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Corona has severely impacted many sectors in the past 2. 5 years, and forests
are one of the major hits among all sectors affected by the pandemic. This
study presents the consolidated data on deforestation patterns across the
globe during COVID and also analyzes in depth the region-specific contributing
factors. Exacerbated deforestation during COVID alarms biodiversity conservation
concerns and pushes back the long-term efforts to combat pollution and climate
change mitigation. Deforestation also increases the risk of the emergence of new
zoonotic diseases in future, as deforestation and COVID are intricately related
to each other. Therefore, there is a need to check deforestation and inculcation
of conservation measures in building back better policies adopted post-COVID.
This review is novel in specifically providing insight into the implications of
COVID-19 on forests in tropical as well as temperate global regions, causal
factors, green policies given by different nations, and recommendations that will
help in designing nature-based recovery strategies for combating deforestation
and augmenting afforestation, thus providing better livelihood, biodiversity
conservation, climate change mitigation, and better environmental quality.
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Highlights

Deforestation precipitated in many parts of the world during the pandemic.

Illegal felling, reverse migration, ecotourism, reduced monitoring due to reduced funds
and dearth of staff, and policy changes are the major factors contributing to the increased
rate of deforestation.

o There is an urgent need to check deforestation and promote afforestation to prevent
pandemics in future, build resilient ecosystems, and reduce the vulnerability of rural and
indigenous communities.

o COVID-induced crisis should be utilized as an opportunity to build back better in a

green way.

Introduction

The global economy has been shattered due to the turmoil created by the COVID-
19 pandemic. Countries across the world have already faced three waves of COVID-19,
with millions of people affected and massive loss of life to date. Repeated lockdowns and
other restrictions imposed to contain the spread of the virus have adversely affected various
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segments of the modern economy, such as industries, airlines,
farming, fisheries, sports, social events, education, and tourism,
among others (Blake and Wadhwa, 2020; Galanakis et al.,, 2022).
Although these restrictions proved to be helpful in checking
virus spread, they led to an economic depression, also termed
as pandemic depression. Even the economy of many powerful
countries gets set back due to a sharp rise in the rate of inflation
and escalating unemployment due to disrupted chain supplies, lack
of productivity, and excessive expenditure on the health sector
(OECD, 2020). Extreme poverty is shooting up again due to
the pandemic defeating the progress made over a long period.
The World Bank predicted that the poverty rate would rise in
the near future, pushing 88 to 115 million more people toward
extreme poverty, lifting the global poverty rate as high as 9.4%
(Miller, 2020). ILO predicted a maximum possible loss of 230
million full-time jobs of 40h globally, and OECD estimates a
fall of around 1.5% in real GDP growth (OECD, 2020). The
COVID-19 pandemic caused severe socio-economic, political, and
environmental crises in the world. Exacerbated deforestation from
different parts of the world in response to pandemic restrictions
owing to a number of factors can further raise severe short- and
long-term socio-economic and environmental concerns, affecting
the lives of a large chunk of the population who directly or
indirectly depend on forests for survival (Troéng et al, 2019;
FAO, 2020a). Forest sustains the livelihood of ~20% of the global
population, specifically the vulnerable section that depends on
forests for food, income, and nutrition (FAO, 2020a; Rahman
et al,, 2021). In addition, a large segment of people (~2.4 billion)
in rural and urban areas use biomass energy for cooking and
heating purposes (Sen, 2020; United Nations, 2020a). Forests are
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also a source of employment for 86 million people in green
jobs. Deforestation can also have adverse effects on ambitious
targets of reduced emissions for curbing climate change. Reports
from International agencies (UNEP, 2020) showed that we are
already lagging behind in accomplishing the targets to combat
climate change, thus global warming. Furthermore, the COVID-
19-induced economic crisis will increase deforestation rates, which
can pose a very serious setback to these international efforts. Apart
from these, deforestation can increase the risk of zoonotic diseases
as the emergence of a majority of new infectious diseases occurs due
to human and wildlife interaction as a result of land use changes
such as deforestation and expansion of agriculture (Allen et al,
2017; Rohr et al., 2019). Thus, forest loss disrupts the ecosystem’s
stability and functioning, consequently a humanitarian crisis as
forests provide vital ecosystem services that are crucial to human
wellbeing and critical for achieving sustainable development goals.
Various research studies showed the impact of COVID-19 on
the environment in terms of air, water, and soil, but none have
thoroughly discussed the effect of the pandemic on forests, though
they form a major life-supporting global ecosystem. Although there
are few research studies linking the COVID-19 pandemic and
deforestation, these are regional and do not provide a holistic view
of deforestation patterns across the globe during the pandemic.
This is the first comprehensive review that provides a global
deforestation scenario during the pandemic, analyzes the region-
specific factors contributing to accelerated deforestation, fiscal
packages for a green economy, and the policy recommendation for
halting and reversing deforestation that occurred as a consequence
of COVID-19. Detailed information and a deep understanding
of factors leading to deforestation during the pandemic will help
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TABLE 1 Detail of Publications referred for review.

Authors Title

Attah (2021, 2022)
management African states

Initial assessment of the impact of COVID-19 on sustainable forest

10.3389/ffgc.2023.1305779

Journal

Background paper prepared for the United Nations forum
on forests secretariat

Bista et al. (2022)

Impacts of COVID-19 pandemic on the livelihoods of rural households
in the community forestry landscape in the Middle Hills of Nepal

Trees, forests, and people

Basnyat et al. (2020)

COVID-19 outbreak, timber production, and livelihoods in Nepal

Tribhuvan University Journal

Bhandari et al. (2021)

Global forestry perspective: COVID-19 impact and assessment.

Natl. Acad. Sci. Lett

Brancalion et al. (2020)
pandemic

Emerging threats linking tropical deforestation and the COVID-19

Perspectives in ecology and conservation

FAO (2020b)

The impacts of COVID-19 on the forest sector: How to respond?

Policy brief

Gregory (2021)
for forest campaign

COVID, forests and forest peoples: The implications of the pandemic

Discussion paper

Hardcastle and Zabel (2020)
management western European and other states

Initial assessment of the impact of COVID-19 on sustainable forest

Background Paper prepared for the United Nations forum
on forests secretariat

Ibn-Mohammed et al. DESA brief: Investment in forests critical for successful COVID-19 Policy brief
(2021) recovery
ILO (2020) Impact of COVID-19 on the forest sector ILO sectoral brief

Laudari et al. (2021)
province of Nepal

COVID-19 lockdown and the forestry sector: Insight from Gandaki

Forest Policy and Economics

Maraseni et al. (2022)
Nepal

Impact of COVID-19 in the forestry sector: a case of lowland region of

Land use policy

Mohan et al. (2021)

Afforestation, reforestation and new challenges from COVID-19: 33
recommendations to support civil society organizations (CSOs)

Journal of environmental management

Rahman et al. (2021)
in Bangladesh

The COVID-19 pandemic: a threat to forest and wildlife conservation

Trees, Forests and People

Wunder et al. (2021)

Coronavirus, macroeconomy, and forests: What likely impacts?

Forest policy and economics

the administrators and policymakers in designing the action plan
and recovery packages to restore the ecosystem and economy
side-by-side from the aftermath of the COVID-19 pandemic.
Therefore, a holistic view of COVID-19-led deforestation and
policy recommendations for green recovery is the call of the hour
and has its own scientific value.

Methodology

The present study was carried out by collecting the published
literature since the beginning of the COVID-19 era, such as
research articles, case studies, review articles, policy papers,
opinions, and blogs from various government and non-
government websites related to the impact of COVID on
forestry. Primary pieces of literature were recorded through
scientific engines, namely Scopus, Science Direct, and Google
Scholar, using key words COVID-19, forestry, illegal felling,
ecotourism, migration, deforestation, and green
economy. The direct studies linking COVID-19 and forests
have been summarized in Table 1. After thoroughly reviewing

reverse

and analyzing the published pieces of literature on the topic,
the present article has been compiled, outlining the status of
deforestation during the pandemic period, causal factors, and
remedial measures adopted by governments in different parts of
the world.

Frontiersin Forests and Global Change

Global deforestation pattern

Like many other sectors, COVID-19 has also affected the forest
sector for a myriad of reasons, such as illegal felling, reverse
migration, halted ecotourism, and accelerated demand for forest-
based products. Global tree cover loss in different countries in 2020
has been presented in Figure 1.

According to an estimate by the University of Maryland, ~12
million hectares of forests disappeared in 2020 alone in tropical
regions (WRI, 2021). WWEF observed forest loss to be 1.5 times
higher in March 2020 than for the same month in the previous
year for 18 countries (WWE, 2020; Wunder et al., 2021). A sum
of 9583 km? of deforestation alerts was announced throughout the
tropical world by GLAD (Global Land Analysis & Discovery) in the
initial month of the COVID lockdown period in 2020, declared by
regional governments to contain the COVID-19 spread, which was
almost twice that observed in the previous year (4732 km?). There
was a notable spike in the deforestation rate (Figure 2) in certain
parts of the globe (South America, Africa, and Asia-Pacific) in the
first semester of 2020 (Brancalion et al., 2020).

According to an estimate by the same agency (GLAD), a hike
of 77% percent has been found in deforestation alerts since the
beginning of the coronial period against the average of the past 3
years (2017-2019) (Stanley et al., 2020). However, some workers
did not agree with GLAD alert-based studies linking COVID-
19 and deforestation (Saavedra, 2020; Wunder et al.,, 2021). The
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FIGURE 1
Global tree cover loss in 2020 (Source: WRI, 2021).
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FIGURE 2
Area of forest disturbance alerts (deforestation) in major continents (Source: Brancalion et al., 2020).

Amazon rainforest has lost more than 9000 km? (3500 square
miles) during the year up to March 2020, constituting an increase
of 47% and 9.5% compared to 2018 and 2019, respectively. This
is the highest annual recorded loss since 2008 (Qin et al., 2019).
Approximately 6.45 lakh ha of rainforest was lost globally in March
2020 only, led by Indonesia, almost thrice of that for the same
month in 2019 (Wunder et al., 2021). The other two countries that
occupied second and third places were the Democratic Republic
of Congo and Brazil, respectively. Indonesia observed the greatest
forest loss (1.3 lakh ha) than any other country across the globe
during March 2020, which amounted to 130% over the mean of

Frontiersin Forests and Global Change 0]

the previous 3 years (2017-2019) for the same calendar month
(Wunder et al.,, 2021). According to an analysis by Greenpeace, the
deforestation rate was 50% higher in the first trimester of 2020 in
Indonesia than in the previous year in 2019 for the same duration,
which also coincided with the fire season (Sloan et al., 2022). The
deforestation rate has continued to rise in the Amazon region even
during the COVID-19 pandemic period. For instance, as COVID-
19 spread across Brazil, which accounts for 60% of Amazon, the
rate of forest loss also increased to 55% in the first trimester of
2020 to that of the same period in 2019, which was the highest in
the past 12 years (Butler, 2020). Other countries of the Amazon
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FIGURE 3
Top 10 countries for 2020 primary forest loss (Weisse and Goldman, 2021).

region vis-a-vis Colombia, Cambodia, and Peru also experienced
an increased deforestation rate in 2020, particularly in March and
April, than the previous year for the same duration as a result
of lockdown and quarantine (West et al., 2023). It is a matter of
grave concern that 1.2 billion hectares of tropical forests lost in
2020 also included 4.2 million hectares of primary tropical forests.
The same pattern of deforestation was observed in 2021, when
the tropical regions lost 11.1 million hectares of forests, including
the loss of 3.75 million tropical primary rainforests, which are
important as the center of biodiversity and carbon sink (Lambin
and Furumo, 2023). Brazil lost 1.7 million hectares of primary forest
cover in 2020, 25% higher than 2019 and more than thrice than
DRC, the second highest country. Bolivia was positioned at number
three in terms of primary forest loss in 2020, whereas the South
Asian countries, palm-producing Indonesia and Malaysia, occupied
fourth and ninth positions, respectively (Figure 3) (Weisse and
Goldman, 2021; Céspedes et al., 2023).

The rate of primary forest loss in Brazil has been persistently
high for the past several years. Non-fire losses, which in Brazil are
most often associated with agricultural expansion, increased 9%
from 2020 to 2021. This finding is consistent with Brazil’s official
monitoring system, PRODES (Silva-Junior et al, 2023), which
found that 2021 had the highest rate of clear-cut deforestation in the
Amazon since 2006, when measures were put in place to drastically
reduce deforestation. DRC lost nearly half a million hectares
of primary forest in 2021 due to the expansion of small-scale
agriculture and harvesting trees to meet energy demands. Primary
forest loss in Bolivia reached its highest level on record in 2021
at 291 thousand hectares, surpassing Indonesia once again to have
the third-most primary forest loss among tropical countries. There
are reports of increased deforestation in India, where nearly 38.5
thousand hectares (Kha) of tropical forest were lost between 2019
and 2020. The northeastern states of India possessing the largest
forest areas (Assam, Mizoram, Nagaland, Manipur, Arunachal
Pradesh) observed 29% more forest cover loss in 2020, breaking
the declining trend of tree cover loss during the past 2 years
(Roy, 2021; Vancutsem et al., 2021). The GLAD deforestation alert
services showed that the total deforestation alerts rose by 77%
within 10 months in 2020 as compared to the previous year in
Bangladesh. Deforestation alerts were more pronounced during the
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months of lockdown as compared to the period before lockdown.
The GLAD service reported that ~222 ha of additional forest
area (8%) in Bangladesh was deforested in the first 10 months
of 2020 compared to the preceding year (Rahman et al, 2021).
Other countries across the world also registered higher rates of
deforestation; similar to Latin America, Mesoamerica surpassed
the previous levels of primary tropical forest loss by 27% in 2020
during the COVID pandemic, whereas Nicaragua accounted for
a 15% loss of primary tree cover in last 3 years. Belize also stood
high with respect to forest loss in 2020, nearly twice the previous
year. The primary forest loss rose to 36% in West Africa in 2020.
Madagascar also showed an upward trend in deforestation during
the pandemic (Eklund et al., 2022). Expansion of agriculture and
fuelwood demand due to reverse migration, land grabbing, and
relaxation in law enforcement, forest fires and lack of management
practices due to a dearth of human resources and budget deficit
during the ongoing pandemic may be cited as factors for the spike
in deforestation rates in several regions of the world.

Outside the tropics

Temperate regions also bore the brunt of the COVID-19
pandemic. Russia, which is at the top position with respect to
overall forest cover, showed a surge of 48% in 2020 during the
pandemic over the previous year for forest loss. Russia lost ~5.44
million ha of forest cover in 2020 owing to forest fires in Siberia
and the Russian Far East. In a similar vein, Australia’s forest loss
also hiked by 42% due to forest fires that took a heavy toll on the
forest cover across the eastern parts of the country from the middle
of 2019 to the beginning of 2020. Canada and the US, however,
unlike other countries, observed a decline in forest loss in 2020.
Canada lost 1.2 million ha of tree cover, which was the lowest in
the past two decades. Central Europe also registered massive forest
cover loss in 2020, the greatest being in Germany and the Czech
Republic, which was three times higher than in 2018 (Butler, 2021).
The spike was due to a lack of forest management practices due
to a dearth of human resources and a curtailed budget during the
COVID pandemic, of which fire and bark beetles could not be
controlled (Bercak et al., 2023). Outside the tropics, boreal forests
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experienced the highest rates of tree cover loss in 2021 (Rotbarth
et al., 2023). While tree cover loss in boreal forests rarely results
in permanent deforestation, the rate of loss reached unprecedented
levels in 2021, increasing 29% over 2020. Russia experienced the
worst fire season since record-keeping began in 2001, with more
than 6.5 million hectares of tree cover loss in 2022 (Johansen, 2023).

Spike in deforestation

Excessive harvesting of timber and non-timber forest products
(NTEPs) has been on the increase in response to global mayhem
during this pandemic due to restrictions on movement, lockdown,
social distancing, staff shortage, weak enforcement, relaxation of
government policies, and budget deficit. In addition, reliance on
forests has also increased during the colonial period to meet
the rising demand for forest-based essential hygiene and sanitary
products such as tissue paper, toilet paper, paper towels, and
alcohol-based hand rub (FAO, 2020a). The demand for toilet paper,
in particular, skyrocketed at the beginning of the outbreak, and
some companies reported an increase of up to 700% in their sales
(Garbe et al,, 2020; Jones, 2020). As per directions of the WHO,
crowded places should be avoided to prevent and slow down the
transmission of COVID-19. In this scenario, people are dependent
on e-commerce for the purchase of goods instead of visiting the
markets. The growth of e-commerce is likely to contribute to
increased demand for packaging boxes made up of paper and
cardboard for home delivery services. Even the manufacturing of
paper gowns, surgical masks, and caps used in personal protective
equipment (PPE) kits for medical workers also utilizes wood pulp
and fiber (United Nations, 2020b). Three of the four largest pulp-
exporting countries, Brazil, the US, and Chile, increased their
shipments between 12 and 26% in March (month-over-month).
The five top importing countries all purchased more pulp in
March than in February, with China and South Korea increasing
their volumes the most (40 and 29%, respectively). Enterprises
have taken innovative measures to expand their production,
particularly of products for which demand has been stable or
has increased during the crisis, such as surgical masks. In Italy,
the decision to classify paper as an essential product due to its
importance for food packaging and sanitary and pharmaceutical
products ensured the continued operation of paper mills during
the state of emergency. In Canada, a paper mill that turned to
manufacture medical-grade pulp suitable for masks and gowns
doubled its production. Researchers suggested that Ashwangandha
(Withania somnifera), along with other Ayurvedic rasayanas, such
as Tinospora cordifolia (Guduchi), Asparagus racemosus (Shatavari),
and Phylanthus emblica (Amalaki), are helpful against COVID-19
due to their immunomodulatory properties and potential as an
immunity booster (Patwardhan et al., 2020). The exploitation of
wild medicinal plants for their proven scientific use and additional
pressure on forests for food, fuelwood, and fiber may precipitate
deforestation to a greater extent. Many countries, such as Brazil,
Colombia, Cambodia, Indonesia, Nepal, India, Bangladesh, and
Madagascar, reported a higher incidence of illegal extraction of
forest resources since the initiation of the pandemic (Muche et al.,
2022). In Nepal, a compilation of studies of 11 protected areas
revealed 227% higher cases of timber theft during the first month of
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lockdown than last month. Higher numbers of crime cases related
to natural resources were recorded during that period compared
to collective numbers of the preceding 11 months (Department
of National Parks and Wildlife Conservation and WWF Nepal).
The movement of restrictions during the lockdown made it
difficult to enforce law and order, monitoring, and conservation
practices, which potentially exaggerated the large-scale illegal
logging activities within the forest sector (Brancalion et al,
2020; Maraseni et al., 2022). Environmental organizations across
the globe, viz Brazil, Colombia, Philippines, Kenya, Cambodia,
Venezuela, and Madagascar, reported a rise in cases of timber theft,
poaching, and illegal mining and warned that it is very difficult
to halt or reverse the precipitation of deforestation occurring
during the pandemic (Fair, 2020). A similar situation has been
reported in Malaysia and Indonesia, which have the highest rates of
forest loss in Southeast Asia; illegal timber mining from rainforests
of Sulawesi (Indonesian island) rose by 70% in 2020 (Chandra,
2021). In Ecuador, an increase in illegal mining by indigenous
people has been witnessed in the Choco and Amazon rainforests
(Brown, 2020). Africa is no exception, where illegal logging and
poaching in the forest areas hiked during the pandemic. Due
to the diverted attention of the government on the medical
sector, criminal syndicates became active and increased their illegal
activities of felling and poaching in the forests in Africa, which
already cost the continent US$17 billion annually (African Union,
2020). There are reports of illegal logging in forest regions across
Eastern, Western, Central, and Southern Africa. To quote, in
Tanzania, illegal felling activities observed a 20% hike during the
pandemic compared to the usual number of such events in the
past. Such an incidence of illegal extraction of valuable timber was
also reported to be happening in Uganda and Kenya during the
pandemic. Survey reports from Central Africa also revealed the
role of the pandemic in speeding up the illegal felling instances
in the Congo Basin (Mbzibain, 2020). As the governments are
financially overburdened while dealing with the pandemic, national
forest institutions are facing a fund crisis to deploy the staff to
carry out forest protection and conservation activities (African
Union, 2020). Illegal activities (timber mining and poaching) have
also affected mangrove forests in the coastal belt of the EAC
region, where pole-cutting and charcoal production accelerated
during COVID-19 (Parris-Piper et al, 2023). Therefore, the
pandemic is likely to increase deforestation, leading to biodiversity
loss and environmental pollution if the forestry sector is left
unattended during the course of the pandemic. Illegal activities
in the forests will also distort the supply chain of valuable timber
species, adversely impacting marketing and trade. This will cause
revenue losses to the government and thus significantly impact the
livelihood of people engaged in this sector.

Dearth of human resources

Disruption of human resources during the pandemic is
one of the major factors adversely affecting forest protection,
conservation, and management activities (Corlett et al.,, 2020).
Absenteeism in the workforce due to a number of factors during
the pandemic is also on the rise. For example, many forest reserves
in Africa, Latin America, and Asia have recorded a low presence
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of workers since the outbreak of the pandemic. Poor attendance or
absenteeism stressed the entire system, leading to higher incidences
of illegal logging and hunting during the lockdown period in 2020
(United Nations, 2020a; Pérez Caldentey et al., 2023). More than
50% of countries in Africa reported that the pandemic hampered
regular field monitoring and patrolling in forest reserves during
the pandemic in the year 2020 (Waithaka, 2020; Waithaka et al,,
2021). As the security forces were engaged in implementing COVID
lockdowns and enforcing containment guidelines, there was a
dearth of manpower to protect forests and wildlife (Werikhe,
2022). The illness and deaths of forest officials of different levels
during the pandemic affected the overall performance of forest
departments in guarding the protected areas. Wildfires particularly
were also difficult to control during the course of the pandemic.
In the past few years, incidences of wildfires have been recorded
frequently, and the situation has become very intense during
the simultaneous occurrence of multiple fires. Deficit staff due
to viral infection, quarantine measures, and social distancing
affected the ability of workers to deal with multiple fires in active
season. Other forest management operations were also delayed by
many countries during the pandemic by COVID-19 taking into
consideration the wellbeing of workers and forest communities. In
Canada, an aerial spray program for checking jack pine budworm
was abandoned by the Ontario Ministry of Natural Resources
and Forestry. Some provinces canceled prescribed burning while
others worked at low capacity. In the US, management operations
such as prescribed burning were held back at the majority of
places while other activities, such as trimming trees near electrical
lines, were slowed down due to pandemic restrictions (Heller,
2020; Stanturf and Mansuy, 2021). Repeated lockdowns and
movement restrictions had a negative impact on sustainable forest
management and protection measures in all the sub-regions of
Africa. The attack of defoliating insects (Limantrya dispar) on cork,
a valuable non-timber forest product in the countries of the western
Mediterranean, could not be controlled during the pandemic,
resulting in the hampering of harvesting operations (Aratijo, 2020).
A dearth of human resources adversely affected many activities
linked to forest protection, conservation, and management, and
the pitfalls can be observed in terms of illegal logging activities,
poaching, rampant wildfires, pest disasters, forest clearance for
agriculture, invasive plant growth, and overgrazing/husbandry
needs (Simental and Bynum, 2023).

Policy changes

In response to the pandemic, there will be a major shift in
budget reallocations as the health sector and COVID containment
will be on the priority list at the expense of other important
agendas, such as natural resource management and climate change.
As developing countries are less prepared to face such disasters,
there are more chances of budget curtailing and reallocation in
these countries (Werikhe, 2022). Governments across the globe are
changing their policies (relaxation of environmental regulations,
diversion of funds, and holding back important forestry events) to
deal with the pandemic crisis, which is adversely impacting forest
protection, conservation, and management activities to a significant

Frontiersin Forests and Global Change

10.3389/ffgc.2023.1305779

extent (Wang B. et al., 2022; Wang J. et al., 2022). The economic
recession during the pandemic is expected to reduce funds for
forests. The forests in some parts of Asia, Africa, and Latin America
are already facing the wrath of this pandemic in terms of curtailed
budgets due to the diversion of public funds to the health sector
to save human lives from COVID-19. For instance, Mexico and
Ecuador in Latin America have already declared budget cuts in the
natural resource management sector, challenging law enforcement
for forest protection and management of some serious issues, such
as climate change (Bertola et al., 2023). The socio-economic crisis
has forced governments across the world to review their policy
decisions and reorient these toward developmental activities to
meet the ends. Governments are promoting agriculture and the
industrial sector by providing subsidies and relaxing legislation,
which will have detrimental effects on nature and subsequently
human health. Deforestation in Brazil precipitated during the
pandemic period due to the weakening of environmentally
favorable policies through 57 amendments in the legislation
in 2021. Various relief policies by different countries in South
Asia are also adversely affecting the forests significantly. As in
Indonesia, efforts for employment generation and economic revival
under Omnibus Law can put forests at risk by compromising
environmental regulations. Indonesian Government also changed
its previous policy to restore 165,000 ha of abandoned peat land
in the wake of the pandemic by bringing it under agriculture to
fulfill the food shortage during the pandemic. These peatlands
were earlier planned to be restored to reduce emissions and meet
national targets (Worrall et al, 2003). To improve economic
growth, Indonesia has abandoned the practice of checking the legal
states of timber export, which will definitely acerbate illegal timber
extraction and deforestation in Indonesia (Maxton-Lee, 2020).
Hence, the present relief policies of Indonesia are jeopardizing
environmental security by relaxing environmental regulations
and converting carbon-rich peatlands into food estates. Similarly,
the Manitoba province government in Canada has already cut
environmental funding (Robinson et al, 2023) as part of its
plan to cope with the fiscal deficit resulting from the COVID-
19 pandemic. Unfortunately, this will be counterproductive in the
long run since the health of the planet is intricately linked to
public health. The budget cut will surely hamper the ongoing and
planned nature conservation and protection activities in different
forest areas worldwide. After a thorough examination of recovery
packages announced by governments across the different parts of
the globe, Friedlingstein et al. (2022) reported the withdrawal of the
budget for environmental protection in 64 cases from 22 countries.
Governmental policies played a major role in the conservation
of protected areas by law enforcement. Several countries have set
targets to increase their forest cover and reduce emissions to fight
climate change. However, many governments have changed their
policies and prioritized other sectors over forestry in response
to the present crisis. The ongoing pandemic has diverted the
attention of governments and public funds toward the general
wellbeing of the people and health sector, putting the forests at
very high risk. COVID-19 has put the world on hold for quite
some time, resulting in the postponement of many important
national and international conferences. These postponements
gave a setback to the international efforts to address serious
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environmental issues such as biodiversity loss, greenhouse gas
emissions, and climate change (Korngold, 2023). The after-effects
of this pandemic will definitely be long-lasting on national and
international environmental goals and emission targets.

Reverse migration

COVID-19 caused massive unemployment due to the
contraction in the global economy, disruptions in supply chains,
and closure of production units, leading to the mass movement of
migrants from urban to rural areas for survival (FAO, 2021). There
are 164 million migrant workers worldwide, constituting 4.7%
of the global labor pool (ILO, 2020). Enforcement of lockdown
regulations to contain the spread sent shockwaves to the welfare
and economic security of those migrant workers and their families
in villages who were involved in seasonal employment. Loss of
source of income, fear of being infected, and uncertainty of the
situation triggered the mass backward movement of migrants
both at the national and international levels to their home state
and countries, mostly to rural areas of origin for survival (Khan
et al., 2020; Mustaquim and Islam, 2020). In addition to the mass
movement of workers from overseas, many nations such as the
United States, Mexico, Venezuela, Peru, China, Bangladesh, Nepal,
Indonesia, Vietnam, Cambodia, and South and Eastern Africa
encountered internal reverse migration from cities to villages
and rural areas was reported (Chirisa et al., 2021; Chirisa and
Campbell, 2023). In India, the loss of jobs due to the lockdown led
to massive reverse migration; ~6.3 million laborers traveled back
from cities to rural native places in May-June 2020 only (Suresh
et al,, 20205 Bhattacharyya et al., 2023). Reports of a study by the
UN say that the crisis will jeopardize poor rural communities,
particularly the indigenous population dependent on the forests for
their livelihood. The pandemic-induced survival crisis will increase
the dependence of vulnerable rural and indigenous communities
on forests and other natural resources (Amburgey et al.,, 2023).
Forests act as a safety net for rural and indigenous populations
in times of crisis (pandemic or any other disaster) by fulfilling
their subsistence needs, thus helping their welfare and prosperity
(Sengupta and Jha, 2020). A large chunk of the population, ~1.0
billion people, globally depend on forests to some extent for
foods such as wild meat, edible insects, edible plant products,
mushrooms, and fish as part of their balanced diet. Some 2.4
billion people, i.e., one-third of the global pool both in urban and
rural areas, depend on bioenergy for cooking food, heating water,
and warming their homes. Wood fuel (including fuelwood and
charcoal) remains one of the cheap and easily available sources of
energy for people in times of natural disasters and humanitarian
crises (Rafa et al., 2022). Because the region will observe massive
reverse migration, rural areas and natural resources that support
that population will be under extreme pressure. Reports from
different parts of the world revealed that rural and indigenous
communities living at the fringes of forests responded to
pandemic-induced survival crisis by increasing dependency on
the forests, giving rise to exacerbated incidences of illegal felling
and poaching, charcoal production, tenure conflicts, land clearing
for agriculture expansion, land encroachment, forest crimes, and
other many such activities for immediate economic relief which
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led to deforestation and biodiversity degradation (Tripathi et al,
2021). Global economy contraction, along with backward massive
urban-to-rural migration as a consequence of the pandemic, will
have significant short- and long-term repercussions on forests and
forest-dependent rural and indigenous communities (Saxena et al.,
2021).

Ecotourism

The travel and tourism industry contributes the lion’s share
of 10.3% to the GDP of the world, even greater than agriculture.
It has a major role to play in employment generation as one in
every four new employments is created by this sector in the year
2019 only. According to Nature4Climate, “wildlife tourism” is a
US$ 343.6bn a year global industry —21.8 million or 6.8% of
all tourism jobs around the world are linked to wildlife; tourism
in “protected areas” is even bigger, generating US$ 600bn in
revenues annually, compared with the $10bn cost of maintaining
protected sites. Interestingly, coral reefs generate US$ 36bn for
the global tourist trade (Reynolds et al.,, 2021). The job created by
wildlife tourism in Africa is as high as 36.3% nature for climate.
The ecotourism sector of the tourism industry is growing at an
impressive speed, specifically in Africa, where it has acquired the
status of the second-largest industry responsible for earning a major
part of the foreign exchange. Ecotourism was conceptualized very
recently in 1980 with the purpose of generating revenue from
nature for the protection, conservation, and development of natural
resources (Stronza et al., 2019). According to an estimate by Folinas
and Metaxas (2020), almost all the countries across the globe with
tourism destinations saw a sharp decline in tourism (20-30%) in
2020 owing to travel restrictions imposed during COVID-19, as it
was clear from the reduced number of travelers (290-440 million).
The measures to check the dissemination of corona across the
countries, such as border closures, travel restrictions, and time
and again lockdowns, collapsed the ecotourism industry completely
and gave set back to many ambitious conservation programs
across Asia, Africa, and South America aimed at protection and
conservation of some of the rare wildlife and the natural habitats.
In the opinion of experts, this situation will certainly increase the
incidences of illegal activities such as tree mining and wildlife
hunting as many of the conservation agencies will be forced to rest
their activities due to the dearth of funds available from ecotourism
besides threatening employment in this sector (Fernindez-Bedoya
et al, 2021). Most of the protected sites under ecotourism have
been shut down due to the imposition of coronavirus-related
restrictions to check the spread of the virus. The tourism industries
where these are based on nature to a greater extent—as in the
countries of Costa Rica and India—have been under long-term
crisis since the outbreak of this pandemic, and this can disturb
the associated ecosystems due to hampering conservation efforts,
difficulties in law enforcement, and increased dependency of local
communities on the nature for their survival (Shah et al., 2023).
There are such reports of the forest-based tourism industry being
affected severely during the COVID-19 pandemic across the globe.
Ecotourism in all protected areas of Bangladesh, including the
Sundarbans mangrove forest and the hill forest in Sylhet, was
prohibited by the Forest Department in response to the pandemic
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situation, causing financial losses besides rendering thousands of
people involved in this sector jobless. According to an estimate
by the Bangladesh Tourism Board (BTB), the tourism industry
in Bangladesh lost USD 177 million in the first quarter of the
pandemic and is also anticipated to bear losses of more than USD
700 million by the end of 2020 (Rahman et al., 2021). Reports
from Nepal are also similar in line, where ecotourism and the
hospitality industry have been the worst affected sectors due to
the pandemic. Findings revealed that tourism contributing 8% of
the GDP of Nepal, accounting for a million job opportunities, has
brutally collapsed (Laudari et al., 2021). The Dhorpatan Hunting
Reserve in Nepal, which is famous for hunting Himalayan tahr
and blue sheep, lost an income of 10,000 USD in 2020 due to
a lack of tourists during the pandemic (Uprety et al., 2021). As
a consequence of pandemic-related guidelines and restrictions,
1.2 million USD was missed from the tourism sector on a daily
basis (excluding homestay) in the province (ESCAP and Networlk,
2021). Even the homestay business suffered the mayhem of the
pandemic, losing an income of 1.26 million USD during the
lockdown period. Tourism is estimated to have directly contributed
2.7% to GDP and 6.7% to the employment of the country in 2019-
20. In India, tourism-based employment fell from 12.7 to 8.0% in
2019-2020 (Singh and Neog, 2020). Malaysia also encountered the
same scenario where the pandemic crashed the tourism industry
severely. Following the restrictions to contain the pandemic, the
number of tourists to Sabah fell by 98% in the initial 2 months
of lockdown (April and May 2020), causing 90% revenue loss to
tourism agencies. Ecotourism in other parts of the world, such
as East and Southern Africa, came to a halt as a consequence of
restrictions imposed during COVID, leading to a sharp decline in
the number of visitors at forest-based sites. This has resulted in
revenue losses from ecotourism for funding conservation programs
and related expenditures. The local economic crisis has also affected
the rural communities living on the fringes of the forest, which are
potential ecotourism (Lindsey et al., 2020; Enns et al., 2023). The
Zimbabwe Parks and Wildlife Management Authority estimated
a US$3.8 million (50%) deficit from April to June 2020 due to a
decline in revenue generated by tourism (Lindsey et al., 2020). The
community ecotourism sector under the CAMPFIRE in Zimbabwe
is one of the most affected industries by the COVID-19 pandemic
(Mudzengi et al., 2022). Similarly, the Uganda Wildlife Authority
(UWA), which earns 88% of its income from tourist entrance
fees, projected a loss of US$1.4 million for conservation activities
in the third quarter of 2020 (Lindsey et al., 2020). Out of ~1.5
million visitors per year in Kenya, on average, 70-80% come to
visit national parks and generate a hefty sum of $1.6 billion as
annual revenues. According to the African Wildlife Foundation, the
pandemic has left ~3 million people in Kenya jobless who were
previously involved in conservation activities at the end of May
2020. Results of preliminary online studies to observe the effect of
the COVID-19 pandemic on ecotourism showed that the pandemic
caused a significant adverse impact on the number of visitors at
forest-based destinations, the livelihood of local communities, and
conservation activities in 38 African countries (Waithaka, 2020;
Cumming et al, 2021). The revenue generation by federal land
management agencies in the United States has decreased manifold
due to the pandemic. Generally, these agencies collect revenues by
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extractingresources and permitting various activities in the forest
land under the guidance of forest personnel, which involves fee
collection. As per the Matikiti-Manyevere and Rambe (2022), a
sharp decline of almost 70%, amounting to US$1.1 billion, has been
lost by the US due to the delayed opening of parks, strict health
guidelines, and travel restrictions imposed across the globe as well
as within the country. This reduction in the revenue generation
is likely to affect the 25000 permanent and contractual employers
employed at various capacities under the National Park Service,
having ~500 concessionaires in 100 park units. The decline of
international tourism will lose trillions of dollars and millions of
jobs. The pandemic-led impact on ecotourism will further reduce
the funds for the protection and conservation of natural resources,
which are already deficit as economic fallout and humanitarian
crisis have diverted the attention and funds to the health sector and
for securing livelihood (Cherkaoui et al., 2020).

Green economy

The world has witnessed three waves of pandemic till date
with fourth in continuation, resulting in severe public health crisis.
Measures to check the transmission of COVID-19 has sent shock
waves to global economy, exacerbating poverty and job crisis. The
COVID-19 pandemic has caused an economic crisis and poverty
alleviation (Figure 4) specifically due to exorbitant spending
on health (Figure 5), resulting in the accelerated vulnerability
of society, especially rural and indigenous communities, and
increased pressure on natural resources. The pandemic and
environment are interlinked as the zoonotic diseases originate
due to close human—wildlife interaction as a consequence of
biodiversity loss and land use changes while pandemic causes
biodiversity loss by precipitating deforestation in lieu of increased
dependency of people on forest as social safety nets during crisis
(Terraube and Ferndndez-Llamazares, 2020; Akinsorotan et al.,
2021; Lawler et al., 2021). Therefore, conservation of biodiversity
is important to check the next pandemic. The pandemic-induced
socio-economic crisis calls for sustainable recovery which demands
investment in nature to prevent the future emergence of zoonotonic
diseases while rebuilding global economy (Platto et al.,, 2021). There
are multiple green solutions which can be explored, identified,
and integrated in pandemic recovery packages with urgency. The
nature-based synergies will help in achieving the immediate goal
of economic recovery while taking care of long-term targets of
biodiversity conservation and healthy ecosystem to prevent human
wildlife interaction in close proximity. Conservation of nature is
job intensive and can be harnessed to generate employment in
various sectors such as afforestation and reforestation, ecosystem
restoration, watershed development, management and protection
of forests & wildlife, sustainable food production, and resource
conservation and recycling (Morand and Lajaunie, 2021). Investing
in nature helps in preventing future pandemics, mitigating climate
change, and providing ecosystem goods and services to the people.
Nature-based solutions employ cost-effective strategies to make
human societies more resilient by helping in achieving many of
Sustainable Development Goals. The United Nations called for the
immediate need of sustainable recovering strategies guided by 2030
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Impact of COVID on poverty due to health spending (Source: Blake and Wadhwa, 2020).
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agenda to deal with the socio-economic crisis due to COVID-19
at the national level. While issuing guidelines at the country level,
the UN announced the Partnership for Action on Green Economy
(PAGE) program, which will employ green means for economic
reforms based on integrated approaches. PAGE, mobilized by the
UN as a joint venture, is an attempt to support nature-based
solutions aimed to tackle economic and environmental issues
concurrently. Green stimulus packages adopt cost-effective and
environment-friendly sustainable integrated measures that work
toward economic growth and resilience by creating a healthy
ecosystem and mitigating climate change. The COVID-19 situation
presents an opportunity for a transition to a green economy,
which can help in achieving the sustainable development goals set
under the 2030 agenda. The recovery measures guided by SDG
and NDC targets will not only reform economic growth but also
deal with the issues of climate change, abiding by the fact that
the poor and vulnerable are more prone to climate change and
ecological instability. Many governments across the globe have
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announced a range of fiscal stimulus packages for socio-economic
reform following the pandemic crisis. Although various countries
have announced financial recovery packages of a considerable
amount, they allocated a minor share to green recovery (Koasidis
et al., 2022). As per Vivid Economics’ Green Stimulus Index,
a hefty sum of USD 3.5 trillion has been allocated to different
sectors (agriculture, energy, industry, transport, and waste) by 17
economies (OECD and G20 countries), which are intimately related
to nature (Figure 6).

However, in most of the countries except France, Germany,
and the United Kingdom, funds apportioned to sectors having
a negative impact on nature outweigh the finances to the
nature-friendly sectors (Rechsteiner, 2021). Across the globe,
financial recovery packages of ~10 trillion USD have been
announced to date to deal with the pandemic crisis. Canada
is one of the major leading countries that have shown their
political determination to transition to a green economy. In
December 2020, Canada established World Bank Clean Energy
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Percent allocation of the stimulus package announced by different countries toward nature (Source: Vivid Economics, 2021).

Canad

and Forests Climate Facility to support transformational climate
actions of World Bank projects, targeted at mitigating climate
change by halting deforestation and forest degradation through
protection, conservation, and management of forest resources
(Rechsteiner, 2021). In the US, there is momentum to steer recovery
strategies toward more sustainable environmental and economic
development. The USA Government constitutes a Civilian Climate
Corps, which will help in employment generation in green areas
(Boone et al,, 2023). European countries such as Germany decided
to invest in the conservation of nature to deal with the pandemic
crisis in an environmentally sustainable and socially responsible
manner. Netherlands suggested that EU fiscal packages should
be guided by a regional “green finance taxonomy” that aims to
support investment in green technologies by giving incentives.
UK Research and Innovation (UKRI) is sponsoring the projects
aimed at exploring the socio-economic and environmental impact
of the pandemic outbreak (Ruiu et al., 2022), and France’s National
Research Agency has called for short-term proposals (RA-COVID-
19) for carrying out research on different aspects of COVID-19
related to life and environment (Morand, 2022). Other countries
across the globe, such as New Zealand, Australia, India, and
Pakistan, are also focusing on nature-based solutions to fight
pandemic-generated socio-economic and environmental problems.

Conclusion

COVID-19 has affected many dimensions of human society,
forests being one of the major hits. Deforestation took place
at an increased rate during COVID period due to exacerbated
demand for forest products, a dearth of human resources, diversion
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of funds, a sharp decline in ecotourism, and reverse migration.
Deforestation and zoonotic diseases are interlinked to each other
intricately. Deforestation causes increased chances of human and
wildlife interaction, thus communication of zoonotic diseases to
mankind. Zoonotic diseases precipitate deforestation due to greater
dependency on forests during a crisis, deficit manpower, and
curtailed budgets due to the priority of the health sector over
natural resource management. Therefore, efforts should be aimed
at building back better through a green economy. Investing in
nature is a sustainable way of recovering from the pandemic,
economically by employment generation and environmentally
through maintaining and restoring ecosystem health and climate
change mitigation. Governments across the globe are announcing
huge fiscal packages to deal with COVID-19 induced socio-
economic crises. This situation provides an opportunity to steer
COVID-19 stimulus packages toward nature-based solutions for
transition to a green economy, which will not only help in socio-
economic recovery but also in building community resilience to
cope with livelihood crisis, particularly for rural communities that
depend on nature and land use for their survival. Nonetheless,
the recovery spending could provide a unique opportunity to
change this: If recovery packages would focus on accelerating
the transition toward low-carbon energy and improving energy
efficiency, it could be a significant boost toward reaching the
Paris Agreement targets and national climate policy goals (Ortiz
et al, 2021). The present disruption due to the pandemic, in this
way, may facilitate the shift toward sustainability, which is an
ambitious goal to achieve as per the 2030 agenda. Policymakers
should use this opportunity to propose inclusive policies for using
the recovery funds for a green and sustainable future. Recent
studies by economists suggested “investment in ecosystem health
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and resilience” to be one of the major recommendations to achieve
economic recovery and climate mitigation goals. The concept of
green recovery pushes for building a sustainable and resilient future
(Moglia et al., 2021). The efforts to recover from the pandemic-
created crisis should be centered on employment generation,
mostly in green sectors, judicious use and sustainable management
of natural resources, ecosystem resilience, and acknowledging
the rights of indigenous communities. COVID-19 has caused
a major setback to climate change programs and other efforts
to achieve sustainable development goals, the recuperation of
which is possible only through green recovery. The COVID-19
crisis divulged the strength of forestry as an effective measure to
address social, economic, and environmental issues. Recognizing
the importance of forestry in poverty alleviation, employment
generation, enhancing ecosystem resilience, and reducing the
vulnerability of rural and indigenous communities, it is a wakeup
call to introduce forestry-based solutions into pandemic recovery
strategies to strengthen the economy and societies to face the global
challenges in future.

Government and non-government national and international
bodies should take swift initiatives at the policy level to reap
the benefits of sustainable forest management by allocating funds
to the forestry sector in response to COVID-19. Although
the UN Strategic Plan for Forests 2030 already envisaged
forestry as a vital component for economic development, social
wellbeing, and environmental resilience, integrated efforts at
the political level and accelerated decisive actions are urgently
needed to achieve a green future. The green recovery from the
pandemic is possible only through sustainable and healthy forest
ecosystems and resilient communities residing on the fringes of
the forest.

Policy recommendations

The following recommendations in the context of forests for
COVID-19 green recovery could be acknowledged:

1. Strengthening of forest governance by using modern
technologies such as real-time satellite imagery, which rely
less on manpower.

2. Ensuring legal and sustainable global timber trading.

3. Employment generation in the green sector.

4. Recognizing the role of indigenous communities in forest
protection and conservation and ensuring legal protection of
their land tenure rights.

5. Incentives for halting deforestation and reducing emissions.

6. Ruling out the relaxation of environmental laws during
the pandemic and effective enforcement of environmental
regulations to check illegal felling, wildlife trade, and land-
use changes.

7. Design and formulate policies and strategies for a post-COVID-
19 green recovery.

8. Exploiting the potential of carbon sequestration in the forest
products sector for building back better post-COVID-19.

9. Conceptualization of green cities through expansion of natural
ecosystems in urban areas is an effective way of conserving
nature while being socio-economically beneficial.
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10. Integration of agroforestry in the nature-based solutions for
COVID-19 recovery as an immediate means of alleviating
poverty and hunger by improving productivity and diversifying
the livelihood of particularly small landholders.

11. Industries such as ecotourism, which rely on natural ecosystems,
should be supported by COVID-19 fiscal recovery packages.

12. Intensify international cooperation and finance to conserve
and restore the ecological integrity of natural ecosystems and
address the drivers of ecosystem degradation, fragmentation,
and conversion.

13. Environmental responsibility should be fixed for the sectors
that are associated with a heavy biodiversity footprint, such as
agriculture, energy, and industry.
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