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Abstract

Forests constitute a critical safeguard for maintaining biodiversity, and the
loss of forest area frequently leads to regional biodiversity reduction or extinc-
tion. To investigate the impact of the COVID-19 pandemic on global biodi-
versity, this study examines forest loss area, biodiversity integrity data, annual
COVID-19 infection data (for 2020 and 2021), and Gross Domestic Product
(GDP) in global biodiversity hotspots, conducting correlation analysis, linear
mixed-effects model construction, and regression prediction. The results demon-
strate that although COVID-19 infections per million population exhibit a sig-
nificant negative correlation with forest loss area—specifically, the pandemic
significantly reduced forest loss caused by large-scale urban and agricultural
expansion—the total forest loss in global biodiversity hotspots continued to in-
crease during the two years of the pandemic outbreak (2020 and 2021). The
primary reason is that the pandemic indirectly accelerated the harvesting of
plantation forests and natural forests. Regression model predictions indicate
that during the COVID-19 pandemic, forest loss area in global biodiversity
hotspots increased by 5.83% and 21.78% in 2020 and 2021, respectively. Conse-
quently, this study finds that while the COVID-19 pandemic exerted a certain
inhibitory effect on forest loss in biodiversity hotspots, the area of forest loss
continues to increase.
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Abstract

Forests are critical for maintaining biodiversity, and forest loss often leads to re-
gional biodiversity decline or extinction. To investigate the impact of COVID-19
on global biodiversity, this study analyzed forest loss area, biodiversity integrity
data, annual COVID-19 infection data (for 2020 and 2021), and Gross Domes-
tic Product (GDP) in global biodiversity hotspots through correlation analysis,
linear mixed-effects modeling, and regression forecasting. The results revealed
a significant negative correlation between COVID-19 infections per million pop-
ulation and forest loss area—specifically, the pandemic substantially reduced
forest loss caused by large-scale urban and agricultural expansion. However,
total forest loss in global biodiversity hotspots continued to increase during the
two pandemic years (2020 and 2021), primarily due to the indirect acceleration
of harvesting in both natural and plantation forests. Regression model predic-
tions indicated that forest loss area in global biodiversity hotspots increased
by 5.83% and 21.78% in 2020 and 2021, respectively, during the pandemic.
Consequently, while COVID-19 exerted a restraining effect on forest loss in
biodiversity hotspots, the overall forest loss area continued to rise.
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Biodiversity is closely linked to the survival environments of flora and fauna
(Vais et al., 2020). In recent years, global biodiversity loss has intensified due
to habitat reduction, threatening human living environments (Cardinale et al.,
2012; Pereira et al., 2020). Research shows that forests harbor higher biodiver-
sity than farmland, urban areas, and grasslands, making forest cover in biodi-
versity hotspots a key indicator for assessing biodiversity degradation (Gong et
al., 2019; Marin et al., 2021).

As a crucial carrier of biodiversity, forest area is continuously declining. Re-
ports from Global Forest Watch (www.globalforestwatch.org) show that global
primary forest area decreased by 2.8% in 2019 (Chraibi et al., 2021). The
causes include human activities such as logging, deforestation, and agricultural
encroachment, as well as natural disasters like fires and pest infestations (Abd
Latif et al., 2015; Rosa et al., 2021).

COVID-19 has significantly influenced human behavior and social norms, trans-
forming workplaces, transportation, consumption patterns, and trade methods
(Askitas et al., 2020; Baldwin & Tomiura, 2020). To slow virus transmission,
governments worldwide implemented various activity restrictions, with “stay-
at-home” policies being the most typical—effectively creating a global “human
confinement experiment” (Bates et al., 2020). By comparing and analyzing data
from this “experiment,” we can understand human impacts on ecosystems and
develop corresponding biodiversity conservation measures. Current studies have
used data from citizen science platforms to assess pandemic impacts on regional
biodiversity (Maria Sanchez-Clavijo et al., 2021) and freshwater fish diversity
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(Cooke et al., 2021).

Regarding COVID-19’s impact on biodiversity, some scholars are optimistic
(Sills et al., 2020; Zambrano-Monserrate et al., 2020), while others remain cau-
tious (Corlett et al., 2020). Some studies have found that the pandemic ex-
acerbates biodiversity loss (Pinder et al., 2020; Rahman et al., 2021). From
the perspective of COVID-19’s impact on forests, Buongiorno (2021) used the
GFPMX model to predict pandemic effects on forest products; Sannigrahi et
al. (2022) analyzed the relationship between forest fires and COVID-19; and
Lugo-Robles et al. (2021) assessed the relationship between forest area and the
pandemic. However, no studies have examined global forest cover area. Given
the close relationship between forest area and biodiversity, and the maturity
of remote sensing monitoring techniques, this study focuses on analyzing forest
loss area in global biodiversity hotspots during the pandemic period (2020 and
2021) to answer the following research questions: (1) Were there differences in
forest loss area in global biodiversity hotspots before and after the COVID-19
outbreak? (2) If differences exist, is there an association between pandemic
severity and forest loss area? (3) If an association exists, what is the magnitude
of COVID-19’s impact on forest loss area?

To address these questions, we selected countries where biodiversity hotspots
cover more than 60% of national territory based on global biodiversity integrity
data. Using remote sensing-derived forest loss area from 2001 to 2021, 2020-2021
COVID-19 infections per million population, and GDP data, we conducted cor-
relation analysis and modeling to understand the relationship between pandemic
severity and forest loss area in global biodiversity hotspots, providing data sup-
port for understanding the intrinsic link between forest cover and biodiversity
and for developing conservation measures.

1.1 Data Acquisition

Based on Hill et al. (2019) and Global Forest Watch’s “global biodiversity in-
tegrity” data, we used ImageJ software to select countries where biodiversity
hotspots exceed 60% of national territory as study subjects (Figure 1 [Figure
1: see original paper]). From Global Forest Watch’s “forest cover loss” layer
and forest loss cause data, we extracted annual forest loss area (Hansen et
al., 2013) and annual forest loss area from five causes (large-scale agricultural
expansion, small- and medium-scale agriculture, plantation and natural forest
harvesting, forest fire loss, and urban expansion) within national boundaries.
COVID-19 data for study subjects were extracted from Our World In Data
(www.ourworldindata.org), using cumulative cases per million population on
December 31, 2020 and December 31, 2021 as the 2020 and 2021 infection data,
respectively (Figure 1). GDP data for the two years before the pandemic (2018
and 2019) and during the pandemic were obtained from the United Nations
website (www.un.org). Data from Global Forest Watch and Our World In Data
have been used in multiple studies and are highly reliable (Curtis et al., 2018;
Cook-Patton et al., 2020; Tegally et al., 2022).
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The study basemap was obtained from the Resource and Environ-
mental Science and Data Centre of the Institute of Geographical Sci-
ences and Natural Resources Research, Chinese Academy of Sciences
(https://www.resdc.cn/data.aspx?’DATAID=205) and was wused without
modification.

1.2 Data Analysis Methods

When comparing annual forest loss area from 2001-2021 and 2019-2021, we
normalized each country’s annual forest loss area for both periods to exclude
differences caused by original forest area. Spearman’s test was used for corre-
lation analysis between forest loss area and infections per million population.
When constructing linear mixed-effects models, we selected data from the pre-
pandemic period (2018-2019) and pandemic period (2020-2021) to create a bal-
anced dataset. To assess the potential impact of economic strength on forest
loss during the pandemic, we included annual GDP as a variable. The linear
mixed-effects models used GDP and cumulative cases per million population
as fixed effects, with country and sampling year as random effects, modeling
forest loss area from five causes separately. Based on model fitting results, the
relationship between pandemic severity and GDP (Pardhan & Drydakis, 2021),
and the association between GDP and forest loss area (Wang et al., 2016), we
initially constructed a linear mixed-effects structural equation model, which was
then optimized using chi-square test significance to determine the final model of
pandemic severity’s impact on annual forest loss area. Annual forest loss area
fitting used formula (1). Statistical analysis was performed using R 4.2.2 (R
Core Team, 2023), with the “nlme” package for linear mixed models, “piecewis-
eSEM” package for structural equation modeling, and Origin 2019 and QGIS
3.28.3 for mapping.

Annual forest loss area was fitted using formula (1):
4
=Yt A[N? + (1= pwy, — .

where: y represents forest loss area; x represents year; y,, 4, i, T
formula coefficients.

w are

c)

2 Results and Analysis
2.1 Forest Loss from 2001 to 2021

We identified 53 eligible countries. In the two years after the pandemic outbreak
(2020-2021), total forest loss area in biodiversity hotspots continued to increase
compared to 2019, rising by 3.66% in 2020 and 12.49% in 2021 (Figure 2 [Figure
2: see original paper]). After excluding the influence of original forest area
among countries, the average forest loss area per country showed a declining
trend, indicating substantial variation among countries (Figure 3 [Figure 3: see
original paper]).
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2.2 Forest Loss from 2019 to 2021

Figure 4 [Figure 4: see original paper] shows forest loss area for each country
in 2019 (pre-pandemic), 2020 (first pandemic year), and 2021 (second pandemic
year). The 53 countries exhibited four patterns of change: (1) Descending
type: countries with sustained declines in forest loss in 2020 and 2021 com-
pared to 2019 (Figure 4:a), totaling 28 countries; (2) Ascending then de-
scending type: countries where forest loss increased in 2020 but decreased in
2021 (Figure 4:b), totaling 12 countries; (3) Invariant type: countries with no
significant change trend (Figure 4:c), totaling 3 countries; and (4) Ascending
type: countries with year-over-year increases in forest loss in 2020 and 2021
(Figure 4:d), totaling 10 countries.

Statistical analysis of the four patterns showed that during the two pandemic
years, 75.47% of countries experienced decreased forest loss (sum of descend-
ing and ascending-then-descending types), while 18.87% showed increases (as-
cending type) (Figure 5 [Figure 5: see original paper|). Thus, in the two years
following the COVID-19 outbreak, over three-quarters of countries in global bio-
diversity hotspots saw declining forest loss, while nearly one-fifth experienced
increases.

Analysis of forest loss area across the four patterns revealed that ascending-type
countries accounted for 53.82% of total forest loss area, while descending and
ascending-then-descending types accounted for 26.82% and 6.14%, respectively,
totaling 32.96% (Figure 6 [Figure 6: see original paper]). These changes indicate
that ascending-type countries contributed the highest proportion of forest loss
during the pandemic.

2.3 Association Between Pandemic Severity and Forest Loss Area

Spearman correlation analysis between forest loss area and infections per million
population for biodiversity hotspot countries during the two pandemic years,
first year, and second year showed a highly significant negative correlation over
the two-year period (2020-2021). Similarly, in the first pandemic year (2020),
pandemic severity showed a significant negative correlation with forest loss area.
This trend became more pronounced in the second year (2021), with the corre-
lation coefficient decreasing from -0.36 (P < 0.01) in 2020 to -0.43 (P < 0.01).

Linear mixed-effects models revealed that during the pandemic, infections per
million population were significantly negatively correlated with forest loss from
urban expansion, indicating that more severe pandemics reduced urban en-
croachment on forests (Tables 1-2 ). Tables 1 and 2 also show that both be-
fore and during the pandemic, forest loss from urban expansion and commercial
harvesting was significantly affected by GDP. The structural equation model
revealed four impact pathways of COVID-19 on forest loss (Figure 8 [Figure 8:
see original paper]): (1) infections per million population — urban expansion
— forest loss; (2) infections per million population — GDP — urban expansion
— forest loss; (3) infections per million population — GDP — large-scale agri-

chinarxiv.org/items/chinaxiv-202308.00092 Machine Translation


https://chinarxiv.org/items/chinaxiv-202308.00092

ChinaRxiv [$X]

cultural expansion — forest loss; and (4) infections per million population —
GDP — plantation and natural forest harvesting — forest loss.

Across the four pathways, the standardized coefficients of COVID-19 in-

fections per million population on forest loss were -1.4$x107{-4}$ (=

-0.07$x0.002),0.5% 10™{-4}$ (= 0.06$x0.41x0.002), —18.4x 10" {-4}$ [= 0.06 X (-

0.18)$x$0.17], and 39.1$x107{-4}$ (= 0.06$x0.21x0.31), respectively, withanoverallstandardizedcoe f ficient
4318.

2.4 Estimated Impact of the Pandemic on Forest Loss Area

To quantitatively assess COVID-19’s impact on forest loss in biodiversity
hotspots, we fitted total forest loss area from 2001-2019 using the PsdVoigtl
formula and predicted the 2020 and 2021 forest loss area assuming no pandemic.
The fitted model achieved an R? of 0.78 (P < 0.001) (Figure 9 [Figure 9: see
original paper]). The model revealed that in the first year after the outbreak,
forest loss area increased by 1,069,039.2 ha (5.83%) above the predicted value,
and in the second year, it increased by 3,767,853.9 ha (21.78%).

Discussion

Previous studies have observed close links between human economic activity and
forest loss (Wang et al., 2016), with commercial development responsible for de-
stroying 27% of global forest land (Curtis et al., 2018). Our study found similar
patterns: before the pandemic, economic activity was significantly associated
with forest loss from urban expansion and large-scale agricultural development
(Tables 1-2). After the outbreak, GDP remained significantly associated with
urban expansion, large-scale agricultural expansion, and plantation/natural for-
est harvesting (Table 2). Thus, human economic activity consistently influenced
forest loss before and during the pandemic.

Existing research presents mixed findings on the pandemic-forest relationship.
Regarding forest cover, Lugo-Robles et al. (2021) found forest area significantly
positively correlated with WHO-reported public health events and similar asso-
ciations between COVID-19 infection rates and forest area, while Li et al. (2022)
found negative correlations between forest cover and COVID-19 fatality rates in
low-income countries. For forest loss, some studies found positive correlations
with the pandemic (Brancalion et al., 2020; Rahman et al., 2021), while others
observed negative relationships (Yang et al., 2020). Inconsistent spatiotempo-
ral scales may explain these divergent conclusions. For instance, Lugo-Robles et
al. (2021) and Li et al. (2022) examined average forest cover over periods, while
Brancalion et al. (2020), Yang et al. (2020), and Rahman et al. (2021) focused
on partial countries or regions.

Our study identified two manifestations of COVID-19’s impact on forest loss.
First, the pandemic increased deforestation: studies found deforestation doubled
within one month of lockdown implementation in tropical regions (Brancalion
et al., 2020), with similar phenomena observed in Bangladesh (Rahman et al.,
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2021). Second, the pandemic inhibited urban expansion, a finding also reported
by Yang et al. (2020). The first phenomenon may relate to COVID-19’s impact
on human health and healthcare systems and various isolation policies imple-
mented to reduce infection rates (Askitas et al., 2020; Baldwin & Tomiura,
2020). For example, pandemic protection and isolation policies increased de-
mand for forest products, leading to extensive harvesting of plantations and
natural forests. The second phenomenon may stem from stay-at-home poli-
cies that suppressed economic development, thereby limiting urban expansion
and large-scale agricultural development, while reduced wildlife trade protected
forests and their associated biodiversity (Gibbons et al., 2022).

During the pandemic, only 10 countries experienced sustained increases in for-
est loss, yet their contribution reached 53.82% of total forest loss, explaining
the contradictory trends in Figures 5 and 6. This may relate to large variations
in original forest cover among countries, different pandemic policies, and ran-
dom events. For instance, Indonesia’s slowed deforestation during the pandemic
resulted from reduced oil palm expansion and falling oil prices (Gaveau et al.,
2022).

Remote sensing technology for large-scale forest loss monitoring is now mature
(Hill et al., 2019), with Global Forest Watch calculating global forest loss area
(Bovolo & Donoghue, 2017). However, studies have found that different remote
sensing product resolutions and ground disturbance types affect forest cover
calculations, potentially causing estimation biases in spatial extent and timing
of forest loss (Milodowski et al., 2017). Future research should incorporate
multi-source observation data to improve accuracy. Additionally, factors such
as national pandemic policies, human behavior changes, and sudden forest dis-
asters could be integrated into impact models to improve estimation precision.
Our modeling approach to assess COVID-19’s impact may confound other fac-
tors, potentially inflating the pandemic’s effect. However, given our data’s high
reliability and analytical accuracy, results support the conclusion that measures
similar to “human confinement experiments” can suppress human activity to re-
duce forest loss, though complex network relationships may induce larger-scale
forest loss, ultimately reducing regional biodiversity.

Conclusion

This study covered 53 countries. Compared with pre-pandemic levels, average
forest loss per country decreased during the two pandemic years (2020-2021),
while total loss area increased, primarily because the 10 countries with sustained
forest loss increases contributed 53.82% of total loss. COVID-19 infections per
million population showed highly significant negative correlations with forest
loss area, with significant negative effects on forest loss from urban expansion.
The pandemic influenced forest loss through four pathways, with total impact
comparable to the magnitude of urban expansion-related forest loss reduction.
A regression model based on 2001-2019 forest loss data showed that total forest
loss in 2020 and 2021 increased by 5.83% and 21.78% above predicted values,
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respectively. Results demonstrate that COVID-19 impacted forest loss in global
biodiversity hotspots, suppressing some human-driven forest destruction while
still increasing forest loss through complex network relationships.
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