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Is the Amazon rainforest tougher 
than we thought?

Мore free environmental science resources аt: www.ScienceJournalForKids.org

If the Amazon Rainforest was a country, it would be the 9th 
biggest in the world. The rainforest has many important 
functions. It is home to a huge variety of different plants and 
animals. It also acts like a large carbon sink (a storage place 
for carbon) by sucking it up from the atmosphere and storing 
it in plants and soil. This slows down global climate change 
and is another reason why it is so important to preserve our 
rainforests.
Researchers worry that large parts of the Amazon could 
change from forest to savanna if put under pressure from 

drought or deforestation. They are concerned that it would 
then be very hard for the forests to recover again.
We carried out a data analysis to look at the factors that can 
cause a shift in state from forest to savanna (or the other 
way around), and to look at the effect of humans. To explain 
our observations, we made a mathematical model that 
takes into account natural tree growth and deforestation. 
Our evidence suggests that the Amazon rainforest is not as 
fragile as previously thought.

Introduction

Abstract

The Amazon rainforest (Fig. 1) is responsible for capturing 
nearly a quarter of all the carbon dioxide that global forests 
absorb from the atmosphere every year. This means that if we 
lose large parts of the Amazon forest, more carbon remains in 
the atmosphere where it traps heat. This would mean global 
climate change could become more severe.
Researchers have previously found that large parts of the 
Amazon forest are at risk of turning from forest to savanna, 
and then getting stuck in this state. The evidence comes from 
satellite data of tree cover and rainfall. When plotting rainfall 
on the x-axis and tree cover on the y-axis (Fig. 3a), they 
found that both savanna and rainforest occur at intermediate 
rainfall values, despite receiving the same amount of rain. 
This suggests that both states are possible stable outcomes, a 
condition known as bistability.
If forest in such a bistable area experiences shocks like 
deforestation or drought, a vicious cycle of forest loss and 
increased fire (in a positive feedback) could turn forest into 
savanna. The area would then remain stuck in the savanna 

state unless lots of rainfall and a halt of deforestation allowed 
forests to regrow faster than fires damage them. Our analysis 
suggests that bistable areas are not as widespread as 
previously thought, and therefore this scenario is unlikely to 
occur on a large scale.

Figure 1:
The Amazon rainforest is the world’s largest rainforest. It hosts about 30% of the 
world species: over 40,000 different species of plants and millions of different 
animals. Image from wikipedia.
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Methods

Results
The average amount of rainfall per year had a strong positive 
effect on the occurrence of forest (this means that the more 
rain falls, the more forest exists). Seasonality of rainfall 
had a strong negative effect (the more irregular the rainfall 
throughout the year, the less forest exists).

 Our results showed that the previously found existence of 
savannas and forests under the same rainfall range was to 
a great extent due to the confounding effect of seasonality, 
soils and human impact (Fig. 3). In particular, we found that 

compared to “natural” areas, “transition” areas had far more 
savannas occurring under the same natural conditions as 
forests.This suggests that savannas around agricultural zones 
exist under the same conditions as forests because people 
create and sustain them by removing trees, and not due to 
bistability. 

Our model reproduced these results when we assumed that 
people cut down more trees closer to agricultural areas and 
allowed fire to creep into forests from neighboring savannas.

We examined human impact on the Amazon rainforest in 
three steps:

1)   We created a statistical model to estimate relationships 
between natural conditions and the existence of forest. To 
avoid the confounding effect of human impact, we used data 
on Amazonian forest cover before humans started to cut it 
down. We found that average rainfall, seasonality and soil 
conditions predict original Amazonian forest cover well.

2)   We analyzed current tree cover data to see if and how 
humans affect stability of forest (high tree over) and savanna 
(low tree cover) in the Amazon. We did this by comparing 
concurrence of forests and savannas in areas close to humans 
with that in areas far from human influence. In particular, we 
defined land as being in one of three human impact classes 
(Fig. 2b):

- Natural (>3km away from agriculture or urban areas)

- Transition (<3km away from agriculture or urban areas) 
where human activity already has an influence on the forest

- Agriculture / urban (excluded from analysis)

We used the results from step (1) to remove the influence 
linked to natural variation of climate and soil. This variation 
would have otherwise mixed up our results.  

3)    We set up and ran a mathematical model that simulates 
natural growth of tree cover and deforestation. We then 
compared the output from the model with measurements of 
actual forest cover in the Amazon.

 North and South
America map

Figure 2:

a. The Amazon rainforest and percentage of tree cover in 2010 (in %) . Note how 
few areas there are  with intermediate values of tree cover. Most have either low 
tree cover (savanna) or high tree cover (forest). This is already a first indication 
that savanna and forests are stable states.
b. Human impact classes. The more blue you see, the greater the human impact 
is in that area.
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Previous studies considered large sections of the Amazon 
forest to be bistable, meaning that a positive feedback could 
turn these sections of the forest into savanna and the forest 
would be lost. However, by studying more variables and 
making improvements in the accuracy of our modeling, we 
found that much less of the Amazonian forest is susceptible 
to this risk. 

Our results suggest that as long as there is some forest left, 
deforestation will not lock large parts of the Amazon forest 
into a savanna state. This means that most of the Amazon 
forest should be able to recover from deforestation as soon as 
we release it from human pressure. 

However, if climate change leads to less rain, the drier parts 
of the forest can still become bistable. Moreover, there exists 
a second mechanism that could lead to bistability, which we 
did not take into account.The trees in the Amazon forest 
evaporate a lot of water, which is afterwards returned to the 
forest as rain. This means that loss of forest may lead to less 
rainfall, which would then cause more forest loss. Whether 
the Amazon forest may still permanently turn into a savanna 
therefore depends on the effect of climate change and on 
how the forest affects rainfall. We still need more research to 
understand all of this.

Discussion

Conclusion
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In the real world, there is rarely ever only one single factor 
that determines an outcome by itself. Therefore, scientists 
usually perform experiments, where they can separately test 
the effects of single variables on the studied system. They 
then construct theoretical models to explain the underlying 
mechanism that leads to the observed effects. However, whole 
ecosystems, as the Amazon forest, are too large to fit into a 

lab. In this case, scientists rely on data analysis instead of 
experiments. Therefore, it is important to try to include all 
relevant variables in order to find the most plausible “cause 
and effect” relationship that can be explained by theoretical 
models. As science is the best tool we have to understand and 
control nature, we should use it figure out how to take better 
care of our environment, and in doing so, of our own future.

Does less annual rainfall result in more or fewer 
forests? With less rain, do you think there would be 
a higher or lower risk of the rainforest being locked 
into a savanna state?

Figure 3:

Predicted stability zones in the Amazon region (forest, savanna, 
or bistable) before (a-b) and after (c-d) removing confounding 
effects. 
a. Tree cover versus rainfall in natural+transition areas (similar to 
previous studies). Below 1000mm of rain per year, there are only 
savannas (green). Above 2200mm of annual rain, there are only 
forests (brown). Between 1000 and 2200mm of yearly rain, both 
savannas and forests occur (yellow).
b. Stability zones in the Amazon region based on the rainfall 
ranges in (a). Dots indicate where forest exists currently. The 
yellow zones, which receive between 1000 and 2200 mm rainfall 
per year, both savanna and forest are possible, as shown by 
(a). When the yellow zones have dots, they are currently forest. 
When they do not have dots, they are currently savannas. 
c-d. The same plots as in (a-b) but without the confounding 
effect of seasonality and soils, based on data in natural areas. 
Bistability still occurs in natural areas but the improved analysis 
shows that far less of the currently forested area is bistable and 
at risk of being locked into a savanna state.
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Glossary of Key Terms

What are the main reasons why people cut down trees?

Why are savannas not as good as forests at capturing carbon dioxide?

Why was it important that we used forest cover before humans arrived in our statistical 
estimation of relationships between natural variables and forest occurrence?

Previous studies focused only on the effect of Mean Annual Rainfall (the average rainfall per 
year) on forests. Why did this produce inaccurate results?

(Harder question) Sum up all the positive feedback effects mentioned in this paper.
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Check your understanding

Bistability – when a system has two stable equilibrium states occurring under the same external conditions (e.g. climate and soils). Therefore, 
not the external conditions but the internal dynamics of the system explains bistability. A bistable forest that experiences large enough shocks 
like deforestation or drought will not grow back but turn into savanna.

Carbon sink – a place that stores carbon compounds  by absorbing CO2 from the atmosphere. Carbon sinks like the rainforest or the ocean are 
very important for us humans as they help slow down human caused climate change.

Confounding effect – when the presence of another variable affects the variables being studied so that the results do not reflect the actual 
relationship between the studied variables.

Deforestation – when humans cut down forests for their needs.

Drought –  a long period without the normal amount of rainfall, which leads to a shortage of water.

Feedback – Occurs when a change (for instance in climate) affects a system causing an impact and this impact further affects the system. A 
positive feedback effect increases the impact of the original change, while a negative feedback effect decreases the impact.

Positive feedback – a process in which initial changes become increasingly larger due to interaction between variables, which reinforce each 
other. In a bistable forest, a fire during a drought leads to forest loss, which creates more space for grasses to grow. This provides more fuel for 
fires, leading to larger fires which cause further loss of forest.

Forest – an area with thick tree cover. In our study, we classified land to be forest if it had greater than 40% tree cover.

Modeling – a method of representing a system. A mathematical model represents real world situations using a variety of mathematical 
structures (eg. graphs, equations, diagrams) allowing us to  propose mechanisms, test hypotheses and make quantitative predictions.

Savanna – tropical or subtropical grasslands with few, scattered trees. We classified this to be where there was less than 40% tree cover.

State (of a system) – a particular condition that a system is in at a specific time. Usually, a system can be in more than one state. Examples of 
states in different contexts are: solid - liquid, healthy - sick, rich - poor, peace - war.
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