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I. Introduction
As early as the species Homo habilis in Africa over 800,000 years ago, humans and their humanoid
ancestors have used tools to alter their environments(1). The rise of agriculture about 6,000 years ago,
followed by the development of villages and towns, have extended this effort. As the human population
increased, urbanization and industrialization exponentially amplified this effect. Today, humans exploit
about 30-50% of the planet’s land surface (2). Although global climate change is not a novel phenomenon
in the history of Earth, the climate changes and geological shifts that the planet has experienced in recent
history are almost certainly anthropogenic. Greenhouse gas emissions produced by humans, especially
CO2, are known to contribute to the greenhouse effect and have produced rapid rates of global warming.
Ice core records indicate that the average rates of increase of combined radiative forcing from CO2, CH4,
and N2O concentration increase during the industrial era is greater than at any time in the 16 kyr prior (3).
These anthropogenic emissions may alter global climate patterns for millennia to come (2), which could
induce biotic responses including extinction, permanent range shifts, and adaptation (4).
These types of biological responses to climate change
are especially important in regions of high
biodiversity, including the Amazon rainforest. Located
in the Amazon Basin of South America, the Amazon
rainforest is one of the few expanses of lowland forest
remaining on the planet (5). This area currently
experiences a mean annual temperature of 26°C (6).
Due to the large amounts of carbon-dense
photosynthetic biomass in this region, it is a key
contributor to the global carbon cycle. Furthermore, the
Amazon rainforest serves as home to approximately
25% of global biodiversity, making it the most
biologically rich region on earth (7). Large-scale
climate changes throughout this region in the coming
years could potentially cause extinctions, thereby
depleting this valuable biodiversity. Since the highest
temperatures are observed during the summer, we
predict that temperature and precipitation changes
during this season will most influence biodiversity.
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Figure 1: Forested region of the amazon basin,
In this report, we will analyze how projected climate
referred to as the “Amazon rainforest”
changes in the Amazon rainforest during the summer
	
  
months influence biodiversity. In order to address this question, we will examine patterns of temperature
and precipitation obtained from historical climate data and climate model projections from the
Intergovernmental Panel on Climate Change (IPCC). Specifically, we will test and evaluate the following
two hypotheses: 1) Temperature will increase throughout the Amazon rainforest in the summer months,
with larger temperature anomalies in the inland regions than the more coastal regions and 2) precipitation
will decrease throughout the Amazon rainforest in the summer months, with the largest magnitude of
precipitation anomalies occurring in the most inland regions. It is known that increasing carbon dioxide
concentrations result in increased global temperature via the anthropogenic greenhouse effect, so we
anticipate that temperature will continue increasing throughout Amazonia in the future. Due to the high
heat capacity of water, we would expect this effect to be more dramatic in inland regions than in areas
closer to the coast, leading to the first hypothesis. Additionally, precipitation in tropical rainforest regions
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from 1960-1998 has declined at a rate of 1.0 ± 0.8% per decade (6). We predict that this trend will
continue, substantiating our second hypothesis. This investigation will yield temperature and precipitation
anomalies which, when evaluated simultaneously, can inform predictions about expected biodiversity
changes in the various regions of the Amazon rainforest.

II. Methods
Our approach to addressing the hypotheses was two-fold. First we analyzed historical patterns of climate
change obtained from the IPCC 10-year climatology report to determine if our hypotheses are consistent
with the changes observed in history. To do this, we compared mean temperature (ºC) and precipitation
(kg m-2) over the years of 1901-1910 within the months of June, July, and August to those from the same
months in 1991-2000. Secondly, we analyzed the 20-year anomalies of temperature (K) and precipitation
(kg m-2s-1) predicted by the SRA1B and SRA2 scenarios of the GFDL-CM2.1 model for June, July, and
August of 2011-2030 to obtain projected changes in temperature and precipitation.
The anomalies obtained from SRA1B and SRA2 models are both calculated relative to the 20th century
control (20C3M) 1961-1990 30 year normal. The SRA1B and SRA2 scenarios each reflect different
predicted patterns of global population and economic growth. Scenario SRA1B generates anomalies using
predicted mean values from 2011-2030 under conditions of rapid economic and population growth which
peaks in the middle of the century and declines thereafter. This model also assumes the development of
rapid, efficient technologies which utilize a variety of energy sources. In contrast, scenario SRA2
produces anomalies that would be expected under a situation in which global population increases while a
more locally oriented economy would grow at a slower rate.
In analyzing the figure outputs from these models, the Digital Color Meter was utilized to verify
qualitatively observed results.

III. Results
1) Temperature

Very minimal to no fluctuation is observed when comparing mean temperature distributions for the
months of June, July, and August from 1901-1910 to those from 1991-2000. Throughout these
months, the highest temperatures were observed in the most inland region and the lowest
temperatures were observed along the western coast. These geographic patterns support our first
hypothesis, but the lack of increasing temperatures does not.
There is little difference in the projected mean temperature anomalies generated by the SRA1B and
SRA2 models for the month of June; both predict small positive temperature anomalies throughout
the Amazon rainforest (Figure 5). Both models also generate temperature anomalies ranging from 25K throughout the region in July, but SRA2 predicts larger temperature anomalies in the western
region than SRA1B (Figure 6). Comparable ranges of temperature anomalies are observed as outputs
of both models in August, where the highest temperature anomalies are consistently observed in the
northern inland areas. For the month of August, SRA2 predicts slightly higher temperature anomalies
in the northeastern region of the Amazon than SRA1B (Figure 7). In all three months, temperature
anomalies appear to be highest in the northern and central regions in July and August, and they are
consistently lowest along the southeastern coast across both models. Overall, these findings support
our first hypothesis.
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Figure 2: Very minimal difference observed between June 1901-1910 mean temperatures (A) and June
1991-2000 mean temperatures (B) in the Amazon Basin.
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Figure 3: Very minimal difference observed between July 1901-1910 mean temperatures (A) and July
1991-2000 mean temperatures (B) in the Amazon Basin.
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Figure 4: Very minimal difference observed between August 1901-1910 mean temperatures (A) and
August 1991-2000 mean temperatures (B) in the Amazon Basin.
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Figure 5: Small positive temperature anomalies are predicted in June by both models. (A) SRA1B model temperature
anomalies calculated from projected 2011-2030 mean temperatures in June (B) SRA2 model temperature anomalies
calculated from projected 2011-2030 mean temperatures in June

5	
  

(A)	
  

(B)	
  

1) Rainfall

Figure 6: Small positive temperature anomalies are predicted in July by both models. (A) SRA1B model temperature
anomalies calculated from projected 2011-2030 mean temperatures in July (B) SRA2 model temperature anomalies
calculated from projected 2011-2030 mean temperatures in July
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Figure 7: Small positive temperature anomalies are predicted in August by both models. (A) SRA1B model
temperature anomalies calculated from projected 2011-2030 mean temperatures in August (B) SRA2 model
temperature anomalies calculated from projected 2011-2030 mean temperatures in August
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2) Precipitation

Historical data indicate some relatively minor variations in precipitation when comparing mean
rainfall distributions for the months of June, July, and August from 1901-1910 to those from 19912000. In June of 1991-2000, mean rainfall was in the range of 350-425 kg m-2 in a larger region the
northern inland portion of the amazon than in was in June 1901-1910, suggesting potentially
increased rainfall in this region in the future (Figure 8). Comparisons of rainfall between these year
ranges for July and August illustrate changes in rainfall distributions in the northern Amazon, but no
significant changes in overall amount of rainfall are noted (Figures 9 and 10). These historical
observations are therefore not consistent with our hypothesis of decreasing rainfall.
The precipitation anomalies generated by the SRA1B model for all three months are consistent with
this historical data, and therefore inconsistent with our second hypothesis. This model predict slight
(0 to 1e-05) increases in precipitation rate in the southern Amazon, moderate (up to 2e-05) increases
in precipitation rate along the northwestern coast of the Amazon, and slight (0 to -1e-05) decreases in
precipitation rate in the northern, northeastern, and southeastern regions of the Amazon in June, July,
and August (Figures 11A, 12A, 13A).
The precipitation anomalies projected by the SRA2 model indicate more widespread and dramatic
decreases in precipitation rate (0 to -2e-05) throughout the central and southern regions of the
Amazon, with relatively minor patches of increased precipitation (0 to 2e-05) in small portions of the
northeastern and southern coast. These regions of expected increased precipitation were largest in
June, but decreased in July and August (Figures 11B, 12B, 13B).
Overall, the geographic patterns of precipitations anomalies projected by both models are consistent
with our hypothesis of reduced rainfall in the inland regions. The precipitation anomalies predicted
by the SRA2 model are more consistent with our hypothesis of pervasive reduced rainfall throughout
the Amazon than those from the SRA1B model, but both indicate that some areas will experience
increased rainfall despite these widespread decreases. Therefore, the data partially substantiate our
second hypothesis.
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Figure 8: Slight differences observed between June 1901-1910 mean precipitation (A) and June 1991-2000 mean
precipitation (B) in the Amazon Basin.
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Figure 9: Slight differences observed between July 1901-1910 mean precipitation (A) and July 1991-2000 mean
precipitation (B) in the Amazon Basin.
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Figure 10: Slight differences observed between August 1901-1910 mean precipitation (A) and August 1991-2000
mean precipitation (B) in the Amazon Basin.
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Figure 11: Small precipitation anomalies, some negative and others positive, are predicted in August by both models.
(A) SRA1B model precipitation anomalies calculated from projected 2011-2030 mean precipitation in August (B)
SRA2 model precipitation anomalies calculated from projected 2011-2030 mean precipitation in August
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Figure 12: The SRA1B model predicts small precipitation anomalies, some negative and others positive, while the
SRA2 model predicts almost entirely small negative precipitation anomalies in July in the Amazon region. (A) SRA1B
model precipitation anomalies calculated from projected 2011-2030 mean precipitation in July (B) SRA2 model
precipitation anomalies calculated from projected 2011-2030 mean precipitation in July
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Figure 13: The SRA1B model predicts small precipitation anomalies, some negative and others positive, while the
SRA2 model predicts almost entirely small negative precipitation anomalies in August in the Amazon region. (A)
SRA1B model precipitation anomalies calculated from projected 2011-2030 mean precipitation in August (B) SRA2
model precipitation anomalies calculated from projected 2011-2030 mean precipitation in August
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IV. Conclusions
In aggregate, both historical and projected temperature and precipitation changes are only slight
to moderate. Given the known anthropogenic effects of industrialization, which has increased
atmospheric concentrations of aerosols and carbon dioxide, we would have expected more
dramatic fluctuations in temperature as a result of the greenhouse effect. These observed changes
in precipitation and temperature suggest that Earth’s temperature may be on the cusp of an
exponential growth curve, at the point where changes are detectable but not yet as extreme as
they will soon become.
Precipitation anomalies varied significantly more both across models, months, and geographical
location than did temperature. This variation is further complicated by the fact that the historical
precipitation data are measured in units of kg m-2, whereas anomalies are calculated as a
precipitation rate (kg m-2s-1). This inconsistency in units makes direct comparison between past
and future rainfall slightly more difficult. Nonetheless, we can conclude that many regions of the
Amazon rainforest are expected to experience slight to moderate reductions in precipitation, with
the most dramatic decreases predicted for the northern region in June.
Throughout geological history, climate changes have occurred during transition periods such as
the Paleocene-Ecocene Thermal Maximum (56-51 Myr), the Eemian Interglacial Period
(130,000-116,000 years ago), and the Late Glacial-Postglacial Transition into the Holocene (4).
Although the causes and patterns of climate change during these transitions are not identical to
those present on Earth today, they can still be used to inform our predictions about biological
responses to climate change. Throughout all of these periods of rapid climate change, evidence
indicates that species migrations and range shifts were prevalent (4). We therefore predict that if
the currently observed and projected climate changes continue to increase at an exponential rate,
species will respond by migrating to areas of more suitable habitat, thereby redistributing
biodiversity and establishing novel niches in the environment.
The increased temperature and decreased rainfall projected for many regions of the Amazon
rainforest will create an environment very different from the one present today. Currently, plants
in the Amazon rainforest depend on the consistently moist environment to regulate their
transpiration rates and prevent dehydration. The drying and warming of many regions in this
environment will likely place significant water stress on the organisms within it, and may cause
them to become replaced by species which are more resilient to drought and therefore have a
higher fitness in that niche. The plants which depend on constant moisture for survival and
reproduction will likely migrate to those small patches of the Amazon which are expected to
experience increased rainfall. The changes in species composition of the Amazon to include
more organisms that are better adapted to retain water may alter the overall ecosystem from a
rainforest to an environment more analogous to a temperate forest. As plants are redistributed
throughout the region, the animals higher up the food chain which consume those plants will also
be forced to either adapt or move, and their predators will likely have to do the same.
The warming and drying of many areas within the Amazon rainforest may also make the region
more prone to natural fires. If this were to occur, the area would likely become inhabited by lowlevel vegetation which can either withstand fire or reproduce quickly. In the temperate regions of
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North America, where forest fires currently occur, some species’ seeds are activated by the heat
produced by the fire. Species which can acquire such advantageous adaptations would thrive in
the changing environment of the Amazon, whereas those which still depend on high moisture
levels would likely become redistributed to the coastal patches which maintain a moist climate.
However, given that these potentially inhabitable regions are projected to be relatively small, it is
highly possible that they will not contain enough space or nutrients to sustain all of the species
currently present in the Amazon rainforest. This competition for resources in such a small region
will enable only the most fit species to survive. Thus, we conclude that biodiversity loss is a very
real and probable outcome of this climate change.
Interestingly, many other factors influence the climate changes and potential biological responses
beyond those discussed here. Wind patterns, short wave radiation flux, and pressure gradients
across the planet all play a large role in determining climactic outcomes. For example, if short
wave radiation flux decreased in the future as a result of increased atmospheric aerosol
concentrations, total photosynthetic primary production could also be reduced. This would have
significant implications for the entire food chain downstream of that primary producer, and
hence could significantly alter the ecosystem. Similarly, wind patterns are very important for
seed dispersal, transpiration rates, and temperature fluctuations, so an analysis of the movement
of air masses would have also informed our conclusions. However, due to the IPCC database
configuration, it was not possible to analyze these parameters in a way that would enable
comparisons of historical findings to projected anomalies. Pressure gradients create wind
patterns, wind patterns can change temperature by moving air masses from cold to warm regions,
short wave radiation flux influences temperature by determining how much solar radiation
reaches Earth’s surface, and temperature influences both pressure and wind by creating global
convection currents known as Hadley cells. Given that these variables are interrelated, a
comprehensive study would ideally have the means to simultaneously consider the influences of
all of these factors.
Ultimately, we conclude that range shifts, species adaptation, and biodiversity loss are likely
outcomes of the observed and projected climate changes. However, more research must be done
to clarify discrepancies between the projected anomalies of the two models and to further
analyze the variables which could not be studied in detail here.
Supplementary Information
Both authors collaborated to generate the overarching question and hypotheses. Emily wrote the text of
the introduction, conclusion, and results sections. Emily also wrote half of the text of the methods section
and was responsible for editing and formatting the report. Bret generated the figures in the methods
section, wrote the captions for these figures, and wrote half of the text of the methods section. Bret
decided to drop the course before this project was completed.
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