impact in
reducing the total number of project offsets from ex ante estimated to ex
post approved?; and (2) Audit thoroughness: Do projects with the largest
ex ante offsets (and associated risk of “hot air”) receive more thorough
audits than projects with smaller estimated offsets?

2. Methods

We derived our data from publicly available audit reports, which is
an approach similar to Newsom et al. (2006) (who used Forest Stew-
ardship Council (FSC) certification audit reports), and also to Lawlor
et al. (2013) (who used CCB validation audit reports). We accessed all
VCS audit reports (www.vcsprojectdatabase.org) as of 01 July 2017 and
selected all projects in sectoral scope 14 (agriculture, forestry, and
other land use), bringing up a total listing of 145 projects inter-
nationally. Only projects employing the current VCS version 3.0 were
selected to provide a time period where auditors used a consistent and
modern standard. This filter reduced the number of projects from 145
to 124, from a validation date of 22 December 2011 (“TIST Program in
Kenya-005”) to a verification date of 03 May 2017 (“Lacandon-Forest
for Life”). Only projects that passed not only validation but also first
verification to approve offset quantities were selected, because this
study considers not only project design but also offset calculation. This
filter reduced the total number of projects from 124 to 77. Finally, two
reforestation projects were phased in, with three phases in Kenya and
six phases in Uganda. We aggregated these nine projects into one in
Kenya and one in Uganda so as not to weight our results dis-
proportionately with any one identical project participant group in any
one specific location. This final filter reduced the total number of
projects from 77 to 70.

We stratified our findings by VCS project activity type using ab-
breviations from Shoch et al., 2013. The VCS has developed three major
project types based on the project activity or intervention––Afforesta-
tion/Reforestation/Revegetation (A/R/R), Avoided Deforestation and
Degradation (ADD), and Improved Forest Management (IFM)––which
correspond to the Intergovernmental Panel on Climate Change (IPCC)
land use change categories of: converting non-forest to forest land;
avoiding conversion of forest to non-forest land; and maintaining forest
as forest land. A/R/R (n = 20) projects involve shrub or woody grass
planting (revegetation) or tree planting in project areas with a
minimum 30 year (afforestation) or 10 year (reforestation) history of

Fig. 1. ESI auditors off-camera scrutinize standard operating procedures for carbon
stock/emission factor measurement conducted by the inventory crew for an AUD project
in Brazil (courtesy: ESI).

Fig. 2. ESI auditor Eric Jaeschke inspects tree growth and survival for the reforestation
component of a REDD+ project in Indonesia (courtesy: ESI).

B.C. Foster et al. Environmental Science and Policy 78 (2017) 121–141

123

http://www.vcsprojectdatabase.org


being continuously below country-applicable CDM forest land defini-
tions.6 ADD projects involve both avoided deforestation (conversion of
forest land to non-forest land per CDM forest land definitions)7 and also
degradation (reduction in carbon stocks while still remaining forest
land). ADD activities include: border enforcement inside legally pro-
tected project areas, often combined with tenure establishment outside;
certified partial timber harvesting and non-timber forest product col-
lection inside unprotected project areas; and various land use in-
tensification activities outside project areas to alleviate conversion
pressure. The VCS further divides ADD projects into either Avoided
Unplanned Deforestation and Degradation (AUDD, n = 31), with
baselines forecast from models and reference areas, and Avoided
Planned Deforestation (APD, n = 9), with baselines forecast from legal
documents of imminent conversion. Avoided planned degradation is
categorized by the VCS in the IFM category (n = 11), which includes
the project activities of Logged to Protected Forest (LtPF) and Extended
Rotation Age (ERA) or cutting cycle. In the rare cases where a single
project covered multiple activities, we categorized the project by the
activity consuming the majority of the land area.

We used both qualitative and quantitative factors to describe all 70
projects in Table 2. The qualitative factors obtained from the PD in-
cluded: project name and country location; CCB co-benefit/safeguard
standard validation and first verification status; name and number of
the VCS methodology employed to calculate offsets; predominant ve-
getation types, including assignment of United Nations Food and
Agriculture Organization (FAO) global ecological zone abbreviations
(Iremonger et al., 2015); and project participants. These participants
included: financial proponents (funding the project); technical devel-
opers (contractually responsible to financial proponent for completing
the PD and MR); local implementers (contractually responsible for
realizing project activities); and auditors (contractually responsible for
conducting validation and verification audits). The quantitative factors
obtained from the PD, MR, and verification report included: estimated
ex ante and approved ex post offsets on an annual basis over the first
monitoring period; project area size in hectares; normalized ex post
offsets based on project area size; ex post percent leakage risk deduc-
tions; and ex post percent impermanence risk buffers (which may be
partially released over time).

We conducted a paired t-test between total estimated ex ante and
total approved ex post offsets to evaluate audit impact. We predicted
that audits would significantly reduce total offsets, since without the
audit process, inexperienced or unscrupulous project developers would
attempt to sell the entirety of ex ante offset estimates. We calculated ex
post offsets on an annual basis from the first verification report, con-
firmed those numbers from the MR, and then calculated ex ante offsets
for the same time period from the PD. Our comparisons of ex ante versus
ex post offsets were conservative but not necessarily accurate.
Comparisons were straight-forward when the monitoring period began
on March 15, for example, of a past year and ended on March 15 or
December 31 of a future year. Comparisons became complicated when
the monitoring period began on March 15 of a past year and ended on
October 31, for example, of a future year. In this case, to be con-
servative, we reduced the corresponding calendar year ex ante estimate
in the PD by 0.17.

To evaluate audit thoroughness, we obtained information on the
total number of auditor hours worked per project. We contacted the
three audit firms that dominated our study––ESI (Environmental
Services International), RA (Rainforest Alliance), and SCS (Scientific
Certification Systems)––in June 2017 and provided them with a

summary of our research and a list of projects with dates in which those
firms conducted VCS validation and first verification audits. All three
agreed to provide the total hours worked (hours billed plus excess) on
the condition of signed nondisclosure agreements and payments for
administrative fees (up to $500 USD per firm) for 33 projects from our
sample size of 70.

We used the total number of audit findings called Corrective Action
Requests (CARs)/Non-Conformity Reports (NCRs) from the publically
available validation and first verification reports as indirect measures of
audit thoroughness. CARs/NCRs are required to be addressed to auditor
satisfaction in order for the project proponents to achieve validation or
verification.8 Some auditing firms also report New Information Re-
quests (NIRs) or Clarification requests (CLs). NIRs/CLs are comparable
to CARs/NCRs in that they are required to be addressed to auditor sa-
tisfaction, but are administrative as opposed to operational. We counted
CARs, NCRs, NIRs, and CLs together as “CARs/NCRs” both because of
auditing firm inconsistencies in reporting, and also because NIRs/CLs
may have significant impacts on offset calculation (for example by re-
questing clarification on whether the most recent version of a metho-
dology was employed). We excluded altogether from our CAR/NCR
counts three types of findings from audit reports: (1) CARs/NCRs that
are duplicated on both validation and first verification reports; (2) C-
ARs/NCRs that pertain specifically to the CCB co-benefit/safeguard
standard tangential to offset calculation; and (3) all findings that are
optional for clients to address prior to validation/verification and are
therefore often postponed––called observations, opportunities for im-
provement, or forward action requests by auditing firms.

We conducted linear regressions to test audit thoroughness. We
predicted that the auditors would more closely scrutinize larger abso-
lute offset estimates, as opposed to normalized per area offset estimates.
This expectation derived from larger projects being viewed as more
material to climate change in terms of the amount of GHG emissions
they would offset (the VCS specifically requires disclosure of large offset
projects producing more than 300,000 tons of CO2e annually) and also
audit fees, above a threshold, rising for larger projects so auditors could
afford to spend more time on larger projects.

We used the traditional p < = 0.05 as our statistical significance
threshold for audit impact in t-tests and p < = 0.10 as our statistical
significance threshold for audit thoroughness in regressions. Another
study based on CCB audit reports reported only percentages and not
significance (Lawlor et al., 2013), while a study based on FSC audit
reports reported significance using the traditional p < = 0.05
(Newsom et al., 2006).

3. Results and discussion

3.1. Qualitative and quantitative overview of all project activity types

Table 2 (with data on all 70 of the VCS validated and verified forest
carbon projects over a five and a half year period) should be useful to
project proponents and developers whom, whether novice or experi-
enced, lack complete information to quickly answer common questions:
where are other VCS REDD+ projects located and who are the parti-
cipants involved?; how common is CCB co-benefit/safeguard validation
and first verification?; which VCS methodologies are most widely em-
ployed for various project activities?; which tree species are typically
planted in A/R/R projects and what forest types are used for other

6 Country-specific CDM definitions of forest land range from 0.05-1.0 HA contiguous
area, 10–30% crown cover, and 2–5 m average tree height.

7 The VCS further categorizes deforestation by its spatial pattern: (1) Mosaic defor-
estation with multiple forest patches less than 1000 HA in an anthropogenic landscape; or
(2) Frontier deforestation with contiguous forest patches and penetrating waterways or
roads.

8 CARs/NCRs commonly address these 12 issues (in alphabetical order): (1)
Appropriate calculation, mensuration, and modelling techniques; (2) Appropriate de-
ductions for impermanence risk buffer, negative leakage risk and calculation uncertainty;
(3) Completeness and format of documentation; (4) Credibility of baseline; (5)
Determination of deforestation drivers; (6) Determination of eligible sinks and sources;
(7) Determination of project length; (8) Engagement with stakeholders; (9) Establishment
of boundaries; (10) Evidence of additionality; (11) Evidence of legal ownership; and (12)
Evidence of project activity implementation.
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activity types?; what is a realistic REDD+ project size by activity type?;
what is a realistic expectation for CO2e offset generation per hectare
per year?; and what percentage of offsets will likely need to be set aside
permanently for negative leakage risk and temporarily for im-
permanence risk?

CCB was most commonly employed in the APD and AUDD project
activity types (applying to 44% and 68% of the projects respectively)
where project activities typically overlap with biodiversity conservation
and socio-economic welfare improvement. In terms of methodologies:
“VM0007: REDD+ methodology framework” was used for all APD
projects; VM0007 and “VM0015: Avoided unplanned deforestation”
were the most popular AUDD methodologies; “AR-ACM0001S:
Simplified baseline and monitoring methodologies for small-scale A/R
CDM project activities” was the most popular methodology for A/R/R
projects; and “VM0010: Conversion of logged to protected forest” was
the most popular methodology for IFM projects. In terms of vegetation:
tropical vegetation dominated nearly all APD and AUDD projects; A/R/
R projects involved primarily fast-growing tree species with commercial
timber value, Eucalpytus spp. and Pinus spp. (32%) or Tectonia grandis
(21%); and temperate forests constituted nearly three-quarters of IFM
projects. Proponents, developers, implementers, and auditors were all
diverse with no single auditing firm accounting for more than 42–66%
of the projects in any one strata.

In terms of median project areas: APD had 4,745 HA; AUDD had the
largest 97,817 HA; A/R/R had the smallest 2,493 HA; and IFM had
7,265 HA. In terms of normalized ex post offset volumes: APD had the
most 39.2 tons CO2e/HA/yr by approximately 13 x due to a temporal
bias of claiming most of the project offsets at first verification; AUDD
had 2.6 tons CO2e/HA/yr; A/R/R had 3.3 tons CO2e/HA/yr; and IFM
had 3.0 tons CO2e/HA/yr. In terms of median leakage risk deductions:
APD had the highest at 12% and all of the remaining project activity
types had 0%. In terms of median impermanence risk buffers: IFM had
the highest at 21% and A/R/R the lowest at 10%.

3.2. Impact: audits significantly reduced offsets from estimated to approved
for A/R/R and IFM project activity types

The total ex ante estimated and ex post approved offset quantities are
listed in the second column of Table 1. In terms of total ex post offsets
during the monitoring period for all 70 projects: APD had 16% of the
total with 3,653,493 tons of CO2e/yr; AUDD projects had the most 79%
of the total with 17,809,975 tons of CO2e/yr; A/R/R had the least 2% of
the total with 336,619 tons of CO2e/yr; and IFM had 3% of the total

with 651,805 tons of CO2e/yr. A/R/R has high direct implementation
costs of planting trees and IFM has high indirect opportunity costs of
foregone historical harvesting, which may explain their lower con-
tributions to the total number of approved offsets.

Only A/R/R and IFM projects demonstrated audit impact in terms of
significant reductions from ex ante to ex post offset quantities (p = 0.03
and p = 0.05, with 71% and 21% reductions respectively). A/R/R
projects with the greatest reductions were Alto Huayabamba in Peru, El
Arriero in Uruguay, and Reforestation in Ghana, where estimated off-
sets were reduced by 78%, 92%, and 76% respectively. Verification
report findings suggest that the downward adjustments were directly
due to the audit process: Alto Huayabamba CARs/NCRs involved an
adjustment downward for a smaller planted project area, an exclusion
of trees less than 1.3 m tall erroneously included, and the replacement
of a more conservative allometric biomass equation for the appropriate
climate zone (moist (> 2000 mm/yr) instead of wet (> 4000 mm/yr));
El Arriero CARs/NCRs involved a more conservative calculation for soil
carbon based on an updated methodology version; and Reforestation in
Ghana CARs/NCRs involved corrections of errors identified in plot re-
measurement, as well as a cap on the maximum number of offsets based
on the long-term project average including planned harvests.

AUDD had the smallest ex post decrease in offsets so that the total
approved with all projects was an insignificant 5% greater than the
total estimated. AUDD projects with the greatest increases from ex ante
to ex post were two projects in Madagascar: Carbon Emissions
Reduction in the "COFAV" (463% increase) and Carbon Emissions
Reduction in the "CAZ" (286% increase). Both projects involved inter-
national conservation organizations working with the national gov-
ernment of Madagascar to enforce protected area boundaries against
encroachment from small-scale swidden agriculture, called “tavy” lo-
cally. With both COFAV and CAZ, the verification reports indicated that
the project activities of boundary enforcement were more effective than
predicted in the PD, and furthermore that the rates of deforestation in
the activity level/baseline reference areas were more rapid than pro-
jected.

Auditors do not calculate offsets independently during verification,
but rather provide critical comments on the basis of the MR. The
Madagascar cases involving adjustments in activity level/baselines re-
lative to projections were common in AUDD MRs, however these ad-
justments (based on expensive remote imagery collection and analysis)
may further isolate project claims from auditor scrutiny. In contrast, in
the two project activity strata where audit impact was significant (A/R/
R and IFM) verification report findings focused on carbon stocks/

Table 3
Positive regression relationships with associated significance (p value) and coefficient of determination (adj. R2) as tests of audit thoroughness. Outcome variables are labeled “y” and
explanatory variables are labeled “x.” See Table 1 for definitions of project activity strata acronyms.

Project activity strata (n = 33) (a) Total number of VCS CARs (y) vs. Total number of hours worked on audits (x), y = f(x)

APD (n = 6) p = 0.01, adj R2 = 0.78
AUDD (n = 13) n/s
A/R/R (n = 9) p = 0.03, adj. R2 = 0.47
IFM (n = 5) p = 0.04, adj. R2 = 0.74

Project activity strata (n = 33) (b) Total number of hours worked on audits (y) vs. Ex ante offset estimates (x), y = f(x)

APD (n = 6) n/s
AUDD (n = 13) p = 0.03, adj. R2 = 0.29
A/R/R (n = 9) p = 0.10, adj. R2 = 0.25
IFM (n = 5) p = 0.01, adj. R2 = 0.88

Project activity strata (n = 70) (c) Total number of VCS CARs (y) vs. Ex ante offset estimates (x), y = f(x)

APD (n = 9) n/s
AUDD (n = 31) n/s
A/R/R (n = 19) p = 0.04, adj. R2 = 0.2
IFM (n = 11) p < 0.01, adj. R2 = 0.7
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emission factors, which can be inexpensively checked in monitoring
plots during verification field audits. Since carbon stocks/emission
factors are more difficult to measure and calculate in naturally-re-
generated tropical forests in APD and AUDD projects relative to planted
A/R/R and temperate IFM projects, we recommend that the VCS make
four changes to its verification report and methodology guidance to
drive greater scrutiny of carbon stocks/emission factors for potentially
greater future audit impact in avoided deforestation projects. First, to
enable quick and accurate comparisons between ex ante and ex post
offsets, the VCS should modify its verification report format so that
auditors are required to assign ex post offsets to full calendar years in
the verification report to correspond to full calendar years in the PD.
Second, the VCS should require that auditors reveal in their verification
reports their sampling plan for emission factor plots re-measured during
field visits, with an explicit emphasis on risk by re-measuring large and
dense trees that can disproportionately affect total project offset cal-
culation (Rifai et al., 2015), followed by emphases on accessibility and
unbiased selection. Third, the VCS should add a methodological re-
quirement that the chosen allometric equations be demonstrably more
conservative that at least one other methodologically eligible equation
option, and thereby empower auditors to scrutinize allometry choice.
Shettles et al. (2016) and Picard et al. (2015) report that 65–70% of
total emission factor error is attributed to modelling error, primarily
from allometric equations, rather than from sampling and measurement
error. Fourth, the VCS should require that the most recent allometric
equation references be used by project developers and proponents, and
thereby further empower auditors to scrutinize outdated references.
Methodologies typically provide extensive guidance on allometric
equations,9 but allometric equations can become outdated between
methodological revisions (for example, Chave et al., 2005 re-
commended in VM0007 has been updated by Chave et al., 2015).

3.3. Thoroughness: audit thoroughness increased with offset estimates for
almost all project activity types

Table 3a shows that the total number of CARs/NCRs are a useful
indirect measure of audit thoroughness as they are correlated with the
total number of hours worked on audits, with both low p significance
values (p = 0.01-0.04) and high adjusted R2 correlations (R2 = 0.47-
0.78). The one project activity strata that was insignificant, AUDD, was
retested in terms of total number of CARs/NCRs including not only VCS
but also CCB. Almost three-quarters of the 11 AUDD projects reported
by the three audit firms included CCB and audit firms aggregated their
CCB and VCS work time. This supplementary analysis for AUDD had a p
value of 0.05 and an adjusted R2 of 0.23.

Table 3b and c show that auditors perceived larger ex ante estimates
to be a primary risk factor for determining the thoroughness of their
audits (both directly in terms of number of hours worked and indirectly
in terms of number of CARs/NCRs identified) in all strata except APD.
In Table 3c (as in a), the AUDD strata was insignificant until we in-
cluded both VCS and CCB CARs/NCRs to get a supplementary analysis p
value of 0.05 and an adjusted R2 of 0.27.

We examined APD more closely to determine why larger ex ante
estimates do not trigger more thorough audits. APD projects had a
median project area in-between other project activity types. But in

terms of median time spent on audits per area: APD had the most
0.12 hrs./HA (range 0.02–0.38); AUDD had the least 0.004 hrs./HA
(range 0.001–0.022); A/R/R had 0.04 hrs./HA (range 0.01–0.12); and
IFM had 0.06 hrs./HA (range 0.01–0.94). In terms of the median
number of CARs/NCRs per project for VCS validation and first ver-
ification from the 70 projects: APD again had the most 54 (range
6–360); AUDD had 35 (range 2–146); A/R/R had 32 (range 1–58); and
IFM had the least 17 (range 4–283). Therefore, APD projects of all sizes
appear to undergo more thorough audits compared to other project
activity types, likely due to auditors thoroughly examining the legiti-
macy of the imminent legal deforestation baselines.

To support continued audit thoroughness weighted by risk, we re-
commend that the VCS lower the threshold in the PD for large scale
offset projects for A/R/R and IFM projects only. The threshold is cur-
rently 300,000 tons CO2e/yr, which is appropriate for avoided defor-
estation projects, but we found that only 150,000 tons CO2e/yr is ex
ante offset mean plus one standard deviation (thus including two thirds
of projects) for A/R/R and IFM activity strata.

3.4. Recommendations for offset buyers and auditors based on impact, and
offset sellers based on thoroughness

Most international voluntary forest carbon offset buyers today are
corporations fulfilling socio-environmental responsibility mandates for
positive publicity (Lee et al., 2017). Those buyers should be drawn to
AUDD projects which often provide unique stories regarding biodi-
versity conservation and socio-economic welfare improvement through
CCB co-benefit/safeguard validation and first verification. However, if
buyers are more interested in offsetting specific quantities of GHG
emissions, those buyers should be drawn to A/R/R and IFM projects
where they are least likely to encounter “hot air” (either intentional or
inadvertent), according to our results on audit impact. Offset sellers,
based on our results on audit thoroughness, could minimize the po-
tential number of CARs/NCRs (for all project activity types except APD)
by making conservative ex ante offset estimates in the PD, thereby re-
ducing project risk from an auditor’s perspective. At the same time,
auditing firms should apply a surcharge based on the number of CARs/
NCRs above medians to force the development of ex ante estimates
which are not only conservative, but also realistic.
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