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Abstract More than 25% of natural World Heritage (WH) sites worldwide are estimated
to be under pressure from existing or future mining and energy activities (IUCN 2008;
UNESCO 2009). However, that ‘pressure’ has yet to be quantitatively defined and assessed
for many regions of the world. We conducted a GIS-based analysis of overlap and proximity between natural WH sites and areas allocated to oil and gas concessions as well as
pipelines and oil wells for all of sub-Saharan Africa. We found that oil and gas concessions
were located within 27% of the WH sites, though no currently active oil wells were
operating directly within the WH sites. A proximity-based assessment of oil and gas
concessions within 5 km of WH site boundaries included only one additional WH site,
suggesting that sites susceptible to indirect impacts from oil and gas development are likely
to be those already overlapped by concessions. Our findings indicate that activity from oil
and gas development in sub-Saharan WH sites has to date been limited; however, future
pressure cannot be ruled out, due to continued presence of concessions within more than
one quarter of the network, and projected expansion of oil and gas exploration within the
region. Our results may be used to inform the inclusion of new sites into the WH network.
Keywords Oil and gas development ! Overlay analyses ! Protected areas !
Sub-Saharan Africa ! World Heritage
Introduction
The UNESCO World Heritage (WH) network encompasses 911 internationally designated
sites established for the protection of outstanding physical, cultural and biological heritage
(UNESCO 1972, 2011). However, more than a quarter of natural WH sites worldwide are
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thought to be under pressure from existing or future mining and energy activities (IUCN
2008; UNESCO 2009). In 2007, the Arabian Oryx Sanctuary in Oman became the first site
in history to be delisted from the WH List, following a significant reduction of the site to
allow for oil and gas exploration (WH Committee 2007).
The physical, biological, and ecological impacts from oil and gas development are well
documented (Epstein and Selber 2002; Chow et al. 2003; Copeland et al. 2009). The nature
and degree of impacts vary according to the phase of development, and proximity to the
development site. Direct impacts during the exploration phase include deforestation for
exploration access routes (Epstein and Selber 2002) and opening of forest canopy along
seismic lines, drop zones, and helipads (Thomsen et al. 2001). During the drilling and
extraction phases, direct impacts include soil and groundwater contamination; losses in
species richness and diversity in both oil and gas development (Godfrey et al. 2004) and oil
spill impacted areas (Osuji et al. 2004); and hydrocarbon, water and mud discharge
(Epstein and Selber 2002). Indirect impacts to surrounding habitats and ecosystems from
road networks created for oil and gas installations can also be substantial; roads built for oil
and gas exploration are often used by the logging industry and bushmeat hunters, thus
increasing both wood extraction rates and the duration of the logging season (Grau and
Brown 2000), and hunters’ access to previously remote areas of forest (Thibault and
Blaney 2003).
The Operational Guidelines for the Implementation of the World Heritage Convention
state that protection and management of WH sites by countries should include legislative
and regulatory measures that ensure protection of sites against development and change
that might negatively impact their integrity or outstanding universal value (UNESCO
2008). Countries are also requested to ensure effective implementation of these measures;
failure to adequately protect and manage a site may ultimately result in its deletion from
the WH List. Prior to removal, however, a site at risk (from oil and gas development, for
instance) will undergo a review process by the WH Committee, which will make recommendations on particular courses of action or intervention needing to be made in order
to minimise or reverse the threat.
Efforts to prevent oil and gas activity within WH sites are also underway by conservation organisations, extractive industries, and the financial institutions that fund them. In
2008, the IUCN issued a statement calling for WH sites to be off limits to extractive
industries, including oil and gas (Marton-Lefèvre 2008). The International Council on
Mining and Metals (ICMM) and the Minerals Advisory Council of Canada have made
commitments to refrain from undertaking exploration or mining activities in WH sites
(ICMM 2003; IUCN 2008), and Shell has a stated commitment to not explore or develop
oil and gas resources in natural WH sites (Shell 2010). Companies in different sectors,
keen to highlight their green credentials, are also taking individual action; for example,
HSBC, a global banking and financial services company, does not provide financial support
to energy operations located in WH sites, in line with its environmental standard (HSBC
2008).
In spite of these efforts, global trends in energy use and demand suggest that future
conflicts of interest between protected areas and areas to be used for hydrocarbon
extraction will increase (Finer and Orta-Martı́nez 2010). To mitigate for current and future
environmental impacts of oil and gas extraction, WH sites most at risk must be identified.
Potential current impacts to WH sites can be determined through identification of sites
already containing oil and gas infrastructure (such as oil wells and pipelines); potential
future impacts can be explored by identifying WH sites where infrastructure has been
planned, or where sites overlap with leased oil and gas concessions—specific blocks of
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land designated by national government for hydrocarbon exploration and/or development,
which are then leased to state or private energy companies to explore or develop (Finer
et al. 2008). Some companies are already beginning to map and disclose information about
the proximity of their operations to WH sites (Affolder 2009). Such a level of disclosure is
yet to become common practice, however, and commitments on behalf of large oil and gas
companies to not explore in WH sites generally do not match those of their mining
counterparts (Affolder 2009).
For this reason, we present the first quantitative spatial analysis of natural WH site
overlap with oil and gas infrastructure and leased concessions for sub-Saharan Africa, a
region entering a new and expanding phase in its oil and gas exploration and development
(Foss 2008). We consider natural WH sites, in order to focus on the potential environmental impacts on protected areas designated for the protection of biodiversity, as opposed
to cultural heritage. In addition, we analyse both ‘tentative’ sites (those that have been
identified by Member Parties for potential future WH nomination) and the entire protected
area network within sub-Saharan Africa, to assess overlap across these three classes of
sites. The findings can help inform protected area and extractive industry site selection and
help mitigate potential environmental impacts, through the identification of existing WH
sites which may come under development pressure, and consideration of sites which may
be incorporated into the WH network in the future.

Data and Methods
Data
Protected area data were obtained from the 2009 World Database on Protected Areas
(WDPA), which is the most comprehensive database of protected areas globally (http://
www.wdpa.org; UNEP and IUCN 2009; Chape et al. 2008). We obtained polygon data for
the 33 terrestrial and marine sub-Saharan natural WH sites from the WDPA. A large
proportion of these sites (27%) showed inconsistencies between official UNESCO WH
Centre reported area and WDPA polygon area values, so a cross-referencing system was
established for sites with more than a 10% area discrepancy in order to identify and rectify
relevant sites. Member States’ nomination files, IUCN evaluation reports, WH Committee
meeting reports, IUCN state of conservation reports and publicly available maps of site
boundaries were cross-referenced to determine underlying causes, if any, for discrepancies.
The WH sites were geoprocessed to reflect the true site boundaries. In the instance that a
cause for the discrepancy could not be identified, the data source with the most recent
reference date was used.
For tentative sites, polygon data were available for 44 of 66 tentative sites from the
WDPA. For 20 of the remaining sites, areas were digitized from available images and
maps. Two other sites had no available maps, so a buffer around each site’s centroid
coordinate point was created, equal to the reported area of the site for one, and the median
sub-Saharan African IUCN management category I and II site area for the other, which had
no reported area. It should be noted that although tentative sites are generally based on
existing protected area boundaries, these boundaries can be redrawn during the nomination
process, and our attempt to delimit such boundaries should be interpreted as an
approximation.
Non-WH protected areas for sub-Saharan Africa were obtained from the WDPA. For
these analyses the dataset was divided into 4 categories: other international sites (Man and
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Biosphere (MAB) and Ramsar; 211 sites), IUCN protected area management category I–II
(260 sites), IUCN protected area management category III–VI (689 sites) and sites with no
IUCN protected area management category available or assigned (4,237 sites) (for further
information on IUCN management categories, see Dudley 2008). The majority ([84%) of
natural WH sites used in these analyses were nationally designated IUCN category I or II
sites prior to WH designation. We therefore chose to divide national sites into the categories described above to provide a comparison between WH sites and national sites with
similar characteristics.
We obtained spatial data on oil and gas concessions and infrastructure from IHS, a
global energy and environment data provider and consultancy (IHS 2009). Their global
dataset on oil and gas concessions and installations originates from government agencies,
energy producers and other industry sources within countries, and is verified by IHS
through accuracy assessments, cross-referencing, verification of surface and sub-surface
attributes, and standardising and creating common industry codes (IHS 2010). In addition
to information on spatial location and extent, the databases hold records on operational
status, date of establishment and phase of development, as well as layer-specific information; for example the hydrocarbon content (e.g. oil, gas, condensate, refined products) of
pipelines in the pipelines database.
Here we use the term ‘oil and gas layers’ to collectively refer to IHS datasets on oil and
gas concessions, wells, and pipelines (Table 1).
Methods
To measure the extent of oil and gas concessions and infrastructure within WH sites,
tentative sites, and protected area boundaries, we conducted a spatial overlay analysis,
using ESRI ArcMap 9.3 (ESRI, Redlands, USA). After projecting all datasets into the
Africa Albers Equal Area Conic projection, we calculated the area of concessions, presence/absence of oil wells, and length of pipelines within the boundaries of each WH site.
Results were grouped according to operational status of each oil and gas layer found within
the WH site, to indicate whether the overlap highlighted a past, current or potential impact.
We then identified the proportion of oil and gas concessions, wells and pipelines created
after the designation dates for WH sites to determine sites where concessions had been
leased or oil and gas activity had occurred despite international site designation.
This analysis was repeated for tentative sites and all other nationally and internationally
designated protected areas in sub-Saharan Africa, to compare and contrast extent of
overlap in WH sites with that of the tentative list and the greater protected area network.
For our proximity analysis, we created a 5 km buffer around each oil and gas development and measured the extent of overlap for WH sites, tentative sites, and other international and nationally designated protected areas to identify sites which might be subject
to indirect impacts from oil and gas activity. At the time of our analyses, we found no
published information on the distance from oil and gas installations at which indirect
impacts may still occur, and chose a buffer distance of 5 km after discussions with an
environmental impact consultant with experience of measuring oil and gas impacts in subSaharan Africa (John Taylor, Mott MacDonald, pers comm.).
In instances where individual oil and gas concession overlaps accounted for a very small
percentage of overlap with WH sites and tentative sites (\1% of total site area), we
investigated whether this overlap could be attributed to error associated with inaccurate
boundary lines or distortions resulting from changes in dataset projection. Three such WH
sites and four tentative sites were identified. In all cases, these sites featured concessions
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1
1539
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14,037 km (planned)

4126

8724

n/a

Offshore
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Exploration/
Exploration/
development/ production (4.6%)
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drilling
(0.5%)
Surface exploration/
drilling (55.8%)
Surface exploration
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Development (17.0%)

19.9%

Completed (ready for
activity)

85.8%

Operating

19.3%

Production

57.2%

Plugged and abandoned

7.4%

Planned

2.5%

Other

0.3%

Active

22.6%

Other

Suspended (2.4%)
Reserved area (0.1%)

Onshore/Offshore

Suspended (20.5%) 6.7%
Unknown (0.4%)
Junked (1.7%)

Other

Total
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Number
480
569
1101
631,582,773 ha
Total coverage
(for territorial
land and seas)
27.3% (onshore oil and gas concessions only)
Coverage (as a %
of area of sub-Saharan
Africa)

Wells
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Table 1 IHS oil and gas layers coverage and operational status breakdown by oil and gas layer type
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which closely followed the WH and tentative sites boundary (Fig. 1). In six of the seven
sites, overlaps were the outcome of concessions and protected areas extending up to
international boundaries, with the protected area on one side, and the concession(s) on the
other. The small percentage of overlap is therefore a reflection of the discrepancies in
dataset records for international boundaries rather than direct development pressure.
Statistical Analyses
Descriptive statistics were used to quantify potential and current pressure of oil and gas
activity on existing and tentative WH sites and other internationally and nationally designated sites. We calculated the number and percentage of sites with concessions inside
their boundaries, and the mean percentage area concession overlap, by site designation.
This was repeated for the sites when the oil and gas layers were buffered by 5 km. The
mean number and length of oil and gas installations (wells and pipelines) by site designation was also calculated.
To investigate the correlations among concession overlap, site area and site designation,
we started with univariate tests. The percentage overlap per site was not normally distributed, and therefore concession overlap was converted into presence or absence data,
where 1 = some concession overlap and 0 = no concession overlap, and non-parametric
tests were used with these data. Site area was log transformed to normalise the data. To
calculate the correlation between concession overlap and site designation, we used a Chi
Squared test. We employed one-way Analysis of Variance (ANOVA) tests to describe the
correlation log site area and concession overlap (0 or 1), and between log site area and site
designation. To differentiate the contribution of site designation from site area on the
presence of oil and gas concession overlap in a site, we employed a Generalized Linear
Model with a binomial error structure (GLM: response = concession overlap (0 or 1),
predictors = site designation, log site area).

Results
Concession coverage in WH sites
27.3% of sub-Saharan WH sites overlapped with oil and gas concessions, representing 9 of
33 sites (Fig. 2; Table 2). Of the tentative WH sites, 22.7% overlapped with oil and gas
concessions (15 of 66 sites). There was 24.2% site overlap with MAB and Ramsar sites
(e.g., other internationally designated sites) and oil and gas concessions. Within nationally
designated sites, the number of sites containing overlap with oil and gas concessions
decreased with IUCN category; IUCN I–II sites had the greatest proportion overlap (17.3%
of sites), and no IUCN category sites contained the least proportion overlap (6.9% of sites)
(Fig. 3; Table 2). Log site area was significantly correlated with concession overlap
(ANOVA: f1.5495 = 132.8, r2 = 0.02 P = \ 0.001) and with protected area designation;
international sites were larger in area than were national sites (ANOVA: f1,5495 = 385.7,
r2 = 0.07, P \ 0.001), and within national sites, area decreases with IUCN category
(ANOVA, f = 2, 5185, r2 = 0.07, P \ 0.001). Site type was a significant predictor of
concession overlap when controlling for site area, with a significant difference in concession overlap between existing WH sites and nationally protected sites with no IUCN
category (GLM, Table 3).
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Fig. 1 Concession encroachment along Virunga National Park, Democratic Republic of the Congo. Black
hatched polygons denote concessions designated within protected area boundaries; the orange hatched
polygon denotes an ‘‘encroaching’’ concession overlapping due to discrepancies in dataset records for
international boundaries

Our proximity-based assessment (5 km buffer around oil and gas concessions) yielded
one additional WH site overlapping with this buffer, increasing the percentage of overlapped sites from 27.3 to 30.3% of the network. For tentative sites, four additional sites
overlapped with the buffer, representing a more substantial increase in overlapped sites
(from 22.7 to 28.8% of the network). For all other nationally and internationally sites, those
overlapping with oil and gas concessions rose from 8.9% of the network to 10.8% of the
network when included in the proximity-based assessment.
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Fig. 2 Geographic extent of a potential pressure from oil and gas concessions, b actual pressure from wells and pipelines relative to World Heritage sites (dark solid green)
and tentative sites (light solid green) in sub-Saharan Africa. Areas of direct overlap are highlighted in orange fill
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Table 2 Comparison of direct and indirect oil and gas layer overlap for natural World Heritage sites, tentative sites, and other protected areas

World Heritage sites
WH existing

24.2

0.0

3.0

27.3

0.0

12.1

0.0

0.0

12.1

3.0

0.0

3.0

6.0

42.8
(±9.3)

1.5
(±0.5)

11.3 km
(±3.0)

36.4

Indirect

27.3

0.0

3.0

30.3

0.0

12.1

0.0

0.0

12.1

3.0

0.0

3.0

6.0

49.9
(±8.6)

3.4%
(±2.4)

8.8%
(±6.8)

39.4

Direct

21.2

1.5

0.0

22.7

1.5

7.6

0.0

4.5

7.6

6.1

1.5

3.0

7.6

60.7
(± 8.4)

18.6
(±9.6)

73.9 km
(±61.4)

30.3

Indirect

27.3

3.0

0.0

28.8

1.5

12.1

0.0

4.5

12.1

7.6

4.5

4.5

10.6

59.2
(±8.2)

22.0%
(±9.2)

43.9%
(±12.9)

40.9

0.2

8.9

0.6

1.5

0.01

0.6

1.6

2.7

0.4

0.4

3.0

78.3
(±1.5)

8.6
(±1.6)

17.7 km
(±2.1)

11.3

9.6

78.3
(±1.4)

35.3%
(±2.5)

60.0%
(±1.7)

19.4

Other international and nationally designated areas
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All other
national and
international
sites
(combined)

Direct

8.7

0.6

Other
international
sites

Direct

23.2

3.3

0.9

24.2

3.3

10.9

0.0

3.3

11.4

4.7

0.5

2.4

5.7

58.3
(±5.0)

10.0
(±3.4)

43.3 km
(±14.5)

28.0

National I–II

Direct

16.9

0.0

0.8

17.3

0.4

3.1

0.0

0.8

3.1

2.7

0.0

0.0

2.7

67.4
(±5.8)

11.8
(±8.9)

33.4 km
(±8.5)

21.5

National III–
VI

Direct

13.1

0.7

0.7

13.6

0.9

1.5

0.1

1.2

1.5

2.5

0.3

0.3

2.6

76.7
(±3.5)

10.0
(±3.3)

39.6 km
(±10.6)

15.1

National no
category

Direct

6.8

0.5

0.0

6.9

0.4

0.9

0.0

0.3

1.0

2.7

0.4

0.4

2.9

84.0
(±1.8)

6.8
(±1.8)

11.3 km
(±1.4)

9.3

Indirect

10.8

3.5
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Fig. 3 Proportion of protected areas which are overlapped by oil and gas concessions (by site designation).
Concession overlap varies significantly with site designation: v2 147.913, df 4, P \ 0.001. Due to low
sample sizes, sites were assigned to 5 categories for the Chi Squared test: WH sites (existing and tentative),
other international sites (MAB and Ramsar), national IUCN I–II, national IUCN III–VI, and national no
IUCN category assigned
Table 3 Generalized linear model, showing the terms associated with oil and gas concession overlap of
protected areas
Standard error

Z-value

P-value

-2.860

0.472

-6.055

\0.001

0.032

0.428

0.074

0.941

-0.077

0.494

-0.156

0.876

Estimate
Intercept
Category: other existing international sites
Category: WH tentative
Category: IUCN I–II

-0.334

0.429

-0.778

0.436

Category: IUCN III–VI

-0.425

0.414

-1.027

0.304

Category: No Category

-0.994

0.408

-2.435

0.015

0.350

0.047

7.368

\0.001

Log (area, ha)

Response = Whether a protected area has an overlapping oil or gas concession (0 or 1, binomial response
variable), df 5489 ‘Category’ reference level: WH existing full model: (concession overlap * Category ? Log(Area), family = binomial)

Over 90% of the concessions overlapping with WH sites, tentative sites and other
nationally and internationally designated protected areas were in the exploration/development or drilling/prospecting stage. All of the concessions overlapping existing WH
sites were awarded after WH designation. For tentative WH sites which were based on
existing nationally designated protected area boundaries, and for which the date of
establishment was known (approximately 67% of the tentative sites with overlapping
concessions), 80% of the concessions were awarded after such sites had become
protected.
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Oil and gas wells in WH sites
Four WH sites (12.1%) contained a total of six oil and gas wells. However, in all cases
these wells were plugged and abandoned, and for three out of four sites, the wells had been
drilled prior to WH designation (Selous Game Reserve in Tanzania was the only site which
contained a well that had been drilled post designation). Five tentative sites (7.6% of the
network) contained a total of 93 wells, with one tentative site, the Niger Delta Mangroves,
containing 53 wells. Only the Niger Delta Mangroves site had completed (ready for
activity) wells within its boundaries; all other sites contained wells that had been plugged
and abandoned, junked or suspended. For the tentative sites which were based on existing
nationally designated protected area boundaries, and for which the date of protected area
establishment and date of initial drill was known (3 out of 5 sites), two sites were drilled
prior to designation, and one was drilled post designation. The wider protected area network reported an even lower incidence of overlap, with 1.6% of the network affected. Of
the overlapped sites 37.5% contained completed wells and 6.3% contained active wells. Of
these protected areas, where date of site establishment and initial drill date was known
(67.4% of overlapped sites), 58.3% contained wells that had been drilled post-designation.
Oil and gas pipelines in WH sites
Oil and gas pipelines were present within two WH sites: one was Vredefort Dome in South
Africa with an operating pipeline skirting the eastern flank of the site’s 5 km designated
buffer area. The other pipeline intersected one site of the Cape Floral Region Protected
Areas, South Africa; however, the operating status of this pipeline was unknown. Pipelines
intersected a slightly higher proportion of the tentative network (5 sites, or 7.6% of the
network), but a lower proportion (3.0%) of other protected areas. ‘Planned’ pipelines also
overlapped with tentative WH sites (1.5% of the network) and other protected areas (0.4%
of the network).

Discussion
Although 27.3% of the sub-Saharan African WH network was covered by concessions,
implying potential conflict between WH sites and oil and gas development, this percentage
should be viewed as the upper-bound, rather than the probable true extent of current
pressure. In almost all cases, the oil and gas activity identified within WH sites had
occurred either before site designation or in buffer zones adjacent to WH sites. For three
out of four sites, oil and gas wells were drilled prior to WH designation, and all wells are
currently not in use. Where information on operational status of pipelines was available,
the operating pipeline intersected the protected area buffer zone rather than the site
boundary. The absence of infrastructure installations within WH sites post site designation
in all but one site is perhaps the strongest indicator of industry approaches to WH sites in
the region. Still, future zoning of hydrocarbon concessions could reduce the potential for
activity even further by ensuring that, from the onset, concessions are not allocated within
protected area boundaries. This is particularly true for sub-Saharan Africa, where all
concessions currently overlapping WH sites were granted post site designation, when WH
site boundaries had already been established.
The difference between development possibility (marked by the presence of concessions or planned pipelines) and development actuality (indicated by existence of
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infrastructure) highlights the value of primary overlay analyses in distinguishing potential
pressures from realised ones. Ideally, this type of analysis allows for the identification of
‘red flag’ areas long before projects reach advanced planning or implementation stages,
saving considerable financial resources and time. The Lake Baikal WH site in the Russian
Federation provides an example of conflict between the oil industry and WH site conservation. A controversial route for the planned East Siberian—Pacific Ocean Oil Pipeline,
scheduled to pass within 800 m of Lake Baikal’s shoreline, was proposed as early as 2001
(Itoh 2007; Moore et al. 2009). In 2006, amidst growing pressure from environmental
protest groups, President Putin announced that the pipeline would be rerouted outside the
lake’s watershed (Cullison 2007). The announcement came at the end of a long line of
route disputes spanning 5 years, involving numerous pipeline route revisions, and resulted
in significant additional costs for adding further length to the pipeline so that it did not pass
within the vicinity of the lake (IHS 2006; Olcott and Petrov 2009). In this case it seems
unlikely that the initial proposition to locate the pipeline within 10 km of Lake Baikal was
due to a lack of awareness about the existence of the WH site. However, future oil and gas
development in the vicinity of sites where boundaries have not been clearly defined or are
alterable, such as tentative WH sites, may encounter complications similar to those
experienced with Lake Baikal. This is especially relevant for sub-Saharan Africa, where
tentative sites overlapped by concessions have, on average, more than half of their area
(60.7%) directly covered by concessions. In such cases, highlighting potential conflicts of
interest in the early planning stages, as opposed to immediately before implementation,
could save considerable financial resources.
Our findings may also serve a role in helping inform national and international discussions on tentative sites which may be nominated for WH designation in the future. For
example, where extensive infrastructure has already been established within sites, such as
the Niger Delta Mangroves, the boundaries of any future nomination will have to be
carefully selected to satisfy the requirements of the Convention. Moreover, where tentative
sites are located in areas leased for potential hydrocarbon exploration through concessions
or planned infrastructure development, early dialogue between relevant stakeholders may
lead to altered outcomes. There are signs that this is already happening: in 2006, BP
requested input from conservation organisation Conservation International (CI) on its
planned liquid natural gas shipping route ‘short cut’ in the vicinity of the Raja Ampat
Islands in Indonesia, which were listed as a tentative site in 2005. After consultations with
CI, BP decided to create a 550 km detour from the original shipping route based on CI’s
assessment that damage to the tentative site would far outweigh the savings gained from
taking the short cut (CI 2007).
Our results suggest that WH sites have higher incidence of concession overlap than
national sites, and that the incidence of overlap increases with the level of ‘strict’ protection as suggested by the site’s international or national designation. The incidence of
concession overlap is highest for internationally protected sites, followed by nationally
designated IUCN category I and II sites (strict nature reserves, wilderness areas and
national parks), category III–VI sites (which allow for increasing levels of use and access)
and finally protected areas with no IUCN category assigned. As the area of sites varies
similarly with site designation, we used a GLM to control for the effects of area on
concession overlap. The results suggest that site designation is a significant predictor of the
incidence of concession overlap, and one explanatory hypothesis could be that stricter
protected areas are designated where higher threats from competing land uses are perceived. Although site designation is a significant predictor, the only significant difference
within this factor was between existing WH sites and national sites with no IUCN category
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assigned. Many national protected areas without an IUCN category in sub-Saharan Africa
are sites such as ‘forest reserves’ and ‘production forests’, which were often established for
local timber management rather than strict biodiversity conservation and allow local
extraction of firewood and sustainable timber production (e.g. Caro 1999; Howard et al.
2000). A simple Boolean search for sites with these national designations suggest that these
production forests could comprise 74% of the sites with no IUCN category, and of the 85
nationally designated ‘forest reserves’ which had an IUCN category assigned, 88% were
IUCN category IV–VI. If sites with no IUCN category information are similarly established for sustainable resource extraction, then this result would agree with the overall
trend for higher incidence of concession overlap for sites designated for strict biodiversity
protection. However, these results should be interpreted with caution. Our investigation of
the correlation between site designation, area, and concession overlap is a preliminary
analysis of two possible predictors of the incidence of overlap, using the protected area
characteristics data available to us from the WDPA. There are likely to be many political,
geographical and site characteristics affecting the incidence of concession overlap, which
may co-vary with site designation. An in-depth analysis of factors affecting oil and gas
pressure would provide a further tool for identifying WH sites and other protected areas
likely to come under pressure from oil and gas development.
Our study incorporated the best available data for the overlay analyses; however, there
were limitations due to small WH site and tentative site sample sizes (33 and 66 respectively), which were much smaller than the protected areas sample size (5397). Sample size
would increase by expanding the number of regions under consideration, thus incorporating greater numbers of WH and tentative sites, and considering other hydrocarbon rich
regions or countries such as South America, the Middle East, and the Russian Federation.
Overlay results for the tentative site network were limited by the provisional nature of
tentative site boundaries. In the absence of published information, our 5 km proximity
distance did not account for the likelihood that indirect impact distances may vary
according to the type of operation in question. Further studies should explore this issue
further, adjusting buffer distances accordingly.
To summarize, our results suggest that although potential for exploration was marked
by the presence of concessions in more than one quarter of the WH network, very few sites
were currently being impacted by existing oil and gas activity. However, these findings
come at a time when even the most optimistic outlooks for energy conservation and
integration of renewables acknowledge that oil and gas will continue to dominate global
energy use for the next few decades (Rosenfeld et al. 1997; EBI 2003; Inhaber 2009).
Research by Finer and Orta-Martı́nez (2010) has already demonstrated how recent proliferation of oil and gas concessions in the Peruvian Amazon has led to unprecedented
overlap with protected areas in this region. As sub-Saharan Africa enters a new and
growing phase in its oil and gas development, the use of tools allowing for proactive
and collaborative conservation and resource management will find increasing purpose and
relevance.
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