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ver the last decade, widespread transfor-

mational ecological and socio economical

change has become evident, related with a

changing climate and the occurrence of ex-
treme weather events. Climate is changing, harm-
ing vulnerable people and places, disrupting natural
systems, endangering species and altering the ca-
pacity of landscapes to provide ecosystem services.
We can anticipate that under these evolving condi-
tions, this changing climate can derail development
and conservation gains of many years.

In this context, the provision of more detailed and
fine scale information on climate, climate variabil-
ity and climate change, and assessments of how
biodiversity, communities and economic sectors
are likely to be exposed and harmed by them, have
not been sufficient to enable proactive adaptation,
and to support decision-making at different public
policy levels. The international community adopted
conceptual frameworks and directed significant
investments to assess climate vulnerability as one
single indicator, but without understanding that, at
multiple scales and within complex systems, the ar-
ray of existing and expected climate risks, and the
sources of resilience required to address negative
impacts also need to be assessed.

In this report, we tried to overcome these barriers,
critically evaluating different hypotheses inherent
to an integrated approach to support climate adap-
tation and resilience building in the Amazon Biome,
a region acknowledged worldwide not only for its
biodiversity richness but also for the ecosystem
services it provides at the local, regional and global
scales. Our analyses aim to contribute to the efforts
being made by the Latin American Technical Coop-
eration Network on National Parks, other Protected
Areas and Wildlife (REDPARQUES, from its Spanish
name) to consolidate the conservation vision in the
region through technical models of major threats to
biodiversity and ecosystem services.

Although the Amazon region has been defined in
many ways, for the purpose of this study we took
into account the hiogeographic Amazon as defined
by Olson & Dinerstein (1998). The resulting polygon
spans 6,851,583.24 km? within the political jurisdic-
tion of nine countries.

See Figure 1 page 3

Almost 30% of the biome (1,857,246.10 km?) corre-
sponds to different kinds of protection categories.
These include 388 protected areas belonging to
all categories of IUCN, 11 Ramsar sites, 7 UNES-

CO Biosphere Reserves and seven UNESCO world
heritage sites. These areas represent the core of
REDPARQUES" work aimed at building resilience of
the Amazon biome to face the negative impacts of
climate change.

See Figure 2 page 4

Conceptual Framework

The latest report (AR5-2014) of the Intergovern-
mental Panel on Climate Change (IPCC) states that
climate adaptation calls for a risk-based approach
that takes into account complex interactions bet-
ween climate and social and ecological systems.
The report highlights the need for ‘climate-resilient
pathways’ that, in the case of the Amazon Biome,
combine climate risk reduction and climate resil-
ience building to reach the goal of conserving a
healthy and sustainable landscape.

The project "Protected Areas, Natural Solutions to
Climate Change' (NASCC)' takes this recommen-
dation into account, and moves forward to address
the challenge of understanding and managing pres-
ent and future climate changes, risks and impacts
through the search for improved resilience and
adaptive capacity. Our work focuses on assessing,
planning and mainstreaming climate adaptation

1 Funded by the German Federal Ministry of Environment, Nature
Conservation and Nuclear Safety (BMUB, after its German name)
and WWF Germany.



into the Amazon Vision, based on the following key
concepts:

e Climate risks: climate risk is the potential ef-
fect on natural and human systems facing ex-
treme weather and climate events, and related
to climate change. An effect generally refers to
impacts on ‘lives, livelihoods, health, ecosys-
tems, economies, societies, cultures, services,
and infrastructure due to the interaction of
climate changes or hazardous climate events
occurring within a specific time period and the
vulnerability of an exposed society or system’
(IPCC-AR5, 2014).

e (Climate Resilience: defined as ‘The capac-
ity of an ecological or socio-economic system
to absorb (climate-related) disturbance and
reorganize while undergoing change so as to
still retain essentially the same function, struc-
ture, identity, and feedbacks’ (IPCC-ARb, 2014,
drawing on Holling, 1973).

The comprehensive conceptual framework here
is to manage and reduce current and future
climate risks through its effective manage-
ment and climate smart conservation, and by
building and strengthening protected areas’
resilience through an understanding of both
risks and existing ecosystems resilience, and
social and institutional adaptive capacity.
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FigUfe 2 | Extension of protected areas in the Amazon Biome
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Methods

Our analyses focus on the assessment of climate
risks and the identification of sources of ecosystem
resilience within the Amazon biome. We seek to en-
sure the inclusion of critical links between climate
change, climate variability and extreme weather
events, and ecosystems and ecosystem services,
focusing particularly in protected areas. We devel-
oped our methods based in part on IPCC —AR5 and
other existing and proven tools that add value by
combining them in a logical framework methodol-
ogy. The framewaork approach allows our project to
have the flexihility to be implemented both in the
context of specific protected areas of the Amazon
Biome and in the context of each country’s needs
and capacities.

The first step of the methodology aims to under-
stand the context and possible evolution of climate
conditions in the Amazon Biome, and to assess
them as either potential hazards and / or drivers
of change. The main hypothesis tested in this step
was the physical exposure of the landscape to cli-
mate change scenarios, climate variability and ex-
treme weather events.

The next phase of the methodology is a climate risk
assessment that includes a technical evaluation of
the Amazon Biome's capacity to provide three eco-
system services under current and future climate
and land use conditions. The three ecosystem ser-
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vices selected are: (i) carbon storage; (ii) species
habitat; (iii) freshwater provision and regulation. In
this step, we measured climate risk as a physical
effect on the quantity and timing of the ecosystem
service provided.

The final step is the assessment of ecosystems
resilience. This phase is built on the results of the
climate risk assessment, and aims to identify sec-
tors of the Amazon where there is less risk of los-
ing the capacity to provide the targeted ecosystem
services. To implement this step, we consider that
those areas are the more resilient, and that this
largely depends on key biophysical factors sources
of ecological strength. The resilience assessment
looks for those resilience factors and provides in-
dication of places in the Amazon Biome where the
resilience factors are concentrated.

Climate variability and
climate change In the
Amazon Biome

Climate patterns in the Amazon Biome are recur-
rently altered by extreme climate variability phases
and are gradually modified in response to long-term
tendencies in climate change. Though monthly air
temperatures vary considerably, the mean tendency
has markedly increased in the last 30 years.

See Figure 3 page 6

Nonetheless, climate variability patterns have spe-
cific characteristics at the subregional level (Espi-
noza et al. 2009); thus, the expression of climate
variability and climate change also shows spatial
and temporal differences—from inter seasonal to
inter decadal variations—and includes extreme phe-
nomena that cause disasters, particularly during
abnormally rainy periods. Many of the variability
indicators at the inter annual and inter decadal
scales show more pronounced relationships with
climatic processes in the tropical Pacific than with
those in the Atlantic (Table 1). The El Nifio phenom-
enon in the Eastern Pacific results in precipitation
deficits in large parts of the Amazon region during
all year’s seasons, especially during the period
December-January-February (austral summer). The
distribution of air temperature anomalies also has
a different spatial distribution, the greatest positive
anomalies taking place during the austral summer.

Climate change and
forest fires in the Amazon

Climate has a direct effect on forest fires in the Am-
azon due to changes in precipitation and tempera-
ture, and indirectly by changing the vegetation’s
composition and structure (Cochrane & Barberei
2009, Pausas & Bradstock, 2007). Thus, mayor for-
est fires in the Amazon are conditioned by large-
scale climate variability such as El Nifio (Cochrane
et al. 1999; UNEP, 2002; Alencar et al. 2006). How-
ever, intense drought periods and forest fires, as

those that happened in the south eastern Amazon
in 2005, were not necessarily associated to the El
Nifio phenomenon (IPCC, 2007; Fig. 4).

See Figure 4 page 7

Current fire occurrence patterns are undoubtedly
very different from historic patterns, as a conse-
quence of human activity. Changes in frequency,
intensity and location have been dramatic since the
1970's (Cochrane & Barber 2009), when construc-
tion of the road network that connected the Brazil-
ian Amazon with the rest of the country opened col-
onization opportunities. Changes in forest fires in
the region were to be expected, as slash and burn
is the main practice in establishing and maintaining
large areas for agriculture and cattle raising along
the expanding road network. Fire occurrence densi-
ty in the Amazon during the period 2001-2015 (Fig.

Table 1

the Amazon Biome

Sector of the Amazon where the effect is greatest

Regulating process =

The direct (positive) effect of El
Nifio and La Nifia is very notori-
ous in northern Amazon.

Evident effect on temperature.

Very notorious in north western,
northern and southern Amazon. Not
noticeable in the other parts.

Inter annual variability

Temperature variability | No outstanding effect on precip-
in the northern Atlantic | itation.

(limate variability indices in

Inter decadal variabili- Notorious inverse effect in the
ty in the Pacific extreme eastern part.

Inter decadal variabili-
ty in the Atlantic

Basically no effect.
Notorious inverse effect in the
Basically no effect on precipitation extreme eastern part of the
watershed.



Vision

Figure 3

a) Variation in temperature
recorded at the Vasquez Cobo
Airport station in Leticia

b) Projected temperature change
based on a pessimistic RCP85
scenario for the Amazon Biome

¢) Current temperatures (Hijmans
et al, 2005)

d) Temperatures for future
modeled conditions averaging
2040-2060 (Hijmans et af,
2005)
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. Left: Correlation between forest fire periods and the Oceanic Nifio Index (ONI).
Flgure 4 Right: Fire occurrence density (MODIS sensor hotspots) for the period 2001 - 2015
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4) has been concentrated in Brazil, in the southern
part of the biome, as well as in the Colombian An-
dean piedmont, the Beni region in Bolivia, and the
Pucallpa region in Peru, where the main deforesta-
tion fronts are located.

Droughts and floods

The response of the Amazon Biome to climate
variability and change, from the biophysical point
of view, is far from uniform (Fig.5). For example,
in 1996-1997, 2005 and 2010, the south eastern
Amazon experienced severe droughts, especially
in 2005 when the episode was the longest in the
last 40 years and had the greatest intensity in the
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last 100 years (Marengo et al. 2008). During this
extreme event, fluvial navigation on the Madeira
River and on the central Amazon River had to be
suspended and local communities had to be movi-
lized to avoid becoming isolated due to low water
levels (Pinho et al. 2014).

See Figure 5 page 8

Even though droughts and floods make part of the
region’s natural variability, since they have occurred
in the past and will continue to occur in the future,
during the last decade their intensity has been un-
precedented in recent history. This indicates that,
in spite of the high level of uncertainty in climate
information, they will continue to increase in the
future (Marengo et al. 2013).

Changes in net forest productivity

Extreme climatic events also have an impact on the
structure and function of the Amazon forest. Water
supply of the Amazon forests during dry seasons is
regulated mainly by the access of roots to water
present in the soil and its redistribution to the forest
ecosystem, allowing high transpiration and photo-
synthesis rates (Malhi et al. 2008). Due to the influ-
ence of soil moisture on the capacity of the Amazon
forests to respond to drought impact (Miers et al.
2009), areas with the greatest soil moisture deficit
have a net biomass loss during these events (Phil-
lips et al. 2009); during the 2005 drought, more than
70 million ha in the western Amazon experienced
a strong water deficit (Saatchi et al. 2013; Fig. 6).
See Figure 6 page 8

Forest fires data set was
provided by the University of
Maryland and NASA FIRMS.
ONI Index was provided by the
NOAA Center for Weather and
Climate Prediction.



a) Water balance for the year 2000. b) Changes in water balance between

Figure 512000 and 2005. ¢) Changes in water yield between 2000 and 2010
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Protected areas In the
Amazon and climate risk

We generated a representation of the Ama-
zon Biome's risk in the face of climate change,
based on the integration of the regional climate
change index (Giorgi, 2006) and the sociocultural
vulnerability index (Torres et al., 2012), and tak-
ing into account differences in precipitation and
temperature, and seasonality of these two vari-
ables between the current climate standard and
the future climate scenario, for both the dry and
wet seasons. Overall, the greatest risk is located
in the eastern part of the biome, in the state of

Figure 7

Pard in Brazil, as well as in the southern area in
the state of Ronddnia and Mato Grosso (Fig. 7a).
Risk hotspots were also identified in the states
of Amazonas in Brazil and Loreto in Peru; and in
the northern part of Guyana.

A total of 134 (or 34.81%) protected areas are fac-
ing high risk, covering 345,000 km?, or 18.58% of
the biome’s total protected area (Fig. 7b). Nonethe-
less, protected areas contribute to reducing the lev-
el of climate change risk by 10% in all the Amazon
biome.

Climate change and its impact on
ecological integrity in the Amazon

a) Integrated climate change risk index for the Amazon Biome. b) Integrated
climate change risk index for protected areas in the Amazon Biome.
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We evaluated climate risk by modelling the possible
impact on the distribution of representative species of
different functional attributes in the Amazon Biome,
bearing in mind that ecological integrity of protected
areas depends on maintaining the ecological relation-
ships among its objects of conservation (Fig. 8).

See Figure 8 page 10

We selected these species also by their contribution to
providing different ecosystem services: cultural, as is
the case of the jaguar (Panthera onca) and the scarlet
macaw (Ara macao); procurement, as is the case of
the fig tree (Ficus maxima); or support, as is the case
of the lowland tapir ( Tapirus terrestris), which dispers-
es seeds of mare than 200 types of plants throughout
the territory. Using MAXENT, we took presence data
and WorldClim bioclimatic variables as entry points
for modelling expected future distributions of species
in different climate change scenarios for the period
2040-2060.

See Table 2 page 11

QOur preliminary results suggest that the zones with
the greatest probability of gaining species distri-
bution area in the face of climate change scenario
RCP8.5- 2050 are concentrated in the central part of
the Amazon. Therefore, a high rate of species turn-
over with respect to the present could take place
in these areas. On the other hand, the zones more
susceptible to losing species distribution area are
located in the periphery of the biome. This analysis
shows, at a small scale, how the species range can
shift, with consequences on trophic networks and
functioning of the biome.

See Figure 9 page 11



Feeding relationships among species selected for analysing distribution variations under climate change
conditions. The relationships of Sarcoramphus papa and Panthera onca are currently being verified.

Figure 8

King Vulture
Sarcoramphus papa
Scavenger

Jaguar
Panthera onca Brown-throated Sloth
Bradypus variegatus
Frugivore Versicolored Emerald

Amazilia versicolor

Predator

\N

Pollinator

Scarlet Macaw ‘l'
Ara macao
Frugivore Lowland Tapir
Tapirus terrestris l
; White-bellied Spider
Frugivore Monkey P Pale Spear-nosc.ed Bat
Ateles belzebuth Phyll o;to”r?v ”st discolor Pequia
. ollinator
Collared Peccary Frugivore C‘;?; (;c;:;p.
Pecari tajacu Kapok
Ceiba pentandra
Producer

Threat Category - IUCN

Omnivore
Wasp \1,
Tetrapus sp. Rubber plant
Pollinator Ficus maxima
Producer /
—~—

* Ficus méaxima: Guerrit Davidse ®Ateles belzebuth: Pete Oxford e Tetrapus sp: Christian Ziegler  Tapirus terrestris: Guillaume Feuillet  Pecari tajacu. Adrian
Hepworth ® Panthera onca: Frans Lanting ® Bradypus variegatus: Adriano G. Chiarello ® Amazilia versicolor: Nick Athanas ® Sarcoramphus papa: Alessandro Abdala
 Phyllostomus discolor. Programa de Conservacion de los Murciélagos de Paraguay — PCMPy  Caryocar sp: wikipedia.org  Ara macao: parfaitimage.com

Near Threatened - NT

Photo Credits:



Vulnerability Analysis of the 11
AMALZON BIOME and its Protected Areas

Most frequent variables used in explaining
Table 2 species distribution (in percentages)
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Carbon storage and deforestation

Undoubtedly, one of the main ecosystem services

Amazon Biome are estimated to store 166,256.61
megatons of carbon, which correspond to 56.2% of
total above-ground carbon stored by forests world-
wide (FAQ, 2015).

impacts of climate change, forest cover loss in the
Amazon is alarming. During the period 2005-2013,
114,415.61 km?(1.7% of the biome) was deforested
at an average annual deforestation rate of 0.25%

provided by the Amazon Biome at the global scale
is carbon storage. According to the map (Fig. 10)
of carbon density in tropical areas made by Baccini
et al. (2012) based on satellite data, forests in the

(14,301.95 km?/year), which is inadmissible under
current global climate change conditions.
See Figure 11 page 13

Currently, this ecosystem service is seriously at
risk. In addition to observed and expected negative

Figure 10 | Magnitude of carbon storage in the Amazon Biome
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Figure 11 | Deforestation rates in the Amazon Biome during the period 2005-2013
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Conclusions

Based on the review of existing studies and anal-
yses, we must highlight that both human and
climate pressures, and the sum of the two, exac-
erbate change of the Amazon’s biophysical condi-
tions. However, in trying to maintain resilience as
an attribute of function of the Amazon Biome, the
best strategy has been to safeguard areas from
major human disturbances. Although this approach
cannot prevent the occurrence of climate change,
controlling human pressures reduces its negative
impacts on biodiversity, ecosystem services and hu-
man well-being by preserving ecological integrity at
the biome level. This study has incorporated basic
elements to characterize climate related risks and
impacts, and propose actions to face them at the
regional level, but we still need to complement fur-
ther our biodiversity analyses to better understand
ecosystem functions, determine uncertainties and
improve mapping of details associated to potential
climate change effects.

Recommendations

1. Use regional and biome-level approaches for
designing and managing ecological networks
of protected areas, and promote transhoundary
protected areas to increase resilience of key
ecosystems and biomes.

2. Conduct further research to assess and
strengthen the role of protected areas in re-
ducing vulnerability to climate change, build-
ing resilience and supplying ecosystem ser-
vices in the context of environmental change.

3. Promote knowledge at an interinstitutional
level (industry, strategic sectors and others)
on the importance of protected areas and their
role as effective, cost-efficient strategies for
ecosystem-based adaptation and mitigation.

4. Include the role of protected areas in climate

change policies and strategies, and in devel-
opment and land-use plans at the sectorial,
regional, national and local levels.

Strengthen regional collaboration to imple-
ment the Amazon Conservation Vision led
by REDPARQUES and promote the inclusion
of protected areas in the commitments and
actions of the international climate regime
through the United Nations Framework Con-
vention on Climate Change (UNFCCC).

Include climate change mitigation and adap-
tation criteria in protected areas design and
management, including connectivity, represen-
tation and redundancy.

Expand, reshape, increase level of protection
and/or create new protected areas to cover
key ecosystems for facing climate change,
and integrate existing protected areas through
landscape approaches.
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Contact information

Pedro Gamboa, REDPARQUES Coordinator at
SERNANP: redparquesperu@sernanp.gob.pe

Julia Gorricho, Amazon Vision Projects
Coordinator at WWF Living Amazon Initiative:
jmgorricho@wwf.org.co

Luis German Naranjo, Conservation Director at
WWEF Colombia: Ignaranjo@wwf.org.co

This is another contribution to the Amazon
Conservation Vision developed by the Amazon
Countries under the CDB framework’s program
related to Protected Areas (CBD — PoWPA). To
find out more about the Amazon Conservation
Vision and the ‘Protected Areas, Natural Solu-
tions to Climate Change’ (NASCC) project im-
plemented by REDPARQUES with WWF's Liv-
ing Amazon Initiative, thanks to funding from
the German Ministry of Environment —BMUB-
and WWF Germany, click here:
http://bit.ly/1F99ez0

Prepared by: Cesar Suarez, Johanna Priiss-
mann, Carolina Lopez, Melissa Abud, Oscar
Guevara, Analiz Vergara, Luz Adriana Zufiga,
Julia Gorricho, and Luis German Naranjo, No-
vember 2015.

R

eferences

Alencar, A., Nepstad DC, Vera Diaz MdC. 2006. Forest understory
fire in the Brazilian Amazon in ENSO and no-ENSO years: area
burned and committed carbon emissions. Earth Interactions, 10,
article no. 6.

Baccini A, Goetz SJ, Walker WS, Laporte NT, Sun M, Sulla-Me-
nashe D, Hackler J, Beck PSA, Dubayah R, Friedl MA, Samanta
S, Houghton RA. 2012. Estimated carbon dioxide emissions from
tropical deforestation improved by carbon-density maps. Nature
Climate Change 2(182-185).

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

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

FAO, 2015. Global Forest Resources Assessment 2015: How have
the world's forests changed? Rome, Italy. 56 p.

Giorgi, F. 2006. Climate change hot-spots. Geophys. Res. Lett. 33.
Hijmans, R.J., S.E. Cameron, J.L. Parra, PG. Jones and A. Jarvis,
2005. Very high resolution interpolated climate surfaces for global
land areas. International Journal of Climatology 25: 1965-1978.
IPCC. 2007. Climate change 2007: the physical science basis. In:
Contribution of Working Group | to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (eds Solomon
S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tignor M,
Miller HL), pp. 1-996. IPCC, Cambridge, UK and New York, NY,
USA.

IUCN and UNEP-WCMC. 2015. The World Database on Protected
Areas (WDPA) [On-line], 08/2015], Cambridge, UK: UNEP-WCMC.
Available at: www.protectedplanet.net

Lehner, B. & Grill, G. 2013. Global river hydrography and network
routing: baseline data and new approaches to study the world's
large river systems. Hydrol. Process. 27, 2171-2186. doi:10.1002/
hyp.9740

Lehner, B., Verdin, K. & Jarvis, A. 2006. Hydrosheds. Technical
Documentation Version 1.0.

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., Nobre, C.A., Tomasella, J., Oyama, M.D., Sampaio
de Oliveira, G., de Qliveira, R., Camargo, H., Alves, L.M., Brown,

I.F. 2008. The Drought of Amazonia in 2005. J. Clim. 21, 495-516.
Marengo, J., Borma, L., Rodriguez, D., Pinho, P, Soares, W. &
Alves, L. 2013. Recent Extremes of Drought and Flooding in Am-
azonia: Vulnerabilities and Human Adaptation. American Journal
of Climate Change, Vol. 2 No. 2, 2013, pp. 87-96.

Marengo J. A., S.C. Chou, R. R. Torres, A. Giarolla, L.M. Alves
& A. Lyra. 2014. Climate Change in Central and South America:
Recent Tends, Future Projections and Impacts on Regional Aricul-
ture. CCAFS Working Peper no 73, CGIAR Research Program on
Climate Change, Agriculture and Food Security (CCAFS). Copen-
hagen, Denmark. Available online at www.ccafs.cgiar.org.

NASA. 2015. Near Real-Time and MCD14DL and MCD14ML MO-
DIS Active Fire Detections (TXT format). Data set. Available on-
line https://earthdata.nasa.gov/active-fire-data#tab-content-6
NOAA. 2015. Center for Weather and Climate Prediction. Cli-
mate Prediction Center. Historical EI Nino/ La Nina episodes
(1950-present).Data Set. Available on-line http://www.cpc.noaa.
gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
Pausas JG, Bradstock RA (2007) Fire persistence traits of plants
along a productivity and disturbance gradient in Mediterranean
shrublands of south-east Australia. Global Ecology and Biogeog-
raphy, 16, 330-340.

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., Que-
sada, C.A., van der Heijden, G., Almeida, S., Amaral, I., Arroyo,
L., Aymard, G., Baker, TR., Banki, 0., Blanc, L., Bonal, D., Brando,
and others. 2009. Drought Sensitivity of the Amazon Rainforest.
Science 323, 1344-1347.

Pinho, PF, Marengo, J.A., Smith, M.S. 2014. Complex socio-
ecological dynamics driven by extreme events in the Amazon.
Reg. Environ. Change.

Saatchi, S., Asefi-Najafabady, S., Malhi, Y., Aragao, L.E.O.C., An-
derson, L.0., Myneni, R.B., Nemani, R. 2013. Persistent effects of
a severe drought on Amazonian forest canopy. Proc. Natl. Acad.
Sci. U.S.A., 110(2013), pp. 565-570

Torres, R., Lapola, D., Marengo, J., Lombardo, M. 2012. Socio-cli-
matic hotspots in Brazil. Clim. Change 115, 597-609.

UNEP (2002) Spreading like wildfire — tropical 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.

UNEP, ACTO, 2009. Geoamazonia: Environment Outlook in Ama-
zonia.



Amazon
e [,

{
\

931Wﬂ.I.VN>

% Federal Ministry WPCIONALg o
for_thg Environment, Nature Conservation, A
Building and Nuclear Safety - O PERU Vinister (Sjerxido N,\?cionﬁl
Eo U INISterio € Areas Naturales
@ 3 Ministerio del Ambiente Protegidas por el Estado

based on a decision of the German Bundestag redparques P et dd Mblente

* X %

. \?// Food and Agriculture

Organization of the
United Nations

* 4 x

EUROPEAN UNION




