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After four decades of exceptional economic growth, China 
has become one of the largest sources for global devel-
opment finance. The China Development Bank (CDB) 

and Export-Import Bank of China (CHEXIM) are the two lead-
ing Chinese development finance institutions (DFIs) engaging in 
overseas sovereign lending. These two ‘policy banks’ (we define 
CDB and CHEXIM as policy banks because they implement eco-
nomic policies of the Chinese government, although CDB shifted 
its official status from a policy bank to a corporation in 2008) lend 
to support policy and commercial aims, enabling the creation of 
global public goods and bolstering the stock of infrastructure and 
fixed capital, thus setting the direction of future economic activ-
ity1,2. In 2013, China launched the Belt and Road Initiative (BRI), 
a global infrastructure and integration effort of unprecedented 
scale. The BRI has spurred China’s overseas investment in proj-
ects such as roads, railways, power stations, pipelines, airports and 
ports, which are projected to bring substantial economic benefits 
to participating countries and the world at large3,4. Yet with this 
rapid ascent of China’s policy banks to global DFI status comes 
important implications for future global economic activity and the 
extent to which it can be expected to be socially and ecologically 
sustainable.

Development activities often result in environmental degrada-
tion and social conflicts5. Impacts of development projects in wild 
or frontier landscapes are a major driver of deforestation6, habitat 
fragmentation7, species invasion8 and illegal wildlife trafficking9. 
Indigenous territories, in particular, are sensitive to massive develop-
ment efforts10. Lands owned or managed by Indigenous peoples con-
stitute 28% of the planet, intersecting 40% of the terrestrial protected 
area network11 and 37% of the world’s intact forests12. Due to the lack 
of universal recognition and protection of Indigenous peoples’ rights, 
many development projects within or surrounding Indigenous lands 
have been implemented without Indigenous communities’ consent, 
leading to social, economic and political conflicts10.

China’s emergence as a leader of global development finance 
has drawn considerable concerns over the social and environ-
mental risks posed by its multibillion-dollar finance worldwide3. 
Despite recent calls to evaluate the social and ecological risks from 
China’s development finance5,13,14, assessments of the risks are in 
their infancy. Evaluations of development projects primarily focus 
on the added value of economic growth15, and potential negative 
impacts on local communities and ecosystems are often not suffi-
ciently assessed16. Furthermore, stakeholders rarely have sufficient 
resources and data to evaluate these concurrent risks from develop-
ment projects17. This is particularly true for China’s overseas devel-
opment projects. Scientists and conservationists often suffer from 
a lack of high-resolution spatial data tracking the global footprints 
of China’s development finance for risk evaluations18. For example, 
BenYishay et al.19, Hughes et al.20 and Narain et al.21 have explored 
the potential environmental impacts of China’s overseas investment 
projects, but only a small proportion of the projects were included 
in those assessments due to limitations in data availability.

Here we conducted a new global assessment of the risks to bio-
diversity and Indigenous lands from China’s overseas development 
projects using a new high-precision spatial dataset of Chinese over-
seas development finance from 2008 to 2019. The dataset tracks 
859 international loans across 93 countries made by the two lead-
ing Chinese policy banks that engage in overseas finance, CDB and 
CHEXIM, which have committed US$462 billion in finance abroad 
during this period22. We incorporate 594 of these loans into our 
analyses for which reliable spatial locations of the financed proj-
ects have been mapped and verified on the ground as points, lines 
or polygons. While a diverse suite of social and ecological conse-
quences may arise from these development projects, we focus on 
providing a global outlook of the risks to key socio-ecological fea-
tures with globally defined boundaries that are sensitive to poten-
tial negative impacts of development. Such information is essential 
for developing appropriate strategies to mitigate negative impacts 
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of overseas development projects on biodiversity and sustainable 
development23.

We investigate the extent to which protected areas, potential 
areas of critical habitat (hereafter, critical habitats), threatened 
species and Indigenous lands might be impacted by China’s DFI 
loans on the basis of their proximity to DFI project locations. We 
assess the global spatial distribution of these risks from China’s 
DFI loans by generating a composite global map to characterize 
risks to biodiversity and risks to Indigenous lands from devel-
opment projects. Finally, we perform multiple comparisons of 
these socio-ecological risks between China’s DFI loans and those 
of the World Bank, another global top provider of development 
finance that has a similar investment scale and scope. We compare 
China and the World Bank across three metrics to account for dif-
ferences in the number of project sites per loan and the size of 
different projects. First, we compare the average risk per project 
site to assess the overall risks implicit in China’s and the World 
Bank’s finance. Second, we average sites’ risk by loans and com-
pare the average risk per loan within each lender’s finance portfo-
lio to examine the probability of each lender approving loans with 
higher risks. Third, we compare the maximum risks per loan to 
examine the share of loans with exceptionally risky sites in each 
lender’s portfolio (Methods).

Results
Ecologically sensitive areas and Indigenous lands at risk. We 
found that 63% of Chinese DFI loans (372 out of 594 loans) have 
project sites that intersect critical habitats, protected areas and/or 
Indigenous lands: 50% of loans have project sites overlapping with 
critical habitats, 30% with designated protected areas and 24% with 
Indigenous lands. The loans whose project sites intersect with eco-
logically sensitive areas and Indigenous lands are primarily distrib-
uted in Southeast Asia and Central Africa (Extended Data Fig. 1). 
Furthermore, many project sites are within close proximity of these 
sensitive areas. Our intersectional analysis revealed that 38% of the 
land within 1 km of China’s DFI sites (70,000 km2) consists of criti-
cal habitats, protected areas or Indigenous lands. This increased to 
41% of the land within 25 km of these project sites (1,710,000 km2).

Indigenous lands have the largest area at risk from China’s DFI 
loans. They account for approximately 20% of land across all buffer 
zones around the project sites, with 38,003 km2 within 1 km of proj-
ect sites and 820,594 km2 within 25 km (Fig. 1a). Critical habitats 
account for 13% (24,978 km2) and 14% (577,363 km2) of land within 
the 1 km and 25 km buffer zones, respectively. Protected areas have 
a smaller, yet still concerning representation within buffer zones of 
impact, accounting for 6% (11,758 km2) and 7% (309,726 km2) of 
the 1 km and 25 km buffer zones, respectively.

Of the world’s 7,041 threatened amphibians, birds, mammals and 
reptiles, we found that China’s DFI project sites collectively intersect 
the ranges of 1,114 species (15.8% of the total). A higher proportion 
of threatened birds (24–33% of 2,106 species) and mammals (27–
36% of 1,410 species) have ranges within the 1–25 km buffer zones 
compared with those of the less mobile reptiles (11–17% of 1,262 
species) and amphibians (5–17% of 2,263 species) (Fig. 1b). Overall, 
16–21% of threatened species have ranges within the 1–25 km buf-
fer zones of potential impact.

Global hotspots of risk. The global risk map reveals hotspots of the 
risks to biodiversity and Indigenous lands (Fig. 2a). Regions with 
high risk to Indigenous lands (risk score > 0.5) but low risk to biodi-
versity (risk score < 0.5) account for nearly 31% of the world’s land 
area and are mostly distributed in northern sub-Saharan Africa, 
Australia and eastern Siberia. Regions with high risk to biodiversity 
but low risk to Indigenous lands (4.5% of global land area) are more 
prevalent in the tropics of the global south. Regions having high 
risks to both biodiversity and Indigenous lands constitute 4.6% of 

the global land area and are mostly concentrated in Southeast Asia 
and the Amazon Basin.

The global pattern of risk across the landscape is reflected in 
the risks from China’s DFI loans (Fig. 2b). Because maximum and 
mean risks of loans in China’s DFI portfolio have a similar global 
distribution pattern (Extended Data Fig. 2), we focus discus-
sion on the maximum risks. Forty-eight loans (8.2% of the total) 
exhibit high maximum risks (risk score > 0.5) to both biodiversity 
and Indigenous lands, primarily located in South America, Central 
Africa and Southeast Asia. China’s DFI loans posing high risk to 
biodiversity (risk score > 0.5) and low risk to Indigenous lands (risk 
score < 0.5) account for 13.3% of all loans and are prevalent across 
southern Africa. Loans associated with high risk to Indigenous 
lands and low risk to biodiversity (15.9% of the total) are primarily 
located in northern Africa and South/Southeast Asia. These patterns 
are largely reflective of the country-level average risks (Extended 
Data Fig. 3). For instance, in northern African countries where risk 
to Indigenous lands is prominent throughout the landscape, such 
as Mali, Nigeria and Chad, Chinese DFI loans also exhibited high 
risk to Indigenous lands. However, several countries with lower 
country-level risks still have loans posing exceptionally high risks 
to biodiversity or Indigenous lands, indicating project sites in these 
countries are concentrated in their few high-risk areas. This includes 
countries such as North Macedonia, Benin and Bolivia, which have 
low national-level risk to biodiversity, but China’s loans in these 
countries exhibited an exceptionally high risk to biodiversity (risk 
score > 0.63). Similarly, we found that Iran, Egypt and Namibia 
have a low risk to Indigenous lands across the country, but the few 
loans financed in these countries are mostly located in regions with 
high risk to Indigenous lands. Overall, China’s DFI loans are a cause 
for concern within several countries. Countries such as Ethiopia, 
Laos and Argentina have more than 70% of their loans overlapping 
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Fig. 1 | Spatial overlap of China’s DFI projects with socio-ecologically 
sensitive areas. a, Area of critical habitats, protected areas and Indigenous 
peoples’ lands within four buffer zones (1, 5, 10 and 25 km) around project 
sites of China’s DFI loans. b, Proportion of threatened amphibians, birds, 
mammals and reptiles whose ranges overlap the buffer zones of projects 
financed by China’s DFIs.
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Indigenous peoples’ lands, and all the loans in Benin, Bolivia and 
Mongolia overlap ecologically sensitive areas (Fig. 2c).

Comparison with World Bank loans. The projects financed 
by China’s DFIs are distributed among sites with significantly 
higher risks to biodiversity (Welch’s t-test t = 18.7, degrees of free-
dom (d.f.) = 31,846, P < 0.001) and Indigenous lands (t = 32.3, 
d.f. = 33,184, P < 0.001) compared with World Bank loans, though 
variations exist across sectors (Fig. 3a,b). Risks to biodiversity 
across China’s project sites are greater within agriculture (Mann–
Whitney U test W = 15,370, P = 0.005), energy (t = 21.5, d.f. = 3,718, 
P < 0.001) and extraction sectors (t = 4.7, d.f. = 121.8, P < 0.001), 
but risks within the transportation sector are similar to those of the 
World Bank (t = −0.4, d.f. = 3,641.8, P = 0.682). Risks to Indigenous 
lands are also greater across China’s project sites in the extraction 
(t = 3.0, d.f. = 121.9, P = 0.003) and transportation sectors (t = 22.8, 
d.f. = 3,943.8, P < 0.001) compared with the World Bank. These 
patterns of differential integrated risks are also reflected in the dif-
ferences in risks to individual socio-ecologically sensitive areas 
(Extended Data Fig. 4). Overall, a greater share of China’s DFI proj-
ect sites overlap with critical habitats, Indigenous lands and threat-
ened species’ ranges than the World Bank (P < 0.001).

Loans approved by China’s DFIs present greater average risks to 
biodiversity per loan than loans approved by the World Bank (t = 3.0, 
d.f. = 828.8, P = 0.003) (Fig. 3c,d), primarily within the energy sec-
tor (t = 2.9, d.f. = 260.6, P = 0.004). Average risks to Indigenous 
lands largely do not differ between Chinese and World Bank loans, 
except for the energy sector (t = 3.3, d.f. = 307.6, P < 0.001), where 
Chinese loans again present a greater risk (Fig. 3d). When broken 
down by risks to individual socio-ecologically sensitive areas, these 
differences are largely driven by consistently higher risks to critical 
habitats, protected areas, threatened species and Indigenous lands 
in China’s energy loans (Extended Data Fig. 5).

However, the maximum risks to biodiversity (t = −2.8, 
d.f. = 1,073.5, P = 0.005) and Indigenous lands (t = −4.7, 
d.f. = 1,152.6, P < 0.001) per loan are greater within the World Bank’s 
development finance portfolio (Fig. 3), indicating a larger share of 
World Bank loans has at least some portion of their project areas 
in exceptionally risky sites. This is also consistent with maximum 
risks to individual socio-ecologically sensitive areas, where a greater 
share of World Bank loans includes at least some overlap with criti-
cal habitats and Indigenous lands than Chinese loans (Extended 
Data Fig. 6). This contrast with China’s greater mean risks per site 
and per loan indicates that, while Chinese loans are more consis-
tently placed in sites with a higher average risk, the World Bank 
is more likely to have high-risk sites mixed with low-risk sites in 
each loan. This mixture of high- and low-risk sites reduces mean 
risks and increases maximum risks of World Bank loans (Extended 
Data Fig. 7). China’s development finance has a smaller share (9%) 
of loans with very low mean risks (risk score < 0.25) and exception-
ally high maximum risks (risk score > 0.75) than that of the World 
Bank (17%) (Extended Data Fig. 7). However, this metric is sensi-
tive to uncertainty in project locations. When sites with relatively 
lower spatial accuracy (that is, sites coded with precision level 2; 
Methods) were excluded from the analysis, we found no signifi-
cant difference in maximum risks to biodiversity per loan between 
China and the World Bank (Supplementary Table 1). Overall, sensi-
tivity tests indicated that our results for average risks at the site- and 
loan-level were robust to location uncertainty, but greater certainty 
is needed for World Bank project sites to deliver robust conclusions 
on maximum risks to biodiversity (the ‘Robustness checks’ section 
in Methods).

Discussion and conclusions
Compared to the World Bank, projects financed by China’s 
two main policy banks present greater risks to biodiversity and 

Indigenous lands, on average. Political economy research has shown 
that China’s approach of deferring to host-country standards may 
leave the policy banks vulnerable to attracting the most high-risk 
loan proposals that other sources of finance would not be willing to 
finance24,25. While it is important to recognize borrowing countries’ 
standards, China’s policy banks may consider working more closely 
with the borrowing countries to establish more robust due dili-
gence, improve standards and better mitigate risks associated with 
their loans. For example, China’s policy banks could provide techni-
cal assistance if host countries lack the capabilities to sufficiently 
assess and monitor the environmental and social risks from the 
projects, as recommended by the China Council for International 
Cooperation on Environment and Development26.

Our results highlight the risks to biodiversity and Indigenous 
lands from China’s overseas development financing in the past 
decade and raise important questions about the economic, political 
and ecological factors that drive financing decisions. In some cases, 
risks may be unavoidable, such as in northern sub-Saharan Africa 
where Indigenous territories expand across entire countries (Fig. 2). 
Yet we identified several countries where China-financed projects 
were concentrated in the relatively few areas of exceptional risk to 
biodiversity and Indigenous people’s lands. Spatial dependencies are 
likely to be present that influence the selection of high- or low-risk 
sites for financing depending on particular development and policy 
aims. For example, it is possible that some projects with high maxi-
mum risks have been approved because they adopted appropriate 
risk mitigation measures, or they were explicitly located within these 
areas to provide some benefits to the environment or Indigenous 
peoples (for example, road improvements for park rangers or new 
schools for local communities)27. Acknowledging the potential 
social and environmental benefits from such projects, it is impor-
tant to assess these inherent potential risks, as even well-meaning 
interventions can have unintentional consequences on communi-
ties’ well-being and environment10,28. More spatially explicit analy-
ses on the relationships between vulnerable socio-ecological areas 
and China’s development finance projects will be essential for 
translating our study’s programmatic-level risk assessment into 
project-level impacts at different spatial scales.

A major challenge facing social and environmental risk assess-
ment is that the growth rate of global development projects is 
so great that it often overwhelms the capacity to evaluate risks 
at sufficient scope and depth17. As a result, many development 
projects are flagged as problematic only after severe damages to 
biodiversity or social conflicts are documented30. Like other DFIs, 
China’s policy banks face challenges in providing enough staff to 
conduct project risk assessments. For example, CHEXIM’s global 
assets are larger than those of the World Bank, but it has only 
about 3,000 employees in total, less than one-fifth of the number 
of World Bank employees29. While recruiting more staff is impor-
tant for addressing this challenge, results from our study offer two 
other possible rectifications of this issue. First, with specific infor-
mation on the risks of China’s DFI projects, decisionmakers, proj-
ect planners and conservationists may better identify the projects 
that require special attention to preemptively circumvent losses 
to biodiversity and conflicts with Indigenous people. For projects 
that are already completed or currently under construction, their 
short-term impacts (for example, land clearing for road construc-
tion) may already be cemented, but their long-term impacts (for 
example, agricultural expansion adjacent to a new road) may have 
yet to emerge. Risk monitoring and mitigation after the comple-
tion of projects in these risky areas is warranted to minimize 
the potential negative social and environmental impacts from 
the projects. Second, our global risk map can be integrated into 
China’s future development finance planning to develop proac-
tive strategies for risk mitigation and avoidance. For instance, a 
differential safeguard policy system may be designed with stricter 
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scrutiny, and thus more sufficient and rigorous risk assessments, 
for finance allocated to regions within hotspots of risks to biodi-
versity and Indigenous lands.

The results from our analyses should be interpreted with two 
caveats in mind. First, our global layers of risks to biodiversity and 
Indigenous lands can support high-level screening for hotspots of 
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risks, but they cannot replace the required on-site assessment to con-
firm the presence or absence of risks. For example, the global layer 
of Indigenous lands used in our analyses only captures the regions 
that can be inferred from publicly available data12. Some Indigenous 
lands that have not been well documented may be absent in the 
data layer and require on-site assessments to verify their presence. 
Similarly, our comparative analysis of maximum risks to biodiver-
sity per loan is sensitive to the level of certainty in the project loca-
tions of the DFI loans. These locations with less precision should be 
investigated on the ground to determine the exact risks posed by 
these projects. Second, the risks of development finance depend not 
only on where the project is located, but also on what is built and 
how the project is managed. Our assessment here is based on where 
the projects are located relative to a set of mappable areas of great 
importance for the integrity of biodiversity and Indigenous lands. 
Additional factors, such as the presence of safeguard policies, the 
size and type of project, and more detailed characteristics of local 
socio-ecological systems (for example, endemic or keystone species, 
ecosystem services, Indigenous livelihoods and cultural practices), 
will also be essential in determining risks. Therefore, it is impor-
tant to complement our global results with additional information 
to facilitate better understanding and management of the risks of 
development projects across different contexts.

China has demonstrated a strong political will to address the 
social and environmental concerns over its overseas development 
finance, as evidenced in a series of recently released guidelines such 
as the Belt and Road Ecological and Environmental Cooperation 
Plan31 and the Guidance on Promoting Green Belt and Road32. 
However, turning those guidelines into practice is far from straight-
forward. Our global risk assessment provides timely scientific 
support for proactive planning and management to address this 
challenge and unlock the full potential of China’s overseas develop-
ment finance for sustainable development worldwide.

Methods
Spatial data of China’s overseas development finance. We deployed a new 
geospatial dataset of China’s overseas development finance22 to evaluate the risk 
to biodiversity and Indigenous lands. This dataset is a new global, harmonized, 
validated and geolocated record of all foreign loans from the CDB and CHEXIM 
to foreign governments, inter-governmental bodies and state-owned entities from 
2008 to 2019. Although other Chinese agencies (including government institutions 
and commercial banks) may participate in overseas finance, we focus on the 
CDB and CHEXIM, which represent the two leading Chinese DFIs engaging in 
overseas sovereign lending. The loans made by CDB and CHEXIM are primarily 
made on non-concessional rather than concessional terms29. The dataset records 
the project location(s) of each loan in one of three forms to reflect its footprint on 
the ground, including point (for example, individual buildings), line (for example, 
roads and pipelines) and polygon (for example, reservoirs or gas fields) features. 
For all geolocated DFI loans, their project locations were visually validated22. 
However, not all the mapped geolocations of DFI loans are precise enough for 
our risk assessment. We only included the loans with spatial data at the highest 
two precision levels (level 1 and 2) in the dataset for our analyses. Loans coded 
with precision level 1 indicate their exact project locations were mapped, while 
loans coded with precision level 2 estimate their true location within 25 km of 
the geolocated site recorded in the dataset. The exclusions left 594 loans (89% of 
the projects, worth 91% of the total loan portfolio value) eligible for our analyses. 
Details on the methods to generate the dataset can be found in Ray et al.22.

Spatial data of socio-ecological features. We included three types of ecologically 
sensitive feature to represent risks to biodiversity based on their unique importance 
for biodiversity conservation and high sensitivity to development activities: critical 
habitats, protected areas and threatened species ranges. Threatened species are 
priorities of global biodiversity conservation and particularly vulnerable to human 
disturbances. Critical habitats provide important sanctuaries for threatened, 
endemic and other species of high biodiversity conservation importance. Protected 
areas form the backbone of global biodiversity conservation33. Development 
activities are a major driver of the destruction of natural resources inside protected 
areas, as well as protected area downgrading, downsizing and degazettement 
events34,35.

We also evaluated the risk of China’s DFI loans to Indigenous lands. Indigenous 
lands are often managed in ways that support biodiversity conservation, making 
them a stronghold for biological and cultural diversity. Like critical habitats and 

protected areas, Indigenous lands are sensitive to development activities. Although 
there is a growing recognition of Indigenous peoples’ rights, officially sanctioned 
boundaries of Indigenous lands are often contested12. Many development projects 
encroach into Indigenous lands without their consent, causing harm to local 
communities and biodiversity10. Over the past few decades, several international 
voluntary agreements36–38 have arisen regarding the right to free, prior, informed 
consent of Indigenous communities over projects planned in their traditional 
territories. However, very few countries have enacted legislation encoding these 
agreements in national law39,40. Therefore, this work treats Indigenous territory as a 
sensitive feature, with the understanding that projects planned in these areas bring 
social risks that may merit particular attention in project planning and oversight.

We obtained the 1-km-resolution global screening layer of critical habitats 
from the United Nations Environment Programme World Conservation 
Monitoring Centre41. The layer identifies ‘likely’ and ‘potential’ critical habitats 
on the basis of the certainty of their presence on the ground and their alignment 
with the definition of critical habitats by the International Finance Corporation’s 
Performance Standard 6 criteria42,43. These areas have yet to be verified as critical 
habitats on the ground, and thus we consider them as potential areas of critical 
habitat throughout the paper. We obtained boundaries of protected areas from the 
World Database on Protected Areas44 and included all international, national and 
regional protected areas designated as of August 2020. Protected areas represented 
as point data were excluded from the analysis. We focused our evaluation of the 
risk to threatened species on four vertebrate groups: mammals, birds, reptiles and 
amphibians. The distribution range maps for mammals, reptiles and amphibians 
were obtained from the International Union for Conservation of Nature (IUCN) 
Red List45, and range maps for birds were obtained from Birdlife International46. 
Following established practice47, we include species listed as critically endangered, 
endangered or vulnerable, whose ranges are extant and native or reintroduced for 
conservation purposes. A total of 1,410 mammal species, 2,106 bird species, 1,262 
reptile species and 2,263 amphibian species were included in our analyses. We 
obtained the spatial extent of Indigenous lands produced by Garnett et al.12, which 
is the most recent and comprehensive map of lands owned and/or managed by 
Indigenous peoples at the global scale.

Spatial overlap between development projects and socio-ecological features. 
Given that the impacts of development projects can extend beyond the project 
sites48,49, we followed previous studies20,21,50 and established four buffer zones of 
1, 5, 10 and 25 km surrounding project sites of China’s DFI loans to represent the 
extent of land that might be impacted by the loans. We overlaid the buffer zones 
of DFI projects on global layers of critical habitats, protected areas, Indigenous 
lands and distribution ranges of threatened species to determine the extent of 
overlap for assessing risks of DFI loans to socially and ecologically sensitive areas. 
We measured the risks of China’s DFI loans to critical habitats, protected areas 
and Indigenous lands using the areas within buffer zones of 1, 5, 10 and 25 km 
around project sites of the loans. These overlap measurements tell us how much 
of the areas that may be affected by the project contain these sensitive social 
and ecological features. We measured the risk to threatened species using the 
proportion of species in each group overlapped with the buffer zones. We consider 
greater overlap as a proxy for greater risk.

Assessing integrated risks to biodiversity and Indigenous lands. Our integrated 
risk map consists of two major layers: a layer of risk to biodiversity and a layer of 
risk to Indigenous lands. Each layer reflects a composite of individual indicators 
of risk. After generating the two integrated risk layers, we classified them into 
quartiles and cross-tabulated them to generate 16 unique combinations of varying 
risks to both biodiversity and Indigenous lands (Fig. 2). The construction of the 
risk layers and their data sources are described below.

Risk to biodiversity. This risk layer was informed by the following data: critical 
habitats, protected areas, threatened species richness and human modification 
of the landscape. Areas designated as ‘likely’ critical habitat (CH) were given a 
high biodiversity value (CH = 1) and areas designated as ‘potential’ critical habitat 
were given a moderate biodiversity value (CH = 0.5) because of the uncertainty of 
their role as critical habitats42,43. Protected areas (PA) were represented as a binary 
indicator of biodiversity value (PA = 1).

For threatened species, we first calculated the number of threatened species 
ranges at the 1 km2 resolution for all areas within 100 km of Chinese and World 
Bank projects. This resulted in a highly skewed distribution of richness (minimum, 
0 species; median, 11 species; maximum, 68 species). We defined a normalization 
function to convert the original species richness map into a species richness index 
(SRI) on a continuous 0–1 scale to better reflect the relative global patterns of 
species richness, where the median richness (11 species) defined the midpoint 
(SRI = 0.5) of the index:

SRIi =
57
748 SRi

1 +
23
374 SRi

.

SRi is the number of threatened species’ ranges occurring within cell i, with SRIi 
standardized to remove the influence of outliers in estimating biodiversity value at 
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a globally comparative scale. The index reflects the increasing biodiversity value of 
a cell at lower richness and diminishing value at higher richness (Supplementary 
Fig. 1). This diminishing value of an additional species at high richness values 
reflects the diminishing value of information for conservation decision making51; 
we assume that the addition of one threatened species in a site with, for example, 
1 threatened species is more valuable for decision making than in a site where, 
for example, 30 threatened species already occur. However, species range maps 
can be inclusive of lands that have undergone intense human modification. While 
some species may be able to utilize these modified landscapes, we assume the 
biodiversity value of relatively intact landscapes will be greater than landscapes 
converted for agriculture, roads and cityscapes. We used the 2009 human 
footprint map52 to identify lands most valuable for threatened species. The human 
footprint dataset classifies human modification on a discrete 0–50 scale, where 
0 = ‘wilderness’, 4 = ‘pasture’, 7 = ‘cropland’, 10 = ‘built areas’ and higher values 
represent more intensive human modification of landscape. Human footprint 
scores below four are considered relatively ‘intact’ landscapes. To account for the 
enhanced biodiversity value of these intact landscapes, we defined the following 
normalization function to create a human footprint index (HFI) for weighting 
threatened species richness:

HFIi =
1 − 0.02xi
1 + 0.21xi

where xi is the original human footprint score for a given cell i. Within this index, 
lands developed for pastures reflect the midpoint (0.5) of biodiversity value, below 
which additional modification reduces the value of the landscape for threatened 
species’ persistence (Supplementary Fig. 1). The final weighted index of threatened 
species richness (SI) was calculated as:

SIi = SRIi × HFIi .

The integrated biodiversity risk index was generated by summing each cell’s 
score across critical habitats, protected areas and threatened species richness, and 
dividing by 3 to rescale the index between 0 (lowest risk) and 1 (greatest risk) for 
comparability with the Indigenous risk index (see further):

Biodiversity riski =
CHi + PAi + SIi

3
.

The biodiversity risk index measures risk at a relative scale. It attributes 
greater relative risk to locations that contain multiple sensitive ecological 
features than just a single ecological feature. Although locations where only 
one type of ecologically sensitive feature occurs will have a lower risk value, 
these areas should not be interpreted as having negligible risk associated with 
development. Notably, these features are not mutually exclusive. Some areas 
may be designated as critical habitats due to their significance for threatened 
or endemic species (Criteria 1–3) or their designation as a Ramsar site or 
IUCN category I–IV protected area (scenario B)42. However, we found many 
threatened species occur outside critical habitats, and only 41% of global 
protected areas overlap with the map of critical habitats. Thus, we consider 
these three ecological features individually to account for unique differences 
in biodiversity value and policy implications but highlight where these features 
overlap in our integrated biodiversity risk index to identify aggregate risks with 
multiple implications for biodiversity, management and policy.

Risk to Indigenous lands. For our indicator of risk to Indigenous lands, we focused 
on the proximity of projects to Indigenous peoples’ lands. Using data on the 
spatial extent of Indigenous peoples’ lands as of 2017 (ref. 12), we first calculated 
the Euclidean distance of each cell to the nearest boundary of Indigenous lands. 
However, we do not expect risks to decrease linearly with absolute distance, and 
different types of development projects will present different ranges of potential 
impact on nearby communities. So far, few studies have quantified the risks of 
development projects to Indigenous peoples across spatial scales, and no study has 
comparatively assessed the heterogeneous impacts of multiple development sectors 
on Indigenous peoples.

To develop an index of potential risk based upon projects’ proximity to 
Indigenous lands, we used existing empirical evidence on the scale of direct and 
indirect impacts of different development sectors on people to define a function 
that approximates these risks across sectors. Research indicates different sectors 
have different scales of impact: health effects from gold and uranium mines 
can extend 3 km and 10 km from the mine, respectively48,53; roads can increase 
the frequency of fires and deforestation 5–35 km away depending on the size of 
the road54; and dams can impact communities reliant on waterways 10–150 km 
downstream55. Guided by these distance thresholds of maximum sector-specific 
impacts, we defined an Indigenous distance index (IDI) where cells within 
Indigenous lands present the greatest risk (IDI = 1), cells within 30 km of these 
lands present moderate risks (IDI = 0.5) and cells 100 km or farther from these 
lands present negligible risk (IDI = 0):

IDIi =
1 −

1
100 INDi

1 +
1
75 INDi

where INDi is the Euclidean distance of cell i from the nearest boundary of 
Indigenous lands (Supplementary Fig. 1).

While any development project within Indigenous lands presents maximum 
potential ecological and sociopolitical risks to Indigenous peoples, we assume 
that risks outside these boundaries are also dependent upon the area’s current 
development status. More heavily developed areas have less available intact land 
to impact, and development in rural and peri-urban areas can pose large and 
sometimes greater risks to surrounding landscapes than developments within 
existing urban areas56,57. Furthermore, the likelihood of development may decrease 
within more heavily modified landscapes, where land acquisition costs tend to 
be higher58 and sociopolitical structures (for example, city planning processes) 
may reduce, but not eliminate, the potential for social conflict surrounding 
development within local Indigenous territories59. For these reasons, we expect 
ecological and sociopolitical risks to Indigenous peoples to be greater in more 
remote, intact landscapes. Therefore, we generated an Indigenous risk index 
incorporating the proximity to Indigenous lands weighted by the same human 
footprint index as described above:

Indigenous riski = f (IDI) =

{

IDIi × HFIi , IDIi < 1

1, IDIi = 1

where risk is greatest inside Indigenous lands (IDI = 1), and risks outside of 
Indigenous lands (IDI < 1) are dependent upon proximity and existing human 
modification. While we recognize that actual risks within Indigenous lands are 
unlikely to be homogenous, we chose to take a conservative approach to assess 
risks by considering any project within Indigenous territory to exert a constant, 
maximum potential for risk due to the potential negative environmental, social, 
political or cultural effects from overseas development finance within recognized 
or disputed Indigenous territories. We further acknowledge that this conservative 
assessment is not a substitute for direct consultation and involvement of Indigenous 
peoples in the assessment and mitigation of risks in their communities. Indigenous 
and traditional owners are the best representatives of their own communities, 
interests and concerns. However, as mentioned above, these communities’ 
consultation and consent rights are largely unprotected in existing national legal 
frameworks, necessitating a conservative approach to global analysis.

Attributing integrated risks to development projects. Cell values for the biodiversity 
and Indigenous risk indices were extracted for all Chinese and World Bank projects 
in ArcGIS. For loans whose project sites are represented as points, integrated risks 
were attributed to the points on the basis of the 1 km2 cell they coincided with. 
For loans represented as lines, points were generated at 1 km intervals along the 
linear path to extract all cells along their path. This was done to ensure average 
risks reflected the per-kilometre risk associated with convoluted lines (for example, 
winding roads) and reduce overestimation of average risks. This also facilitated 
comparability between the Chinese and World Bank datasets, as linear projects 
financed by the World Bank are represented as series of point features rather than 
line features (for example, vertices of roads and railways). For loans represented 
as polygons, polygon boundaries were rasterized at the 1 km2 resolution and risks 
were attributed to each cell to ensure average risks reflected the risk per km2. For 
point and line data with a precision classification of 2 (that is, certainty within 
25 km), a 25 km buffer was used to calculate risk surrounding the spatial feature 
and analysed the same as polygon data. The boundaries of polygon data with 
this lower precision level already account for this uncertainty, so no buffers were 
generated.

Because a single loan can finance multiple project sites, and projects can 
vary greatly in size (for example, a 1 km2 power plant or a 200 km road), we 
calculated three measures of risk for Chinese and World Bank projects to facilitate 
comparability between datasets: average risk per site, average risk per loan and 
maximum risk per loan. Average risks at the site level were calculated as the 
average risks to biodiversity and Indigenous lands across all cells coinciding with 
the locations of projects within China and the World Bank’s portfolios. To calculate 
average risks per loan, we first calculated the mean value of the biodiversity and 
Indigenous risk indices for individual loans on the basis of their project sites, 
and then averaged these loan-level risks across all of China and the World Bank’s 
portfolios. We also extracted information on the maximum risks of loans across 
their project sites to generate an averaged maximum risk per loan. We first 
attributed the greatest observed value of the biodiversity and Indigenous risk 
indices across all sites for each loan, and then averaged these maximum loan-level 
risks across China and the World Bank’s portfolios. For loans that only include one 
project site, the risk at the site would be the same as the mean and maximum risk 
of the loan. For loans that involve multiple sites, particularly for lines and polygons, 
differences between their mean and maximum risks may be large if risks are highly 
localized across expansive projects.

Nine Chinese projects (1.52%) and forty-three World Bank projects (2.55%) 
were located in regions where human footprint data have not been mapped; for 
these projects, we replaced the footprint-weighted richness index (SI) with the 
unweighted richness index (SRI) in our calculation of biodiversity risk index, and 
we replaced the footprint-weighted Indigenous risk index with the Indigenous 
index based solely on proximity (IDI). Additionally, 13 Chinese projects (2.19%) 
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and 12 World Bank projects (0.71%) were located along coastlines where no human 
footprint data were attributed to the project due to misalignment with the raster 
resolution; for these projects, we verified that the lack of data was due to raster 
error and manually attributed the projects with the nearest cell’s HFI value.

Comparing risks between China’s DFIs and the World Bank. To contextualize 
Chinese DFI projects, we analyse the risk profile of China’s loans in comparison 
with those of the World Bank, the world’s foremost source of development finance. 
We selected the World Bank for comparison for several reasons. First, during the 
period from 2008 to 2019, the World Bank has invested $467 billion across 143 
countries, which makes it similar to China’s policy banks (CDB and CHEXIM) 
in their investment scale. Second, many of the countries receiving loans from 
the World Bank also received substantial loans from China (Supplementary 
Fig. 2), which makes the finance projects also spatially comparable. Third, as 
compared with China’s policy banks, the World Bank has more transparency, 
public engagement and stringent safeguards for their lending to mitigate potential 
risks of environmental degradation and social conflicts21,60. The stringent lending 
requirements make the World Bank an ideal reference to compare with China’s 
policy banks. Finally, the World Bank has identified the spatial location of its loans, 
allowing us to conduct a parallel analysis to evaluate their risks.

We obtained information on the World Bank development projects, including 
commitment amount and sector designation, from the official website of the 
World Bank61. The dataset tracks 3,965 loans from the 2 lending arms that 
provide sovereign loans for developing countries: the International Development 
Association and the International Bank for Reconstruction and Development. We 
focused on the loans from the International Development Association and the 
International Bank for Reconstruction and Development to countries and excluded 
all lending in the form of grants to make them comparable with the Chinese 
loans, which are sovereign finance, not grants. We classified the loans financed 
by the World Bank and China’s DFIs into 11 sectors: transportation, energy, 
extraction, agriculture, communications, education, finance, governance, health, 
manufacturing and others (including multi-sector loans). By applying a consistent 
sector classification scheme, loans in the same sector are comparable because they 
may affect biodiversity and Indigenous lands through similar pathways. Due to 
their relatively high inherent risk, we focused our comparative analyses on the 
agriculture, energy, extraction and transportation sectors and aggregate the rest  
of the sectors in overall comparisons (see Supplementary Fig. 3 for a comparison  
of the sectoral compositions of loans across regions between China and the  
World Bank).

The geospatial data on the locations of the projects financed by the World Bank 
before 2015 were obtained from AidData62. In addition to the locations for each 
project, AidData attached a geographic precision code to indicate the precision of 
the locations identified for the projects. We followed previous studies63 and only 
included the locations with precision at level 1 (exact project location) and level 
2 (within 25 km of the mapped location). These precision codes are consistent 
with those in the dataset of China’s overseas development finance. For loans after 
2014, we obtained the location information from the official website of the World 
Bank61. The World Bank identified the project locations using the same protocol 
as AidData. However, the locations compiled by the World Bank did not contain 
information on the precision of the project location included in the dataset. We 
therefore followed the protocol developed by AidData and assigned the appropriate 
precision code to each project location. A final set of 1,692 loans financed by  
the World Bank with geographic precision codes at level 1 or 2 was used in  
our analyses.

In addition to the integrated risks, we calculated the risks of projects in 
China and the World Bank’s portfolios to each socio-ecologically sensitive feature 
according to the three metrics described previously: averaging risks per site, and 
averaging mean and maximum risks per loan. We determined the risk per site to 
Indigenous lands, critical habitats and protected areas on the basis of whether the 
site is within or outside their boundaries (Yes: 100%; No: 0%). We then calculated 
the mean and maximum risk of each loan to these areas on the basis of the 
corresponding risk values across the loan’s project sites. Similarly, we first obtained 
the risk to threatened species at each project site on the basis of the weighted 
species richness value at the site and then calculated the loan-level mean and 
maximum risks for comparison.

We tested the significance of the difference in risks to biodiversity and 
Indigenous lands posed by loans financed by China’s DFIs and the World Bank 
across sectors. For risks to the individual socio-ecological features, we used a χ2 
test to compare the binary risks per site and maximum risks per loan. For site-level 
risks based on threatened species and the integrated biodiversity and Indigenous 
risk indices, we compared China and the World Bank using Welch’s t test given the 
approximate normality of our large sample size and unequal variances between 
the risks of Chinese and World Bank projects. To compare loan-level mean and 
maximum risks within the energy, transportation and combined sectors, we also 
used Welch’s t test due to the large sample size. Considerably small sample sizes 
exist for China’s DFI loans within the extraction and agricultural sectors (16 and 
17 loans, respectively). For the loan-level analyses, statistical comparisons were 
performed using the non-parametric Mann-Whitney U test to account for the 
small sample size. However, for the site-level analyses, loans within the extraction 

sector consisted of hundreds of sites (that is, large polygons and long linear 
infrastructure), so Welch’s t test was used for comparison within this sector.

Robustness checks. To test the sensitivity of our integrated risk analyses, we 
reproduced the comparisons of risks to biodiversity and Indigenous lands (per site 
and per loan) between Chinese DFIs and the World Bank under two modifications. 
First, we excluded all projects financed by the World Bank where the recipient 
country was China to make it comparable with China’s overseas development 
finance, which by definition is limited to extra-Chinese territories. This removed 
a total of 112 loans from the World Bank dataset, representing 6.64% of all World 
Bank loans and 7.09% of their project sites. At the site-level, this exclusion resulted 
in only one change in the results: without these sites in China, the average risks 
to biodiversity per site within the transportation sector are significantly higher 
for the World Bank (t = −2.049, d.f. = 3280, P = 0.041) (Supplementary Table 2). 
Excluding these loans to China did not result in any notable changes from the more 
inclusive analyses at the loan-level for mean or maximum risks to biodiversity and 
Indigenous lands (Supplementary Tables 3 and 4).

Second, we excluded all sites with a coded precision of level 2 (that is, within 
25 km) to assess the sensitivity of our results to uncertainty of project locations. 
This excluded 135 loans from the Chinese DFI dataset (22.73% of loans and 0.12% 
of sites). In many instances, a single World Bank loan had ‘mixed’ precision; that 
is, some sites within the loan had a precision of 1 and some had a precision of 2. 
For these loans, we only excluded sites with a precision of 2, and we recalculated 
the average and maximum risks to biodiversity and Indigenous lands on the 
basis of the more precise locations. This led to the removal of 62 loans from the 
World Bank dataset (3.68% of loans and 8.79% of sites). At the site-level, the 
only change in results was the significantly higher risk to biodiversity per World 
Bank project site in the agriculture sector (Mann–Whitney U test W = 8333, 
P = 0.011) (Supplementary Table 5), which is probably due to the large reduction 
of Chinese DFI sites in the agriculture sector (45% of DFI sites in the agriculture 
sector are precision 2). At the loan-level, average risks to Indigenous lands became 
significantly higher for Chinese DFI loans in the transportation sector (t = 2.318, 
d.f. = 411.4, P = 0.021) (Supplementary Table 6). Additionally, maximum risks 
to biodiversity per World Bank loan were no longer significantly higher than 
those of Chinese DFI loans (Supplementary Table 1). While World Bank loans 
across all sectors still present higher maximum risks to Indigenous lands, these 
sensitivity results suggest that greater certainty of project locations may be needed 
to determine if the World Bank’s loans carry significantly greater maximum risks to 
important biodiversity features.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The global screening layer of critical habitats is publicly available from the 
United Nations Environment Programme World Conservation Monitoring 
Centre41 and the boundaries of protected areas are available from the World 
Database on Protected Areas44. The spatial ranges of threatened species are 
available from the IUCN data repository (https://www.iucnredlist.org/resources/
spatial-data-download). The Human Footprint data can be downloaded from 
the Dryad Digital Repository (https://datadryad.org/stash/dataset/doi:10.5061/
dryad.052q5). The layer of Indigenous people’s lands can be requested from the 
corresponding author of the dataset12. The geospatial data of China’s overseas 
development finance can be requested from the corresponding author of the 
dataset via the Open Science Framework repository64. The geospatial data of the 
loans financed by the World Bank between 2008 and 2014 are available from 
AidData62. Data on the loans financed by the World Bank between 2015 and 
2019 are available from the website of the World Bank61. Risk scores for each 
loan considered in this analysis are available upon reasonable request from the 
corresponding author.
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Extended Data Fig. 1 | overlap of project sites of Chinese DFI loans with sensitive social and ecological areas. Global distribution of project locations 
of Chinese DFI loans and their overlap with (a) critical habitats, (b) protected areas, and (c) Indigenous peoples’ lands. *Projects outside Indigenous 
lands are based on the absence of existing, verified data and does not necessarily indicate the absence of lands managed and/or controlled by Indigenous 
peoples.
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Extended Data Fig. 2 | Comparison of loan-level integrated risks of China’s overseas DFI portfolio. Global distribution of project locations of Chinese DFI 
loans during 2008-2019 according to their (a) maximum and (b) mean risks to biodiversity and Indigenous lands.
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Extended Data Fig. 3 | Relationship between country-level average risks and the risks posed by Chinese DFI loans. Comparison of national average 
risks to biodiversity and Indigenous lands across the landscape and the (a-b) mean and (c-d) maximum risks posed by their Chinese DFI loans. Mean and 
maximum risks are represented as the average per loan. Countries whose DFI portfolio poses similar levels of risk to what we would expect at random 
within the country lie closest to the red line (slope m = 1). Countries are indicated by their three-digit ISO code.
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Extended Data Fig. 4 | Comparison of the risk per site to critical habitats, protected areas, Indigenous lands, and threatened species across different 
sectors. The mean risk per site to critical habitats (a), protected areas (b), Indigenous lands (c) were measured as whether the site is overlapped with 
those sensitive areas (Yes: 100%; No: 0%). The risk per site to threatened species (d) was measured as the site’s weighted species richness value 
(number of species whose range intersect the site weighted by human footprint index, see methods). Error bars represent the standard error of the mean.
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Extended Data Fig. 5 | Comparison of the mean risk per loan to critical habitats, protected areas, Indigenous lands, and threatened species across 
different sectors. The mean risk per loan to critical habitats (a), protected areas (b), Indigenous lands (c) were measured using the percentages of the 
loan’s project sites overlap with those sensitive areas. The mean risk per loan to threatened species (d) was measured as the mean weighted species 
richness values across the loan’s project sites. Error bars represent the standard error of the mean.
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Extended Data Fig. 6 | Comparison of the maximum risk per loan to critical habitats, protected areas, Indigenous lands, and threatened species across 
different sectors. The maximum risk per loan to critical habitats (a), protected areas (b), Indigenous lands (c) were measured as whether the loan has any 
project site overlap with those sensitive areas (Yes: 100%; No: 0%). The maximum risk per loan to threatened species (d) was measured as the maximum 
weighted species richness value across the loan’s project sites. Error bars represent the standard error of the mean.
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Extended Data Fig. 7 | Relationship between mean and maximum integrated risks of DFI loans. Similarities and discrepancies between loan-level mean 
and maximum integrated risks to biodiversity and Indigenous lands for (a-b) Chinese DFI loans and (c-d) World Bank loans. Color intensity reflects the 
density of DFI loans. Loans whose overall and maximum risks are equivalent lie along the solid line (slope m = 1). Dashed lines reflect the quantiles used to 
identify risk categories.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection No software was used for data collection

Data analysis We used ArcGIS 10.7 to (1) assess the ecologically sensitive areas and indigenous lands at risk; (2) generate the integrated risk maps; and (3) 
attribute risk values to each DFI project. The species count value for each cell was calculated using the ArcGIS IUCN Red List Species Mapping 
Toolbox (2019_08 version). The risk comparisons between DFI projects financed by China and World Bank was conducted in R (v. 4.0.0).  
 
-Esri Inc. (2020). ArcGIS Desktop (Version 10.7). Esri Inc. https://www.esri.com/en-us/arcgis/products/arcgis-desktop/overview. 
-IUCN (2020). ArcGIS IUCN Red List Species Mapping Toolbox (2019_08 version). https://www.iucnredlist.org/resources/spatialtoolsanddata 
-R Core Team. R: A language and environment for statistical computing. (R Foundation for Statistical Computing, 2015). https://www.r-
project.org/

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
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- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The raster layer of critical habitats is publicly available from the United Nations Environment Program World Conservation Monitoring Center40 and the boundaries 
of protected areas are available from the World Database on Protected Areas43. The spatial ranges of threatened species are available from the IUCN data 
repository (https://www.iucnredlist.org/resources/spatial-data-download). The Human Footprint data can be downloaded from the Dryad Digital Repository 
(https://datadryad.org/stash/dataset/doi:10.5061/dryad.052q5). The layer of Indigenous people’s lands can be requested from the corresponding author of the 
dataset12. The geospatial data of China’s overseas development finance can be requested from the corresponding author of the dataset via the Open Science 
Framework repository63. The geospatial data of the loans financed by the World Bank between 2008 and 2014 is available from AidDATA61. Data on the loans 
financed by the World Bank between 2015 and 2019 is available from the website of the World Bank60. Risk scores for each loan considered in this analysis are 
available upon reasonable request from the corresponding author.
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Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Here, we examine the scale and distribution of risks to global biodiversity and indigenous lands from projects financed by China’s 
policy banks between 2008 and 2019, and compare with the risks associated with similar projects financed by the World Bank. 

Research sample The dataset of China's overseas development finance includes 859 loans made by China's policy banks from 2008 to 2009, with 594 
of them have reliable location information and were included in our analyses. We selected 1692 loans financed by the World Bank 
during the same period and have reliable location information for the risk comparison analyses.

Sampling strategy We included all the loans with reliable spatial data in our analyses.

Data collection We used existing data for this study and no raw data collection was undertaken.

Timing and spatial scale We assessed the risk to biodiversity and indigenous land from projects financed by China's policy banks between 2008 and 2019 at 
the global scale. 

Data exclusions We excluded 265 China-financed loans that do not have reliable spatial data from our analyses. Similarly, we excluded 2276 World 
Bank loans that do not have reliable spatial data for our risk comparison analyses.

Reproducibility All data and data analysis procedure required to reproduce the results were presented in the manuscript.

Randomization Not applicable, all loans with reliable spatial data were included in our analyses.

Blinding Not applicable, as this study was an analysis of existing data.

Did the study involve field work? Yes No

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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