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Here we show and discuss the results of an assessment of changes in both area-averaged and station-based
climate extreme indices over South America (SA) for the 1950–2010 and 1969–2009 periods using
high-quality daily maximum and minimum temperature and precipitation series. A weeklong regional work-
shop in Guayaquil (Ecuador) provided the opportunity to extend the current picture of changes in climate
extreme indices over SA.
Our results provide evidence of warming and wetting across the whole SA since the mid-20th century on-
wards. Nighttime (minimum) temperature indices show the largest rates of warming (e.g. for tropical nights,
cold and warm nights), while daytime (maximum) temperature indices also point to warming (e.g. for cold
days, summer days, the annual lowest daytime temperature), but at lower rates than for minimums. Both
tails of night-time temperatures have warmed by a similar magnitude, with cold days (the annual lowest
nighttime and daytime temperatures) seeing reductions (increases). Trends are strong and moderate (mod-
erate to weak) for regional-averaged (local) indices, most of them pointing to a less cold SA during the day
and warmer night-time temperatures.
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Regionally-averaged precipitation indices show clear wetting and a signature of intensified heavy rain events
over the eastern part of the continent. The annual amounts of rainfall are rising strongly over south-east SA
(26.41 mm/decade) and Amazonia (16.09 mm/decade), but north-east Brazil and the western part of SA have
experienced non-significant decreases. Very wet and extremely days, the annual maximum 5-day and 1-day
precipitation show the largest upward trends, indicating an intensified rainfall signal for SA, particularly over
Amazonia and south-east SA. Local trends for precipitation extreme indices are in general less coherent spatially,
but with more general spatially coherent upward trends in extremely wet days over all SA.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The study of extreme weather and climate events is a current topic
of higher scientific and societal interest. It is being fuelled by relevant
scientific communities, including various climatological branches that
assess climate change (e.g. observational, modeling, adaptation and im-
pact sectors). This issue has been addressed recently by the Intergov-
ernmental Panel on Climate Change (IPCC, 2012) in the Special Report
on Extremes (SREX). This has provided the most comprehensive global
review and assessment on the relation between climate extremes, their
impacts and the strategies to manage associated perils.

A number of issues, however, constrain our current understanding
and scientific confidence in the observed changes in extremes.
Among others, availability and accessibility of long-term and high-
quality climate series at the relevant time scales for assessing extremes
(e.g. daily and sub-daily) is one of the most serious gaps, particularly
over some regions of the world (often called climate-data-sparse re-
gions), such as most of South America. The availability of climate series
is also limited temporally, since for most of the world the length of
digitized daily climate series (e.g. for temperature and precipitation)
only goes back in time to the mid-20th century and for many regions
is restricted to the 1970s onwards. In addition, there are also concerns
regarding the quality and homogeneity of the available series, which
could compromise the robustness of assessed changes. Many countries
also restrict access to their higher temporal resolution time-series. In
short, the quality and quantity of accessible climate series still limit
our understanding of the observed changes in climate extremes, partic-
ularly over data-sparse regions (Trenberth et al., 2007: Appendix 3.B.2).

A number of international groups have made major efforts to ad-
vance both knowledge of global changes in climate extremes and to pro-
mote the recovery and development of climate data (i.e. ensuring data
quality and homogeneity) over data-sparse regions. In this regard, the
ETCCDI1 has largely contributed to this effort by advancing knowledge
on changes in climate extremes through the formulation of a suite of
27 core climate extreme indices calculated from daily temperature
and precipitation data (http://cccma.seos.uvic.ca/ETCCDI/list_27_indices.
shtml). Theyhave also promoted the analysis andmonitoring of extremes
around the world through organizing regional workshops in data-sparse
regions that have involved scientists from National Meteorological and
Hydrological Services (NMHS) as part of ETCCDI's two-pronged approach
(Peterson and Manton, 2008, p. 1266).

Contributions from the ETCCDI to filling in gaps in data-sparse re-
gions and enhancing analyses of the global picture of changes in ex-
tremes (Trenberth et al., 2007, based on Alexander et al., 2006) have
helped to improve knowledge and understanding about how and how
much climatic extremes are changing under climate change. However,

the network of stations used in global analysis (e.g. Alexander et al.,
2006; Vose et al., 2005 or Brown et al., 2008), are not globally uniform
and contain irregular or limited data over northern Latin America and
South America as a whole, Africa, parts of Australia, India, the Middle
East and Southern Asia, which restricts our ability to estimate changes
in extremes over these regions (Seneviratne et al., 2012: 123).

For South America (SA hereafter), some effort has been made to as-
sess changes in climate extremes based on temperature and precipita-
tion station data at the daily scale (for temperature extremes: Vincent
et al., 2005; Alexander et al., 2006 and for precipitation extremes:
Haylock et al., 2006; Khan et al., 2007; Sheffield and Wood, 2008;
Grimm and Tedeschi, 2009; Dai, 2011; Mo and Berbery, 2011).

Parts of SA have beenmore intensively explored, such as SE SA for ob-
served changes in temperature extremes (e.g. Rusticucci and Barrucand,
2004; Barrucand et al., 2008; Marengo and Camargo, 2008; Rusticucci
and Renom, 2008; Marengo et al., 2009; Renom, 2009; Tencer, 2010;
Rusticucci, 2012) or for precipitation extremes (e.g. Dufek and Ambrizzi,
2008; Dufek et al., 2008; Marengo et al., 2009; Pscheidt and Grimm,
2009; Penalba and Robledo, 2010; Llano and Penalba, 2011; Teixeira
and Satyamurty, 2011). Other sub-regional studies are focused on NE
Brazil for precipitation extremes (e.g. Santos and Brito, 2007; Silva and
Azevedo, 2008; Santos et al., 2009) and over western SA for temperature
extremes (Falvey and Garreaud, 2009) and for precipitation extremes
(Dufek et al., 2008).

From these studies, there is a clear geographical imbalance in the as-
sessments of one or another part of SA and in the number of stations
employed. Most previous studies have focused on southern SA, with
limited studies and data over the northern half of SA. Most analyses
however point to observed changes in temperature extremes consistent
with warming when averaged over the whole continent but with re-
gional variations (Vincent et al., 2005: 5016–5020). However, while ex-
treme indices based on minimum (i.e. night-time) temperature have
warmed, those based onmaximum(i.e. daytime) temperature show lit-
tle change or have cooled, particularly over southern SA (Rusticucci,
2012, pp. 4–6).

The scientific confidence in the observed changes over SA, there-
fore, ranges from low to medium, depending on the region analyzed
(Seneviratne et al., 2012: Table 3.2, p. 194). There is low confidence
in the assessed changes in extremes based on either daily maximum
or minimum temperature data over the northern half of SA, including
Amazonia, due to the irregular network in these regions. In the south-
ern half of SA (including NE Brazil, south, SE and west Coast of SA)
there is medium confidence in the estimated extreme temperature
trends. In the case of heat waves and warm spells, the confidence is
low over all SA, including southern SA, due to either insufficient evi-
dence or to spatially varying trends.

A similar uncertain picture is apparent when assessing changes in
precipitation extremes over all SA, due to both the scarcity of studies
and spatially incoherent trends in either heavy events (e.g. those de-
fined as daily precipitation >95th or 99th percentiles) or in dryness
(e.g. consecutive dry days — CDD, Palmer Drought Severity Index –

PDSI – indices) reducing the scientific confidence in the estimated
trends. There is medium confidence that there have been increases in
heavy precipitation events over Amazonia and many parts of NE Brazil,
but a few areas in the west (W) coast of SA indicate decreases or mixed

1 Joint World Meteorological Organization (WMO) Commission for Climatology
(CCl)/World Climate Research Programme (WCRP) project on Climate Variability and
Predictability (CLIVAR)/Joint WMO–Intergovernmental Oceanographic Commission
of the United National Educational, Scientific and Cultural Organization (UNESCO)
Technical Commission for Oceanography and Marine Meteorology (JCOMM) Expert
Team on Climate Change Detection and Indices (ETCCDI: http://www.clivar.org/
organization/etccdi).

northeastern Brazil
western South America
southeastern South America
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