Chapter 19 In Brief

Drivers and ecological impacts of deforestation
and forest degradation
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Key Messages & Recommendations

1) As of 2018, the Amazon has lost approximately
870,000 km?of primary forest, equivalent to 14%
of its original cover.

2) There are at least 1,036,080 km? of degraded Am-
azonian forests. It is estimated that 366,300 km?
of Amazonian forests were degraded between
1995 and 2017.

3) Cattle ranching is the main driver of deforesta-
tion.

4) Deforestation and degradation result in local, re-
gional, and global impacts, including changes in
local temperature and precipitation, increased
CO; emissions, and species extinctions.

5) Governments, the private sector, and civil society
need to take urgent action to avoid further defor-
estation in the Amazon, particularly of primary
forests. Avoiding loss of primary forest is by far
the highest priority to avoid carbon emissions, bi-
odiversity loss, and changes to the region’s hy-
drology.

6) Large-scale infrastructure projects, such as
roads and mining concessions, must consider

their indirect impacts on deforestation, which
are much greater than the forest loss they directly
cause.

7) There is an urgent need to implement an inte-
grated monitoring system to track deforestation
and forest degradation across the basin, with
comparable, transparent, and accessible da-
tasets. Datasets can be generated through part-
nerships between governments and the scientific
community. It is no longer acceptable for defor-
estation to be the sole focus of forest monitoring.

Abstract This chapter discusses the main drivers of
deforestation and forest degradation in the Amazon,
particularly agricultural expansion, road construc-
tion, mining, oil and gas development, forest fires,
edge effects, logging, and hunting. It also examines
these activities’ impacts and synergies between
them.

Introduction Deforestation is defined as the com-
plete removal of an area’s forest cover?, while forest
degradation is the reduction of the overall capacity
of a forest to supply goods and services?
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representing a loss in the ecological value of the area
affected®. Across the Amazon, deforestation and for-
est degradation result from the interplay between
various indirect and direct drivers acting at global,
regional, and local scales®®. Direct drivers of defor-
estation are the human actions that impact nature’,
including the expansion of pastures and croplands,
the opening of new roads, the construction of hydro-
electric dams, and mineral and oil exploitation®1°
(see also Chapters 14, 15, and 20). Indirect drivers
are factors that influence human actions'?, such as
poor governance or commodity market condi-
tions'?™4, Drivers act simultaneously; because mul-
tiple drivers affect deforestation rates, it is very dif-
ficult to estimate their individual impacts. The
impacts of both deforestation and forest degrada-
tion can have local, regional, and global conse-
quences'®>?’. The most obvious impacts of defor-
estation are the loss of structural complexity and
biodiversity as species-rich forested areas are con-
verted to species-poor agricultural land. However,
there are more cryptic impacts, such as changes in
local temperatures, regional precipitation regimes,
and global greenhouse gas (GHG) emissions®®'°,

Deforestation In the Amazon biome, 867,675 km?
have been deforested as of 20182° — an area larger
than Turkey (Figure 19.1). Most deforestation has
occurred in Brazil, which lost approximately
741,759 km? of forest?®, an area 15 times greater
than that lost by Peru (50,867 km?), the country with
the second largest deforested area. In relative terms,
the country that lost the most forest was Brazil
(18%), followed by Ecuador (13%). Deforestation in
the Amazon peaked in 2003, reaching 63,656 km?.
Between 2004 until 2013, deforestation dropped to
its lowest level, increasing again from 2014 on-
wards.

Agricultural expansion Agricultural expansion,
particularly cattle ranching, is the most important
driver of Amazonian deforestation?!. In the Brazilian
Amazon it is estimated that 80% of deforested areas
are occupied by pastures??. In the early 2000s, the
expansion of large-scale croplands, particularly soy,
significantly increased as a driver of deforestation, a
pattern that reversed?® following conservation
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policies, including the soy moratorium (see Chapter
15) and the creation of several protected areas in
Brazil (see Chapter 16) where most soy-related de-
forestation was taking place!??*, In Bolivia, soy is
still expanding; the region of Santa Cruz has been
identified as the largest deforestation hotspot in the
Amazon, mainly due to forest conversion to soy
fields?>26, Starting in the mid-2000s, palm oil be-
came a threat to Amazonian forests, especially in
Colombia, Ecuador, Peru, and in the eastern part of
the Brazilian Amazon?’; while palm oil plantations
often replace other agricultural land uses, especially
cattle ranching, sometimes it replaces primary for-
est2830, Cultivation of illicit crops, specifically coca,
is also a driver of deforestation in the region, partic-
ularly in Colombia, but also in Bolivia, Ecuador, and
Peru?132,

Pastures and croplands are completely different
from forests in terms of taxonomic, phylogenetic,
and functional composition of their biota3%3, lead-
ing to an almost complete loss of forest-dependent
species. Among agricultural land uses, pastures
hold significantly more diversity than mechanized
agriculture®®. Tree plantations also harbor an im-
poverished subset of forest species; for example,
less than 5% of bird species captured on an oil palm
plantation in Peru were also found in forests®. In
summary, the contribution of agricultural lands to
Amazonian biodiversity conservation is negligible®’,
highlighting the irreplaceable value of forests®:.
There are also indirect impacts stemming from for-
est conversion - in addition to GHG emissions re-
leased during the deforestation process, pastures
further contribute emissions due to regular burning
and enteric fermentation®. Significant changes in
the physical and chemical properties of the sail,
such as soil compaction and changes in nutrient
concentration®-*, also result from forest conver-
sion to pastures and croplands. Pesticide use on ag-
ricultural lands is often excessive*?*3; however, their
impacts on terrestrial systems have not been ade-
quately quantified.

Roads Official roads and highways (i.e., those built
by the government) extend deep into the Amazon;
only the western part of the basin is free of roads.
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Even if unpaved, official roads often spawn a net-
work of unofficial roads (those built by local actors),
providing access to previously inaccessible forests,
and resulting in the classic ‘fishbone deforestation’
pattern. By 2016, the network of unofficial roads was
so extensive that it surpassed official ones by almost
13-fold, reaching 551,646 km.

The direct impacts of road construction include in-
creased roadkill** and fragmentation of habitats,
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isolating animal populations that have low mobility
or aversion to open spaces**“¢, However, the great-
est impact of road building in the Amazon is indi-
rect. The construction and paving of official and,
subsequently, unofficial roads reduces transporta-
tion costs, increasing the value of land and making
agriculture and ranching more profitable?’. This
leads to land speculation and increased deforesta-
tion to secure tenure*® (see also Chapters 14 and 15).
As a result, the presence of roads is strongly
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Figure 19.1 Current land occupied by either natural vegetation or pasture and agriculture across the Amazon biome. Cumulative
deforestation data is shown until 2018 *° and analyzed according to Smith et al.'*5,
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associated with deforestation in the Brazilian*®®°,
Peruvian®~®%, and Ecuadorian Amazon, although in
the latter road construction is linked to oil conces-
sions®*% (see also Chapter 18). Roads also stimulate
forest degradation, including selective logging®¢5¢,
as they provide machinery access (e.g., logging
trucks, skidders) to areas that contain valuable tim-
ber.

Mining Mining is a major source of environmental
impact in the Amazon, with approximately 45,000
mining concessions either in operation or waiting
for approval, of which 21,536 overlap with protected
areas and Indigenous territories. While some min-
erals, such as bauxite, copper, and iron ore®, are ex-
tracted legally by large corporations®, gold mining
is largely illegal®*®? (see also Chapters 14 and 18).
Despite its illegality, gold mining is a semi-mecha-
nized activity, employing large and expensive ma-
chinery such as exploration drills and hydraulic ex-
cavators®3-6°,

The amount of forest loss directly attributable to
mining is immensely smaller than that caused by
agriculture. Still, it represents the main driver of for-
est loss in French Guiana, Guyana, Suriname, and
parts of Peru®®®’, Moreover, as is the case with roads,
the indirect impacts of mining are much greater
than the direct ones. In Brazil, for instance, mining
was responsible for the loss of 11,670 km? of Ama-
zonian forests between 2000 and 2015, correspond-
ing to 9% of all deforestation in that period®, with
effects extending 70 km beyond the boundaries of
mining concessions. Mining also stimulates forest
loss by motivating the construction of roads and
other transportation infrastructure that lead to de-
forestation1%¢8,

0il and gas Oil and gas exploitation occur mainly in
the western Amazon, where 192 oil and gas leases
are under production and 33 are being prospected.
Additionally, there are plans to exploit oil and gas
across a vast area of Brazil in Amazonas state . As
with mining, deforestation caused by oil and gas ex-
ploitation is minimal when compared to that caused
by agriculture expansion. Still, these operations can
lead to severe oil spills, as has occurred on
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numerous occasions in Colombia, Ecuador, and
Peru’®72, impacting people and wildlife”>”*. Indirect
impacts of oil and gas activities include the opening
of roads, which significantly increases deforestation
as described above.

Degradation While deforestation is binary (i.e., ei-
ther the forest is present or absent), forest degrada-
tion is characterized by an impact gradient, ranging
from forests with little, although significant, loss of
ecological value to those suffering severe disruption
of functions and processes’. It is estimated that an
area roughly the size of Germany, or 366,300 km?, of
Amazonian forests were degraded between 1995
and 20177, Several anthropogenic disturbances can
lead to forest degradation in the Amazon, such as
forest fires, selective logging, edge effects, and hunt-
ing77-%°.

Forest fires In most years, and in most undisturbed
forests, high moisture in the understories of Amazo-
nian forests keeps flammability levels close to
zero®-83, However, every year thousands of hectares
of forests burn across the basin®® as fires escape
nearby pastures or recently deforested areas. Forest
fires spread slowly, have flame heights of 30-50 cm,
and release little energy (< 250 kW/m)®87, Notwith-
standing this, their impacts can be enormous as
Amazonian moist forests have not co-evolved with
fire. They cause high levels of stem mortality, nega-
tively affect carbon stocks?>%%8% and take years to re-
cover.

It is estimated that burned forests in the Amazon
have carbon stocks that remain 25% lower even 30
years after a fire, with growth and mortality dynam-
ics suggesting that recovery has plateaued®. High
tree mortality caused by understory fires leads to
significant taxonomic and functional changes in the
plant community; species with high-wood density
are lost, while light-wood pioneer species domi-
nate®*?2, It is currently unknown whether burned
forests will eventually return to their original com-
position. Climate change scenarios predict in-
creased frequency of extreme weather events and
warmer climatic conditions®®°* (see also Chapters
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22-24), exacerbating fire concurrency across the bi-
ome.

Edge effects Deforestation has promoted, over the
past few decades, forest fragmentation, creating
man-made forest edges, which are impacted by a
number of edge effects®®¢, Between 2001 and 2015,
around 180,000 km? of new forest edges were cre-
ated in the Amazon?’. Edge effects lead to changes in
evapotranspiration rates, increases in light inten-
sity and wind exposure, and increased desicca-
tion®®, which may extend hundreds of meters into
adjacent forests®. This leads to increased plant
mortality in edge habitats and, as a consequence, in-
creased carbon losses. Recent estimates of carbon
losses associated with edge effects in the Amazon
(947 Tg C) corresponded to one-third of losses from
deforestation (2,592 Tg C). Carbon losses are not off-
set by tree growth or recruitment; forest edges suffer
a drastic change in species composition, becoming
dominated by lianas and small, less-dense trees
which store less carbon!®1%l, Furthermore, forest
edges are more susceptible to other types of disturb-
ances®, such as fires'??-1%4 This may lead to local ex-
tinctions of specialist species unable to adapt to
new, disturbed conditions. It favors edge- and gap-
specialist species and could facilitate colonization
and range expansion for non-forest species!®.

Logging Amazonian countries represent 13% of the
world’s tropical sawn wood timber production; Bra-
zil alone is responsible for more than half (52%), fol-
lowed by Ecuador (11%), Peru (10%), and Bolivia
(10%). Venezuela, Colombia, Suriname, and Guyana
make up the remaining 17%:%. In the Brazilian Am-
azon, selective logging annually affects an area the
same size as that deforested!?’-1%°, concentrated
mostly along the deforestation frontier and sur-
rounding the major logging centers!!®. In Peru and
Bolivia, selective logging practices are concentrated
in forest concessions!'™1!3; however, illegal, unsus-
tainable logging practices prevail across the basin”’
(see also Chapter 14), and the industry is beset by
high levels of illegality, including false permits and
weak enforcement'113-115 The prevalence of illegal
timber discourages sustainable logging practices
and prevents governments and society from reaping
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the important ecological and economic benefits of-
fered by better forest management practices!¢1?,
Logging affects energy and water dynamics due to
changes in albedo and surface roughness caused by
high levels of canopy openness, mainly in the short-
term (1-3 years)'8. These practices also promote
warmer temperatures inside the forest!®, and, de-
pending on the intensity of extraction, biomass re-
covery for future harvesting is compromised.

Hunting Commercial exploitation of animals for
furs, hides, and feathers in the 20th century was in-
tense; it is estimated that 23.3 million wild mam-
mals and reptiles of at least 20 species were com-
mercially hunted between 1904 and 1969
Exploitation is now predominantly for food, with
Peres et al.1?® estimating that hunting affects 32% of
remaining forests in the Brazilian Amazon (~1M
km?), with a strong depletion of large vertebrate
populations in the vicinity of settlements, roads, and
rivers?:,

The impacts of hunting vary by species depending
on their life histories; taxa that are long-lived and
have low birth rates are the most vulnerable to local
extinction'??, Habitat loss, fragmentation, and forest
degradation interact with hunting to reduce and iso-
late populations, inhibiting ‘rescue’ and repopula-
tion from neighboring forests. This is exacerbated
by edge effects, which increase accessibility by
hunters!?3, Over-hunting may have pervasive im-
pacts on Amazonian forests by disrupting or entirely
removing ‘top-down’ control on ecosystems medi-
ated by large-bodied animals, leading to widespread
and potentially irreversible loss of ecosystem resili-
ence and function??4,

Conclusions Deforestation and degradation are ma-
jor drivers of biodiversity loss and GHG emissions,
with dire consequences for human and natural sys-
tems at the local, regional, and global levels. Over
the past 35 years, over 700,000 km? of forests have
been completely removed across the Amazon, while
an additional ~360,000 km? have been degraded.
Although deforestation has been mostly driven by
agricultural expansion, large infrastructure devel-
opment projects, mining (both legal and illegal), and
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oil and gas exploitation have also played a signifi-
cant role. Major impacts include the extinction
and/or impoverishment of plant and animal com-
munities, reductions in carbon sinks, and decreased
evapotranspiration. The impacts of forest degrada-
tion, driven by forest fires, edge effects, selective
logging, and hunting are much more cryptic, alt-
hough they can lead to severe and long-term im-
pacts in affected forests. The impacts of both defor-
estation and forest degradation will likely be
exacerbated by climate change, an underlying pres-
sure on all Amazonian forests.
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