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Climate change has the potential to change the distribution of rainfall. However, for Sul Fluminense this
analysis was not performed. Thus, the objective of this research was to identify changes in the number of
rainy days in the South Fluminense region. Daily rainfall data from 1938-2011 were used for the study
from a weather station located in the municipality of Visconde de Maua-RJ. The rain data were divided
into five classes of days with rain equal to: P=0; 0 <P <5;5>P <10; 10 >P <15; 15> P < 20. The
analysis was performed using the rain data for the months of January (summer) and July (winter). The
rain classes were submitted to Student's t test for the linear regression slope to identify possible changes
in rainfall classes. For this test, a significance level of 5% was adopted. The analysis showed that the
classes 5>P <10; 10 > P < 15; 15 > P < 20 for the month of January, showed a reduction, but there was
no statistical significance for the test applied. For January only classes 0 < P <5 showed an increase which
statistically significant. In July there was an increase in classes 5> P < 10 and 10 > P < 15 and reduction
in 0 <P <5 and 15> P < 20. However, without statistical significance for July. Results show greater
reduction the rainfall in January.

RESUMO

Palavras-chaves
sul fluminense
mudancas climaticas
tendéncia

teste t de Student

Mudanca no nimero de dias com chuva no municipio de Visconde de Maud, Rio de Janeiro.

As mudancas climaticas tém o potencial de modificando a distribuicdo das chuvas. No entanto, para o Sul
Fluminense essa analise ndo foi realizada. Assim, o objetivo desta pesquisa foi identificar mudanca no
namero de dias com chuva na regido Sul Fluminense. Para o estudo foram utilizados dados diarios de
chuva entre 1938-2011, proveniente de uma estagdo meteorolégica localizada no municio de Visconde de
Maua-RJ. Os dados foram subdivididos em cinco classes de dias com chuva igual a: P=0; 0 <P <5; 5 >
P<10;10>P<15; 15> P <20. A anélise foi realizada para os meses de janeiro (verdo) e julho (inverno).
As classes foram submetidas ao teste t de Student para o coeficiente angular da regressdo linear, para
identificar possivel alteracdo nas classes de chuva. Para esse teste, foi adotado nivel de significancia de
5%. A analise mostrou que as classes 5 >P <10; 10 > P < 15; 15 > P <20, para o més janeiro, apresentou
redugdo, mas sem significancia estatistica. Para janeiro, apenas a classe 0 < P < 5 apresentou aumento,
sendo esse com significancia estatistica. No més de julho foi observado aumento nas classes 5>P <10 ¢
10> P <15, e redugdo para 0 <P <5 e 15 > P <20. No entanto, sem significancia estatistica para julho.
Os resultados indicam reducdo maior das chuvas para 0 més de janeiro.
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INTRODUCTION

Water is a renewable natural resource of
fundamental for the conservation and balance of
biodiversity and maintenance of life on the planet,
which is renewed naturally in the hydrological
cycle. However, the rainfall regime may change
due to changes in the climate, which can
compromise the water availability of a region and
its agriculture. Another relevant aspect due to the
change in rainfall is the increase in the number of
days without rain, which can be crucial for storage
of water in reservoirs and power generation.

According to Qian and Lin (2005) the frequency
and persistence of droughts should be one of the
consequences of global warming, change in land
use and urban growth. Thus, knowledge about
changes in the rainfall regime of a region, as a result
of climate change, is essential for the development
of public administrations that will lead to actions on
the management of water resources and make it
possible to mitigate their impacts on agriculture and
the environment (Wanderley et al., 2013).

The temperature increase and deforestation has
the potential to interfere with the rainfall regime,
changing the distribution of rainfall mainly due to
the intensification of the hydrological cycle, where
this change is related to the intensity, frequency and
distribution of rain. The distribution of rainfall has
shown a change in various locations on the planet,
with an increase in extreme events.

To understand this change indices for climate
variability and extremes have been used for a long
time, often by assessing days with temperature or
precipitation observations above or below specific
physically-based thresholds (Zhang et al., 2011).
Halimatou et al. (2017) identified results of
precipitation extremes for Ségou showed positive
significant decrease in consecutive wet day and in
extremely wet, whereas Maximum 5 day's
precipitation showed positive insignificant increase
and the total annual precipitation showed a positive
insignificant decrease. Shi et al. (2018) showed that
the spatial trends of consecutive dry days and
consecutive wet days were significant only in
several regions of China. Shau et al. (2019) showed
that most of extreme precipitation indices
decreased in spring, autumn and winter, and
increased in summer, whereas consecutive dry days
increased in all seasons. At the monthly scales, wet
precipitation extremes mostly occurred in July, and
upward trends of extreme precipitation events
dominated in February, June, July and August.

For some regions of Brazil change in
precipitation was identified with a statistically
significant trend (Wanderley et al., 2013; Obregon
et al., 2014). In some cases there is a change in
precipitation and temperature (Salviano et al.,

2016; Wanderley et al., 2014). For the state of Rio
de Janeiro Wanderley and Bunhak (2016)
identified changes in the number of rainy days.

Therefore, there is a need to evaluate and
quantify the main changes presented by the daily
distribution of rainfall, identifying whether these
changes can already be a response to climate
change. Thus, the objective of this research was to
identify changes in the number of rainy days in the
South Fluminense region.

MATERIAL AND METHODS

Daily rainfall data from 1938-2011 were used for
the study from a weather station (-22,33°, -44,54°,
11220,62 m) located in the municipality of
Visconde de Maua-RJ, located in the southern
region of the state of Rio de Janeiro (Figure 1). The
Visconde de Maua region is on the border between
the states of Rio de Janeiro, Minas Gerais and Sdo
Paulo in an environmental protection area at the top
of the Serra da Mantiqueira on the border with the
Itatiaia National Park.

The precipitation data were divided into five
classes of rain (mm): class-1 P = 0; class-2 0 <P <
5; class-3 5>P < 10; class-4 10 > P < 15 and class-
5 15> P < 20. The analysis was carried out for the
months of January (summer) and July (winter).
These months were selected because the state of
Rio de Janeiro has about 70% to 80% of rainfall in
the summer months and 20% to 30% in winter,
based on the months of January and July, which are
two extremes of rain, since January is part of the
months with the highest rainfall (summer) and July
is part of the months with the lowest rainfall
(winter) (André et al., 2008).

The rain data was counted in the total of days for
each class. The total number of days presented by
the rain classes was submitted to regression
analysis performed using the Student's t test of
significance for the slope of the line. This test was
used to assess whether the slope of the B line is
significantly different from zero, indicating the
presence of a change in the time series (trend),
considering the linear regression of Y with a
random variable in time X, Eq. (1).

Y = o+ BX

where:
Y - variable under analysis
X -time
a and P - regression coefficients
calculated by the least squares method.
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Figure 1 - Identification of the study site.

The null hypothesis (Ho) that there is no change,
that is, p = 0, was tested using Student's t test with
n-2 degrees of freedom, Eq. (2). The hypothesis
that there is no change is rejected when the
calculated t value is greater, in absolute value, than
the critical value to/2, n-2, tabulated, at a certain
level of significance ao, with a level adopted for
this test significance of 5%.

t_m'n—z

b
W1-7° B 5/“-'555"-’

where:
n - sample size
r - Pearson's correlation coefficient
s - standard deviation of residues
b - slope of the rectum
SSX - sum of squares of the independent

Table 1 - Values of Student's t test applied to daily

variable (time in trend analysis).

RESULTS AND DISCUSSION

The results obtained for the daily rain classes
show a negative trend for almost all the classes an-
alyzed for the month of January (Table 1). For this
month, the class that indicates days without rain P
= 0, shows a reduction, indicating that there is an
increase in rainy days this month. The linear ad-
justment ratifies the reduction by presenting an ad-
justment of the negative coefficient (Figure 2a).
However, the reduction in class-1 P = 0 was not sta-
tistically significant. The reduction in days without
rain for the month of January may be relevant, as
this is the month with the highest rainfall for the
state of Rio de Janeiro, which may indicate greater
water availability or increased rainfall extremes.

rain classes.

Months Rain Classes
P=0 0<P<S5 5>P<10 10>P<15 15>P<20
January -0,444 2,459* -0,918 -0,724 -1,211
July 0,083 -0,397 0,554 0,868 -1,320
* Statistically significant.
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Figure 2 - Linear regression for rain class P = 0: a) January and b) July.

The month of July shows a tendency to increase
the days without rain of class-1. the linear
adjustment for July shows a small positive increase
in its coefficient (Figure 2b). However, without
statistical significance. The increase to class-1 P =
0 in July may indicate a reduction in rainfall in a
month of greater water deficit in the state of Rio,
making water supply and agricultural practices in
the region even more unavailable.

For class-2 0 <P <5, an increase with statistical
significance for the month of January and a

(A) y= 0,0802x + 5,801¢
30
R*=0,0774
25
20
E 15
10

5

o
1938 1948 1958 1968 1976 1988 1998 2008

0<P=5S

reduction for the month of July are observed. The
linear adjustment for January shows a small
positive increase in its coefficient and a change of
4 days per century (Figure 3a). The increase in rain
in class-2 in January is not relevant, as part of this
precipitation evaporates, as it is less intercity. This
precipitation does not allow for hydraulic
replacement and does not cause economic damage
due to the occurrence of erosion, runoff, floods,
landslide, among others.

(B) y= -0,006% +4,6253
30 R?=0,0022

1938 1948 1958 1968 1978 1988 1958 2008

—<Ps5

Figure 3 - Linear regression for rain class 0 <P < 5: a) January and b) July.

In July, the class 2 trend was reduced (Figure
3b). The reduction of this and any other
precipitation may be relevant, since the month of
June is the month of the largest water deficit in the
state of Rio de Janeiro.

Classes 5>P <10 and 10> P < 15 for the month
of January showed a reduction in the days with

these pluviometric indices, although they did not
present statistical significance for the applied test
(Figures 4 and 5). The reduction in days with this
class may be relevant if the change persists, as these
rains are the most common during this month and
contribute to the storage of water in the soil.
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Figure 4 - Linear regression for rain class 5> P < 10: a) January and b) July.
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Figure 5 - Linear regression for rain class 10> P < 15: a) January and b) July.

The trends obtained for the month of July are
opposite to January for class-3 5> P < 10 and class-
4 10 > P < 15. The class-3 and class-4 in july are
the only ones that show increased rainfall for that
month. The class-3 and class-4 increase is essential
to contribute to the increase in rainfall in that
month. According Sobral et al. (2018) the average
rainfall for the month of June is 33 mm. Similar to
the other classes analyzed for the month of July,
there was no statistical significance for these
classes.

Climate projections for future climate indicated
changes in availability for the region under analysis
due to the may increase of more than 2 °C in the air
temperature. There was practically no change in
total rainfall annual, although rainfall variability
has changed. Changing the distribution of rains,
associated with the increase in temperature, cause

disturbance in the availability water through
change in evapotranspiration, surplus and water
deficiency (Costa and Wanderley, 2019).

The class-5 15 > P < 20 is the only one in which
the trend for the months of January and July was
the same, both for reduction (Figure 6a). The
analysis shows that for January the reduction in
rainfall was found in classes 1, 3, 4 and 5. However,
class-1 indicates increased rainfall for January,
which may indicate an increase in extreme rainfall
in the region under analysis. The extreme rainfall
can have great impacts on society due to its possible
cause floods and mass movement. The reduction
change in class 15 > P < 20 for July although
without statistical significance it is observed from
1984 onwards only two events with rainfall (Figure
6a).
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Figure 6 - Linear regression for rain class 15 > P <20: a) January and b) July.

There is a discussion as to whether the changes
already observed in the distribution of rain such as
the increase in the frequency of extreme events are
the result of changes in the climate, (Pendergrass
and Hartmann, 2014). However, there is no
consensus as to whether less intercity events will be
less frequent (Chou et al., 2012 and Lau et al.,
2013) as noted in this analysis.

Simulations of global climate models by Costa
and Wanderley (2019) show a reduction in rainfall
from January to March in the region and a deficit of
water in the soil between May and August. There
was also a reduction in the frequency of wet days
and an increase in the intensity of rain (Sun et al.,
2007). But there is agreement that the frequency of
light rain events increases or decreases, as observed
in studies of Chou et al. (2012) and Lau et al.
(2013).

CONCLUSIONS

The distribution of rain analyzed for the months
of January and July although no statistical
significance is presented for all classes. For the
month of January, the reduction can be observed in
all rain classes. In the month of July there is an
increase in rainy days for classes 5>P < 10 and 10
> P <15, and reduction for classes 0 <P <5 and 15
> P < 20. However, there was no statistical
significance for the month of July. This reduction
can cause significant impacts on the use of water
for urban and agricultural supply, as it is an
important month for the region under analysis.
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