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ABSTRACT

A study on the detection and future projection of climate change in the city of Rio de Janeiro is here presented, based on
the analysis of indices of temperature and precipitation extremes. The aim of this study is to provide information on
observed and projected extremes in support of studies on impacts and vulnerability assessments required for adaptation
strategies to climate change. Observational data from INMET’s weather stations and projections from INPE’s Eta-
HadCM3 regional model are used. The observational analyses indicate that rainfall amount associated with heavy rain
events is increasing in recent years in the forest region of Rio de Janeiro. An increase in both the frequency of occur-
rence and in the rainfall amount associated with heavy precipitation are projected until the end of the 21st Century, as
are longer dry periods and shorter wet seasons. In regards to temperature, a warming trend is noted (both in past ob-
servations and future projections), with higher maximum air temperature and extremes. The average change in annual
maximum (minimum) air temperatures may range between 2°C and 5°C (2°C and 4°C) above the current weather values
in the late 21st Century. The warm (cold) days and nights are becoming more (less) frequent each year, and for the fu-
ture climate (2100) it has been projected that about 40% to 70% of the days and 55% to 85% of the nights will be hot.

Additionally, it can be foreseen that there will be no longer cold days and nights.
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1. Introduction

The changes occurring in the climate extremes, such as
an increase in hot days, decrease in cold days, longer
heat waves or more frequent intense rains or severe
drought, have a major impact on ecosystems and on the
society at large [1-4]. Thus, climate change detection and
projections based on the analysis of extreme event indi-
ces are of great importance to support studies on impacts
and vulnerability and to prepare strategies to adapt to
climate change. Among others, such studies have been
undertaken at global and regional level by [4-12]. This
detection type of study requires high-quality and long-
term observed data, which are not always available.
There is consensus in most of the climate change de-
tection studies for South America [5-7,11] concerning
warming, that there is an increase (decrease) in the fre-
quency of warm (cold) nights, and more frequent days
with heavy rain in Southeast South America. However,
in the states of Sdo Paulo, Rio de Janeiro and Minas Ge-
rais, the results concerning precipitation are not uniform,
with nearby locations showing opposite trends, as shown
in [9]. Thus, a detailed investigation of the be havior of
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extreme climate event indicators for the city of Rio de
Janeiro, in the state of the same name, will be tremen-
dously useful.

Several groups have projected future climate change
by nesting regional climate models within general circu-
lation coupled atmosphere-ocean models. The advantage
of this technique, which is known as dynamic downscal-
ing [13-18], is that it captures regional scale aspects ap-
propriately. Important future climate change projection
results with regional models for South America can be
found in [10,18-25]. As is the case with detection studies,
future climate change projections using different models
and CO, emissions scenarios point to consensus insofar
as the warming projected for the late 21st century is con-
cerned, but are divergent in respect to rainfall outlooks.

This research project undertakes climate change detec-
tion and investigates climate change projections for the
city of Rio de Janeiro by analyzing precipitation and air
temperature-related observed extremes. The aim is to
support vulnerability studies and adapt them to climate
change scenarios. Observed extreme events trends are
detected using observational data coming from two wea-
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ther stations located in the city of Rio de Janeiro. The
simulations of the Eta regional model of the National In-
stitute for Space Research (INPE) driven by the UK Met
Office Hadley Centre (HadCM3) global model for the
current climate (1961-1990) are compared with observa-
tional data as a prior step for the assessment of the pro-
jections generated by the same regional model for the
2011 to 2100 period.

2. Methodology and Data

The observational data used in this study comprise a series
of maximum and minimum air temperatures and total
daily rainfall of two weather stations from the Brazilian
National Institute of Meteorology (INMET), located in the
city of Rio de Janeiro. Despite the limitations imposed by
the use of only two weather stations, these stations did not
suffer from change in location. Furthermore, they are
located in distinct environments, allowing for compari-
sons to be made of two extreme urban conditions: the Alto
da Boa Vista station (22°57'57.50"S/43°16'46.20"W), which
is located within a tropical forest at the Tijuca Forest
National Park at an altitude of 347.1 m; and the Santa
Cruz station (22°55'19.59"S/43°41'12.90"W), positioned
in the western zone of the city at an altitude of 63.0 m and
in a region where significant urbanization has taken place
(Figure 1). Unfortunately, several flaws took place in
daily data collection at each station during the analyzed
data period. For the Alto da Boa Vista (Santa Cruz) station,
the numerous gaps in the daily rainfall data precluded the
calculation of total annual rainfall in 11 (13) years, and
only 30 (33) years remained for analysis, within the pe-
riod ranging from 01/01/1967 to 12/31/2007 (01/01/1964
to 12/31/2009). At Alto da Boa Vista (Santa Cruz) station
the maximum number of consecutive missing years was
four (six), from 1988-1991 (1993-1998).
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43°20'0"W

43°30'0"W

43°40'0"W 43°10'0"W

Figure 1. Map of the city of Rio de Janeiro (city border in
white) showing the location of Alto da Boa Vista and Santa
Cruz stations and the Eta-HadCM3 model grid point.
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At INPE, the Eta-CPTEC numerical model (with a
horizontal resolution of 40 km), derived from the Eta
regional model developed at the University of Belgrade
[26], was driven by the lateral boundary conditions of the
global coupled HadCM3 model [27]. For the present cli-
mate conditions (1961-1990), a CO, concentration equal to
330 ppm was considered, while the Special Report on
Emission Scenarios-SRES [28] A1B emission scenario
was used for future climate (2011-2100). This study uses
simulations which were generated for a set of 4 members:
the control member plus 3 integrations with physical
disturbances, and members with different climate sensi-
tivities, herein referred as Ctrl, Low, Mid and High. Al-
though the 3 members correspond to the same A1B sce-
nario, each member’s temperature increase projections are
similar to the increases characteristic of scenarios of low,
medium and high emissions from the IPCC SRES. Hen-
ceforth, the regional Eta model simulations integrated
with the boundary conditions from the HadCM3 global
model will be called Eta-HadCM3. The evaluation of the
current climate and future projections of the Eta-HadCM3
model are described in [24,25], respectively. The grid
point of the Eta-HadCM3 model from which the series of
rainfall and air temperature data were extracted lies be-
tween the two weather stations (23.00°S/43.40°W and at
an altitude of 62.9 m). In Figure 1 the grid point is located
in 23.00°S/43.40°W, representing the area 22.8°S -
23.2°S/43.20°W - 43.60°W.

The RClimdex software [29], developed by the Cana-
dian Meteorological Service, was used to generate ex-
treme climate event indicators [4] from observational data
and simulations of the Eta-HadCM3 model, for the 1961-
1990 base period. Table 1 presents the definition of the
indices used in this study.

The Mann-Kendall non-parametric statistical test was
used to assess the climate trends [30]. This is the most
appropriate method to analyze the significance of possible
climate change in climatological series [31]. One of the
benefits afforded by this test is that the data doesn’t have
to belong to a particular distribution. Another benefit is
that its result is less affected by outlier values because the
calculation is based on the sign of the differences, and not
directly on the values of the variables. The confidence
level adopted in the Mann-Kendall statistical test was
95% for all data series. The non-parametric method called
the Sen Curvature [32] was used to estimate the magni-
tude of the trends found in the data series.

3. Rio de Janeiro City Climate

The study area, the city of Rio de Janeiro, located in Sou-
theastern Brazil, between the 22.8° and 23.1°S parallels
and the meridians of 43.1° and 43.8°W, features a warm,
rainy climate in the summer and cold, dry weather in the
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Table 1. Definitions and magnitudes of the climate extremes indicators related to precipitation, maximum and minimum air
temperature observed at Alto da Boa Vista and Santa Cruz. The values in boldface are considered statistically significant at a
confidence level of 95%. RR is the daily rainfall rate. A wet day has RR > 1 mm. A dry day has RR < 1mm. TX and TN are
daily maximum and minimum air temperature, respectively.

Indicator Definition and unity Alto da Boa Vista Santa Cruz
PRCPTOT Annual total precipitation from wet days (mm) , +7.83 mm/year / +2.54 mm/year
R95 p Annual total precipitat(:?rtlh(;n V:(l;te (;iaa;fss(\r)vnlrlrel;l RR > 95th percentile / +1177 mmyear No trend
R99 p Annual total precipitatoigltlhc;n “11: (;12;};5(::11:31 RR > 99th percentile , +3.40 mmyear No trend
R30 mm Annual count of days when RR > 30 mm (days) , +0.07 day/year / +0.03 day/year
RX1 day Annual max 1-day precipitation (mm) ’ +1.04 mm/year \ ~0.86 mm/year
RXS day Annual max consecutive 5-day precipitation (mm) / +1.54 mm/year \ ~0.47 mm/year
CDD Max number of consecutive dry days in the year (days) No trend No trend
CWD Max number of consecutive wet days in the year (days) No trend No trend
SuU25 Number of days with TX > 25°C (days) ’ +1.42 day/year / +0.44 day/year
TMAXmean Annual mean of TX (°C) / +0.04°C/year , +0.03°C/year
TX90 p Percentage of days with TX > 90th percentile (%) , +0.15% day/year / +0.15% day/year
TX10 p Percentage of days with TX < 10th percentile (%) \ ~0.20% day/year \ ~0.11% day/year
v e mmpeie " P anaar P o
TMINmean Annual mean of TN (°C) No trend , +0.01°C/year
TN90 p Percentage of days with TN > 90th percentile (%) / +0.03% day/year ’ +0.17% day/year
TN10 p Percentage of days with TN < 10th percentile (%) \ ~0.03% day/year \ ~0.06% day/year
DTR Mean of the difference between TX and TN (°C) , +0.05°Clyear ’ +0.01°Clyear

winter. The city is influenced by the presence of the At-
lantic Ocean to the south, the Guanabara Bay to the east,
and the Sepetiba Bay to the west. The city’s topography is
marked by the formation of three massifs: Gericino-
Mendanha, to the north; the Tijuca massif to the east,
where the Alto da Boa Vista station is located; and the
Pedra Branca massif, to the west. The other areas of the
city are lowlands with an average altitude of about 20 m.
The Santa Cruz station is in the West Zone lowland (Fig-
ure 1).

Although the study area is under the influence of the
South Atlantic Subtropical Anticyclone during most of
the year, the most frequent winds are not from the north-
east. In the city, dominant winds are southerly during the
afternoon and night (sea breeze) and northerly at late
night and in the morning (land breeze). In spring and
summer, when land surface heating is more intense, the
temperature gradient between continent and ocean inten-
sifies the sea breeze circulation and increases the fre-
quency of winds blowing from the south quadrants com-
pared with the annual pattern. In fall and winter, winds
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coming from the southerly direction are less frequent,
while the northerly ones increase. In Santa Cruz, the pre-
vailing winds are from the northeast at dawn and in the
morning, while from the southwest in the afternoon and
evening [33].

The spatial distribution of air temperature is influenced
by the topography and by the action of sea and land
breezes. The Tijuca and Pedra Branca massifs, located
near the waterfront, hamper the penetration of the sea
breeze and transient systems into the city, making the
Northern and Western regions of the city much warmer
and drier than the Southern region and the downtown area.
The stations located in the Western Zone register the
highest temperatures, while the Alto da Boa Vista station
registers the lowest ones.

The same regional geographic features affect rainfall,
with maximums concentrated along the three massifs in
the city. In the Western Zone, the total annual rainfall adds
up to less than 1200 mm, while in Tijuca (where the Alto
da Boa Vista station is located), it is almost double, av-
eraging 2200 mm. This spatial rainfall distribution pattern
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is explained by the displacement of weather systems,
mainly from south to north, producing maximum (mini-

mum) rainfall to the windward (leeward) of the mountains.

The orographic lifting of moist air advected by the sea
breeze further enhances this process. The analysis of hea-
vy rainfall events (greater than 30.0 mm/day) indicates
that in 77% of cases, the rains are caused by frontal sys-
tems that occur year-round, although less frequently in
winter [34].

Based on what was stated above, it is clear that the two
stations selected for this study represent very different
climates, with the Alto da Boa Vista station located in a
high region with low temperatures and the highest rainfall
in the area, while the Santa Cruz station is in lowland,
where temperatures are higher and total rainfall low.
Moreover, near the Alto da Boa Vista station, as it is
situated within the Tijuca Forest, the vegetation has not
undergone major changes and urban sprawl has been
limited in recent decades, while in areas near the Santa
Cruz station there has been significant urban area densi-
fication and expansion, with possible reductions in the
vegetation cover.

4. Climate Extremes: Present and Future
Climates

The results of climate extremes on the present and future
climates are presented first for rainfall, then for air tem-
perature. Although the Eta-HadCM3 model simulations
for present and future climate are on the same graph, its
trends and significances are calculated separately. The
ensemble of the four members of the model is used in the
model’s simulations for the present climate. For future
climate, member averages are used for indicators based on
precipitation, since no large dispersion is seen among
members; meanwhile, each of the members is analyzed
for temperature (Ctrl, Low, Mid and High) separately in
order to explore the difference between them.

4.1. Rainfall

Figure 2 features the total annual rainfall (PRCPTOT) of
wet days (days when rainfall is greater than or equal to 1
mm) and the total annual rainfall of days when it is above
the 95th percentile of wet days (R95p). Initially, a high
interannual variability is noted in the observational data,
especially in Alto da Boa Vista, and it is worthy of note
that 1967 and 1998 were the wettest (El Nifio years).
There is also an increasing PRCPTOT trend for the two
INMET stations. Despite the rate of +7.83 mm/year for
Alto da Boa Vista and of +2.54 mm/year for Santa Cruz,
these trends are not statistically significant at a confidence
level of 95%. These results agree with those obtained for
Southeastern South America by [7], in which PRCPTOT
shows an increase. On the other hand, negative trends in
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total annual precipitation were found for the State of Rio
de Janeiro by [9] for Nova Friburgo in the period ranging
from 1951 to 2001; [35], for Resende in the period of 1932
to 2000, and even [36] for the Capela Mayrink station
(1977-2002), also located in the Tijuca massif, less than 2
km away from the Alto da Boa Vista station. This shows
how rainfall is considerably dependent on local conditions,
such as the land and sea breeze effects. As it will be dis-
cussed later, the Eta-HadCM3 model doesn’t reproduce
the strong interannual variability of PRCPTOT, mainly at
Alto da Boa Vista station, located in a higher altitude, with
heavy rainfall events. The model simulates, in the present
climate, a reduction in PRCPTOT (—6.17 mm/year), and
continues showing a slight reduction for this index in the
future (—0.39 mm/year).

The R95p index (Figure 2) shows a statistically sig-
nificant increase for Alto da Boa Vista (+11.77 mm/year)
and a null trend for Santa Cruz in the current climate. This
implies that at Alto da Boa Vista either heavy rainfall
events have become stronger, i.€., associated with a higher
volume of rainfall each year, or they are becoming more
frequent, or both. In the present climate, the regional
model does not capture this increase in R95p; however, it
reverts in the future and shows an increasing trend (+1.17
mm/year), which is statistically significant. The R99p
index shows the same R95p behavior, i.e. positive trend
for Alto da Boa Vista (+3.40 mm/year) and no trend for
Santa Cruz (both without statistical significance). The
regional model, however, indicates a slight positive trend
for R99p in the current climate (+0.19 mm/year-not sta-
tistically significant) and in the future scenario (+0.73
mm/year), with statistical significance.

The RX5day and RX1day indicators that show the ac-
cumulated maximum rainfall in 1 day and in 5 days, re-
spectively, are rising only for Alto da Boa Vista and
without statistical significance. In Santa Cruz, both indi-
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Figure 2. Temporal evolution of the PRCPTOT (solid lines)
and R95 p (dashed lines) indices, both in mm, during the
present climate, observed for Alto da Boa Vista in blue and
in red for Santa Cruz. The black line refers to the Eta-
HadCM3 model simulations (mean of the 4 members of the
ensemble) for present and future climates.
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ces are in a slight decline. In general, it is noted that the
current rainfall climate positive trends are more marked
in Alto da Boa Vista than in Santa Cruz.

The R30 mm indicator, illustrating the number of days
in the year on which the total daily rainfall was above 30
mm, shows no statistically significant positive trends for
Alto da Boa Vista (+0.07 day/year) and Santa Cruz (+0.03
day/year). In the latter, the frequency of R30 mm that
occurred on average 6 times a year from 1975-1984, be-
came on average 10 times a year in the 1998-2007 period.
[37] shows that the frequency of extreme daily rainfall
events (>100 mm/day) increased at the Capela Mayrink
Station from 1977 to 2002. This confirms that moderate to
heavy rain events are becoming more frequent every year.
In the present climate, the regional model presents a sta-
tistically non-significant negative trend for R30 mm
(—0.05 day/year); however, this reverts in the future, with
a statistically significant trend of +0.02 day/year.

The CDD and CWD indices that illustrate the maxi-
mum number of consecutive dry and wet days, respect-
tively, show null trends, both in Alto da Boa Vista and in
Santa Cruz, and this characteristic is well represented by
the Eta-HadCM3 model. For CDD, the values are close
to those noticed in Alto da Boa Vista (between 12 and 33
days). A high interannual variability is noted in Santa
Cruz, where CDD reaches 59 days (occurring in the 01/
24 to 03/23/1990 period). The regional model shows an
upward trend in this index (+0.04 day/year) for the future,
and it is statistically significant. For CWD in the future,
the model projects a statistically significant trend of de-
cline (=0.01 day/year), i.e., reducing the duration of con-
secutive wet days.

The regional model simulations, with a horizontal reso-
lution of 40 km, cannot reproduce the high interannual
variability of the extreme rainfall-related indices. Besides
the patchy nature of rainfall and the influence of the to-
pography, in the global and even in regional models, pre-
cipitation is mediated in the area and, therefore, the mag-
nitude of the extremes is reduced compared to the values
observed at the stations [38]. It has been recognized that
the comparison between model grid output and station
data is not straightforward [39-41] and that calculations of
precipitations extremes indices could be sensitive to mo-
del resolution [42-44]. [43] notes that precipitation ex-
tremes obtained from individual station records are es-
sentially point estimates and are not directly comparable
to gridded model output that presumably represents pre-
cipitation variability on much coarse spatial scales. Nev-
ertheless, for most of the indices that were calculated, the
magnitude of the indicators was limited between the val-
ues observed in Alto da Boa Vista and in Santa Cruz, in-
creasing the confidence in the usefulness of their future
projections. Regarding the simulated trends, although
most of them exhibit trends that are opposite to those
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that have been observed, it should be noted that there are
differences even in series of observational data coming
from stations that are relatively close to each other, as was
the case of PRCPTOT in Alto da Boa Vista and Capela
Mayrink and also of RX1 day and RX5 day, with positive
trends for Alto da Boa Vista and negative ones for Santa
Cruz.

4.2. Air Temperature

For Rio de Janeiro, the extreme event indices associated
with maximum air temperature trends show more sig-
nificant augmentation than those associated with the
minimum air temperature, contrary to most of the studies
undertaken to detect climate change in the globe [4,6,8]
and in South America [9-11,45]. Thus, the DTR index,
that represents the daily thermal amplitude, which should
be decreasing as in most locations, is rising in Rio de
Janeiro, i.e., the maximum air temperature increases at a
rate higher than the minimum temperature. This index is
statistically significant for Alto da Boa Vista (+0.05°C/
year), but not for Santa Cruz (+0.01°C/year). At the Alto
da Boa Vista station the maximum air temperature is
increasing but the minimum temperature has no trend,
while at Santa Cruz both maximum and minimum air
temperature are increasing.

The TMAXmean and TMINmean indices that depict
the annual average of the maximum and minimum daily
air temperatures, respectively, are presented in Figure 3,
with the top curves being for TMAXmean and lower ones
for TMINmean. At both stations, one can notice a warm-
ing trend statistically significant in the current climate, but
the upward trend is more significant for TMAXmean
(+0.04°C/year in Alto da Boa Vista and +0.03°C/year in
Santa Cruz) than for TMINmean (no trend in Alto da
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Figure 3. Temporal evolution of the TMAXmean (upper
lines) and TMINmean (lower lines) indices (°C) during the
present climate, observed for Alto da Boa Vista in blue, in
red for Santa Cruz, and simulated by the Eta-HadCM3
model (average of the 4 members of the ensemble) in black.
For the period of 2011-2099, the fine black, blue, green and
red lines refer to the Eta-Cntrl, Eta-Low, Eta-Low, Eta-Mid
and Eta-High members, respectively.
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Boa Vista and +0.01°C/year in Santa Cruz). The Eta-
HadCM3 model simulates a mild climate for Rio de Ja-
neiro in the current climate scenario, with maximum
(minimum) air temperatures near the values seen in Alto
da Boa Vista (in Santa Cruz), with a positive trend of
+0.03°C/year for TMINmean and +0.01°C/year for
TMAXmean. For the late 21st century, the model projects
annual average values for maximum (minimum) air tem-
peratures between 2°C and 5°C (between 2°C and 4°C)
above their current climatology (1961-1990).

The TX90p (warm days), shown in Figure 4, and
TX10p (cold days) indices, that show the percentage of
days in the year on which the maximum air temperature
(TX) is, respectively, above the 90th percentile (TX >
32°C in Alto da Boa Vista and TX > 35°C in Santa Cruz)
and below the 10th percentile (TX < 20.3°C in Alto da
Boa Vista, and TX < 23.4°C in Santa Cruz), show statis-
tically significant trends in both locations. Hot (cold) days
are becoming more (less) frequent, at a rate of +0.15%
days/year for both locations (—0.22% days/year) for Alto
da Boa Vista and —0.11% days/year for Santa Cruz. The
Eta-HadCM3 model managed to adequately capture the
behaviors of such indicators in the current climate. For the
late 21st century, it has been projected that about 40%
(with Eta-Low) to 70% (with Eta-High) of the days of the
year will be hot and there will be no cold days for all
members of the ensemble.

Although the TN90p indices (warm nights: TN >
21.5°C in Alto da Boa Vista and TN > 23.4°C in Santa
Cruz) and TN10p (cold nights: TN < 14.0°C in Alto da
Boa Vista and TN < 16.2°C in Santa Cruz) show trends of
an increase and a reduction, respectively, based on the
observations made in Alto da Boa Vista and in Santa Cruz,
they are not statistically significant (except for TN90p in
Santa Cruz), as is the case for the simulation of the Eta-
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Figure 4. Temporal evolution of TX90p in a percentage of
days per year, during the present climate, observed for Alto
da Boa Vista in blue, for Santa Cruz in red, and simulated by
the Eta-HadCM3 model (average between the 4 members of
the set) in black. For the period of 2011-2099, the fine black,
blue, green and red lines refer to the Eta-Cntrl, Eta-Low,
Eta-Mid and Eta-High members, respectively.
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HadCM3 model in the current climate. For the future
climate scenario, it is projected there will be about 55% of
warm nights in the year with Eta-Low and 85% with
Eta-High. There will also be no cold nights in the late 21st
century.

The WSDI indicator (heat waves), which represents the
maximum number of consecutive days in the year when
the maximum air temperature is above the 90th percentile,
shows a statistically significant positive trend for Alto da
Boa Vista (+0.17 day/year) and a weak positive trend for
Santa Cruz (+0.02 day/year) not statistically significant.
These heat waves tend to be more frequent and to last
longer by the late 21st century, as per the four members of
the Eta-HadCM3 model. The control member shows that
the city of Rio de Janeiro could face more than 90 con-
secutive days of temperatures above the 95th percentile by
2100.

Table 1 shows a summary of the trends observed for
the climate extremes indicators related to rainfall, maxi-
mum air temperature and minimum air temperature that
were analyzed earlier. It is noted that trends are significant
to air temperature but not for precipitation, except for
R95p at Alto da Boa Vista. Besides, as interannual vari-
ability at the present climate is higher for precipitation
than for temperature, the magnitudes of the differences
between future and present are stronger for temperature
than precipitation. According to [6] precipitation changes
around the world are much less spatially coherent com-
pared with temperature change, with large areas showing
both increasing and decreasing trends.

Sea surface temperature near Rio de Janeiro state had
increased 1 to 1.5 degree in the past few decades [47].
Warmer sea surface tends to evaporate more water, and
sea breeze will bring more rainfalls to the city. [46] com-
ments that generally, precipitation extremes are expected
to increase in severity with climate change, and these
will have adverse impacts on metropolitan region of Rio
de Janeiro, given that such area already experiences ex-
treme flooding and landslides on a roughly 20 year basis.
This is consistent with the discovery of this paper for Alto
da Boa Vista, located in a forested region, near the wa-
terfront, windward of Tijuca massif. In terms of tem-
peratures, results at Table 1 show that warm (cold) days
and nights are more (less) frequent, consistent with a
global warming scenario.

5. Conclusions

This study undertakes a climate change detection analysis
for the city of Rio de Janeiro based on a series of obser-
vational data on the total daily rainfall and the maximum
and minimum daily air temperatures for two INMET
stations: Alto da Boa Vista and Santa Cruz. The climate
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extremes indicators are calculated as per [4]. The simula-
tions of the regional Eta-HadCM3 model are used to in-
vestigate future projections (2011-2100) of such indices,
considering the SRES-A1B scenario. The model’s assess-
ment in the current climate (1961-1990) is performed as a
prior step to investigate its future projections.

The results indicate that the climate in the city of Rio de
Janeiro is becoming more humid in the forested region,
with heavy rainfall events producing a greater amount of
rainfall. The differences in rainfall indicators in Alto da
Boa Vista and in Santa Cruz, with more marked trends in
the first weather station than in the second one, suggests
changes in wind patterns, the circulation of sea and land
breezes, and moisture transport into the city, which needs
to be investigated in more detail. This trend in extreme
precipitation could perhaps be related to changes in the
frequency and duration of cold fronts, since most of rain-
fall in this region is produced by cold front penetrations. If
the frequency of cold fronts increases, it will affect both
places (Alto da Boa Vista and Santa Cruz), although as
Alto da Boa Vista is more humid, nearest the waterfront,
within a tropical forest and in a higher altitude, rainfall
should be stronger there. More investigation is needed on
the assessments of trends of cold fronts in the region,
helping to explain changes in rainfall extremes. For the
future, it is projected an increase in both the frequency and
intensity of heavy rainfall events and, on the other hand, a
statistically significant increase in the duration of dry
periods and a reduction in the duration of humid periods.
This indicates a trend of unequally distributed rainfall for
the future, with longer dry periods, but, on the other hand,
more frequent heavy rainfall events.

In terms of temperature, as expected one can note a
warming trend in the city; however, the most remarkable
trends occur for indices associated with the maximum air
temperature, in opposition to the results for most of the
globe, in which the minimum air temperature increases at
a higher rate than maximum air temperature. Hot (cold)
days are more (less) frequent. Heat waves, i.e., periods
with high maximum air temperatures, are becoming long-
er. The trends associated with the minimum temperature
are more significant in Santa Cruz than in Alto da Boa
Vista. The differences in the two regions (urban and
forested) may be associated with circulation changes at
the synoptic scale and also on a local scale due to the
urban heat island effect. Warm evenings are also more
frequent, while cold nights are in decline. According to
the regional model projections, the average annual maxi-
mum (minimum) air temperature anomalies can reach
between 2°C and 5°C (between 2°C and 4°C) above the
current values. It is projected that about 40% to 70% of the
days in the year will be hot and there will be no cold days.
Similar behavior is seen for hot (cold) nights, with a
frequency between 55% and 85% of warm nights in the
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year and without any cold nights.

In the present climate, the regional model shows air
temperature results that are quite consistent with the ob-
servations made at Alto da Boa Vista and in Santa Cruz,
especially for the indices based on percentiles (TN10p,
TN90p, TX10p, TX90p). The model’s TMAXmean (TMIN-
mean) is close to that observed in Alto da Boa Vista (Santa
Cruz), suggesting that the model simulates a milder
climate for Rio de Janeiro, generating DTR values about
2°C (3°C) lower than those observed in Alto da Boa Vista
(Santa Cruz). With respect to the precipitation simulated
by the model in the current climate, most of the trends are
opposite to what has been observed. However there is no
consensus even among the observations expressed in this
study, possibly due to the rainfall depending on local
systems, such as land and sea breezes, or to the limitation
of the observational data itself, with countless flaws.

With regard to the model’s future projections, it is
important to emphasize that the simulations only take into
account the increased concentration of greenhouse gases,
and not changes in land use and the urban heat island
effect resulting from urban sprawl. Moreover, when it
comes to regional models, the reliability of the high reso-
lution projections depends on the quality of the lateral
boundary condition, which in this study is provided by
only one global model, and also on the ability of the
regional model to develop realistic regional characteristics
for the present climate. We have also to consider that
regional model simulations, with a horizontal resolution
of 40 km, cannot reproduce the high interannual varia-
bility of the extreme rainfall-related indices [7]. It is sug-
gested in here new downscaling experiments using more
than one global model as boundary conditions, to allow
for detailed uncertainty analyses.

More detailed studies to detect the possible intensifi-
cation (weakening) of sea (land) breezes, in addition to
analyses on the seasonal level, using other sets of obser-
vational data could contribute to increase the knowledge
about climate change in the city of Rio de Janeiro.
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