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Abstract

The aim of the study is to analyze return periods and understand the occurrence of intense winds and precipi-
tation in the Rio Negro hydrographic lower basin, in order to enhance the understanding of flood-related risks in
the region. Precipitation and wind data were obtained from the NASA POWER project database and the Viedma
Aero meteorological station of the National Meteorological Service. Return periods were calculated for both rainfall
and intense winds using the Gumbel statistical distribution at a 95% confidence level. Results show predominant
winds from the northwest, north, and north-northwest, with a more recurrent regime of moderate breeze. The
analysis of Mazimum Probable Precipitation (PMP) demonstrated that the highest rainfall occurs eastward of the
basin, with a probability of daily precipitation exceeding 60 mm every two decades. Additionally, the occurrence of
intense south winds is observed to potentially favor flood production approximately every 10 years. The findings
of this research contribute to a better understanding of the risks associated with extreme rainfall and wind events,
thereby facilitating the planning of mitigation and adaptation measures.

Keywords: wind, precipitation, meteorological extreme event, flood, return period.

Resumen

El objetivo del trabajo es analizar los periodos de retorno y comprender la produccion de vientos y precipitaciones
intensas en la cuenca hidrogrdfica inferior del rio Negro, con el fin de mejorar la comprensién de los riesgos
asociados a las inundaciones en la region. Se analizan datos de precipitacion y viento obtenidos de la base de
datos del proyecto POWER de la NASA y de la estacion meteoroldgica Viedma Aero del Servicio Meteoroldgico
Nacional. Se calculan los periodos de retorno tanto para lluvias como para vientos intensos a través de la dis-
tribucidn estadistica de Gumbel al 95% de nivel de confianza. Los resultados muestran vientos predominantes del
noroeste, norte y nornoroeste, con un régimen mds recurrente de brisa moderada. El andlisis de la Precipitacion
Mdzima Probable (PMP) demostrd que las mayores precipitaciones suceden hacia el este de la cuenca, con una
probabilidad de precipitacidon diaria superior a 60 mm cada dos décadas. Ademds, se observa que la ocurrencia de
vientos intensos del sur puede favorecer la produccion de inundaciones aprozimadamente cada 10 anos. Los resul-
tados de esta investigacion contribuyen a una mejor comprension de los riesgos asociados con eventos extremos
de lluvia y viento, y facilitando la planificacion de medidas de mitigacion y adaptacion.

Palabras claves: viento, precipitacion, evento meteoroldgico extremo, inundacion, periodo de retorno.
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1 Introduction

Globally, a remarkable increase in the frequency of severe floods has been recorded, with climate variability being
a determining factor in this phenomenon (IPCC, 2021; Falco et al., 2014). The close connection between seasonal
rainfall patterns, snowmelt, and the thermal regime, which regulates evaporation, has been identified as crucial
to understanding the occurrence of floods (Vich et al., 2014; Romero and Gonzélez, 2016; Arguello Murillo et al.,
2016). Research on precipitation, its variability, and trends is vital for assessing the probability of flood-related
disasters, especially in a context of increasing frequency and intensity of global precipitation (Fenoglio, 2019).

Numerous studies worldwide have examined climate variability and its impact on the hydrological cycle, highlight-
ing the importance of understanding these fluctuations (Trenberth et al., 2007; Guirado and Lépez Bermudez,
2011; Pena Rabadéan, 2015; Sedano Cruz, 2017; Rabuffetti, 2018; Fenoglio, 2019; Kundzewicz and Pinskwar,
2022). The increase in precipitation frequency and intensity has triggered severe floods in various regions world-
wide. In Europe, an increase in the probability of flash floods is anticipated due to the increasing intensity of
precipitation (Dankers and Feyen, 2008). North America has experienced an increase in rainfall, tripling flood
disasters in the last three decades (Kirchmeier Young and Zhang, 2020). In South America, 70% of flood events
between 1951 and 2010 are attributed to the increase in rainfall patterns (Alifu et al., 2022).

At the national level, research on climate variability and extreme hydrometeorological events is limited, par-
ticularly in the Argentine Patagonia (Paruelo et al., 1998; Garreaud et al., 2009; Bianchi, 2016; Romero and
Gonzélez, 2016). In the northern Argentine Patagonia, a positive trend in annual temperature has been observed
in the last three decades, although the temporal evolution of precipitation series is disputed (Romero et al., 2014;
Camilloni, 2018; Brendel et al., 2020; Pessacg et al., 2022). Due to the historical vulnerability of the lower sector
of the Rio Negro (RN) hydrographic basin to river floods, attributed to low atmospheric pressures, strong winds
obstructing drainage to the sea, and intense precipitation, this study proposes analyzing precipitation trends and
calculating return periods for both rainfall and strong winds. This aims to enhance comprehension of the flood
risks associated with high wind speeds in the region.

Study Area

The study area is the Rio Negro hydrographic lower basin (RNhlb) (Figure la). According to the delineation
performed by Soldano (1947) and Atlas de Cuencas y Regiones Hidricas Superficiales de la Reptblica Argentina
of the Subsecretaria de Recursos Hidricos (SSRH, 2010), the sector extends from the river mouth in the Atlantic
Ocean to Segunda Angostura, between 40°-41° S and 63°-64° W, in the NE of Argentine Patagonia (Figure 1.1c).
Its surface area covers approximately 3000 km? and its orientation is NW-SE.
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Figure 1: Study Area: a) Rio Negro hydrographic lower basin of the, b) Relative location of the study area
in the Republic of Argentina. Prepared based on data from Soldano (1947), Farr et al. (2007), SSRH (2010),
INDEC (2010), and IGN (2018 and 2022).
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The RN is located in the northern sector of its lower hydrographic basin (AIC, 2020) and features an allochthonous
channel (AIC, 2020). The river’s design in its lower stretch is meandering anastomosed, with abandoned channels,
islands, and temporary lagoons (Luchsinger, 2006; Prates, 2008). The mean gauged flow of the river is 1020 m®
s~! and exhibits no significant seasonal variations (Gianola Otamendi, 2019). The channel width varies from 194
m at Primera Angostura to 300 m at the mouth during low-water periods (Prates et al., 2019).

The soils in the study area belong to the Entisol and Aridisol orders, according to the Soil Taxonomy (2006),
characterized by moderate to poor drainage (Pereyra, 2012). Topographical features, permeability, surface runoff,
vegetation cover, and precipitation make the soils of the RNhlb prone to water and wind erosion, as well as
degradation due to overgrazing (Panigatti, 2010). The northern region of the basin features cliffs and terraces in
its relief, while the southern region exhibits flat landforms with slopes less than 3%, interspersed with plateaus
and saline ridges sometimes exceeding 2 m above sea level (ECYT-AR, 2014). At the river mouth in the Atlantic
Ocean, banks form, creating an open reflux delta (Piccolo and Perillo, 1999).

The climatology of the RNhlb is influenced by atmospheric circulation and topography, with the semi-permanent
anticyclones of the South Atlantic and South Pacific and the subpolar low-pressure belt being the predominant
synoptic systems (Coronato et al., 2017). The annual precipitation regime does not exceed 400 mm and is
controlled by the seasonal migration of storm tracks (Bianchi, 2016). The wind regime is determined by the
position of the South Atlantic anticyclone, which varies seasonally, with prevailing winds from the NE and E in
summer and from the W in winter (Coronato et al., 2017). The combination of a high-pressure center and cyclones
originating in north-central Argentina produces ”Sudestadas,” strong winds from the S and SE that occasionally
cause floods (SMN, 1989; Garcfa, 2011). These climatic conditions confer arid and semi-arid characteristics to
the RNhlb, classified as temperate semi-arid according to Képpen-Geiger, with the northern sector in the arid
diagonal and the southern sector in the Monte plains and plateaus ecoregion (Morello et al., 2012; Gentile et al.,
2020).

In the lower sector of RN are the administrative units of Adolfo Alsina and Conesa (Province of Rio Negro),
as well as Carmen de Patagones (Province of Buenos Aires). Loteo Costa de Rio (665 inhabitants), El Juncal
(83 inhabitants), San Javier (530 inhabitants), Guardia Mitre (856 inhabitants), and Viedma and Carmen de
Patagones cities (73,322 inhabitants) are localized in the study area (Figure 1.1b). In total, the resident population
according to the 2010 Census was 77,910 people (INDEC, 2010), with the region historically experiencing the
highest population growth in the Viedma-Carmen de Patagones area (INDEC, 2001; 2010; 2022). The economic
activity in the study area is characterized by the predominance of intensive agricultural activities under irrigation
and livestock farming (Brailovsky, 2012).

2 Methodology

The precipitation data used in this study were acquired from the NASA POWER project reanalysis database
(2021). Garcia Bu Bucogen et al. (2022) validated this meteorological dataset for the study area. These data
were obtained through the analysis of a 15-point grid with a spatial resolution of 0.5°, as illustrated in Figure 2.
Information on the wind regime was extracted from the Viedma Aero station (40°52°00” S and 63°00°00” W) of the
National Meteorological Service (SMN) for the period from 1981 to 2020, covering 40 years and using tri-hourly
wind speed and direction data (SMN, 2021) (Figure 2).
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Figure 2: Location of the Viedma Aero measurement station and grid of data points from the NASA
POWER Project reanalysis. Prepared based on data from SMN (2021) and the NASA POWER Project
(2021).
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To analyze the wind regime in the study area, the wind rose was examined, and the Beaufort scale classification
was applied. The recurrence of intense winds, defined as wind speeds equal to or greater than 40 km/h (SMN,
2023), was determined using the Gumbel statistical distribution function. This statistical distribution is commonly
used in probability and statistics to model maximum wind speeds and their return periods (Gumbel, 1941). The
function was adjusted according to the methodology detailed by Mayo and Mitrani (2022) calculated at a 95%
confidence level (Equation 1).

(z) = exp [exp {%} (1)

Where the coefficients are defined as follows: A = 0.779s and B = x - 0.45s. In this case, x represents the mean
and s the standard deviation. The return period (Pr) is calculated according to the following expression (Mayo
and Mitrani, 2022) (Equation 2):

1
=1_p (2)

RP

Where RP and P, are the return period in years and the cumulative probability.

A probable maximum precipitation (PMP) analysis was conducted using the series of maximum annual precipita-
tion in 24 hours recorded at the grid points of the NASA POWER project (2021) (Figure 2). This analysis covered
return periods ranging from 2 to 50 years. The quantification of extreme precipitation values was performed by
applying the Gumbel statistical distribution using the method of moments. For this purpose, linear combinations
of weighted probability moments were employed, following the methodology described by Lorente Castel et al.
(2013).

3 Results and discussion

The wind rose analysis for the period between 1981 and 2020 (SMN, 2021) revealed that the predominant winds
recorded by the Viedma Aero weather station were from the northwest (NW), north (N), and north-northwest
(NNW) directions (Figure 3a). According to the Beaufort scale, the most recurrent wind regime was classified
as moderate breeze (MB), with speeds ranging from 12 to 19 km/h (Figure 3b). The results obtained are
consistent with previous studies. The influence of air masses in the study area varies according to the seasons
in Argentina (Bianchi and Cravero, 2010). The predominant winds at the Viedma Aero station, analyzed during
the period 1981-2020, were from the northwest (NW), north (N), and north-northwest (NNW) directions (Figure
3a), consistent with studies by Coronato et al. (2017) and Gentile et al. (2020). These patterns are related to
the position of the South Atlantic anticyclone, shifting southward in winter and northward in summer (Ramos
and Campos, 2008).
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Figure 3: Wind rose and wind regimes at Viedma Aero (period 1981 - 2020): a) wind rose, b) frequent
wind regimes according to the Beaufort scale, c) extreme wind speed values and their return periods through
the calculation of the Gumbel distribution function. Prepared based on SMN data (2021).

The frequency of occurrence of south (S), southwest (SW), southeast (SE), and east (E) winds was 5%, 7%,
5%, and 3%, respectively (Figure 3a). It is worth noting that the recurrence of storms with winds exceeding 40
km/h was low, as only 5.5% of the records exceeded this threshold (Figure 3b). Estimates based on the Gumbel
statistical distribution indicate that there is a probability of at least 10% every 10 years of recording wind speeds
exceeding 95 km/h, while there is a probability of wind speeds exceeding 75 km/h every two years. It is estimated
that in exceptional events that occur approximately once every 100 years, wind speeds could exceed 120 km/h
(Figure 3c).

According to the analysis of the PMP based on daily data from the NASA POWER Project (2021), a longitudinal
gradient in precipitation was observed, with precipitation likely to be more intense in the eastern sector and near
the coast (Figure 4). This behavior was observed for all calculated return periods. The maps corresponding to
the 2- and 5-year return periods did not show notable spatial differences (Figures 4a and b). PMP increased from
30 mm in the west to 60 mm in the east. For the 10-year return period (Figure 4c), a core of intense precipitation
was visualized in the northeastern zone of the study area. This behavior persisted for return periods of 20 and
50 years (Figures 4d and e).
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Figure 4: Spatial distribution of Probable Maximum Precipitation (mm/24 hours) according to different
return periods: (a) 2 years, (b) 5 years, (c¢) 10 years, (d) 20 years, (e) 50 years. Prepared based on data from
the NASA POWER Project (2021).
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The spatial distribution of PMP values in the study area (Figure 4) is consistent with the annual precipitation
distribution reported by Bianchi and Cravero (2010). PMP values are higher in the eastern part of the study
area. The results showed that, for return periods of 2, 5, 10, 20, and 50 years, PMP in 24 hours can exceed 30, 50,
60, 70, and 80 mm, respectively. The values found in the analysis exceed those reported by Desinventar (2021),
where intense precipitation of 30 mm in 24 hours caused flooding on the Viedma waterfront in 1976.

4 Conclusions

Understanding the Probable Maximum Precipitation in 24-hour periods and its frequency is crucial for assessing
flood risks. The analysis reveals higher PMP values towards the eastern part of the RNhlb. With a return period
of every two decades, there is a likelihood of daily precipitation exceeding 60 mm. Moreover, with a return period
of 50 years, these values would likely surpass 70 mm. Such intense rainfall events, especially exceeding 50 mm in
24 hours, pose a heightened risk of water saturation, particularly in areas with limited drainage capacity.

In addition to precipitation patterns, the presence of strong south winds emerges as a significant climatic factor
influencing flood occurrences in the study area. While the recurrence of winds capable of triggering floods remains
low, there exists a probability that intense winds could contribute to flood events approximately every 10 years.
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