The Governance of Clean Development
Working Paper Series

Exploring the measurement of sustainable
development in the Clean Development
Mechanism (CDM)

Rachel Killick

+ The Governance of Clean Development
Working Paper 019 - July 2012

University of East Anglia




About The Governance of Clean Development Working Paper Series

The Governance of Clean Development is an innovative research programme, which explores the
actors, institutions, and policy-making processes at the national and international level involved
in promoting clean development, particularly in the area of energy. This research programme is
funded through the ESRC Climate Change Leadership Fellowship scheme and is based in the
School of International Development (DEV) at the University of East Anglia (UEA).

The working paper series, which is open to all academics and policy practitioners, show cases the
latest research and policy thinking on critical issues related to the governance of clean
development.

Please note that the Governance of Clean Development working papers are “work in progress”.
Whilst they are subject to a light-touch review process, they have not been subject to a full peer
review. The accuracy of this work and the conclusions reached are the responsibility of the
author(s) alone and not The Governance of Clean Development Project.

For further information on the Working Paper Series, please contact:

Jon Phillips

International Development,
University of East Anglia,
Norwich NR4 7T]

e: jon.phillips@uea.ac.uk

w: www.clean-development.com

For further information on DEV and International Development UEA, please contact:

School of International Development
University of East Anglia

Norwich NR4 7TJ, UK

T: +44 (0) 1603 592807

F: +44 (0) 1603 451999

E: dev.general@uea.ac.uk

W: www.uea.ac.uk/dev



Rachel Killick | GCD Working Paper 019, July 2012

Exploring the measurement of sustainable development in
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Abstract

This paper explores the consistency of a proposed method of measuring sustainable
development in the Clean Development Mechanism (CDM), with particular reference to
the Gold Standard, a premium CDM label. The research applies a sustainability matrix to
40 CDM and 40 Gold Standard projects to explore the relative influence of different
drivers of sustainable development. The study finds that Gold Standard accreditation
and project host country are the primary drivers of whether CDM projects have
potential to promote a range of sustainable development benefits in this sample. Other
postulated drivers including number of CERs (Certified Emissions Reductions)
generated and project type are found to be statistically inconsistent. The paper
concludes that a set of quantitative measures for sustainable development could
improve transparency in assessments of sustainable development potential.
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1. Introduction
1.1 The CDM

The potential for major climatic changes to negatively impact those in developing
countries has been widely discussed in a variety of scientific, economic and political
arenas (Giddens, 2009). In particular, the United Nations Framework Convention on
Climate Change provides a forum for developed and developing nations to meet and
discuss ways to mitigate and adapt to the impacts of climate change. Nations have
“common but differentiated responsibilities” (United Nations Framework Convention on
Climate Change, 1992:2) to respond to climate change, particularly for reducing levels of
greenhouse gases! emitted into the atmosphere.

This forum led to the creation of the Kyoto Protocol. Ratified in 2005, this legally binds
37 developed countries to reduce emissions to set levels from 2008-12. To enable
countries to meet their targets cost effectively, three market-based mechanisms were
created (United Nations Framework Convention on Climate Change, 1997). Of these, the
CDM in particular has seen significant growth; to date, 4370 projects have been
registered (United Nations Framework Convention on Climate Change, 2012). The CDM
aims to reduce emissions whilst contributing to sustainable development (SD) in non-
Annex | countries (i.e. socially, environmentally, or economically improving the situation
where the project is based; United Nations Framework Convention on Climate Change,
1997). It allows a developed country to claim and sell CERs for an emissions reduction
project they finance in a developing country.

However, the extent to which the CDM achieves these goals has been questioned (Olsen,
2007; Paulsson, 2009). Criticism of the CDM’s contribution to SD is most pronounced in
development literature (e.g. Sutter & Parrefio, 2007). However, on the whole, perhaps
more attention is paid to CDM performance in emission reduction terms. In a bid to
preserve national sovereignty, the country hosting a CDM project has final say whether
that project contributes to their SD priorities (United Nations Framework Convention
on Climate Change, 2006). The sustainable development benefits of projects are not
monitored or rewarded, so in some cases benefits to the local community are minimal
(e.g. Gilberertson & Reyes, 2009); consequently it has been asserted that SD in the CDM
has been sidelined (Newell & Paterson, 2010)

1.2 The Gold Standard

The Gold Standard was created by the World Wildlife Fund to address observed
shortcomings of the CDM (Gold Standard, 2009a). With stricter guidelines on which
projects could qualify to be certified with the Gold Standard label, it was hoped these
premium projects would achieve genuine SD and emissions reductions.

Three main ‘screens’ are employed by the Gold Standard to encourage best practice
CDM projects (Drupp, 2011). First, only renewable energy and energy efficiency projects
qualify for registration with the Gold Standard, on the basis that these projects are
associated with greater SD benefits (Michaelowa, 2005). Second, the Gold Standard
carries out its own, more conservative, assessment of a project’s additionality. Because
additionality involves a complex set of calculations largely independent of the proposed
sustainable development benefits of a project, this will not be explicitly examined in this
paper. Finally, every project applying for registration with the Gold Standard is required
to submit a ‘sustainability matrix’. This checklist approach requires project developers
to state what impact their project has on a range of environmental, social, and economic
indicators (Bumpus & Cole, 2010). Negative scores are not permitted on any SD
indicator, and a net positive score must be attained to achieve Gold Standard
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certification. Sustainability claims are then monitored and verified (Gold Standard,
2011a).

1.3 Gold Standard Screens: a CDM blueprint post-2012?

The Wuppertal Institute (2009) suggest that elements of the Gold Standard’s approach
could be mainstreamed to all CDM projects once the Kyoto Protocol expires in 2012. In
particular, the Wuppertal Institute (2009) and Boyd et al, (2009) suggest that the Gold
Standard’s ‘sustainability matrix’ approach could be mainstreamed. Segregating SD into
indicators or introducing minimum standards would require developers to outline
predicted project impacts, and enables others to critique and compare ‘development
dividends’ (Cosbey et al, 2006). Secondly, many have suggested restricting further
project types viable for registration with the CDM (e.g. Olsen & Fenhann, 2008). Because
the Gold Standard restrict project types, the impact that doing so has on SD benefits can
therefore be examined.

1.4 Is the Gold Standard a genuine improvement on its non-premium counterpart?

Given these suggestions, determining the relative promise of Gold Standard procedures
is vital. To this end, research to date has taken three main directions. First, research has
assessed the potential that a premium label has to engender greater SD (e.g. Godfrey-
Wood, 2011). This is not explored here because the benefits of having a premium label
will always necessarily be felt by a minority; people pay more for a premium label in
part because it demonstrates exclusivity. This paper aims to examine ways to lift the SD
baseline of CDM projects. Second, researchers have considered whether the Gold
Standard’s approach could be mainstreamed (Wuppertal Institute, 2009).

Third, research has explored whether Gold Standard projects have greater SD potential
than non-labelled projects (Nussbaumer, 2009; Drupp, 2011). Nussbaumer (2009)
compares Project Design Documents (PDDs)2 of Gold Standard and non-labelled CDM
projects. Using a sustainability matrix, Nussbaumer suggests that Gold Standard projects
may marginally outperform non-labelled CDM projects in terms of the sustainable
development benefits that they promise. However, Nussbaumer’s small sample (due to
the limited number of Gold Standard projects at the time of analysis) limits the certainty
of his conclusions. Additionally, PDDs state the intent of CDM projects, not their
outcomes; the extent to which these are similar has been questioned (e.g. Gaia
Foundation et al, 2011).

Drupp (2011) extends Nussbaumer’s (2009) research. He attempts to capture SD
differences between typical non-labelled CDM projects and Gold Standard projects.
Using a ‘representative portfolio’, Drupp suggests that project type may be more
important than project accreditation for SD potential (again, Drupp uses PDDs and so
conclusions can only be made for project potential). If Gold Standard projects propose
greater SD benefits then the literature to date suggests that the reasons are not well
understood, and hence that the most appropriate methods to mainstream SD are still
equivocal.

1.5 Gaps in current knowledge

[t remains politically and methodologically unclear whether parts of the Gold Standard’s
procedures could be used as a blueprint for the CDM after 2012. In particular, the extent
to which sustainability matrices accurately capture and encourage SD needs to be
assessed. Drupp’s (2011) conclusions in this regard are associated with an element of
uncertainty. Because Drupp used only a small sample, it could be that his findings are
not generalisable. Second, in order to compare CDM and Gold Standard projects directly,
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Drupp restricted his analysis to PDDs. However, there is more information available in
the Gold Standard to those registering projects. This approach may therefore not prove
as realistic as assessing all literature available to those registering a project.

Third, although Drupp (2011) suggests that project type may be a more significant
driver of SD profiles than Gold Standard accreditation, this was not examined
systematically. It may also be that other project attributes not assessed by Drupp could
drive SD profiles. For example, Drupp’s sample contained CDM projects that varied in
their year of registration, but Drupp did not differentiate according to this. The CDM
methodology has changed significantly over time, and so it could be that SD differences
may be driven by project registration date rather than the stringency of SD indicators
(Schneider, 2007). Finally, the Gold Standard created a new methodology in 2009 to
improve flexibility and efficiency of their procedures (Gold Standard, 2009a); it could be
that SD benefits have since changed. Godfrey-Wood (2011) examines this, but the
methodology is mainly qualitative interviews with stakeholders; a systematic
quantitative investigation could offer a different perspective.

1.6 Research aims and questions

Based on current literature and concerns, this research therefore aims to understand
how assessing and capturing SD may work post-2012 by examining best practice
through the Gold Standard. It focuses on the most fundamental of assumptions that need
to be investigated:

1. Do refinements of Drupp’s (2011) methodology mean that Gold Standard
projects are consistently found to engender greater SD potential than non-
labelled projects?

2. Can other drivers better explain differences in sustainable development
potential between Gold Standard and non-labelled projects?

3. Can the Gold Standard methodology for assessing SD do so effectively for
mainstream CDM projects?

Section 2 outlines the research methodology used to explore the SD potential of CDM
projects. After outlining the approach to data collection, the method used to assess SD
follows, along with sample selection methodology. An outline of data analysis concludes,
with justifications and limitations of the approach discussed. Section 3 examines and
discusses SD profiles of projects. Section 4 compares the relative importance of different
drivers of SD, and Section 5 explores the potential of the Gold Standard methodology for
a post-2012 CDM framework. Finally, Section 6 concludes by discussing the need for
future research in this area.

2. Methodology
2.1 Data collection
2.1.1 Document selection

Data for analysis was collected from all publicly available documents required for
registration with the CDM and Gold Standard, because SD benefits would need to be
highlighted in these documents to be rewarded within the UNFCCC and Gold Standard
framework. Only those available for the whole sample were used to enable valid
comparisons. Gold Standard projects were analysed using PDDs and either the Gold
Standard Annex (Gold Standard, 2006) or Passport3 (Gold Standard, 2009b) depending
upon Gold Standard registration version. Non-labelled CDM projects were assessed
using PDDs.
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Examining both PDDs and Gold Standard Passports/ Annexes is considered here to be a
more accurate method than previous approaches that consider PDDs alone. For each
Gold Standard project analysed, scores on the MCA matrix were logged when just the
PDD was used, then re-rated using the Gold Standard PDD and Annex to determine
whether comparisons could be made with past research. With the exception of
indicators ECO1 (regional economy) and ECO3 (employment generation), all
associations between MATA-CDM scores and documents used to give these scores (PDD
vs. PDD and Gold Standard Passport/ Annex) were not statistically significant. Although
regional economy and employment generation results should be treated with caution,
subsequent analysis used ratings with both PDD and Gold Standard Annex/ Passport
input to utilise the full range of available information.

It should be noted however that project potential does not always match project
outcome, which has implications for conclusions to be made (eg. Subbarao & Lloyd,
2011). Nonetheless, PDD analysis represents standard practice in the literature
(Nussbaumer, 2009), and creates the opportunity for comparisons with other studies.
Finally, the reliability of the comparative study presented here is improved by
examining rating relative to others; efforts were made to keep ratings consistent
(Drupp, 2011). It does however need to be emphasized that this restricts conclusions to
be drawn from this research; conclusions can only be made for project SD potential, not
outcome.

2.1.2 Multi-Criteria Analysis (MCA)

Sutter (2003) identifies four main approaches for assessing SD potential of CDM
projects: guidelines, checklists, negotiated targets, and MCA. The Wuppertal Institute
(2009) have proposed MCA as a suitable way for rewarding SD dividends in a post-2012
framework. MCA appears to be the least prescriptive in what constitutes SD, and so was
used for this analysis to avoid normative assessment as far as possible.

Within MCA, methods mainly differ in weighting of indicators, and how they assess SD
(qualitatively or quantitatively). Sutter’s (2003) Multi-Attributive Assessment of CDM
(MATA-CDM) is judged to offer the most appropriate combination of flexibility and
validity for the analysis undertaken here. This was the same approach taken by Drupp
(2011) and Nussbaumer (2009), and so facilitates comparisons with past research.

When assessing multiple indicators, SD indicators should not be equated; different
indicators will be prioritized as stakeholders see fit (Sutter, 2003). To weight indicator
importance in the present study was judged inappropriate, as value judgments would be
assumed for local host communities, and their SD priorities may not match those of their
host country (Sutter 2003). One aggregate value could imply that negative scores could
be compensated for by positive SD scores on different indicators. Consequently,
although examining aggregate SD potential is standard practice in the literature
(Aleexew et al, 2010), in this instance results would be less objective and oversimplify
findings.

MATA-CDM appropriately offers a range of SD indicators rather than one aggregate, and
has been created after analyzing PDDs, thus enabling differentiation between projects.
Appendix A presents details of the scoring matrix employed. Twelve indicators of SD
were used: four environmental, four economic, and four social (Table 1). These
indicators were scored using a combination of qualitative and quantitative methods.
Each project was given a score from -1 to 1 for each indicator; the higher the score, the
greater the SD potential of the project compared to Business as Usual. Each Gold
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Standard project was rated using just the PDD, then re-assessed using all publicly
available Gold Standard documents, to determine whether comparisons could be made
with past research.

Acronym Indicator

SOC1 Stakeholder participation
SOC2 Improved service availability
SOC3 Equal distribution

SO0C4 Capacity development

ENV1 Fossil energy resources
ENV2 Air quality

ENV3 Water quality

ENV4 Land resource pressure
ECO1 Regional economy

ECO2 Microeconomic efficiency
ECO3 Employment generation
ECO4 Sustainable technology transfer

Table 1: MCA scoring indicators employed.
Source: Drupp (2011)

2.1.3 Sample selection

The Gold Standard Project Registry (1 June 2011; Gold Standard, 2011a) was used to
select all 40 Gold Standard projects that are either registered or issued with credits.
Projects still in the process of applying for registration with the Gold Standard could still
be rejected and conclusions made using these projects could therefore be invalid
(Schneider, 2007). Although using only projects with ‘issued’ status would facilitate
comparisons between potential and outcome, this restricted sample would be too small
for thorough analysis (Hinton, 2004).

The 40 projects forming the non-labelled CDM sample were randomly selected from a
statistically representative pool of non-labelled registered CDM projects, thereby
allowing for some of the inherent variability of the CDM portfolio to be retained
(Fenhann, 2011). Project attributes used to create the proportionally representative
sample were those available from the Risoe CDM Pipeline as of 1st June 2011 (Fenhann,
2011.): methodology, registration date, project submission date, type, size, scale, host
country, and developer, Designated Operating Entity4, PDD author, and number of CERs
generated.

2.2 Data analysis
2.2.1 Statistical analysis

In total then, 80 projects were rated (40 Gold Standard; 40 non-labelled). The statistical
significance of the differences between the datasets has been assessed. Conclusions
presented here could have greater weight than Drupp (2011) and Nussbaumer’s (2009),
not least because a greater number of projects have been included in the sample.
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The most appropriate statistical methodology here would be an ordinal regression; this
could explain how much dataset variance could be accounted for by hypothesized
predictor variables (Norusis, 2011). However, the sample was not large enough to
facilitate valid and useful comparisons using this method (Hinton, 2004). Although
categories could have been aggregated to increase expected frequencies (and therefore
mean an ordinal regression could be used), this would have made it difficult to make any
differential judgements with the data.

Therefore a weaker statistical test has been used, which is valid for categorical data.
Fisher’s Exact Test is used to determine the probability that associations between
projects examined are due to chance. The strength of association between two variables
was also assessed using Cramer’s V. Measured between zero and one, the higher
Cramer’s V, the stronger the association between two variables (Field, 2009). This value
could then be compared for various tests of association. Although many postulated
drivers of SD are interrelated (Cosbey et al, 2006), comparisons can still result in
significant insights.

2.2.2 Statistical test procedure

For the main body of the research, separate analyses were undertaken for eight
hypothesized drivers of associations between SD profiles which would best answer the
research questions set. Fisher’s Exact Test and Cramer’s V were computed for each of
the 12 indicators and postulated drivers (Annex B). Radar graphs or clustered bar charts
showing sample SD benefits were created. Finally, association strengths were visualized,
allowing conclusions regarding relative importance of SD drivers to be made.

3. SD profiles of postulated drivers: multi-criteria analysis (MCA) results

To answer research questions 1 and 2, SD sample profiles grouped by postulated drivers
are examined; consistency of associations are discussed in light of existing research.
Examining differences between drivers according to sample mean SD values offers
immediate insight into differential SD profiles. Radar graphs show sample mean
variation across the main hypothesized drivers of SD and illustrate relative differences
within drivers. However, mean values do not take into account different sample sizes,
and cannot explain strengths of these differences. Tests of association are therefore
applied and discussed below.

3.1 Gold Standard Version

As outlined in Section 1, to determine whether Gold Standard projects have greater SD
potential than non-labelled projects, it is necessary to examine whether differing
methodologies of the Gold Standard engender different SD impacts. However
associations between methodology and every indicator were found to be non-
significant. This may be because the number of projects registered under Version 2 of
the Gold Standard is currently very small (Gold Standard, 2011a). Version 1 projects
score marginally higher on average on more indicators than Version 2 projects (Figure
1). The Gold Standard Foundation created Version 2 in order to increase efficiency (Gold
Standard, 2009a); it could be that ‘SD corners’ are being cut to save time. The current
research is however unable to offer robust conclusions here.

10
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ENV4® g ENV2
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Figure 1: Radar graph showing SD profiles of sample means of Gold Standard projects according
to registration version.

3.2 Project Accreditation

The Gold Standard sample is found to have higher average scores on every indicator
except fossil energy resources (ENV1) (Figure 2). This could be due to Gold Standard’s
conservative additionality assessments (Gold Standard, 2009a); exaggerated claims of
additionality would serve to increase ENV1 scores, but would be less likely to meet Gold
Standard accreditation standards.

Results may suggest that Gold Standard projects emphasise environmental and
economic SD over social, because Cramer’s V values are not as strong for social
indicator. This would counter much of the Gold Standard literature however (Gold
Standard, 2011b); instead the rating scale or information base used could be ineffective
at differentiating with social SD. This is discussed further in Section 5.

SOC1
0.8
ECO4. SOC2
0.6
ECO3 7 S0C3
d
AR = Sample means of non-
/ labelled CDM projects
ECO2 ¢ A0 1S0C4
/A ‘ —Sample means of Gold
Standard projects
ECO1 ENV1
ENV4 ENV2

ENV3

Figure 2: Radar graph of sample means clustered by project accreditation across twelve SD
indicators.

11
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All other drivers below present Gold Standard and non-labelled projects combined.

3.3 Association strengths between postulated SD drivers and MATA-CDM scores

Figure 3 shows significant Cramer’s V values for all postulated drivers that use the same
sample. Results presented in Figure 3 and sample mean MATA-CDM scores shall now be
discussed to answer research questions set. Each of the charts that follow is associated
with a significance test that is displayed in Figure 3.

The higher Cramer’s V in Figure 3, the stronger the association is between that driver
and SD indicator. So for example, in Figure 3, host country has a Cramer’s V score of 0.7
for SOC1, the strongest association on that SD indicator. This suggests that the
association between host country and SOC1 is statistically stronger than any other
potential driver examined. If no Cramer’s V value indicated on Figure 3, any Cramer’s V
value generated was not statistically significant, so results may have been due to chance.

1
ECO4 SOC2

=== Project Accreditation

ReRa 2063 ====Project Scale
s==mHost Country
ECO2 1 SOC4
===Project Type
. ====Registration Year
ECO1 ENVA1
A s===Number of CERs
| generated
ENV4 ENV2
ENV3

Figure 3: Radar graph of Cramer’s V values for significant associations between indicator score
and postulated drivers.

3.4 Project Scale

There is currently debate whether small-scale projects have greater SD potential than
large-scale projects (Cosbey et al, 2006; Olsen & Fenhann, 2008). Figure 4 shows
distributions of sample mean scores by project scale. On average small-scale projects
score higher than large-scale projects against all indicators other than ENV1 (fossil
energy resources), for which the relationship is reversed. ENV1 (fossil energy
resources) has a more direct relationship with CERs, and so is rewarded within the
existing CDM framework regardless of scale.

The Project Scale driver had significant associations on mainly social indicators (Figure
3); these were assessed in terms of presence or absence of promised social outcomes,
rather than the scale of change anticipated. Consequently project scale may be less
important in driving SD than indicated by Figure 4 alone.

12
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ECO3 SOC3
- Sample means of Large-
Scale Projects
ECO2 s50c4 — Sample means of Small-
Scale Projects
ECO1 ENV1

ENV4 ENV2
ENV3

Figure 4: Radar graph of indicator-means of large-scale and small-scale projects.

3.5 Project host country

Because SD priorities are determined by project host country there could be a
significant association between a project’s host country and its SD profile. As Gold
Standard accreditation is not country specific, associations may be blurred. Figure 5
outlines project SD impacts for different host countries. South Africa scores highly on a
relatively consistent basis and Brazil scores lower on the majority of indicators,
particularly when examining significant associations. Associations were significant for
all social indicators, ENV1 (fossil energy resources), and ECO4 (sustainable technology
transfer) (Figure 3).

Disch’s (2010) research supports the present analysis; South Africa generally scores
higher on SD measures than Brazil, except with environmental indicators. Although the
present results do not show this reversed trend, differences between SD scores on
environmental indicators are much lower than other indicators (Figure 6). Disch shows
that host country SD priorities do not seem to influence SD profiles; again, this is
reflected in the current results.nlt also appears that the most developed countries in the
sample (Brazil, Mexico, India, and China) have a lower SD profile when compared to
countries with a smaller share in the CDM portfolio (Fenhann, 2011).

13
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Figure 5: Radar graph of indicator-means of each project host country for twelve SD indicators.

3.6 Project Type

As outlined in Section 1, project type and SD are thought to be associated. However, the
present analysis revealed no consistent results to support this (Figure 6); only around
half of the associations were statistically significant, which had no bias towards an
indicator type (Figure 3). Reasons for these results could therefore be due to indicator
measurement, sample sizes, or project type. This shall be discussed in Section 5.

—Biogas
- Biomass

ECO3, 77 socs  —Energy Efficiency
r X Domestic
- Fossil Fuel Switch

=—=Hydro

ECO2 | | soc4

—Landfill Gas

‘ ——Photovoltaic

ECO1 "ENVA ~Small lowimpact hydro
Solar Thermal Heat

——\Nind

Figure 6: Radar graph of 12 SD indicator scores according to project type sample means.

3.7 Registration Year

14
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As discussed above, SD profiles may vary according to year of registration. Figure 7
visualizes sample mean scores on 12 SD indicators according to project registration
year. The trend seems to be that the most recent the project registration year, the lower
the average SD score.

0.8

0.6 ! ! ® 2005 Sample Mean
2006 Sample Mean

04 ' ' ® 2007 Sample Mean
0.2 | ‘ H 2008 Sample Mean
i l M L 2009 Sample Mean
0 - i 2010 Sample Mean
Vv P Ph
r

MATA-CDM Score

OO !o’\

3 NI 2011 Sample Mean
LSS SO

Figure 7: Bar chart of SD profiles grouped by registration year.

This could perhaps be because SD indicators have become stricter over time.
Alternatively, now project developers have become practiced in implementing CDM
projects, it may be that they no longer feel SD impacts have to be emphasized in PDDs;
earlier in the process there might have been more uncertainty as to how much weight
would be placed by host countries on SD claims.

However, only SOC2 (improved service availability) had a statistically significant
association between registration year and SD profiles (Figure 3). Despite fairly
convincing trends shown in Figure 8 then, these are not robust and consistent enough to
rule out the possibility that they may be due to chance.

3.8 Number of CERs claimed

Aleexew et al. (2010) hypothesise an inverse relationship between number of CERs
generated and the associated SD benefits possible. Figure 8 visualises this relationship
in the present study.

15
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Figure 8: Bar chart of SD profiles clustered by number of CERs claimed (to the nearest 100,000)

As hypothesized, the lower the number of CERs generated, the higher the score.
However this was only on social indicators, ENV3 (water quality), ENV4 (land resource
pressure), and ECO3 (employment generation). An exception on some indicators was for
the project with the highest number of CERs claimed; an energy efficiency project
(Annex B; Fenhann, 2011), which scored relatively well here.

Associations were only significant for three indicators (Figure 3). Of these, there was
generally a positive relationship between SD score and CERs generated, which was not
in the expected direction. However, very little past research in this area (e.g. Olsen &
Fenhann, 2008) assesses the likelihood of their results being due to chance. Literature
may therefore not be robust enough to warrant conclusions made. Nonetheless, the
large number of existing studies (albeit non-statistical in nature) suggesting a trade-off
does suggest that the current research may be in some way flawed.

4. Relative strengths of association between postulated SD drivers and MATA-CDM
scores

Having discussed SD profiles for postulated drivers individually, it is necessary to
explore their relative implications when examined together. Figure 3 is again used to
demonstrate significant associations between a postulated driver of sustainable
development profile and indicator scores. This can generate insights into which drivers
provide a valid base for mainstreaming SD in the CDM.

Sample-mean comparisons demonstrate a variety of potential SD drivers. It would
appear that indicator differences are often consistent in the expected direction, with the
exception of fossil energy resources. As discussed previously, this may be because the
Gold Standard assess fossil energy resource savings differently to the CDM and this
could be influencing results. However to ensure valid conclusions, it is vital that sample

16
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size is taken into account; sample means could be misleading. This is why one needs to
remember there is a relatively small number of significant associations shown in Figure
3, so one should not just look at sample means, as some might be due to chance. This
section compares drivers with one another to determine which account for more
significant variation in MATA-CDM scores.

Section 2 explains why the measure of the strength of association between two variables
is used to weigh the relative importance of different drivers in explaining SD profiles.
Because not every association is statistically significant (Figure 3), comparing the
relative importance of different drivers is a little complex. Because the Gold Standard
combines various postulated drivers of SD, one would expect project accreditation to be
the most consistent driver of SD profiles. This combination hypothetically means that
the Gold Standard captures the highest performing projects in sustainable development
terms. So for example, only certain project types are permitted, the Gold Standard
portfolio has a higher proportion of small-scale projects, which in turn means they are
more likely to claim smaller numbers of CERs; all of these have been previously
demonstrated to be associated at least in part with greater SD benefits.

The main conclusions drawn here are therefore in line with existing assumptions of the
relationship between sustainable development benefits and a variety of associated
drivers. Although conclusions must be made with caution (particularly given the large
number of non-significant associations), it appears that, as anticipated, project
accreditation accounts for the most consistent differences in SD profiles. Surprisingly,
host country results in stronger associations on half the indicators where project
accreditation and host country are significant, but these occur across fewer drivers.

However, project accreditation is not found to unequivocally demonstrate the strongest
association between driver and SD profile. For some indicators, there was no significant
association between accreditation and indicator, but there were associations with other
drivers. For other indicators, association between accreditation and indicator was
significant, but other drivers were stronger. Indicators with associations not supporting
this hypothesis were: stakeholder participation, improved service availability, equal
distribution, capacity development, and water quality (although the latter had no
significant associations for any postulated driver; Figure 3).

It seems that where associations are significant, host country has a stronger association
with social SD indicators, whereas project accreditation has significant associations
more consistently, and is particularly strong for economic SD indicators. The reasons for
this must consequently either be differential priorities of Gold Standard or host
countries, or the way in which information was gathered.

The reasons for this could be either that other drivers (particularly host country) have
greater disparities in whether they emphasise that social indicators should be included
in SD priorities, or that the indicators used do not accurately capture differences in
social development benefits between Gold Standard and non-labelled projects.

As predicted and demonstrated in Section 3.3, project accreditation accounts for the
most consistent differences in sustainable development profiles. Host country has
stronger associations on half these criteria where project accreditation and host country
are significant. However project accreditation is significant across more drivers. It is
surprising that some associations are stronger than project accreditation; these are
mainly on social criteria.
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Registration year only had one statistically significant association, and when compared
with other significant associations, was weakest. Associations were significant between
regional economy and all other drivers except registration year. However, no large
differences were found between association strengths on regional economy, except
project accreditation, which had a stronger association than other drivers. Interestingly,
significant associations tend to be clustered on certain indicators, particularly regional
economy (although project accreditation remained the strongest association).
Associations were significant between regional economy and all other drivers (except
registration year), but there were no large differences between drivers on this
indicators except project accreditation, which had a stronger association than other
drivers.

Associations were not significant between accreditation and any social SD indicator
(Figure 3); this is perhaps unexpected. Gold Standard literature does appear to
emphasise the importance of social development (Gold Standard, 2011b). This would
suggest that perhaps the tool used was not appropriate for capturing social SD as the
Gold Standard frame it, but it was useful in terms of disaggregating by host country.
Given that the Gold Standard generally favour a quantitative approach to measuring SD
(such as requiring that the number of jobs created are listed), whereas host countries as
a rule have more qualitative statement-like indicators, this could explain why these
results were so. This is discussed in relation to a future research questions in the next
section.

4.1 Summary

It can therefore be concluded that project accreditation, as predicted, has the strongest
association with SD potential. There are important exceptions however for social
indicators. The reasons for this could be either that other drivers (particularly host
country) have greater disparities in whether they emphasise that social indicators
should be included in SD priorities, or that the indicators used do not accurately capture
differences in social development benefits between Gold Standard and non-labelled
projects.

The issues raised by this section are clearly complex, and highlight some major issues
with measuring SD in the CDM. However, it can be surmised that examining the strength
of association between drivers does offer great insight into the complexities of capturing
SD, and the dangers of omitting certain project characteristics like project types for
project registration because they are assumed to not result in SD benefits (as, for
example, the Gold Standard does; Gold Standard 2009b).

It appears that project accreditation is associated with significantly greater SD benefits.
Relationships between other drivers are more complex but can be disaggregated. In
terms of mainstreaming sustainable development benefits, it would appear that calls to
focus on certain project types in particular may be misplaced.

The issues highlighted by these results and discussion will now be examined with
relation to the methodology used by the present research, and how useful this would be
in terms of practically assessing SD potential of projects in order to answer other
research questions.

5. Using MATA-CDM to capture and differentiate by SD potential

Having presented and discussed the results generated when using MATA-CDM to
explore consistency of variations in SD profiles of CDM projects, this section addresses
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the final research question, whether the methodology used to assess SD can do so
effectively in a mainstream CDM environment. The main issues raised in the present
study when using MATA-CDM to capture and differentiate by SD impacts of projects are
discussed, with particular relation to whether this methodology would be feasible in a
post-2012 framework, as has been proposed (Godfrey-Wood, 2011). Indicators are used
as illustrative examples of the problems and questions that would need to be raised
when examining in greater detail what SD assessment in a post-2012 framework would
look like.

[ argue below that there may be a trade-off between the transparency of methods used
to assess SD potential, and the extent to which it is holistic and flexible. Given that SD in
the CDM is already critiqued because it is too open to interpretation (e.g. Lohmann,
2006), I suggest that it may be preferable to have indicators which are externally
reliable yet reductionist; these may omit important aspects of SD and prove difficult to
discriminate between projects, but could be vital in restoring the credibility of the CDM
process. This argument is developed by examining issues raised when assessing SD
potential in the present research.

5.1 Information base

Firstly, assessing SD potential using PDDs and Gold Standard Annexes/ Passports is a
problematic process. Often not enough information is included in these documents to
enable one to accurately capture and differentiate by scores on certain indicators used
in the analysis.

For example, SOC3 (equal distribution) proved very difficult to assess because
information is not provided transparently in PDDs. Some countries (e.g. China) have tax
levies on certain project types (Yang et al, 2010). Because this information was not
stated in the PDD, it could not be included in the score given; this indicator in some
instances may not therefore have been an accurate reflection of SD potential.

This has clear implications post-2012; if SD were to be mandated, PDDs would need to
be modified significantly. In addition to being politically difficult and time-consuming,
this would mean that more resources would have to be used training project developers.

5.2 Indicator selection

MATA-CDM has been praised because it uses a range of SD indicators; this is seen as less
normative (Drupp, 2011). However even when commonly accepted indicators of SD
have been identified, deciding the best way to assess progress on these indicators is
problematic. In the present research, it was found that subjective assumptions were
often made in documentation as to what constitutes SD.

For example, Drupp (2011) created a new rating methodology to assess ECO1 (regional
economy). Although also found by the present study to enable easily replicable project
differentiation (indicated by the number of significant associations between this
indicator and drivers in Figure 3), his rating can be seen as inflexible, with implications
for national sovereignty over priority setting. Drupp suggests that the further away a
project is from a community, the lower the SD score should be. However, in the case of
windfarms for example, project proximity could be a disadvantage (Gamboa & Munda,
2007). If mainstreamed, this indicator may disadvantage certain project types.

5.3 Impact levels
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This research argues that in order for SD benefits to be captured and differentiated
effectively and transparently, indicators should specify involvement levels, as opposed
to binary assessments of presence or absence. For example, SOC1 (stakeholder
participation) has a mandatory inclusion in PDDs (Boyd et al, 2007). The Gold Standard
recognize the need for improvement on this particular indicator and mandate two
stakeholder consultations compared to the CDM’s one (Gold Standard, 2009Db).
However, increasing consultation numbers may not improve stakeholder involvement
levels (Arnstein, 1969).

The scoring rationale used for this indicator did examine clear participation levels; it is
suggested that this could be feasible for future use, particularly because several
significant associations were found (Figure 3).

5.4 The SD Business as Usual

For many projects, the SD Business as Usual was not stated in PDDs and so had to be
assumed for scoring. For example, job creation was a commonly stated project benefit.
However, if Business as Usual were to build a coal-fired power station, then jobs would
be created regardless. However, determining Business as Usual could be very time-
consuming. Additionally, stating a counterfactual situation in order to claim financial
rewards has already been critiqued with respect to emissions reductions (Schneider,
2009).

5.5 Qualitative vs quantitative indicators
5.5.1 Qualitative SD indicators

Qualitative indicators are problematic because they are more difficult to monitor and
verify and hence are more open to interpretation. SOC4 (capacity development) was
assessed qualitatively; it is a multi-faceted, complex dimension. However the scoring
rationale used (Annex A) had no explicit definition of what this would constitute.
Financially rewarding this in the UNFCCC framework would imply some level of
measurement. However, this does retain host country sovereignty. With no clear
definitions and indicators set, the reliability of such indicators and their verification by
third parties could be questionable., particularly because this could mean social benefits
are easier to promise.

5.5.2  Quantitative indicators

However, quantitative assessments of SD also have their problems. ENV4 (land resource
pressure) was modified for the present study because the process of assigning a rating
was judged to be unsystematic. Despite this however, there was only one significant
association on this indicator here (Figure 2). This may be because environmental impact
assessments in PDDs were fairly formulaic, and so provided little means to disaggregate
between projects. This has clear implications; by stating which SD impacts can be
included and how they should be measured, there is a risk that all PDDs will state the
same impacts and so limit the ways in which they can be financially rewarded, and limit
innovation.

5.6 Political volatility of defining indicators

SD registration requirements may mean host countries lose their national sovereignty
(Boyd et al, 2009). This could mean significant political divisions regarding how to
define SD. For example, ECO4 (sustainable technology transfer) is currently used in the
CDM framework. As Das (2011) found, varying definitions of technology transfer are
used in PDDs; this may lead to difficulties in terms of differential financial rewards.
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5.7 Summary

[ argue that although quantitative indicators may overlook important aspects of SD, for a
mechanism known to be open to abuse, specifying precisely what constitutes SD is of
primary importance at this stage.

Host countries can still maintain control by specifying their own benchmarks for scores
on these indicators, and any additional requirements for registration. Given however
that the CDM has previously seen limited engagement with SD by host countries, it is
more probable that certain minimum mechanism-wide standards would have to be set
for SD (perhaps a ‘do no harm’ approach). If SD were then financially rewarded, there
would be a greater incentive to improve on this minimum standard.

Although the inclusion of some indicators is open to question, this doessuggest that
MATA-CDM could be a way forward for the CDM post-2012, particularly as it is flexible
enough to allow host countries some autonomy over what they see as SD.

6. Conclusions
6.1 Research summary

This research aimed to explore to what extent current efforts to measure and improve
SD in the CDM have been successful. A potential way forward for assessing and
capturing SD impacts of CDM projects once the Kyoto Protocol expires in 2012 could
then be highlighted.

To do so, three main research questions were set: these aimed firstly to improve current
research regarding relative potential of Gold Standard and non-labelled CDM projects.
Having done so, consistency of proposed drivers could then be investigated with a view
to exploring whether they could be encouraged post-2012. Throughout this research,
the importance of the methodology used became clear; this is vital in capturing SD.
Issues raised when using the present methodology were therefore explored.

Although many issues were raised with this exploratory research, some of the main
conclusions supported existing literature. This analysis aimed to update and extend
preliminary research undertaken by Nussbaumer (2009) and Drupp (2011) and has
broadly supported their findings. Gold Standard projects generally capture greater SD
benefits than non-labelled projects. However, the robustness of some of these
associations is open to question; generally speaking, economic and social indicators
were more easily differentiated than environmental indicators. Interestingly, differences
between Gold Standard versions 1 and 2 were not significant on the whole; this may
suggest that the Gold Standard has achieved its aim of improving efficiency without
compromising SD.

It has been suggested that encouraging certain project attributes may engender greater
SD in the CDM. However, the present research found that associations between many
drivers were not as robust as previously thought, particularly in the case of project type.
Despite current suggestions that host country influence may have a negligible impact on
SD profiles (Schneider, 2007), the present study found that, after project accreditation,
this had the strongest association with indicator scores, particularly for social
indicators.

This highlights the second main issue highlighted by the present research; it is vital to
see measurement and outcome as inextricably linked. Social SD indicators used here did
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provide ways for assessors to disaggregate between projects. However, these
differences are argued to be subjective and difficult to replicate objectively; often they
do not quantitatively assess the impact of a project, and if they do so, only look at the
presence or absence of an indicator, rather than levels of impact. If MATA-CDM were to
be used post-2012 to assess SD, these indicators would largely be open to interpretation
by stakeholders, and would not be transparent.

This paper therefore argues that, if SD were to be assessed on a wider scale post-2012,
MATA-CDM could be useful in doing so. However, contrary to other existing opinion (e.g.
Olsen, 2007), it is argued that it is actually more beneficial in this regard to have
minimum quantitative indicators that need to be met, rather than all-encompassing
statements such as “a significant contribution to capacity development” which may not
be externally verifiable. Although this means it may be more difficult to discriminate
between projects, | argue this is preferable because it is more transparent.

Agreeing on minimum standards for SD indicators would obviously be very difficult
politically, particularly if these are not as open to interpretation as they are currently.
However, [ argue that having politically feasible indicators precisely because they leave
the mechanism open to interpretation would actually lend a false sense of legitimacy to
the CDM process. Any asserted progress regarding SD in the CDM, without quantitative
indicators, could be seen as redundant. A possible solution would be to have a ‘do no
harm’ approach, with agreed quantitative indicators; any improvement upon this
baseline situation could be left to host country national sovereignty.

6.2 Further research

This paper has examined and highlighted issues regarding the most appropriate way to
capture SD in the future, if one accepts that mainstreaming sustainable development
benefits in non-labelled CDM projects will require dealing with project developers that
may not be as well-intentioned as those seeking Gold Standard accreditation, and that
resources may not be as plentiful.

Explicitly examining distributions of scores along indicators and significant
standardized residuals would be of value in examining why the Gold Standard scores
better on the MATA-CDM matrix than non-labelled CDM projects: is this because they
are consistently higher, or because there are a few exceptionally high scoring projects,
for example? Due to the time-consuming nature of results gathered, this was beyond the
scope of this paper. This research could also be updated, as the number of registered
projects in the Gold Standard portfolio has increased substantially. This could mean that
ordinal regression could be a viable research method.

Examining project outcome rather than potential is also vitally important. One could
argue that if project outcomes were no different between Gold Standard and non-
labelled CDM projects, then there would be little point in examining in more detail how
to assess SD potential of CDM projects.

[ argue that research would do well to consider the value of determining statistical
significance of results (this could be done on existing research too); the present research
does suggest that previous conclusions regarding SD differences may have placed too
much weight on their data, particularly given small sample sizes.

This research provides an exploratory starting point in suggesting that SD indicators

should be quantitative and easily replicable. Future research would need to examine
how this would be received by stakeholders in practice, and additionally whether the
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experiences of the current research are replicated with larger samples. Particularly
valuable would be comparing non-labelled CDM projects with greater sample sizes to
determine the consistency of these indicators; in many instances sample sizes were too
small to result in statistically significant conclusions.

6.3 Summary

This paper had an overall goal: to greater understand how assessing and capturing SD
may work in a post-2012 framework, building on current practical and academic efforts
examining best and most feasible practice.

The paper has suggested that there is something to be gained from understanding the
way in which the Gold Standard operates, as it does appear to capture greater SD
benefits than non-labelled CDM projects. Indeed, this does not seem to be exclusively
due to encouraging project type, as Drupp (2011) suggests. The current research
focused on examining SD potential, using a methodology previously suggested to be a
valid way of assessing SD.

Results generated suggest that to capture and differentiate between CDM projects in SD
terms, indicators along a variety of indicators are desirable in order to maintain the
ability of host countries to prioritise their own SD needs. However, contrary to existing
research, [ suggest that indicators should be quantitative in nature. Although this will
omit aspects of SD, this will be done in a more transparent manner, and will enable host
countries to set qualitative indicators. Academic literature could focus on examining the
consistency of these associations, as conclusions are often made without expressing how
small sample sizes limit research; it is hoped that the present study has demonstrated
this need.
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1 Atmosphereric gases which absorb infrared radiation (Harvey, 2000).

Z’Emissions Reductions’ within the United Nations Framework Convention on Climate Change
and this paper exclusively refer to decreasing levels of anthropogenically emitted greenhouse
gases (United Nations Framework Convention on Climate Change, 1997)

3United Nations Framework Convention on Climate Change project outlines required for
registration with the CDM.

4DOEs are organisations approved for verifying or rejecting PDDs according to CDM guidelines
(Boyd et al. 2007).
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Annex A: MCA scoring criteria and rationale employed

Acronym Indicator

Score

Scoring Rationale

SOC1 Stakeholder
participation

SOC2 Improved service
availability

SOC3 Equal
distribution

SOC4 Capacity
development

ENV1 Fossil energy
resources

ENV2 Air quality

+.25

tC, —1C,

CER*0.744

If stakeholders can participate actively in the
decision process

If stakeholders are invited to give inputs and
raise concerns

If stakeholders are informed
If stakeholders are only informed upon request

If stakeholders are not involved at all; no access
to data is possible

For each service access is gained or lost
compared to BaU; this includes compensation for
loss of land.

If the largest fraction of the profits from CER
revenues flows to the poorer 50% of the host
country population (e.g. the project owner is a
small producer, local association)

If the largest fraction of the profits from CER
revenues flows to the host country population
(e.g. the project owner is a corporation of the
host country, a host country owned entity)

If the largest fraction of the profits from CER
revenues flows to people outside the host
country (e.g. the project owner is an
internationally held corporation)

If the project activities reduce revenues of the
host country.

If the project activities reduce revenues of the
poorer 50% of the host country population

If significant increase in opportunities for
capacity development

If moderate increase in opportunities for
capacity development

If no change compared to baseline

If moderate decrease in opportunities for
capacity development

If significant decrease in opportunities for
capacity development

Where: tC : tons of coal equivalent per year
used by baseline; tCp : tons of coal equivalent
per year used by project

If directly improving air quality in local
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ECO2

ECO3
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Water quality

Land resource
pressure

Regional
economy

Microeconomic
efficiency

Employment
generation

.75

.25

1
(IRR/10) - 1
-1

Jp-J,
CER*0.22

households

Ifincrease or decrease in gases (other than those
CERs have been claimed for)

Ifincrease or decrease in odour
If no change compared to baseline

Significant decrease of pressure on the water
supply

Water quality stated as ‘improved’ compared to
BaU; moderate decrease of pressure on the water
supply

No change compared to baseline

If water sprayed to mitigate dust pollution
during project operation

Moderate increase of pressure on the water
supply

Significant increase of pressure on the water
supply

For each land resource pressure that changes
compared to BaU

If no change compared to baseline
If project is located on infertile or barren land
If project is located on occupied land

If located in poor rural community or if
otherwise stated that location is economically
disadvantaged

If located in village/ rural area (if located in
factory in rural area also)

If located in town/ low income suburb
If located in suburb

If located in city, industrial zone, factory, or oil
field offshore

If Internal Rate of Return (IRR) = 20%
If 0% < IRR > 20%
IfIRR<0

where: /p: man-months created by the project;
Js: man-months created by the baseline case.
CER: average annual CERs. Following Drupp’s
example PDD analysis, If stated that “indirect
opportunities” would be created, value is divided
by seven. If number of jobs created not
quantified, a minimal nominal value of one or
two jobs assumed.
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ECO4 Sustainable A flexible definition of technology transfer was adopted; although
technology the UNFCCC specify technology transfer should be international,
transfer no standardized definition of the term exists in PDDs (Das, 2011)

and so the same definition was used as contained in the PDD.

1 If the technology is innovative and the capacity
exists locally to maintain and manage it

.5 If the technology is innovative but external
assistance is required to develop local skills
0 If there is no technological transfer or the

innovative technology requires durable
external assistance

-5 If external skills must be imported and the
project creates dependence

-1 If the new technology cannot be maintained
and managed in the long-term

Source: Adapted from Drupp, 2011 (adaptations in italics)
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Annex B: Fisher’s Exact Test and Cramer’s V values for associations between 12 SD
indicators and six postulated drivers

Criteria  Driver Fisher’s Exact Value Cramer’s V Significance Level
SOC1 11.19 .38 p=.05
SOC2 10.23 .37 p=.05
SOC3 g 8.95 .35 p<.05
SO0C4 E 3.98 22 p<.05
ENV1 5 60.87 91 p=.05
ENV2 5 15.83 45 p=.05
ENV3 < 9.37 .35 p<.05
ENV4 3] 33.35 .67 p=.05
ECO1 = 46.28 76 p=.05
ECO2 & 73.80 99 p=.05
ECO3 55.02 .84 p=.05
ECO4 26.89 .57 p=.05
SOC1 12.51 43 p <.05
SOC2 11.29 .39 p<.05
SOC3 13.89 44 p<.05
SOC4 ® 5.84 .26 p=.05
ENV1 s 15.05 43 p<.05
ENV2 b 4.10 24 p=.05
ENV3 3 8.39 34 p=.05
ENV4 E 20.69 .55 p=.05
ECO1 19.58 .51 p <.05
ECO2 60.14 .90 p=.05
ECO3 40.50 .73 p=.05
ECO4 8.69 .33 p2.05
SOC1 138.36 71 p <.05
SOC2 86.19 .54 p <.05
SOC3 125.96 47 p <.05
S0C4 o 70.99 .57 p<.05
ENV1 a‘é 146.02 .67 p<.05
ENV2 5 135.68 .33 p2.05
ENV3 > Fisher’s Exact Test timed out

ENV4 é Fisher’s Exact Test timed out

ECO1 60.25 48 p <.05
ECO2 1607.12 .73 p=.05
ECO3 979.90 .60 p2.05
ECO4 144.62 42 p<.05
SOC1 124.38 48 p<.05
SOC2 109.29 47 p<.05
SOC3 Fisher’s Exact Test timed out

SOC4 ° 60.76 .52 p<.05
ENV1 I~ 141.47 .61 p<.05
ENV2 & 143.29 44 p<.05
ENV3 3 Fisher’s Exact Test timed out

ENV4 E Fisher’s Exact Test timed out

ECO1 76.36 .54 p<.05
ECO2 Fisher’s Exact Test timed out

ECO3 Fisher’s Exact Test timed out

ECO4 138.94 46 p <.05
SOC1 ° 30.11 24 p2.05
soc2 5 5 38.73 35 p<.05
soc3 7 > 33.87 28 p=.05
S0C4 = 17.12 .29 p=.05
ENV1 == Fisher’s Exact Test timed out
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ENV2 Fisher’s Exact Test timed out
ENV3 Fisher’s Exact Test timed out
ENV4 Fisher’s Exact Test timed out
ECO1 29.56 .33 p=.05
ECO2 Fisher’s Exact Test timed out
ECO3 Fisher’s Exact Test timed out
ECO4 Fisher’s Exact Test timed out
SOC1 130.01 .58 p=.05
SOC2 = 110.86 41 p=.05
SOC3 F.ac; 118.27 .57 p<.05
SOC4 5 54.30 49 p=.05
ENV1 g 130.64 74 p<.05
ENV2 2’ 170.68 65 p<.05
ENV3 = Fisher’s Exact Test timed out
ENV4 5 Fisher’s Exact Test timed out
ECO1 = 70.31 48 p <.05
ECO2 —g Fisher’s Exact Test timed out
ECO3 = Fisher’s Exact Test timed out
ECO4 = 159.56 36 p<.05
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