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Abstract

Under conditions of atmospheric blocking, the presence of a quasi-stationary anticyclone of large
amplitude disrupts the normal eastward progression of the synoptic systems. These blockings
correspond mainly to a positive anomaly of the air pressure. As a result, in the regions affected by
the blocking occur several consecutive dry days and temperatures above average. This paper aims
to discuss synoptically the atmospheric blocking phenomenon occurred in January and February
2014 in the South Atlantic Ocean, affecting especially the Southeastern Brazil and sectors that de-
pend on the quantity of water for their activities in the region, such as agriculture and electricity
generation. The significant population concentration makes this area emphatically vulnerable to
long periods of drought, especially during the summer, affecting the water supply for the popula-
tion. In order to achieve this goal, data of geopotential height at 850/500 hPa, streamlines in
850/500 hPa, pressure, temperature, humidity and wind at surface were evaluated through NCEP/
NCAR reanalysis (CFSRv2—Climate Forecast System Reanalysis Version 2) with 0.2° x 0.2° resolu-
tion. The analysis showed that the stationary anticyclone was configured dynamically favorable to
blocking in the lower and middle levels of the atmosphere. Thus, atmospheric pressure at mean
sea level presented values above normal combined with high average air temperature. By the cli-
matological analysis, it was noted that there were emphatic negative precipitation anomalies over
Southeastern Brazil. This atmospheric blocking was characterized as anomalous due to its long
duration in a considered rainy season.
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1. Introduction

The atmospheric circulation at high levels in mid-latitudes is qualified by a prevailing west zonal flow which
provides maintenance and displacement eastward of synoptic systems such as fronts, cyclones and anticyclones
[1]. On the other hand, in atmospheric blocking circumstances, a quasi-stationary anticyclone of relevant range
performs around 45° latitude, suspending the usual succession of synoptic systems eastward [2]. An atmospheric
circulation feature related to the blocking condition is the partition of the jet stream into two branches, which
causes an interruption of the zonal pattern and abstains the shift of the synoptic phenomena [3].

The synoptic systems are weakened in the context of an atmospheric blocking, becoming meridionally ampli-
fied and zonally contracted as they approach by the west of obstructed area, so they are stationary or they are
diverted to northeast or southeast, ending up to surround the blocking anticyclone [4]. Throughout this process,
there is the dispersion of these synoptic phenomena in the region under the atmospheric blocking, and the jet
stream moves toward the higher latitudes (Figure 1), compelling the route of transient atmospheric disturbances,
which are thus invigorated.

The challenge of determining a singular principle that explains the formation, maintenance and dissipating of
an atmospheric blocking, as well as the possibility to improve and expand the weather forecast term of this phe-
nomenon in order to mitigate its consequences has been noticeably stimulating various researchers to study the
system. In this context, this paper aims to discuss from the synoptic point of view the atmospheric blocking oc-
curred in January and February 2014 over the South Atlantic Ocean, significantly affecting the Southeast of
Brazil, a fact that sparked a dramatic crisis in supply water in the region.

2. Methodology
2.1. Study Area

The study area of this work comprises South America and South Atlantic Ocean, since the atmospheric blocking
in question (summer 2014) refers to a synoptic scale system. The Southeast region of Brazil (Figure 2) is treated
as the central focus of the biggest impacts of this phenomenon. According to the Brazilian Institute of Geogra-
phy and Statistics (IBGE), this is the most populous region in the country with about 85 million inhabitants,
corresponding to 43% of the total population of the territory, aggregating large and important cities as Sdo Paulo
and Rio de Janeiro. This population concentration makes the Southeast highly susceptible to weather and cli-
matic conditions, as they regulate important economic activities in the region, such as agriculture, urban plan-
ning and electricity generation.

The climate in the Southeast region is tropical, with two well characterized periods: one that concentrates
much of the rain (October to March) and another, with a marked decrease in rainfall (April to September). The
rainfall distribution is strongly influenced by geographical predicates of the landscape and the dynamics of at-
mospheric systems operating in the area [6].

Figure 1. Atmospheric flow in the presence of a blocking system
(high pressure) in the Southern Hemisphere [5].
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Figure 2. Southeast region of Brazil (in red) and adjacent South
Atlantic Ocean.

2.2.Data

The data used to assess the atmospheric blocking occurred in summer 2014 are from the high-resolution reana-
lysis of the National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/
NCAR), CFSRv2 (Climate Forecast System Reanalysis Version 2) with grid resolution of 0.205° x 0.204° [7].
The CFSRV2 presents a satisfactory representation of climate on seasonal and subseasonal scales, with an exten-
sive set of retrospective forecasts for users who want to calibrate their weather products. Moreover, these reana-
lysis can be used in climate research to various sectors of society, such as agriculture, water resources and
health.

With regard to data analysis, the following mean fields were examined: geopotential height at 850 and 500
hPa, streamlines at 850 and 500 hPa, pressure at mean sea level, winds at 10 meters, air temperature on the sur-
face and specific humidity at 2 meters. These variables were verified in January and February 2014 throughout
South America and South Atlantic Ocean, in order to capture the synoptic overview of the atmosphere in this
period.

3. Analysis and Discussion

In blocking conditions, significant anomalies of geopotential are registered in average levels of the atmosphere.
Analyzing the geopotential at 500 hPa and their geopotential height irregularities (Figure 3) in January and
February 2014, it is noted that the geopotential height showed values around 590 meters, about 30 to 50 meters
above normal for summer months. Figure 4 gives the geopotential values at 850 hPa, confirming the presence of
a high atmospheric pressure of a blocking system. In this situation, the large-scale meridional flow is more in-
tense, with low zonal index circulation, acting as an obstruction to the movement of transient systems.

The anticyclonic circulation was well configured with its streamlines at all levels (850 and 500 hPa) in Janu-
ary and February 2014 (Figure 5), a fact which supports the definition of a high pressure system considered hot
in blocking conditions. Therefore, there was the performance of an atmospheric blocking, where a stationary
high pressure cell with barotropic structure persists for at least six consecutive days, as the no objective criterion
defined by [8]. In this case, the system tenacity lasted about one month.

Figure 6 shows the mean field of pressure at mean sea level (hPa) along with winds at 10 meters for January
and February 2014. The South Atlantic Subtropical Anticyclone, acting as a blocking hot high pressure, re-
mained with daily average value around 1020 hPa for nearly five consecutive weeks between 20°S and 40°S
over the ocean with its western outskirts influencing eloquently the weather in eastern Brazil. Winds from the
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Figure 3. Mean fields of geopotential at 500 hPa (left) and geopotential height anomaly at 500 hPa (right) for January and
February 2014.
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Figure 4. Mean field of geopotential at 850 hPa for January and February 2014.

north and east quadrants predominated over the Southeast of the country between January and mid-February,
contributing to the conservation of high temperatures over the region.

As a result of climatic regimes comparison of atmospheric blockings in the Northern (NH) and Southern (SH)
hemispheres, it was found that the duration of blockings in the SH is less than the NH, by the presence of more
intense western tropospheric winds at high and mid-latitudes in SH [9]. Moreover, the authors also found that
blockings on the SH are, on average, located at lower latitudes than NH. The atmospheric blocking center that
established in the summer 2014 was positioned about 30 to 35°S, i.e., slightly below 45°S, contributing to the
high pressure, the lack of precipitation and the high temperatures in the region of influence (Figure 7).
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Figure 5. Mean fields of streamlines (m/s) at 850 hPa (left) and 500 hPa (right) for January and February 2014.
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Figure 6. Mean field of pressure at mean sea level (hPa) and wind at 10 meters for
January and February 2014.
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Figure 7. Mean fields of pressure at mean sea level (hPa) and air temperature at surface (°C) for January (left) and February

(right) 2014.
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Figure 8 illustrates the air temperature anomalies in January and February 2014. It is noted that the observed
temperatures were 1°C to 2°C above the climatological temperatures. However, it is noteworthy that these values
are average and attenuated by the reanalysis parameterization. According to the National Institute of Meteorology
(INMET), January 2014 was the warmest month in Sdo Paulo city since 1943, with a mean maximum temperature
of 31.9°C. In the Rio de Janeiro city, January 2014 recorded a mean maximum temperature of 36.2°C against the
climatological average of 32°C in the summer months [10].

The anticyclonic circulation cooperated for a smooth reduction in moisture availability in the eastern sector of
Brazil in January and February 2014 (Figure 9). Checking the specific humidity anomalies at 2 meters also in
Figure 9, it was noted that there were no significant irregularities over the country during the summer. Although
the sufficient moisture in the atmosphere, physical and dynamic conditions associated with the subsidence
movement of the blocking high pressure did not allow the development of deep cloudiness and, hence, precipita-
tion. Thus, it was not registered any episode of South Atlantic Convergence Zone (SACZ), the moisture con-
vergent flow in the lower troposphere that is responsible for the peak of the rainy season between December and
February in the Midwest and Southeast regions of Brazil [11].

February 2014 was the month in which the absence of rainfall became strongly critical in climatological terms,
in addition to installing a vehement concern about the reservoirs that store water to supply the population in
Southeastern Brazil. Figure 10 shows the INMET precipitation climatology for Brazil in February [12]. It is
observed that the average rainfall is about 180 to 220 mm in the south-central region of the southeastern country.
However, according to the total rainfall in February recorded by CPTEC—Center for Weather Forecast and
Climate Studies (Figure 11), the rainfall volume did not exceed 50 mm in most of the region [13], representing
just around 25% of normal and a negative anomaly of 100 to 200 mm.

It was showed that, for the east and west sectors of South America, the frequency of blockings is higher dur-
ing the winter and spring months [14]. Wherefore, the atmospheric blocking that developed over the South At-
lantic Ocean and energetically acted on the Southeastern Brazil was characterized as anomalous because of its
duration of about 30 subsequent days during the summer. This led to an unusual rainy season, with rainfall
amounts far below normal.
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Figure 8. Mean field of air temperature anomalies (°C) for January and

February 2014.
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Figure 9. Mean fields of specific humidity at 2 meters (g/kg) and winds at 10 meters (left) and (right) specific humidity
anomalies (g/kg, right) for January and February 2014.
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Figure 10. Climatological rainfall (mm) for February 2014 in Brazil [12].
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Figure 11. Observed rainfall (mm, left) and rainfall anomalies (mm, right) for February 2014 in Brazil [13].
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4. Conclusions

From a synoptic assessment of geopotential, streamlines, pressure, wind, air temperature, specific humidity and
precipitation fields, the atmospheric panorama presented for January and February 2014 over the South Atlantic
Ocean is representative of an evident abnormal atmospheric blocking pattern for this period of year. Future in-
vestigations must be conducted in order to improve early identification methods in such phenomenon for
monthly and seasonal forecast. In addition, it would also be relevant to study remote causes and factors for con-
figuration of blockings that are established over this region, as intraseasonal oscillations.

For meteorologists, the instruction about atmospheric blocking situation has substantial value, because the
system continues uninterrupted for several days and the blocking high pressure displacement is relatively mild
from one day to another. Therefore, due to the perseverance of local weather conditions, blockings admit
achieve superior ability in numerical forecasting of short and medium terms, a fact that represents a wide ad-
vantage to sectors such as agriculture, industry, energy, transportation and others, whose management and plan-
ning crucially depend on the weather.
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