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Summary

This work evaluates the impact of deforestation on the
climate of the eastern portion of the Amazon basin. This
region is primarily an area of native tropical rainforest, but
also contains several other natural ecosystems such as
mangroves and savanna. It is the most densely populated
area in Amazonia, and has been significantly affected by
deforestation. In this study, numerical simulations were
performed with a high spatial resolution, regional model
that allows for consideration of mesoscale aspects such as
topography, coastlines and large rivers.

To evaluate the present situation and to predict potential
future effects of deforestation on the climatic conditions of
this region, two, one-year model simulations were made. In
the first, ‘‘control simulation’’, an attempt was made to match
the existing surface vegetation. The biophysical parameters
used were derived from recent studies of similar Amazon-
region ecosystems. In the second run, ‘‘deforested simula-
tion’’, the forested-area biophysical parameters were replaced
by those corresponding to the pasture areas of the region.

The higher-resolution regional modelling revealed impor-
tant climatic features of the deforestation process, displaying
some associated mesoscale effects that are not typically repre-
sented in similar Global Circulation Model simulations. Near
coastal zones and along large rivers, deforestation resulted in
reduced cloud cover and precipitation. However, increased
cloud cover and precipitation was predicted over upland areas,
especially on slopes facing river valleys. The modelled surface
sensible and latent heat fluxes also presented both positive and
negative anomalies. The magnitudes of these anomalies were
greater during the dry season. Windspeed near the surface was

the meteorological variable that presented the most significant
change due to deforestation. The reduction in roughness coef-
ficient resulting from the shift from forest to pasture produced
increased windspeeds near the Atlantic coast. The greater
windspeeds diminished local humidity convergence and con-
sequently reduced rainfall totals in nearby regions.

The results obtained from these higher-resolution simula-
tions show that, in general, orography, coastline profile and
the distribution of large rivers play important roles in deter-
mining anomaly patterns of precipitation, wind, and energy
exchange associated with deforestation in eastern Amazonia.

1. Introduction

Evaluating the potential impact of Amazonian
deforestation on precipitation is critical to under-
standing how the local hydrological cycle may
change in the future. This type of study can also
improve understanding of the remote effects of
Amazonian deforestation and precipitation on
weather and climate in other regions of the world
(Eltahir, 1996; Werth and Avissar, 2002). One of
the most active areas of deforestation is eastern
Amazonia. This region is complex and comprises
various ecosystem types, such as native and
regrowth forests, mangroves, savannas, natural
fields, pasture fields and agricultural areas. The
region is characterised by proximity to the



Atlantic Ocean and by the presence of large rivers:
the Tapaj�oos, the Xing�uu, the Tocantins and the
Amazon which merge in an area of major conflu-
ence around Maraj�oo Island (Fig. 1). Moving west-
ward along the River Amazon, several other great
rivers and flood plains are found in the western
portion of the State of Pará, beyond the River
Tapaj�oos, in the areas surrounding the city of
Santar�eem. This unique physiography, characteris-
tic of the region, combined with large-scale atmo-
spheric circulation and intense water vapour flux
from the Atlantic, makes eastern Amazonia one of
the rainiest regions on Earth. This has a definite
effect on biodiversity and commercial land use in
the area.

The seasonal climatic cycle in eastern Amazo-
nia is heavily influenced by the north–south
migration of the Intertropical Convergence Zone
(ITCZ) (Horel et al., 1989). The timing of this
migration determines the arrival of the period of
heaviest rainfall, sometime between January and
April, as well as that of the dry season, occurring
between September and November (Rao and
Hada, 1990; Figueroa and Nobre, 1990). The
onset of the rainy season in this region is asso-
ciated with enhancement of the northern compo-
nent of the meridional wind (Wang and Fu, 2002)
and attenuation of the easterly-wind zonal com-
ponent (Marengo et al., 2001).

Although the characteristics of the atmosphere
over eastern Amazonia are determined by the

large-scale circulation, the proximity of the
ocean and the large rivers creates area-specific
spatial and temporal precipitation variabilities.
These values are clearly modulated by maritime-
breeze circulations (Kousky, 1980) and by river
breezes (Silva Dias et al., 2004). For example,
the mesoscale circulation associated with the
maritime breeze may organise the convection
into coastal squall lines, which are responsible
for a significant portion of the precipitation in
this region (Garstang et al., 1994; Cohen et al.,
1995). The interaction between the large-scale
circulation and the maritime-breeze circulation
also determines the time of day for the precipita-
tion events on the north-eastern coast of South
America (Kousky, 1980; Negri et al., 2000).

Several Global Circulation Model (GCM) stud-
ies have evaluated the local and regional climatic
impact of the complete substitution of Amazonian
forest by pasture (Nobre et al., 1991; Polcher and
Laval, 1994; Lean et al., 1996; Manzi and Planton,
1996; Hahmann and Dickinson, 1997; Costa and
Foley, 2000). In general, these studies indicate
that total replacement of forest by pasture will
result in a hotter, drier climate in the region
(see, for example, Table 1 in Hahmann and
Dickinson, 1997). On the other hand, some results
from GCM simulations show contradictory
effects, suggesting that these models are highly
sensitive to the physical processes they represent.
Sensitivity of large-scale tropical convection to
alterations in landscape has been investigated by
Polcher (1995). Employing a conceptual model of
convection dynamics, Polcher suggested that the
variations found in his studies of tropical defores-
tation could be explained by changes in the
frequency of intense convective events. He
concluded that this phenomenon occurs primarily
because these events are highly sensitive to sen-
sible heat fluxes at the surface.

A regional numerical study of the climatic
effects of deforestation in Amazonia has been
performed by Silva Dias and Regnier (1996).
However, their focus was on the state of
Rondôonia, in the western region of Brazil. No
detailed numerical studies have yet been per-
formed for eastern Amazonia, for which, the
simulations are likely to be quite different than
those presented for western Amazonia.

The climatic effects of large-scale deforesta-
tion are attributable to the complex interactions

Fig. 1. Fine-grid map of the modelled region showing prin-
cipal rivers, state boundaries and major cities. Cities indi-
cated with a cross are those with ground level automatic
stations that recorded the precipitation data used in compar-
isons between actual precipitation levels and those simu-
lated in the control run
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of soil and vegetation, energy and water
exchanges, cloud formation and general atmo-
spheric circulation. On a smaller scale, signifi-
cant orography and local circulation caused by
the proximity of the ocean and of large rivers
may also contribute to the local characteristics
of temperature, energy fluxes and surface distri-
bution of precipitation. Predictions of the poten-
tial effects of further deforestation, derived from
numerical simulations, are highly dependent
upon the model used, as well as upon the radia-
tion balance, precipitation, air temperature, dif-
fusivity and other physical parameters adopted
(Manzi and Planton, 1996).

The objective of this study was to simulate the
atmospheric effects of total substitution of forest
by pastureland in the eastern region of Amazonia.
In order to achieve higher spatial resolution, the
Regional Atmospheric Modelling System (RAMS)
model was used. The general characteristics and
configurations of the version of the RAMS model
chosen are presented in Section 2 of this paper. In
addition, the initial conditions, lateral conditions
and surface boundary conditions selected for ‘‘con-
trol’’ and ‘‘deforested’’ simulations are specified.
The simulated results, in which surface variables
are analysed in terms of annual averages and
seasonal-scale, specified-period averages, are pre-
sented in Section 3. The final summary and the
conclusions are found in Section 4.

2. Experimental design

The RAMS model employed is a comprehensive
numerical model of the atmosphere and includes
prognostic equations for temperature, water

vapour, liquid water (cloud and rain), three wind
components and five species of ice forms (Tripoli
and Cotton, 1982; Tremback, 1990; Walko et al.,
1995). The RAMS model has been widely used
to simulate relatively short-term (hours to several
days) atmospheric and land-surface processes
(Pielke et al., 1992), and, more recently, to simu-
late climate (Liston and Pielke, 2001; Lu et al.,
2001). The model version used in this work was
Version 4.4. An overview of the model character-
istics is given by Cotton et al. (2003).

In this study, the model was configured with
two grids. The first had 22 east–west points and
17 north–south points (horizontal interval be-
tween points: 200 km) and encompassed an
area from latitude 14� S to 14� N and from longi-
tude 26� W to 64� W. The second grid, nested
within the first, had 38 east–west points and 34
north–south points (horizontal interval between
points: 50 km). This second grid covered the
region which includes the countries of Suriname
and French Guyana and the Brazilian states of
Amapá and Pará, Maranh~aao (in large part),
Tocantins (northern portion) and Piauı́ (western
portion) (Fig. 1). Both grids had 25 vertical
layers, the first of which encompassed the initial
100 m of atmosphere. Each successive layer
increased by a factor of 1.2 until attaining a
dimension of 1000 m. Continuing up to the
model top (22.6 km), all subsequent layers were
1000 m thick. The model uses physical variables
of 12 soil layers, with the bottom of each layer at
the following levels (in metres): 0.01, 0.03, 0.05,
0.10, 0.15, 0.20, 0.30, 0.50, 1.0, 2.0, 3.0, and 4.0.

The model topography was defined using the
global, 30 arc-second, latitude–longitude dataset

Table 1. Biophysical parameters for each category of vegetation used

Parameter Forest Pasture Cerrado�

Albedo 0.13(1) 0.18(1) 0.18(2)

Emissivity 0.95 0.96 0.97
Leaf area index (LAI) 5.2(1) 2.7(1) 1.0(2)

LAI seasonal variation 1.0 2.0 0.8
Vegetation fraction coverage (Vfrac) 0.98(3) 0.85(3) 0.50
Vfrac seasonal variation 0.05 0.10 0.30
Roughness length, zo (m) 2.35(1) 0.05(1) 1.20(2)

Zero plane displacement (m) 28.4(1) 0.3(1) 10.0(2)

Root depth (m) 4.0(1) 1.0 2.0
Stomatal conductance (mm s�1) 0.0035(4) 0.0010(4) 0.0020(4)

� Savanna-like vegetation
Superscripts refer to the source references as follows: (1) Wright et al., 1996; (2) Miranda et al., 1996; (3) Silva Dias and
Regnier, 1996; and (4) Freitas, 1999
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available through the United States Geological
Survey’s (USGS) Earth Resources Observation
System (EROS). The topographic distribution
for the fine grid is shown in Fig. 2a. Within the
grid, there were some important areas of higher
elevation such as the Tumucumaque mountain
chain (in north-western Pará, west of Amapá
and south of French Guyana and Suriname), the
Brazilian central plateau (in southern Pará)
and the Mangabeiras high flats (in southern
Maranh~aao). The topography in the central por-
tion of the fine grid is dominated by lowlands
that begin on Maraj�oo Island on the Atlantic coast
and follow the Amazon valley to the western and
south-western sectors.

The RAMS sub-model that simulates interac-
tions between soil, vegetation and atmosphere
uses the land-to-water area ratio in each grid
cell of the model to compute the sensible and
latent heat fluxes (Walko et al., 2000). In this
study, the land-water fraction used was derived
from the ‘‘vegetation types’’ data files produced
by the Centro de Previs~aao de Tempo e Estudos
Climáticos (CPTEC) of the Instituto Nacional de
Pesquisas Espaciais (INPE) (Sestini et al., 2002).

The vegetation-cover distribution data used
for the fine grid were also taken from the
CPTEC=INPE data files and are shown in Fig.
2b. The region presents a great variety of vegeta-
tion types and, in order to simplify this study, the
different types of vegetation in this domain were

classified as either ‘‘forest’’, ‘‘pasture’’ or ‘‘cer-
rado’’ (a type of savanna). According to this clas-
sification, the major portion of the continental
region within the modelled domain is covered
by forest. The cerrado types of vegetation
are found mainly in the southern areas of
Maranh~aao and Piauı́, on the eastern side of
Maraj�oo Island, along the eastern coast of Amapá
and in some spots along the Amazon. The areas
already deforested are more significant in south-
eastern Pará and in the central region of
Maranh~aao. A smaller area representative of this
type of vegetation is also found on the north-east-
ern coast of Pará, on the eastern side of Maraj�oo
Island.

The original RAMS biophysical parameters
for each type of vegetation were replaced (Table
1) by either locally observed values (Wright
et al., 1996; Miranda et al., 1996) or by those
adopted in previous studies of Amazonia (Silva
Dias and Regnier, 1996; Freitas, 1999). Values
not indicated by the index in Table 1 were
assumed in accordance with a personal commu-
nication from Humberto da Rocha.

Two simulation runs were performed. In the
first (CONTROL), each vegetation class within
the modelled domain was given its proper bio-
physical parameters, according to Table 1. In the
second simulation (DEFORESTED or NOFOR),
the vegetation biophysical parameters of the
‘‘forest’’ classification were replaced by the

Fig. 2. (a) Fine-grid topographical map of the modelled area, showing the principal upland regions. Contour intervals are
50 m, with a minimum altitude of 100 m and shaded after 200 m. (b) Fine-grid map of vegetation distribution. Dark, medium
and light shading correspond to ‘‘pasture’’, ‘‘forest’’ and ‘‘cerrado’’ areas, respectively
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respective biophysical parameters of the ‘‘pas-
ture’’ classification.

Both simulations were initialised with geopo-
tential, temperature, relative humidity and hori-
zontal wind components obtained from the
National Centers for Environmental Prediction
(NCEP) global model analysis. Analysis was at
standard pressure levels, using a grid of 2.5� lati-
tude by 2.5� longitude. The lateral boundary con-
ditions for the coarse grid were also provided by
the NCEP model analysis and were assimilated
at each grid limit point, with a nudging time of
900 seconds. Sea surface temperature (SST) was
defined on a 1� global grid according to the
National Oceanic and Atmospheric Administra-
tion (NOAA) weekly analysis and was interpo-
lated to find the SST values for this RAMS
model simulation.

In setting initial conditions for temperature in
all soil layers, it was assumed that values were
6 �C higher than those established at the first
level of the atmospheric model. This soil temper-
ature=air temperature differential is the median
for the month of August in this region (Souza
et al., 2002). The initial conditions for the hori-
zontally non-homogeneous soil moisture con-
tents were derived from climatology data for
the month of August (Rossato et al., 2002).

The model runs spanned a 13-month period,
starting at 00 h UTC on 1 August 2000 and end-
ing at 00 h UTC on 1 September 2001. The

results shown and discussed relate to regional
averages of one-year periods and three-month
periods. The three-month averages correspond
to the periods of heaviest rainfall (February to
April) and least rainfall (June to August)
observed over the course of this study.

3. Results

Several previous studies have documented the
annual variation and spatial distribution of rain-
fall in the Amazon basin (Figueroa and Nobre,
1990; Marengo, 1992; Rao et al., 1996). The
relationship between precipitation and large-
scale circulation has also been investigated
(Horel et al., 1989; Hastenrath, 1997). Eastern
Amazonia has one of the highest annual rainfall
rates in the world. The Amapá coast and Amazon
delta receive more than 3000 mm of precipitation
per year. Interior regions, such as the central and
western portions of the state of Pará, receive
approximately 2000 mm annually. The greater
part of this precipitation falls during the period
between January and April, due to the southward
movement of the ITCZ.

In Fig. 3, both actual and simulated monthly
precipitation averages are shown for the period
of September 2000 to August 2001. Measure-
ments of actual precipitation were taken at auto-
matic meteorological stations, two on the coast
(at Soure and Braganc�a) and two in the interior

Fig. 3. Comparison of monthly precipitation (mm) collected between September 2000 and August 2001 at the ground level
automatic stations (indicated in Fig. 1) with that simulated in the control run for the same period
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(at Altamira and Marabá). The simulated
monthly averages shown are those from control
runs for the same stations. Disregarding a few
anomalous months, comparison of observed pre-
cipitation and simulated precipitation shows that
the control run simulation was able to capture the
annual precipitation cycles in the region rela-
tively well. Taking eastern Amazonia and the
adjacent Atlantic coastal waters as a whole,
the control run also succeeded in simulating the
annual north–south movement of the ITCZ (Fig.
not shown.).

Control-run precipitation totals accumulated
during the 12 months, September 2000 to
August 2001, are shown in Fig. 4a. Despite
the apparent agreement between the observed
and simulated distribution patterns, it is impor-
tant to note that simulated precipitation values
were overestimated. There is a large area of
maximum precipitation encompassing the
coastal area of Amapá, the Amazon delta, the
northern part of Maraj�oo Island and a portion
of the adjoining coastal waters. Precipitation
values in RAMS simulations were arrived at
by summing precipitation values generated by
the microphysics RAMS module (commonly
known as ‘‘explicit microphysics precipitation’’
or ‘‘totpcp’’) and those generated by Kuo cumu-
lus parameterisations (known as ‘‘convective
precipitation’’ or ‘‘acccon’’). Precipitation distri-
bution patterns simulated by the control run
were primarily determined by the microphysics

module, accounting for 85% of all simulated
precipitation.

The total precipitation field shown in Fig. 4a
displays a smaller but significant area of maxi-
mum precipitation along the Amazon valley. The
higher precipitation values for this area, espe-
cially the rainy-season values, can also be attrib-
uted to the microphysics module.

The anomalies in annual accumulated precipi-
tation totals resulting from the NOFOR simula-
tion minus the CONTROL values are shown in
Fig. 4b. The data shown indicate that, if the forest
were replaced by pasture, there would be a defi-
nite precipitation reduction in certain areas. A
coastal area stretching from Amapá to the eastern
portion of Maraj�oo Island, as well as an east–west
strip of the Atlantic, would suffer an approximate
16% reduction in precipitation. The coastal area
of negative precipitation anomaly may be attrib-
uted to a reduction in water vapour convergence
near the ocean, owing to the changes in vege-
tation. As the surface roughness coefficient
decreased, there would be an increase in wind-
speed over those areas, with the attendant reduc-
tion in humidity convergence.

Another area, in and around the River Amazon
city of Santar�eem, would see precipitation totals
decrease by approximately 10% after the substi-
tution of forest by pasture. This reduction was
almost entirely generated by the microphysics
module (Fig. 5a) and would be observed in both
dry and rainy seasons.

Fig. 4. Total (convective plus microphysics) accumulated precipitation fields (mm) for: a) 12-month control run and b)
anomaly (deforested minus control). Contour intervals are 500 mm (a), and 200 mm (b). Solid contours for positive values (b)
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Contrary to most previous studies, which
used GCM atmospheric simulations, the pre-
cipitation field anomalies in the present sim-
ulations also showed areas of enhanced
precipitation, constituting positive anomalies
of some 10 to 16% (Fig. 4b). As can be seen,
these anomalies were primarily on the slopes
of the uplands to the north and south of the
River Amazon. Both microphysics (Fig. 5a)
and parameterised convective rainfall (Fig. 5b)
contributed to the calculation of these precipi-
tation increases. At higher altitudes, the latter
predominated.

Consistent with the precipitation behaviour,
cloud cover over the coastal areas of Amapá
and along the River Amazon reduces by approxi-
mately 5% after deforestation (Fig. 6). In this
region, the reduction in cloud cover is more evi-
dent during the dry season (Fig. 6b). Conversely,
an increase in cloud cover was observed over the
upland slopes of the region, both during the rainy
period (Fig. 6a) and during the dry period
(Fig. 6b).

The annual anomalies in sensible heat flux dis-
tribution (Fig. 7a) present only a few differences
between the CONTROL and NOFOR runs for

Fig. 5. Annual precipitation anomaly (deforested minus control), in mm, for: a) explicit microphysics precipitation and; b)
parameterised convective precipitation. Shading intervals are 200 mm (a), and 50 mm (b). Solid contours for positive values

Fig. 6. The cloud-cover anomaly (deforested minus control), in %, for: a) February to April 2001 and; b) June to August
2001. Shading intervals of 2%. Solid contours for positive values
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the coastal area extending from Amapá and
Maraj�oo Island to north-eastern Pará and north-
western Maranh~aao. Nevertheless, over more con-
tinental areas, the substitution of forest by
pasture produced an attenuation of approxi-
mately 10% in sensible heat flux values, consis-
tent with findings from previous studies (Manzi
and Planton, 1996). In the simulated dry months,
this attenuation was more pronounced (Fig. 8a).
In the southern and south-eastern sections of the
modelled domain, an increase in sensible heat
flux can be seen within an area dominated by
cerrado-type vegetation.

The latent heat flux anomaly distribution (Fig.
7b) indicates an attenuation of nearly 6% in the
central, southern and north-eastern regions of
Pará. There is a more intense negative anomaly
nucleus in north-eastern Maranh~aao, extending
into the state of Piaui. In contrast, the same
substitution of forest by pasture resulted in an
enhancement of latent heat fluxes over the upland
region north of the equator (Fig. 8b). During the
dry period in the modelled domain, both positive
and negative latent heat flux anomalies occur.
The absolute values of these anomalies are com-
parable to those estimated by previous studies

Fig. 7. Annual anomaly (deforested minus control) of: a) surface sensible heat flux (W m�2); and b) surface latent heat
(W m�2). Shading intervals are 2 W m�2 (a), and 5 W m�2 (b). Solid contours for positive values

Fig. 8. The dry quarter (June to August 2001) average anomaly (deforested minus control) of: a) surface sensible heat flux
(W m�2) and; b) surface latent heat flux (W m�2). Shading intervals are 5 W m�2. Solid contours for positive values
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(Manzi and Planton, 1996; Hahmann and
Dickinson, 1997).

It is of note that replacement of forest by pas-
ture over the continent leads to an approximate
6% increase in latent heat fluxes over the ocean,
near the Amapá and Maranh~aao coasts (Figs. 7b
and 8b). This increase occurs as a result of
increased windspeed at the ocean-continent inter-
face, due to the difference in roughness coeffi-
cient between forest and pasture values. In this
model, evaporation over the ocean depends on
SST and windspeed. The same SST was adopted
in the two model runs and the model had no
coupled ocean module capable of changing the
SST according to vertical mixing. Therefore, the
increase in windspeed inevitably led to higher
local latent heat fluxes.

Over the modelled domain, the effects of
deforestation on temperature and water vapour
field distributions were more pronounced during
the dry season. Therefore, only the results corre-
sponding to the period from June to August are
presented (Fig. 9). For the first simulated atmo-
spheric level (altitude, 47 m), the average tem-
perature anomaly during this quarter (Fig. 9a)
showed an increase of about 1 �C over most of
the land surfaces within the domain. The nucleus
of a higher temperature anomaly was identified
over the upland areas of Amapá. Along the Ama-
zon and in the flood plains around Santar�eem,
temperatures showed little variation due to defor-

estation. Over regions that presented positive
temperature anomalies, a decrease of approxi-
mately 0.5 g kg�1 in the water vapour mixing
ratio was observed (Fig. 9b). Lesser variations
in this ratio were found along the Amazon and
in the coastal areas of Amapá and Pará.

Among all meteorological variables consid-
ered, the greatest variation was seen in wind-
speed at the first level of the model (Fig. 10).
Inland, near the coast, windspeed was predicted
to increase by approximately 80% after defores-
tation. The windspeed would rise from 3.0 to
5.5 m s�1, mainly over upland slopes in Amapá
and near the border between Pará and Maranh~aao.
The nuclei of maximum windspeed variations
were positioned mainly over the up-wind sides
of the ranges of hills nearer to the Atlantic coast.
Such is the case over the State of Amapá, espe-
cially during the rainiest months (Fig. 10a), when
the prevailing winds are from the north–east. It is
also the case around the border between Pará and
Maranh~aao during the drier months (Fig. 10b),
when the prevailing winds are from the east.

It should be noted that the smallest post-defor-
estation variations in windspeed were predicted
along the Amazon, a river which, coincidentally,
flows in the same direction as the prevailing
winds. The contrast between the minimal varia-
tions in windspeed along the Amazon and the
more pronounced variations in other regions
was more evident during the local dry season

Fig. 9. The dry quarter (June to August, 2001) averages for: a) temperature anomaly (deforested minus control) in �C and; b)
water vapour mixing ratio anomaly (deforested minus control) in g kg�1. Shading intervals are 0.25 �C (a), and 0.25 g kg�1

(b). Solid contours for positive values
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(Fig. 10b). Because of the increased windspeeds
near the surface, there was an anomalous humid-
ity divergence along the coastline and increasing
humidity convergence towards the interior of the
continent (Fig. 11).

4. Summary and conclusions

Multiple effects of the eventual substitution of
the forest by pasture over the eastern sub-region
of Amazonia were predicted through the RAMS-
model simulations. This mesoscale regional
model incorporates a comprehensive physical

representation of the radiative, convective, cloud
microphysics, and surface-atmosphere interac-
tion processes. Therefore, it is appropriate for
studying the atmospheric responses to local var-
iations in surface vegetation combined with the
influence of the existing topography, land-ocean
interfaces and large rivers of the region.

The results of this study, as with all other
numerical modelling simulations, are highly de-
pendent on the performance and limitations
of the chosen model. These particular deforesta-
tion simulations revealed important effects that
have not been previously investigated. For this

Fig. 10. The average windspeed anomaly (deforested minus control), in m s�1, for: a) rainy months (February to April 2001)
and; b) dry months (June to August 2001). Shading intervals are 0.5 m s�1. Solid contours for positive values

Fig. 11. The average humidity-divergence anomaly (�106 g kg�1 s�1) for: a) rainy months (February to April 2001) and; b)
dry months (June to August 2001). Shading intervals are 50� 106 g kg�1 s�1. Solid contours for positive values
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area, GCM studies have not simulated effects
such as the influence of the large rivers in the
region. Contrary to most large-scale model stud-
ies, the RAMS-model simulation predicted that
the deforestation of eastern Amazonia would not
produce a generalised reduction of precipitation
over the region.

The present simulations indicated that defores-
tation would result in reduced cloud cover and
precipitation over certain areas, such as the
Amapá coast, the eastern part of Marajo Island
and along the large rivers of this region. This
would be particularly pronounced along the
Amazon, near the city of Santar�eem. However,
over the mountain slopes in central-southern
Pará, as well as those north of the Amazon,
increased cloud cover and precipitation were
predicted. It should be mentioned that GCM
simulations of South American upland regions
produced a similar result (Manzi and Planton,
1996). In contrast, Hahmann and Dickinson
(1997) showed that variations in humidity con-
vergence and precipitation during the rainy sea-
son in Amazonia presented a shift in the area of
maximum precipitation, rather than a generalised
decrease over the deforested area.

The main contribution to the simulated pre-
cipitation values came from the RAMS explicit
microphysics precipitation sub-module. This
type of modelled precipitation dominates the
anomaly field computed between the deforested
run and the control run. Considering only the
Kuo-type convective parameterisation of the
model, comparison of the deforested and control
runs revealed that there was a generalised in-
crease in precipitation. The only exception was
over a narrow coastal strip, where the biophysical
parameters for vegetation were identical in the
two simulations. Since Kuo-type convective
parameterisation is dependent on the degree of
thermodynamic instability of the atmosphere,
this finding indicates that deforestation of Ama-
zonia would result in an increase in the number
of deep convective events, primarily over upland
areas.

The sensible and latent heat fluxes also pre-
sented negative and positive anomaly regions
resulting from deforestation. The magnitudes of
these anomalies would be greater during the dry
season. Qualitatively similar results have pre-
viously been simulated using GCMs (Nobre

et al., 1991; Manzi and Planton, 1996). Over
the deforested area south of the equator, a
decrease in surface latent heat fluxes was pre-
dicted. However, over the upland areas of western
Amapá and north-eastern Pará (corresponding
to the regions of increased precipitation anoma-
lies), deforestation would produce an increase in
latent heat fluxes.

The results indicate that deforestation should
produce a generalised increase in temperatures
and a generalised decrease in the water vapour
mixing ratio. The exception in both cases was the
area along the Amazon, over the flood plains
near Santar�eem. With the exception of the meso-
scale spatial details, the amplitude variations
in RAMS-simulated temperature increases and
water vapour mixing ratio decreases are compa-
rable to those obtained through GCM simulations
(Nobre et al., 1991; Manzi and Planton, 1996).

Windspeed near the surface is the meteorolog-
ical variable that undergoes the greatest positive
variation attributable to deforestation. These var-
iations are even more significant over the up-
wind side of the hills near the Atlantic coastline.
The shift from forest to pasture reduces the sur-
face roughness coefficient, which in turn allows
windspeeds to increase and lessens humidity
convergence over the ocean-land interface. Con-
sequently, rainfall decreases in the area. It should
be pointed out that the deforested simulation did
not predict a significant increase in windspeeds
over the Amazon flood plains surrounding
Santar�eem.

In general, the high-resolution simulations of
deforestation employed in this study reveal that
topography, coastline profile and large rivers all
play important roles in the anomalous patterns of
precipitation, wind, and energy exchange in the
eastern region of Amazonia.
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