
UNEP-WCMC Technical Briefing   
November 2021 

 
 

1 
 

                        

                                        

The Area of Influence of site-based 
operations – Direct Impacts 
Assigning buffer distances for high-level screening of biodiversity 
exposure based on direct impacts 
 

 

 

 

 

 

 

 

 

Key Messages  

• Defining an appropriately scaled ‘Area of Influence’ is integral to high level screening processes that aim to 
identify important biodiversity features that may generate risk. 

• Area of influences should include the extent of expected pressures that stem from the site and consider potential 
for indirect impacts on biodiversity.    

• To date however, there lacks consensus or quantitative guidance on appropriate buffers to be applied in different 
contexts. Understanding the factors underlying variation in the distances impacted by sites forms the foundations 
of a decision-making framework, presented here, to address this knowledge gap. 

• Available literature to create generalised rules is disparate, and there is a lack of research that compares 
pressures between sectors and habitats systematically. However, best available information suggested that the 
following approach should be applied for direct impacts: 

o A 10km buffer is likely to cover the majority of direct impacts of terrestrial mines in most habitats, and, 
applying a precautionary approach, a 5km buffer likely to cover the impacts of terrestrial oil and gas, 
whose impacts are generally shown to impact smaller distances than mining. These should be taken as 
a minimum starting point when deciding on buffers to apply during screening. 

o Importantly, these minimum distances should be increased for certain habitat types and contexts, 
including tropical & subtropical dry broadleaf forests, where Area of Influences up to 70km have been 
documented in relation to habitat clearance from mining.  

o Marine operations have the potential for much larger Area of Influence than terrestrial operations. A 
minimum buffer of 30km should be applied in marine environments for mining, and 20km for oil and gas 
operations, but extended if there is high potential for noise disturbance.  

• The distinction between direct and indirect impacts is often unclear, hindering clear decision-making frameworks. 
Further research is required to define and distinguish indirect impacts then establish factors that reflect the 
potential for indirect impacts of site-based operations, so these can also be considered when defining AoIs during 
risk screening. These indirect impacts will be covered in a subsequent brief.
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Introduction 
Site-based operations, including mining, oil and 
gas extraction and renewables, have high 
potential to impact biodiversity, generating 
physical, regulatory and reputational risks. 
Development of site infrastructure is often 
associated with direct habitat clearance and 
degradation. However, many pressures extend 
beyond physical site boundaries, including 
effluents and pollutants, noise disturbance and 
direct use of natural resources1. These direct 
pressures can in turn act cumulatively between 
operation sites, for example hydrographic 
changes from hydropower dams in a river basin, 
or the accumulation of pollutants in streams. 
Sectors with localised site-based operations have 
the potential to drive biodiversity loss across 
wider landscapes and seascapes, including in 
protected areas or other areas of biodiversity 
importance that may be adjacent to operation 
sites2,3. Biodiversity impacts must therefore be 
assessed at an appropriately sized spatial scale 
for the full extent of potential impacts to be 
captured.  

It is important for many decision-making 
contexts to quantify the spatial scale over which 
site-based activities are likely to impact 
biodiversity, known as the ‘Area of Influence’ 
(AoI). Individual projects require an AoI to carry 
out detailed Environmental Impact Assessments 
(EIAs) when applying for regulatory and financial 
approval. At a much broader decision-making 
scale, investors may require a more rapid and 
high-level screening of multiple operation sites 
across a portfolio, to assess relative biodiversity 
risk based on overlap of operation sites with 
biodiversity features of importance. In both 
context AoIs are defined before the biodiversity 

features are identified. Although it must be 
sufficiently large to effectively capture pressures, 
over-estimating or over-generalising this AoI may 
also reduce the credibility of any risk 
assessments, as well as increasing associated 
costs, ultimately reducing their utility for decision 
making.  

There is no specific guidance or consensus on 
the size of areas to apply as buffers, or a set of 
defined criteria to consider when selecting an 
appropriate AoI. This is despite the many 
definitions of what constitutes an AoI through 
regulatory mechanisms and sector standards. 
IFC Performance Standard 6, and many other 
equivalent standards (from the World Bank, the 
European Bank for Reconstruction and 
Development, the Asian Development Bank, etc), 
request the assessment of biodiversity features 
within a project’s AoI, with the identification of 
Critical Habitat features triggering a Net Gain of 
biodiversity requirement. Many sector and cross-
sector guidelines include the assessment of a 
project’s AoI, including the ‘Good Practices for the 
Collection of Biodiversity Baseline data’4 

guidance. Consistent throughout these different 
mechanisms the definition of an AoI typically 
comprises of three main components (Figure 1). 

• Physical activity footprint- The extent of 
the operations’ site and associated 
facilities 

• Direct impacts- Emissions, discharges 
and direct resource demand stemming 
from the site’s operations and extending 
beyond its physical boundaries 

• Indirect and induced impacts- Impacts 
driven by the operation’s presence, but 
not originating from the site itself. These 
include induced socioeconomic effects 
such as increased local settlement size 
due to operations’ workforce, driving 
further habitat loss.  

This briefing note aims to move from this 
guidance of ‘what to include in the AoI’ to ‘how 
to select an appropriate AoI’. As a starting 
point, this note will focus on the 
considerations when establishing AoIs based 
on the impacts stemming from the site’s 

Figure 1: Recommended elements of an Area of Influence. Taken 
from UNEP-WCMC (2020)5, adapted from IPIECA4 
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operations. Although indirect and induced effects 
are important to consider, these are not covered 
here. A first step towards more effective high-

level screening is to understand general patterns 
in physical activity footprints and direct 
pressures. 

Physical 
Activity 
Footprint 
The most basic level of spatial data for 
site-based operations is in the form of a 
single point representing site 
coordinates. An important first step in 
determining the AoI to apply is therefore to 
determine the potential size of physical 
activity footprint. This constitutes the 
absolute minimum area to be applied during risk 
screening, with direct pressures (e.g. from 
effluents and emissions) then extending this 
minimum area further. 

Recent innovative work has used satellite 
imagery to quantify site footprints and calculate 
regional and global average footprints for 
different sectors. For example, shale gas facilities 
across the UK, Poland and the Netherlands have 
an average well pad site size of ~ 0.02 km² 6. 
Given this small area, most impacts from direct 
physical footprint are likely to be from 
fragmenting habitats when shale pads are 
spread across landscapes. 

In contrast, aerial photography reveals that 
mining facilities vary considerably in size7. 
Although analyses show that a 1 km buffer 
around site points is likely to cover direct facilities 
for the majority of mines, for the largest mines, a 
buffer of 20 km is required to cover direct 
physical footprint. Further analysis8 has shown 
that production volume is a useful predictor of 
mine size. Mines expected to produce larger 
volumes should take a precautionary approach to 
this minimum starting size of the physical 
footprint.  

Direct Impacts
 
 

Building on from the physical footprint, the extent 
of direct pressures associated with site 
operations can be used to set an appropriate AoI 
for risk screening. An initial literature review 
carried out for this technical briefing revealed 97 
records (multiple records per study) in the 
scientific literature on the impact of extractive 
operations in both marine and terrestrial biomes 
(see Annex 1). A non-exhaustive review of EIAs 
from large-scale extractive projects worldwide 
was also carried out (see Annex 2). Although 
impact distances are highly dependent on 
available studies, where pressures and impacts 
are not assessed systematically between 
sectors, averages for different activities are 
shown in Table 1 and can act as a starting point 
for determining AoIs. The range of distances 
around the average however is driven by differing 
pressures associated with each activity. For 
some of these pressures the average will be too 
small, and so it is important to understand the 
specific pressures associated with each activity 
and adjust from the average accordingly. 
 

Figure 2: Identifying direct site footprints from aerial photography. Taken from 
Maus et al 20207. Polygon are drawn around physical footprints to estimate 
area covered.   
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Factors affecting 
Area of Influence 
There are three core factors that may affect how 
an Area of Influence varies between sectors and 
types of operations, and these factors combine to 
form the foundations of a decision making 
framework, populated with available data from 
the literature (Figure 3):  

1. Types of pressure associated with 
operations 

2. Habitat type 
3. Type of impact considered 

The factors interact to cause high variability of 
AoIs. AoIs of the same pressure are variable 
depending on biome and type of impact 
considered. Similarly, the apparent sensitivity of 
a habitat depends on the type of pressure applied 
and the associated impacts considered.  

Direct emissions have potential to travel large 
distances in the marine environment. For 
example, impacts of seawater pollution and noise 
pollution were detected at distances up to 50 and 
300 km away from the source respectively. On 
land, impacts of air pollution varied less across 
studies than the impacts of freshwater pollution, 
suggesting that air pollution is potentially less 
influenced by habitat type and other contextual 
factors. 

Since emissions have the potential to reach large 
distances, the results of the average AoI analysis 
for a given sector or biome based on the available 
literature is affected by whether or not these 
pressures are represented in studies. For 
example, no studies were found on air, soil or 
freshwater pollution from terrestrial oil and gas 
sites, resulting in an average AoI that is relatively 
small (0.9 km). In contrast, the EIAs for terrestrial 
oil and gas did measure these emissions, and had 
a larger average AoI of 3.5 km. Similarly, if air, soil 
and freshwater pollution data is removed from 
the literature review on terrestrial mines, the 
average AoI is decreased by almost 5 km. 
Although paucity of literature on a certain 
pressure may reflect real differences between 
different sectors, biases in academic research 
must also be considered as another possible 
explanation.  

The distance impacted by direct habitat 
clearance varied highly when considering mining 
and oil and gas together and is likely highly 
dependent on habitat type as well as socio-
economic factors. For example, the AoI of habitat 
clearance (across all impacts studied) ranges 
between 30-70 km in Tropical and Subtropical 
Moist Broadleaf Forests10,16, 11-15 km in Tropical 

Table 1. Average and range of AoI from literature for key sectors 
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and Subtropical Dry Broadleaf Forests3, 0.08-1 
km in Temperate Broadleaf and Mixed 
Forests3,13,17-20 and only 0.056-0.24 km in 
Temperate Conifer Forests13. 

Based on the analysis carried out for this briefing, 
on average, a 10km buffer would likely cover 
most pressures, given the range of average 

values across the different pressures 
documented (Figure 3). A more precautionary 
buffer is potentially required in specific habitats, 
such as tropical forests where the Area of 
Influence was highest. 

 

 

 

 

 

 

 

 

Figure 3: Average (top row) and upper and lower range (below) of AoI per biome and pressure from reviewed literature 
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Additional 
Considerations
There are discrepancies between EIAs 
and the scientific literature 

Our non-exhaustive review of EIAs has found that 
they generally use smaller AoIs than those 
identified by the scientific literature. A main 
reason for these discrepancies is the differences 
in pressures covered by the academic studies 
and the EIAs, meaning a full and systematic 
comparison is not possible. There are other 
potential explanations for the discrepancies, 
however. Investigations carried out by EIAs may 
not measure beyond a certain distance from a 
site, due to resource, time, or access restrictions. 
If the impact of a pressure extends beyond this 
area, it will not be detected. However, academic 
studies can also be limited in their coverage, due 
to funding or time constraints, and may also 
underestimate the AoI. In some instances, EIAs 
may review the scientific literature or other EIAs 
to estimate the AoI associated with a pressure 
and then adopt a distance deemed appropriate.  

Many impacts occur on a spatial gradient 

The impact of certain pressures may exist on a 
gradient, making it more challenging to define an 
AoI. For example, the concentration of a heavy 
metal that has been introduced into a river will 
become more dilute with increasing distance 
from the source of contamination. This is in 
contrast to pressures that have a more distinct 
binary impact, such as habitat clearance. In 
cases where the influence of a pressure follows a 
gradient, knowing the ‘permissible’ level of impact 
is required to provide a meaningful AoI, and may 
necessitate independent assessments. Ideally, a 
study would measure the impact of a pressure 
until such a threshold is reached. What levels will 
be considered ‘acceptable’ will largely depend on 
what habitat is being affected and the type of 
impact it has. In the case of pollutants in a river, 
acceptable levels may relate to the quality of the 
water for drinking or agriculture, the lethal dose 
of the pollutant for fauna or flora, whether the 

habitat is considered intact or not and if it has 
protected status. For example, one study 
included in the review measured the impact of 
heavy metal pollution coming from a mine in a 
mountainous region of China surrounded by 
farmland9 (Sun et al., 2018). The concentration of 
several heavy metals in the river followed a 
gradient and halved less than 500 m away from 
the source, with most metal concentrations 
reaching the national standard for water used in 
agriculture by 1 km. However, one metal 
exceeded national guidelines throughout their 2.5 
km study area and so the full extent of the AoI 
was not measured. 

Extent of impacts depends on the 
definition of ‘impacts’ 

The AoI is also likely to vary depending on the 
type of impact being considered. For example, 
heavy metals in a river may increase the mortality 
of plants and animals in close proximity to the 
source. However, the impact on animal behaviour 
may extend many kilometres downstream or 
upstream, as animals move away from the 
source of pollution. The scope of what is defined 
as an ‘impact’ should be clearly set out in the 
scope of any risk assessment process. 

Further research is required 

The ability to make generalised rules, and 
comparisons between sectors for Area of 
Influence is limited by a lack of systematic 
research. The research behind this briefing has 
relied on summarising disparate studies. Further 
research to fill knowledge gaps in the impacts of 
specific pressures across sectors will help build 
more accurate estimates to guide the 
appropriate size for Area of Influence.  

Physical activity footprints and direct pressures 
are only part of the picture. Indirect impacts are 
also important to consider in the risk screening 
process. Although indirect impacts have been 
documented, further analysis is needed to first 
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clearly separate indirect impacts from direct 
impacts then understand the factors that 
influence indirect impacts to incorporate them 
into applying AoIs.  

Conclusion 

Despite a paucity of information available to 
make robust assessments of Area of Influence, 

an understanding of variation of impacts of 
different pressures in different contexts aids in 
making more informed decisions. Bringing 
together information from this review of direct 
impacts, and addressing knowledge gaps of 
indirect and cumulative impacts, can form a 
structured decision framework for more credible 
biodiversity risk assessment.
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Annex 1: Literature review - AoI from extractive operations 

Scientific literature consulted for calculations of the impact of extractive operations in both marine and 
terrestrial biomes, including areas of influence, habitats, pressures and impacts.  
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Annex 2: Literature review- AoI from environmental impact assessments 

EIAs reviewed to calculate the average AoIs used by extractive operations in both marine and terrestrial biomes, 
including areas of influence, habitats, pressures and impacts.  
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