ARC3.2 Climate Change and Cities Chapter 2 Urban Climate Science

Case Study 2.3 Rio de Janeiro Impacts of the Madden-Julian Oscillation

Alice Grimm characteristics of Rio de Janeiro’s natural terrain, inadequate urban

planning, and the city’s sprawl over mountains and marsh- lands

Federal University of Parang, Curitba have made it prone to landslides and flooding. In the pre- ceding
century, one of the worst rainstorms happened in January 1966,
when almost 250 millimeters of rain fell in less than 12 hours,

Keywords Madden-Julian Oscillation, causing loss of life and large economic damages (UEL, 2014;
precipitation, rainstorm, Corpo de Bombeiros, 2014). Another strong flood event happened
disasters in February 1988, when it rained over 430 millimeters over a 4-day

period, killing 290 people and leaving close to 14,000 without

Population 12,981,000 (UN, 2016) homes (UEL, 2014; Corpo de Bombeiros, 2014; Costa, 2001;

(Metropolitan Region) UNDRO, 1988). In the 21st century, the worst episode of floods

and landslides in the metropolitan area occurred in April 2010,

Area 5,328.8 km? (IBGE, 2015) causing large-scale disruption to local livelihoods. Observations in

(Metropolitan Region) the region near Rio de Janeiro show heavy rainfall events have

been increasing over the past 50 years, creating a cause for con-

Income per capita US$8,840 (World Bank, 2017 ) cern and further analysis

Climate zone Am —Tropical monsoon

(Peel et al., 2007) Rio’s location within the South Atlantic Convergence Zone

(SACZ)s makes the city prone to intense rainfall events during
the southern hemisphere summer (December-February) rainy
season, beginning in spring and ending in autumn. Intense pre-
The metropolitan region of Rio de Janeiro, Brazil, including Niteroi cipitation events in Rio de Janeiro are mainly caused by fron- tal
and other neighboring cities with a total population of more than systems and occurrence of the SACZ (Dereczynski et al., 2009).
11.8 million, is vulnerable to rainstorm-related disasters. The The frequency and intensity with which these large-scale
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Case Study 2.3 Figure 1 Meteorological stations used in Rio de Janeiro to assess the impact of MJOon the frequency of extreme events in summer (December,
January, and February). Lines indicate topography (in meters), with the three massifs that surround the city (compact mountain groups). In the right half of the figure is the
Bay of Guanabara and in the bottomis the Atlantic Ocean. Thered color indicates the stations in which the number of extreme precipitation events significantly increases
during Phase 1 of MJOin summer (level of confidence better than 95%).

5 The SACZ is a local maximum in cloudiness, precipitation, and low-level convergence that extends across southeastern Brazil and the western South Atlantic.



ARC3.2 Climate Change and Cities

Chapter 2 Urban Climate Science

(synoptic) phenomena occur is modulated by climate vari-
ability, including El Niflo and La Nifla episodes in the inter-
annual time scale, and the Madden-Julian Oscillation (MJO) in
the intraseasonal time scale (Grimm and Tedeschi, 2009;
Tedeschi et al.,, 2015; Hirata and Grimm, 2015). Although the
ENSO influence is less consistent, the MJO impact is very sig-
nificant. A statistical assessment of the connection between
Phase 1 of MJO, when enhanced equatorial rainfall associ- ated
with the event is located over the western Indian Ocean and
extreme precipitation (defined as above the 90th percen- tile),
confirmed with 95% confidence level that in all but one series of
station precipitation data analyzed in the city of Rio de Janeiro
the number of extreme summer rainfall events increased during
Phase 1 of MJO (see Case Study 2.3 Figure 1).

The MJO is not the sole contributor to or necessarily the main
influence on the intensity and frequency of extreme precipitation

events in Rio de Janeiro. As a city near the sea and surrounded by
mountains, there are also local effects (such as land and sea
breezes) producing heavy rainfall, and there have been very
extreme events not associated with MJO. However, the relation-
ship between the MJO and intense precipitation may allow for, in
some cases, advance planning in order to reduce climate risks. The
MJO’s level of predictability contributes to Rio de Janeiro’s
precipitation-based planning; knowledge of the patterns of the
MJO can prove to be useful in infrastructural and flood contin-
gency efforts at the local scale. By using regional climate models to
simulate the cyclical influence of the MJO, a more accurate pro-
jection of future interannual variability in Rio de Janeiro rainfall can
be provided. With damaging floods in recent memory for this urban
setting, precipitation prediction is especially important to inform
policies that contribute to proactive adaptation and resilience
efforts aimed at protection of local and precipitation-vulnerable
people and their livelihoods.
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