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Using climate change models to assess the probability
of weather extremes events: a local scale study based on

the generalized extreme value distribution

Mariana Fontolan, Ana Carolina Freitas Xavier, Heloisa Ramos Pereira, Gabriel Constantino Blain*

Instituto Agrondmico - Centro de Ecofisiologia e Biofisica - Campinas (SP), Brazil.

ABSTRACT: Regional climate models (e.g. Eta) nested to global climate
models (e.g. HadGEM2-ES and MIROCb) have been used to assess
potential impacts of climate change at regional scales. This study
used the generalized extreme value distribution (GEV) to evaluate
the ability of two nested models (Eta-HadGEM2-ES and Eta-MIROC5)
to assess the probability of daily extremes of air temperature and
precipitation in the location of Campinas, state of Sao Paulo, Brazil.
Within a control run (1961-2005), correction factors based on the
GEV parameters have been proposed to approach the distributions
generated from the models to those built from the weather station of
Campinas. Both models were also used to estimate the probability
of daily extremes of air temperature (maximum and minimum) and
precipitation for the 2041-2070 period. Two concentration paths

of greenhouse gases (RCP 4.5 and 8.5) have been considered.
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Although both models project changes to warmer conditions,
the responses of Eta-Hadgem?2-ES to both RCPs are significantly
larger than that of Eta-Miroch. While Eta-Hadgem2-ES suggests
the location of Campinas will be free from agronomic frost events,
Eta-Miroch indicates that air temperature values equal to or lower
than 5 and 2 °C are expected to present a cumulative probability
of ~0.20 and ~0.05, respectively (RCP 8.5). Moreover, while the Eta-
Miroch projected a reduction in the extreme-precipitation amounts,
the Eta-Hadgem?2-ES projected implausible large daily precipitation
amounts. The Eta-Miroch performed better than the Eta-Hadgem2-ES
for assessing the probability of air temperature and precipitation
in Campinas. This latter statement holds particularly true for daily-
extreme precipitation data.

Key words: climate change, localimpacts, Eta model, nested models.
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INTRODUCTION

There are increasing evidences that climate change has
affected the spatial and temporal distribution of extreme
meteorological events at global and regional scales (Richards
1993; Karl et al. 1999; Manton et al. 2001; Kharin and Zwiers
2005; Wang et al. 2004; Vincent et al. 2005; Haylock et al.
2006; Alexander et al. 2006; Nadarajah and Choi 2007;
Pujol et al. 2007; Felici et al. 2007; El Adlouni et al. 2007;
Furi6 and Meneu 2011; Sugahara et al. 2009). This change
is of particular concern because such events constitute 80%
of the annually US$100 billion damages in global economy,
with thousands of deaths each year (IFRC/RCS 2011).
Naturally, these major social disruptions trigged by extreme
weather conditions justify scientific efforts addressing their
geophysical dynamics as well as their changing statistical
properties (New et al. 2007).

Global climate models (GCM; also called atmosphere-
ocean general circulation models) may be regarded as
invaluable tools for assessing Earth’s potential response to
altered atmospheric conditions (Kharin et al. 2007; 2013;
Cooley and Sain 2010; Foley 2010; Chou et al. 2014a).
Although the GCM have gained in complexity in recent
years (e.g. IPCC 2007; 2013), they typically have a spatial
resolution ranging from 100 to 300 km. This feature limits
their ability to assess impacts of climate change at a local
scale (Cooley and Sain 2010; Chou et al. 2014a). On such
background, regional climate models (RCM) have been
nested to GCM in order to provide suitable spatial resolution
for local impact studies (Cooley and Sain 2010; Chou et al.
2014a). Accordingly, these nested Regional Global models,
with grid size of tens of kilometers, provide a unique
opportunity to understand potential impacts of climate
change at fine scales (Cooley and Sain 2010).

Different from weather forecast models, the above-
mentioned models are not intended to accurately represent
observational weather data. Instead, their runs over a time
span — usually decades - are only intended to simulate
plausible climate projections for a particular set of boundary
conditions that have been provided by a specific GCM
(Cooley and Sain 2010). From a mathematical standpoint,
this latter statement implies that datasets generated from
RCM runs are expected to present feasible statistical
distributions of the meteorological variables. In control
runs — where these nested models are used to represent
the current/observed climate (e.g. 1961-1990; Cooley and

Sain 2010) - the parameters shaping the distribution of
generated/simulated data should approach those of their
corresponding observational data (Kharin et al. 2007;
Kharin et al. 2013).

The generalized extreme value distribution (GEV) has
been used to model the distribution of extreme weather
events, including air temperature and precipitation (Frei et al.
2006; Kharin et al. 2007; 2013; Cooley and Sain 2010).
Therefore, this distribution can be used to quantify how
well parameters shaping the distribution of simulated data
represent the regional climatology of a particular area.
More specifically, this 3-parameter function can be used to
assess model’s bias affecting the location, the scale and the
tail behavior of distributions built from simulated data in
regard to those built from observational data. In addition,
because it is impossible to collect observations for future
climate conditions (Foley et al. 2010), using the GEV
in control runs is a preliminary step to verify if a particular
climate model can be used to assess potential effects
of climate change on future extreme weather events (Kharin
et al. 2007; 2013).

Regarding regional climate models, the Eta model -
developed by the Brazilian National Institute for Space
Research (INPE) - has been used in the elaboration of a
National Communication to the United Nations Framework
Convention of Climate Change (Chou et al. 2014a). Although
the Eta model, nested to GCM such as HadGEM2-ES or
MIROCS, has already been used to address climate change
over South America under distinct downscaling scenarios
(Chou et al. 2014a; 2014b), there is no study assessing
the performance of such nested models on the basis of the
Extreme Value Theory. This theory, which is based on
distributions such as the GEV, was used in this study to
evaluate the following hypothesis: both Eta-HadGEM2-ES
and Eta-MIROCS5 models can be used in studies addressing
local impacts of climate change.

In order to provide statistical information supporting
this hypothesis, the goal of this study was to evaluate the
ability of these two nested models (Eta-HadGEM2-ES and
Eta-MIROCS5) to assess the probability of daily extremes
of air temperature and precipitation in the location of
Campinas, state of Sdo Paulo, Brazil. Considering regional
climate models are likely to exhibit bias in respect to their
corresponding weather stations (Ines and Hansen 2006;
Bardossy and Pegram 2011), this study developed correction
factors (CF) in order to approach the parameters shaping
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the distributions of daily-extremes generated from the
nested models to those obtained from the weather station
of Campinas (State of Sdo Paulo, Brazil during 1961 to
2005). Finally, as a case study, these two climate models
were used to estimate the probability of daily-extremes of air
temperature and precipitation for the period of 2041-2070.
Two concentration paths of greenhouse gases corresponding
to 4.5 W-m= (RCP 4.5) and 8.5 W-m™ (RCP 8.5; Chou
et al. 2014b) have been considered.

DATA AND METHODS

The observational data (Campinas, Sdo Paulo, Brazil;
22°54’ S, 47°05 W and 669 m) were obtained from the
Agronomic Institute of Campinas (IAC/APTA/SAA). This
weather station has been selected because it presents no
missing data and its consistency was evaluated in previous
studies (Pereira et al. 2018; Blain et al. 2018). There were
considered daily extremes of precipitation (Pre), minimum
(Tmin) and maximum (Tmax) air temperature data.
Campinas is situated in the State of Sdo Paulo, a tropical/
subtropical South American Region in which the rainy
season occurs in the austral summer while in the winter
predominates the high-pressure system of the South Atlantic
(Vera et al. 2006). Further information on the climate of this
region can be found in several studies (Raia and Cavalcanti
2008; Vera et al. 2006; Gan et al. 2004; Carvalho et al. 2004;
Zhou and Lau 1998).

Climate models

The Hadley Centre Global Environmental Model
(HadGEM2-ES) (Collins et al. 2011; Martin et al. 2011)
is a grid-point model presenting a resolution equivalent
to ~1.275° in latitude and ~1.875° in longitude (Chou
et al. 2014b). The HadGEM2-ES can be regarded as an
earth system model capable of representing the carbon
cycle. The Model for Interdisciplinary Research on Climate
(MIROCS) presents a horizontal resolution of ~1.408° in
latitude and ~1.406° in longitude. It is coupled to COCO
and SPRINTARS models (Chou et al. 2014b) and uses the
MATSIRO land surface scheme (Takata et al. 2003) with six
soil layers. The Eta model, adopted for downscaling, uses
the Betts-Miller scheme (Betts and Miller 1986; Janji¢ 1994)
to parameterize shallow and deep convections. While the

NOAH scheme is used to describe land-surface processes,
cloud microphysics follow Zhao scheme (Zhao et al. 1997).
Further information on these three models can be found in
Chou et al. (2014a; 2014b) and references therein.

Statistical analyses
Trend and stationary test

As previously described, datasets generated from
any climate model within a control run (1961-2005) are
expected to present feasible statistical distributions of the
meteorological variables. Therefore, parameters shaping
these distributions should be as close as possible to those
parameters obtained from their corresponding observational
data (Frei et al. 2006, Kharin et al. 2007; 2013; Cooley
and Sain 2010; Um et al. 2017). Considering the presence
of trends and other non-stationaries components may
affect the probabilistic structure of any time series, both
Mann-Kendall trend test (Kendall and Stuart 1967) and
Kwiatkowski-Phillips-Schmidt-Shin stationary test (KPSS)
have been applied to the observational datasets as well
as to those datasets generated from the climate models
(Um et al. 2017).

The Mann-Kendall test is widely used and its algorithm,
which was originally designated for uncorrelated data, has
been described in several studies (e.g. Yue et al. 2002).
With regard to the datasets used in this study, the time
span between two consecutive records is, in general, one
year (block maxima approach). Therefore, we assumed the
presence of no significant serial correlation. The Kwiatkowski-
Phillips-Schmidt-Shin test (Kwiatkowski et al. 1992) was
used to evaluate the hypothesis (H ) that the datasets are
stationaries around a [possible] deterministic trend. The
algorithm of this latter test, including its critical values,
can be found in Kwiatkowski et al. (1992).

Generalized Extreme Value distribution and
goodness-of-fit tests

The GEV is a parametric distribution in which the
cumulative probability of a particular event x is given by
its three parameters: location (), scale (o) and shape (§).
These parameters can be estimated from distinct methods,
including maximum likelihood, generalized maximum
likelihood and L-moments. As pointed out by Wilks (2011),
the results of both maximum likelihood and L-moments

148 Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019



Climate change models and weather extremes

are frequently similar for large and moderate sample sizes.
For small samples, the L-moments usually lead to better
estimates than the maximum likelihood does. Since the GEV
distribution was applied to a 30-year period (1941-2070),
which is usually regarded as the lowest length of record
required for climatic characterizations, the L-moments
method (Hosking 1990; 1992) has been adopted in this study.

The cumulative density and the quantile functions of
the GEV distribution are given by Egs. 1 and 2, respectively.
The 95% confidence interval for each parameter estimates
has been calculated by the bootstrap method described in
Khaliq et al. (2006).

Ny
e

= n+z{{-n@] -1 @

Both Lilliefors (Lilliefors 1967) and Anderson-Darling
(Anderson and Darling 1954) goodness-of-fit tests were
used to verify if the GEV distribution can be used to
assess the probability of daily-extremes obtained from the
three data sources of this study. These two tests have been
widely used in climatological studies and their calculation
algorithm can be found in (Wilks 2011; Shin et al. 2011).
These two goodness-of-fit tests have been performed at 5%
significance level. The outcomes of both Mann-Kendall and
Kwiatkowski-Phillips-Schmidt-Shin have been evaluated
at 5 and 10% significance level.

As previously described, estimates provided by climate
models are likely to exhibit biases in respect to their
corresponding observational data. These biases may be
corrected by using the Universal Downscaling Method (e.g.
Ines and Hansen 2006; Bardossy and Pegram 2011). Within
a control run, this latter method relates the distribution
of data generated by a climate model with that of the
corresponding observational data (Themefi] et al. 2011;
Bardossy and Pegram 2011). Therefore, the idea behind this
statistical correction method is to approach distributions of
datasets generated by a climate model to their corresponding
distributions obtained from observational datasets. Since
this study uses the GEV to assess models’ performance,
such correction can be performed by a simple numerical
comparison between the GEV parameters generated from
the nested models (Eta-HadGEM2-ES or Eta-MIROC5) with
those GEV parameters obtained from the weather station
of Campinas (Eq. 3). This latter statement is based on the

fact that the three GEV parameters define the position of
the distribution with regards to its origin (y parameter),
its spread (o parameter) and its tail behavior (§ parameter;
Coles 2001). In other words, the correction factors (CF)
calculated from Eq. 3 approach the distribution of the data
generated by the climate models to those of the observed
data.

CF = Oweather station — Oclimate model (3)

where: 6

weather station

is a the GEV parameter estimated from
the weather station dataand©, _  isthe corresponding
GEV parameter estimated from Eta-HadGEM2-ES or
Eta-MIROCS.

The use of Eq. 3 (correction factor) in the climate scenario

(2041-2070; RCP 4.5 and RCP 8.5) is described in Fig. 1.

1. Estimate the paramaters (8, ., qimatemose’ ©f the GEV
distribution to the variable (X), climate scenario

and climate model

2. Apply the correction factor to their corresponding GEV
parameter (6 )

corrected_climate.model

3. Estimate the new/corrected data through the GEV
quantil function for a giving cumulative
probability (P) by using ecorrected climate.model

CorrectedData = QGEV(P |6 )

correctediclimate.model)

Figure 1. Applying the correction factors proposed in this study to
Eta-HadGEM2-ES or Eta-MIROC5 extreme-daily data.

RESULTS AND DISCUSSION
Control Run (1961-2005)
Trend and stationary test

Both precipitation and minimum air temperature
data obtained from the weather station of Campinas
presented significant increasing trends respectively at 5 and
10% significance level (Mann-Kendall test; Table 1). This result
is consistent with previous studies describing signs of climate
change in the location of Campinas (Blain 2011; Pereira
etal. 2018). For both climate models, such a trend could only
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be detected in the precipitation series, with data generated
by the Eta-MIROCS5 reaching the 5% significance level. In
other words, none of the models was able to reproduce the
trend observed in the Tmin observational data. Finally,
no trend has been detected in the three Tmax datasets
(observational and simulated). This lack of trend in these
latter series is in line with previous studies (e.g. Blain 2013)
investigating trends in the Tmax series of Campinas. The
Kwiatkowski-Phillips-Schmidt-Shin test indicated that all
series are stationaries around a significant/non-significant
deterministic trend (Um et al. 2017). Therefore, this latter
test supports the assumption that apart from trends there
is no other non-random component (e.g. serial correlation)
affecting the GEV estimates. This lack of significant auto-
correlation holds true for the three data sources used
in this study (weather station, Eta-HadGEM2-ES and
Eta-MIROCS5), supporting the use of a parametric
distribution such as the GEV.

Table 1. Mann Kendall (trend) test and Kwiatkowski—Phillips—
Schmidt-Shin stationary tests applied to daily extremes of minimum
(Tmin), maximum (Tmax) air temperature and precipitation (Pre)
data. The data datasets have been obtained from the weather
station of Campinas (state of Sao Paulo, Brazil) and two nested
models: Eta-HadGEM2-ES or Eta-MIROC5.

Mann Kendall (trend) test: p-value

Weather station  Eta-Hadgem Eta-Miroc

Tmin 0.03** 0.24 0.27
Tmax 0.52 0.84 0.14

Pre 0.07* 0.08* 0.00*

Kwiatkowski-Phillips—Schmidt-Shin

Tmin >0.10 >0.10 >0.10
Tmax >0.10 >0.10 >0.10

Pre >0.10 >0.10 >0.10

* Significant at 10%; ** significant at 5%.

Generalized Extreme Value distribution and
goodness-of-fit tests (control run)

The hypothesis that daily-extremes obtained from the
weather of station of Campinas have been drawn from a
GEV distribution is supported by both goodness-of-fit
tests (Table 2). These tests also indicated that this latter
parametric distribution could be used to assess the probability
of daily-extreme data generated by both climate models
(Eta-HadGEM2-ES and Eta-MIROCS5). In other words,
the outcomes of the two goodness-of-fit tests indicate that

the data derived from the two climate models as well as
those obtained from the weather station of Campinas were
drawn from populations approaching the GEV distribution.
This statement is in line with (i) previous studies using the
GEV to assess the probability of Tmin, Tmax and Pre data
derived from climate models (Kharin et al. 2007; 2013)
as well as with (ii) other studies that applied this latter
function to assess the probability of such extreme data in
the location of Campinas (Blain 2013). Finally, the results
of Table 2 further support the use of the GEV distribution
(Eqs. 1 and 2) for evaluating the ability of both nested
models to assess the probability of air temperature and
precipitation daily extremes in the location of Campinas.

Table 2. Goodness-of-fit tests (Lilliefors and Anderson-Darling; AD
performed at 5% significance level) applied to daily extremes of
minimum (Tmin), maximum (Tmax) air temperature and precipitation
(Pre) data. The data datasets have been obtained from the weather
station of Campinas (state of Sdo Paulo, Brazil) and two nested
models: Eta-HadGEM2-ES or Eta-MIROCS5.

Source Lilliefors Lilliefors_,, )
0.072 0.098 0.320 0.659
Weather station 0.045 0.097 0.253 0.5692
0.086 0.104 0.505 0.537
0.067 0.098 0.386 0.703
Eta-HadGEM2-ES = 0.051 0.098 0.203 0.590
0.078 0.099 0.320 0.608
0.050 0.098 0.150 0.624
Eta-MIROCH 0.072 0.098 0.352 0.619
0.049 0.097 0.113 0.601

Considering the sign correction performed when the
GEV was applied to extreme minima (-1*Tmin; Coles
2001; Wilks 2011), the Eta-HadGEM2-ES model tend to
systematically underestimate the Tmin leading to a location
parameter, which defines the position of the distribution
with respect to the origin (Delgado et al. 2010), significantly
lower than that obtained from the weather station
(~9.5 °C; Fig. 2a). For this model, the other two GEV
parameters representing the spread (scale parameter) and the
tail behavior of the distribution (shape parameter) presented
no significant difference in respect to those derived from
the weather station. In other words, the dispersion/spread
of the Tmin data generated from the Eta-HadGEM2-ES
is statistically equal to that of the observational data. In
addition, both distributions converge to the Weibull or
Fisher-Tippett Type III form (§ > 0; Delgado et al. 2010;
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Figure 2. Parameters of the generalized extreme value distribution estimated from daily extremes of minimum air temperature (a, b and
¢), maximum air temperature (d, e and f) and precipitation (g, h and i). Campinas, state of Sdo Paulo, Brazil (1961-2005).

Wilks 2011). Therefore, the correction factor (Eq. 3) to
be used for Eta-Hadgem2-ES Tmin data derived from
this latter model for the location of Campinas may only
address the numeric difference between location parameters
(Fig. 2a; Eta-HadGEM2-ES vs. weather station).

With regard to the Eta-MIROCS, the results
of Fig. 2b also indicate that this latter model tends to
underestimate the Tmin data in the location of Campinas.
Although the location parameter estimated from this latter
model is higher than that of the Eta-HadGEM2-ES, it is
still significantly lower (~5. °C) than that obtained from
the weather station. Thus, the Eta-MIROC5 Tmin values
tend to be, on average, 5. °C lower than those observed
at the weather station of Campinas. In addition, different
from the Eta-HadGEM2-ES, the scale parameter derived
from the Eta-MIROCS5 is also significantly lower than that
obtained from the weather station data (Fig. 2b; the sign
correction does not affect the scale and shape parameters
of the GEV distribution; Coles 2001; Blain 2011). In other
words, the dispersion/spread of the Tmin data generated
from the Eta-MIROCS is also significantly lower than that

Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019

of the ground data (different scale parameters). Therefore,
the correction factor (Eq. 3) to be used for Tmin data
derived from the Eta-MIROC5 model should address
the numeric difference between the location and scale
parameters of these two datasets (Fig. 2b; Eta-MIROC5
and weather station).

Considering the maximum air temperature, both nested
models presented location parameters significantly lower
than those obtained from the weather station (~1.3 °C for
the Eta-HadGEM2-ES and ~5.1 °C for the Eta-MIROCS5;
Figs. 2¢, 2d). For both models, the other two parameters
of the GEV distribution (scale and shape) presented no
significant difference in respect to those obtained from
the weather station. The Tmax data of both models also
converge to the Weibull or Fisher-Tippett Type III form
(equivalents shape parameters; Delgado et al. 2010;
Wilks 2011). Therefore, the correction factor (Eq. 3) to
be used for Tmax data may only address the numeric
difference between location parameters of the models
(Eta-HadGEM2-ES or Eta-MIROCS5) and the weather
station (Figs. 2¢, 2d; climate models vs weather station).
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With regard to the precipitation series, the three GEV
parameters derived from the data generated by the Eta-
MIROCS are statistically equal to those obtained from
the weather station (Fig. 2e), suggesting the use of no
correction factor. As observed for the air temperature
series (Tmax and Tmin), the precipitation data generated
by the Eta-HadGEM2-ES presented location parameter
significantly lower than that obtained from the weather
station (~16.7 mm; Fig. 2e). The other two parameters
of the GEV distribution (scale and shape) presented no
significant difference in respect to those derived from the
weather station. Therefore, the correction factor to be used
for Pre data derived from this latter model in the location
of Campinas may only address the numeric difference
between the location parameters of these two datasets.

Case study: climate scenarios RCP 4.5 and RCP 8.5
(1941-2070)

Before evaluating changes in the probabilistic structure
of Tmin, Tmax and Pre series, it is worth mentioning that
there were no significant numerical differences between the

shape parameters estimated in the control run (1961-2005;
including weather station data — Fig. 3) and those estimated
within each RCP scenario (2041-2070). This result is in
line with the statement that the GEV-shape parameter is
unlikely to change under climate change (Wilson and Toumi
2005).

With regards to minimum air temperature, both Eta-
HadGEM2-ES and Eta-MIROCS5 project changes to warmer
conditions in respect to 1961-2005 data. However, it is
interesting to note that these two models show no remarkable
difference between both climate scenarios (4.5 and 8.5). In
fact, considering cumulative probabilities ranging from ~0.15
and ~0.85, the Eta-MIROCS5 simulates for the RCP 8.5 Tmin
values numeric lower than those simulated for the RCP 4.5
scenario (Figs. 3a, 3b). The Eta-HadGEM2-ES presented
the greatest change to warmer conditions. According to this
latter model, Tmin values lower than 12 °C would become
unlikely to be observed (cumulative probability lower than
0.02). From the agronomic standpoint, air temperature
values lower than 5 °C may cause damages to susceptible
crops (e.g. Banana). For crops such as coffee and citrus, this
critical low limit is 2 °C (Sentelhas et al. 1995). Therefore,
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Figure 3. Cumulative probability of daily extremes of minimum and maximum air temperature and precipitation, considering two
concentration paths of greenhouse gases: RCP 4.5 (a, b and ¢) and RCP 8.5 (d, e, f) and two nested climate models (Eta-Miroch and

Eta-Hadgem?2-ES) Campinas, state of Sao Paulo, Brazil.
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the climate scenarios projected by the Eta-Hadgem2-ES
differs significantly from that projected by the Eta-Miroc5
(2041-2070). With regard to the Eta-Hadgem?2-ES, the results
depicted in Fig. 3b suggests that the location of Campinas will
be virtually free from agronomic frost events (2041-2070).
Nevertheless, the results of the Eta-Miroc5 (2041-2070)
indicate that Tmin values equal to or lower than 5 °C and
2 °C will present a cumulative probability of ~0.20 and ~0.05,
respectively (8.5 scenario). In other words, the Eta-Miroc5
projections do not support the assumption that the location
of Campinas will be free from agronomic frost events during
the analyzed period (2041-2070).

The changes projected by both models for the maximum
air temperature series were similar to those projected for
the Tmin series (Figs. 3¢, 3d). In other words, both Eta-
Hadgem2-ES and Eta-Miroc5 projected changes to warmer
conditions with the Eta-Hadgem2-ES showing the greatest
shift in respect to the observed period (1961-2005). However,
differently from the Tmin series, there was no significant
difference between the two climate scenarios (RCP 4.5 and
RCP 8.5) considered in this study. This latter statement is
particularly true for the Eta-Hadgem?2-ES. As observed
for both Tmin and Tmax series, the Eta-Hadgem2-ES
model projected the greatest change in the probabilistic
structure of extreme precipitation data (Figs. 3e, 3f). In fact,
this model seems to overestimate the effect of both RCP
scenarios on the extreme precipitation data. For instance,
daily amounts as higher as 350 mm presented cumulative
probability ~0.50 (median of the series). Even without the
use of the correction factor, the Pre value associated with
such probability level is ~330 mm. The Eta-Hadgem2-ES
also projected no significant difference for the two climate
scenarios (RCP 4.5 and RCP 8.5). On the other hand, the
Eta-Miroc5 generated a feasible distribution describing
a decrease in the extreme precipitation amounts. The
greatest decreased is observed for the RCP 8.5 scenario
(Fig. 3f). In summary, the response of Eta-Hadgem2-ES to
both RCPs scenarios is larger than those of the Eta-Miroc5.
This latter statement holds true for all variables analyzed
in this study (Tmin, Tmax and Pre) and, as discussed in
next section, it is in line with those observed by Chou
et al. (2014b) for seasonal mean values of air temperature
and precipitation series.

FINAL REMARKS

As previously described, Chou et al. (2014b) have already
used both Eta-Hadgem?2-ES and Eta-Miroc5 to assess climate
change over South America (2011-2100). Based on seasonal
mean values, this latter study projected changes to warmer
conditions with the Eta-Hadgem2-ES simulating the largest
warming (RCP 8.5; with respect to the 1961-1990 period).
The results found in this local scale study suggest the changes
in daily-extremes of air temperature (Tmax and Tmin) in the
location of Campinas, Sao Paulo will follow the same pattern
observed by Chou et al. (2014b) at seasonal scale. The changes
to more extreme events observed in the air temperature series
of this study are also in line with those observed by Kharin
etal. (2007; 2013) for tropical/subtropical regions of the globe.
With regard to the precipitation series, Chou et al. (2014b)
observed a reduction in the Southeast of Brazil, with the regions
between Southeast and South exhibiting the most mixed signs
of change. This pattern (or uncertainty) was also observed
in this study. While the Eta-Miroc5 projected a reduction in
the extreme precipitation amounts, the Eta-Hadgem2-ES
projected a large increase in the occurrence of such events.
At this point, it has to be mentioned that this latter nested
model projected unfeasible statistical distributions for the Pre
series with virtually implausible daily-precipitation amounts.

In summary, the above-mentioned results along with
those of the control run (1961-2005) indicate the Eta-Miroc5
performs better than the Eta-Hadgem2-ES for assessing the
probability of air temperature and precipitation in the location
of Campinas, state of Sao Paulo, Brazil. This latter statement
holds particularly true for daily-extreme precipitation data.

ORCID IDs

M. R. Fontolan
https://orcid.org/0000-0002-4302-2918
A. C. E Xavier
https://orcid.org/0000-0002-9732-8779
H. R. Pereira
https://orcid.org/0000-0002-1927-9043
G. C. Blain
https://orcid.org/0000-0001-8832-7734

Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019 153



M. Fontolan et al.

REFERENCES

Alexander, L. V., Zhang, X., Peterson, T. C., Caesar, J., Gleason, B.,
Tank, A. M. G., Haylock, M., Collins, D., Trevin, B., Rahimzadeh,
F., Tagipou, A., Rupa Kumar, K., Revadekar, J., Griffiths, G.,
Vincent, L., Stephenson, D., Burn, J., Aguillar, E., Taylor, M.,
New, M., Zhai, P., Rusticucci, M. and Vasquez-Aguirre, J. L.
(2006). Global observed changes in daily climate extremes
of temperature and precipitation. Journal of Geophysical
Research, 111, D05109. https://doi.org/10.1029/2005JD006290

Anderson, T. W. and Darling, D. A. (1954). A test of goodness
of fit. Journal of the American statistical association, 49, 765-
769. https://doi.org/10.1080/01621459.1954.10501232

Bardossy, A. and Pegram, G. (2011). Downscaling precipitation
using regional climate models and circulation patterns toward
hydrology. Water Resources Research, 47, W04505. https://
doi.org/10.1029/2010WR009689

Betts, A.K.and Miller, M.J. (1986). A new convective adjustment
scheme. Part Il: single column tests using GATE wave, BOMEX,
ATEX and Arctic air-mass data sets. Quarterly Journal of
the Royal Meteorological Society, 112, 693-709. https://doi.
0rg/10.1002/qj.49711247308

Blain, G. C. (2011). Standardized precipitation index based on
Pearson type Il distribution. Revista Brasileira de Meteorologia,
26,167-180. https://doi.org/10.1590/S0102-77862011000200001

Blain, G. C. (2013). Seasonal variability of maximum daily rainfall
in Campinas, State of Sdo Paulo, Brazil: trends, periodicities,
and associated probabilities. Acta Scientiarum. Technology
(Online), 35, 557-564. https://doi.org/10.4025/actascitechnol.
v35i3.16222

Blain, G. C., Avila, A. M. H. and Pereira, V. R. (2018). Using
the normality assumption to calculate probability-based
standardized drought indices: selection criteria with emphases
on typical events. International Journal of Climatology, 38, 418-
436. https://doi.org/10.1002/joc.5381

Carvalho, L. M\V,, Jones, C. and Liebmann, B. (2004). The South
Atlantic Convergence Zone: intensity, form, persistence, and
relationships with intraseasonal to interannual activity and
extreme rainfall. Journal of Climate, 17, 88-108. https://doi.
0rg/10.1175/1520-0442(2004)017%3C0088:TSACZI%3E2.0.CO;2

Chou, S. C,, Lyra, A., Mourao, C., Dereczynski C., Pilotto, 1.,
Gomes, J., Bustamante, J., Tavares, P., Silva, P., Rodrigues D.,

Campos, D, Chagas, D., Sueiro, G., Siqueira, G., Nobre, P. and
Marengo, J. (2014a). Evaluation of the Eta nested in three global
climate models. American Journal of Climate Change, 3, 438-
454, https://doi.org/10.4236/ajcc.2014.35039

Chou, S. C., Lyra, A., Mourao, C., Dereczynski C., Pilotto, I.,
Gomes, J., Bustamante, J., Tavares, P., Silva, P., Rodrigues
D., Campos, D., Chagas, D., Sueiro, G., Siqueira, G., Nobre, P.
and Marengo, J. (2014b). Assessment of climate change over
South America under RCP 4.5 and 8.5 downscaling scenarios.
American Journal of Climate Change, 3, 512-527. https://doi.
0rg/10.4236/ajcc.2014.35043

Coles, S. (2001). An introduction to statistical modeling of
extreme values. London: Springer.

Collins, W. J., Bellouin, N., Doutriaux-boucher, M., Gedney,
N., Halloran, P., Hinton, T., Hughes, J., Jones, C. D., Joshi,
M., Liddicoat, S., Martin, G., O’Connor, F., Rae, J., Senior, C.,
Sitch, S., Totterdel, I., Wiltshire, A. and Woodward, S. (2011).
Development and evaluation of an Earth-System Model-
HadGEM2. Geoscientific Model Development, 4, 1051-1075.
https://doi.org/10.5194/gmd-4-1051-2011

Cooley, D.and Sain S. R. (2010). Spatial Hierarchical Modeling of
Precipitation Extremes From a Regional Climate Model. Journal
of Agricultural, Biological, and Environmental Statistics, 15,
381-402. https://doi.org/10.1007/s13253-010-0023-9

Delgado, J. M., Apel, H. and Merz. (2010). Flood trends and
variability in the Mekong river. Hydrology and Earth System
Sciences, 14, 407-418. https://doi.org/10.5194/hess-14-407-2010

El Adlouni, S., Ouarda, T. B. M. J., Zhang, X., Roy, R. and Bobée,
B. (2007). Generalized maximum likelihood estimators for the
nonstationary generalized extreme value model. Water Resources
Research, 43, W03410. https://doi.org/10.1029/2005WR004545

Felici, M., Lucarini, V., Speranza, A. and Vitolo, R. (2007)
Extreme Value statistics of the total energy in an intermediate-
complexity model of the midlatitude atmospheric jet. Part Il
trend detection and assessment. Journal of the Atmospheric
Science, 64, 2159-2175. https://doi.org/10.1175/JAS4043.1

Foley, A. M. (2010). Uncertainty in regional climate modelling: a
review. Progress in Physical Geography: Earth and Environment,
34, 647-670. https://doi.org/10.1177%2F0309133310375654

154 Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019



Climate change models and weather extremes

Frei, C., Scholl, R., Fukutome, S., Schmidli, J. and Vidale, P. L.
(2006). Future change of precipitation extremes in Europe:
Intercomparison of scenarios from regional climate models.
Journal of Geophysical Research, 111, D06105. https://doi.
0rg/10.1029/2005JD005965

Furi6, D.and Meneu, V. (2011). Analysis of extreme temperatures for
four sites across Peninsular Spain. Theoretical Applied Climatology,
104, 83-99. https://doi.org/10.1007/s00704-010-0324-5

Gan, M. A., Kousky, V. E. and Ropelewski, C. F. (2004). The South
America monsoon circulation and its relationship to rainfall
overwest-central Brazil. Journal of Climate, 17, 47-66. https://doi.

of the intergovernmental panel on climate change. Cambridge:
Cambridge University Press.

Janji¢, Z.1.(1994). The step-mountain Eta coordinate model: further
developments of the convection, viscous sublayer, and turbulence
closure schemes. Workshop summary. Monthly Weather Review,
122,927-945. https://doi.org/10.1175/1520-0493(1994)122%3C09
27-TSMECM%3E2.0.CO:2

Karl, T.R., Nicholls, N. and Ghazi, A. (1999). CLIVAR/GCOS/WMO
workshop on indices and indicators for climate extremes. In:
Weather and Climate Change Extremes. Dordrecht: Springer.
https://doi.org/10.1007/978-94-015-9265-9 2

0rg/10.1175/1520-0442(2004)017%3C0047:TSAMCA%3E2.0.CO:2

Haylock, M. R., Peterson, T. C., Alves, L. M., Ambrizzi, T., Anunciagao,
Y.M. T, Baez, J.,Barros, V. R., Berlato, M. A., Bidegain, M., Coronel,
G., Corradi, V., Garcia, V. J., Grimm, A. M., Karoly, D., Marengo,
J. A., Marino, M. B., Moncunill, D. F.,, Nechet, D., Quintana, J.,
Rebello, E., Rusticucci, M., Santos, J. L., Trebejo, I. and Vincent,
L.A.(2006). Trends in total and extreme South American rainfall
in 1960-2000 and links with sea surface temperature. Journal of
Climate, 19, 1490-1512. https://doi.org/10.1175/JCLI3695.1

Hosking, J. R. M. (1990). L-moments: analysis and estimation of
distributions using linear combinations of order statistics. Journal
of the Royal Society, 52, 105-124.

Hosking, J. R. M. (1992) Moments or L moments? An example
comparing two measures of distributional shape. The American
Statistician, 46, 186-189. https://doi.org/10.1080/00031305.199
2.10475880

IFRC/RCS (2011). World disasters report 2011: focus on hunger
and mal nutrition. International Federation of the Red Cross
and Red Crescent Societies, Geneva, Switzerland; [accessed
2018 March 011]. http://www.ifrc.org/publications-and-reports/

world-disasters-report/wdr2011/

Ines, A. V. M. and Hansen, J. W. (2006). Bias correction of
daily GCM rainfall for crop simulation studies. Agricultural
and Forest Meteorology, 183, 44-53. https://doi.org/10.1016/].
agrformet.2006.03.009

IPCC (2007). Climate change 2007: the physical science basis,
contribution of working group | to the fourth assessment report
of the intergovernmental panel on climate change. Cambridge:
Cambridge University Press.

IPCC (2013). Climate change 2013: the physical science basis,
contribution of working group | to the fifth assessment report

Kendall, M. A. and Stuart, A. (1967). The advanced theory of
statistics. 2nd ed. Londres: Charles Giriffin.

Khalig, M. N., Ouarda, T.B. M. J., Ondo, J. C., Gachon, P.and Bobée,
B. (2006). Frequency analysis of a sequence of dependent and/
or non-stationary hydro-meteorological observations: a review.
Journal of Hydrology, 329, 534-552. https://doi.org/10.1016/].
jhydrol.2006.03.004

Kharin, V.V,, Zhang, X. and Hegerl, G. C. (2007). Changes in
temperature and precipitation extremes in the IPCC ensenble of
global coupled model simulations. Journal of Climate, 20, 1419-
1444, https://doi.org/10.1175/JCLI4066.1

Kharin, VV.and Zwiers, FW. (2005) Estimating extremes in transient
climate change simulations. Journal of Climate, 18, 1156-1173.
https://doi.org/10.1175/JCLI3320.1

Kharin, V. V., Zwiers, F., Zhang, X. and Wehner, M. (2013).
Changes intemperature and precipitation extremes in the CMIP5
ensemble. Climatic Change, 119, 345-357. https://doi.org/10.1007/
510584-013-0705-8

Kwiatkowski, D., Phillips, P. C. B., Schmidt, P. and Shin, Y. (1992)
Testing the null hypothesis of stationarity against the alternative
of a unit root: how sure are we that economic time series have
a unit root? Journal of Econometrics, 54, 1569-178. https://doi.
0rg/10.1016/0304-4076(92)90104-Y

Lilliefors, H. W. (1967). On the Kolmogorov-Smirnov test for
normality with mean and variance unknown. Journal of the
American statistical Association, 62, 399-402. https://doi.org
/10.1080/01621459.1967.10482916

Manton, M. J., Della-Marta, P. M., Haylock, M. R., Hennessy, K.
J.,Nicholls, N., Chambers, L. E., Collins, D. A, Daw, G., Finet, A.,
Gunawan, D., Inape, K., Isobe, H., Kestin, T. S., Lefale, P, Leyu,

Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019 155



M. Fontolan et al.

C.H., Lwin, T., Maitrepierre, L., Ouprasitwong, N., Page, C. M.,
Pahalad, J., Plummer, N., Salinger, M. J., Suppiah, R., Tran, V.
L., Trewin, B., Tibig, I. and Yee, D. (2001). Trends in extreme
daily rainfall and temperature in Southeast Asia and the South
Pacific: 1961-1998. International Journal of Climatology, 21,
269-284. https://doi.org/10.1002/joc.610

Martin, G. M., Bellouin, N., Collins, W. J., Culverwell, |. D.,
Halloran, P. R., Hardiman, S. C., Hinton, T. J., Jones, C. D.,
McDonald, R. E., McLaren, A. J., O’'Connor, F. M., Roberts,
M. J., Rodriguez, J. M., Woodward, S., Best, M. J., Brooks, M.
E., Brown, A. R. Butchart, N., Dearden, C., Derbyshire, S. H.,
Dharssi, |., Doutriaux-Boucher, M., Edwards, J. M., Falloon, P. D,
Gedney, N., Gray, L. J., Hewitt, H. T., Hobson, M., Huddleston,
M.R.,Hughes, J.,Ineson, S., Ingram, W. J., James, P. M., Johns,
T.C., Johnson, C.E., Jones, A, Jones, C. P., Joshi, M. M., Keen,
A. B, Liddicoat, S., Lock, A. P, Maidens, A. V., Manners, J.
C., Milton, S. F,, Rae, J. G. L., Ridley, J. K., Sellar, A., Senior,
C. A., Totterdell1, I. J., Verhoef, A., Vidale, P. L. and Wiltshire,
A. (2011). The Had-GEM2 family of Met Office Unified Model
climate configurations. Geoscientific Model Development, 4,
723-757. https://doi.org/10.5194/gmd-4-723-2011

Nadarajah, S. and Choi, D. (2007) Maximum daily rainfall in
South Korea. Journal of Earth System Science, 116, 311-320.
https://doi.org/10.1007/s12040-007-0028-0

New, M., Lopez, A., Dessai, S. and Wilby, R. (2007). Challenges
in using probabilistic climate change information for impact
assessments: an example from the water sector. Philosophical
Transactions of the Royal Society of London A: Mathematical,
Physical and Engineering Sciences, 365, 2117-2131. https://
doi.org/10.1098/rsta.2007.2080

Pereira, V. R, Blain G. C., Avila, A. M. H., Pires, R. C. M. and
Pinto, H. S. (2018). Impacts of climate change on drought:
changesto drier conditions at the beginning of the crop growing
season in southern Brazil. Bragantia, 77, 201-211. https://doi.
0rg/10.1590/1678-4499.2017007

Pujol, N., Neppel, L. and Sabatier, R. (2007). Regional tests for
trend detection in maximum precipitation series in the French
Mediterranean region. Hydrological Sciences Journal, 52, 952-
973. https://doi.org/10.1623/hysj.52.5.956

Raia, A. and Cavalcanti, . F. (2008). The life cycle of the South
American monsoon system. Journal of Climate, 21, 6227-6246.
https://doi.org/10.1175/2008JCLI2249.1

Richards, G. R. (1993). Change in global temperature: a
statistical analysis. Journal of Climate, 6, 556-559. https://doi.
0rg/10.1175/1520-0442(1993)006%3C0546:CIGTAS %3E2.0.CO:2

Sentelhas, P. C., Ortolani, A. A. and Pezzopane, J. R. M.
(1995). Estimativa da temperatura minima de relva e da
diferenca de temperatura entre o abrigo e a relva em noites
de geada. Bragantia, 54, 437-445. https://doi.org/10.1590/
S0006-87051995000200023

Shin, H., Jung, Y., Jeong, C. and Heo, J-H. (2011). Assessment
of modified Anderson-Darling test statistics for the generalized
extreme value and generalized logistic distributions. Stochastic
Environmental Research and Risk Assessment, 26, 105-140.
https://doi.org/10.1007/s00477-011-0463-y

Sugahara, S., Rocha, R. P. and Silveira, R. (2009). Non-stationary
frequency analysis of extreme daily rainfall in Sao Paulo, Brazil.
International Journal of Climatology, 29, 1339-1349. https://doi.
0rg/10.1002/joc.1760

Takata, K., Emori, S. and Watanabe, T. (2003). Development of
the minimal advanced treatments of surface interaction and
runoff. Global and Planetary Change, 38, 209-222. https://doi.
0rg/10.1016/S0921-8181(03)00030-4

Themesl, M., Gobiet, A. and Leuprecht, A. (2011). Empirical-
statistical downscaling and error correction of daily precipitation
from regional climate models. International Journal of
Climatology, 31, 1530-1455. https://doi.org/10.1002/joc.2168

Um, M., Kim, Y., Markus, M. and Wuebbles, D. J. (2017).
Modeling nonstationary extreme value distributions with
nonlinear functions: An application using multiple precipitation
projections for U.S cities. Journal of Hydrology, 552, 396-406.
https://doi.org/10.1016/j.jhydrol.2017.07.007

Vera, C., Higgins, W., Amador, J., Ambrizzi, T., Garreaud, R.,
Gochis, D., Gutzler, D., Lettenmaier, D., Marengo, J., Mechoso.
C. R., Nogues-Paegle, J., Dias, P. L. S. and Zhang, C. (2006).
Toward a unified view of the American monsoon systems. Journal
of Climate, 19, 4977-5000. https://doi.org/10.1175/JCLI3896.1

Vincent, L. A., Peterson, T. C., Barros, V. R., Marino, M. B.,
Rusticucci, M., Carrasco, G., Ramirez, E., Alves, L. M., Ambrizzi,
T., Berlato, M. A., Grimm, A. M., Marengo, J. A., Molion. L.,
Moncunill, D. F., Rebello, E., Anunciacao, Y. M. T., Quintana,
J., Santos, J. L., Baez, J., Coronel, G., Garcia, J., Trebejo, .,
Bidegain, M., Haylock, M. R. and Karoly, D. (2005). Observed
trends in indices of daily temperature extremes in South

156 Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019



Climate change models and weather extremes

America 1960-2000. Journal of Climate, 18, 5011-5023. https://
doi.org/10.1175/JCLI3589.1

Wang, X. L., Zwiers, F. W. and Swail, V. (2004). North
Atlantic Ocean wave climate scenarios for the twenty-
first century. Journal of Climate, 17, 2368-2383. https://doi.
0rg/10.1175/1520-0442(2004)017%3C2368:NAOWCC%3E2
.0.C0O:2

Wilks, D. S. (2011). Statistical methods in the atmospheric
sciences. San Diego: Academic Press.

Wilson, P. R. and Toumi, R. A. (2005). Fundamental probability
distribution for heavy rainfall. Geophysical Research Letters,
32,1-4. https://doi.org/10.1029/2005GL022465

Yue, S., Pilon, P., Phinney, B. and Cavadias, G. (2002). The
influence of autocorrelation on the ability to detect trend in
hydrological series. Hydrological Processes, 16, 1807-1829.
https://doi.org/10.1002/hyp.1095

Zhao, Q., Black, T. L. and Baldwin, M. E. (1997). Implementation
of the Cloud Prediction Scheme in the Eta Model at
NCEP. Weather and Forecasting, 12, 697-712. https://doi.
0rg/10.1175/1520-0434(1997)012%3C0697:I0TCPS%3E2.0.CO:2

Zhou, J. and Lau, K-M. (1998). Does a monsoon climate exist
over South America? Journal of Climate, 11, 1020-1040. https://
doi.org/10.1175/1520-0442(1998)011%3C1020:DAMCEQO %3
E2.0.CO;2

Bragantia, Campinas, v. 78, n. 1, p.146-157, 2019 157



