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Intro

Tropical rainforests

Rainforests are forest ecosystems characterized by high levels of
rainfall, enclosed canopy and high species diversity.

Tropical (rain)forests are rainforests that are located between the
tropics.

Carbon-dense and bio-diverse.

Major tropical forests

Amazon forest: ∼ 630 million hectares of tree cover. 60% in Brazil.
Also Peru, Colombia...
Congo basin forest: ∼ 290 million hectares of tree cover. DRC,
Republic of Congo, Cameroon, Gabon...
Sundaland forest: ∼ 100 million hectares of tree cover. 73% in
Indonesia. Also Malasia.
Australasia forest: ∼ 90 million hectares of tree cover. Indonesia and
Papua New Guinea.
Mesoamerica forest, Guinean Forest...
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Intro

World tropical rainforests

3/29/24, 3:36 PM world-rainforests-map.jpg (7268×1227)

https://mongabay-images.s3.amazonaws.com/rainforests/charts/world-rainforests-map.jpg 1/1
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Intro

The Amazon Forest I

All lectures will cover papers on the Brazilian Amazon

In general, scientific data used in these papers are available for all
tropical forests.

Economic data?

The Amazon rainforest accounts for approximately a quarter of global
emissions from land use change, due in part to its’ immense size,
carbon storage, and recent history of land use change (Bullock and
Woodcock [2021]).

Deforestation
Degradation from other man-made causes: Unintended fires, edge
effects, selective logging.
Degradation from global climate change.
These causes are not orthogonal - unintended fires are often the result
being at the edge of human activity.
Land management in agriculture or cattle-ranching.
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Intro

The Amazon Forest II

Lapola et al. [2023] estimates that 25% of the total burned forest area
was within 120m of an edge, affecting 17% of the total edge area.

Edge effects indicate reforestation more beneficial if in contiguous
areas.

Public versus private projects.

Carbon currently stored in the Amazon, if released, would produce
approximately 600 Gigatons of CO2, Flores et al. [2024] equivalent to
more than 15 times the estimate by the International Energy Agency
of global energy-related emissions during 2023.

As other tropical rainforests, the Amazon plays a crucial role in
regulating local and regional precipitation and temperature and are
thought to have a large impact in global climate. (Flores et al.
[2024]).
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Intro

The Amazon Forest III

The forest “recycles” rain (evapotranspiration) and trade-winds carry
moisture to areas southwest, affecting other portions of the forest,
including portions in other countreies (Araujo et al. [2023]), and
economic activities, including agricultural productivity in the crucial
cerrado region (Araujo [2023]).
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Intro

Biodiversity I

The Amazon is incredibly biodiverse; it holds approximately 10% of
the world’s vertebrate and plant species (Amazon Assessment Report
2021 https://www.theamazonwewant.org).

More than 15000 tree species with 99% rare.

In northwest or central Amazon forest, single hectare may contain
300+ species.

Diversity enhances carbon storage in tropical forests (Poorter et al.
[2015])

If true, biodiversity is not just a byproduct of conservation and
reforesting aimed at avoiding increasing atmospheric CO2 but also a
contributor to carbon capture.
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Intro

Biodiversity II

Rare species help resist severe disturbance.

In rainy portions of the Amazon forest, drought resistant species are
rare but could replace dominant species in case in a drier future (Flores
et al. [2024]
Diversity provides option value.
Option value increases with uncertainty

Half of Amazonian tree species are threatened with extinction due to
deforestation, degradation and climate change. (Gomes et al. [2019]

Not much literature in economics of biodiversity

State of the literature: Dasgupta and Levin [2023]

Dasgupta and Levin [2023] cites a species–area relationship:

S = aAb,

with 0 < b < 1.
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Intro

Biodiversity III

b could be dependent on type (birds vs. rodents)

If we knew b, formula could be used to estimate effect of percentage
loss of habitats.

Dasgupta and Levin [2023] claims that b ∈ [.2, .8] for birds.

Biodiversity measures: species count, Shanon index −
∑S

i=1 pi ln(pi ),
genetic diversity...

Pricing biodiversity
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Intro

Global climate change impacts on Amazon forest

Papers we will cover here do not account for how climate change
affects the Amazon.

Since the early 1980’s Amazonian region warming at an average rate
of .27oC per decade during dry season.

Large parts of the center and southeast of the Amazon are now 2
degrees warmer.
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Intro

Changes in mean temperature in dry season
(July-October) from 1981 to 2020

Nature | Vol 626 | 15 February 2024 | 557

satellite observations, we used projections of ecosystem stability by 
2050 based on CMIP6 model ensembles for a low (SSP2–4.5) and a high 
(SSP5–8.5) greenhouse gas emission scenario (Extended Data Fig. 4 
and Supplementary Table 1). An ensemble with the 5 coupled models 
that include a dynamic vegetation module indicates that 18–27% of 
the biome may transition from stable forest to bistable and that 2–6% 
may transition to stable savanna (depending on the scenario), mostly 
in the northeastern Amazon. However, an ensemble with all 33 models 
suggests that 35–41% of the biome could become bistable, including 
large areas of the southern Amazon. The difference between both 
ensembles is possibly related to the forest–rainfall feedback included 
in the five coupled models, which increases total annual rainfall and 
therefore the stable forest area along the southern Amazon, but only 
when deforestation is not included in the simulations4,37. Nonethe-
less, both model ensembles agree that bistable regions will expand 
deeper into the Amazon, increasing the risk of critical transitions due 
to disturbances (as implied by the existence of alternative stable states;  
Extended Data Fig. 1).

Disturbance regimes
Within the remaining Amazon forest area, 17% has been degraded by 
human disturbances38, such as logging, edge effects and understory 
fires, but if we consider also the impacts from repeated extreme drought 

events in the past decades, 38% of the Amazon could be degraded39. 
Increasing rainfall variability is causing extreme drought events to 
become more widespread and frequent across the Amazon (Fig. 1c), 
together with extreme wet events and convective storms that result 
in more windthrow disturbances40. Drought regimes are intensifying 
across the region41, possibly due to deforestation42 that continues to 
expand within the system (Extended Data Fig. 5). As a result, new fire 
regimes are burning larger forest areas43, emitting more carbon to the 
atmosphere44 and forcing IPLCs to readapt45. Road networks (Fig. 1d) 
facilitate illegal activities, promoting more deforestation, logging and 
fire spread throughout the core of the Amazon forest38,39. The impacts 
of these pervasive disturbances on biodiversity and on IPLCs will prob-
ably affect ecosystem adaptability (Box 1), and consequently forest 
resilience to global changes.

Currently, 86% of the Amazon biome may be in a stable forest state 
(Extended Data Fig. 1b), but some of these stable forests are showing 
signs of fragility33. For instance, field evidence from long-term moni-
toring sites across the Amazon shows that tree mortality rates are 
increasing in most sites, reducing carbon storage46, while favouring 
the replacement by drought-affiliated species47. Aircraft measure-
ments of vertical carbon flux between the forest and atmosphere reveal 
how southeastern forests are already emitting more carbon than they 
absorb, probably because of deforestation and fire48.
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Fig. 1 | Exploring ecosystem transition potential across the Amazon forest 
biome as a result of compounding disturbances. a, Changes in the dry season 
(July–October) mean temperature reveal widespread warming, estimated 
using simple regressions between time and temperature observed between 
1981 and 2020 (with P < 0.1). b, Potential ecosystem stability classes estimated 
for year 2050, adapted from current stability classes (Extended Data Fig. 1b) by 
considering only areas with significant regression slopes between time and 
annual rainfall observed from 1981 through 2020 (with P < 0.1) (see Extended 
Data Fig. 3 for areas with significant changes). c, Repeated extreme drought 
events between 2001–2018 (adapted from ref. 39). d, Road network from  
where illegal deforestation and degradation may spread. e, Protected areas  
and Indigenous territories reduce deforestation and fire disturbances.  
f, Ecosystem transition potential (the possibility of forest shifting into an 

alternative structural or compositional state) across the Amazon biome by year 
2050 inferred from compounding disturbances (a–d) and high-governance 
areas (e). We excluded accumulated deforestation until 2020 and savannas. 
Transition potential rises with compounding disturbances and varies as 
follows: less than 0 (in blue) as low; between 1 and 2 as moderate (in yellow); 
more than 2 as high (orange–red). Transition potential represents the sum  
of: (1) slopes of dry season mean temperature (as in a, multiplied by 10);  
(2) ecosystem stability classes estimated for year 2050 (as in b), with 0 for 
stable forest, 1 for bistable and 2 for stable savanna; (3) accumulated impacts 
from extreme drought events, with 0.2 for each event; (4) road proximity as 
proxy for degrading activities, with 1 for pixels within 10 km from a road; 
(5) areas with higher governance within protected areas and Indigenous 
territories, with −1 for pixels inside these areas. For more details, see Methods.

Flores et al. [2024]

While southeast has suffered much deforestation, center has been less
affected.
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Intro

Multiple extreme drought events (1981-2020)

Nature | Vol 626 | 15 February 2024 | 557

satellite observations, we used projections of ecosystem stability by 
2050 based on CMIP6 model ensembles for a low (SSP2–4.5) and a high 
(SSP5–8.5) greenhouse gas emission scenario (Extended Data Fig. 4 
and Supplementary Table 1). An ensemble with the 5 coupled models 
that include a dynamic vegetation module indicates that 18–27% of 
the biome may transition from stable forest to bistable and that 2–6% 
may transition to stable savanna (depending on the scenario), mostly 
in the northeastern Amazon. However, an ensemble with all 33 models 
suggests that 35–41% of the biome could become bistable, including 
large areas of the southern Amazon. The difference between both 
ensembles is possibly related to the forest–rainfall feedback included 
in the five coupled models, which increases total annual rainfall and 
therefore the stable forest area along the southern Amazon, but only 
when deforestation is not included in the simulations4,37. Nonethe-
less, both model ensembles agree that bistable regions will expand 
deeper into the Amazon, increasing the risk of critical transitions due 
to disturbances (as implied by the existence of alternative stable states;  
Extended Data Fig. 1).

Disturbance regimes
Within the remaining Amazon forest area, 17% has been degraded by 
human disturbances38, such as logging, edge effects and understory 
fires, but if we consider also the impacts from repeated extreme drought 

events in the past decades, 38% of the Amazon could be degraded39. 
Increasing rainfall variability is causing extreme drought events to 
become more widespread and frequent across the Amazon (Fig. 1c), 
together with extreme wet events and convective storms that result 
in more windthrow disturbances40. Drought regimes are intensifying 
across the region41, possibly due to deforestation42 that continues to 
expand within the system (Extended Data Fig. 5). As a result, new fire 
regimes are burning larger forest areas43, emitting more carbon to the 
atmosphere44 and forcing IPLCs to readapt45. Road networks (Fig. 1d) 
facilitate illegal activities, promoting more deforestation, logging and 
fire spread throughout the core of the Amazon forest38,39. The impacts 
of these pervasive disturbances on biodiversity and on IPLCs will prob-
ably affect ecosystem adaptability (Box 1), and consequently forest 
resilience to global changes.

Currently, 86% of the Amazon biome may be in a stable forest state 
(Extended Data Fig. 1b), but some of these stable forests are showing 
signs of fragility33. For instance, field evidence from long-term moni-
toring sites across the Amazon shows that tree mortality rates are 
increasing in most sites, reducing carbon storage46, while favouring 
the replacement by drought-affiliated species47. Aircraft measure-
ments of vertical carbon flux between the forest and atmosphere reveal 
how southeastern forests are already emitting more carbon than they 
absorb, probably because of deforestation and fire48.
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Fig. 1 | Exploring ecosystem transition potential across the Amazon forest 
biome as a result of compounding disturbances. a, Changes in the dry season 
(July–October) mean temperature reveal widespread warming, estimated 
using simple regressions between time and temperature observed between 
1981 and 2020 (with P < 0.1). b, Potential ecosystem stability classes estimated 
for year 2050, adapted from current stability classes (Extended Data Fig. 1b) by 
considering only areas with significant regression slopes between time and 
annual rainfall observed from 1981 through 2020 (with P < 0.1) (see Extended 
Data Fig. 3 for areas with significant changes). c, Repeated extreme drought 
events between 2001–2018 (adapted from ref. 39). d, Road network from  
where illegal deforestation and degradation may spread. e, Protected areas  
and Indigenous territories reduce deforestation and fire disturbances.  
f, Ecosystem transition potential (the possibility of forest shifting into an 

alternative structural or compositional state) across the Amazon biome by year 
2050 inferred from compounding disturbances (a–d) and high-governance 
areas (e). We excluded accumulated deforestation until 2020 and savannas. 
Transition potential rises with compounding disturbances and varies as 
follows: less than 0 (in blue) as low; between 1 and 2 as moderate (in yellow); 
more than 2 as high (orange–red). Transition potential represents the sum  
of: (1) slopes of dry season mean temperature (as in a, multiplied by 10);  
(2) ecosystem stability classes estimated for year 2050 (as in b), with 0 for 
stable forest, 1 for bistable and 2 for stable savanna; (3) accumulated impacts 
from extreme drought events, with 0.2 for each event; (4) road proximity as 
proxy for degrading activities, with 1 for pixels within 10 km from a road; 
(5) areas with higher governance within protected areas and Indigenous 
territories, with −1 for pixels inside these areas. For more details, see Methods.

Flores et al. [2024]

Extreme drought: two sd in maximum cumulative water deficit
(MCWD) during dry season.
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Intro

Rising temperatures

Rising temperatures and extension of dry spells that result from
global warming and forest degradation reduce forest productivity,
carbon storage capacity and cause leaf damage in other areas.

Araujo et al. [2023] shows cascading of losses of leaf area index, a
dimensionless variable that describes the ratio of leaf area to ground
surface area.

Raising temperature and extension of dry spells, reduce biodiversity.

By 2050 significant increases in consecutive dry days (+10-30 days)
and annual maximum temperatures (+2-4) degrees in the Amazon
are possible ( https://report.ipcc.ch/ar6/wg1/IPCC AR6 WGI
FullReport.pdf).
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Intro

Tipping points

Papers we will here do not explicitly incorporate tipping points.

Tipping points: Human activity has potential to push large
components (over 1000 km length) of the Earth system past critical
states and into qualitatively different modes.

Several papers, including Steffen et al. [2018], argue that the Amazon
forest will tip with 3-5 degrees warming.

Note overlap range proposed by IPCC

Earlier literature proposed tipping to a savanna.

Recent literature more subtle and discusses other possibilities
including a much poorer forest and sensitivity to local climate
conditions. Flores et al. [2024]
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Intro

Amazon transition risks (Flores et al. [2024])

Nature | Vol 626 | 15 February 2024 | 557

satellite observations, we used projections of ecosystem stability by 
2050 based on CMIP6 model ensembles for a low (SSP2–4.5) and a high 
(SSP5–8.5) greenhouse gas emission scenario (Extended Data Fig. 4 
and Supplementary Table 1). An ensemble with the 5 coupled models 
that include a dynamic vegetation module indicates that 18–27% of 
the biome may transition from stable forest to bistable and that 2–6% 
may transition to stable savanna (depending on the scenario), mostly 
in the northeastern Amazon. However, an ensemble with all 33 models 
suggests that 35–41% of the biome could become bistable, including 
large areas of the southern Amazon. The difference between both 
ensembles is possibly related to the forest–rainfall feedback included 
in the five coupled models, which increases total annual rainfall and 
therefore the stable forest area along the southern Amazon, but only 
when deforestation is not included in the simulations4,37. Nonethe-
less, both model ensembles agree that bistable regions will expand 
deeper into the Amazon, increasing the risk of critical transitions due 
to disturbances (as implied by the existence of alternative stable states;  
Extended Data Fig. 1).

Disturbance regimes
Within the remaining Amazon forest area, 17% has been degraded by 
human disturbances38, such as logging, edge effects and understory 
fires, but if we consider also the impacts from repeated extreme drought 

events in the past decades, 38% of the Amazon could be degraded39. 
Increasing rainfall variability is causing extreme drought events to 
become more widespread and frequent across the Amazon (Fig. 1c), 
together with extreme wet events and convective storms that result 
in more windthrow disturbances40. Drought regimes are intensifying 
across the region41, possibly due to deforestation42 that continues to 
expand within the system (Extended Data Fig. 5). As a result, new fire 
regimes are burning larger forest areas43, emitting more carbon to the 
atmosphere44 and forcing IPLCs to readapt45. Road networks (Fig. 1d) 
facilitate illegal activities, promoting more deforestation, logging and 
fire spread throughout the core of the Amazon forest38,39. The impacts 
of these pervasive disturbances on biodiversity and on IPLCs will prob-
ably affect ecosystem adaptability (Box 1), and consequently forest 
resilience to global changes.

Currently, 86% of the Amazon biome may be in a stable forest state 
(Extended Data Fig. 1b), but some of these stable forests are showing 
signs of fragility33. For instance, field evidence from long-term moni-
toring sites across the Amazon shows that tree mortality rates are 
increasing in most sites, reducing carbon storage46, while favouring 
the replacement by drought-affiliated species47. Aircraft measure-
ments of vertical carbon flux between the forest and atmosphere reveal 
how southeastern forests are already emitting more carbon than they 
absorb, probably because of deforestation and fire48.
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Fig. 1 | Exploring ecosystem transition potential across the Amazon forest 
biome as a result of compounding disturbances. a, Changes in the dry season 
(July–October) mean temperature reveal widespread warming, estimated 
using simple regressions between time and temperature observed between 
1981 and 2020 (with P < 0.1). b, Potential ecosystem stability classes estimated 
for year 2050, adapted from current stability classes (Extended Data Fig. 1b) by 
considering only areas with significant regression slopes between time and 
annual rainfall observed from 1981 through 2020 (with P < 0.1) (see Extended 
Data Fig. 3 for areas with significant changes). c, Repeated extreme drought 
events between 2001–2018 (adapted from ref. 39). d, Road network from  
where illegal deforestation and degradation may spread. e, Protected areas  
and Indigenous territories reduce deforestation and fire disturbances.  
f, Ecosystem transition potential (the possibility of forest shifting into an 

alternative structural or compositional state) across the Amazon biome by year 
2050 inferred from compounding disturbances (a–d) and high-governance 
areas (e). We excluded accumulated deforestation until 2020 and savannas. 
Transition potential rises with compounding disturbances and varies as 
follows: less than 0 (in blue) as low; between 1 and 2 as moderate (in yellow); 
more than 2 as high (orange–red). Transition potential represents the sum  
of: (1) slopes of dry season mean temperature (as in a, multiplied by 10);  
(2) ecosystem stability classes estimated for year 2050 (as in b), with 0 for 
stable forest, 1 for bistable and 2 for stable savanna; (3) accumulated impacts 
from extreme drought events, with 0.2 for each event; (4) road proximity as 
proxy for degrading activities, with 1 for pixels within 10 km from a road;  
(5) areas with higher governance within protected areas and Indigenous 
territories, with −1 for pixels inside these areas. For more details, see Methods.

Higher index associated with higher transition risks
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Intro

Tipping points (Steffen et al. [2018])

to the CO2 fertilization effect or decreasing uptake due to a de-
crease in rainfall). For some of the tipping elements, crossing the
tipping point could trigger an abrupt, nonlinear response (e.g.,
conversion of large areas of the Amazon rainforest to a savanna or
seasonally dry forest), while for others, crossing the tipping point
would lead to a more gradual but self-perpetuating response
(large-scale loss of permafrost). There could also be considerable
lags after the crossing of a threshold, particularly for those tipping
elements that involve the melting of large masses of ice. However,
in some cases, ice loss can be very rapid when occurring as
massive iceberg outbreaks (e.g., Heinrich Events).

For some feedback processes, the magnitude—and even the
direction—depend on the rate of climate change. If the rate of
climate change is small, the shift in biomes can track the change in
temperature/moisture, and the biomes may shift gradually, po-
tentially taking up carbon from the atmosphere as the climate warms
and atmospheric CO2 concentration increases. However, if the rate of
climate change is too large or too fast, a tipping point can be crossed,
and a rapid biome shift may occur via extensive disturbances (e.g.,
wildfires, insect attacks, droughts) that can abruptly remove an
existing biome. In some terrestrial cases, such as widespread wild-
fires, there could be a pulse of carbon to the atmosphere, which if
large enough, could influence the trajectory of the Earth System (29).

Varying response rates to a changing climate could lead to
complex biosphere dynamics with implications for feedback
processes. For example, delays in permafrost thawing would most
likely delay the projected northward migration of boreal forests
(30), while warming of the southern areas of these forests could
result in their conversion to steppe grasslands of significantly
lower carbon storage capacity. The overall result would be a
positive feedback to the climate system.

The so-called “greening” of the planet, caused by enhanced
plant growth due to increasing atmospheric CO2 concentration
(31), has increased the land carbon sink in recent decades (32).
However, increasing atmospheric CO2 raises temperature, and
hotter leaves photosynthesize less well. Other feedbacks are also
involved—for instance, warming the soil increases microbial res-
piration, releasing CO2 back into the atmosphere.

Our analysis focuses on the strength of the feedback between
now and 2100. However, several of the feedbacks that show
negligible or very small magnitude by 2100 could nevertheless be
triggered well before then, and they could eventually generate
significant feedback strength over longer timeframes—centuries
and even millennia—and thus, influence the long-term trajectory
of the Earth System. These feedback processes include perma-
frost thawing, decomposition of ocean methane hydrates, in-
creased marine bacterial respiration, and loss of polar ice sheets
accompanied by a rise in sea levels and potential amplification of
temperature rise through changes in ocean circulation (33).

Tipping Cascades. Fig. 3 shows a global map of some potential
tipping cascades. The tipping elements fall into three clusters
based on their estimated threshold temperature (12, 17, 39).
Cascades could be formed when a rise in global temperature
reaches the level of the lower-temperature cluster, activating
tipping elements, such as loss of the Greenland Ice Sheet or Arctic
sea ice. These tipping elements, along with some of the non-
tipping element feedbacks (e.g., gradual weakening of land and
ocean physiological carbon sinks), could push the global average
temperature even higher, inducing tipping in mid- and higher-
temperature clusters. For example, tipping (loss) of the Green-
land Ice Sheet could trigger a critical transition in the Atlantic
Meridional Ocean Circulation (AMOC), which could together, by
causing sea-level rise and Southern Ocean heat accumulation,
accelerate ice loss from the East Antarctic Ice Sheet (32, 40) on
timescales of centuries (41).

Observations of past behavior support an important contri-
bution of changes in ocean circulation to such feedback cascades.
During previous glaciations, the climate system flickered between
two states that seem to reflect changes in convective activity in the
Nordic seas and changes in the activity of the AMOC. These
variations caused typical temperature response patterns called the
“bipolar seesaw” (42–44). During extremely cold conditions in the
north, heat accumulated in the Southern Ocean, and Antarctica
warmed. Eventually, the heat made its way north and generated
subsurface warming that may have been instrumental in destabi-
lizing the edges of the Northern Hemisphere ice sheets (45).

If Greenland and the West Antarctic Ice Sheet melt in the fu-
ture, the freshening and cooling of nearby surface waters will have
significant effects on the ocean circulation. While the probability
of significant circulation changes is difficult to quantify, climate
model simulations suggest that freshwater inputs compatible with
current rates of Greenland melting are sufficient to have mea-
surable effects on ocean temperature and circulation (46, 47).
Sustained warming of the northern high latitudes as a result of this
process could accelerate feedbacks or activate tipping elements
in that region, such as permafrost degradation, loss of Arctic sea
ice, and boreal forest dieback.

While this may seem to be an extreme scenario, it illustrates
that a warming into the range of even the lower-temperature
cluster (i.e., the Paris targets) could lead to tipping in the mid- and
higher-temperature clusters via cascade effects. Based on this
analysis of tipping cascades and taking a risk-averse approach, we
suggest that a potential planetary threshold could occur at a
temperature rise as low as ∼2.0 °C above preindustrial (Fig. 1).

Alternative Stabilized Earth Pathway
If the world’s societies want to avoid crossing a potential threshold
that locks the Earth System into the Hothouse Earth pathway, then
it is critical that they make deliberate decisions to avoid this risk

Fig. 3. Global map of potential tipping cascades. The individual
tipping elements are color- coded according to estimated thresholds
in global average surface temperature (tipping points) (12, 34).
Arrows show the potential interactions among the tipping elements
based on expert elicitation that could generate cascades. Note that,
although the risk for tipping (loss of) the East Antarctic Ice Sheet is
proposed at>5 °C, somemarine-based sectors in East Antarctica may
be vulnerable at lower temperatures (35–38).

Steffen et al. PNAS | August 14, 2018 | vol. 115 | no. 33 | 8255
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Intro

Economics of tipping points

Pioneering paper by Cai et al. [2015]

Follow suggestion from Hoel and Sterner [2007] to augment DICE
models by adding an environmental good S in a CES with elasticity of
substitution < 1 between S and C .

Tipping point modeled with arrival rate that depends on temperature.

At tipping point, S suffer a discrete loss.
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Intro

Outline

Present a few papers in some detail so that you become acquainted
with data, models and computational methods.

1 Carbon capture potential of reforestation in tropical forests. Assunção
et al. [2023]

2 Identifying externalities in forest loss/degradation. Araujo et al. [2023]
3 Can law enforcement stop deforestation? Assunção et al. [2022]

Particularly important for viability of item 1

4 Integrated model of deforestation, rainfall and agriculture. Araujo
[2023]

Agriculture affects rain that affects productivity in agriculture.
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