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The Amazon is the biome with the greatest area of continuous tropical forest in the world. In 
fact, its size is twice that of the second largest watershed, the Congo River. Additionally, it is 
the most important water system in the Planet, containing almost 20% of the world’s fresh-
water. It harbors refugia for hundreds of species and five of the 17 of the world’s mega diverse 

countries are in the Amazon. The biome provides critical ecosystem services to humankind, serving as 
climate regulator not only of the region, but also of the Planet; 10% of the world’s carbon is found in 
its forests; and its water cycle guarantees this resource for distant regions through its “flying rivers” 
–moist water masses traveling throughout South America, providing this vital liquid to faraway lands. 
The Amazon houses more than 30 million inhabitants, including close to 350 indigenous communities 
and cultures.

However, this enormous wealth is particularly vulnerable to the effects of climate change, which are 
multiplied by a series of unsustainable activities related to the growth of the agricultural frontier, the 
construction of infrastructure and the extraction of non-renewable resources, among other factors. 
The current study, conducted by an extraordinary team of professionals, with active participation of 
Amazonian governments, provides an analysis, with a regional perspective, of climate vulnerability 
and risk in the Amazon and its protected areas. The document indicates, among other things, that fac-
tors related to climate change and land use change will very probably affect the quality and quantity 
of ecosystem services provided by the Amazon biome. Studies show that the regions with the highest 
climate change risk and the greatest sociocultural vulnerability are those in the eastern Amazon 
region, also close to Manaus in Brazil and Iquitos in Peru, as well as in the Colombian and Peruvian 
piedmont in the western part of the biome.

An important conclusion of this study is acknowledging the role played by protected areas, as basic 
buffer zones of climate change impact on biodiversity and in reducing related risks. The study also 
shows that protected areas are important tools for adapting to and mitigating climate change, and 
that conservation as a whole is fundamental in reducing vulnerability–very much in line with RED-
PARQUES’ declaration at the Conference of the Parties in Paris in 2015 during the United Nations 
Framework Convention on Climate Change. Both protected areas and indigenous territories are fun-
damental to guaranteeing that the Amazon region continues providing its services. 

We hope that this study serves as an input in guiding governments and civil society in making deci-
sions on conservation and effective management, enabling Amazonian countries–with support from 
the international community–to maintain the ecological functionality and integrity of the biome, and 
to develop and implement an agenda of resilience to climate change for this very important region of 
our Planet.

TARSICIO GRANIZO  PEDRO GAMBOA
Coordinator - Amazonian Coordination Director, National Protected Areas Service, 
Unit, WWF LAC  SERNANP, Peru – REDPARQUES Regional 
 Coordinator

Quito and Lima, August 2016
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Introduction

1 The Amazon Conservation Vision currently has two projects being implemented in the framework of this initiative: 1) 
Protected Areas, Natural Solutions to Climate Change (SNACC, from its name in Spanish) – financed by the German 
Federal Ministry for Environment, Nature Conservation, Building and Nuclear Safety (BMUB, from its name in German) 
and WWF Germany; 2) Integration of Protected Areas in the Amazon biome (IAPA, from its name in Spanish) – financed 
by the European Union and FAO. 

Recent, detailed, fine-scale data on climate, variability and climate change has not been suf-
ficient to establish how biodiversity, communities and economic sectors will be exposed and 
threatened by climate change or to support decision making at different levels of public policy. 
The international community adopted a conceptual framework and invested important re-

sources in climate change vulnerability evaluations as the sole indicator, not understanding the need 
to analyze existing and expected climate risks and variables at different scales and in highly complex 
systems that determine their capacity to withstand and recover from negative impacts.

Vulnerability and climate risk analyses conducted in the framework of the Amazon Vision and present-
ed in this publication, include other elements in an integrated approach that enabled defining climate 
change adaptation strategies linked to protected areas effectively, and strengthening resilience of 
the Amazon biome. Our analyses focus on contributing efforts to the goal of the Latin American 
Network for Technical Cooperation on National Parks, other Protected Areas, and Wild Flora and 
Fauna (REDPARQUES, from its name in Spanish) of consolidating an Amazon Conservation Vision that 
acknowledges the importance of the Amazon biome not only for its rich biodiversity but for its supply 
of ecosystem services at a local, regional and global scales. 

This document presents the results of the analyzes carried out through a highly collaborative process, 
in its seven main sections, in addition to this introduction. First, a brief synthesis of the conceptual 
and methodological framework used in the analyses; second, a reference to variability and climate 
change in the Amazon biome, including the Regional Climate Change Index. The third section includes 
analyses of ecosystem services related to water resources, carbon storage and biodiversity, specifi-
cally in relation to the habitat of different species. The fourth section, dedicated to the main transfor-
mation drivers, defines the Ecological Risk Index in the Amazon biome; and the two indices mentioned 
contribute to the Integrated Risk Index presented in the fifth section. The role that protected areas 
could play in enhancing the biome´s resilience is briefly discussed. Lastly, the conclusions section 
summarizes the main results and based on these,  presents recommendations for further action to 
address climate change adaptation in the Amazon biome.

Paris Agreement – United Nations Framework 
Convention on Climate Change

In the 21 Conference of the Parties (COP21) of the United Nations Framework Convention on Climate 
Change (UNFCCC), conducted in December 2015, the Parties signed the Paris Agreement, mainly 
because there was an implicit acknowledgement that mitigation and adaptation efforts had been 
insufficient, and that evidence indicated a progressive increase in magnitude and rate of incidence of 
anthropogenic activities on global climate.

As a consequence, Article 5 of the Agreement encourages the parties to incentivize and support 
conservation, sustainable forest management, increase in carbon forest reserves, and more “alter-
native policy approaches, such as joint mitigation and adaptation approaches for the integral and 
sustainable management of forests”. To this end, all local, subnational, national and international 
management levels are being urgently convened to double efforts at equivalent and relevant scales 
to reach an adequate reduction in both greenhouse gas emissions and in climate risk, in synergy with 
development pathways that nurture sustainable development objectives.

The Amazon Conservation Vision plays an important role in this context. Since its inception, after a 
process starting in 2008 at the initiative of Amazon countries members of REDPARQUES, efforts have 
tried to mainstream this vision in participatory Amazon biome conservation planning and manage-
ment strategies. One of the goals is consolidating representative, complete and effectively managed 
protected areas systems in the Amazon. Another goal is learning how to face the most urgent pres-
sures, threats and change factors, including those derived from climate change, while identifying 
opportunities to benefit local communities. The initiative is a joint effort of REDPARQUES, institutions 
involved in each country’s national parks, the International Union for the Conservation of Nature 
(IUCN), the United Nations Food and Agriculture Organization (FAO) and the World Wildlife Fund 
(WWF)–all of which share common objectives and in addition provide the knowledge, resources and 
leadership required to achieve results demanded by the Vision.

Since 2014, as part of the implementation of the Amazon Conservation Vision, REDPARQUES and 
WWF, through the projects SNACC1 and IAPA, have directed efforts to improve understanding of 
transformation processes in the Amazon biome originating in or triggered by climate change, of prior-
ity actions for conserving and managing the biome in a “climate-smart” way, and of mechanisms for 
strengthening planning and management of protected areas systems.
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The last report of the Intergovernmental Panel on Climate Change 
(IPCC), AR5-2014, states that adaptation to climate change re-
quires an approach in its risk analysis that takes into account 
interactions between climate, and socio-ecological systems. The 
report highlights the need to construct “climate-resilient path-
ways” that, in the case of the Amazon biome, combine climate 
risk reduction and increase in climate resilience to achieve the 
objective of conserving a healthy and sustainable Amazon land-
scape.

Our work seeks to contribute to evaluating climate adaptation 
needs in the biome and integrating this evaluation in the Ama-
zon Conservation Vision, based on the following concepts: Focus 
on analyzing climate vulnerability and risk and on identifying the 
sources of ecosystem services and resilience in the biome. We try 
to guarantee the inclusion of critical links between climate (cli-
mate change, variability and extreme climate events) and biodi-
versity (species, ecosystems and ecosystem services), especially 
in the context of protected areas. We develop an applied meth-
odology partially based on the IPCC’s AR5 and other proven tools 
which, combined, have aggregated value. This approach gives 
flexibility to our analysis in its development both in the context of 
specific protected areas in the Amazon biome, and in the context 
of needs and capacities of each of the countries involved.

Introduction

We try to guarantee the inclusion of 
critical links between climate (climate 

change, variability and extreme 
climate events) and biodiversity 

(species, ecosystems and ecosystem 
services), especially in the context of 

protected areas.

Methodological framework 
Technical vulnerability and risk studies (Figure 1) are intended to 
provide inputs for strengthening planning and management in 
protected areas, in a broad context that includes climate man-
agement objectives, such as mitigation, adaptation and resilient 
development, and low carbon. Throughout the conceptual design 
and execution of the analysis, project partners agreed that tech-
nical studies would address each of these specific objectives, 
which necessarily implies integrating multiple scales, sources of 
information, spatial modeling techniques and analyses.

Consequently, the first steps to fulfill this integration goal are re-
lated to technical studies that:

• Enable understanding both average conditions as well as 
variability of historical, current and expected climate in the 
Amazon biome.

• Identify the incidence of potentially dangerous physical phe-
nomena and threats trigged by or originating in climate con-
ditions.

• Update the baseline of climate, biological, social, economic 
and institutional data of the Amazon biome. 

• Model the biome’s current and future capacity to provide 
ecosystem services, regulate water systems, capture and se-
quester carbon and provide habitats for species, under chan-
ging conditions in land use and climate scenarios.

• Analyze and evaluate climate risks, understood as potential 
losses in the biome’s functionality2.

• Identify biophysical factors of the Amazon biome that are po-
tential sources of climate resilience.

• Support policies and development models required for inter-
vening territories with a conservation and social develop-
ment commitment, and that nonetheless are under threat and 
transformation due to changes in climate conditions to which 
they are not adapted.

Conceptual and  
methodological framework

2 Functionality understood as the capacity to provide ecosystem services. 

© J.J. Huckin / WWF-US
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This analysis is an important step forward in understanding the 
impacts of climate variability and change in the Amazon biome 
and its relationship to the protected areas system and ecosystem 
services provision. It provides information and key data for deci-
sion making at the regional level, as a complement to defining 
strategies for facing the challenges of global climate change in 
the Amazon region. The document gathers several studies con-
ducted in the region, that provide technical references on dif-
ferent themes (hydrology, climate, and physical and biological 
aspects); we invite the reader to consult these studies which pro-
vide greater detail and clarity on the technical elements studied.

In spite of the variety of information sources during the revision of 
bibliographic and geographic information, large data gaps were 
observed, most having to do with scarcity of properly referenced 
climate, hydrology and biological data. As is common, there are 
biases in favour of areas with greater access. Also, little is known 
on the status of the vulnerability of species in the face of expect-
ed impacts in climate variability and change, which became a 
factor limiting the development of this study.

Figure 1. Methodological framework used in the present study.

On the other hand, during the different discussions and exercise 
development processes, the proposal was presented to assign 
greater relevance to the social context role of the Amazon in the 
vulnerability analysis. However, differences in existing indicators 
in Amazon countries with regard to their temporality, concepts 
and measuring methods did not allow us to completely integrate 
these aspects.

Strengths, weaknesses and limiting factors

Little is known on the status of the 
vulnerability of species in the face of 
expected impacts in climate variability 
and change, which became a factor 
limiting the development of this study.

Geographic scope  
of the analysis
The SNACC Project’s technical committee agreed to de-
limit the study area based on the concept that the Am-
azon biome is a biogeographic area, previously defined 
by Olson and Dinerstein (1998). The resulting polygon 
covers 6 851 583.24 km2 within the jurisdiction of eight 
countries (Bolivia, Brazil, Colombia, Ecuador, Guyana, 
Peru, Suriname and Venezuela) and an overseas territory 
(French Guiana; Figure 2).

The Amazon biome covers 
6 851 583.24 km2 within the 
jurisdiction of eight countries 

and an overseas territory. 

Figure 2. Limits and figures of the Amazon region. Sources: Esri, DigitalGlobe, Geoeye, Earthstar Geographics, CNES/Airbus DS, USDA, USGSm AEX, 
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community. Esri, HERE, DeLorme, MapmyIndia, © and the GIS User Community. 

Almost 30% of the Amazon biome (1 945 769 km2), is under some kind of protection IUCN category (Figure 3). 
This includes 439 protected areas of all IUCN categories, 11 Ramsar sites, 7 UNESCO Biosphere Reserves and 
7 UNESCO World Heritage sites (IUCN and UNEP-WCMC 2015, Ramsar 2015). These areas are the core of 
REDPARQUES’ work in building resilience in the Amazon biome to face the negative impacts of climate change. 
However, only 145 protected areas, 28% of the protected territory (i.e., 815 764 km2 or 11.9 % of the biome) are 
in IUCN’s stricter categories: Ia, Ib and II.

How much area does each country contribute to the Amazon biome?

Amazon
biome

Amazon
basin

Amazon
extend

Climate 
Analysis

Ecosystem 
Functionality

Analysis 
of Climate Risks

Analysis 
of Climate 
Resilience

Understanding climate observed, expected and extreme, and which can 
represent threatening conditions and a change factor for the Amazon 
biome.

The Amazon Biome's capacity to provide ecosystem services (carbon 
sequestration and capture, water regulation, habitat for species) under 
current conditions and in scenarios of climate and land use changes.

Potential impacts originating or triggered by changing climate conditions 
(climate change, climate variability and extreme events) that may 
negatively affect the biome's functionality, and therefore its conservation 
and social well-being objectives.

The Amazon biome's capacity for recovering from the progressive impact 
of climate change, or, in other words, the materialization of climate risks.
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Figure 3. Extension of protected areas in the Amazon biome. Sources: Ministries of the environment of Bolivia, Brazil, Colombia, 
Ecuador and Peru. IUCN 2015: Venezuela, Guyana, French Guiana and Suriname.

The borders of the Amazon river watershed do not necessarily 
coincide with those of the Amazon biome, which also includes 
areas of other watersheds: Orinoco River in the northeast; Esse-
quibo, Courantyne and Maroni rivers in the north; and Gurupi and 
Tocantins rivers in the east. In the Andean zone, in the western 
part of the region, the biome does not include the glacial and sub 
glacial zones in the water divide of the watershed. 

Protected areas are the core of 
REDPARQUES´ work of strengthening 
resilience of the Amazon biome in order 
to face the negative impacts of climate 
change.

Variability and climate change 
in the Amazon biome

© Archivo fotográfico WWF-Colombia
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Because of its huge size, climatic patterns in the Amazon are af-
fected by extreme climate variability phases and have specific 
subregional characteristics (Espinoza et al. 2009). Given the bi-
ome’s geographic position and the movement of the inter-tropical 
convergence zone, the Amazon biome exhibits an annual climatic 
bipolarity, which means that humid and dry months in the north-
ern zone are opposite of those in the southern zone. In other 
words, when precipitation is low in the northern region, it is high 
in the southern region, and vice versa.

To determine the degree of influence of global atmospheric 
phenomena on climate variability in the Amazon, the relation 
between precipitation and temperature was analyzed using 10 
climate indices available in the database of the Climatic Re-
search Unit at 134 stations (CRU 2015, Jones et al. 2012). Analy-
sis of these data showed extreme variations expressed in critical 
events, such as the 2005 and 2010 droughts and the 2002, 2008 
and 2015 floods. This section discusses results of these analyses 
and climate change models, using multiannual precipitation and 
temperature averages, with a current reference period and a fu-
ture scenario equivalent to an RCP of 8.5 for 2030. Longer periods 
were used for the biodiversity analyses: to years 2050 and 2080. 
Finally, an integrated risk index was generated for the conditions 
of the present century.

Introduction
Because of its huge size, climatic 
patterns in the Amazon are affected 
by extreme climate variability 
phases and have specific subregional 
characteristics (Espinoza et al. 2009).

At the regional scale, many of the climate variability indicators 
show a much more evident relationship with climatic processes 
in the tropical Pacific than with those in the Atlantic (Figure 4 and 
Table 1). The El Niño phenomenon in the Pacific East results in 
precipitation deficits in large areas of the Amazon region during 
all seasons, especially between December and February (the 
austral summer). Air temperature anomalies also have a differ-
ent spatial distribution, with greater positive values during the 
austral summer.

Inter - annual and  
inter - decadal variability 
(long term)

Figure 4. Correlation between average accumulated multiannual precipitation and the Oceanic Niño Index.

Table 1. Climate variability indices in the Amazon biome

Regulatory process
Sector of the Amazon with the greatest effect.

Precipitation Temperature

Inter - annual variability

Very significant effect in the 
northwest, north and south of the 
Amazon. Not significant in other 
areas.

Very significant direct positive effect 
of El Niño and La Niña in the northern 
part of the region.

Temperature variability  
in the northern Atlantic 

No noticeable effect on  
precipitation. Evident effect on temperature.

Inter decadal variability  
in the Pacific

Significant inverse effect on the extreme 
eastern part of the watershed. No effect.

Inter decadal variability 
in the Atlantic No effect. Noticeable inverse effect in the extreme 

eastern part of the watershed. 

Climate variability and changes  
in net forest productivity 

Extreme climate events also have an effect on the structure and 
functioning of the Amazon forest. The water flow in Amazon for-
ests during the dry periods is regulated mainly by the access of 
roots to water in the soil and its redistribution in the forest eco-
system, which involves high rates of transpiration and photosyn-
thesis (Malhi et al. 2008). Due to the influence of soil moisture 

on the capacity of Amazon forests to respond to drought impacts, 
areas with the greater deficit of soil moisture have a net biomass 
loss during those events (Meir et al. 2009, Phillips et al. 2009). For 
example, during the 2005 drought, more than 70 million ha of the 
western Amazon basin underwent a severe water deficit (Saatchi 
et al. 2013; Figure 5). 

Figure 5. A) Spatial distribution and severity of the 2005 drought B) Recovery rates (Adapted from Saatchi et al. 2013).
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Changes in climate variables

Evidence of climate change in the Amazon has been re-
peatedly highlighted by several authors (IPCC 2012, 2013, 
Marengo 2009, Valverde and Marengo 2011). Results of 
simulation modeling for the RCP 8.5 scenario confirm find-
ings regarding the increase in temperature in the Amazon 
biome. The increase affects the whole territory and fluctu-
ates between 0.3 and 3.0°C. Consequently, there will also 
be an overall increase in the water moisture content. The 
response of precipitation to climate change in the Ama-
zon is diverse and differs by regions. One possible cause 
can be the high percentage of precipitation recycling that 
depends on the water supply and the type of vegetation. 

Results of simulation modeling 
for the RCP 8.5 scenario confirm 
findings regarding the increase 
in temperature in the Amazon 

biome. The increase affects the 
whole territory and fluctuates 

between 0.3 and 3.0°C.

Overall, an increase in temperature between 0.3 and 3.0°C 
can be observed when analyzing spatial distribution of av-
erage monthly multitemporal temperature changes for the 
current (Figure 6A) and future (Figure 6B) periods, in addi-
tion to differences between the two periods (Figure 6C). 
The greatest increases can be seen during the period Feb-
ruary to May, with certain hot spots in the northern region 
with increases close to 2°C, and a broad southern sector 
where increases are as high as 3.6°C. Some southern and 
western sectors exhibited reductions in temperature (-0.2 
y +0.2°C) during the period from June to August, and again 
during the period between September and January over a 
strip running from the northwest to the east. The distri-
bution of anomalies among average annual temperatures 
shows an overall warming between 0.35 and 1.2°C, with 
peaks in broad sectors of southern, eastern, northern and 
central Amazon. 

Figure 6. Multiannual monthly average temperatures (°C) for A) Current B) Future 
and C) Differences in multiannual monthly averages for both periods.

Temperature

The greatest increases can be seen during 
the period February to May, with certain hot 
spots in the northern region, with increases 
close to 2°C and a broad southern sector 
where increases are as high as 3.6°C.

Modeling shows the effect of the relative position of 
the Earth with respect to the sun and the rotational an-
gle on the oscillation of the Inter Tropical Convergence 
Zone (ITCZ) along the biome, and its consequences on 
the presence of mid-year, high-precipitation nuclei to-
wards the north and towards the south early in the year. 
The spatial distribution of changes in precipitation each 
month between the periods analysed, as well as anom-
alies between both periods (Figures 7A-C), suggest that 
the February-June period would show a marked increase 
in precipitation in the southwest (Bolivian and Peruvian 
Amazon) and in the south and east, while there would be 
a reduction in precipitation in the north (Colombian and 
Venezuelan Amazon). Distribution of changes is inverted 
during the period July-November, with increases in the 
north and reduction towards the south. November, De-
cember and January would experience an increase in the 
eastern sector, over the delta of the Amazon River in the 
state of Pará. A marked reduction would take place in the 
southern and eastern sectors of the region between Octo-
ber and March. On average, reductions close to 20% can 
be observed in the southeast and east of the region, and 
some nuclei of increases close to 20% in the north. Pre-
cipitation increases predominate in the southwest, west 
and northwest, with values close to 10%, while the rest of 
the watershed has values between -6% and +6%; in other 
words, without significant changes (Figure 7C).

Precipitation

Figure 7. Multiannual monthly average precipitation (mm) for A) Current B) Future 
and C) Differences in multiannual monthly averages for both periods.

On average, reductions close 
to 20% can be observed in the 

southeast and east of the region, 
and some nuclei of increases close 
to 20% in the north. Precipitation 

increases predominate in the 
southwest, west and northwest, 

with values close to 10%.
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The Regional Climate Change Index (RCCI; Giorgi & Bi 2005, Gi-
orgi 2006), shows how temperature and precipitation changes 
will be distributed throughout the Amazon biome, taking into 
account intrannual temperature and precipitation variability in 
comparison with current and future climate periods. To calculate 
these, we used the climate characterization of Malhi et al. (2008) 
which establishes the dry period for the northern region in De-
cember-February, broadening to include November, March and 
April; while June-August would be the dry period for the central 
and southern regions, broadening to include May, September and 
October.

As stated by Giorgi (2006), the main objective of the RCCI analy-
sis is comparing regions among each other, more than providing 
an absolute measure of change. Thus, climate change effects will 
be greater in the south eastern zone of the biome, in the states 
of Pará, Mato Grosso and Rôndonia (Figure 8). The Colombian 

Regional Climate Change Index
and Ecuadorian piedemont, the Atlantic coast in the Guianas, and 
the state of Maranhão in Brazil are the regions with the least 
influence of climate change in the Amazon. In Bolivia, the prov-
inces of El Beni and Pando in the east have the greatest climate 
change index. Distribution varies across regions in Peru; however, 
the greatest variability is expected in the frontier with Brazil and 
Bolivia.

Figure 8. Regional Climate Change Index (RCCI) for the Amazon biome.

Climate change effects will be greater 
in the south eastern zone of the biome, 
in the states of Pará, Mato Grosso and 
Rôndonia.
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From a biophysical point of view, the response of the Amazon bi-
ome to variability and climate change is not uniform at all (Figure 
10). For example, during the periods 1996-1997, and 2005-2010, 
the south eastern part of the Amazon underwent severe drought, 
especially in 2005 when the drought period was the longest in 
the last 40 years and had the greatest intensity in the last 100 
years (Marengo et al. 2008, Tomasella et al. 2011). During these 
extreme events, navigation on the Madeira river and the central 
part of the Amazon river had to be interrupted; and local commu-
nities had to be moved to other places to avoid isolation due to 
the low water levels (Pinho et al. 2014). This happened again in 
October 2015 (Telesur 2015, Figure 9A). In February of the same 
year, the municipalities of Brasileia and Epitãciolandia in Brazil 
and Cobija in Bolivia were flooded (Figure 9B), with great subse-
quent shore erosion processes (Globo 2015, Sol de Pando 2015).

Water resources
Even though drought and floods are part of the region’s natural 
variability (have occurred in the past and will continue to happen 
in the future), during the last decade their intensity has been un-
precedented in recent history. This indicates that, in spite of the 
high levels of uncertainty about climate information, it is possible 
to ascertain that floods and droughts will continue to increase in 
the future with higher frequency and magnitude (Marengo et al. 
2013).

Is possible to ascertain that floods and 
droughts will continue to increase in 
the future with higher frequency and 
magnitude.

Figure 9. A) Drought caused serious navigation problems in areas surrounding Manaus in October 2015. 
B) Extension of the flood of the Acre River in February 2015. Source: http://acrefeijonew.blogspot.com.co/2015/02/tragedia-na-regiao-mais-desmatada.
html. 

A) B)

On average, no drastic change in water 
yields is expected in future scenarios 

in the Amazon watershed, drastic 
changes are actually observed in some 

watersheds in the region.

Hydrological modelling using NatCap’s InVEST model (Skansi et al. 
2013) shows that even though, on average, no drastic change in 
water yields is expected in future scenarios in the Amazon water-
shed, drastic changes are actually observed in some watersheds 
in the region (Figure 10), with differences ranging from 0.78% 
to 50.17% below the average for the reference period and from 
0.18% to 295.47% above this average. The greatest reduction 
in water yields (39% and 50%) will be in the watersheds of the 
Caroni, Caura and Cushabatay rivers, and those with the greatest 
increase (36% and 295%) will be in the watersheds of the Amapá 
Grande – Macar and Caño Mono rivers.

On the other hand, when comparing the percent-
age of protected areas in each of the subwater-
sheds in terms of the effect of climate variability 
on water yield during the 2005 drought, we ob-
serve that the most extreme variations in terms 
of water resources take place in basins with the 
least territory in protected areas, highlighting the 
importance of protected areas in mitigating the 
effects of climate variability (Figure 11).
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Figure 11. The role of protected areas on water regulation.
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Figure 10.  A) Average water yield for current conditions. B) Percentual changes in water balance between 2000 and 2005 (anomalies during El Niño).  
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Undoubtedly, one of the most important ecosystem services provided by the Amazon biome at a global scale is carbon 
storage, regulating in a great manner our planet’s climate. As shown in the map (Figure 12A - Baccini et al., 2012), 
carbon density in tropical areas, forests in the Amazon biome store 166,256.61 megatons of carbon, which correspond 
to 56.2% of all carbon stored by forest aboveground biomass in the world (FAO 2015). Furthermore, the amount stored 
per hectare in protected areas is much greater than in non-protected areas in all countries, being Colombia and Peru 
the countries with the highest carbon storage values (Figures 12B y C).

Carbon storage

A) Magnitude of carbon stored in the Amazon biome (mg/ha). B) Amount of  
weighted carbon stored in the Amazon biome, by country. C) Amount of weighted 
carbon stored in protected areas. (Source: Baccini et al. 2012).

However, using the HadGEM2-ES climate model of the Hadley 
Centre in Great Britain (Collins et al. 2011) and the RCP 8.5 
scenario of carbon emissions, a decrease in carbon content 
is predicted in three quaters of the Amazon. Until 2030 more 
than 60% of the area will undergo negative changes in carbon 
content up to 8%. Nonetheless, it is important to highlight 
that information is limited due to the spatial resolution of the 
atmospheric model. When calculating average multiannual, 
annual and monthly variations between the current and the future 
periods (Figure 13), the greatest weighted carbon losses could 
happen in the eastern and southern zones of the biome and, to 

a lesser degree, in the piedmont of Peru and Ecuador. A slight 
increase in stored weighted carbon could take place in the central 
zone of the Amazon.

A decrease in carbon content is 
predicted in three quaters of the 
Amazon.

Percentual changes in carbon 
content of aerial biomass 
throughout the Amazon biome.

The Amazon biome is the habitat for 
approximately 40000 species of plants, 
427 of mammals, 1294 of birds, 378 of 
reptiles, 427 of amphibians and 3000 
species of fish.

Biodiversity–Species habitats
Almost 40% of tropical rain forests of the world are found in the 
Amazon. These neotropical forests are presumed to be the rich-
est in species (Gentry 1988). One very outstanding fact is that a 
hectare of Amazon forest can host 200 to 300 different species 
of trees, more than are known in all the European Union. The 
Amazon biome is the habitat for approximately 40000 species of 
plants, 427 of mammals, 1294 of birds, 378 of reptiles, 427 of am-
phibians and 3000 species of fish (Silva et al. 2005, Mittermeier  
et al. 2002, 2003).

We evaluated the impact on the distribution of representative 
species with different functional attributes in the Amazon biome, 
assuming that the ecological integrity of protected areas depends 
on maintaining ecological relationships among their conservation 
objects. For our analysis, we used both current and future global 
bioclimatic data, based on a trajectory of RCP emissions of 8.5  

W/m² (Hijmans et al. 2005). We also used data on changes in 
species distribution generated by the Wallace Initiative (Warren 
et al. 2013), which in turn used bioclimatic variables and optimi-
zation algorithms of the species’ climate niche to model potential 
future climate refugia (MaxEnt, Phillips et al. 2006).

Figure 13.

Figure 12. 
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Ecosystem functionality

Unlike most current modeling studies, the main criteria for select-
ing species to be modeled in the Amazon biome in this study was 
the existence of interspecific ecological relations, supported by 
scientific information and with sufficient georeferenced records 
available in the database needed to feed the modeling exercise. 
Thus, most species presented in the analysis interact with other 
species included in the list in one manner or the other. To verify 
interspecific relations, we consulted scientific articles and books 
that mentioned the existence of these interactions. We also took 
into account other criteria such as their IUCN category of threat, 
if they had been previously selected as conservation objects, 
their sensitivity to climatic factors, and their contribution to con-
nectivity and supply of ecosystem services. 

Therefore, we generated a simplified network of hypothetical 
relations (Figure 14) made up of several trophic levels, links be-
tween ecological functionality and supply of ecosystem services 
generated by the species, which were key for maintaining the 
biome’s integrity. In spite of constituting a minimum sample of 
biodiversity in the Amazon, the analysis of changes in species 
distribution is a step forward in understanding the possible future 
impacts on interspecific relations resulting from the change in 
climatic conditions.

Figure 14.  Network of relations between species analyzed and ecosystem 
services.

At the base of this network, are species with an important value 
for the structure, function and supply of ecosystem services in 
the Amazon forest, and which we have therefore considered to 
be cornerstones in this study. At the base of the production chain, 
plant species–most of them associated with ecological succession 
processes–provide habitat, food and diverse benefits to more than 
20 species, including human communities (Lemes & Gribel 2007, 
Castro-Vásquez et al. 2010, Nazareno et al. 2007, Instituto Sinchi 
2007, Parolín 2002).

In spite of constituting a minimum 
sample of biodiversity in the Amazon, 

the analysis of changes in species 
distribution is a step forward in 

understanding the possible future 
impacts on interspecific relations 

resulting from the change in climatic 
conditions.

The network also includes a set of frugivorous, omnivorous and nectivorous species that depend, in a greater or 
lesser degree, on the plant species mentioned above (Castro-Vásquez et al. 2010, Galetti et al. 2001, Montenegro 
2005) and which contribute as seed dispersers and regulators. Additionally, they represent a source of food for hu-
man communities and for carnivorous and scavengers in the biome (Fragoso et al. 2003, Pozo 2004, Instituto Sinchi 
2007), which in turn contribute to controlling other populations, including disease vectors. It is worth highlighting 
that, in addition to the already mentioned ecosystem services provided by this set of species in the biome, several 
species are considered to have important cultural and religious values, such as the jaguar, the boa, and the scarlet 
macaw, among others (Aranda 1994, Hilty & Brown 2001, Wallace & Stanley 1987, Renjifo et al. 2002).

At the base of this network are 
species with an important value for 
the structure, function and supply of 
ecosystem services in the Amazon 
forest.
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Modeling results show that changes in precipitation regimes during dry seasons, together with temperature 
an precipitation seasonality, affect the distribution of species selected for the analysis (Figure 15). The results 
showed that the distribution of species is very sensitive to the increase in frequency and magnitude of extreme 
temperature and precipitation events. Also, the selected species proved to be highly dependent on the distribution 
of natural vegetation coverage.

Beyond changes in potential  
species distribution

Figure 15. Averages and standard deviation of each environment variable based on the average percentage of explanation of 
models of the selected species.

Based on the information on the selected species, 
we analyzed the number of existing relations for 
both current and future periods. The percentual 
differences indicates losses in interspecific relations 
of the Amazon system and the ecosystem services 
within the hypothetical network (Figure 16).

The analysis also shows that new areas apt for the presence of 
different species could arise (climate refugia). These zones need 
to be considered carefully since their existence in the future does 
not necessarily imply that they will be colonized, particularly 
by plant species, whose mobility depends on their dispersion 
dynamics and strategies, the presence of appropriate edaphic, 
luminosity and humidity factors for their physiological needs, as 
well as recruitment of plantlets in new locations, among other 
factors. As mentioned by the IPCC (2014), plants, in comparison 
to other taxa such as mammals or insects, are expected to have a 
lower rate of displacement and colonization of new areas under 
climate change conditions. Considering the importance of plant 
species in the trophic networks of a biome such as the Amazon, it 
is possible that the diverse species that depend on food sources 
provided by plants remain in the same zones linked to the slow 
colonization process of their source of food, even if they have 
new climate niches available.

According to the analyses, all cornerstone species will proba-
bly lose area of their current climate niche, being thus forced to 
change their distribution and placing their associated interspecif-
ic relations at risk. On the other hand, the potential area loss in 
the future for highly threatened species will probably be a factor 
that will further increase this condition. Furthermore, according 
to the analysis, the more generalist species will have a greater  
extension of climatically stable areas in the future, which hypo-
thetically implies that these species have a greater capacity of 
adapting to expected changes in their climate niche. 

When analyzing expected changes within protected areas, no ho-
mogeneous behavior is observed in terms of maintaining species 
richness of the selected groups, indicating that currently estab-
lished protected areas in the biome do not necessarily guarantee 
mitigation of climate change impacts on species studied. Bearing 
this in mind, in order to facilitate adaptation processes of biodi-
versity and to maintain the ecosystem services supplied by said 
biodiversity, new conservation areas have to be created, and 
strategies to increase connectivity habitats implemented within 
the Amazon biome

Potential climate refugia

In order to complement the analysis of potential future species 
distribution areas, we used data provided by the Wallace Initia-
tive, which conducted a global analysis of shifts in range by cli-
mate of common and broadly distributed species (Warren et al. 
2013). For the data analysis, a species distribution scenario with 
zero displacement was used–meaning that organisms are not 
able to move and colonize new areas. We used 21 global circula-
tion models that analyzed as a whole groups of species of plants, 
amphibians, reptiles, birds and mammals. Taking into account the 
increasing rate of greenhouse gas emissions and their influence 
on the climate base line, we used the worst case scenario of 
future emissions for describing results.

For each group of species, we determined potential climate refu-
gia–defined as those with sufficient climate stability to maintain 
more than 75% of the species modelled, based on the number of 
global circulation models used by Warren et al. (2013), on a scale 
of 0 to 21 (Figure 17). It is worth highlighting the few potential re-
fugia for amphibians and plants (Figures 17 A and D, respective-
ly), while birds and reptiles could find refugia in several places in 
the Andean zone (Figures 17 B and E) as temperature conditions 
change along the altitudinal gradient, as well as in several zones 
in the center of the Amazon region.

The analysis also shows that new 
areas apt for the presence of different 

species could arise (climate refugia).

Figure 16.

Zones of loss of relations among species (% relations lost).

© Y.-J. Rey-Millet / WWF-Canon

Av
er

ag
e 

ex
pl

an
at

io
n 

of
 m

od
el

s 
(%

)

Current environmental variables

0

5

10

15

20

25

30

1.34
2.54 2.20

10.40

4.72

11.43

2.44 3.03 2.22
0.75

3.352.70
1.13

1.88
0.93

0.42

9.03
10.57 10.67

18.31

An
nu

al 
M

ea
n T

em
pe

ra
tu

re

M
ea

n D
iur

na
l R

an
ge

Iso
th

er
m

ali
ty

Te
m

pe
ra

tu
re

 S
ea

so
na

lit
y

M
ax

 Te
m

pe
ra

tu
re

 of
 W

ar
m

es
t M

on
th

M
in 

Te
m

pe
ra

tu
re

 of
 C

old
es

t M
on

th

Te
m

pe
ra

tu
re

 A
nn

ua
l R

an
ge

M
ea

n T
em

pe
ra

tu
re

 of
 W

et
te

st 
Qu

ar
te

r

M
ea

n T
em

pe
ra

tu
re

 of
 D

rie
st 

Qu
ar

te
r

M
ea

n T
em

pe
ra

tu
re

 of
 C

old
es

t Q
ua

rte
r

M
ea

n T
em

pe
ra

tu
re

 of
 W

ar
m

es
t Q

ua
rte

r

An
nu

al 
Pr

ec
ipi

ta
tio

n

Pr
ec

ipi
ta

tio
n o

f W
et

te
st 

M
on

th

Pr
ec

ipi
ta

tio
n o

f D
rie

st 
M

on
th

Pr
ec

ipi
ta

tio
n o

f W
et

te
st 

Qu
ar

te
r

Pr
ec

ipi
ta

tio
n o

f D
rie

st 
Qu

ar
te

r

Pr
ec

ipi
ta

tio
n o

f W
ar

m
es

t Q
ua

rte
r

Pr
ec

ipi
ta

tio
n o

f C
old

es
t Q

ua
rte

r

La
nd

co
ve

r

Pr
ec

ipi
ta

tio
n S

ea
so

na
lit

y

©

0 500 1,000 km

0

-20

-40

-60

-80

-100



©

©

28

Figure 17. Climate refugia.

Modelling of the future climate niche shows a difference of 9.3% 
for the best case scenario and of 3.2% for the worst case scenario, 
between the percentage of species that will maintain their climate 
niche, both in the current system of protected areas and in the entire 
biome (Table 2).

Table 2. Percentage of species estimated 
to maintain their niche in best and 
worst case climate change scenarios

Best case scenario Worst case scenario

Biome Protected 
areas Biome Protected 

areas 
Amphibians 53 64.0 26 30.1
Reptiles 65 73.3 38 42.6
Birds 63 71.0 36 37.8
Plants 57 67.1 31 33.2
Mammals 64 72.8 37 40.6

These results indicate that protected areas do exhibit a slight trend to maintain a greater number of species in the 
context of climate change in comparison to the biome.
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Deforestation

During the 2000-2013 period, an 
area equivalent to the size of the 
United Kingdom was deforested.

In the year 2000, the forested area in the Amazon biome was close to 
5.75 million km2 while deforested area was 492 095 km2, or 8.55%. 
The percentage of deforested area for the 2000-2013 period increased 
by 4.92%, representing an additional 269 970 km2 of forest lost by 
2013 (Figure 18). In other words, during the 2000-2013 period, an area 
equivalent to the size of the United Kingdom was deforested. 

Figure 18. Deforestation in the Amazon biome during several time periods. 

©

At a regional level for the 2000-2013 period, average deforestation 
was 20 767 km2 per year. This is equivalent to deforesting every year 
an area twice the size of the National Amazon Park in Brazil or the 
National Yasuní Park in Ecuador. 

From a regional perspective, the annual rate of deforestation has been 
diminishing in recent years (Figure 19). Because Brazil has such a large 
share of the biome, actions in this country significantly affect data and 
regional statistics. Thus, for the 2000-2013 period, annual average de-
forestation rate was reduced by 50%. However, the opposite situation 
was true for the remaining Amazon countries where an increase was 
observed in annual average deforestation rate in Bolivia, the Guianas, 
Peru and Venezuela.

Figure 19. Average annual deforestation rate in the Amazon biome.

Deforestation in protected areas (Table 3) is very low in comparison to that of the biome, but slightly greater than 
in indigenous territories (RAISG 2015, WWF 2016). It also shows that most deforestation in the Guianas took place 
in the last 3 years (2010-2013).

Table 3. Deforestation data within the protected areas system  
in the Amazon biome

País Total number of protected 
areas studied

Total area deforested (%)-
Historic deforestation 

Total area deforested (%) 
for the 2000-2013 period, 

happening between 
2010 and 2013 

Bolivia 47 3.80% 20%
Brazil 247 3.60% 9%
Colombia 30 1.50% 18%
Ecuador 17 5.60% 14%

French 
Guiana 15 0.70% 67%

Guyana 6 0.50% 83%
Peru 45 1.00% 13%
Suriname 13 0.90% 62%

Venezuela 19 2.50% 29%

Total 439   
Average 
value   2.95% 12%

Forest fires in the Amazon 

Climate variability has a direct effect on forest fires in the Am-
azon, due to already mentioned changes in precipitation and 
temperature, and indirectly due to resulting changes in the veg-
etation’s composition and structure (Cochrane & Barber 2009, 
Pausas & Bradstock 2007). Consequently, large forest fires in the 
Amazon are conditioned by large-scale climate variability, with 
events such as El Niño (Figure 5A; Cochrane et al. 1999, UNEP 
2002, Alencar et al. 2006). Nonetheless, dry periods and forest 
fires, such as those in south eastern Amazon in 2005, were not 
necessarily linked to the El Niño phenomenon (IPCC 2007, Figure 
20A).

Current fire patterns are undoubtedly different from historic pat-
terns, as a consequence of human activity. Changes in frequency, 
intensity and location are dramatic since the decade of 1970’s 
(Cochrane & Barber 2009), when construction of a network of 

roads connecting the Brazilian Amazon to the rest of the country 
opened colonization fronts. This network drove changes in for-
est fires since slash and burn practices were commonly used to 
establish and maintain large areas dedicated to agriculture and 
pastures in zones neighboring the road network. The increase in 
density of forest fires for the 2001-2005 period is concentrated in 
Brazil, in the south eastern part of the biome, where frequency is 
highly correlated with the austral summer; and in the Colombian 
piedmont, the Beni region in Bolivia and the Pucallpa region in 
Peru were the main deforestation fronts (Figure 20B). 

Fires with the greatest magnitude during the 2000-2014 refer-
enced period in the biome took place in August and September 
2010. The severe effects generated by these fires were captured 
by satellite sensors, showing severe effects mainly in Brazil, 
south of the Pará region and north of Mato Grosso (Figure 21).
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Figure 20. A) Correlation between forest fire events and the Oceanic El Niño Index (ONI). B) 
Fire occurrence density (MODIS sensor hotspots) for the period 2001 - 2015.

A)

B)

Figure 21. Effects of a mayor forest fire. A) 
Before the fire (July 2010). B) After the 
fire (September 2010) Source: False 
colour mosaics Landsdat 8 - Scenes 
LT52240672010207CUB01 and LT-
52240672010255CUB01.

A)

B)

Ecological Risk Index
Being aware of the importance of understanding the ecologic risk 
of anthropic origin in the Amazon biome ecosystems, we used 
the Ecological Risk Index (ERI) conceptual approach developed by 
Mattson & Angermeier (2006), which integrates the frequency 
of several degradation agents with estimates of their potential 
impact on certain important environmental factors, such as wa-
ter quality, habitat quality, biotic interactions and water regime 
(Figure 23).

Several potential effects resulting from anthropogenic change 
drivers were initially identified in natural landscapes, as well 
as more adequate analysis units, which, in this case, were the 
watersheds defined by WWF ‘s Hydrosheds (Lehner et al. 2008). 

Frequency and severity scores were determined for each of the 
drivers, based on the study conducted by Riveros et al. (2009) for 
the Amazon River basin, and then integrated into the analysis 
units.

The main drivers of anthropogenic change are evidently related 
to deforestation (Figure 22A), the extension and intensity of areas 
devoted to crops and livestock (Figure 22D), mining concessions 
(Figure 22G) and road networks (Figure 22H).

When the partial scores for all drivers 
are integrated (ERI-C, Figure 23), the 
areas under greater risk of degrada-
tion become evident in the southern 
and eastern zones of the biome, in the 
states of Acre, Rôndonia, Mato Grosso 
and Pará in Brazil; and in the western 
zones of the Andean piedmont in Boliv-
ia, Colombia, Ecuador and Peru. A me-
dium-risk hotspot can also be observed 
in the northern part of the state of Ror-
aima in Brazil and in the northern zone 
of Guyana.

Figure 23. 
Composite Ecological Risk 
Index (ERI-C) for the Amazon 
biome.
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A total of 112 protected areas, 
25 123 470 hectares, are in high risk 
(13.16% of the total number).

We generated a representation of risk in the face of climate 
change in the Amazon biome, by integrating the regional climate 
change index (Giorgi 2006) and the socio-cultural vulnerability 
index (IPCC 2013) and taking into account differences in precipi-
tation and temperature, the seasonality of these two variables as 
per current climate standards and future climate scenarios, for 
both the dry and rainy seasons. The algorithm also took into ac-
count information related to vulnerability and adaptation capacity 
(CI 2015). Also as proxies, we used data on population density, 
human development index and plant available water content 
(PAWC). 

Overall, the biome’s area at greatest risk is the east, in the Bra-
zilian state of Pará, as well as the southern zone of the state of 
Rondônia (Figure 24A). Other risk hotspots were found close to 
the cities of Manaus in Brazil and Iquitos in Peru; and in the south 
western piedmont of Colombia and Peru. 8.37% of the biome is 
in very high risk (57 351 087 ha) and 11.86% (81 224 668 ha) in 
high risk; in total 138 575 755 ha are in either of these leves of 
integrated risk.

36 protected areas are at very high risk, 4 482 571 ha, which 
represent 2.35% of the total extension of protected areas in the 
biome. 76 protected areas are at high risk, 20 640 954 ha, 10.81% 
of the total extension under protection. In total 25 123 470 ha are 
in very high or high level of risk. Nonetheless, the existing pro-
tected areas are contributing to reduce climate change risk level 
in 21.43% of the Amazon biome.

The effect of protected areas is mainly evident in terms of water 
yield during extremes in climate variability, as they serve to buffer 
the response to these extreme climate events. Extreme volumes 
of water are mainly present in basins with less than 50% of their 
surface within protected areas. In an ecosystem that is sensi-
tive to certain climatic conditions, extreme climate variability 
represents a greater threat than long-term changes caused by 
global warming. At the regional scale, climate change is the re-
sult of global warming plus local anthropogenic changes, such as 
changes in land use. Protected areas have a significant effect on 
the latter. Thus, an important reduction in carbon content is only 
evident by year 2030 in areas with less anthropogenic pressure, 
where the percentage surface in protected areas is low.

Bolivia is the country with the greatest relative percentage area 
at risk, followed by Brazil, Colombia and Peru (Figure 25). Vene-
zuela did not show areas at risk in the analysis, but this may be 
explained by gaps in the information, given the difficulty to collect 
data in this country. 

Integrated  
Risk Index Figure 24. A) Integrated Risk Index for the Amazon biome. B) Mean of the Integrated Risk Index for protected areas in the biome.
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Figure 25. Distribution in terms of relative extent of the Integrated Risk Index in protected areas of the five Amazon countries.

Protected areas contribution 
to resilience of the biome

© Archivo fotográfico WWF-Colombia

27.03%

Very low

Low

Medium

High

Very high

18.86%

13.69% 26.71%

13.70%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Bo
liv

ia

Br
az

il

Co
lo

m
bi

a

Ec
ua

do
r

Gu
ya

na

Fr
en

ch
Gu

ia
na

Pe
ru

Su
rin

am
e

Ve
ne

zu
el

a

Very lowLowMediumhighVery high

27.03%

Very low

Low

Medium

High

Very high

20.74%

14.21% 26.03%

11.99%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Bo
liv

ia

Br
az

il

Co
lo

m
bi

a

Ec
ua

do
r

Gu
ya

na

Fr
en

ch
Gu

ia
na

Pe
ru

Su
rin

am
e

Ve
ne

zu
el

a

Very lowLowMediumHighVery high



Protected areas contribution  
to resilience of the biome

39

38

Developing the climate 
resilience concept 
The Amazon Conservation Vision initiative decided to face the 
challenge of developing theoretical and practical elements aimed 
to strengthen the role of protected areas in adaptation to climate 
change. This has also implied addressing the challenges ponder-
ing about the challenges of climate resilience in the Amazon bi-
ome, and how this concept can be integrated in the framework of 
REDPARQUES’ Amazon Conservation Vision, and overall, on the 
different actors involved in conservation processes and manage-
ment of the Amazon biome.

The starting point is acknowledging there is no simple way to 
address the issue of climate resilience, may it be trying to con-
serve current characteristic elements of the biome´s biodiversity, 
or following initiatives and measures designed to add flexibility 
to conservation and management objectives in a context of quick 
global change.

During the participatory process of constructing the concept of 
resilience for the Amazon Conservation Vision and the SNACC 
project, theories and concepts from three main fields of knowl-
edge have been highlighted: social sciences, biological sciences 
and engineering. Changes or impacts on individuals and/or sys-
tems resulting from tensions on those subjects, have been stud-
ied, and the different perspectives provided have facilitated the 
identification of a broad range of adjustments and responses of 
these individuals or systems based on their initial configurations 
and giving way to different arrangements.

The Amazon Conservation Vision 
initiative decided to face the challenge 
of developing theoretical and practical 
elements aimed to strengthen the role 

of protected areas in adaptation to 
climate change.

A “contemporary” challenge is the inclusion of climate change as 
a factor of transformation in the analysis of resilience. The chal-
lenge lies basically in the permanent nature–at least at a time-
frame of 50 to 100 years–and the irreversible nature of climate 
change. The increase in the concentration of greenhouse gases in 
the atmosphere, caused by anthropogenic actions and the conse-
quent changes in world climate will prevail for many more years, 
given the conditions in which these gases will persist after being 
emitted. Therefore, a climate resilience model must necessarily 
address a diversity of climatic shocks and disturbances, as well 
as permanent change in the climate’s own conditions.

Based on the above, an initial definition of climate resilience 
applied to the Amazon biome in the framework of the SNACC 
Project is: “the capacity of a socio-ecological system to 
maintain key conditions of its biological, social and func-
tional identity, within permanent transformation process-
es, both in its environments and in the elements inherent 
to its structure and composition”3.

This definition of climate resilience requires a theory of change 
that acknowledges the relationship between conservation of bi-
ological and social diversity in the biome, and the intrinsic chal-
lenges of climatic resilience. Thus, this theory needs to address 
conservation management within the Amazon biome, es-
pecially in those landscapes that include protected area 
systems, with objectives conceived in a broad framework, 
identifying pressures and transformation drivers resulting 
from climate change, and explicitly addressing dynamic 
management situations.

Basic elements of an 
agenda focused  
on climate resilience

3 Adapted from definitions proposed by: (i) Stockholm Resilience Centre–accessed at http://www.stockholmresilience.org; (ii) 
Franco F. and Andrade G. 2014. Buscando respuestas en un entorno cambiante. Capacidad adaptativa para la resiliencia socio 
ecológica de las Áreas Naturales Protegidas.

Avoid change: This approach to the biome’s climate resilience is 
based on developing a theoretical component that includes tech-
nical studies and proposes the design of management strategies 
that guarantee the Amazon biome’s capacity to provide three 
main ecosystem services: (i) water regulation (Figure 10); (ii) car-
bon capture and sequestration (Figure 13); (iii) habitat quality for 
species (Figure 16). This approach implies that a significant part 
of the biome’s “identity” lies on maintaining its functional ca-
pacity, with two priority change conditions: climate change and 
land use changes. In practice, technical studies have thus tried to:

• Quantify the current capacity to provide ecosystem services.

• Identify scenarios of land use change and climate change.

• Quantify changes in the capacity to provide ecosystem ser-
vices.

• Evaluate zones of the biome with the lower threshold of func-
tional loss (Resilient zones - avoid change).

• Identify biophysical conditions that attribute resilience to 
these zones and propose management actions.

The resilience approach that seeks to avoid change is based on 
identifying the areas of the biome where technical studies have 
quantified lower percentages of change in the supply of ecosys-
tem services (measured as the difference between the base line 
and the future scenario). The next step would be to develop a set 
of biophysical attributes that explain these results (for example, 
forest cover, ecological integrity, water network, soil humidity, 
among others) and then propose management actions associated 
with those attributes. The resulting resilience agenda focused 
on avoiding change would try to adopt a specific management 
scheme of biophysical elements that would act as the main com-
ponents in determining and maintaining the biome’s functionality 
(in terms of ecosystem services).

Initial components 

The proposed focus, in favor of climate resilience, has two approaches: (i) Avoid change (Figure 26) and (ii) Ac-
knowledge change (Figure 27). Below is the description of each of these. 

The resilience approach that seeks to 
avoid change is based on identifying 
the areas of the biome where technical 
studies have quantified lower 
percentages of change in the supply of 
ecosystem services.

Figure 26. Approach: “Avoid change”. Figure 27. Approach “Acknowledge change”.
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Acknowledge change: This second focus to climate resilience 
for the biome is based on following up on the evolution in the 
management strategies for various biodiversity components. As 
indicated by its name, this approach differs from that of avoiding 
change in that it favors an intentional effort to monitor, under-
stand and integrate in its management situations the pathway of 
change of a large part of the biome’s biodiversity, with emphasis 
on what are known as conservation objects and on management 
of protected areas. Adopting this focus could be considered “con-
ventional”, in that the approach is based heavily on “in situ con-
servation” strategies (for example, monitoring and follow up) of 
the status of species and ecosystems; the difference lies in that 
it includes an aggregated approach by incorporating changes in 
this status over time.

Thus, in the perspective of climate resilience, considering con-
servation and management objectives should include some of the 
following actions in the future agenda of the Conservation Vision 
and of other initiatives:

• Improve species and ecosystems monitoring and research 
protocols in the context of climate change, and their synergy 
with other biodiversity loss drivers in the biome. Information 
resulting from these protocols would feed models to antici-
pate and manage progressive change in the status of these 
elements.

• Identify possible management actions to conduct and/or pre-
pare change of current conservation objects.

Consequently, a possible synergy could be established between 
the traditional conservation agenda and these initial elements of 
climate resilience, starting by understanding pathways of change 
of current conservation and management objects. A new com-
prehension of alternatives to influence this change (for example, 
stopping, reversing, influencing, managing it, etc.) could result 
in new paradigms for institutions and organizations involved in 
planning future objectives, scenarios and management situations 
in the Amazon biome.

© Ricardo Lisboa / WWF-US

Adopting this focus could be considered 
“conventional”, in that the approach is 

based heavily on “in situ conservation” 
strategies.

Climate resilience  
and ability to facilitate change

In practice, the technical and conceptual elements of this first ap-
proximation to climate resilience in the framework of the SNACC 
Project have enabled identifying key inputs for constructing a 
theory of change in the context of protected areas systems in 
the Amazon biome, and for REDPARQUES’ Vision and Work Plan. 
These are:

• The current conservation paradigm–based on main-
taining certain conditions of the status of biodiversity, by 
controlling pressures and threats on those objects–must be 
adjusted to include current knowledge and perspectives on 
climate change. Specifically, changes in average precipita-
tion and temperature conditions expected in climate change 
scenarios have a permanent character, and thus, considering 
their geographic and temporal scale, this change factor can-
not be reverted.

• Changes in biodiversity in the biome will take place, 
and therefore actors involved in the Amazon Vision must an-
ticipate change as much as possible, so that it happens in 
conditions of space and time that permit avoiding scenarios 
of species extinction or loss of ecosystems, for example. 

• Understanding the evolution of ecological processes is 
fundamental for planning management of the Amazon biome. 
SNACC’s first efforts focused on those processes associated 
to priority ecosystem services (water regulation, carbon cap-
ture and sequestration, habitats for species) and their possi-
ble change in the context of climate change and deforestation 
projections, and how this reflects on management actions 
that enable future high functionality of these processes.

• Some characteristics of functionality of the Amazon biome 
may remain over time, even if the ecologic structure and the 
interspecific relation among its elements is different from 

what we currently know. Therefore, decision makers must 
have a future balance of the Amazon biome showing the con-
servation levels of its biodiversity, its ecological processes 
and functionality (ecosystem services), in support of deci-
sions that are being taken now for those future conditions. 

• Possibly, one of the most determinant factors in the agenda 
of climate resilience is the scale of management. The geo-
graphic units in which technical studies are conducted and 
management actions planned must be consistent with the 
consideration that it is in these units that change takes place 
and not where change can be stopped, and where principles 
of diversity, redundancy, modularity and connectivity required 
for facilitating change need to be applied.

• The process of natural adaptation to change is possibly 
the best scenario for climate resilience by minimizing interac-
tions with pressures and threats of anthropological origin.

One of the most determinant factors in 
the agenda of climate resilience is the 
scale of management. The geographic 
units in which technical studies are 
conducted and management actions 
planned must be consistent with the 
consideration that it is in these units that 
change takes place.
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Main results  
of the analysis

The challenges that climate change imposes on the Amazon 
biome are globally important. We hope that these studies con-
tribute to decision-making processes that facilitate effective 
conservation and adequate management of Amazon ecosystems 
and their functionality, in circumstances in which the biome is 
undergoing important transformations and where resilience is 
becoming a priority in the sustainable development agenda at 
the regional level.

Climate patterns in the Amazon biome are difficult to characterize 
since they are influenced by both climate change and extreme 
phases of variability related to atmospheric processes in the 
Pacific and Atlantic oceans. The biome also exhibits particular 
subregional characteristics related to changes in altitude and the 
relatice position of the ITCZ. Our results show the probability of a 
continuous increase in temperature between 0.3 and 3°C for the 
period 2021-2030, along with a series of changes in precipitation 
in different parts of the biome, as well as the persistence of ex-
treme climate events, such as the 2002, 2008 and 2015 floods, 
and the 2005, 2010 and 2015 droughts, of unprecedented intensi-
ty in recent history. The regional climate risk index shows greater 
influence of climate change in the Brazilian states of Pará, Mato 
Grosso and Rôndonia in the south eastern zone of the biome.

The quantity and temporality of the supply of key Amazon ecosys-
tem services will probably change due to the incidence of risks 
related to climate and to changes in land use. The three services 
studied –carbon storage, supply of fresh water and availability 
of habitats for several species– will be affected by the impacts 

The challenges that climate change 
imposes on the Amazon biome are 

globally important.

of climate change. For example, several watersheds in the Am-
azon will probably undergo drastic changes; three of them will 
experience a reduction in water yield ranging from 39 to 50%, 
while two other watersheds will experience an increase in water 
yield ranging from 36 to 295%. Additionally, carbon content in 
the Amazon forest will probably be reduced up to 8% over three 
fourths of the biome; and by the year 2030 the whole biome, with 
the exception of a nucleus in its extreme north eastern part, will 
undergo negative changes in its carbon storage capacity.

Analysis of modifications in the distribution of species in the 
face of possible climate change impacts indicate a high level of 
dependency of these on natural vegetation coverage and great 
sensibility to the frequency and magnitude of extreme events. 
Twenty-four cornerstone species included in the study will prob-
ably loose areas of their habitat, which are currently part of their 
climatic niche. This could trigger changes in their distribution and 
disturbances in interspecific relations, in the provision of ecosys-
tem services associated with those species, as well as a situa-
tion of aggravated stress for the species that are currently under 
threat. 

In some cases, potential new areas of adequate habitats will 
arise; but this not necessarily guarantees the colonization of 
these areas. The analysis of climate refugia indicates there are 
less potential refugia for plants and amphibians, and more poten-
tial refugia for birds and reptiles. Impacts linked to increases in 
frequency and magnitude of extreme temperature and precipita-
tion events related to climate change were confirmed to have the 
greatest impacts on the biome’s biodiversity.

In terms of ecologic risk of anthropogenic origin–ecologic risk in-
dex–, we found that the most negative transformation drivers for 
the Amazon ecosystems are deforestation, expansion of the sur-
face and intensity of areas destined for agriculture and livestock, 
mining activities and road building. With respect to protected ar-
eas, 36 are facing a very high level of risk, and 76, a high level of 
risk. In total, 25.123.470 ha are in one of these levels.

Conclusions and  
recommendations
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Our results support the premise that 
Amazon protected areas can play an 
important role in mitigating the impact 
of climate change and in reducing 
climate-related risks to the biodiversity 
of the biome.

The role  
of protected areas
We studied the role of protected areas as elements required for 
enhancing resilience in the biome, from a regional perspective. 
Our results support the premise that Amazon protected areas can 
play an important role in mitigating the impact of climate change 
and in reducing climate-related risks to the biodiversity of the 
biome.

We found, for example, that there is a greater carbon content 
per hectare in protected areas in all Amazon countries and that 
stability in carbon content is greater in areas of the biome that 
have a greater percentage of area being protected, in spite of 
the presence of strong anthropogenic pressures. The presence 
of protected areas also mitigates the impacts of extreme cli-
mate events by maintaining water yield levels during periods of 
drought and other instances of intense variability. Specifically, 
we noticed that watersheds with less than 50% of their surface 
within protected areas tend to exhibit more discharge extreme 
events. Additionally, we found that the presence of protected ar-

eas is linked to a reduction of 21.43% in the climate risk index. 
However, in terms of provision of habitats for the species in the 
context of climate change, existing protected areas in the biome 
are not sufficient for guaranteeing zones that mitigate the impact 
of climate change for the species included in the analysis.

© Day’s Edge Productions / WWF-US

An important contribution of this study 
is the conceptual approach towards 
a resilience agenda to be applied in 
the Amazon biome, focused on the 
system’s capacity to maintain key 
conditions of its biological, social 

and functional identity in the face of 
climate change.

Constructing a regional  
resilience agenda

An important contribution of this study is the conceptual ap-
proach towards a resilience agenda to be applied in the Amazon 
biome, focused on the system’s capacity to maintain key condi-
tions of its biological, social and functional identity in the face of 
climate change. Drawing from the identification of pressures and 
transformation drivers originating in climate change, we identify 
two possible complementary approaches that have different im-
plications for dynamically managing the biome: avoiding change 
and acknowledging change. The first tries to maintain the biome’s 
functional identity and therefore requires evaluating those zones 
that exhibit a lower threshold of functional loss in scenarios of 
climate change and the characterization of biophysical conditions 
that are responsible for the resilience of these zones, in order to 
strengthen them.

The second approach, with emphasis on managing change, iden-
tifies the need to develop monitoring and research protocols that 
enable following up on changes in the conditions of the status of 
species and ecosystems, in order to anticipate and manage these 
conditions. In some cases, resulting management actions in im-
plementing these two approaches for the biome’s resilience will 
be in synergy with the traditional conservation agenda.

In this exercise we were able to identify the main inputs for con-
structing a theory of change in the context of protected areas 
systems in the biome that responds to challenges in construct-
ing climatic resilience and facilitating change. Responding to 
these challenges will force us to rethink the current conservation 
paradigm and will require developing new capacities, including 

greater comprehension of current ecological processes and their 
possible evolution, in order to anticipate changes. Considering 
existing characteristics of the Amazon biome’s functionality that 
could persist over time, it is necessary that decision makers un-
derstand that the challenge lies in maintaining a balance among 
conservation priorities, ecological processes and functionality of 
ecosystems within this territory, in order to preserve the integrity 
of the biome.

A general recommendation would be that from now on, policies 
for conserving the Amazon should include climate change and 
resilience criteria for planning and managing protected areas 
systems in the region, and consider the need for a stronger so-
cio-institutional adaptive capacity that can facilitate natural pro-
cesses for adapting to climate change. A better understanding of 
ecologic and socio-economic dynamics that influence the biome’s 
integrity and the health of its ecosystems and communities will 
be fundamental for consolidating a regional Amazon Conserva-
tion Vision in which protected areas systems can contribute to 
the construction of the biome’s resilience in the face of present 
and future climate impacts.

Determining the challenges to come is not an easy task, given the 
high levels of uncertainty in climate predictions, the multiplicity 
of factors that affect the biome’s integrity and the health of its 
ecosystems and species. Even so, the creation of new protected 
areas or the expansion of existing ones, especially in zones where 
conservation and resilience potentials are high, their inclusion in 
landscape approaches and the implementation of strategies that 
strengthen connectivity within the biome, become fundamental 
actions for facilitating the process of biodiversity adaptation to 
climate change and maintaining the supply of ecosystem services 
in the long term in the Amazon biome. 

Regional and biome-level approaches are required, to enable the 
design and management of large scale ecologic networks that 
promote trans-boundary interactions for managing national pro-
tected areas systems. Another issue is to promote research on 
the role of protected areas in reducing vulnerability in the face of 
climate change, and their integration in the institutional context 
of Amazon governments as effective and cost-efficient ecosys-
tem-based adaptation and mitigation strategies. Finally, pro-
tected areas and their role in the arena of climate change must 
be included in public policies related to management of climate 
change at the sectorial, regional, national and local levels.



References

47

Alencar A., Nepstad D.C. & Vera Diaz M.d C. 2006. Forest understory fire in the Bra-
zilian Amazon in ENSO and no-ENSO years: area burned and committed carbon 
emissions. Earth Interactions, 10, article no. 6.

Aranda M. 1994. Importancia de los peccaries (Tayassu sp.) en la alimentación del 
Jaguar (Panthera onca). Acta Zool. Mex. 62: 11-22.

Baccini A., Goetz S.J., Walker W.S,. Laporte N.T., Sun M., Sulla-Menashe D., Hack-
ler J., Beck P.S.A,. Dubayah R., Friedl M.A., Samanta S. & Houghton R.A. 2012. 
Estimated carbon dioxide emissions from tropical deforestation improved by car-
bon-density maps. Nature Climate Change 2(182-185).

Castro-Vásquez L,. Meza M., Plese T. & Moreno-Mora S. 2010. Activity patterns, pref-
erence and use of floristic resources by Bradypus variegatus in a tropical dry 
forest fragment, Santa Catalina, Bolívar, Colombia. Edentata 11(1):62-69.

Cochrane M.A., Alencar A., Schulze M.D., Souza Jr C.M., Nepstad D.C., Lefebvre P. &. 
Davidson E.A. 1999. Positive Feedbacks in the Fire Dynamic of Closed Canopy 
Tropical Forests. Science 284(1): 1838-1835.

Cochrane M.A. & Barber C.P. 2009. Climate change, human land use and future fires in 
the Amazon. Global Change Biology, 15: 601–612.

Collins W.J., Bellouin N., Doutriaux-Boucher M., Gedney N., Halloran P., Hinton T., 
Hughes J., Jones C.D., Joshi M., Liddicoat S., Martin G., O’Connor F., Rae J., 
Senior C., Sitch S,. Totterdell I., Wiltshire A. & Woodward S. 2011. Develop-
ment and evaluation of an Earth-System model – HadGEM2. Geosci. Model Dev. 
4:1051–1075.

CI - Conservation International. 2015. Mapping Essential Natural Capital in Amazonia. 
Conservation International, Arlington, VA. 73 pp.

CRU – Climatic Research Unit. University of East Anglia 2015. Gridded datasets of 
surface temperature data over land areas and averages for the Northern and 
Southern Hemispheres and the Globe. [On-line], 03/2015. Available at: http://
www.cru.uea.ac.uk/data.

Espinoza J.C., Ronchail J., Guyot J.L., Cochonneau G., Naziano F., Lavado W., De Oli-
veira E., Pombosa R. & Vauchel P. 2009. Spatio-temporal rainfall variability in 
the Amazon basin countries (Brazil, Peru, Bolivia, Colombia, and Ecuador). Int. J. 
Climatol., 29: 1574–1594.

FAO - Food and Agriculture Organization of the United Nations. 2015. Global Forest 
Resources Assessment 2015: How have the world’s forests changed? Roma, 
Italia. 56 p.

Fragoso J., Silvius K. & Correa J. 2003. Long-Distance Seed Dispersal by Tapirs In-
creases Seed Survival and Aggregates Tropical Trees. Ecology, 84 (8): 1998-2006.

Franco F. & Andrade G. 2014. Buscando respuestas en un entorno cambiante. Ca-
pacidad Adaptativa para la resiliencia socio ecológica de las Áreas Naturales 
Protegidas. Cooperación Alemana, implementada por la GIZ Proyecto “Iniciativa 
Trinacional: Fortalecimiento de los Sistemas Nacionales de Áreas Naturales Pro-
tegidas en Colombia, Ecuador y Perú“ (IT). Lima, Peru. 64 p.

Galetti M., Keuroghlian A., Hanada L .& Morato M.I. 2001. Frugivory and Seed Dis-
persal by the Lowland Tapir (Tapirus terrestris) in Southeast Brazil. Biotropica, 
33 (4): 723-726.

Gentry A.H. 1988. Tree species richness of upper Amazonian forests. Proceedings of 
the National Academic Society of the USA, 85, 156-159.

Giorgi F. 2006. Climate change hot-spots. Geophys. Res. Lett. 33: 707-711.

Globo - Globo Comunicação e Participações S.A. 2015. Cheias atingem 4,8 mil pessoas 
em cinco municípios do Acre. [On-line], 02/2015. Available at: http://g1.globo.
com/ac/acre/noticia/2015/02/cheias-atingem-48-mil-pessoas-em-cinco-munic-
ipios-do-acre.html

Hijmans R.J., Cameron S.E., Parra J.L, Jones P.G. & Jarvis A. 2005. Very high resolu-
tion interpolated climate surfaces for global land areas. International Journal of 
Climatology 25: 1965-1978.

Hilty S.L. & Brown W.L. 2001. Guía de las Aves de Colombia. Imprelibros S.A. 1030 p.

Hobbs R.J, Arico S., Aronson J., Baron J.S., Bridgewater P., Cramer V.A., Epstein P.R., 
Ewel J., Klink C.A., Lugo A.E., Norton D., Ojima D., Richardson D.M, Sanderson 
E.W., Valladares F., Vila M., Zamora R., & Zobel M. 2006. Novel ecosystems: 
theoretical and management aspects of the new ecological world order. Global 
Ecology and Biogeography 15: 1-7.

Instituto Sinchi - Instituto Amazónico de Investigaciones Científicas. 2007. Ecología, 
aprovechamiento y manejo sostenible de nueve especies de plantas del depar-
tamento del Amazonas, generadoras de productos maderables y no maderables. 
Bogotá, Colombia. 226 p.

IPCC - Intergovernmental Panel on Climate Change. 2014. Cambio climático 2014. Im-
pactos, adaptación y vulnerabilidad – Resumen para responsables de políticas. 
Contribución del Grupo de trabajo II al Quinto Informe de Evaluación del Grupo 
Intergubernamental de Expertos sobre el Cambio Climático. Geneva, Switzer-
land. 40 p.

IPCC - Intergovernmental Panel on Climate Change. 2013. Climate Change 2013: The 
Physical Science Basis. Contribution of Working Group I to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Stocker T.F., Qin D., 
Plattner G.K., Tignor M., Allen S.K., Boschung J., Nauels A., Xia Y., Bex V. & 
Midgley P.M. (eds.)]. Cambridge University Press, Cambridge, United Kingdom 
and New York, NY, USA, 1535 p.

IPCC - Intergovernmental Panel on Climate Change. 2013a. Annex I: Atlas of Global 
and Regional Climate Projections Supplementary Material [van Oldenborgh G.J., 
Collins M., Arblaster J., Christensen J.H., Marotzke J., Power S.B., Rummuka-
inen M. & Zhou T. (eds.)]. In: Climate Change 2013: The Physical Science Basis. 
Contribution of Working Group I to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change [Stocker TF, Qin D, Plattner GK, Tignor M, 
Allen SK, Boschung J., Nauels A, Xia Y, Bex V & Midgley PM (eds.)]. Available at: 
www.climatechange2013.org and www.ipcc.ch.

IPCC - Intergovernmental Panel on Climate Change. 2012. Managing the Risks of Ex-
treme Events and Disasters to Advance Climate Change Adaptation. A Special 
Report of Working Groups I and II of the Intergovernmental Panel on Climate 
Change [Field C.B., Barros V., Stocker T.F., Qin D., Dokken D.J., Ebi K.L., Mastran-
drea M.D., Mach K.J., Plattner G.K., Allen S.K., Tignor M., & Midgley P.M. (eds.)]. 
Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 p.

IPCC - Intergovernmental Panel on Climate Change. 2007. Climate change 2007: the 
physical science basis. In: Contribution of Working Group I to the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate Change (Solomon S., Qin 
D., Manning M., Chen Z., Marquis M., Averyt K.B., Tignor M., Miller H.L, eds.). 
IPCC, Cambridge, UK and New York, NY, USA. 996 p.

IUCN – International Union for the Conservation of Nature & UNEP-WCMC – Unit-
ed Nations Environmental Programme World Conservation Monitoring Centre. 
2015. The World Database on Protected Areas (WDPA) [On-line], 08/2015], Cam-
bridge, UK: UNEP-WCMC. Available at: www.protectedplanet.net.

Jones P.D., Lister D.H., Osborn T.J., Harpham C., Salmon M., Morice C.P. 2012. Hemi-
spheric and large-scale land surface air temperature variations: An extensive 
revision and an update to 2010. J. Geophys. Res. 117, D05127.

Lehner B., Verdin K. & Jarvis A. 2008. New global hydrography derived from space-
borne elevation data. Eos, Transactions, AGU, 89(10): 93-94.

Lemes R.M. & Gribel R. 2007. Polinização de Caryocar villosum (Aubl.) Pers. (Caryo-
caraceae) uma árvore emergente da Amazônia Central. Revista Brasil 30 (1): 37 
- 45.

Malhi Y., Roberts J.T., Betts R.A., Killeen T.J., Li W. & Nobre C.A. 2008. Climate 
Change, Deforestation, and the Fate of the Amazon. Science 319, 169–172.

Marengo J.A. 2009. Long-term trends and cycles in the hydrometeorology of the Ama-
zon basin since the late 1920s. Hydrol. Process. 23, pp.3236–3244.

Marengo J., Borma L., Rodriguez D., Pinho P., Soares W. & Alves L. 2013. Recent Ex-
tremes of Drought and Flooding in Amazonia: Vulnerabilities and Human Adapta-
tion. American Journal of Climate Change, Vol. 2 No. 2, 2013, pp. 87-96.

Marengo J.A., Nobre C.A., Tomasella J., Oyama M.D., Sampaio de Oliveira G., de Oli-
veira R., Camargo H., Alves L.M., Brown, I.F. 2008. The Drought of Amazonia in 
2005. J. Clim. 21: 495–516.

Mattson & Angermeier. 2006. Integrating Human Impacts and Ecological Integrity into 
a Risk-Based Protocol for Conservation Planning. Environ Manage, 39: 125–138.

Meir P., Brando P.M., Nepstad D., Vasconcelos S., Costa A.C.L., Davidson E., Almeida 
S., Fisher R.A., Sotta E.D., Zarin D., Cardinot G. 2009. The effects of drought 
on Amazonian rain forests. In: pp. 429–449. Keller M., Bustamante M., Gash 
J., Silva Dias P. (Eds.). Geophysical Monograph Series. American Geophysical 
Union, Washington, D. C.

Mena J.L., Robles R., Veliz C., Riveros J.C., Álvarez C., Valdivia R. y Vergel C. 2014. 
Análisis de la Vulnerabilidad de las Áreas Naturales Protegidas frente al Cam-
bio Climático al 2030, 2050 y 2080. Documento de trabajo. Servicio Nacional de 
Áreas Naturales Protegidas por el Estado – SERNAP, WWF Perú. Cooperación 
Alemana, implementada por la GIZ, a través del Proyecto Iniciativa Trinacional: 
Fortalecimiento de los sistemas Nacionales de Áreas Naturales Protegidas en 
Colombia, Ecuador y Perú. Lima, Peru. 84p.

Mittermeier R.A., Mittermeier C.G., Brooks T.M., Pilgrim J.D., Konstant W.R., da Fon-
seca G.A.B., & Kormos C. 2003. Wilderness and biodiversity conservation. PNAS 
No. 100(18): 10309-10313.

Mittermeier R.A., Mittermeier C.G., Robles-Gil P., Brooks T., Pilgrim J. & Konstant W.R. 
2002. Wilderness: Earth’s last wild places. CEMEX, Conservation International, 
Agrupacion Serra Madre, S. C., Mexico. P. 576 p.

Montenegro O. 2005. Programa nacional para la conservación del género Tapirus en 
Colombia. Primera edición. Ministerio de Ambiente, Vivienda y Desarrollo Terri-
torial. Bogotá, D.C., Colombia. 98 p.

NASA - National Aeronautics and Space Administration. 2015. Near Real-Time and 
MCD14DL and MCD14ML MODIS Active Fire Detections (TXT format). Data set. 
Available on-line https://earthdata.nasa.gov/active-fire-data#tab-content-6.

Nazareno A.G., Querino da Silva R. & Pereira R. 2007. Fauna de Hymenoptera em Ficus 
spp. (Moraceae) na Amazônia Central, Brasil. Iheringia, Sér. Zool., Porto Alegre, 
97(4): 441-446.

Olson D.M. & Dinerstein E. 1998. The Global 200: A Representation Approach to Con-
serving the Earth’s Most Biologically Valuable Ecoregions. Conservation Biology, 
12: 502–15.

Parolín P. 2002. Bosques inundados en la Amazonía Central: su aprovechamiento actu-
al y potencial. Ecología Aplicada, 1(1): 111 – 114.

Pausas J.G. & Bradstock R.A. 2007. Fire persistence traits of plants along a productivity 
and disturbance gradient in Mediterranean shrublands of south-east Australia. 
Global Ecology and Biogeography. Global Ecology and Biogeography 16(3):330-340.

Phillips S.J., Anderson R.P. & Schapire R.E. 2006. Maximum entropy modelling of spe-
cies geographic distributions. Ecological Modelling 190:231-259.

Phillips O.L., Aragao L.E.O.C., Lewis S.L., Fisher J.B., Lloyd J., Lopez-Gonzalez G., Malhi 
Y., Monteagudo A., Peacock J., Quesada C.A., van der Heijden G., Almeida S., 
Amaral I., Arroyo L., Aymard G., Baker T.R., Banki O., Blanc L. & Bonal D. 2009. 
Drought Sensitivity of the Amazon Rainforest. Science 323: 1344–1347.

Pinho P.F., Marengo J.A., & Smith M.S. 2014. Complex socio-ecological dynamics driv-
en by extreme events in the Amazon. Reg. Environ. Change, 15(4): 643-655.

Pozo W.E. 2004. Agrupación y dieta de Ateles belzebuth belzebuth en el Parque Nacio-
nal Yasuní, Ecuador. Anuario de la Investigación Científica. Vol. 2 (1): 77 – 102.

RAISG - Red Amazónica de Información Socioambiental Georeferenciada. 2015 [On-
line], 08/2015. Available at: https://raisg.socioambiental.org/

RAMSAR. 2015. Ramsar Sites Information Service [On-line], 08/2015. Available at: 
https://rsis.ramsar.org

Renjifo L.M., Franco-Maya A.M., Amaya-Espinel J.D., Kattan G.H. & López-Lanús 
B. (eds). 2002. Libro rojo de aves de Colombia. Serie Libros Rojos Especies 
Amenazadas de Colombia. Instituto de Investigación de Recursos Biológicos 
Alexander von Humboldt y Ministerio del Medio Ambiente. Bogotá, Colombia. 
561 p.

Riveros J.C., Tadeu S., Suárez C.F., Oliveira M. & Secada L. 2009. Hydrological Informa-
tion System & Amazon River Assessment – HIS/ARA. FY09 Final Report. Science 
& Monitoring Team - Amazon Network Initiative, WWF. 30 p.

Saatchi S., Asefi-Najafabady S., Malhi Y., Aragao L.E., Anderson L.O., Myneni R.B. 
& Nemani R. 2013. Persistent effects of a severe drought on Amazonian forest 
canopy. Proc Natl Acad Sci U.S.A., 110: 565–570.

Silva J.M.C., Rylands A.B. & Da Fonesca G.A.B. 2005. The fate of the Amazonian areas 
of endemism. Conservation Biology 19: 689-694.

Skansi M.M., Brunet M., Sigro J., Aguilar E., Arévalo-Groening J.A., Betancur O.J., 
Castellón-Geier Y.R., Corre-Amaya R.L., Jácome H., Malheiros-Ramos A., Rojas 
C.O., Pasten A.M., Sallons-Mitro S., Villaroel-Tallis H.T., Ricketts T., Guerry A.D., 
Wood S.A., Sharp R., Nelson E., Ennaanay D., Wolny S., Olwero N., Vigerstol K., 
Pennington D., Mendoza G., Aukema J., Foster J., Forrest J., Cameron D., Arkema 
K., Lonsdorf E., Kennedy C. Verutes G., Kim C.K., Guannel G., Papenfus M., Toft 
J., Marsik M., Bernhardt J., Griffin R., Glowinski K., Chaumont N., Perelman A., 
Lacayo M., Mandle L., Griffin R., Hamel P. & Chaplin-Kramer R. 2013. InVEST 
3.0.0 User’s Guide, The Natural Capital Project, Stanford, CA. 324 p.

Sol de Pando. 2015. El Acre comenzó a erosionar las laderas habitadas en Cobija, 
Brasileia y Epitaciolandia. [On-line], 02/2015. Available at: http://www.solde-
pando.com/el-acre-comenzo-a-erosionar-las-laderas-habitadas-en-cobija-bra-
sileia-y-epitaciolandia/

Telesur 2015. Severe Drought in Brazilian Amazon Leaves Boats High and Dry. [On-
line], 10/2015. Available at: http://www.telesurtv.net/english/multimedia/Se-
vere-Drought-in-Brazilian-Amazon-Leaves-Boats-High-and-Dry-20151019-0044.
html

Tomasella J., Borma L.S., Marengo J.A., Rodríguez D.A., Cuartas L.A., Nobre C., & 
Prado M.C.R. 2011. The droughts of 1996-1997 and 2004-2005 in Amazonia: 
hydrological response in the river main-stem. Hydrol. Process. 25, 1228–1242.

Torres R., Lapola D., Marengo J. & Lombardo M. 2012. Socio-climatic hotspots in Bra-
zil. Clim. Change 115: 597–609.

UNEP - United Nations Environment Programme. 2002. Spreading like wildfire – trop-
ical forest fires in Latin America and the Caribbean: prevention, assessment and 
early warning. United Nations Environment Program, Regional Office for Latin 
America and the Caribbean. 96 pp.

Valverde M. & Marengo J.A. 2011. Rainfall extreme events climatology over the Am-
azon basin. Proceedings of the Global Conference on Global Warming 2011. Lis-
bon, Portugal, 11-14 July. pp. 1- 8.

Warren R., VanDerWal J., Price J., Welbergen J.A., Atkinson I., Ramírez-Villegas J., 
Osborn T.J., Jarvis A., Shoo L.P., Williams S.E. & Lowe J. 2013. Quantifying the 
benefit of early climate change mitigation in avoiding biodiversity loss. Nature 
Climate Change 3, 678–682.

Wallace M. & Stanley T. 1987. Competitive interactions within and between species in 
a guild of avian scavenger. The Auk. 104 (2): 290-295.

WWF. 2016. Deforestation in the Amazon biome. Working document, unpublished. 

http://g1.globo.com/ac/acre/noticia/2015/02/cheias-atingem-48-mil-pessoas-em-cinco-municipios-do-acre.html
http://g1.globo.com/ac/acre/noticia/2015/02/cheias-atingem-48-mil-pessoas-em-cinco-municipios-do-acre.html
http://g1.globo.com/ac/acre/noticia/2015/02/cheias-atingem-48-mil-pessoas-em-cinco-municipios-do-acre.html
http://www.protectedplanet.net
https://rsis.ramsar.org


©
 F

er
na

nd
o 

B
aj

añ
a 

/
  V

is
ta

 a
ér

ea
 C

U
YA

B
EN

O
/

 W
W

F
©

 F
er

na
nd

o 
B

aj
añ

a 
/

  V
is

ta
 a

ér
ea

 C
U

YA
B

EN
O

/
 W

W
F

Vision
Amazon
Protected Areas
Beyond Borders

Vision
Amazon
Protected Areas
Beyond Borders

Donors

http://redparques.com/
http://www.pnuma.org/
https://www.iucn.org/
http://www.fao.org/home/en/
http://wwf.org/

	Vulnerability and climate risk analysis on the Amazon biome and its protected areas
	Contents
	Foreword
	Introduction
	Paris Agreement - United Nations Framework Convention on Climate Change
	Conceptual and methodological framework
	Introduction
	Methodological framework
	Strengths, weaknesses and limiting factors
	Geographic scope of the analysis

	Variability and climate change in the Amazon biome
	Introduction
	Inter - annual and inter - decadal variability (long term)
	Regional Climate Change Index

	Ecosystem Services
	Water resources
	Carbon storage
	Biodiversity–Species habitats

	Landscape transformation drivers
	Deforestation
	Ecological Risk Index

	Integrated Risk Index
	Protected areas contribution to resilience of the biome
	Developing the climate resilience concept 
	Basic elements of an agenda focused on climate resilience

	Conclusions and recommendations
	Main results of the analysis
	The role of protected areas

	References




