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Positionality and Framing Statement 
 
We acknowledge that we are conservation scientists, and that this positionality affects our 
analysis and interpretation. Our authorship group is a diverse mix of social and natural scientists. 
We each bring varied perspectives to this work based on our personal and professional 
experiences, which include citizenship with Western Band Cherokee Nation (B.F.), years of 
living and working in partnership with Indigenous communities (Á.F-L, B.F., S.G.), numerous 
engagements with governments, corporations, civil society groups, Indigenous Peoples, and local 
communities on development projects and environmental impact mitigation policy and practice 
(C.M.K, J.K), Honorary Membership in the ICCA Consortium (Á.F-L); and recently, data 
sharing and collaboration with the ICCA Consortium in relation to the inputs and findings related 
to our analysis 1,2, which involved consultation with Indigenous Peoples’ representatives (B.F., 
C.M.K). We are aware that our framing is primarily from a conservation lens, and that our 
measure of development threat is situated and partial. Although we prioritize threats to the 
ecological condition of Indigenous lands in our paper, we understand that Indigenous Peoples 
might value their lands and weigh the threats they confront very differently. We also understand 
the collective rights of Indigenous Peoples to their lands to be a fundamental human right, 
irrespective of their contribution to conservation interests. Despite the diverse values and 
priorities attributed to Indigenous lands, we posit that external encroachment by industrial 
development has the potential to impinge on all of them negatively. In this paper, we have 
mapped where industrial development is most likely to occur and identify investments and 
strategies that might be taken by actors wishing to support Indigenous Peoples in realizing self-
determined development trajectories compatible with their well-being and continued 
stewardship. 

We also note that referring to the Indigenous Peoples with the shorthand “IP” might be seen as 
problematic and arcane 3. We respect and acknowledge the effort associated with the 
development of UNDRIP and recognize that Indigenous Peoples are not a homogenous and 
generalized group of people, but sovereign and unique Nations of Peoples with different values 
and priorities. We assure our readers that our use of IP in the paper is purely operational to 
reduce word length per journal requirements. 

Glossary of Key Terms 
 

Term Definition Source 
Authority Contexts that strengthen and secure IP rights and decision-

making authority. 
 

LandMark 
Indigenous Legal 
Security Indicator 
(2018) 4; World 
Bank Political 
Stability Indicator 
(2018) 5 

Capacity Contexts that promote the capacity for meaningful IP 
engagement and representation in decision-making processes. 

World Bank Control 
of Corruption 
Indicator (2018) 5; 
World Resources 
Institute 
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Environmental 
Democracy Indicator 
(2015) 6 

Development 
pressure 

Pressure from renewable energy, oil and gas, and agriculture 
based on the relative suitability of Indigenous lands for 
expansion by these industrial sectors.  

Oakleaf et al. (2019) 
7; Oakleaf et al. 
(2020) 8; Zhou et al. 
(2019) 9 

Ecological 
condition 

Proxy measure of the ecological integrity of Indigenous lands 
derived from the global human modification map, which 
measures the extent of human modification by activities 
ranging from human settlement to agriculture, transportation, 
mining, and energy production. Low modified lands are those 
areas with low mapped human influence but are not 
necessarily free from human presence nor exclude traditional 
or subsistence land uses by IP communities, such as shifting 
cultivation, agroforestry, hunting, or harvesting of flora and 
fauna. 

Kennedy et al. 
(2018) 10; Kennedy 
et al. (2019) 11 

Indigenous 
Peoples (IP) 

Indigeneity is usually deliberately ill-defined given the 
variation in circumstances under which people may choose to 
self-identify as Indigenous. The principles of Indigeneity 
adopted here are consistent with those of the International 
Labour Organisation Indigenous and Tribal Peoples 
Convention 1989 (No. 169) Article 1 of which describes 
Indigenous Peoples as: “peoples in independent countries who 
are regarded as indigenous on account of their descent from 
the populations which inhabited the country, or a geographical 
region to which the country belongs, at the time of conquest or 
colonisation or the establishment of present state boundaries 
and who, irrespective of their legal status, retain some or all of 
their own social, economic, cultural and political institutions. 
See Garnett et al. (2018, Suppl. 1. for more detail). 

Garnett et al. (2018) 
12; International 
Labour Organisation 
Indigenous and 
Tribal Peoples 
Convention (No. 
169) (1989) 13 

Support Contexts that provide capital and support for IP-led 
conservation and sustainable development.  
 

United Nation’s 
Development 
Program Human 
Development Index 
(2018) 14; 
AIDDATA’s 
Investments in 
Sustainable 
Development Goals 
(2013) 15 

Threat Pressure from industrial development on the ecological 
condition of Indigenous lands. 

This study 

Risk The development threat to Indigenous lands considering its 
ecological condition and its national socio-economic and 
political context; used to indicate the potential for negative 
impacts from industrial development occurring without IP’ 
consent due to contexts that diminish their authority, capacity, 
and support. 

This study 
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Supplementary Methods 
 
CREATION OF URBAN DEVELOPMENT PRESSURE MAP 
 
We created the urban development pressure map (urban DPI) based on global urban growth 
probabilities for 31 years at approximately the same resolution as the other DPIs (30 arc-seconds, 
~1-km). These probabilities were based on the SLEUTH urban growth model that accounts for 
slope, land cover, excluded regions (i.e., protected areas, water bodies), urban land cover, 
transportation, and hill shade, and were calibrated based on the historical distribution of global 
population from LandScanTM (Oak Ridge National Laboratory: 
https://landscan.ornl.gov/landscan-datasets 9. Similar to the other Development Potential Indices  
we removed all currently designated urban areas7 and existing (non-urban) built-up areas9. We 
then summed urban growth probability values across the 31-year time interval, resulting in 
values ranging from 1 (1% probability of expansion in 2050) to 3100 (100% probability of 
expansion for all 31 years). Given the right-skewed distribution of these data (skewness = 
4.3619), values were log transformed and scaled using min-max normalization. 
 
AUTHORITY-CAPACITY-SUPPORT INDEX FORMULATION 
 
There are many approaches to the construction of vulnerability and capacity-type indices 
employed in environmental and natural hazards risk assessment 16. We took a frequently used 
hierarchical, additive approach to create a composite index from subcomponent indices of pre-
determined importance to community-based conservation and sustainable development 17–20. We 
have defined our index as one that characterizes the national-level, political, social, and 
economic context in which Indigenous Peoples are embedded that influences their authority, 
capacity, and support for continued stewardship. This construct was informed by previous 
frameworks that identify key components of successful strategies and enabling conditions for 
supporting Indigenous Peoples in achieving positive outcomes for people and nature as those that 
strengthen tenure security, build capacity, create effective multi-stakeholder platforms for 
decision-making and provide sustainable economic opportunity 21–27. The index has the 
following construction: 
 

ACSi = geomean (Authority geomean (Ind1:2); Capacity geomean (Ind1:2); Support geomean (Ind1:2)) 
 

[eq. 1] 
 

As shown, the ACS Index is a geometric mean of three dimensions or sub-indices (Authority, 
Capacity and Support) a. In turn, each sub-index is a geometric mean of the underlying indicators 
selected to proxy for it. Construction of the index and choice of computation methods (arithmetic 
vs. geometric means) was aligned with the approach taken by others 28.  Supplementary Figure 1 
outlines the candidate indicators considered, while the text provides their definitions and a brief 

 
a Each dimension is equally weighted, which is the most common approach, although it is acknowledged that there 
is flexibility in assigning variable weights based on expert judgement and/or theoretical and empirical support 59. 
 

https://landscan.ornl.gov/landscan-datasets
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justification for their selection based on hypothesized importance b. Given that the sources of 
individual indicators were diverse, and their original units and ranges of measurement varied, 
each individual indicator was processed in advance of its use in calculating the sub-index. 
Typical processing considerations for individual indicators include transformation, reflection, 
and scaling (i.e., data normalization). Certain indicators required transformation to address 
outliers and achieve normality. Certain indicators also required reflection to align their valence 
(or cardinality) to the dimension represented (e.g., Authority). All indicators were rescaled to 
standardize their various units and ranges to a measure ranging from 0-1.  
 
To illustrate the process applied to each indicator, The Fund for Peace recently released a 2019 
State Fragility Index, which was one of several indicators considered for the Authority sub-
index. The raw values of this index range from 16.9 to 113.5, with higher values indicating 
greater state fragility. Descriptive statistics were calculated to examine the distribution of the 
index, including its mean (μ = 67.3), standard deviation (σ = 24.0) and skewness (ν = -0.35). 
Skewness, a measure of the asymmetry of the distribution of the indicator can be positive or 
negative, and was calculated in Excel using the skew.p function defined as follows: 
 

ν =  
1
N �

  χi −  χ 𝜕𝜕  
σ  

N

i = 1

 [eq. 2] 
 

 
A skewness value of zero implies symmetry. Although more formal tests of normality exist, 
others have used visualization of histograms and a rule of thumb to define skewness values (ν ± 
2.0) as indicative of a substantial departure from normality 29,30. We adopted this approach but 
use a more stringent threshold of (ν ± 1.0) for non-normality.c By this measure, transformation is 
not necessary for the State Fragility Index (ν = - 0.35) d.  However, given the indicator’s valence 
(e.g., higher values = more fragile states), reflection was required to flip the scale of this 
indicator to allow it to be additive with respect to authority (e.g., higher values = less fragile 
states = greater security or rights and decision-making authority). Lastly, this reflected indicator 
was scaled between 0 and 1 using min-max data normalization: 
 

χ′ =
χ −  χmin 

 χmax −  χmin   
 

 
[eq. 3] 
 

 
b Sub-indices were calculated from a set of equally-weighted indicators using geometric means similar to what has 
been employed by others28. Use of other methodologies could allow for weighting the contribution of individual 
indicators to the subcomponent score using an Unobserved Components Model (UCM), such as done with the 
World Bank’s World Governance Indicators5. 
c Formal tests of normality, including density plots, qq-plots and Shapiro-Wilk’s test were also conducted on the 
indicators though our method of index computation does not require normality. These data explorations suggest 
some differences from normality despite our rule of thumb skew test.  Implications of this have been addressed in 
our choice of correlation statistic (non-parametric spearman’s rank), and choice of reporting ranks and medians over 
means. 
d Other indicators with more significant positive or negative skew require transformation (no outliers were 
removed). This additional processing step was required for the conservation spending and sustainable development 
goal spending datasets. For example, the former had a significant positive skew of 13.35, due largely to outlier 
spending on biodiversity conservation in the United States ($7.8 billion) compared to the global average ($77 
million). For both datasets, log transformation was applied (ln(x+1)).  
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This process results in a finalized dataset for State Fragility that has been reflected and scaled 
with respect to the dimension of authority so that values approaching one represent a less fragile 
state with greater potential for consistent legal security over the lands and resources controlled 
by Indigenous Peoples. Once all indicators were similarly processed, the Authority sub-index 
(Authorityi) was calculated as the geometric average of its normalized indicators e. Once all sub-
indices were calculated in this manner, a geometric mean of the three sub-indices was calculated 
for the final ACS Index score (all sub-indices must have been present for the calculation). This 
resulted in an ACSi = 0 for countries with less favorable contexts for continued Indigenous 
stewardship, and ACSi = 1 for those with more favorable contexts. Ranks were also assigned for 
all sub-indices and the final index so that a rank = 1 is assigned to the country with the most 
favorable context (e.g., strongest and most secure IP rights and decision-making authority; 
highest capacity for IP engagement and representation in decision-making processes; and most 
capital and support for Indigenous-led conservation and sustainable development).  

 
e Geometric means calculation cannot be made on datasets containing zeros. Adding one to each indicator value was 
required to calculate the geometric mean. One is then subtracted from the result. Calculation of the sub-index 
requires at least one or more indicators. 
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Supplementary Figure 1: A schematic representation of the ACS Index framework, its sub-
indices and candidate indicators. Processing steps of transformation (t), reflection (r) and 
normalization (n) are shown in parentheses. 
 

AC
Si

AUTHORITY 
Contexts that strengthen 
and secure IP rights and 

decision-making authority.

Indigenous legal security (r,n)

State fragility (r,n)

Political stability (n)

CAPACITY
Contexts that promote the 
capacity for IP engagement 

and representation in 
decision-making processes.

Voice and accountability (n)

Control of corruption (n)

Rule of law (n)

Environmental democracy (n)

SUPPORT
Contexts that provide 

capital and support for IP-
led conservation and 

sustainable development. 

Human development (n)

Multi-poverty (r,n)

Regulatory quality (n)

Government effectiviness (n)

Conservation spending (t,n)

Sustainable dev. goal investments (t,n)
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INDICATOR SELECTION 
 
The selection of indicators corresponding to each sub-index required identification of publicly 
available datasets from reputable or published sources that provide global extent, are relatively 
recent, applicable to the concept in question, and with theoretical and empirical support or broad 
utilization in similar analyses. Initial scoping resulted in the identification of candidate indicators 
from various sources widely employed in vulnerability, capacity, and conservation-likelihood 
mapping. All are national-level datasets f.  Sources considered for index construction included 
LandMark 4, Fund for Peace 31, World Bank-World Governance Data 32,33 , United Nations 
Development Program-Human Development Data 14, World Resources Institute (WRI) 6, 
repositories of data on global conservation spending managed by the Proceedings of the National 
Academy of Sciences 34, and sustainable development goal spending managed by AIDData 15. 
These sources provided national-level data that represent the various political, social, and 
economic contexts with hypothesized potential to affect the authority, capacity and support 
needed for continued Indigenous stewardship. With exception of the LandMark indicator of IP’ 
legal security, all are non-specific to IP, which are often the most marginalized communities, but 
it is expected that relative patterns across countries will hold and represent the larger-scale 
conditions that can effect localized outcomes. 
 
The process of index construction began by pruning this set indicators. A preliminary test of 
indictor reliability and subsequent correlation analyses were used to guide the indicator pruning 
process.  It is important to note that pruning based on statistics alone is insufficient, thus our 
pruning included expert judgment to retain those with the strongest theoretical and empirical 
support.  The stages of this process are described below. 
 
Test for indicator reliability 
 
Cronbach’s alpha (α) g is a widely-used statistic in the social sciences and has been used 
specifically in the case of social vulnerability and capacity index construction to explore whether 
indicators selected to proxy for a specific dimension seem to measure the same thing. Thus, the 
statistics presented here can be considered a test for indicator reliability. Cronbach’s alpha (α) is a 
measure of internal consistency, or how closely-related a set of items (in this case individual 
indicators of a sub-index) are as a group h. This measure was calculated for the initial suite of 
indicators selected to represent each sub-index (Authority, Capacity or Support). This calculation 
does not provide justification for the use of selected indicators or assistance with the pruning 
process; but it does provide a coefficient of reliability for the suite of indicators we considered 
and can be used to suggest a level of confidence in their representation of a sub-component. 
Higher values are indicative of greater internal consistency across the suite of candidate 

 
f The ACS Index is currently constructed around national-level public datasets. The same index approach and 
methodology could be used with sub-national or regional indicators where information exists. 
 
g The statistics presented here were calculated manually in Excel and can also be calculated in R using the R 
package: cocron 60 An alternate term used for this statistic is “tau-equivalent reliability” (ρτ).   
 
h https://data.library.virginia.edu/using-and-interpreting-cronbachs-alpha/ 

https://data.library.virginia.edu/using-and-interpreting-cronbachs-alpha/
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indicators, and thus greater confidence in their use as a set for averaging a sub-index score. This 
statistic is defined as follows: 
 

α =
 𝑘𝑘 × 𝑐𝑐  

𝜐𝜐 + (𝑘𝑘 − 1)𝑐𝑐    

 
where: 

𝑘𝑘 refers to the number of scale items 
𝑐𝑐 refers to the average covariance between items 
𝜐𝜐 refers to the average variance of each item 

 
[eq. 4] 

 
Cronbach’s alpha values for the suite of indicators comprising each sub-index were as follows: 
Authority (α = 0.742), Capacity (α =0.848), and Support (α = 0.889). The guidance in 
Supplementary Figure 2 can be used to interpret these scores. 
 

 
Supplementary Figure 2: Commonly used thresholds for the interpretation of Cronbach’s alpha 
(α). 
 
Authority indicators have “acceptable” internal reliability, while Capacity and Support indicators 
have “Good” internal reliability.  Using a typical cut-off of α > 0.70 as our threshold, all the 
indicators we included are reasonable proxies of the themes or dimension for which they were 
selected. While useful in providing a measure of internal reliability, higher Cronbach’s alpha 
values can sometimes suggest correlations (and redundancies) among the suite of indicators 
selected. In regression and certain other statistical analyses (e.g., the use of information theory 
and calculation of Akaike Weights to evaluate candidate models), correlation analyses are used to 
identify multicollinearities, as highly correlated variables can lead to unstable estimates, and the 
inclusion of additional variables with little explanatory power is penalized. Though this is not an 
issue with composite index construction, correlations could potentially bias the broader 
aggregated indicator (especially when using arithmetic means). Thus, we looked at correlations 
among the indicators selected in our second stage of pruning, as there were some indicators 
whose inclusion was warranted due to stronger theoretical and empirical support, and others that 
appeared (due to correlation, less coverage or less support) to have little additional value, thus 
less justification for retaining them in the final index construction. 
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Test for correlation of indicators 
 
Justification for indicator selection was based on correlation statistics as well as theoretical and 
empirical support. Supplementary Table 1 shows the Spearman Rank Correlations for each 
pairing as calculated in R using the package “Hmisc” 35. The first three columns of the matrix 
correspond to the various Authority (AUT) indicators we considered, including Indigenous Legal 
Security (AUT-ILS), State Fragility (AUT-FRA) and Political Stability (AUT-POL). Remaining 
indicators for Capacity (CAP) and Support (SUP) follow on the diagonal (grouped within 
similarly gray-shaded boxes).  For ease of interpretation, refer only to the section above the 
diagonal. We used a standard p-value ≤ 0.05 to indicate statistically significant correlations (*) 
and a correlation value ≥ 0.60 for our pruning criteria (**).  Pairings followed by (**) indicate 
those meeting our pruning threshold. 
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Supplementary Table 1. Spearman Rank correlations for the candidate indicators of Authority (AUT), Capacity (CAP) and Support 
(SUP). Interpretation of symbols is as follows: significant correlation at p-value ≤ 0.05 (*), and correlation above cut-off threshold ≥ 
0.60 (**). Sample size is n = 34 to include all countries with no missing values across all indicators. 
 

  AUT-
ILS 

AUT-
POL 

AUT-
FRA 

CAP-
COR 

CAP-
VAC 

CAP-
RUL 

CAP-
EDI 

SUP-
HDI 

SUP-
REG 

SUP-
SDG 

SUP-
CON 

SUP-
MPI 

SUP-
GOV 

AUT-
ILS 1.00 -0.04 -0.05 -0.06 0.16 -0.12 0.45* 0.06 0.12 0.49* 0.38* -0.03 0.06 

AUT-
POL   1.00 0.8** 0.37* 0.32 0.21 -0.20 0.38* 0.19 0.07* -0.14 0.41* 0.30 

AUT-
FRA     1.00 0.62** 0.53* 0.41* 0.05 0.66** 0.49* 0.03* 0.09 0.61** 0.56** 

CAP-
COR       1.00 0.55** 0.77** 0.05 0.44* 0.55** 0.18 0.33* 0.49* 0.74** 

CAP-
VAC         1.00 0.35* 0.23 0.35* 0.47* -0.01 0.23 0.20 0.34* 

CAP-
RUL           1.00 0.06 0.30 0.64** 0.19 0.41* 0.34* 0.74** 

CAP-
EDI             1.00 0.43* 0.30 0.21 0.62** 0.29 0.30 

SUP-
HDI               1.00 0.59** -0.16* 0.30 0.9** 0.65** 

SUP-
REG                 1.00 0.10 0.41* 0.49* 0.76** 

SUP-
SDG                   1.00 0.46* -0.05 0.21 

SUP-
CON                     1.00 0.22 0.52* 

SUP-
MPI                       1.00 0.62** 

SUP-
GOV                         1.00 
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Authority Indicators (AUT) 
 
Support in the literature for the importance of rights, tenure security, and decision-making 
authority to conservation outcomes argues for retaining the indicator of Indigenous Legal 
Security (AUT-ILS). This indicator lacks correlation with the other variables in the Authority 
suite, including State Fragility (AUT-FRA) and Political Stability (AUT-POL). The latter two are 
significantly correlated and this correlation is greater than the cut-off used for pruning (rho = 
0.80**). Given that these indicators are highly correlated, and there is little added value in 
retaining both, pruning of at least one of them was warranted. Use in other indices and coverage 
alone suggested that AUT-FRA be removed, as it had poorer coverage (n = 178) vs. AUT-POL (n 
= 209) and is less frequently cited in similar indices, and there is evidence to suggest the 
importance of stable governance in maintaining local authority 36.  
 
Synopsis: Results favor the inclusion of Indigenous Legal Security (AUT-ILS) and Political 
Stability (AUT-POL) as indicators for the Authority sub-index. Indicator pruning decisions are 
documented in Supplementary Table 2. 
 
Supplementary Table 2. Indicators selected for the Authority sub-index. Links provide additional 
details. 
 

A
ut

ho
ri

ty
 

Indicator Valence Data 
Year Source 

Used 
in ACS 
Index 

Indigenous 
Legal 

Security 
(AUT-ILS) 

+ 2018 LandMark: 
http://www.landmarkmap.org/data/ Yes 

Political 
Stability 

(AUT-POL) 
+ 2018 World Bank: 

http://info.worldbank.org/governance/wgi/#home 
Yes 

 

State 
Fragility 

(AUT-FRA) 
- 2019 Fund for Peace: 

https://fragilestatesindex.org/ No 

 
Capacity Indicators (CAP) 
 
The correlation matrix can similarly be used to compare the indicators of Capacity, including 
Control of Corruption (CAP-COR), Voice and Accountability (CAP-VAC), Rule of Law (CAP-
RUL), and Environmental Democracy (CAP-EDI).  
 
Stepwise comparison of correlations within this suite of indicators shows that the World Bank’s 
Control of Corruption (CAP-COR) index is significantly correlated with its Voice and 
Accountability (CAP-VAC) and Rule of Law (CAP-RUL) indices, and both fall at or above the 
correlation cut-off used for pruning (rho = 0.55** and 0.77**). These results suggested that we 
remove all but one. We opted to retain Control of Corruption (CAP-COR) given its theoretical 
support and use in similar indices. The Environmental Democracy Index (CAP-EDI) is not 
significantly correlated with Control of Corruption (CAP-COR), thus, we opted to retain it (rho = 
0.05).  

http://www.landmarkmap.org/data/
http://info.worldbank.org/governance/wgi/#home
https://fragilestatesindex.org/
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Synopsis: Results favor inclusion of Control of Corruption (CAP-COR) and Environmental 
Democracy (CAP-EDI) as indicators for the Capacity sub-index. Indicator pruning decisions are 
documented in Supplementary Table 3. 
 
Supplementary Table 3. Indicators selected for the Capacity sub-index. Links provide additional 
details.  
 

C
ap

ac
ity

 

Indicator Valence Data 
Year Source 

Use 
in 

ACS 
Index 

Control of 
corruption 

(CAP-COR) 
+ 2018 

World Bank: 
https://datacatalog.worldbank.org/dataset/worldwide-

governance-indicators 
Yes 

Voice and 
accountability 
(CAP-VAC) 

+ 2018 
World Bank: 

https://datacatalog.worldbank.org/dataset/worldwide-
governance-indicators 

No 

Rule of law 
(CAP-RUL) + 2018 

World Bank: 
https://datacatalog.worldbank.org/dataset/worldwide-

governance-indicators 
No 

Environmental 
Democracy 
(CAP-EDI) 

+ 2015 https://environmentaldemocracyindex.org/about/resources 
 Yes 

 

Support Indicators (SUP) 
 
The correlation between Human Development (SUP-HDI) and several other indicators of 
Support is significant, including correlations with Regulatory Quality (rho = 0.59**), Multi-
Poverty (rho = 0.90**) and Government Effectiveness (rho = 0.65**). HDI and MPI are both 
functions of health, education, and standard of living, thus, only one is necessary to proxy for the 
capital represented in the population-at-large that might support Indigenous-led conservation and 
sustainable development. Multi-Poverty (SUP-MPI) had poorer coverage than Human 
Development (n = 101 vs. n = 189).  Additionally, the former measure has been used in similar 
indices and others have reported that it has a significant positive bivariate correlation to 
community-based conservation outcomes 37.. Sustainable Development Goal Investments (SUP-
SDG) are significantly negatively correlated with SUP-HDI. But given that the correlation did 
not meet our cut-off, we opted to retain this indicator as a representation of the financial capital 
that can be leveraged for support (rho = - 0.16*). As for Conservation Spending (SUP-CON), 
though its lack of correlation with SUP-HDI would suggest keeping it, its datedness and less 
specific nature resulted in its removal. 
 
Synopsis: Results favor inclusion of Human Development (SUP-HDI and Sustainable 
Development Goal Investments (SUP-SDG) as indicators for the Support sub-index. Indicator 
pruning decisions are documented in Supplementary Table 4 and Supplementary Figure 3. 
Supplementary Table 4. Indicators selected for the Support sub-index. 
 
 

https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://environmentaldemocracyindex.org/about/resources
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Su
pp

or
t 

Indicator Valence Data 
Year Source 

Use in 
ACS 
Index 

Human 
Development 

Index 
(SUP-HDI) 

+ 2018 United Nations Development Program: 
http://hdr.undp.org/en/data Yes 

Regulatory 
Quality 

(SUP-REG) 
+ 2018 

World Bank: 
https://datacatalog.worldbank.org/dataset/worldwide-

governance-indicators 
No 

Sustainable 
Development 

Goal 
Spending 

(SUP-SDG) 

+ 2013 AIDData: 
https://www.aiddata.org/data/financing-to-the-sdgs-dataset Yes 

Conservation 
Spending 

(SUP-CON) 
+ 2008 PNAS: 

http://www.pnas.org/content/110/29/12144 No 

Multi-Poverty 
Index 

(SUP-MPI) 
- 2019 United Nations Development Program: 

http://hdr.undp.org/en/2019-MPI No 

Government 
Effectiveness 
(SUP-GOV) 

+ 2018 
World Bank: 

https://datacatalog.worldbank.org/dataset/worldwide-
governance-indicators 

No 

http://hdr.undp.org/en/data
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://www.aiddata.org/data/financing-to-the-sdgs-dataset
http://www.pnas.org/content/110/29/12144
http://hdr.undp.org/en/2019-MPI
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
https://datacatalog.worldbank.org/dataset/worldwide-governance-indicators
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Final ACS Index Construction 
 
 

ACSi = geomean (Authority geomean (Ind1:2); Capacity geomean (Ind1:2); Support geomean (Ind1:2)) 
 

 
 
Supplementary Figure 3: A schematic representation of the final form of the ACS Index and 
selected indicators. Processing steps of transformation (t), reflection (r) and normalization (n) for 
each indicator are shown in parentheses.  
 

AC
S 

In
de

x

AUTHORITY 
Contexts that strengthen 
and secure IP rights and 

decision-making 
authority.

Indigenous legal security

Political stability

CAPACITY
Contexts that promote 

the capacity for IP 
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Description and Hypothesized Importance of Selected Indicators 
 
The following text outlines the suite of indicators selected for each sub-index and a justification 
for their inclusion based on hypothesized importance. Those retained in the final index 
construction are highlighted, while pruned indicators are summarized in Appendix A. 
 
Authority (AUT) 
 
The Authority sub-index captures national contexts that strengthen and secure IP' rights and 
decision-making authority over their territories and resources. The indicators selected for this 
dimension include Indigenous Legal Security and Political Stability. 
 
Indigenous Legal Security (AUT-ILS) 
 
LandMark’s index of IP legal security is a key indicator in the Authority suite. This index is 
comprised of 10 separate sub-indicators that assess the legal status of IP’ rights to their territories 
in general; their rights to trees, water and land in protected areas specifically; whether their 
common property and communal forms of governance are afforded the same level of protection 
as other property types and governance arrangements (e.g., private or state); whether the law 
requires governments to provide formal documentation (e.g., title); whether they can be held in 
perpetuity; whether IP communities are granted legal status as persons for the purposes of land 
ownership; whether their authority is recognized and honored; and whether they have rights to 
free, prior and informed consent. In general, this index provides a measure of how well a nation’s 
laws support IP’ rights and decision-making authority over their land and resources 4, all of 
which increase their legitimacy to act as decision-makers, their motivation for collective action 
in managing land and resources sustainably, and their accountability for the outcomes of their 
decision-making 38–43. In addition, legal security allows for access to additional resources and 
means of support for those that wish to steer development sustainably, for example, by increasing 
their visibility and capacity to engage in consultation; and allowing access to credit, subsidies 
and other formal mechanisms of protection and enforcement. Reciprocally, legal insecurity 
undermines the motivation for collective action, as well as muddying ownership and the 
identification of legitimate stakeholders to be included in the decision-making process.   
 
Political Stability (AUT-POL) 
 
The Political Stability Index published by the World Bank is another key indicator in the 
Authority suite. This indicator is one of many standard national-level governance indicators, 
which characterize the traditions and institutions by which authority is exercised 5. The Political 
Stability Index is based on perceptions of the likelihood of political instability and/or politically 
motivated violence. Individual factors considered in this index include instances of civil unrest, 
ethnic and international tension, armed conflict, violent demonstration, and internal/external 
conflict. We hypothesize political stability to be positively correlated with authority, as unstable 
national governments can lead to a loss of recognition and acknowledgement of the rights of IP, 
and re-appropriation of their lands and resources 36. Political stability also helps to uphold 
legally-recognized rights over territories and resources by providing the institutional capacity to 
help to enforce those rights and mitigate potential conflicts. Whereas political instability can 
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create shifting priorities, unpredictable regulatory environments, diminished enforcement, and 
loss of protections for rights holders. In short, political instability increases the potential for 
conditions that favor periodic abuses of the most vulnerable and marginalized members of 
society, with the most extreme example represented by recent news involving the murder of a 
Wajāpi tribal leader by armed gold miners in the Brazilian Amazon; a tragedy widely attributed 
to a reversal of previous protections for Brazil’s Indigenous Peoples and territories, and 
deregulation of private sector development by the Bolsonaro administration i. 
 

 
i https://www.survivalinternational.org/news/12183 
 

https://www.survivalinternational.org/news/12183


18 
 

Capacity (CAP) 
 
The Capacity sub-index captures contexts that promote the capacity for IP engagement and 
representation in decision-making processes. The indicators selected for this dimension include 
Control of Corruption and Environmental Democracy.  
 
Control of Corruption (CAP-COR) 
 
The World Bank’s Control of Corruption Index is a key indicator in the Capacity suite 5. This 
index reflects perceptions of the extent to which the government addresses problems with public 
power exercised for private gain, as well as capture by elites and private interests. Individual 
factors considered for this index include perceptions of corruption among public officials, public 
trust in politicians, diversion of public funds and instances of state capture. Control of corruption 
is hypothesized to be positively correlated with the capacity for representation in decision-
making processes, as high values suggest a context favoring fairness and equity, where 
protections for the most marginalized and vulnerable exist to discourage power imbalances. 
Empirical evidence also shows that countries with strong control of corruption exhibit 
significantly lower environmental destruction over time than those with weaker control 44. Thus, 
it is assumed that the more control over corruption a nation has, the more empowered all its 
constituents are, and the fewer barriers to effective engagement and representation in decision-
making processes they experience.  
 
Environmental Democracy (CAP-EDI) 
 
The Environmental Democracy Index published by the World Resources Institute (WRI) in 
partnership with the Access Initiative is another important indicator in the Capacity suite 6. This 
index characterizes the extent to which a country’s citizens enjoy access to information, 
participation, and justice in environmental matters.  Individual factors considered for this index 
consist of 75 different legal indicators concerned with the development and implementation of 
relevant legislation (e.g., laws and regulations governing freedom-of-information, air and water 
quality laws, regulations on extractive industries, requirements for consultation and 
environmental impact assessment, etc.), and 24 additional indicators that assess their efficacy in 
practice j. Environmental democracy empowers a nation’s constituents. It is hypothesized that 
countries with higher values of environmental democracy have a context that provides increased 
capacity for engagement and representation of IP in decision-making processes.  
 
Support (SUP) 
 
The support sub-index captures national contexts that provide various capital and support for 
Indigenous-led conservation and sustainable development. The indicators selected for this 
dimension include Human Development (SUP-HDI) and cumulative investments in achieving 
Sustainable Development Goals. Human Development (SUP-SDG). 

 
j While the EDI does capture broad legislation affecting transparency, participation and access to justice in 
environmental matters writ large, it does not specifically include marine/coastal laws or laws governing energy 
production and distribution. 
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Human Development (SUP-HDI) 
 
The Human Development Index published by the United Nation’s Development Program is a 
key indicator of Support 14. This multi-dimensional index measures human capital with respect to 
life expectancy, education attainment and standard of living. Human development is 
hypothesized to be positively correlated with commitments to and investments in conservation 
and sustainable development. Higher scores suggest the availability of various forms of capital 
necessary to prioritize and make such commitments, as well as a context that allows more 
latitude to be selective about the form development takes. Whereas lower scores suggest a 
vulnerability to accepting any form of development, and a diminished incentive to pursue 
competing priorities (e.g., biodiversity conservation vs. GDP). Indeed, others have found that 
countries with rapidly expanding economies and higher human development index scores do 
have improving environmental conditions (even if only marginally) 44. 
 
Investment in Sustainable Development Goals (SUP-SDG) 
 
Investments in achieving sustainable development goals are an important indicator of the 
financial support potentially available to communities in support of Indigenous-led conservation 
and sustainable development. Data released in November 2017 by AIDDATA, a research lab of 
William and Mary provides information on development projects and financing allocated to 
SDGs 15. Version 1.0 of this dataset summarizes project-level data on Official Development 
Assistance (ODA) commitments to each of the United Nation’s 17 Sustainable Development 
Goals (SDGs) by recipient country for the years spanning 2000-2013. Investments in achieving 
SDGs totaled nearly $1.52 trillion dollars over this time period, and we assume can indicate the 
relative potential for support of all communities confronting development pressures. While we 
cannot identify sub-national allocations and specific beneficiaries from the data, we note that 
several indicators within the 17 SDG goals refer directly to IP (2.3.2 and 4.5.1) and several 
others are relevant, particularly indicator 1.4.2 and 5.a.1 on land rights 45. 
 
Given that the SDG investment data are reported as 2014 US$, an inflation factor was applied to 
account for the value of the investment in 2018. The inflation factor used for the conversion from 
US$ 2014 to US$2018 = 0.947 46.  Calculations were made for the cumulative investment made 
for all SDG goals (1-17) over this time period (see Supplementary Table 5).   
 
Supplementary Table 5: The United Nation’s Sustainable Development Goals.  
 

# Goal Description of Goal 
 

1 No poverty Focus is on ending all forms of poverty, everywhere. Achievement in 
this goal is undermined by lack of economic opportunity, state 
fragility and climate change. 

2 Zero hunger Focus is on ending hunger and food insecurity through improved 
nutrition and sustainable agriculture. Investments in this goal favor 
sustainable food production systems and focus on improving land 
and soil quality. 
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3 Good health and well-
being 

Focus is on healthy lives and well-being for all, specifically with 
regards to mortality, morbidity, life expectancy, nutrition and 
substance abuse.  

4 Quality education Focus is on inclusive and equitable education opportunities for all. 
Investments in this goal may affect capacity and support for 
conservation and sustainable development. 

5 Gender equality Focus is on empowering all women and girls. Investments in this 
goal contribute to improvements in voice and accountability. 

6 Clean water and 
sanitation 

Focus is on providing adequate quality and quantity of water for all. 
Investments in this goal might influence development 
pressures/sectors that are typically more polluting or intensive in 
water use. 

7 Affordable and clean 
energy 

Focus is on providing affordable, clean energy based on 
improvements in efficiency and enhanced cooperation and 
investment in clean energy infrastructure. Investments in this goal 
might influence the adoption of renewable energy options while 
discouraging the development of non-renewables. 

8 Decent work and 
economic growth 

Focus is on promoting inclusive and sustainable economic growth 
and providing adequate employment opportunities for all. This goal 
potentially discourages development pressures/sectors that provide 
little local economic benefit, including employment and/or income. 

9 Industry, innovation, 
and infrastructure 

Focus is on promotion of inclusive and sustainable industry. 
Investments in this goal may favor development opportunities that 
provide local benefits and align with the priorities of Indigenous 
Peoples and local communities. 

10 Reducing inequality Focus is on reducing income inequality within and between 
countries. 

11 Sustainable cities and 
communities 

Focus is on safe and affordable housing. 

12 Responsible 
consumption and 
production 

Focus is on sustainable production methods and reduction of waste. 

13 Climate action Focus is on regulation of emissions and promotion of renewable 
energy developments where energy infrastructure is needed. 
  
 

14 Life below water Focus is on marine and coastal ecosystems. 
15 Life on land Focus is on protection, restoration, and sustainable use of terrestrial 

ecosystems. Investments in this goal include efforts to protect, 
reduce degradation and support green economies. This is directly 
relevant to the outcomes associated with certain development 
pressures/sectors. 

16 Peace, justice, and 
strong institutions 

Focus is on reducing violent crime and abuse.  Investments in this 
goal may reduce corruption, increase political stability, etc. 

17 Partnership and goals Focus is on increasing cooperation and developing multi-stakeholder 
platforms that bring knowledge and expertise together for more 
effective decision-making. Investments in this goal are particularly 
relevant to building the authority and capacity of Indigenous Peoples 
to act as decision-makers. 
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APPENDIX A: Other candidate indicators considered but pruned from 
the final ACS Index. 
 
State Fragility (AUT-FRA) 
 
The Fragile States Index published by the Fund for Peace was a pruned indicator of the Authority 
suite 31. This index measures state fragility as a function of several individual economic, 
political, and social indicators including poverty, inequality, migration, and the presence of 
displaced and refugee populations. State fragility is hypothesized to be negatively correlated to 
the strength and security of IP’ rights and decision-making authority, as it suggests an 
inconsistent and unstable context that can undermine status and rights of local communities. 
Such conditions can heighten conflict, reduce social cohesion, and destroy the motivation for 
collective action. Thus, the more fragile a state is, the less secure its constituents, as well as their 
authority to consistently act as decision-makers, as well as their motivation to do so sustainably. 
 
Rule of Law (CAP-RUL) 
 
The Rule of Law Index published by the World Bank was a pruned indicator of the Capacity 
suite 5. This index reflects perceptions of confidence and trust in the rules of society and the 
extent to which they are adhered to. Of particular relevance is the indicator’s consideration of the 
quality of enforcement of property rights and contractual obligations. Individual factors 
considered include protections for real and intellectual property rights, the enforceability of 
contracts, fairness and speed of the judicial process, and instances of violent and organized 
crime. Rule of law is hypothesized to be positively correlated with the capacity for engagement 
and representation of IP in decision-making, as higher values suggest a context favoring 
confidence and trust in government and the systems and procedures it upholds, which fosters a 
greater motivation to engage.  
 
Voice and Accountability (CAP-VAC) 
 
The Voice and Accountability Index published by the World Bank was another pruned indicator 
in the Capacity suite 5. This index reflects perceptions of the extent to which a country's citizens 
participate in political processes influencing the structure and function of government, as well as 
their perceptions of freedom of expression, freedom of association, and a free media. Individual 
factors considered for this index include perceptions of the accountability of public officials, 
human rights, civil liberties, freedom to assemble, and confidence in electoral processes and their 
representativeness. Voice and accountability is hypothesized to be positively correlated with the 
capacity for IP’ engagement and representation in decision-making processes, as high values 
suggest a context that allows for diverse voices to be heard, and their interests and priorities to be 
represented. 
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Conservation Spending (SUP-CON) 
 
Conservation spending was a pruned indicator of the Support suite primarily given that it only 
encompassed spending through 2008 34. This indicator summarizes the total foreign and 
domestic aid received by countries for biodiversity conservation in millions of USD. 
Conservation spending is positively correlated with national-level support for conservation and 
sustainable development. Greater spending suggests a national context favoring investment in 
conservation and sustainable development programming in general, and more support for 
community-based and Indigenous-led conservation in particular, as many conservation priorities 
like biodiversity intersect Indigenous lands 12. 
 
Government Effectiveness (SUP-GOV) 
 
The Government Effectiveness Index published by the World Bank was a pruned indicator of the 
Support suite 5. This index reflects perceptions of the quality of public and civil service and its 
independence from political pressure, including the formation of policy and commitment to its 
implementation. Government effectiveness is hypothesized to be positively correlated with 
support for conservation and sustainable development, as higher scores suggest a national 
context favoring the continued implementation of supportive policies. 
 
Regulatory Quality (SUP-REG) 
 
The World Bank’s Regulatory Quality Index was also pruned from the Support suite 5. This index 
reflects perceptions of the ability of the government to formulate and implement sound policies 
and regulations that promote and govern private sector development. Individual factors used to 
construct this index are diverse. Those most relevant include the ease of starting a new business 
(e.g., fewer obstacles attract more private sector interests), and the stringency of environmental 
regulations (e.g., greater stringency typically attracts only private sector interests with greater 
commitments to social and environmental responsibility). In this way, regulatory quality is 
hypothesized to be positively correlated with support for conservation and sustainable 
development, as higher scores reflect a national context of increased commitment and investment 
in attracting and maintaining more sustainable development opportunities.  
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APPENDIX B: Comparison of Indigenous Lands and Indigenous 
Peoples’ Legal Security Data. 
 

Given different working definitions of IP between Garnett 12, which is the source of our 
Indigenous lands data, and LandMark 4, which is the source of our IP legal security data, we 
provide a cross-tabulation of these datasets by country to identify potential misalignments due to 
definitional differences or missing data (see Supplementary Table 6).  

Supplementary Table 6: Cross-tabulation of Indigenous lands and IP legal security data from 
Garnett and LandMark. 

 

Countries with LandMark Data: 

TOTAL IP Security 
Score Only 

IP and LC 
Security 
Scores 
(Same) 

IP and LC 
Security 
Scores 

(Different) 

LC 
Security 

Score 
Only 

No IP or 
LC 

Security 
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G
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tt 

D
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a:
 

Indigenous 
Land 15 44 8 0 21 88 

No 
Indigenous 
Land 

1 21 2 20 124 168 

TOTAL 16 65 10 20 145 256 
 

High-level statistics that can be gleaned from Supplementary Table 6 suggest reasonable 
agreement in these datasets, which we summarize here: 

• 88 countries have Indigenous lands according to Garnett 
o 59 of these countries have only Indigenous legal security scores or both 

Indigenous and community legal security scores that are the same according to 
LandMark. This suggests alignment for the majority (67%) of these countries. 

o 8 of these countries have Indigenous and community legal security scores that are 
different according to LandMark. This represents potential misalignment due to 
the definitional differences of IP across these two data sources for a modest 
proportion (9%) of these countries. 

o 21 of these countries have no Indigenous or community legal security scores 
according to LandMark. This might suggest errors of commission by Garnett 
(e.g., calling something Indigenous that LandMark does not), but given that there 
are also no community legal security scores, it is possible that this might simply 
suggest missing data in LandMark. 

• 168 countries have no Indigenous Lands according to Garnett 
o 144 of these countries do not have Indigenous legal security scores according to 

LandMark. This suggests alignment for the majority (86%) of these countries. 
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o 24 of these countries do have Indigenous legal security scores according to 
LandMark. This might suggest errors of omission by Garnett (e.g., not picking up 
Indigenous Lands due to definitional differences or missing data) for a modest 
proportion (14%) of these countries. 

Supplementary Results 
 

ECOLOGICAL CONDITION OF INDIGENOUS LANDS 
 
We find that 39% of the world’s least modified and most ecologically intact lands are 
Indigenous. Globally, 66% of Indigenous lands are currently in good ecological condition, i.e., 
are under low (11.6 million km2) or very low (14.0 million km2) modification by human 
activities that range from settlement, agriculture, transportation, mining, and energy production 
(Fig. 1a). An additional 25% (9.8 million km2) of Indigenous lands are only moderately 
modified, and represent critical landscapes for biodiversity and carbon sequestration 47.  

This result adds to previous assessments of the biodiversity importance and conservation value 
of Indigenous lands 12 using more updated assessments of human impacts 7. Yet, this may still be 
a conservative estimate, because we only map human activities that negatively impact natural 
systems 48, and do not capture the range of traditional practices (e.g., terracing, fire management, 
conservation grazing) that have built landesque capital 49. These activities have shaped the 
resilience and sustainability of socio-ecological landscapes over millennia 50–54. Contrary to the 
notion of terra nullius 55, the current condition of Indigenous lands reflects a long history of their 
use and modification by IP, shaped by Indigenous Knowledge systems, stewardship ethics, 
livelihoods, and traditional land use practices (e.g., shifting cultivation, agroforestry, hunting or 
harvesting of flora and fauna). Over time, biodiversity and ecosystem services have either 
remained compatible with IP’ way of life or have been actively supported 50,56–58. 
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