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This paper aims at establishing thresholds for atmospheric indicators 
of large accumulated daily rainfall, named in this work as extreme rainfall. The objective is to 
characterize the values of these indicators, specifically for the municipality of Rio de Janeiro, 
so that, when forecasted by numerical models, they
thermodynamic patterns favorable to the occurrence of extreme rainfall over the region and 
can assist operational forecasters in the "warning time". 
Weather Research and Forecasting
integrated for 72 hours was used
index, TT index, CK index, 
divergence at 850hPa (CON
level pressure (P). Results showed that 
supports better the identification of the places w
convective systems that lead to a large
 

1. INTRODUCTION 
 
Knowledge and forecast of
systems associated with 
accumulated daily rainfall
rainfall) have shown to be vital
last years once these systems
responsible for floods, landslides,
and even loss of life . 
 
Thus, this study aimed to examine
of extreme daily rainfall in the
de Janeiro in the period 1997
calculate the indicators of severe 
from the simulations carried out 
Weather Research and Forec
(WRF - MICHALAKES , et
seeking the establishment  of
that characterize the behavior
indicators for the municipality
the increasing of the proportions of "
rates" and the reduction of "
in the forecast of thermodynamic
dynamic characteristics responsible
extreme rainfall.   
  
2. METHODOLOGY 
 
In this study, the extreme rainfall
analyzed were the ones  in which  
of daily  rainfall exceed 
threshold to the percentile of 99%
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ABSTRACT 

establishing thresholds for atmospheric indicators on days 
of large accumulated daily rainfall, named in this work as extreme rainfall. The objective is to 
characterize the values of these indicators, specifically for the municipality of Rio de Janeiro, 
so that, when forecasted by numerical models, they properly represent 
thermodynamic patterns favorable to the occurrence of extreme rainfall over the region and 
can assist operational forecasters in the "warning time". To calculate these

Forecasting Model (WRF) with spatial resolution of
was used. The atmospheric indicators considered 

, CITT index, lapse rate between 500 and
N) and 250hPa (DIV), vertical motion (W) at 500

Results showed that the thresholds represented more accurately 
supports better the identification of the places which are more prone to form
convective systems that lead to a large accumulated precipitation over Rio de Janeiro.

of convective 
associated with large 

accumulated daily rainfall (extreme 
vital over the 
systems are 

landslides, flooding, 

examine cases 
the city of Rio 
1997-2008, to 
severe weather 

carried out by the 
Forecasting model 

et al., 2001), 
of thresholds 

the behavior of these 
for the municipality, as an aid in 

proportions of "hit 
false alarms" 

thermodynamic and 
responsible for 

extreme rainfall cases 
in which  values 
 the relevant 
of 99%, in at 

least three stations, the 
stations in the city of Rio de Janeiro
period 1997-2008 (Fundação
Thus, there were 84 cases
daily rainfall. 
 
Table 1 - Threshold for
percentile corresponding to
of the thirty stations of Fundação 
during 1997-2008. 

 
Figure 1 shows the region over which
model was integrated, and
marked the region where
indicators were calculated
 

The WRF model has been integrated with 
spatial resolution of 10 km per 72 hours, 
beginning one day before and ending one 
day after the occurrence of each event of 
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on days of occurrence 
of large accumulated daily rainfall, named in this work as extreme rainfall. The objective is to 
characterize the values of these indicators, specifically for the municipality of Rio de Janeiro, 

represent the dynamic and 
thermodynamic patterns favorable to the occurrence of extreme rainfall over the region and 

To calculate these indicators, the 
with spatial resolution of 10km and 

 in this paper are: K 
between 500 and 700hPa (LR), 

at 500hPa and sea 
represented more accurately and 

hich are more prone to form intense 
Rio de Janeiro. 

the rainfall network  
Rio de Janeiro in the 
undação GEORIO). 

84 cases of extreme 

Threshold for total daily rainfall 
corresponding to 99% for each 

Fundação GEORIO 

 

region over which the 
, and, in red, it  is 

ion where atmospheric 
alculated. 

The WRF model has been integrated with 
spatial resolution of 10 km per 72 hours, 
beginning one day before and ending one 
day after the occurrence of each event of 



heavy rainfall in the city of Rio de Janeiro, 
with the objective to characterize well the 
evolution of atmospheric parameters 
present at these events. 
 

Figure 1 - Region where atmospheric 
indicators of extreme daily rainfall 
calculated. 
 

3. RESULTS 
 
All the 120 grid points within the region 
bounded in red in Figure 1 were
in all cases on the days of extreme rainfall 
during the period 1997-2008. Statistical 
parameters have been calculated for each 
of the atmospheric indicators 
threshold values were established
each of them. The thresholds of 
atmospheric indicators of extreme rainfall 
are shown in Table 2. 

 

Table 2 - Thresholds of 
extreme rainfall for the city of Rio de 
Janeiro.  

 
It can be seen in Table 
probability of extreme daily rainfall
city of Rio de Janeiro is higher for
which the atmospheric severe weather
indicators are below the 
(negative values, for example,
and CONV or to the ones in which
value reduction convection 
such as, pressure) or are above
quartile (positive values, for 
TT, LR, DIV and MV). 
 

Thus, based on sampling 
study, local moments which have

Index Maximun Minimum Median  Quartile 1

CITT 2450,91 -3370,67 26,65

CK 2007,17 -2677,87 18,28

CONV 61,87 -79,68 0,64

DIV 91,70 -30,15 0,05

K 42,83 4,19 31,75

TT 52,75 27,70 42,93

LR 8,38 4,01 5,86

P 1027,06 1004,41 1013,39

W 4,56 -0,88 0,00

heavy rainfall in the city of Rio de Janeiro, 
h the objective to characterize well the 

evolution of atmospheric parameters 

 
atmospheric 

of extreme daily rainfall were 

within the region 
ere analyzed, 

on the days of extreme rainfall 
2008. Statistical 

parameters have been calculated for each 
indicators and then 

established for 
each of them. The thresholds of 
atmospheric indicators of extreme rainfall 

 indicators of 
extreme rainfall for the city of Rio de 

 

 1 that the 
rainfall in the 

is higher for cases in 
severe weather 
 first quartile 

example, CK, CITT 
to the ones in which its 

 environment, 
are above the third 

for example, K, 

 data of this 
which have, for 

example, K index above
above 44.7 ° C, CK below
/ s CITT below -87.1 ° C
below -2.1 * 10-6 / s, DIV 
10-6 / s, LR above 6.1 
below 1010hPa MV above
most conducive to the 
extreme precipitation (Table
 

 

4. CONCLUSIONS 
 
The values of indicators
found in this paper for all
occurrence of extreme rainfall
Rio de Janeiro in the period
together with their thresholds
obtained from numerical modeling
properly characterize
environment to storm formation
pre-established to severe storms
the ones found in the literature for
places in the world. 
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 Quartile 1  Quartile 3

-87,08 154,38

-61,36 110,49

-2,07 3,71

-1,66 1,84

27,96 34,72

39,72 44,69

5,62 6,10

1010,81 1016,44

-0,02 0,03

above 34.7 ° C, TT 
below -61.4 ° C * 10-6 
° C * 10-6 / s, CONV 
, DIV above 1.842 * 
 ° C / km, and SLP 

above 0.034 m / s are 
the occurrence of 
(Table 1). 

of indicators of severe weather 
for all days of the 

extreme rainfall in the city of 
in the period 1997-2008, 

their thresholds (Table 2) 
numerical modeling, more 

characterize a conducive 
storm formation than the 

severe storms such as 
in the literature for other 
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