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Abstract: The importance of tourism for development is widely recognized. Travel restrictions
imposed to contain the spread of COVID-19 have brought tourism to a halt. Tourism is one of the
key sectors driving change in Africa and is based exclusively on natural assets, with wildlife being
the main attraction. Economic activities, therefore, are clustered around conservation and protected
areas. We used night-time light data as a proxy measure for economic activity to assess change
due to the pandemic. Our analysis shows that overall, 75 percent of the 8427 protected areas saw
a decrease in light intensity in varying degrees in all countries and across IUCN protected area
categories, including in popular protected area destinations, indicating a reduction in tourism-related
economic activities. As countries discuss COVID-19 recovery, the methods using spatially explicit
data illustrated in this paper can assess the extent of change, inform decision-making, and prioritize
recovery efforts.
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1. Introduction

Travel and tourism are vital economic sectors closely tied with socio-economic progress
and recognized for their potential to contribute to poverty reduction and development.
This sector accounts for 10.3 percent of global GDP, making it larger than agriculture. In
2019 alone, it created one in four new jobs. In Africa, the tourism sector employs around
24.6 million people and contributes $169 billion to the continent’s economy combined,
representing 7.1% of Africa’s GDP [1]. Over 30 African countries have identified tourism
as a national priority within the Enhanced Integrated Framework (EIF), a multilateral
partnership dedicated to providing trade-related assistance to less developed countries [2].
Tourism in the majority of African countries is centered around their protected area (PA)
systems. Africa’s 8400 protected areas (PAs) produce approximately US$48 billion in rev-
enue [3]. Tourism revenue is also the primary source of funding for PA agencies on the
continent. The impact of COVID-19 on conserved and protected areas have been estimated
to range from economic, social, and ecological to management and enforcement [4–6].

Protected areas, initially envisioned to protect iconic landscapes, seascapes, and
wildlife, now cover 15% of the earth’s land surface [7]. Besides the traditional functions of
habitat and biodiversity protection, PAs today are directly linked to supporting human
livelihoods and well-being, providing ecosystem services, and contributing to climate
change mitigation and adaptation [8]. Protected areas are hotspots of biodiversity conser-
vation and often overlap with areas of poverty and underdevelopment. Tourism revenues
provide the vital means to address both conservation and socio-economic development
objectives of communities living in and around PAs and beyond. A recent study found
how households around PAs with tourism also had higher wealth levels (by 17%) and
a lower likelihood of poverty (by 16%) compared to similar households living far from
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protected areas [9]. Empirical evidence also suggests that nature-based tourism can be
positive for people and wildlife [10–12].

COVID-19, which started around December of 2019, drew significant impacts on the
travel industry with travel restrictions that began in January 2020. The World Health
Organization (WHO) declared it a pandemic on 11 March 2020. Immediately countries
across the world introduced movement restrictions and confinement policies ranging
from voluntary compliance to complete ban on non-essential travel for effective control
of the pandemic. The tourism sector (non-essential travel) is the most directly impacted
by lockdown measures but also offers the opportunity to examine the effectiveness of
confinement measures including controlling the spread of COVID-19 and its broader
impacts.

By the end of April 2020, all tourist destinations worldwide have imposed travel
restrictions, out of which 72% have completely closed their borders for international
tourism [13]. The World Tourism Organization (WTO) has stated that international tourism
could decline by 60–80% in 2020. This decline could mean a total collapse of the tourism
sector in Africa, jeopardizing the progress made in recent years and threatening the survival
of millions.

The impact of infectious diseases on the travel and tourism industry has been recog-
nized during the 2014 Ebola outbreak in West Africa. The effect of that outbreak extended
beyond the Ebola zone and was felt across the continent [14]. Travel and tourism in
Africa took a massive hit, with broader macroeconomic and social impacts, as per studies
conducted a few years later after the outbreak ended [15].

At the date of this paper, we cannot estimate the socio-economic impacts of the
COVID-19 pandemic due to the scarcity of socio-economic data, travel restrictions, and
persisting uncertainty about the pandemic duration and about how recovery will take
place. In this scenario, remote sensing approaches can be a useful first step to assess
the extent of change induced by this pandemic. Few studies recently have used remote
sensing data to demonstrate the impact of the pandemic on economic activities and the
environment [16–18].

Night-time light data have been successfully used as a proxy measure for economic
activity and combined with other data to assess economic growth and development in
various contexts and scales [19–21]. Using night-time light data as a proxy indicator,
studies have estimated economic activities on global, national, and subnational levels
in developing economies [22–24], the spatial distribution of GDP [20,25], and mapped
urbanization dynamics [24,26,27]. Recent studies in China [17,28], Germany [29] and
India [18] have shown how nighttime lights can be used as a proxy to monitor change and
recovery in economic activity levels due to lockdown imposed by the pandemic. Studies
have shown that night-time lights do provide a reliable indicator to capture economic
activity. However, the relationship seems to be statistically more robust for developing
economies than developed ones [19]. Developed economies are less dependent on physical
infrastructure, and the services sector contributes more to the overall economic output.

In this paper, we use the night-time lights as a proxy indicator to compare the changes
in economic activities before and during the pandemic around PAs in Africa to assess
change patterns.

This study has two main objectives:

1. Demonstrate the application of NTL to capture the changes in economic activities
around PAs before and during the COVID-19 pandemic.

2. Assess the changes and patterns and how are they related to other contextual condi-
tions.

The study looks at the economic activities around a five-kilometer buffer of protected
areas in Africa because most economic and tourist activities occur within that zone. This
study includes 8427 PAs, of which 7763 were terrestrial protected areas, whereas 443
were coastal and marine, and 221 only marine PAs. These protected areas have different
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protection levels and include international designations such as UNESCO World Heritage
sites, Ramsar sites, and UNESCO-MAB reserves.

We compared the night-time lights data for April 2020 with the data from April
2019. We choose April 2020 to observe the change in economic activities due to COVID-19
because all tourist destinations worldwide have imposed travel restrictions by then [13],
and mobility around national parks in Africa was also at its lowest (Figure 1).
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Figure 1. Google mobility trends for parks in Africa. As per the Google mobility data, parks typically
refer to official national parks and not the general outdoors found in rural areas.

The results are presented to highlight COVID-19 pandemic-induced travel restrictions
on economic activities around PAs in Africa. Future research could include large socio-
economic datasets and site-specific data gathered through surveys and interviews with
selected PA and tourism stakeholders.

2. Materials and Methods

We used two globally available data sets for this study, the World Database on Pro-
tected Areas (WDPA) downloaded from the protected planet website [30], and daily VIIRS
VNP46A1 product, the source of night-time light data.

World Database on Protected Areas: We used the April 2020 version of the WDPA,
which provides boundaries, designation, and other information. The WDPA is the most
comprehensive database on protected areas and provides unified standards and unique
opportunities for large-scale conservation studies [31].

The WDPA contains both the boundary and point locations for the sites that do not
have precise boundaries. We did not include Libya and Somalia data as they do not have
boundary information in the WDPA. We also did not include any regional or country-
level PA database because the WDPA is the only authoritative dataset following globally
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consistent standards and is regularly validated and updated to maintain the highest data
qualities.

Following the WDPA best practice guidelines [32], we used the higher and stricter
IUCN designation for overlapping areas.

The WDPA also classifies PAs by IUCN management categories and governance types,
as reported by the data provider. Sixty-six percent of protected areas in the WDPA had an
IUCN Management Category, and 88 percent had a governance type as of May 2019 [33].

Night-time lights data: The Day/Night Band (DNB) sensor of the Visible Infrared
Imaging Radiometer Suite (VIIRS) provides global daily measurements of nocturnal visible
and near-infrared (NIR) light that is sensitive in lowlight conditions. It also allows for the
generation of new science-quality night-time products. We used the daily VIIRS VNP46A1
product as the source for night-time light change observation [34]. DNB radiance band
(DNB_At_Sensor_Radian ce_500 m) was used to create average night-time observation
composition for April 2019 and April 2020. We used quality flag bands QF_Clound,
QF_Cirrus, and QF_DNB to filter low-quality pixels. Moon illumination fractions were
also adjusted using moon illumination information from the Moon_Illumination_Fraction
band. We used the Moon_Illumination_Fraction layer included in the level-3 VNP46A1
data and subtracted moon illuminated fraction from radiance values to reduce the lunar
effect. See Figure 2a,b below for a visual comparison between processed vs. unprocessed
VIIRS night-time data.
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Figure 2. (a) Luanda city area in Angola is seen in unprocessed VIIRS night-time data acquired on 16 April 2020; (b) the
image shows the same location in the processed VIIRS night-time data corrected for moon illumination and bad pixels using
quality flags and then compositing for the entirety of April 2020.

Limitations with Night-Time Light: We only have 30 days of observations for each
year—so ephemeral lights are not corrected.

We used level-3 VNP46A1 data available at LAADS DAAC [35]. Products such as
black marble are not available; that is why level 3 data were used to demonstrate its utility
despite some limitations. Future studies may consider using more advanced data products
as they become available.

Median or mean: In theory, mean should be used to capture light values by sporadic
activities in camps. However, mean values can be significantly affected by ephemeral lights.
Median, however, can remove the effects of outliers and remove the signals from temporal
activities. In light of these limitations, we report both the statistics.

Night-time light trend comparison: Changes in the NTL trend for the PAs and their
surrounding areas were identified and then validated using high-resolution satellite im-
agery to identify the tourist camps, parking lots, and lodges. These are the most common
locations where tourism-related activities take place captured through night-time lights
data. We also performed the paired Wilcox test between the pair of median night-time
light values between April 2019 and April 2020 at the African continent’s protected areas
to confirm the changes in the night-time lights that we observed as statistically significant.
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Research [36,37] shows that transition to LEDs may produce a reduction of the ra-
diance on VIIRS, and therefore reduction in NTL intensity may not be solely due to the
lockdown. However, studies [37] also suggest that transition to LED is least in Africa and
that kerosine to dry-cell battery LED usage is more prevalent [38]. The Global Energy
Review 2020 [39] has also indicated an overall reduction in electricity demand due to the
pandemic. Therefore, it is unlikely that the observed changes in nighttime light within
a span of one year (April 2019–April 2020) in and around the protected areas were due
to LED transition. However future studies could explore the role of LED transition and
observed NTL changes during the pandemic around protected areas in Africa.

3. Results
3.1. Change in Light Intensity in African PAs

The results show an overall decrease in the mean and median light intensity between
the two years. The mean intensity for April 2019 was 0.37, whereas it decreased to 0.34 in
April 2020, about an 8 percent decrease. Similarly, the median values also reduced from
0.32 to 0.28, a decline of about 12.5 percent. The paired Wilcox test reveals that the test’s
p-value is < 2.2 × 10−16, which is less than the significance level alpha = 0.05. We can
conclude that the median light intensity for 2020 is significantly less compared to 2019
(Figure 3).
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Figure 3. Comparison of night-time lights intensity between 2019 and 2020.

Overall, 75 percent of the 8427 protected areas saw a decrease in light intensity in
varying degrees. There is considerable heterogeneity in the changes captured in percentage
values for the overall PAs, and the PAs showing the highest reduction in light intensity.
The difference could be due to various factors, including differences in funding allocations
for PAs, the enforcement of curfews, types of businesses around PAs, access to electricity,
and the kind of mass tourism or proximity to urban areas.

Results indicate that fifty percent of PAs have about a 12 percent decrease in the mean
light intensity, and 25 percent have seen a reduction of 23 percent or more in the studied
period. The median decline in all the PAs was 13 percent overall, 13 percent in terrestrial,
4 percent in coastal and marine, and 8 percent decrease in the marine-only PAs.

An analysis of the proportion of PAs with decreased light intensity for each country
reveals that almost all the PAs in all the countries saw a decrease in the light intensity by
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varying degrees (Figure 4). The map in Figure 4 below, based on an equal interval, reveals
that 80–100 percent of PAs saw a reduction in night-time light intensity in most African
countries. These include PAs in Botswana, Kenya, Namibia, and South Africa, heavily
dependent on tourism revenues.
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Less than 20% of PAs in Sierra Leone, Rwanda, and Burundi show a reduction in
light intensity. It should be noted that rural access to electricity (% of rural population) in
Burundi and Sierra Leone is less than 8% [40], which may explain why those countries see
low change rates in light intensity.

Except for a few places, the light intensity has decreased overall for the same countries;
for example, in Kenya and South Africa (Figure A1a,b in Appendix C). Minor increase in
light intensity was observed in and around some of the coastal and marine protected areas
in South Africa likely due to businesses catering to domestic customers to stay afloat.

3.2. Protected Areas with Maximum Decrease in Light Intensity

For the analysis, we have two subgroups—terrestrial and the other two, which in-
cluded coastal and marine, and marine only PAs. The top 20 PAs within each of these two
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categories (Figure A2a,b). Seven of the top 20 terrestrial PAs that have seen the highest
decrease in light intensity are from South Africa, followed by PAs in Nigeria and Kenya
(Figure A2a). Similarly, eleven of the top 20 coastal and marine PAs that have seen the
highest decrease in light intensity are also in South Africa (Figure A2b).

The Merja Zerga Biological Reserve in Morocco (Figure 5a), which has experienced
the maximum drop in the light intensity, is also a Ramsar Site. It is a permanent hunting
reserve known for intensive tourism activities, bird watching, fishing, grazing, and rush
harvesting. High-resolution images of the area show decreased movement and economic
activity, as demonstrated through the number of boats in the harbor and vehicles in the
area (Figure 5a,b).
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3.3. Change in Night-Time Light Intensity by IUCN PA Management Categories

We looked at the light intensity changes in the protected areas for the different IUCN
PA Management Categories (Table A1 in Appendix B). The IUCN categories help the
countries classify protected areas based on their primary management objectives [33,41].

All the protected areas across the IUCN management categories show a decrease in
the median value of light intensity in April 2020 (Figure A3a).

In terms of the proportion of total PAs showing a decrease irrespective of the intensity,
more than 65 percent PAs across all management categories showed a decline in light
intensity where 72 percent PAs under high protection saw a reduction in light intensity
(Figure A3b).

The WDPA database also consists of protected areas that are Ramsar sites or World
Heritage Sites (WHS). In total, there were 337 sites with international designations, which
included 245 Ramsar Sites and Wetland of International Importance, 39 UNESCO-MAB
Biosphere Reserves, and 53 World Heritage Sites (natural or mixed). All the WHS sites saw
a decrease in the median and mean values (Table A2 in Appendix D). A similar trend was
also seen in the Ramsar Sites.

In Kenya, Lake Nakuru saw the highest decrease by 56 percent, followed by Mejen
Djebel in Tunisia by 50 percent. Among the MABs, the Zembra Zembretta IIes biosphere
reserve in Tunisia saw the most decline in light intensity, by 49 percent. Among WHS, the
Kenyan rift valley and the Okavango Delta in Botswana saw the maximum decrease by 45
and 38 percent, respectively.

In terms of the total proportion, 87 percent of Ramsar sites saw a decrease in light
intensity, followed by 77 percent of the UNESCO MABs and 67 percent of the WHS
(Figure 6).
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3.4. Change in Night-Time Light Intensity by Governance Type

Protected areas exist under the authority of diverse actors, including governments,
indigenous peoples and local communities, private actors, and combinations of these.
The IUCN governance categories help classify PAs according to who holds authority,
responsibility, and accountability for them [33,42]. Besides assessing change in light
intensity in PAs by the IUCN management categories, we also looked at the changes in the
light intensity in PAs by IUCN governance types.

All PAs across all governance categories show decreased light intensity (median value)
in 2020 (Figure 7a). In terms of the proportion of total PAs showing a reduction in light
intensity, more than 70 percent of PAs across all governance categories showed a decrease
(Figure 7b). PAs managed by non-profits showed a smaller decline in light intensity.
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The difference across these categories could be due to differences in funding sources,
availability of emergency resources to maintain essential services, sustaining minimum
operational requirements, and closing the protected areas.

3.5. Status in Popular PA Destinations

We chose three popular, biodiverse, and often-visited PA destinations in Africa—
Serengeti, Masai Mara, and Hell’s Gate National Park to examine the decrease in light
intensity. Overall, night-time light intensity decreased around all three national parks—
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Serengeti (−11 percent), Masai Mara (−23 percent), and HGNP (−23 percent), indicating
a decrease in economic activity sparked by the pandemic induced lockdown and travel
restrictions (Figure 8a–c).
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Figure 8. On the left part of each panel, satellite images show the popular tourist lodges, camp settlements, and markets
around the three parks. The NTL data for these same sites, showing before (in the middle part of each panel) and after
(right part of each panel), indicate that the locations have undergone a decrease in the light intensity. (a) Serengeti National
Park; (b) Masai Mara; (c) Hell’s Gate National Park.

Appendix A provides contextual information about these three parks and travel
restrictions in the countries where they are located. In the absence of ground verification,
the additional information helps explain the changes observed through the analysis of NTL
data.
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4. Discussion

The study demonstrates one of the many applications of NTL used as a proxy indicator
for economic activities and highlights how the level of economic activity in its entirety
has gone down around protected areas during the pandemic. This study also illustrates
the utility of NTL as a low cost and efficient way of assessing impact when the traditional
approaches could be challenging, posed by movement restrictions and time constraints.
The findings reinforce what we are beginning to understand as the impact of lockdown
and stay-at-home order on many economic sectors. The findings also indicate lockdown
measures have been largely effective even in remote areas while highlighting the trade-off
between controlling the pandemic and economic losses. Our study is the first to apply NTL
to assess the change in economic activities around PAs in the context of COVID-19. The
main challenge in using NTL for such rapid assessment is the lack of real-time analysis-
ready data. We overcame this challenge by creating a monthly composite based on daily
data, which was time-consuming. Future studies that focus on creating such a dataset
could concentrate on providing analysis-ready datasets with lunar illumination correction.
Such datasets would pave the way for rapid multitemporal analysis to trace change and
the impact of economic recovery over time. As socio-economic data on the impacts of the
lockdown become available, future studies can use these data sources for validation of the
findings.

5. Conclusions

Protected areas can positively impact poverty reduction in developing countries, and
nature-based tourism has been the critical strategy of conservation and development inter-
ventions to create a win–win situation for both nature and people. Long-term conservation
and poverty reduction efforts around the protected and conserved areas depend on the
tourism sector. Electrification in Africa has grown over the decades and has been used to
assess economic activities. The method presented here shows how earth observation can be
used to understand the extent of change in economic activities and provided a quick way
to assess the reduction in economic impact and its spatial distribution. Future studies could
also use NTL and traditional statistics to understand the pandemic’s impact in specific
areas and PAs.

As governments and agencies discuss post COVID-19 recovery and focus on rebuild-
ing their economies, spatially explicit data illustrated in this paper can be used to target
alternative livelihoods, enterprise development, and conservation. The method can be
further applied to identify the areas most affected in terms of economic loss, conservation
value, and loss of livelihoods. Furthermore, remote sensing methods with selections of
relevant indicators, as travel and mobility data become available at various scales, can be
used to assess the efficacy of compliance measures, including restrictions on non-essential
travel to control the pandemic.

Resuming tourism activities will be gradual, and reopening parks and facilities will
be challenging. Most settlements around PAs are small and lack the necessary health care
infrastructure, and could be overwhelmed by an influx of cases after reopening. Spatially
explicit data can be used to monitor and plan in these areas, including around tourism
facilities, and targeted for further research, and collection of microdata and perception data
as part of the medium to long-term recovery efforts.
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Appendix A. Additional Information on Three National Parks and Travel Restrictions

Appendix A.1. Serengeti National Park, Tanzania

In Tanzania, tourism is one of the fastest-growing sectors and has contributed 17.5%
of the GDP and 30% of the foreign exchange earnings in 2014/15. It is the second-highest
employer after agriculture. Tanzania’s Serengeti National Park is well-known for its wildlife
migration tourism and as its oldest protected area. It is both a World Heritage Site and
a Biosphere Reserve. The Serengeti contributes substantially to the country’s revenue. It
is a significant employment source centered on nature-based tourism activities, such as
game viewing, safaris, bush meals, and visits to cultural and historical sites. The park
accepts visitors throughout the year. However, the best season is between mid-May and
mid-October. Available visitor records show that domestic and foreign tourists’ arrival has
steadily increased with the highest number of visitors (1,196,284) in 2018/2019 in the past
ten years. Tourist Facilities park includes nine public campsites, 140 seasonal campsites
operated by private tour operators, two rest houses, six lodges, one youth hostel, bandas
(thatched-roof huts), and tented lodges. COVID-19 containment measures in Tanzania have
been markedly less strict than many neighboring states, with the government expressing
the need to protect the economy rather locking the country down.

Appendix A.2. Maasai Mara Nature Reserve, Kenya

The Maasai Mara Nature Reserve, established as a world heritage site in 1989, is north
of the Serengeti National Park. It is one of the world’s most famous tourist attractions
and contributes significantly to Kenya’s economy. The Maasai Mara ecosystem is home to
approximately 25% of Kenya’s wildlife. It is estimated that there are 200,000 visitors per
year to the Maasai Mara [43]. Since the establishment of the first tourist lodge, Kekorok,
in 1963, the Maasai Mara has seen more than 60 lodges open. Kenya is enforcing strict
lockdown measures. Reports from Mara conservancies indicate no tourists in March–April
2020—the likelihood is that there will be next to no tourists in the ensuing year [44].

Appendix A.3. Hell’s Gate National Park, Kenya

Established in 1984, Hell’s Gate National Park is small and covers 68.25 square km. It
is located in the northwestern part of Kenya around Lake Naivasha, approximately 100 km
from Nairobi, 56 km from Nakuru, and 10 km from Naivasha town [45]. It is a popular
destination for weekend getaways and retreats because of its proximity to urban areas.
Explorers Fisher and Thomson in 1883 named it after a narrow opening in the cliffs, once a
tributary of a prehistoric lake that fed early humans in the Rift Valley. The park also has a
geothermal spa nearby, which is the only one of its kind in East and Central Africa [46]. It
is home to a variety of savanna mammals and birds, including zebras and gazelles. The
diverse topography and geological setting with towers and cliffs, trails, hot springs, and
gorges offer a range of outdoor activities inside the Park. There are three campsites in the
National Park—Endachata Campsite, Naiburta Campsite, and Oldubai Campsite. Park
visitation dropped by 99 percent in national parks in Kenya at the height of the Covid-19
pandemic [47].

https://ladsweb.modaps.eosdis.nasa.gov/archive/allData/5000/VNP46A1/
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Appendix B

Table A1. Protected area management categories’ definitions from IUCN 1.

IUCN Category Description

Ia Strict Nature Reserve

Strictly protected: human visitation, use, and impacts are strictly controlled
and limited to ensure the protection of the conservation values
Protect biodiversity and geological/geomorphic features
Can serve as reference areas for scientific research and monitoring

Ib Wilderness Area
Unmodified or slightly modified areas without permanent or significant
human habitation
Protected and managed to preserve their natural condition

II National Park

Large natural or near natural areas
Protect large-scale ecological processes, along with the complement of
species and ecosystems characteristic of the area
Provide a foundation for environmentally and culturally compatible,
spiritual, scientific, educational, recreational, and visitor opportunities

III Natural Monument or Feature

Protect a specific natural monument, which can be a landform, sea mount,
submarine cavern, geological features such as a cave, or even a living
feature such as an ancient grove
Generally, quite small, protected areas and often have high visitor value

IV Habitat Species Management Area
Protect particular species or habitats and management reflects this priority
Can need regular, active interventions to address the requirements of
specific species or to maintain habitats

V Protected Landscape/Seascape

Interaction of people and nature over time has produced an area of distinct
character with significant, ecological, biological, cultural, and scenic value
Safeguarding the integrity of this interaction is vital to protecting and
sustaining the area and its associated nature conservation and other values

VI Protected area with sustainable use of
natural resources

Conserve ecosystems and habitats together with associated cultural values
and traditional natural resource management systems
Most of the area in a natural condition, where a proportion is under
sustainable natural resource management and where low-level
non-industrial use of natural resources compatible with nature
conservation

1 Source: https://www.iucn.org.
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