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ABSTRACT:

The present work was motivated by the occurrence of vast damage caused by intense rainfalls in the state of Rio de Janeiro and the
great importance of the oil pipelines for the economy by using remote sensing multisatellite dataset from the GPM 3-IMERG-HHE
product from 06/2000 to 06/2019, along the ORBIG pipeline located between the municipalities of Angra dos Reis and Duque de
Caxias, RJ. A statistical ranking method has been applied to classify extreme daily precipitation events over the region. An event is
classified as extreme by considering the total affected area and its intensity, based on the daily normalized anomaly calculated from
the climatology data. The results show that in cold front events the oil pipeline region is hit more spatially with high accumulations
of daily precipitation. However, in thermal instability precipitation, despite affecting locally, it has also shown extreme precipitation
events, highlighting that in the 10 largest cases there were no false alarms, according to records found in news reports and rainfall
indexes. It was also noted that during summer time there were more extreme cases. In conclusion, this study served to indicate places
and times of higher rainfall index regardless of whether the region has a dense population or not.

1. INTRODUCTION

The rupture of the pipelines that cross rural and urban regions in
the state of Rio de Janeiro can have significant consequences for
the environment and the population. In Brazil, oil pipelines have
a high risk of failure due to geological and precipitation causes
(Esford et al., 2004).

According to André et al. (2008), in the state of Rio de Janeiro,
there are different precipitation regimes that depend on the
region, which are characterized by mountainous centers and / or
close to urban centers. Research relating extremes of
precipitation in these locations to landslides and floods is of
great importance to mitigate their impacts.

For accurate analysis of extremes of precipitation, the input data
must have high resolution and low uncertainty level. The
precipitation shows small-scale variability that requires frequent
inspections and adequate spatial representation. Such
inspections are not possible through in situ measurements,
especially in the oceans and remote or underdeveloped regions.
Furthermore, flaws in the precipitation station network data sets
make them unsuitable for the study of extremes. Thus, remote
sensing techniques should be used to overcome these problems
due to their adequate temporal and spatial resolution and their
global coverage.

Therefore, the objective of this study is to identify and rank
extreme precipitation around the ORBIG pipeline region using
satellite information (Figure 1 and 2). The methodology focuses
on the Global Precipitation Measurement (GPM) multisatellite
dataset over the last two decades. It is noteworthy that rankings
were defined regardless of the occurrence of significant
socioeconomic impacts. The events were characterized by high
daily precipitation that have influenced relatively large areas.

* Igor Cunha Franga do Amaral

2. DATASET AND ANALYSIS

Precipitation data was obtained for the period between 06/2000
and 06/2019 through the GPM hydroestimators, Huffman et. al.
(2019), using the 3B-HHR-E product from Integrated Multi-
satellite Retrievals (IMERG) version 06B.
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Figure 1. The study region location latitudes 22° 55 56 S, 23°
05’ 08” S and longitudes 043° 15 23” W, 044° 35* 19” W.

Figure 2. Location of pipeline ORBIG and surrounding region.

The precipitation estimates for the various passive microwave
satellite sensors (PMW) that make up the GPM constellation are
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calculated using the 2017 version of the Goddard Profiling
Algorithm (GPROF2017), interleaved with the combined radar
algorithm and GPM Ku radiometer, and fused in half an hour
fields at 0.1 ° x 0.1 ° (approximately 10x10km).

Precipitation estimates calculated from the various passive
microwave satellite sensors are intercalibrated with the CORRA
product Final change is then made, combined with geo-IR fields
calibrated by microwave precipitation to provide rainfall
estimates every half hour all around the world.

To identify extreme precipitation event, we followed the work
of Ramos et. al. (2014), where each extreme event was
classified according to the total daily amount of precipitation in
each grid cell and the proportion of the affected areas. The
method applied to characterize and classify the severity of
precipitation and its spatial extent of each extreme day is
described below:

N = (prec - p)/c (1)
where N - is the standardized anomaly
Prec - is the daily precipitation

W - is the climatological mean daily precipitation
o - is the respective standard deviation

The reference period for calculating the climatological average
and standard deviation was the entire period from 06/2000 to
06/2019. We took into account only days with daily
precipitation above 1 mm masking the ocean.

To highlight the levels of highest intensity of precipitation, we
calculated the rarity index of each event (R) given by:

R=AxM )

Where A is the area (in percent) with standard deviation
precipitation anomalies above 2 and M is the spatial average of
these anomalies for all points in the grid that are characterized
by precipitation anomalies standard deviation above 2.

3. RESULTS

In this work, we have identified the 10 major extreme events
from 2000 to 2019 over the study period (Table 1). In addition,
the final index R = A x M used to rank the days has been
calculated. In that region, a majority of extreme rain events
occurred from 2001 to 2011, and only one event occurred after
that period, in 2018. It is worth noting that most of the top 10
events took place during the southern summer, with the
exception of the 2018 event that took place in August (southern
winter). Particularly the following cases: 2nd (January 3rd,
2008), 3rd (March 29, 2001) and 4th (August 3, 2018)
corresponded to cases with significant disasters and victims
over the region.

Date Precipitation A M R
(mm)
2008-01-05 396.3 98.7 6.1 607.5
2008-02-03 236.9 100.0 35 354.3
2001-03-29 371.8 75.6 3.3 250.7
2018-08-03 184.3 97.4 2.5 247.2
2009-12-31 226.2 96.1 2.3 224.9
2006-02-10 276.3 98.7 2.2 218.5
2009-03-13 276.5 83.3 25 216.3
2010-03-14 309.4 66.6 29 199.7
2011-01-11 184.5 100.0 1.9 190.0
2010-03-15 225.7 97.4 1.8 177.9

Table 1. The ten highest risk precipitation events.

The method was developed to take into consideration two
factors, the area of influence of extreme precipitation given by
anomalies above the threshold, and the intensity of the event
given by the average values of the anomalies, which become
more visible in the analysis of the top 3 events in the domain.
The first event (1st) in the rank corresponds to January 5, 2008,
where generalized and intense precipitation occurs in the
western part of the domain, along with some intense
precipitation in some other parts (Figure 3).

In terms of the synoptic pattern, these days are characterized by
a deep low-pressure system with a cold core located over Rio de
Janeiro, with its associated fronts crossing the region. This
synoptic configuration led to an advection of hot and humid air,
which associated with cold air, caused a very deep convection
and, consequently, an intense precipitation, Barcellos (2009).

The second top ranked event corresponds to February 3, 2008
(Figure 4), a broader event (A = 100% of the domain)
characterized by an extensive precipitation range covering the
entire region, with significant socioeconomic impacts, i.e., nine
deaths, Pereira et. al. (2008). This event was due to a rapidly
deepening cyclone, this configuration implied a substantial
increase in atmospheric instability and consequently triggered a
strong convection that played a key role in the development of
convective system, according to Barcellos et. al. (2016).
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Figure 3. Accumulated daily rainfall shown as shaded and black
contour lines with red lines representing pipeline transmissions.
Date 2008-01-05.

Figure 4. Accumulated daily rainfall shown as shaded and black
contour lines with red lines representing pipeline transmissions.
Date 2008-02-03.
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Figure 5. Accumulated daily rainfall shown as shaded and black
contour lines with red lines representing pipeline transmissions.
Date 2001-03-29.
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Figure 6. Accumulated daily rainfall shown as shaded and black
contour lines with red lines representing pipeline transmissions.
Date 2018-08-03.
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Figure 7. Accumulated daily rainfall on shaded and black
contour lines with red lines representing pipeline transmissions.
Date 2010-03-14.

The third largest event, March 29, 2001 (Figure 5), corresponds
to the event in which the day was characterized by intense
precipitation, mainly in the duct region, where the A (M) index
reaches about 75.6% (3.3). Despite its top position for the
domain, there is less information about socioeconomic impacts
in news and literature, but some landslides did occur. However,
the applied method focuses on identifying and characterizing
the extreme precipitation values associated with synoptic events,
which may or may not cause human fatalities or significant
socioeconomic impacts. Nevertheless, it is worth mentioning
that some of the extreme episodes of precipitation that caused
significant damage and/or death are often associated with
extreme precipitation on a local scale. For instance, during the
8 event (Figure 7), March 14-15, 2010, Rio de Janeiro was hit
by a high-volume precipitation event, which was immediately
followed by generalized urban flooding and landslides as well
as human life loss estimated as ten fatalities (Lottermann &
Trigueiro, 2019). These days did not stand out in the
classification as they affected a relatively small area (although
very intensely). It is also important to note that some of the

impacts were exacerbated by the fact that there was substantial
precipitation in the week prior to this event.

The fourth and most recent extreme event identified
corresponds to the rainy day of August 3, 2018 (Figure 6) with a
maximum of 184.3 mm. According to news records, one child
died and three were buried in mud. In terms of the ranking, this
day was characterized by indexes below those previously
mentioned, which explains the 4th classification (A = 97.4%
and M = 2.5).

Figures 3, 5 and 7 show the daily accumulation having their
centers on the ORBIG pipeline and the consequences, such as
landslides and flooding nearby. Although there was no disaster
in the pipeline it is clear that the mapping done in this work is
of great importance.

4. CONCLUSIONS

In this work, we adopted a method to classify extreme
precipitation events in Rio de Janeiro. The magnitude of an
event is characterized not only by the area affected, but also by
its average intensity. In addition, it should be stressed that the
establishment of these rankings were independent of the
occurrence of significant socioeconomic impacts, as shown by
the different examples presented.

The apparent incompatibility between the top positions detected
here and the classifications of events that caused major
economic damage or human fatalities can be attributed to
different issues: (1) the duration of the event is not taken into
consideration in the ranking, (2) some of the extreme
hydrometeorological events, such as landslides or sudden floods,
depend on accumulated weekly and monthly rainfall and
saturation of soil moisture, especially to affect the ORBIG
pipeline, (3) in general, the risk is due not only to damage to the
population but also the value of exposed goods and their
vulnerability. In this respect, the areas often characterized by
intense rainfall anomalies do not correspond to large populated
areas with buildings and transportation networks.
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