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Climate Change Impacts in the Amazon

Review of scientific literature’

The Amazon
The Amazon basin contains a staggering portion of the world’s biodiversity, supports thousands of

people through agriculture and silviculture, and provides the world with commodity and non-commodity
products such as building supplies and medicine. The Amazon contains one of Earth’s richest assortments of
biodiversity; thousands species of plants, over a million insect species, more than 700 fish species, 1,000 bird
species, and over 300 mammalian species. The Amazon River is the largest single source of freshwater runoff
on Earth, representing some 15 to 20% of global river flow (Salati and Vose 1984). Subsequently, the
Amazon’s hydrological cycle is a key driver of global climate, and global climate is therefore sensitive to
changes in the Amazon. Climate change threatens to substantially affect the Amazon region, which in turn is

expected to alter global climate and increase the risk of biodiversity loss.

Observed Climatic Change and Variability
The climate in northwestern South America, including the Amazon region, has already changed over

the last century. The monthly mean air temperature records show a warming of 0.5-0.8°C for the last decade
of the 20th century (Pabdn, 1995a; Pabon ef al., 1999; Quintana-Gomez, 1999). In the Amazon region
specifically, a warming trend of +0.63°C per 100 years was detected by Victoria et al. (1998). Precipitation
trends in the Amazon are not as clear, and multidecadal rainfall variations have shown opposite tendencies in
the northern and southern portions of the basin (Marengo et al. 2000). The period 1950-1976 was regionally
wet in northern Amazonia, and since 1977 the region has been drier (IPCC 2001), suggesting the affect of
long-term climatic variability.

Recent studies have clarified the link between deforestation and precipitation in the Amazon.
Chagnon and Bras (2005) found that current deforestation causes a dramatic change in climatological rainfall
occurrence patterns; high-resolution satellite precipitation measurements show significantly more rainfall
occurrence over deforested areas. They also found a long-term shift in the seasonality of precipitation that
correlates with deforestation, suggesting the two are closely associated. Rainfall accumulations have
decreased significantly at the end of the wet season, and have increased at the end of the dry season (Chagnon
and Bras, 2005). These findings imply that current deforestation in the Amazon has already altered the
regional climate and support previous findings of enhanced shallow cloudiness over deforested areas

(Chagnon et al., 2004). However, earlier findings suggest more widespread changes; studies have shown a
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decadal intensification of precipitation over the entire Amazon (Chu et al., 1994; DeLiberty, 2000; Chen et
al., 2002).

El Nifio/Southern Oscillation (ENSO) seems to be a driver of much of the climatic variability in Latin
America (IPCC 2001). For example, El Nifo is associated with dry conditions in northeast Brazil, northern
Amazonia, the Peruvian-Bolivian Altiplano, and Pacific coast of Central America. The most severe droughts
in Mexico in recent decades have occurred during El Nifio years, whereas southern Brazil and northwestern
Peru have exhibited anomalously wet conditions at these times (Horel and Cornejo-Garrido, 1986). La Nifia is
associated with heavy precipitation and flooding in Colombia and drought in southern Brazil (Rao et al.,

1986).

Predicted Climatic Change
General Circulation Models (GCM’s) project a regional increase of 2—3°C by the year 2050 and a

decrease in precipitation in the Amazon during dry months, leading to widespread drying (Mitchell et al.,
1995; Kattenberg et al., 1996). Ecosystem models that use expected climatic changes show large declines in
net primary productivity (NPP) and release of carbon as a result of Amazonian forest dieback (Friend et al.,
1997). In fact, climate change effects may change the current status of Amazonian forests from a net sink of
atmospheric CO, into a source, which will further contribute to dangerous levels of atmospheric CO, (IPCC
2001). GCM’s also suggest that a globally warmer world may result in a permanent El Nifio-like state (Wara

et al., 2005), which if manifested by drought conditions, could have huge impacts on the Amazon.

Impacts
Empirical and modeled data suggest that the Amazon basin is at particular risk to climate change

effects. Projected changes of warmer temperatures and decreased precipitation during already dry months
could manifest in longer and perhaps, more severe droughts and substantial changes in seasonality. Coupled
with land use changes, these changes could lead to devastating impacts, including; increased erosion,
degradation of freshwater systems, loss of ecologically and agriculturally valuable soils, loss of biodiversity,

decreased agricultural yields, increased insect infestation, and spread of infectious diseases.

Forests
Climate change effects pose a substantial threat to Amazonian forests and the biodiversity within

them. Amazonian forests contain a large portion of the world’s biodiversity; at least 12% of all flowering
plant are found within the Amazon (Gentry 1982) therefore threats to Amazon forests translate into threats to
biodiversity at large. In fact, climate modeling studies have projected a warming and drying effect, which
when combined with a decrease in evapotranspiration from plants will likely lead to a substantial decrease in

precipitation over much of the Amazon. These changes will likely lead to significant shifts in ecosystem types
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and loss of species in many parts of the Amazon (Miles et al., 2004; Markham 1998). Land-use change will
also interact with climate through positive feedback processes that will accelerate the loss of Amazon forests
(IPCC 2001).

At the biome level, GCMs of potential future climates project that evergreen forests are succeeded by
mixed forest, savanna and grassland in eastern Amazonia and savanna expand into parts of western Amazonia
(Cramer et al., 2001; Cramer et al. 2004). Other modeling experiments project an expansion of savanna,
grasslands and desert ecosystems into north-eastern Amazonia (White et al. 1999). Large-scale modeling
shows widespread forest loss over most of the Amazon, accelerated by positive feedback between warming,
forest dieback, and emissions of carbon from soil and vegetation (White et al., 1999; Cox et al., 2000; Jones et
al., 2003; Cox et al., 2004). In fact, the Brazilian government has released figures suggesting that
deforestation has exceeded 520,000 square km since 1978, with the second worst year of forest loss occurring
in 2004 (National Institute for Space Research, 2005). Species specific modeling suggests that 43% sampled
Amazon plant species may become non-viable by the year 2095 because their potential distributions will have
changed due to climatic shifts (Miles et al. 2004). In order for species affected by these changes to reach
appropriate new bioclimatic zones, dispersal or migration would have to occur over hundreds of kilometers
(Hare, 2003).

Many of the aforementioned modeling experiments have not considered non-climate influences such
as land use, deforestation, water availability, pests and diseases, and fire, all of which may limit the migration
and dispersal of tropical forest species. The IPCC suggests that the combination of forces driving
deforestation makes it unlikely that tropical forests will be permitted to expand into climatically suitable
habitats that are created by climate change.

Amazon forests are also threatened by secondary effects of climate change, such as a potential
increase in the frequency and perhaps in intensity of fires. It is suggested that fire poses the greatest threat to
Amazon forests and numerous studies have shown a well established link between forest fires, habitat
fragmentation, climate change, and extreme El Niflo events in the Amazon (Nepstad et al., 2001; Laurance
and Williamson, 2001; Laurance et al., 2001; Nepstad et al., 2001; Cochrane and Laurance, 2002).

As mentioned previously climate models predict that a globally warmer world may result in a
permanent El Nifo-like state (Wara et al., 2005) with dramatic effects such as; droughts, fires, and increased
release of carbon to the atmosphere. El Nifio events (the positive phase of the El Nifio/Southern Oscillation
(ENSO)) tend to dry affected areas and lead to large, intense droughts and fires. Severe droughts can also
stress and potentially kill sensitive plant species, resulting in a replacement of tropical moist forests with
drought-tolerant plant species (Shukla et al., 1990). It has also been shown that there are substantial releases

of carbon from the Amazon during El Nifio years (Tian et al., 1998). Strong El Nifio years bring hot, dry
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weather to much of the Amazon region and the ecosystems act as a source of carbon to the atmosphere instead
of a sink as during non-El Nifio years (Tian et al., 1998).

There are a number of positive feedback loops that drive the expansion of fires in the Amazon: 1)
Forest fires release substantial amounts of smoke into the atmosphere which can reduce rainfall and thus
promote more drought and more fires (Rosenfeld, 1999); 2) Fire-assisted conversion of forests to agriculture
and pastures also promotes drought by decreasing water vapor flux (evapotranspiration) to the atmosphere,
further inhibiting rainfall (Nepstad et al., 2001); and 3) Fire increases the susceptibility of forests to recurrent
burning by killing trees, thereby allowing sunlight to penetrate and dry the forest interior, and increasing the
fuel load on the forest floor (Nepstad et al., 2001).

Human activities such as deforestation, logging, and settlement obviously work in tandem with
climate change and increase the drying effect that leads to forest fires. For example, mortality of trees, which
increases the fuel load for fire, has been observed to increase under dry conditions that prevail near newly
formed edges in Amazonian forests from land clearing and harvesting (IPCC 2001). Edges, which affect an
increasingly large portion of the forest with the advance of deforestation, are especially susceptible to the

effects of reduced rainfall and are increasingly susceptible to fire.

Freshwater
The Amazon River is the world’s largest river in terms of streamflow with an annual flow rate of

209,000 m’ per year. The average rainfall in the Amazon basin is about 2,300 mm per year and the Amazon
River plays an important role in the water cycle and water balance of much of South America. Changes in
water regime such as the quantity, quality, and timing can affect the habitats and behavior of many plant and
animal species (Hare, 2003), in addition to extremes caused by climatic perturbations in water cycling.
Changes in total precipitation, extreme rainfall events, and seasonality will affect the amount, timing, and
variability of flow. Changes in total volume or timing of runoff may result in increased or decreased
intermittency, while altered volume, variability, and extremes of runoff may affect timing, frequency and
severity of flash flooding (Carpenter et al., 1992). Such changes in magnitude and temporal distribution of
extreme events may disrupt ecosystems more than changes in mean conditions.

Aquatic resources and water provides many essential services to the people of the Amazon. The
region’s native fisheries provide a large proportion of animal protein consumed by inhabitants. Fish are also a
valuable source of income to fishermen. River and lake water satisfies nearly all of the water supply needs of
Amazonian peoples, including drinking, cooking, bathing, and waste removal. While little water is used for
irrigation, river channels and lakes are important avenues of transportation and shipping and provide

opportunities for recreation (McClain, 2001).
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Climate change threatens the Amazon’s water regime and freshwater ecosystems because warming
temperatures will result in greater evaporation from water surfaces and greater transpiration by plants, which
will result in a more vigorous water cycle (Allen et al. 2005). If projected declines in precipitation during dry
months occur, climate change impacts to the Amazonian water regime may be exacerbated (Nijssen et al.,

2001). Climate change threats to Amazonian freshwater ecosystems are varied, but include:

1) Warming water temperatures because of global warming will impact temperature dependent
species. Temperature tolerances often govern both the local and biogeographic distribution limits of
freshwater fishes (Carpenter et al., 1992). Distributions of aquatic species will likely change as some
species invade more high altitude habitats or disappear from the low altitudinal limits of their
distribution. Elevated temperatures may also result in reduced water dissolved oxygen concentrations,
which may have immediate adverse effects on eggs and larvae, which rely on dissolved oxygen for
survival (Carpenter et al., 1992). Increased water temperatures and reduced precipitation may also
reduce suitable habitat during dry, warm summer months and potentially lead to increased exotic
species. Exotic fish species often out-compete native species for habitat and food resources and lead

to declines in native populations and decreased species diversity (Latini and Petrere Jr, 2004).

2) Decreased precipitation during dry months will affect many Amazonian streams and freshwater
systems. Small, shallow habitats (ponds, headwater streams, marshes, and small lakes) will likely
experience the first effects of reduced precipitation (Carpenter et al., 1992). While prospects for
successful relocation of spawning activities for fishes exist, some may be thwarted by the strong

imprinting and homing behavior present in many species.

3) Changes in nutrient input into streams and rivers because of altered forest productivity can
greatly affect aquatic organisms. Forested streams are highly dependent upon inputs of terrestrial
organic matter, especially leaf fall, because of their nutrient supply. Shifts in terrestrial vegetation and
changes in leaf chemistry will impact stream biota and ecosystems. In fact, several climate modeling
studies and field experiments show that about 50% of the rainfall in the Amazon region originates as

water recycled in the forest.

4) Climate models project a future that has a more variable climate and more extremes events
(IPCC 2001b) and local fish populations will more often experience extreme events such as those that
produce lethal conditions for short periods of time. Such disturbances can deplete stocks of adult fish

and other biota, disrupt ecological processes, and redistribute resources (Lake et al. 2000). Even
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short-lived stresses such as temporary climatic extremes can cascade throughout the tropic network
for extended periods. Fish adapted to cooler water temperatures are most vulnerable to climatic
extremes such as warm water conditions because they rely on constant temperatures. Relatively
modest changes in the weather can dramatically increase variability in recruitment (Cushing, 1982). A
cascade of food web effects can follow from the removal or enhancement of fishes whose effects as
predators cause variability in the tropic structure, productivity, and water quality of lakes (Carpenter,
1988; Carpenter et al., 1985). Recreational and commercial fisheries are particularly at risk of climate
extremes and increased variability because fish populations are notoriously variable, and fisheries
yields are often heavily dependent on the occasional strong year class (Pitcher and Hart, 1982).
Survival during early life history stages is a key to recruitment success (Wooton, 1990), and the
expected increase in climatic variability may lead to variable reproductive success in individual
cohorts, which will have immediate social and economic effects (Carpenter et al. 1992). For example,
fishermen in the River Tocantins have chosen capture strategies specific to seasonal variations in fish
behavior and reproduction (Welcomme 1985) and changes in climatic spatio-temporal variability
could cause these species to decline in numbers or become extinct. Changes in seasonal fluctuations
may change the migratory pattern and ecology of fish species and lead to changes in fish catches

(Cetra and Petrere Jr, 2001).

Agriculture
The IPCC (2001) suggests that projected warmer temperatures and changes in precipitation will

undoubtedly impact the agricultural sector (including plantation forestry) in the Amazon. Particularly hard hit
will be subsidence farming. In fact, agriculture is the basis of subsistence lifestyles and is the largest user of
human capital rural communities that are situated within the Amazon. In these areas, agriculture is the main
producing sector and it will be severely affected by climatic change and variability (Rosenzweig and Hillel,
1998). A reduction in rainfall during critical dry months may also lead to increased evapotranspiration and
pest infestation, which will undoubtedly negatively impact agricultural yields (IPCC 2001). Climatic change
would subsequently require larger areas of land to meet the current levels of demand. In fact, Fearnside
(1999) predicts that the total plantation area will have to increase up to 4.5 times the 1991 area by 2050.
Climate change effects on agricultural yields vary by region and by crop. Under certain conditions,
the positive physiological effects of CO, enrichment could be countered by temperature increases—Ileading to
shortening of the growth season and changes in precipitation, with consequent reductions in crop yields
(IPCC 2001). In fact, reduced availability of water and warmer temperatures are expected to have negative

effects on wheat, maize, and potentially soybean production in Brazil (de Siqueira et al., 1994). However, it
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should be noted that there are relatively few agricultural climate change impact studies have been done in
South America, especially the Amazon.

Subsistence farming in the Amazon is particularly threatened by potential consequences of climate
change. In fact, Rosenzweig et al. (1993) identifies northeastern Brazil as suffering yield impacts that are
among the most severe in the world (also see Reilly et al., 1996; Canziani et al., 1998; Rosenzweig and Hillel,
1998). In addition, northeastern Brazil is home to more than 45 million people and is prone to periodic
droughts and famines even in the absence of expected climate changes, and any changes in this region would

have major consequences for human populations.

Plantation farming, or silviculture, will be greatly impacted by the potential decrease in precipitation
caused by climate change in Amazonia. Because water often limits tree growth during the dry season, a
decrease in rainfall will have negative impacts on growth and yield. To quantify this effect, Ferraz (1993) has
developed a regression equation to approximate the effects of precipitation changes on plantation yields.
General circulation climate modeling using the UKMO model (Gates et al., 1992) indicates that annual
rainfall changes for regions of Brazil would cause silvicultural yields to decrease by 6% in Amazonia and 8%
in southern Brazil. During the June — July — August rainfall period, yields would decrease by 12% in
Amazonia, 14% in southern Brazil, and 21% in the northeast (Fearnside, 1999). However, the climate
modeling effects on yield are likely to underestimate the true effect of climate change because other
secondary climate factors may reduce yield substantially more (i.c., pest and diseases infestation) (Cammell
and Knight, 1992). Reduced rainfall may also lead to increased fire risk in plantations, also affecting yield.
For example, Eucalyptus is particularly fire-prone because of the high content of volatile oils in the leaves and
bark.

CO, enrichment may be beneficial for plantations because higher atmospheric concentrations of CO,
increase the water-use efficiency of some species (i.e., Eucalyptus). While the photosynthetic and nitrogen
fixation rates increase (thus lowering the fertilizer demands of plantations) in some Eucalyptus species
increased when exposed to high concentrations of CO, (Hall et al., 1992), other factors such as reduced water
availability, insect, disease, and fire effects are typically not considered and may result in a net negative
response to climate change.

Larger areas of plantations (at a higher cost) will likely be needed to meet current levels of demand in
a globally warmer world. Fearnside (1999) modeled rainfall reductions of 5, 10, 25, and 50% (all possible
climate change scenarios), and calculated the required plantation area would need to increase as much as 38%

to meet demands.
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Climate models predict that a globally warmer world may result in a permanent El Nifio-like state
(Wara et al., 2005) and this would have substantial effects on agriculture. Because El Nifio events tend to dry

impacted areas and lead to large, intense droughts and fires, crops will likely be impacted.

Health
Climate change will threaten human health in the Amazon. However, health impacts will vary in

magnitude due to the size, density, location, and wealth of the population and are not uniform (WHO 1998).
Human death and mortality rates (injuries, infectious diseases, social problems, and damage to sanitary
infrastructure), due to heatwaves, droughts, fires, and floods increased for most of the climate change
scenarios that have been modeled from baseline climate conditions in Latin America. However, most
modeling has examined urban populations, which because of the poor housing conditions (crowded and

poorly ventilated) they are particularly vulnerable to temperature extremes (Kilbourne, 1989; Martens, 1998).

Furthermore, the effects of extreme temperature may be significantly different for rural populations
(Martens, 1998).

In addition to the already established relationship between extreme temperatures and increased death
rates (McMichael et al., 1996), other climate change impacts such as increased occurrence of extreme weather
events (e.g., floods, droughts, fire, heatwaves). It has been found that some extreme weather events, such as
floods, may be responsible for outbreaks of vector-borne diseases such as malaria and dengue (Moreira, 1986;
PAHO, 1998a,b) and for outbreaks of infectious diseases such as cholera and meningitis (Patz, 1998). El Nifio
and La Nina can also cause changes in disease - vector populations and the incidence of water-borne diseases
(Epstein et al., 1998). During droughts, the risk of wildfires increases and the direct effects on human health
occur from burns and smoke inhalation (Kovats et al., 1999), in addition to indirect effects from air pollution,
primarily from smoke and suspended particles, which can lead to loss of forests, property, livestock, and
human life (OPS, 1998). Typically not lethal, increased temperature may lead to an increase in the distribution
and growth of allergenic plants. In fact, higher temperatures and lower rainfall at the time of pollen dispersal
are likely to result in higher concentrations of airborne pollen during the peak season (Emberlin, 1994; Rosas
et al., 1989). Consequently, people who are already sensitive to pollen could be substantially impacted by
increased temperature and potential drying of the Amazon and others may developed allergies due to the

increased concentrations.
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Sea level rise
The IPCC suggests that flooding associated with sea-level rise will have substantial impact in lowland

areas such as the Amazon River delta. In fact, according the IPCC (2001), the rate of sea-level rise over the
last 100 years in has been 1.0-2.5 mm a year and this rate could now rise to 5 mm per year. Increased
temperature, changes in precipitation and runoff, and sea-level rise will have significant impacts on the
present habitats of mangroves and create new tidally inundated. Sea-level rise would eliminate mangrove
habitat at an approximate rate of 1% yr"'. This effect will cause species composition shifts and will likely
affect the region’s fisheries that depend on mangrove habitat as nurseries and refuge. For example,
commercial shellfish and finfish use mangroves for nurseries and refuge, and a direct relationship of
mangrove decline and fisheries decline has been identified in these systems (Martinez et al., 1995; Ewel and
Twilley, 1998). The potential disappearance of some mangrove forests could undermine the livelihoods of
local fishing communities. Coastal inundation stemming from sea-level rise will also affect water availability
(i.e., saltwater intrusion could affect estuaries and freshwater sources) and agricultural land suitability,

therefore exacerbating the socioeconomic and health problems in sensitive areas (IPCC 2001).
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