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Summary

During recent years, numerous studies have examined the
Buenos Aires urban climate, but the relationship between
large-scale weather conditions and the Buenos Aires urban
heat island (UHI) intensity has not been studied. The goal
of this paper is to apply an objective synoptic climato-
logical method to identify homogeneous air masses or
weather types affecting Buenos Aires during winter, and
to relate the results to the UHI intensity. A K-means
clustering method was used to define six different air
masses considering the 03:00, 09:00, 15:00 and 21:00 LT
surface observations of dry bulb temperature, dew point,
cloud cover, atmospheric pressure and wind direction and
velocity at Ezeiza, the most rural meteorological station of
the Buenos Aires metropolitan area (Fig. 1). Results show
that the mean UHI intensity is at its maximum (2.8 �C) a
few hours before sunrise when conditions are dominated by
cold air masses associated with cold-core anticyclones,
weak winds and low cloud cover. Inverse heat islands are
found during the afternoon for all air masses indicating that
surface processes are not dominant at that time. The rela-
tively infrequent and warmest air mass is the only one that
presents a mean negative urban-rural temperature differ-
ence (� 0.1 �C) during the afternoon with the smallest di-
urnal cycle of the UHI intensity probably due to the
prevailing high humidity and cloudy sky conditions. The
paper provides an insight into the Buenos Aires urban–rural
temperature difference under a variety of winter weather
types and results could be useful to improve local daily

temperature forecasts for the metropolitan area of Buenos
Aires on the basis of the routine forecasts of weather types.

1. Introduction

Urbanization processes produce many changes in
the surface nature and in the properties of the
local atmosphere. These processes involve an
alteration of the local climate as a result of the
transformations in radiative, thermal, moisture
and aerodynamic characteristics of the surface
and changes in the turbulent fluxes of momen-
tum, heat and water vapor. Nevertheless the
urban climate at any locality is generally gov-
erned by the large-scale weather conditions. The
interaction between the synoptic scale and the
local scale is a continuous seesaw: sometimes
the large-scale weather conditions are dominant
and at others the local conditions are prevalent
(Landsberg, 1981). For example, Lowry (1977)
pointed out the fact that the weather type situa-
tion should be considered in conducting statisti-
cal studies of the urban effect on temperature.

One of the most noticeable consequences of
urban growth is the consistent rise in the urban



temperature (i.e. Bornstein, 1968; Oke, 1979;
Colacino and Rovelli, 1983; Karl et al., 1988;
Barros and Camilloni, 1994; Camilloni and
Barros, 1997; Figuerola and Mazzeo, 1998).
The different surface structure between the urban
and surrounding rural environment produces the
well-known urban heat island (UHI) phenom-
enon. Oke (1982) lists a number of factors con-
tributing to the UHI, including altered energy
balance terms leading to positive thermal anom-
aly, anthropogenic heat sources, increased sensi-
ble heat storage, decreased evapotranspiration
due to construction materials and decreased total
turbulent heat transport due to wind speed reduc-
tion caused by canyon geometry. In addition, the

dependency of the UHI effect on wind speed,
cloud cover and the near-surface lapse rate has
been studied by many authors (i.e. Sundborg,
1950; Chandler, 1965; Oke, 1973; Lee, 1975;
Godowitch et al., 1985; Moreno-Garcı́a, 1994;
Kidder and Essenwanger, 1995; Camilloni,
1999; Runnalls and Oke, 2000; Morris et al.,
2001). These studies show that wind speed and
the amount of cloud cover are the most signifi-
cant meteorological parameters controlling the
intensity and development of the UHI. This is
because these variables define the ventilation
and insolation in and around the urban region.
Oke (1998) showed that by holding the effects
of clouds constant, by only using cloudless data,

Fig. 1. Map of Buenos Aires metropolitan area ( ) and location of meteorological stations considered in this study: Buenos
Aires Central Observatory (BACO) and Ezeiza
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there is an inverse relationship between the UHI
intensity and wind speed that generally fits an
inverse square root form. Runnalls and Oke
(2000) studied Vancouver’s UHI and showed that
to represent the effect of cloud it is important to
consider cloud amount and type because they
both affect the surface radiative cooling by
decreasing longwave radiative losses. Combining
the wind speed and cloud effects, Oke (1998)
developed a weather factor that expresses the
degree to which weather controls reduce the
UHI intensity. Morris et al. (2001) quantified
the influences of wind and cloud on Melbourne’s
UHI and showed that the UHI was inversely pro-
portional to about the fourth root of the wind
speed and the amount of cloud. Although the
distinct physical and anthropogenic characteris-
tics of each urban environment probably mean
these results are not necessarily applicable for
all urban areas, they all show that the combina-
tion of clear sky and calm wind results in the
largest UHI values. Increased cloud limits the
UHI development by limiting the nocturnal ra-
diative cooling while increases in the wind speed
result in larger urban mixing and in a restriction
of the development of the UHI.

Buenos Aires (Argentina) is one of the world’s
largest cities. The metropolitan area extends for
around 4000 km2 and has 12.5 million inhabi-
tants. Its surface is featureless with only minor
differences in height of less than 30 m and is
located around 35� S along the western coast of
the Rı́o de la Plata estuary (Fig. 1). Recently
some studies have been conducted on the urban
climate of Buenos Aires but the relationship
between the large-scale weather conditions and
its UHI intensity has not been studied yet. A
better knowledge of the UHI intensity under dif-
ferent weather conditions may be an important
tool for routine local temperature forecasts,
which generally include the urban effect on tem-
perature, assuming a standard difference of 2 �C
between the urban and rural minimum tempera-
tures. The goal of this paper is to apply an objec-
tive synoptic climatological method to identify
homogeneous air masses or weather types affect-
ing Buenos Aires during winter and to relate the
results to the UHI intensity. Information from
this study on the linkages between the different
weather types that affect Buenos Aires during
winter and the UHI intensity could contribute

to more accurate temperature forecasts for the
Buenos Aires metropolitan area and also be of
economic interest to evaluate daily urban energy
demands.

2. Data and methodology

Six-hourly meteorological data for the austral
winter months June–July–August for the pe-
riod 1959–91 were collected from two stations
located in Buenos Aires: Buenos Aires Central
Observatory (BACO) and Ezeiza (see Fig. 1).
Both stations perform routine meteorological
observations and are operated by the National
Weather Service. Table 1 presents the geographic
coordinates of each station with a description of
its urban=rural character. The austral wintertime
was selected because it has the greatest variety of
synoptic situations that might affect Buenos
Aires. Moreover, the results of Figuerola and
Mazzeo (1998) show that the daily urban–rural
temperature difference in Buenos Aires reaches
its maximum value during winter.

There are some relevant research papers in the
scientific literature that explicitly examined the

Table 1. Location and environmental description of the
meteorological stations considered in this study

Meteorological
station

Geographic
coordinates

Environmental
description

Buenos Aires
Central
Observatory

34�350S,
58�260W

Located in the geographical
city center, in a park of
0.4 km2 and in a corner of
one of the largest parks in
the city of around 4 km2.
The nearest surrounding
buildings have no more
than four floors and the
nearest building is situated
at 20 m. Meteorological
observations are made over
low grass.

Ezeiza 34�490S,
58�320W

Located in the area of the
international airport of
Buenos Aires where the
surrounding environment
is rural. The nearest building
is 600 m to the southeast.
Meteorological observations
are made over low grass.
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interaction between the prevailing synoptic con-
ditions and the UHI magnitude (for example,
Unwin, 1980; Yague et al., 1991; Unger, 1996
and Morris and Simmonds, 2000). Unwin
(1980) investigated the variations in the UHI of
Birmingham UHI for Lamb’s eleven weather
types (Lamb, 1972) determined by the airflow
characteristics. Yague (1991) considered three
synoptic types to analyze two years of data of
Madrid’s UHI. Unger (1996) distinguished thir-
teen weather types to analyze the UHI intensity
of the medium-sized town of Szeged in Hungary.
These studies show that for the three different
cities the highest UHI values were associated
with anticyclonic conditions and that cyclonic
conditions associated with windy weather
resulted in lower UHI values. Morris and
Simmonds (2000) grouped Melbourne’s UHI
intensity into six categories and analyzed the pre-
vailing synoptic conditions for each category.
They showed that the groups with the stronger
UHI were associated with synoptic conditions
with low cloud cover and weak winds but, unlike
the previously mentioned studies, the weakest
UHI events were not associated with cyclonic
conditions.

Synoptic climatology studies the relationships
between the atmospheric circulation and the sur-
face environment and therefore it has a great
potential to help to explain the key interaction
between the regional atmospheric circulation
and the local weather. There is no unique or opti-
mal way for classifying air masses or weather
types. Yarnal (1993, 2001) reviews a large num-
ber of synoptic classification techniques: manual
typing, correlation-based analyses, eigenvector-
based analyses (principal components analysis,
empirical orthogonal functions, discriminant
analysis and cluster analysis), compositing,
indexing, spatial synoptic climatology and
synoptic dendroclimatology. Some authors have
applied different synoptic classification tech-
niques for classifying air masses with different
purposes. For example, Greene et al. (1999) used
an automated synoptic classification to analyze
the impact of different weather types on atmo-
spheric pollution at four US cities and Kalkstein
et al. (1996, 1998) developed the Spatial Synop-
tic Classification for classifying days at a partic-
ular location into distinct air masses categories
and integrating these classifications over a larger

domain into spatially cohesive air mass regions.
Sheridan et al. (1999) used Kalkstein et al.’s
(1996) scheme to evaluate the spatial and tem-
poral variability of air masses between urban and
rural areas in northeastern US. Kalkstein et al.
(1987) evaluated three clustering techniques
(Ward’s, average linkage and centroid) for the
determination of homogeneous synoptic classes.
Dorling et al. (1992a, 1992b) applied cluster anal-
ysis to estimate the synoptic controls on air and
precipitation chemistry for Southern Scotland
and Brook et al. (1995a, 1995b) used cluster anal-
ysis of three-day progressions of 850 hPa wind
flow over eastern North America to examine
wet deposition of pollutants.

In this paper, we use the K-means clustering
method (Mc Queen, 1967; Michelangeli et al.,
1995; Robertson and Ghil, 1999). An advantage
of this partitioning method is that it classifies all
days into a predefined number of clusters in a
way that minimizes the sum of squared distances
within the members of each cluster and maxi-
mizes this quantity among the members of dif-
ferent clusters. This method of clustering is very
different from the joining methods (i.e. single
linkage, complete linkage, Ward’s) as the kind
of research questions that can be addressed must
include an hypothesis concerning the number of
clusters that will be produced. A complete
description of the algorithms for the K-means
procedure can be found in Spath (1980).

The K-means method was applied to the
03:00, 09:00, 15:00 and 21:00 LT (local time)
surface observations of dry bulb temperature,
dew point, cloud cover, atmospheric pressure
and wind direction and velocity at Ezeiza, the
most rural meteorological station of the Buenos
Aires metropolitan area (Fig. 1). Because the dif-
ferent variables included here used different
types of scales, the data were standardized so that
each variable has a mean of 0 and a standard
deviation of 1. It is very important that the vari-
ables used to compute the distances between
objects are of comparable magnitude; otherwise
the analysis will be biased and rely more heavily
on the variables that have the greatest range of
values. In this study we hypothesize that the
number of different synoptic patterns that could
affect the Buenos Aires metropolitan area is six,
and then we predefined that the number of clus-
ters (K) is six. As the K-means method classifies
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all days, there is no category for transitional or
unclassified days.

3. Winter air masses classification

Six air mass types were defined and the mean
and standard deviations values for the 24
meteorological variables within each cluster
were calculated (Table 2). It can be seen that
standard deviation values are proportional to
their corresponding means. In order to have a
better understanding of the circulation fields
associated with each air mass, the sea level
pressure (SLP) field for one hour and day of
each air mass type, chosen arbitrarily among
those with the shortest distances within each
cluster, are presented in Fig. 2. SLP data are
from the NCEP (National Centers for En-
vironmental Prediction) reanalyses (Kalnay
et al., 1996) that are available on a 2.5� � 2.5�

latitude–longitude grid.

The winter air masses that affect Buenos Aires
are:

i) Cþþ (very cold), defined by cluster 1
appears to be a polar air mass with the lowest
temperatures, low cloud cover or clear skies,
light winds and very dry conditions. This air
mass is generally advected from the S–SW
through circulation around a cold-core anti-
cyclone. An important and distinct geographi-
cal feature of the South American continent
is the presence of the Andes, a steep and
narrow mountain range extending all the
way along the west coast. The air masses
Cþþ that affect Buenos Aires originate in
the intense Pacific Ocean surface anticy-
clones that cross the Andes and Argentina
south of 35� S and take a northeastern direc-
tion during the winter months. This air mass
is initially a polar maritime air mass that is
modified during its continental trajectory,

Table 2. Mean values of the meteorological variables (T: temperature, Td: dew point, p: sea-level pressure, cc: cloud cover, u:
E–W wind component, v: N–S wind component) for the six clusters. (u>0 represents westerly winds and v>0 represents
southerly winds)

Cluster 1
(Cþþ)

Cluster 2
(S)

Cluster 3
(Wþ)

Cluster 4
(SW)

Cluster 5
(Wþþ)

Cluster 6
(SE)

mean st. dev. mean st. dev. mean st. dev. mean st. dev. mean st. dev. mean st. dev.

T03 (�C) 2.1 1.5 11.9 1.7 7.0 1.7 7.3 1.8 13.8 1.8 7.1 1.7
T09 (�C) 1.8 1.6 11.5 1.5 7.5 1.7 6.2 1.7 14.3 1.7 7.3 1.6
T15 ( �C) 12.2 1.6 14.4 1.6 17.2 1.6 13.2 1.8 19.9 1.9 12.4 1.6
T21 (�C) 5.6 1.5 10.9 1.4 10.8 1.5 7.1 1.6 16.2 1.6 8.7 1.5

Td 03 (�C) 0.1 1.6 10.4 1.8 4.5 1.6 4.7 1.9 11.5 1.8 5.7 1.7
Td 09 (�C) � 0.2 1.6 10.3 1.6 4.8 1.7 3.4 1.8 12.2 1.7 5.8 1.6
Td 15 (�C) 1.3 1.8 10.6 1.6 6.5 1.8 2.7 1.9 14.0 1.6 6.8 1.7
Td 21 (�C) 1.9 1.6 9.1 1.6 7.0 1.6 2.6 1.7 13.8 1.5 6.6 1.7

p03 (hPa) 1025.9 2.1 1011.6 2.2 1019.1 2.0 1013.0 2.2 1014.7 2.2 1021.6 2.1
p09 (hPa) 1026.9 2.1 1011.9 2.1 1019.2 2.0 1015.1 2.1 1014.1 2.3 1022.4 2.0
p15 (hPa) 1025.3 2.0 1010.7 2.2 1016.7 2.1 1014.9 2.1 1011.2 2.3 1021.0 2.0
p21 (hPa) 1025.6 2.1 1012.8 2.2 1016.8 2.1 1017.3 2.2 1011.6 2.3 1021.8 2.1

u03 (kt) 1.3 1.8 � 1.8 2.1 0.8 1.8 6.1 2.3 � 3.2 2.1 � 2.3 1.9
u09 (kt) 1.4 1.7 � 1.4 2.2 0.7 1.8 6.8 2.3 � 2.7 2.1 � 2.9 2.1
u15 (kt) 1.5 2.4 � 0.5 2.5 1.8 2.4 10.4 2.5 � 1.6 2.4 � 5.2 2.3
u21 (kt) � 0.3 1.8 0.4 2.3 � 0.7 1.9 4.7 2.1 � 2.8 2.1 � 3.7 2.2

v03 (kt) 0.9 1.9 0.3 2.5 � 3.1 2.0 1.0 2.5 � 5.4 2.3 3.2 2.3
v09 (kt) 0.5 1.9 2.3 2.4 � 3.7 2.0 2.0 2.2 � 5.7 2.2 3.1 2.3
v15 (kt) 0.4 2.6 4.4 2.6 � 5.6 2.3 6.0 2.5 � 6.3 2.3 3.2 2.6
v21 (kt) � 0.6 1.8 4.2 2.5 � 3.3 2.0 0.9 2.3 � 2.6 2.4 2.6 2.2

cc03 (oktas) 1.5 1.5 7.0 1.4 1.7 1.5 4.0 1.8 5.2 1.7 5.6 1.7
cc09 (oktas) 2.3 1.6 7.6 1.1 3.5 1.7 4.4 1.7 6.6 1.4 7.0 1.3
cc15 (oktas) 3.2 1.6 7.2 1.3 3.8 1.7 3.7 1.7 6.7 1.4 6.9 1.3
cc21 (oktas) 1.9 1.6 5.9 1.7 2.9 1.7 2.2 1.6 6.1 1.5 5.8 1.7
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becoming drier and arriving at Buenos Aires
as a dry polar continental air mass.

ii) Cluster 2 defines a second type of air mass
named S (southern) associated with prevail-
ing southern wind and a low pressure system
located to the east of Buenos Aires. In spite
of the southern wind, temperatures are rela-
tively warm due to the air mass trajectory

over the Atlantic Ocean and the high cloud
that inhibits the nocturnal cooling. The diur-
nal temperature amplitude is small (3.5 �C)
and weather conditions are humid due to
water vapor advection from the S–SE.

iii) Wþ (warm) defined by cluster 3 is a rela-
tively warm air mass during the afternoon
hours due to the warm advection from the

Fig. 2. Mean sea-level pressure
fields for selected days of the
six different air masses classified
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N–NW as a consequence of a trough in the
center of Argentina and the intense subtropi-
cal anticyclone in the east. This air mass
exhibits a large mean daily temperature
amplitude (10.2 �C), above normal surface
pressure and low cloud cover amounts.

iv) The air mass type defined by cluster 4,
named SW (southwestern) is typical of over-
running cold frontal systems with increasing
pressure and declining total cloud cover and
moisture, low temperature and persistent SW
winds. The intense southwestern wind asso-
ciated to this synoptic situation is known as
‘pampero’ wind.

v) Wþþ (very warm) is the warmest winter
air mass defined by cluster 5. It has the high-
est mean temperature and dew points of all
clusters. The typical weather conditions are
high humidity and cloud cover, declining sur-
face pressure and winds prevailing from the
NE sector, typical of a tropical maritime air
mass originating over the tropical South
Atlantic Ocean and advected to Argentina
through Brazil. This air mass is associated
to the warm sector of a frontal system.

vi) Cluster 6 defines a SE (southeastern) air
mass type that resembles cluster 2 with
southeastern surface winds and skies vir-
tually overcast. However, several differences
exist. First, sea level pressure is above nor-
mal associated to a migratory anticyclone
over central Argentina and the close Atlantic
Ocean. Second, air temperatures are lower,
especially at 03:00 LT and 09:00 LT, and
the mean daily temperature amplitude is
higher (5.3 �C) than in cluster 2. Third, the
cloud type usually associated to SE air
masses is low-level and stratus type.

Table 3 presents the frequency of occurrence
of each air mass type as defined by the clustering

method. Wþ, SE and Cþþ are the most common
winter air masses that affect Buenos Aires. The
occur on more than half of winter days (58.3%).
The relatively warm S and Wþþ air masses are
not unusual (29.7%). The SW air mass is the least
frequent and, in statistical terms, it can be
expected to affect Buenos Aires on no more than
13 days during winter.

Table 4 presents the frequencies of perma-
nence for two consecutive days of each air mass
type and the frequencies of change between all
the different air masses identified. Inspection of
this table allows one to identify the air masses
with higher persistency and the transitional ones.
It can be seen that the most persistent air masses
are Cþþ (52.2%), Wþ (44.7%), Wþþ (47.7%)
and SE (41.6%). The air masses S and SW
mostly remain for only one day and therefore
they can be considered as transitional. Table 4
also allows identification of the typical sequence
of the air masses that affect Buenos Aires. Start-
ing arbitrarily from the most frequent air mass
Wþ, it can be expected an intensification of the
northern flow with increasing temperatures and
moisture associated to air masses Wþþ. There
is also a deepening of the trough over the con-
tinent and increasing cloud cover. Wþþ is the
typical air mass of the warm sector of a frontal
system that is replaced by an S air mass when the
depression moves to the Atlantic Ocean. In the
following stage, the S air mass is replaced by SW
or SE air masses according to the trajectory of
the post-frontal anticyclone that has two pos-
sible tracks in the region: SW–NE associated
to extreme low temperatures in north-central
Argentina and south Brazil or W–E with SE
winds over Buenos Aires. Finally, these air

Table 3. Air mass type frequencies (%)

Air mass type Frequency (%)

Cþþ 18.5
S 15.5
Wþ 21.1
SW 12.0
Wþþ 14.2
SE 18.7

Table 4. Frequencies of permanence (%) for two consecu-
tive days of each air mass type and frequencies of change
(%) between all air masses identified. Largest values are bold

Day þ 1

Cþþ S Wþ SW Wþþ SE

Cþþ 52.2 0.9 25.6 2.8 0.7 17.7
S 5.5 26.3 10.5 26.7 8.3 22.8
Wþ 4.0 14.9 44.7 7.7 16.7 12.0

D
ay

0

SW 33.5 3.1 22.4 29.8 3.1 7.9
Wþþ 0.0 35.6 2.8 8.8 47.7 5.0
SE 16.5 13.7 12.1 4.7 11.4 41.6
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masses are frequently replaced by Cþþ air
masses with minimum cloud, temperature and
moisture values, light winds and high surface
pressure.

In order to evaluate the clustering method
with independent data, the hourly frequency
of TBACO>TBACO for each air mass type is
presented in Table 5. TBACO is the hourly average
temperature for the 1959–91 period. Confirming
the good performance of the clustering method,
the major frequencies are observed for the warm-
er air masses S, Wþ (mostly during the after-
noon) and Wþþ while the smaller frequencies
are associated to the colder ones (Cþþ, SW
and SE).

4. Buenos Aires’ urban heat
island intensity

The wintertime urban heat island effect in
Buenos Aires is studied using the 03:00, 09:00,
15:00 and 21:00 LT surface observations from
the Buenos Aires Central Observatory (urban)
and Ezeiza (rural) meteorological stations. The
urban site is within a park near the geographical
centre of the actual urban area and the rural sta-
tion is located at the international airport, 30 km
southwest of the downtown area (see Fig. 1 and
Table 1).

Table 6 presents the hourly mean Buenos
Aires’ UHI intensity (�Tu� r) and the corre-
sponding standard deviation calculated with all
days within each cluster. Most of the mean
UHI intensities of the different air mass types
are statistically different between them at the
95% level using a two-sided Student’s t-test.
The only exceptions are the Cþþ and S values
at 15:00 LT, the Wþ and SW values at 21:00 LT
and the Wþ and SE values at 03:00, 15:00 and
21:00 LT. In all cases, the UHI intensities are
statistically different from zero at the 95% con-
fidence level according to a two-tailed Student’s
t-test. In the mean, most of the classified air
masses are associated with higher urban than
rural temperatures. As expected for a good devel-
opment of an urban heat island, the largest mean
urban-rural temperature differences occur in
anticyclonic conditions, light winds and low
cloud cover prevailing during the night and early
morning of Cþþ days. The UHI events are also
strong when Buenos Aires is under the influence
of the air masses Wþ and SE that are also
associated with relatively small wind speeds
(<3 m=s) and anticyclonic conditions. Mean
cloud cover values are quite different for these
two air masses indicating in this case that wind
speed is more relevant in determining the urban–
rural temperature difference. The relatively cold
air mass SW also shows well-developed UHI dur-
ing the morning and night with a maximum mean
value at 21:00 LT, when wind speed and cloud
cover are at their minimum (2.4 m=s and
2.2 oktas respectively). The UHI is weakest dur-
ing the NE flow regime of air masses Wþþ and
often shows an inverse heat island or ‘‘cold
island’’ during the afternoon when winds flow
from the city towards the rural station. This effect
was also found during the daytime by other
authors (Camilloni and Mazzeo, 1987; Figuerola

Table 5. Hourly frequencies (%) of TBACO>TBACO for each
air mass type (TBACO is the BACO temperature and TBACO is
the BACO average temperature over 1959–91)

Cþþ S Wþ SW Wþþ SE

03:00 LT 2.2 93.4 52.0 32.0 98.3 43.2
09:00 LT 1.8 94.2 57.4 23.7 99.5 43.4
15:00 LT 10.1 72.0 78.6 37.4 91.6 14.0
21:00 LT 7.0 64.3 72.9 14.6 85.4 33.0

Table 6. Hourly mean and standard deviation of the Buenos Aires’ UHI intensity (�Tu� r) for each air mass type

Cþþ S Wþ SW Wþþ SE

mean st. dev. mean st. dev. mean st. dev. mean st. dev. mean st. dev. mean st. dev.

�Tu� r,03 (�C) 2.8 1.3 1.3 1.1 2.2 1.3 1.5 1.1 1.0 1.2 2.2 1.2
�Tu� r,09 (�C) 2.7 1.3 1.1 1.0 1.8 1.3 1.4 1.0 0.5 0.8 1.8 1.0
�Tu� r,15 (�C) 0.4 0.9 0.4 0.7 0.1 1.0 0.8 0.5 � 0.1 0.8 0.2 0.8
�Tu� r,21 (�C) 2.3 1.2 1.4 1.0 2.1 1.3 2.0 1.1 1.2 1.0 1.7 1.1
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and Mazzeo, 1998) who analysed 24-h data.
Figuerola and Mazzeo (1998) showed that there
is a peak frequency of negative urban–rural tem-
perature differences at 15:00 LT during winter-
time. This is the time of occurrence of maximum
daily temperature during winter days and nega-
tive or very low values of �Tu� r,15 indicate that
surface processes are not dominant during this
time and consequently urban effects are almost
absent. The air mass Wþþ presents the maxi-
mum UHI intensity at 21:00 LT when the hourly
wind speed reaches its minimum value (1.9 m=s).
With the southerly moist regime of S air masses,
the UHI effect is relatively weak and reaches its
maximum value during the first hours after sun-
set, probably due to the increased nocturnal
radiative loss caused by the reduction in the
amount of cloud (see Table 2).

Table 7 presents the hourly frequency (%) of
�Tu� r>0 for each air mass type. Results con-
firm that the UHI is a nocturnal and early-morn-
ing phenomenon in Buenos Aires. In general it
finds its largest intensity few hours before sun-
rise. There are inverse heat islands during the

afternoon for all weather types but the major fre-
quencies are associated with the most humid and
cloudy air masses type Wþþ and SE.

The hourly frequencies of occurrence of seven
categories of UHI intensity, for the six winter air
masses, are given in Fig. 3. UHI values were
categorized by magnitude in ‘bins’ defined by
increments of 1 �C between � 1 �C and 4 �C.
Two additional ‘bins’ held the values that were
less than � 1 �C and greater than 4 �C. The plots
show that the frequency distributions of the indi-
vidual air masses are quite similar during the
night and early morning hours. All air masses
at all times show that the negative UHI events
have their highest frequencies in the interval

Table 7. Hourly frequencies (%) of �Tu� r � 0 for each air
mass type

Cþþ S Wþ SW Wþþ SE

03:00 LT 98.1 91.4 94.0 92.6 76.6 98.7
09:00 LT 98.1 94.5 91.2 95.7 68.9 96.5
15:00 LT 69.1 75.5 56.2 86.0 47.4 63.5
21:00 LT 96.3 97.1 94.6 94.3 83.8 98.3

Fig. 3. Hourly frequencies (%) of occurrence of UHI intensity categories for the different air mass types
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� 1 �C to 0 �C. The largest positive UHI intensi-
ties (�Tu� r � 4 �C) at 03:00 LT and 09:00 LT are
especially associated with the coldest air masses
at those times (Cþþ, Wþ and SE), but at 21:00
LT the largest frequencies for that UHI intensity
category are observed for air masses with mini-
mum cloud cover (Cþþ, Wþ and SW). At 15:00
LT the frequencies for the categories of UHI
magnitudes greater than 3 �C are almost null
for all air masses all but air mass Wþþ, show
their maximum frequencies in the interval
0–1 �C.

5. Concluding remarks

The goal of this study was to apply a statistically
objective method to classify weather types for
winter days in Buenos Aires, Argentina. The
weather types or air masses were defined consid-
ering the 03:00, 09:00, 15:00 and 21:00 LT sur-
face observations of dry bulb temperature, dew
point, cloud cover, atmospheric pressure and
wind direction and velocity at the rural station
Ezeiza. The clustering method K-means segre-
gated six air masses that were used to analyze
the Buenos Aires UHI intensity under different
weather types. Results indicate that the mean
UHI intensity is highest a few hours before sun-
rise when conditions are dominated by the cold-
est air mass Cþþ associated with cold-core
anticyclones, weak winds and low cloud cover.
An inverse heat island is found during the after-
noon for all air masses indicating that surface
processes are not dominant at that time. The rela-
tively infrequent air mass Wþþ is the only one
that presents a mean negative urban–rural tem-
perature difference during the afternoon with
the smallest diurnal cycle of the UHI intensity
probably due to the prevailing high humidity
and cloudy skies. In summary, the paper provides
an insight into the Buenos Aires urban–rural
temperature difference under a variety of winter
weather types and could be used to improve local
daily temperature forecasts for the metropolitan
area of Buenos Aires on the basis of the routine
forecast of weather types.
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