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The inclusion of the 2050 (2100) deforestation sce-
narios during the wet season (dry season) caused
substantial reduction in rainfall of −1.2 mm d−1

(−1.7 mm d−1). During the dry season, a reduction in
rainfall is projected in the northern basin and an
increase is projected in the southern basin, where
the deforestation arc is located (Costa & Pires 2010).

Under the RCP8.5 scenario, the reduction in pre-
cipitation is determined by the reduction in evapo-
transpiration and moisture convergence, mainly by
the latter. On the other hand, with the inclusion of the
2050 and 2100 deforestation scenarios, the reduction
in evapotranspiration played a predominant role
(Figs. 5 & 6).

3.3.  Changes in the water budget

Fig. 7 shows the annual cycle of the components of
the water budget, i.e. rainfall, evapotranspiration and
moisture convergence, in the entire Amazon basin
and in the northern and southern basins separately.
The features of the monsoon regime in South America
and the north−south shift of the ITCZ are shown by
the seasonal variability of the water budget in the
southern portion in comparison with the northern por-
tion of the basin. The seasonal cycle of simulated pre-
cipitation in this study was similar to that found by
Chou et al. (2014a), where the performance of the re-
gional Eta model forced by 3 global climate models
(HadGEM2-ES, BESM and MIROC5) was evaluated
for the baseline period.

Under the RCP8.5 scenario, the re duction in pre-
cipitation was more marked in the center-southern
portion of the basin and during the rainy season, with
a reduction on the order of 10%. This reduction in
precipitation was clearly caused by the reduction in
moisture convergence (11%), since evapotranspira-
tion showed little variation in this season (Fig. 7, see
also Table 2). Under the 2050 and 2100 deforestation
scenarios, rainfall reductions are projected for the
wet season in the central-southern part of the Ama-
zon basin of about 13 and 23%, respectively. The
reductions in moisture convergence which deter-
mined these changes in precipitation were 10 and
18% for the 2050 and 2100 scenarios, respectively.

On the other hand, during the dry season, despite
the substantial reduction in the evapotranspiration
(24% for 2050 and 33% for 2100 deforestation sce-
narios), the precipitation component shows some in -
crease due to the increase in the moisture conver-
gence. The precipitation and evapotranspiration
reductions in the deforestation scenarios during the

rainy season acted to amplify the soil moisture stress,
altering the energy partitioning and, consequently,
the surface temperature (Fig. 3).

The projected changes in the water budget compo-
nents with respect to the reference period (1979−
2005) for the Amazon basin are shown in Table 2. In
the basin, precipitation simulated by Eta-BESM-OA
is always larger than evapotranspiration, which iden-
tifies the region as a moisture sink area, and shows
that the regional model was able to capture this char-
acteristic feature of the Amazon basin. This sinking
feature also occurs either in neutral conditions or in
climatic extremes such as during El Niño and La
Niña episodes (Marengo 2005). Under the additional
deforestation scenarios, the impacts on the water
cycle are intensified over the entire basin. Under the
RCP8.5-only scenario, the model simulated reduc-
tions of 11% in precipitation, 6% in evapotranspira-
tion, 9% in moisture convergence and 34% in runoff
in the annual average. Fig. 8 presents conceptual
diagrams of positive and negative feedbacks associ-
ated with increases in carbon dioxide and land use.
The positive feedback mechanism can lead to insta-
bility in the natural ecosystems of the Amazon, since
they do not have a sufficient capacity to adapt to
changes in climate, especially if they occur over a
short time (decades). With the deforestation scenar-
ios for 2050 and 2100, a 13 and 19% reduction in pre-
cipitation and a 12 and 20% reduction in evapotran-
spiration were projected, respectively. However, for
the annual average in the basin, there is a small
increase in the convergence of humidity in the sce-
narios of 2050 and 2100. Unlike the RCP8.5 scenario
and the 2015 vegetation map, the negative feedback
mechanism was predominant with the inclusion of
deforestation, in which the relative reduction in
evapotranspiration was greater than the reduction in
precipitation, leading to an increase in the conver-
gence of moisture on the region (Fig. 8b). Despite the
changes in the regional circulation, and conse-
quently in the transport and convergence of humid-
ity, the effects of the reduction in evapotranspiration
in the deforestation scenarios were more significant
for the reduction of precipitation towards the end of
the 21st century in the Amazon basin.

4.  CONCLUSIONS

In the present study, the Eta regional model, driven
by the BESM-OA model, was used to generate simu-
lations of climate change from the RCP8.5 scenario
and of future deforestation in the Amazon basin. The
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simulations of the baseline period repro-
duced the moisture sink characteristics,
and revealed a precipitation rate higher
than the evapotranspiration rate in the
basin. Under the RCP8.5-only scenario,
Eta-BESM-OA projections showed cli-
mate change over all of South America,
and indicated a more significant in -
crease over the central and northern
portions of the Amazon basin (4−5°C).
In the RCP8.5 emission scenario and
the vegetation map of 2015 by the end
of the 21st century, the positive feedback
mechanism predominated, in which the
reduction in evapotranspiration and
moisture convergence acted in the same
direction to reduce precipitation over the
Amazon basin. Changes in temperature
and water budget components were
intensified with the inclusion of future
deforestation, which showed that the
in crease in GHGs and changes in land
use contribute synergistically to affect
the energy and water budget over the
Amazon basin. With the deforestation
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Fig. 8. Conceptual diagram summarizing the impacts of (a) increases in carbon dioxide and (b) increases in carbon dioxide and 
land use change. Arrows — solid: processes of atmosphere biosphere interactions; dotted: positive feedback; dashed: negative 

feedback

Region                                   Change (%)
                       2015      Trend             2050      Trend             2100      Trend
                           
Entire basin                                                                                                 
TP2m                4.1        0.0107              5.0        0.0129              6.4        0.0159
PRE              −11.3     −0.0015          −12.9     −0.0017          −19.4     −0.0024
EVT                −6.1     −0.0008          −11.6     −0.0013          −20.4     −0.0024
MOC              −9.5     −0.0002              0.1        0.0006              4.3        0.0007
RUN             −34.3     −0.0007          −58.9     −0.0004          −57.6     −0.0003

Northern basin
TP2m                4.0        0.0098              4.8        0.0117              8.5        0.0198
PRE                  0.2     −0.0009          −10.1     −0.0025          −27.0     −0.0046
EVT                  2.0        0.0009            −5.3     −0.0009          −24.5     −0.0033
MOC                4.3        0.0005            −8.5     −0.0015          −20.8     −0.0029
RUN               −5.1     −0.0010          −24.5     −0.0016          −34.5     −0.0012

Southern basin
TP2m                3.9        0.0102              4.8        0.0124              5.9        0.0146
PRE                −8.1     −0.0013            −9.0     −0.0014          −17.5     −0.0023
EVT                −3.3     −0.0006            −9.2     −0.001            −16.2     −0.0017
MOC            −11.4     −0.0002            −3.2     −0.0009            −3.4     −0.0009
RUN             −22.9     −0.0008            −8.3     −0.0004          −21.7     −0.0006

Table 2. Mean annual changes and linear trends of the water budget compo-
nents. TP2m: air temperature at 2 m (°C); PRE: precipitation (mm d−1); EVT:
evapotranspiration (mm d−1), MOC: moisture convergence (mm d−1); RUN: sur-
face runoff (mm d−1) for RCP 8.5 emission and land use scenarios (2015, 2050
and 2100), in relation to baseline period. The linear trends are also included,
and changes are shown for annual means. Data are provided for the entire
Amazon basin, as well as the northern and southern Amazon basins separatelyA
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scenarios, the negative feedback mechanism was
predominant, in which the relative reduction in
evapotranspiration was greater than the reduction in
precipitation; this led to an increase in the conver-
gence of moisture over the region. The changes in
the water budget in the Amazon due to anthropo -
genic factors are a worrying scenario. These changes
may trigger significant changes in the natural eco-
systems of the Amazon, since these ecosystems do
not possess a sufficient capacity to adapt to the mag-
nitude of the changes in the climate, especially if
they occur in a short timeframe. The results obtained
in this study emphasize the need for public conserva-
tion policies to halt the increase in environmental
degradation in the Amazon basin and to reduce GHG
emissions caused by the burning of fossil fuels.
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