
Meteorol Atmos Phys 94, 115–128 (2006)
DOI 10.1007/s00703-005-0174-3
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Summary

The impact of the changes on soil cover and land use
brought about by the construction of the Sobradinho Dam
in the semi-arid region of the São Francisco River Hydro-
graphic Basin is analyzed by means of a numerical model
RAMS. Disregarding the influence of a large scale flow, a
set of factors were responsible for the creation of a rather
complex circulation system that includes mountain-valley
winds, lake breeze (LB) and non-conventional circulation
all induced by the surface non-homogeneous aspect. Results
have demonstrated that the implementation of works of
such magnitude brings about environmental changes in an
area that stretches far beyond the surroundings of the reser-
voir. The soil cover alterations due to the ever increasing
development of the area with the presence of irrigated crops
in a sparsely vegetated region (caatinga) does affect land
surface characteristics, occasioning for that matter the split-
ting of the available energy into latent and sensible heat
fluxes. LB behavior varies in accordance with atmospheric
conditions and also in view of the type of vegetation found
in the lake surrounding areas. Hydro availability in root
zones, even under adverse atmospheric conditions (high
temperature and low air humidity) brings up the high rates
of evaporation and plant transpiration that contribute
towards the increase of humidity and the fall of temperature
in lower atmospheric layers.

1. Introduction

The waters of the São Francisco River are mainly
used for electrical power generation. According

to IBGE (The Brazilian Institute of Geogra-
phy and Statistics) data, the construction of the
Sobradinho Dam boosted up the use of land,
leading to a substantial increment of irrigated
farming, whose growth reflects on the utiliza-
tion of the waters and soil surface features as
well as on soil management as a result of re-
placing native vegetation (caatinga) by farm-
ing lands. In a semi-arid area, any alteration on
the vegetation cover will bring about substantial
changes in the atmospheric boundary layer (ABL)
structure.

Results of statistical analysis, presented in
part I of this paper, confirm that the dam con-
struction has altered the local environment, and
that wind and humidity are the most affected
meteorological elements. It is the purpose of this
work to elucidate the various processes responsi-
ble for the behavior of these elements by means
of numerical simulations performed with the
RAMS model (Regional Atmospheric Modeling
System). The model makes it possible to simu-
late the atmospheric behavior with and without
the lake (WL and NL), and evaluate the reservoir
impact through the difference between the results
obtained from both simulations. The influence of
increasing irrigated area was measured by con-
sidering the difference between simulations with



irrigated crops (WIC) and without irrigated crops
(NIC).

The 4a-RAMS model version was used. This
model has been extensively used to simulate
mesoscale processes that have been validated
by case studies (Pielke et al, 1992; Avissar and
Pan, 2000; Correia and Silva Dias, 2003). In the
present work, both the dimension and location of
the main public irrigation perimeters were intro-
duced in the model with considerable precision
along with vertical profiles of soil humidity, ren-
dering possible the simulation of water extraction
from the roots and its transfer to the atmosphere.

1.1 Native vegetation characteristics

The caatinga is the typical vegetation found
in regions subjected to long dry periods. The
caatinga lies in an area that corresponds to about
11% of the Brazilian territory, encompassing

most of the northeastern semi-arid region. It is
made up of a vegetation complex including de-
ciduous (plants whose leaves fall at certain pe-
riods of the year) and xerophilous (plants that
possess anatomical and physiological character-
istics capable of restricting transpiration) vegeta-
tion complex made up of firewood vegetation and
a myriad of cacti and bromeliacease.

During long dry periods, the trees are deprived
of their leaves, and the soil in between them
is left almost without grass or weeds (Fig. 1a).
Leaf falling in the absence of rain is seen as
one of the flora defense mechanisms to cope
with hydro scarcity. However, at the beginning
of the rainy season, the vegetation turns green,
changing the landscape radically (Fig. 1b). The
caatinga plants have developed physiological
mechanisms that account for the accumulation
of nutrients and water storage (roots, and certain
types of stem) as a way of getting adapted to the

Fig. 1. Caatinga (a) dry season, (b) rainy season; grouped-caatinga (c), and dense, bushy-caatinga (d) (Source: Romariz,
1996)
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caatinga’s dry climate. These are processes
that enable the plants to survive the dry season.
Taking humidity into account, the caatinga veg-
etation is classified in two groups, each one
representing a different kind of landscape: the
agreste (dry area in northeast Brazil), found in
regions closer to the sea, and, therefore, present-
ing higher humidity in deep soils with taller and
denser vegetation; and the sertão (the arid and
remote interior) to be found deeper in the interior
with lower humidity in shallow and rocky terrain.

The so-called grouped-caatinga exhibits the
kind of vegetation commonly found on the banks
of the São Francisco River where the topography
presents itself as rugged with elevations not
greater than 300 meters. There one can find cacti,
bromeliacease and twiggy shrubs; all spread
in thickets, easily exposed to the sun rays, with
clear areas in between them. The plants are 2–3
meters high, forming a thorny entanglement of
vegetation (Fig. 1c). Another kind of vegetation,
frequently found in the region, is the dense,
bushy caatinga which forms a far more compact
thorny entanglement. The bushy caatinga is
thick, but it does not cover the soil completely.
The higher specimens reach 5 to 6 meters. Cacti
and bromeliacease can also be found in this area
(Fig. 1d).

2. Methodology

2.1 Numerical model description

RAMS numerical model evolved from a meso-
scale model (Pielke, 1974) and from a cloud
model (Tripoli and Cotton, 1982). This model
is a rather versatile numerical code whose struc-
ture allows simulations with several degrees of
complexity. RAMS is a non-hydrostatic, three
dimensional model with a vertical coordinate that
follows the topography. It also includes surface
physical processes through a soil layer and a sur-
face layer with vegetation, turbulent processes,
cumulus convection and cloud microphysical
processes parameterizations, short and long wave
radiation. This model is made up of an atmo-
spheric and a surface module that interact with
each other, given the appropriate boundary con-
ditions. The heat and humidity fluxes parame-
terization scheme inside the bared soil was
developed by Tremback and Kessler (1985) based

on a multi-layer model put forward by Mahrer
and Pielke (1977), and MacCumber and Pielke
(1981). The prognostic temperature and soil
wetness equations have been derived from the
diffusion equation that has been explicitly
solved. Details of the model’s equations and
structure may be found in Avissar and Pielke
(1989) and Pielke et al (1992).

There exists a direct link between the weather
conditions in the sub-medium São Francisco
River and the surface wind behavior (Silva
Aragão et al, 1997). Months with below normal
rainfall are characterized by winds associated
with the South Atlantic subtropical anticyclone
(east=southeast trade winds), whereas months
with above normal rainfall exhibit other direc-
tions due to the influence of other atmospheric
systems such as the Intertropical Convergence
Zone (ITCZ), Upper Tropospheric Cyclonic Vor-
tices and Frontal Systems coming from south-
ern Brazil. In a favorable synoptic situation,
mechanical and thermodynamical effects of the
topography upon the atmospheric flow may con-
tribute towards an intensification of mountain-
valley winds or give rise to specific systems
resulting from scale interaction.

Under such a context, upper air data from
two radiosondes launched in Petrolina-PE during
the region’s dry season were selected to repre-
sent contrasting situations in terms of the mean
wind and moisture content. The June 5th, 1985
sounding (ATM85) – a typical situation in which
one can notice the weakening of the south-
easterly trade winds due to the penetration of a
frontal origin system (Silva Aragão et al, 2000)
that altered the region’s weather conditions
thoroughly.

The September 30th, 1999 sounding (ATM99)
describes a convectively stable atmosphere with
a typical synoptic environment of Petrolina,
almost always under the influence of the South
Atlantic subtropical high. On this day, surface
wind at the time of observation was coming from
the east with an intensity of 6 ms�1, close to
the monthly mean of 4–5 ms�1 as obtained by
Correia (2000).

Aiming at doing away with the influence of
the mean wind and highlighting the surface
forcing effects, the wind of the soundings was
not taken into account. The influence of the
surface forcings is isolated, considering the
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clear sky meteorological situation in complex
terrain. Clear sky condition is secured by keeping
the model’s microphysical scheme deactivated
and by using the radiation parameterization
suggested by Mahrer and Pielke (1977). Such
parameterization allows one to calculate the
surface short wave and long wave radiation
fluxes, without considering the liquid and solid
phases of atmospheric water; only water vapor is
considered.

In the case of ATM99, the error on deactivat-
ing the model microphysical processes may be
considered to be negligible in view of the small
incidence of clouds on that day. In the case of
ATM85, an increase in cloudiness in the after-
noon endangered somehow the results due to
the elimination of the cloudiness influence on
the surface energy balance.

Each model integration lasted for 24 hours and
started at 03:00 LT (local time) with a homoge-
neous structure obtained by extending the sound-
ing data to the entire domain. A vertical grid was
built up for 30 levels with 50-meter initial �z,
increasing upward the l.2 ratio up to 1 km. From
this level upwards, the �z was constant up to the
top of the model.

2.1.1 The lake impact

Two grids with spatial resolution of six and two
kilometers – grids 1 and 2 respectively, both
centered in Petrolina-PE (9.4� S–40.5� W) have
been used. Grid 1 covers an area of approxi-
mately 562� 562 km2, and grid 2, an area of
184� 184 km2. Specification of the topography
and soil occupation, including the vegetation
type and the location and dimension of the
Sobradinho reservoir, was based on RAMS

data files (1 km resolution) obtained by means
of advanced very high resolution radiometers
(AVHRR). As displayed by these files, the veg-
etation cover is predominantly of the types
temporary bush and semi-desert. In both north-
west and southwest domain sectors, close to the
lake, there exist large vegetated areas. The type
of soil used in the simulations was the sandy clay
loam. The soil wetness profile was considered
uniform within the domain, and the choice of a
constant 0.40 of the saturation value was based
on the model sensitivity results. Regrettably, this
parameter is not systematically observed in the

region, unless for very specific purposes. This is
a variable that has a significant impact on the
local circulation simulations. A too high value
can diminish the thermal contrast between the
lake surface and its surrounding area, reducing
the lake’s breeze intensity. On the other hand, a
too low value can create excessively intense cir-
culations and produce unrealistic results.

The changes brought about by the dam con-
struction have been assessed by means of simu-
lations with lake (WL) and without lake (NL).
Considering the fact that for these experiments
the lake itself represents the forcing mechanism,
data files have been created so as to do away
with the flooded area within the domain. The
analyses were based upon the ATM85 and
ATM99 experiments.

2.1.2 The impact of changes on soil use

Specification of the soil occupation including the
irrigation perimeters required to insert these
areas into the numerical domain. For that matter,
a map developed by the Departamento Nacional
de Obras Contra as Secas (National Department
Against Droughts) providing information on the
Northeast semi-arid region water resources was
used. By superimposing grids with 2� 2 km2, it
was possible to determine accurately the dimen-
sion and location of the main public irrigation
perimeters in operation, and also to define the
number of grid points that would correspond to
all vegetation groups. Figure 2 shows the numer-
ical domain covered by grid 2, together with the
Sobradinho Lake and irrigated areas. The soil
used in the simulations is of the type Sandy clay
loam, and it is simulated for an underground
depth of 1.0 m, represented in the model by 10
levels with higher resolution close to the surface,
and progressively lower resolution with depth.
The hydraulic properties of this soil are found
in MacCumber and Pielke (1981), and Tremback
and Kessler (1985).

2.1.3 Soil wetness effect

Segal et al (1988) have demonstrated that the soil
should be initialized with a drier profile close to the
surface and a damper profile at the depth of the
roots as long as one’s objective is to represent
the impact of stress-free vegetated areas on meso-
scale atmospheric circulations. Aiming at assess-
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ing the impact of replacing the caatinga by irri-
gated crops, the model was initialized with a soil
wetness profile and structure as shown on Table 1.
Analyses were based on experiments carried out
with ATM99.

The SD vegetation was selected as the pre-
dominant type in the domain under investigation.
Some parameters which are demonstrative of this
type of vegetation have been altered so as to bet-
ter represent the values found in the area of study
under environmental conditions most typical of
the dry season.

The vegetation cover fraction of the caatinga
region is above the value of 0.10 (typical of

desert areas), as defined in the model scheme,
throughout the dry season. During this period
most plants’ leaves fall as a defense mechanism
against water scarcity. Equally important is the
way some branches and twigs get all entangled to
form a bushy protection against direct solar inci-
dence, preserving the soil humidity for a much
longer period. This effect, which somehow pro-
duces larger shadowy areas, was responsible for
an increase in soil cover fraction that jumped
from 0.10 to 0.30.

Another very important feature concerning the
physical processes discussed in this paper is the
distribution and percentage of roots in the soil’s
upper layer. This represents a most significant
vegetation morphological aspect as found in the
semi-arid and consequently must be treated as
adequately as possible. This parameter, which
represents the water percentage extracted from
the soil upper layer through the transpiration pro-
cess has a value of 0.80 in the model, being as
it is unrealistic for the region under analysis. The
caatinga vegetation species possess deep roots
which have in some regions ramifications on
the soil’s upper layers so as to capture as much
water as possible during the rainy season. Never-
theless, it is also natural to find areas where roots
go deeper into the soil in search of water. Exca-
vations carried out in the semi-arid have shown
the existence of underground water at a depth of
5 to 36 meters, though this is not common in the

Table 1. Initial conditions and properties of the soil used in
the ATM99 simulations (IC: irrigated crop, SD: semi-desert
vegetation; type of soil: sandy clay loam)

Soil depth (m) Moisture content of the soil

IC SD

�0.02 0.60 0.17
�0.05 0.60 0.17
�0.10 0.60 0.17
�0.20 0.60 0.17
�0.35 0.60 0.17
�0.45 0.80 0.20
�0.50 0.80 0.20
�0.60 0.80 0.20
�0.80 0.80 0.20
�1.00 0.80 0.20

Fig. 2. Map showing the localization of the Sobradinho Lake and the main public irrigation perimeters in the sub-medium
São Francisco River (a), and the numerical domain covered by grid 2 (b)
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area (Rizzini, 1997). This was taken into account
by replacing the value of 0.80 by 0.50.

3. Results and discussion

3.1 Lake effect

Figure 3 shows the horizontal wind fields ob-
tained in the simulations with lake (WL) and
without lake (NL), and their difference at 15:00
LT for ATM85 and ATM99 on grid 2 domain.

A comparison between the WL and NL simu-
lation results reveals similar configurations for
both cases. The flow suggests that the topo-
graphic factor is dominant on the intensity and
direction of thermally forced winds. Local cir-
culations are basically controlled by anabatic
winds on the slopes of higher areas within the
lake region. On the other hand, the pressure
gradient resulting from the difference between
air temperature above the water and over the
surrounding areas gives rise to yet another ther-
mally forced circulation known as lake breeze
(LB). However, the direction and intensity of
the flow can be influenced by the topography,
the lake bank configuration, the surrounding
vegetation type and the atmospheric thermody-
namic structure.

Figure 3e and f illustrates the specific contri-
bution of the presence of the lake upon the local
circulation by the wind field resulting from the
difference between both simulations. The effects
are far more evident in ATM85.

The difference field between the two simula-
tions for ATM99 shows that the lake contributed
slightly for the thermally induced flow. This
LB behavior results from the influence of the
atmospheric thermodynamic characteristics, the
lake neighboring type of vegetation and the area
topography.

In ATM99, the anabatic winds at 15:00 LT are
visibly contrary to the LB penetration. In ATM85
this effect cannot be noticed, and the LB is seen
to expand eastwards. The difference between the
anabatic winds as observed in both simulations,
from which the ATM99 is seen as having pro-
duced far more intense values, is directly depen-
dent on the atmospheric features, since the soil
cover and the topography are identical in both
cases. In situations with relatively low humidity
content, the surface evaporation rate is initially

high. Most of the energy absorbed by the sur-
face is redistributed by latent heat flux. In time,
a gradual drying up of the soil’s upper layers can
be noticed; evaporation decreases and tempera-
ture reaches higher values. Strong thermal gra-
dients are created as a result of the different
altitudes and terrain inclinations.

The redistribution of energy absorbed at the
surface through sensible (H) and latent heat
fluxes (LE) is a result of the vegetated soil
main features. According to Pielke et al (1992)
the intensity of thermally induced circulations is
directly related to the magnitude and horizon-
tal distribution of the surface heat fluxes. Conse-
quently, LB behavior can be altered in the
presence of vegetation in the vicinities of the
lake.

Plant transpiration rate is also affected by the
atmospheric humidity content, and, considering
the type of vegetation, there exists a major or
minor stomatic resistance affecting the spatial
distribution of the surface energy fluxes.

In situations when the plants transpire ef-
fectively, the energy absorbed at the surface is
mostly redistributed through latent heat flux.
The opposite can be seen in regions with bare
soil or soil covered with stressed vegetation,
since the energy is basically redistributed as sen-
sible heat. The plant’ stomas govern Bowen’s
ratio on vegetated surfaces (Avissar and Pielke,
1989).

Figure 4 shows the horizontal distribution of
the sensible heat flux (H) in grid 2 domain for
ATM85 and ATM99. One can see that, for the
same conditions of soil humidity and vegetation
cover, the spatial distribution of H changes when
the atmospheric thermodynamic properties are
modified.

Figure 5 shows the wind field obtained as a
result of the difference between the WL and NL
simulations for ATM85 in grid 1 domain (6 km
resolution). The whole area affected by the LB
is well defined and clearly seen at 15:00 LT
(Fig. 5a). However, at 18:00 LT (Fig. 5b), a
weakening of LB circulation can be noticed to
the south of the lake, caused by catabatic winds
created by the mountain slopes’ radiative cool-
ing. On the opposite side of the lake, where the
ground is flat, and there occurs a reduction on
turbulent fluxes, the lake’s impact is far more
noticeable.
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Fig. 3. Wind field (ms�1) at 24 meters above the surface at 15:00 LT on grid 2 domain (2 km resolution) for ATM85 and
ATM99. The gray areas represent the Sobradinho Lake and the São Francisco River. Wind scale can be found below each
illustration



3.1.1 Air temperature and humidity

Figure 6 shows air temperature and mixing ratio
fields resulting from the difference between the
WL and NL simulations. One can see that there
occur a temperature reduction and an increase
in atmospheric humidity specially in the area
affected by the LB. It has become apparent, as
one can see from the illustrations of both ATM85
and ATM99, that the region to the east of
the 40.5� W meridian, where the stations of

Petrolina, Bebedouro and Mandacaru are located,
was only slightly affected by the lake.

3.2 Soil humidity effect

The main purpose of these analyses is to assess the
atmospheric response to the inclusion of irrigated
crops in areas that are covered with scanty vegeta-
tion as the SD type, and also to estimate the influ-
ence of such discontinuity in vegetation cover on
the genesis of thermally induced circulations.

Fig. 5. Difference wind fields (ms�1) between the simulations with lake (WL) and without lake (NL) in grid l domain (6 km
resolution) at 24 m above the surface for ATM85: (a) 15:00 LT and (b) 18:00 LT. The gray area represents the Sobradinho
Lake

Fig. 4. Sensible heat flux horizontal distribution (Wm�2) in grid 2 domain (2 km resolution) for: (a) ATM85, and (b) ATM99
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3.2.1 Wind, latent heat and sensible heat

Figure 7 shows wind, latent (LE) and sensible
(H) heat fluxes fields resulting from the differ-
ence between the WIC and NIC simulations at
12:00 and 15:00 LT for ATM99. The H differ-
ences between the irrigated crops (WIC) and
semi-desert (NIC) areas are far more noticeable
at 15:00 LT.

A significant factor leading to the results
from the irrigated areas is the ATM99 low at-
mospheric humidity content that, in conjunc-
tion with the higher air temperature, intensify
the soil evaporation process, enhancing surface
drying up, greater warming up and increase of

H values which is rendered more evident at
12:00 LT.

Another interesting aspect can be noticed in
the wind field. The divergence of the flow over
the irrigation perimeters is noticeable, especially
at 15:00 LT. Discontinuity in vegetation cover
between the regions with SD and IC can also
be associated with horizontal gradients of albedo
and soil humidity, and, as a result, with horizon-
tal gradients of H. These, by their turn, are
responsible for the induction of thermally direct
circulations in the IC areas best known as non-
classical mesoscale circulations. The flow near
the surface goes from the relatively cool air areas
(IC) towards warmer air areas (SD).

Fig. 6. Difference air temperature (�C) and mixing ratio (g kg�1) fields between the WL and NL simulations at 24 m above
the surface at 15:00 LT for: (a) and (c) ATM85; (b) and (d) ATM99
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Fig. 7. Difference wind (ms�1), latent (LE) and sensible (H) heat fluxes (Wm�2) fields between the WIC and NIC simulations
for ATM99 with irrigated crops (IC) and semi-desert (SD) for: (a) and (b) 12:00 LT; (c) and (d) 15:00 LT. The scales used for
the heat fluxes and wind vector are seen at the side and below each panel, respectively

Fig. 8. Daily evolution of the (a) latent (LE) and (b) sensible (H) heat fluxes (Wm�2) at 9.4� S for ATM99, resulting from the
difference between the WIC and NIC simulations
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The effect of irrigation on the daily evolu-
tion of surface fluxes, as obtained from the
difference between simulations with irrigated
crops and non-irrigated crops (WIC-NIC) is
shown in Fig. 8. Such results demonstrate a
great atmospheric sensitivity to the inclusion
of IC in an area of scanty vegetation. The radia-
tion quantity that is absorbed at the surface
increases as a result of a lower albedo. The soil
water availability is crucial to a higher LE and
the consequent reduction of H. The water ex-
traction from the soil through the roots repre-
sents one of the main mechanisms responsible
for this behavior.

Vertical cross sections of the zonal wind com-
ponent at 12:00 and 15:00 LT, at 9.4� S, obtained
in the WIC simulation and from the difference
between the WIC and NIC simulations are
shown in Fig. 9. The effect of irrigation on the
genesis of a breeze-like circulation is evident in
Fig. 9b–d. The circulation intensity reaches
values of about 2 ms�1 at 15:00 LT.

3.2.2 Air temperature and humidity

The difference between the simulations carried
out with irrigated crops (WIC) and without irri-
gated crops (NIC) reveals a fall in the values of

Fig. 9. Vertical cross section of the zonal wind component at 9.4� S for ATM99 obtained from the simulation with irrigated
crops (WIC) and resulting from the difference between the simulations with irrigated crops (WIC) and non-irrigated crops
(NIC) for: (a) and (b) 12:00 LT; (c) and (d) 15:00 LT
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this variable where the irrigation perimeters are
to be found as shown in Fig. 10a. The fall in air
temperature in the area of the Nilo Coelho irriga-
tion perimeter area comes to 0.7 �C. Analogous
to the air temperature, the increase in the mixing
ratio becomes evident in the irrigation perimeter
(Fig. 10b). Unlike the results obtained in the
experiments carried out to verify the lake impact
upon these climatic elements, the area affected
by irrigation coincides exactly with the region
where the stations of Petrolina, Bebedouro and
Mandacaru are located.

It is unquestionable that the degree of influ-
ence that irrigation exerts on atmospheric hu-
midity depends on the area dimension and on
environmental conditions. The highest values
are found in the region of the Nilo Coelho Perim-
eter. In the Bebedouro area, the relatively low
increase goes against the observational analysis
results that point towards significant changes
in that region. Such an apparent contradiction
comes as a result of the horizontal grid resolution
used in the numerical experiments. Though con-
venient for identifying the relation between the
irrigation process and the increase in atmospheric
humidity, that grid is not adequate for revealing
the real impact of the Bebedouro perimeter.

Another apparent contradiction between the
observational and numerical results lies in the
enhancement of this variable in the region of
Petrolina (9.4� S–40.5� W) where no statistically
significant variation took place in the post-lake

period as deduced from the analysis of the data
collected in that station.

The reason for this apparent contradiction lies
in the observational data. Nilo Coelho, the big-
gest irrigation perimeter in the numerical ana-
lyses, was implanted in 1984 and inaugurated
in 1989. Nevertheless, most data made available

Fig. 10a. Air temperature (�C) and (b) mixing ratio (g kg�1) fields at 24 m above the surface at 15:00 LT for ATM99,
resulting from the difference between the simulations with irrigated crops and without irrigated crops (WIC-NIC)

Fig. 11. Mixing ratio (g kg�1) field at 24 m above the sur-
face at 15:00 LT for ATM99, resulting from the difference
between the simulations with irrigated crops (WIC) (with-
out the inclusion of the Nilo Coelho Perimeter) and non-
irrigated crops (NIC)
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for the statistical analyses were collected dur-
ing the period 1966–1990 and, consequently do
not contain significant information on land use
changes in that area. This agricultural area came
into full use only in the 1990’s. On the other
hand, the results obtained by means of observa-
tional analyses are compatible with the mixing
ratio field as shown in Fig. 11, derived from the
difference between the WIC and NIC simula-
tions carried out without the inclusion of the Nilo
Coelho Perimeter. It is obvious the absence of
the nucleus attributed to Nilo Coelho seen in
Fig. 10b.

4. Conclusions

The atmospheric changes that came about after
the construction of Sobradinho dam within the
semi-arid area of the São Francisco Hydro-
graphic Basin have been assessed by means of
the regional model RAMS. A number of numer-
ical experiments were carried out in order to
meet several different objectives. To begin with,
the construction impact was investigated by con-
sidering differences between simulations done
with lake (WL) and without lake (NL). On a
second stage of the experiments, the influence
of the soil occupation on the lake effects was
taken into account, considering the lake breeze
behavior as the type of vegetation in the sur-
rounding areas of the lake is altered. Finally,
considering the development of irrigated areas
during the post-lake period, the impacts of
changes on soil use brought about by the dam
construction was surveyed by means of differ-
ences between simulations with (WIC) and with-
out irrigated crops (NIC). The numerical results
were compared with statistical data presented in
part I of this work.

In assessing the lake impact on the area, one
concludes that the model reproduced with accu-
racy the thermally induced circulations by simu-
lating the well-known attributes of these wind
systems.

The lake breeze (LB) varies according to the
region’s environmental conditions. The intensity
of thermally induced circulations can be directly
associated with the magnitude and horizontal dis-
tribution of the surface heat fluxes. The LB behav-
ior changes with the presence of vegetation in the
lake surrounding areas.

In the areas affected by the lake breeze, one
can notice a drop in temperature and an increase
in air humidity. Such an effect was far stronger in
ATM85. The drop in air temperature in the lake
area reached up to 3.5 �C and affected a much
larger area than that of ATM99. The region that
lies east of the 40.5� W meridian, where the
meteorological stations of Petrolina, Bebedouro
and Mandacaru are located, was not directly
affected by the presence of the lake.

In evaluating the impact of changes on soil
occupation, the simulations disclosed the pres-
ence of an enormous atmospheric sensitivity as
to the type of vegetation, being particularly
obvious the effect resulting from the inclusion
of irrigated crops (IC) on sparsely vegetated
areas – most typical of the semi-arid climate,
such as the semi-desert type (SD).

Water availability in root zones even under
adverse atmospheric conditions (high tempera-
ture and low air humidity) is responsible for high
evaporation rates and plant transpiration, contri-
buting towards a humidity increase and a tem-
perature fall in the lower atmospheric levels.

The increase in mixing ratio as noticed in
simulations of the impact produced by the irriga-
tion perimeters on the Petrolina-Juazeiro axis is
in agreement with the results obtained from sta-
tistical analyses presented in part I of this work.

One of the main contributions of the present
work was to simulate an atmospheric response to
changes in land use and soil cover, introducing
accurately the location and dimension of the irri-
gated perimeters as well as the extraction of
water by plant roots and its transfer to the atmo-
sphere. By this method one concludes that the
statistically significant variations observed in
both wind and atmospheric humidity were
caused by the changes verified in land use and
occupation within the lake region. The replace-
ment of native vegetation by plantations and irri-
gated crops was rendered responsible for the
genesis of a variety of micro-environments in
the area under analysis.
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