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Abstract 

The air basin is a three-dimensional space which conducts and distributes winds over the catch-

ment basins. In the state of Rio de Janeiro (43,305 km2), 48% of the territory comprises the Atlan-

tic slopes (the windward side) and 52% (the leeward side) suffers the influence of the Atlantic 

Ocean. On the windward side, 20% of the area includes 16 air basins, which influence the move-

ment of humid air currents, affecting all of the windward regions and environmentally condition-

ing the leeward areas. The morphometric parameters of these air basins have been characterized: 

area of influence upwind (4 parameters), slope (5 parameters), and distribution zone (5 parame-

ters), and they are grouped together in 5 units by similar functional identity, utilizing multi-    

variable analysis, cluster method, with a Euclidian distance of 48%, significance level of 95%, and 

correlation coefficient of 0.7132. The management of environmental services within the hydro-

graphic basins where 16 million people live is conditioned by these air basins, which could have 

their environmental planning perfected by this knowledge. 
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1. Introduction 

Climate is among the innumerous components of the landscape which comprise the environmental characteris-

tics of a region [1]. Consequently, the knowledge of its interactions with the other elements of the environment 

is essential for any activity. For comprehension of the atmospheric dynamics, it is necessary to consider large- 

scale phenomenon, mesoscale disturbances (regional or secondary circulation), local conditions of a varied na-
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ture (biogeoclimatic, topographic) and dynamic interactions [2]-[4]. 

In South America, atmospheric circulation depends on ocean conditions, high and low pressure centers, and 

disturbances which influence the tropical systems (humidity convergence zone from the Amazon, circulation of 

the Bolivian high-pressure zone) and extra-tropical systems [5] [6]. These mechanisms cause the atmospheric 

conditions to vary throughout the year, also being affected systems of cold air masses, which contrast with the 

warm and humid air masses, coming from the Intertropical Convergence Zone (ITCZ). These all suffer local in-

fluences from land relief [7]-[9].  

Figueroa and Nobre [10] pointed out the role of the Andes Mountains in the formation of precipitation, both 

from induction, due to the effects of the mechanical raising of humid winds and the refinement of the orographic 

effect, as well as from the blockage of accesses in a regionalized way.  

Atmospheric dynamics influence the climate of micro-regions on different scales [8] [9] [11], being a deter-

minant factor in regional planning. Evidently, other bio-geographical factors (latitude, altitude, land-cover and 

land-use change) are fundamental parameters in climate studies, because the anthropogenic activities, modifying 

the landscape, impose diversification of land use, relief, and influence the mass and energy balances (for exam-

ple, water vapor, sensible heat, latent heat) [6] [12] [13]. 

So, the discovery of the habitual succession of atmospheric systems in a determined region and the under-

standing of its repercussions in each specific meteorological system constitute fundamental factors for verifying 

its impact on a geographic space [14], mainly rainfall, whose special distribution and temporal regularity inter-

fere in the environmental planning [9] [11]: agronomic activities; water supply; power generation; and physical 

and biological processes within the ecosystems. 

The air basins are considered to be three-dimensional spaces from the time-space point of view, because they 

include the hydrological characteristics of the ecosystems, human activities, and are part of the catchment basins, 

comprising units of environmental planning, and are capable of being used for monitoring and managing air 

quality [15] [16] and water production. Since they are superimposed on the catchment basins, influence their 

management, affect air flows and the differentiated supply of environmental attributes, principally in locations 

where orographic effects are prominent, such as in the roles of vegetation, evapotranspiration, plant interception 

of rainfall and production of water vapor and/or rainfall [17]-[19] in regional water balances.  

Regional atmospheric circulation and the movement of cold fronts suffer marked interference from winds 

coming from the southwest or northeast in this region, influencing daily temperatures and precipitation patterns 

[7] [15] [20] [21]. The orientation and exposition of relief interfere in the spatial distribution of rainfall, both in 

its intensity and frequency, which effects are enhanced by the higher altitude in the south-central region of the 

state [9] [10] [21]. Thus, in the regional conditions, these relationships exist and must be improved [22]. 

The present study proposes to classify the air basins of the Brazilian state of Rio de Janeiro, identifying, cha-

racterizing and grouping according to similar environmental attributes, based on their different morphometric 

factors which have environmental significance. 

2. Material and Methods 

2.1. Study Area 

The state of Rio de Janeiro (latitudes 20˚45'S to 23˚21'S; longitudes 40˚57'W to 44˚53'W), located in the south-

east region of Brazil, where the Serra do Mar mountain chain is found (Figure 1), is divided into the windward 

area (Coastal Zone) and the leeward area (the watershed or catchment basin of the Paraíba do Sul river). 

The predominant climatic types, according to Thornthwaite and Mather [23] are the Superhumid, on the sea-

ward slopes, and the Mesothermic, on the opposite sides, at the base of the Serra do Mar and in the Paraíba Val-

ley, where the temperatures are low, differing from each other thermally. The climate is tropical humid, with a 

rainy season in summer (December to April) and a dry season in winter (June to August) [24]. The dry season is 

only slightly pronounced, with variations in precipitation occurring in function of the relief. The average annual 

precipitation is 1200 mm and the main temperature is 24˚C [25]. 

2.2. Methodology 

Taking into consideration the influences of the topography and meteorology on the dispersive capacity of at-

mospheric pollutants, four air basins have been delimited in the metropolitan region of Rio de Janeiro [15] [26],  
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Figure 1. Study area, Rio de Janeiro, Brazil. 

 

utilizing an altitude range of 100 m from the upper limit of the air basin. In the present study, all the orographic 

barriers were considered, varying from sea level to the crest line. 

The air basins were divided on the mountain chain according to the main channels of air circulation from the 

ocean towards the interior. They were described on the basis of their morphometry, utilizing variables from the 

physical environment (landforms, interception areas and total area, and size of the basin’s mouth) as well as 

factors which limit the direction and interception of the winds to their free movement (distance from the Atlantic 

Ocean and degrees of obstruction).  

This study used 36 digital maps (scale of 1:50,000) from IBGE (Brazilian Institute of Geography and Statis-

tics), made available by the Geosciences Directory/Cartographic Coordination [27]. 

2.3. Characterization of the Air Basins 

The air basins were divided into four sectors for characterization purposes of the landscape elements which in-

terfere in the driving dynamics of the winds: 1) Area upwind of the air basin (Capture); 2) Slopes: from the base 

to the divide (Conduction); 3) Escape Area: Interfluve—upper basin; and 4) Distribution, described below (Fig- 

ure 2).  

The measure for defining of the parameters that condition the passage of air currents (Figure 3) into Capture, 

Conduction and Escape Zones of the winds was determined based on data for the direction and intensity of wind 

flow (volume, intensity and frequency), obtained by network rainfall stations [28].  

2.3.1. Area of Influence Upwind of the Air Basin (Capture) 

Area between the Atlantic Ocean and the Serra do Mar mountains, involving the region up to the beginning of 

the flow alteration zone/beginning of the rise (foothills of the mountains or transition line of the relief). Addi-

tionally, other relevant parameters such as distances, elevations (altitudinal gradient), entrance angles and the 

relationship with the direction of cold fronts and breezes are fundamental for this delineation.  

1) Entrance to the air basin (capture zone for humidity): variable which expresses cross section to the wind 

currents, through which the entire air mass is forced to enter the air basin. To delimit it spatially, a closed poly-

gonal line was considered, similar to a trapezoid, where the larger base meets the line of intersection with the 

lateral walls in the flat area, situated upwind of the air basin (line EF), as shown in Figure 3. The smaller base, 

situated in the higher part was considered to be the line where there is an overlapping of the base line with the 

interfluve (line GH). The lateral walls consisted of the lines that connect the extremities of the low parts with the 

high parts, being the lines on the left and right sides (EG and FH). Thus, the entrance was defined by determin-

ing this area according to the polygonal figure which was adjusted as much as possible.  

2) Distance from the area to the Atlantic Ocean (distance in meter—line AB): represents the projection of  
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Figure 2. Longitudinal profile of the air basin, presenting the principal sec-

tors which affect wind flow. 

 

 

Figure 3. Schematic representation of the morphometric parameters of the air 

basin. 

 

the distance traveled by the air mass from the Atlantic Ocean to the base of the air basin. 

3) Transition line of the relief (LTR): this is considered as the point where the foothills begin, from the initial 

level to a level of positive value and the beginning of the entrance of the humidity. At the farthest point from the 

Atlantic Ocean, the land begins to rise (D).  

4) Adopted rotation axis (X1 point): represents the orientation of the entrance (line EF) relative to true north. 

The distance to the Atlantic Ocean in relation to the line segment EF (interception line) is represented by seg-

ment AX1 (in meters). The variable X1D represents the distance from line segment EF in relation to the relief 

transition line (LTR) at half interfluve.  

5) Degree of Convergence (represented by the LTR in relation to the variable X1): when the LTR occurs be-

fore X1, it means that the “capture zone for humidity” is convex at its base, dispersing humidity: if the LTR is 

after X1, it means that the entrance for humidity is concave at its base. The representation of this parameter is 

made using the Measure of the Degree of Convergence, which is obtained as follows: 

X1 D
Cg

EF

×
=                                       (1) 

in which Cg = degree of convergence, X1 × D = distance from line segment EF to the relief transition line (LTR) 

at half interfluve, and EF = width of the entrance for humidity. 

Using Equation (1), the order of magnitude of convergence at the relief transition line is observed when: 

Cg > 1 Convergence; 
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Cg = 1 Level (LTR coincides with line EF); 

Cg < 1 Divergence. 

Thus, the degree of convergence characterizes the shape (concave, level or convex) or the format of the inter-

ception polygon. 

Furthermore, the angle (α1) between the projection in the middle of the topographic divide and its tangentis 

represented by Equation (2). 

h
1

AD
α =                                          (2) 

in which h = altitude of point D, and AD = line segment which connects the ocean to the slope. 

6) Line Orientation EF (β): angle between the North-South line, starting from the North, and the wind flow 

direction line within the air basin, indicating the air quality, in terms of humidity, to which the basin is exposed. 

The winds which flow through the air basin will have angles raging from 0˚ to 360˚ with reference to North (0˚). 
Depending on the line orientation EF, which characterizes the direction of the inlet basin, weights were estab-

lished based on the concentration of the humidity (RH%): Northeast: least humidity (weight of 0.3 = 30%); 

Northwest: (weight 0.5 = 50%); Southeast: (weight 0.7 = 70%); and Southwest: high humidity (weight 1.0 = 

100%), as shown in Figure 4. It must be emphasized that, especially in the state of Rio de Janeiro (Serra do Mar 

Mountains), the winds from Southwest are those which bring more humid air, thus favoring the hidden rainfall 

process produced by fog interception. 

2.3.2. Slopes 

The interfluve comprises the highest part of the air basin, and represents the terminal points of the orography in 

the wind flow, with the gorges being the places with a greater frequency of influence on the movement of air 

currents [13] [19]. This sector involves the slopes themselves, the inclinations, the terrain features, as well as the 

accumulation of humidity and the relationship with the less turbulent movements of the clouds caused by the 

wind [19]. 

Thus, the polygon EFGH (Figure 5) represents the mouth through which humidity enters, being the variable 

that measures the area (based on LTR) in which the wind is captured. It has area (closed polygonal figure, cal-

culated specifically for each case), an inclination angle, a slope shape and a degree of convergence. The variable 

BC, which interferes in the intensity of the orographic effect, represents the high point of each air basin. 

The declivity (angle α2) refers to the effective interception zone, and the orographic effect is related to this 

angle. Thus, the larger the angle α2, the greater the orographic effect (interception) and the greater the accumu-

lation of air. 

Consequently, the shape of the slope is directly proportional to the degree of convergence CG (concave, level 

or convex). Weights with values of 3, 2 and 1, respectively, may be attributed to each shape. A value of three (3) 

represents slopes with a concave pattern; a value of two (2) was attributed to slopes with a level format; and a 

value of one (1) was given to the slopes with a convex pattern. Thus, the values were attributed on the basis of  

 

 

Figure 4. Weights attributed to wind directions. 
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the accumulating capacity or dispersion of the humidity, ranging from 3 to 1.  

Furthermore, the length of the slope in EF/2 is directly related to the average declivity of the slope, 

represented by the segment DC in Figure 5. 

2.3.3. Escape Areas at the Interfluve (Upper Basin) 

The escape zone of air basins represents the exit corridors of their air flow (Figure 6), where the flow mechan-

isms distribute it onto the leeward regions of the mountain chain. 

As a result, these “air exit gorges” have been broken down into three parameters: 1) direction of the gorge, 

represented by the symbol θ the angle in relation to north, and that is directly influenced by the direction of the 

entrance of wind into the air basin; 2) width of the largest side of the trapezoid (gorge), represented by the seg-

ment CC’, which refers to the distance between the two peaks which comprise the main gorge of the air basin; 3) 

the gorge length, represented by the connections between points Mo-oN (Figure 6), which refers to the area in 

which the effects of the air basin will influence the leeward region.  

2.3.4. Distribution 

Zone which is under the influence of the effects of the air basin, where the free circulation of wind, conditioned 

by the orographic effects constitutes a differential element in the formation of environmental attributes of the 

catchment basins to leeward of the mountain chain. 

2.4. Statistical Analysis of the Data 

The data were normalized using the ration attribute/sum, according to [29] [30]. Cluster by multivariate analysis 

was applied, using the Vegan pack [31] of the R software [32]. 

 

 

Figure 5. Conduction zone of air flow on slopes.  

 

 

Figure 6. Escape zone of the air flow. 
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3. Results and Discussion 

Using the established methodology, 16 air basins have been identified in the state of Rio de Janeiro, from Trin-

dade to Macabu (Figure 7), whose shapes, topographic and climatic characteristics are distinct and, conse-

quently, affect the differentiated capture of winds in function of angle of inclination of the mouth of the air basin 

and distance from the Atlantic Ocean. These phenomena have regionalized spatial dimensions due to the chain 

of Serra do Mar Mountains have angles and distances variables regarding to the shape of the Atlantic coast. 

3.1. Characterization of the Air Basins in Rio de Janeiro State 

The total area of the 16 air basins is 11664.32 km
2
, whose individual sizes, considered small (between 0.15 to 

2.0 km
2
), constitute 44% of the area studied, representing approximately 1% of the state’s total area (43,780 km

2
) 

(Table 1). These results prove the importance of the small areas of the air basins and their great benefits for the 

populations which inhabit the lower sections of the catchment basins.  

In 62% of these air basins, the areas showed a declivity ranging from 45% to 80%, while 38% the declivity 

varied from 20% to 40%, these being distributed along the mountains chain of Rio de Janeiro state (Table 1). 

The declivity combined with hydrological effects of the plant coverage, and the air flow velocity, enhances the 

formation of orographic rainfall [14] and of hidden rainfall from fog interception [33] within the catchment ba-

sins. 

The concave shape of the slopes predominated in 56% of the air basins, showing the close relationship be-

tween the slopes and the troughs in the catchment basins, where the rivers and all types of flow which compose 

their hydrographs are found. Of the rest, 38% of the air basins have level slope patterns, and 6% are convex 

(Table 1), considered as being patterns which disperse water and related to rapid runoff that make sudden floods 

during heavy rains, possibly constituting a negative hydrographic differential for the annual patterns of water  

 

 

Figure 7. Distribution of air basins in the state of Rio de Janeiro. 
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Table 1. Main variables distributed among different sectors of air basins. 

Sector Entrance Transmission/conduction Distribution 

Air basin 
Area 

(km2) 

Distance 

from  

ocean 

(km) 

Mouth 

(km) 

Βa 

(angle) 

Slope area 

(km2) 

Max.  

altitude  

Declivity 

(%) 

Shape of 

slope 

LTRb 

(km) 

Angle 

(degree) 

Corridor 

width 

(km) 

Corridor  

length 

(upland) 

1 Trindade 64.08 0.00 22.74 0.7 67.36 1070 30 2 52.99 0.7 4.77 0.00 

2 Paraty 916.03 6.66 27.37 0.3 567.44 1000 36 3 236.85 0.3 5.23 4.08 

3 Mambucaba 365.09 8.47 16.04 0.7 342.48 1000 23 3 58.73 0.7 4.00 5.56 

4 Cunhambebe 23.22 0.61 6.60 0.7 15.87 639 65 2 18.38 0.7 2.57 0.00 

5 Angra 446.57 6.97 7.11 1.0 301.18 1539 70 3 144.45 1.0 2.67 4.33 

6 Ibicuí 108.92 3.56 68.67 1.0 81.74 1692 60 3 73.07 1.0 8.29 1.67 

7 Muriqui 31.65 0.70 9.51 0.7 28.69 1125 45 2 13.66 0.7 30.80 0.00 

8 S. Mangaratiba 221.25 5.09 7.73 0.7 176.61 1599 70 2 67.12 0.7 2.78 2.83 

9 Itaguaí 76.89 7.60 24.78 0.7 69.36 1286 70 3 51.24 0.7 4.98 0.00 

10 Santana 1008.33 31.85 35.50 0.7 844.51 1776 20 2 215.84 0.7 5.96 26.21 

11 Tinguá 345.72 49.81 29.85 0.7 284.86 1756 65 3 197.58 0.7 5.46 42.75 

12 Petrópolis 194.55 14.36 24.95 0.7 159.80 2216 80 2 70.45 0.7 4.99 10.57 

13 Cachoeiras 2456.40 47.43 40.85 1.0 1226.02 2219 80 3 792.31 1.0 6.39 40.54 

14 São João 2191.04 54.09 128.02 0.7 1099.49 1719 75 3 900.34 0.7 11.31 46.74 

15 Macaé 1469.29 34.01 35.59 0.7 1209.53 1627 40 3 623.02 0.7 5.97 28.18 

16 Macabu 1745.30 79.96 57.31 0.3 1878.34 1628 40 1 1492.15 0.3 7.57 71.02 

Total 11664.32 - 542.62 - 8353.26 - - - 5008.18 - 86.03 - 

a
Angle of the entrance mouth; 

b
Transition line of relief. 

 

resources within the micro-basins. Another important result was that 94% of the air basins exceeded the maxi-

mum altitude at 1000 m, which favors the condensation process of atmospheric water vapor through the oro-

graphic effect.  

The most frequent entrance angle was from the Southeast (56%), Southwest (38%) and Northeast (6%) (Ta- 

ble 1). This shows that air basins with their entrances turned toward the Southeast present more extensive drai-

nage networks, demonstrating the effect of rainfall in relation to the relief and the catchment basins, reinforcing 

the macro-environmental characteristics to be constrained by the topography. 

3.2. Sectors Which Influence Wind Flow 

The state of Rio de Janeiro may be divided into quadrants related to the cardinal points (Southwest, Southeast, 

Northwest and Northeast). The first presents 11 air basins in the Southeast quadrant, one of the Southwest and 

Southeast quadrants, two in Northwest quadrant (facing in the same direction), and only one located in the 

Northeast quadrant coinciding with the orientation of its mouth, as shown in Table 1. 

The data referring to the entrances of the air basins (Area, Distance from the Ocean, Mouth and Angle) 

showed Areas ranging from 23.22 to 2456.40 km
2
, while the Distance from the Atlantic Ocean varied from 0 to 

79.96 km. However, as the Angle parameter is closely related to the size of the Mouth, because it refers to the 

direction in which the mouth is turned, results showed that 69% of air basins are pointed to the South/Southeast 

(0.7), 19% (1.0) toward the Southwest, and 12% (0.3) to the Northeast. 

The conduction data was organized into five main parameters (Slope Area, Altitude, Declivity, Slope Shape 

and LTR). The Slope Area presents variations between 15.87 and 1878.34 km
2
 (Table 1). It should be noted that 
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there is an altitudinal gradient of 638 to 2219 meters from one end to the other of the Rio de Janeiro state, cha-

racterizing their regularity of the ridge line, and permitting air flow towards the catchment basin of the Paraíba 

do Sul river (sector of Distribution). This is justified because the ridge region allows the passage of air flow 

causing influences on the upper third of the adjacent catchment basins from the leeward air basins and situated 

in the foothills of the Serra do Mar. 

3.3. Cluster Analysis for Similarity in Environmental Attributes 

Though the results of the cluster analysis 5 groups of air basins were established (Table 2) with similar mor-

phometric characteristics, shown in Figure 8. 

With the level of homogeneity positioned at 58% (Fenon line) of the Euclidian distance, two large groups of 

similar air basins were formed, where the angle (direction of line EF) was the discriminating factor, separating 

four (4) different angles: Southwest, South, Southeast and Northeast. The first was formed by the air basins 

represented by the numbers 12 and 10, located in the Southeast region, while the second was represented by ba-

sins numbered 13 (South/Southwest), 14 (South/Southeast), 15 (Southeast) and 16 situated in the Northeastern 

region of the state of Rio de Janeiro. This last basin is the only one sampled which is located in this part of the 

state, where the direction of its mouth coincides with its location; however, was the only basin that presented a 

pattern of convex slope. 

The results also showed that the changes performed by physical and environmental factors within the groups 

were smaller than between them, made it possible to affirm that they maintain certain functional identities, 

which may be used to the systematize the identification of priority areas for the production of rainfall in the mi-

cro-basins. Thus, it should be noted that climate characteristics, such as speed and direction wind, as well as rel-

ative humidity, interfere directly in the volume of rainfall precipitated [34]. Therefore, these results may contri-

bute to improve the public policy planning and zoning for the municipal master plans.  

 
Table 2. Characterization of air basins in the state of Rio de Janeiro. 

Variable 
Unit of  

measurement 

Group 

I II III IV V 

Basin/group No. 02 04 03 02 05 

Area km2 1202.88 7902.03 172.62 1281.12 1122.46 

Declivity % 50 59 49 30 66 

Direction - SW SW SW/S S/SW/SE NE 

 

 

Figure 8. Cluster analysis of air basins of the state of Rio de Janeiro by affinity of 

morphometric factors. 
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Furthermore, it can be observed that the Serra do Mar Mountain, with its three peaks (Pico Maior: 2336 m; 

Pedra do Sino: 2310 m; and Pico do Caledônia: 2252 m) and various depressions, including valleys located 

along the ridge line, form strangulation zones (gorges) limiting the free circulation of air masses. These gorges 

have different shapes, morphometric characteristics and environmental functions, in which the vegetation may 

constitute a bio-indicator variable which integrates the effects of the differentiated supply of environmental 

attributes, as forests only occur and be sustained in places where there is enough water available in quantity and 

regularity to guarantee their survival. 

Thus, the groups of air basins shown in Table 2 have functional identity between them, and should present 

similar environmental reactions, based on the movement of cold fronts, both on the water production and in en-

vironmental services provided to society. 

4. Conclusions 

The trajectory and intensity of the winds influence the landscape, and consequently, the formation and genera-

tion processes of water resources in the catchment basins throughout the mountain range of the Serra do Mar in 

Brazil. The windward (Atlantic) side, which receives the effects of the air basins directly, presents 20% of its 

structured area in 16 air basins, which, grouped together according to their similarity of morphometric factors, 

constitute 5 groups with distinct functional identities, based on their morphometric configurations: area, declivi-

ty, and direction of entrance of related air masses. These are divided into: I (2 units of air basins), II (4 units), III 

(3 units), IV (2 units), and V (5 units).  

Indirectly, air basins interfere in the leeward areas, by way of the propagation of humid air masses through 

their escape zones, with both sides of the mountain ranges influenced by the same air basin and reaching all 

Brazilian states that are influenced from the ocean.  

The use and territorial management of catchment basins in observance with the characteristics of air basins 

are an indispensable condition for sustainable environmental planning, because it facilitates the dissemination of 

good land use practices.  
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