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ABSTRACT: ENSO episodes affect South American precipitation and the frequency of extreme
precipitation events, mainly in the La Plata Basin (LPB). We analyzed the representation of Central
and Eastern ENSO diversity in a historical simulation of the HadGEM2-ES model, and the results
showed that this model does not reflect the ENSO diversity. However, the model does represent
the frequency of Eastern ENSO. Therefore, we used this model to analyze the influences of this
type of ENSO on precipitation and frequency of extreme precipitation events over the LPB in sim-
ulations (historical scenario) and projections (RCP8.5 scenario), during austral summer and
autumn. The HadGEM2-ES model reproduced the anomalous precipitation dipole pattern
(increased precipitation over southeastern South America and decreased precipitation over the
north/northeast) in eastern El Nifio during both seasons, and the opposite pattern in eastern La
Nina during the austral autumn. The model reproduced the patterns of anomalous frequency of
extreme events that occur over South America during both seasons of eastern El Nino, but failed
to reproduce these patterns during eastern La Nina. The future projections showed patterns of
anomalous precipitation and frequency of extreme events that were similar to those simulated for
the present, but were more intense and affected a wider area.

KEY WORDS: Central and Eastern ENSO - Precipitation anomalies - Extreme precipitation events -
La Plata Basin - El Nino - La Nina

Resale or republication not permitted without written consent of the publisher

1. INTRODUCTION

Recent studies have shown the importance of
studying the influence of different types of El
Nino-Southern Oscillation (ENSO) events separately
(Ashok et al. 2007, Kao & Yu 2009, Kug et al. 2009,
Yeh et al. 2009, Tedeschi et al. 2013, 2015). The main
sea surface temperature (SST) anomalies (SSTA) in
ENSO episodes occur in the eastern equatorial
Pacific or central equatorial Pacific. These different
types of ENSO influence the South American pre-
cipitation in different ways. During austral summer
(December-January-February, DJF) the eastern Pacific
El Nino (EEN) induces precipitation increases over
southeastern South America and decreases over
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northern/northeastern South America, while during
central Pacific El Nino (CEN), precipitation de-
creases over southeastern, central-eastern, and cen-
tral-northern South America (Li et al. 2011, Tedeschi
et al. 2013, 2015). In austral autumn (March-April-
May, MAM), EEN produces the same DJF patterns
of dry conditions in the north and wet in the south,
while CEN induces increased precipitation over
central-eastern South America (Tedeschi et al. 2013).
The precipitation anomaly patterns over South
America during MAM of La Nifia years are similar
during the 2 types of ENSO, but normally, the pat-
terns during La Nifa in the central Pacific (CLN) are
stronger than La Nina in the eastern Pacific (ELN)
(Tedeschi et al. 2013, 2015).
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The frequency of central Pacific ENSO has increased
in recent decades (Yeh et al. 2009, Lee & McPhaden
2010, Na et al. 2011, Yu & Kim 2013). Thus, it is
important to know whether models can simulate the
influence of different types of ENSO on global atmos-
pheric variables, to analyze future climate projec-
tions.

The Earth System models are the most advanced
tools to represent the physical processes that occur
in the climate system (atmosphere, ocean, cryos-
phere, biosphere, and atmospheric chemistry) and
the interaction among them (IPCC 2013). Taschetto
et al. (2014) used 34 coupled models of Coupled
Model Intercomparison Project Phase 5 (CMIPY) to
assess the representation of ENSO during the his-
torical period and in future climate projection sce-
narios. Results of these models were assessed in
the fifth report of the IPCC (IPCC-ARS5, IPCC
2013). The majority of models can reproduce the
intensity and location of maximum SSTA during
ENSO. Moreover, they can represent the magni-
tude of the asymmetry between El Nino and La
Nina and the differences between 2 types of El
Nifo, but fail to represent the differences between
the 2 types of La Niha (Taschetto et al. 2014).
Steinhoff et al. (2015) showed that CMIP5 models
can represent the sign of precipitation anomalies
over Central America and northwestern South
America during the ENSO that occurs in the east-
ern Pacific, and Tedeschi & Collins (2016) showed
the same results for tropical South America when
they analyzed different types of ENSO, but both
studies indicated that CMIP5 models have prob-
lems in simulating the magnitude of precipitation
anomalies. Furthermore, Tedeschi & Collins (2016)
reported that CMIP5 models have difficulty in
simulating the correct sign of precipitation anom-
alies during different types of ENSO in central and
southeastern South America.

Cavalcanti & Shimizu (2012) showed that the
HadGEM2-ES model can simulate well the seasonal
variability of precipitation, temperature, and winds
over South America in the historical period (1979/
1980-2004/2005), especially the difference between
the austral winter (June-July-August, JJA) and sum-
mer (DJF). Furthermore, the model can also repre-
sent one of the main features of DJF precipitation
variability, viz. the South Atlantic Convergence Zone
and the Pacific-South America teleconnection.

The main objective of the present study was to
evaluate the ability of HadGEM2-ES to represent
the influence of ENSO on precipitation and extreme
precipitation events over the La Plata Basin (LPB;

38-14°S, 6—-43° W) during historical simulations and
future projections. In addition, the model's ability to
represent 2 types of ENSO is discussed.

2. DATA AND METHODS
2.1. Data

The period of observed data and the model histori-
cal simulation is 1960-2005, and the period of future
model projections is 2054—-2099. The historical simu-
lations of CMIP5 end in 2005. The observed monthly
SST dataset was obtained from the Extended Recon-
structed Sea Surface Temperature database (NOAA_
ERSST_V3, Smith et al. 2008), with a resolution of
1° latitude x 1° longitude. The monthly atmospheric
data (horizontal wind components and specific hu-
midity) with a grid resolution of 2.5° x 2.5° were
obtained from NCEP/NCAR reanalysis (Kalnay et al.
1996). The vertically integrated moisture flux was
calculated from 1000 to 100 hPa. The daily observed
precipitation from 2 different datasets (daily precipi-
tation from stations and data of Liebmann & Allured
2005) were interpolated in a grid with a resolution
of 1° x 1°. The data of Liebmann & Allured (2005)
were only used in grid boxes where we did not have
station data, and the interpolation was made by aver-
aging the station data within circles with a radius
of 0.707°, whose centers were separated by 1.0°.
Monthly precipitation datsets were calculated from
the monthly average of daily data.

The HadGEM2-ES is the Hadley Centre global
earth system model and is part of the CMIP5 pro-
ject. This model has a good representation of the
atmospheric patterns and precipitation over South
America, mainly the Amazon region (Cavalcanti &
Shimizu 2012). In the present study, 4 members of
the HadGEM2-ES historical run (1960-2005) were
used to evaluate the model's ability to represent 2
types of ENSO and the influence of eastern ENSO
on South America, mainly on the LPB. Four mem-
bers of the RCP8.5 scenario (2054-2099) were ana-
lyzed to verify how a climate change scenario
affects this influence. The atmospheric component
of the HadGEM2-ES has a grid with 192 points in
latitude and 144 points in longitude (1.25° x 1.875°),
while the oceanic component has a grid with 360 x
216 points (1° x 1°, except between the poles and
30°, where the resolution increases smoothly until
1/3° near the equator; Collins et al. 2011). The vari-
ables from the model are the same from observa-
tions, mentioned above.
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2.2. Methodology
2.2.1. ENSO vyears

The methodology used to determine the ENSO
years was described by Tedeschi et al. (2015), and
Fig. 1 shows the regions to define the type of ENSO.
Positive SSTA (i.e. >0.5°C) in the East Pacific region
(6°N=-5°8S, 140°-90° W), during at least 6 consecutive
months, including October, November, and Decem-
ber of the beginning year of the event (year 0) and
January of the following year (year +) (based on
Trenberth 1997), characterizes an EEN, and negative
SSTA (i.e. < =0.5°C) in the same region characterizes
an ELN. When these anomalies occur in the Central
Pacific region (5°N-5°S, 160°E-150°W), CEN or
CLN is identified. If 1 year belongs to the 2 cate-
gories, the annual SSTA average is calculated in
each region, and the episode is assigned to the cate-
gory corresponding to the highest value. We consider
that an ENSO vyear starts in September (year 0) and
finishes in August (year +); therefore, the seasons
during the ENSO vyears are: September-October-
November in the beginning year [SON(0)], December
in the beginning year and January-February in the
following year [D(0)JF(+)], March-April-May in the
following year [MAM(+)] and June-July-August in
the following year [JJA(+)]. In the present study, only
D(0)JF(+) and MAM(+) are analyzed.

Tedeschietal. (2015, their Table I) showed the years
when the ENSO phenomena begin in ERSST-v3 data.
The same method was applied for all members of
HadGEM2-ES (historical and RCP8.5 scenarios).

2.2.2. Composites of oceanic and atmospheric fields
during ENSO

Composites of D(0)JA(+) and MAM(+) anomaly
fields (SST, precipitation, horizontal wind at 200 hPa,
and vertically integrated moisture flux) were calcu-
lated for Eastern ENSO. The statistical significance of
the composites was obtained using the test based on

Table 1. Number of years in each ENSO category. ERSST-v3
is a dataset developed by NOAA, and is described in Smith
et al (2008). The historical and RCP8.5 HadGEM2-ES runs
have 4 members each. The ensemble-mean number of
ENSO episodes is given in parentheses. CEN (EEN): central
(eastern) El Nino; CLN (ELN): central (eastern) La Nina

CEN EEN CLN ELN Neutral

ERSST-v3 6 8 8 7 17

HadGEM2-ES,
historical 8 (2)

HadGEM2-ES,
RCP8.5

36 (9) 7 (1.75) 34 (8.5) 99 (24.75)

2(0.5) 36 (9) 3 (0.75) 26 (6.5) 117 (29.25)

a hypergeometric distribution (Meyer 1970, Grimm et
al. 1998, 2000, Grimm & Tedeschi 2009, Tedeschi et
al. 2013, 2015). The number of years in each ENSO
category is presented in Table 1. The frequency of
Central ENSO in the HadGEM2-ES ensemble is
very low, compared to the observation. Therefore,
the occurrence of few Central ENSO cases does not
allow us to analyze the differences in atmospheric
composites between Central and Eastern ENSO.
SSTA composites were calculated for Central and
Eastern ENSO, while the other atmospheric compo-
sites were calculated only for Eastern ENSO.

The CMIP5 scenario shows trends in atmospheric
and oceanic data in future scenarios. Therefore, the
trends were removed (using linear trends calculated
between 2054 and 2099) in all grid points, for all
atmospheric and oceanic data of future projections
(RCP8.5 scenario), in order to avoid El Nifo (La Nifa)
events being more concentrated at the end (begin-
ning) of the period.

2.2.3. Extreme precipitation events

The methodology used to calculate extreme events
of precipitation was defined by Grimm & Tedeschi
(2009). This methodology uses the 90® percentile in a
Gamma distribution as a threshold to define extreme
precipitation events. After calculating the frequency

of extreme precipitation events in

each season and year in each cate-
gory (EEN, ELN, and neutral, i.e.
years that are not classified as ENSO
years), the difference between each
""" category of ENSO and the neutral
B category was calculated. The same
hypergeometric distribution test men-

120E 140E 160E 180 160W 140W 120W
Fig. 1. Areas of Central and Eastern ENSO

100W 80w

tioned above was applied to indicate
the significance of the results.
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3. IMPACTS OF CENTRAL AND EASTERN ENSO
ON SEASONAL FIELDS

3.1. Frequency of events

Table 1 presents the total number of episodes in
each category, from ERSST-v3 data and the total and
ensemble number of the historical and RCP8.5 pro-
jection runs. This table shows that the HadGEM2-ES
model does not represent well the variability of
different types of ENSO during the historical period.
While the observed data include 6 (8) CEN (CLN)
events, HadGEM2-ES shows only 2 (1.75) CEN
(CLN), on average, during the same period. How-
ever, this model can represent the frequency of
Eastern ENSO (9 [8.5] EEN [ELN], comparable to
observed data of 8 [7] EEN [ELN]). Therefore, it can
be used to study features over South America repre-
sented during Eastern ENSO.

Consistent with the tendency of several models to
simulate only 1 type of ENSO (Ham & Kug 2012, Kug
etal. 2012, Xu et al. 2014), HadGEM-ES has the same
tendency. Previous studies have shown that the
frequency and persistence of Central ENSO have
increased in recent years (Yeh et al. 2009, Lee &
McPhaden 2010, Yu & Kim 2013). CMIP3 model pro-
jections for the future indicate that Central ENSO
will be more frequent than Eastern ENSO (Yeh et al.
2009). However, in the present study, the HadGEM2-
ES model shows different results, as summarized in
Table 1. The numbers of Central ENSO (El Nino or
La Nina) are lower than Eastern ENSO, both in the
present climate and future projections.

3.2. SSTA f{ields in El Nifio and La Nifna
3.2.1. EEN and CEN

Fig. 2 shows the SSTA composites of El Nino years.
In EEN composites, the simulated patterns (Fig. 2b,e)
are similar to the observed patterns (Fig. 2a,d), i.e.
strong positive anomalies in the eastern Pacific and
negative anomalies in the north and south Pacific
(this pattern is known as the boomerang or horseshoe
pattern). The projected patterns (Fig. 2c,f) are simi-
lar to the historical ones, but with weaker intensity
inside the anomalous area.

The simulated SSTA composites of CEN (Fig. 2h,j)
show positive SSTA in the central Pacific, consistent
with ENSO-year definitions and observed patterns
(Fig. 2g,i). During MAM(+), negative SSTA occur in
the eastern Pacific near the South American coast, in

the simulated and in the observed data, similar to El
Nino Modoki (Ashok et al. 2007, Weng et al. 2007,
Tedeschi et al. 2013). However, if the whole globe is
analyzed, the simulated and observed patterns are
very similar in EEN, while in CEN there are some
differences, mainly in the North Pacific and Indian
Ocean. These could be linked with the difficulty of
the HadGEM2-ES in representing Central ENSO
years, coherent with Table 1.

3.2.2. ELN and CLN

The ELN composites show the strongest negative
SSTA in the eastern Pacific, in both seasons for the
observed dataset and model results (Fig. 3a—f). The
strongest anomalies in the eastern Pacific occur in
D(0)JF(+) in the observed data, as well as in simula-
tions and projection patterns.

During D(0)JF(+), the simulated patterns of SSTA
in CLN reproduce the negative SSTA in the tropical
Pacific and positive SSTA in the north and south
Pacific. During MAM(+), negative SSTA occur in the
central Pacific, around the equator, but there are
more differences compared to the observation. In both
seasons, the simulated cold anomalies are extended
westward with respect to the observed ones. As
during CEN, the model does not represent the CLN
pattern well, and this also explains its difficulty in
identifying different types of ENSO.

3.3. Anomalous precipitation over South America -
impacts over LPB

3.3.1. EEN

Several studies have shown that precipitation over
southeastern South America, including the LPB, in-
creases during EEN (Ropelewski & Halpert 1987,
Aceituno 1988, Grimm et al. 1998, 2000, Grimm 2003,
2004). Observed, simulated, and projected patterns
are shown in Fig. 4 during D(0)JF(+) and MAM(+),
where it is seen that the observed patterns agree
with previous studies. The model reproduces the
positive anomalies over LPB in EEN, but they are
weaker and shifted southward when compared with
observations in the 2 seasons. For example, there is a
positive anomaly over Uruguay during EEN in the
historical simulation during both seasons that does
not occur in the observations. The model also repro-
duces the negative anomalies in northern South
America, but the model fails in simulating the pattern
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Fig. 2. Composites of SST anomalies during eastern El Nino (EEN) [D(0)JF(+) (a—c) and MAM(+) (d—f)] and central EN (CEN)

[D(0)JF(+) (g,h) and MAM(+) (i,j)] based on observed data (left column), HadGEM2-ES in the historical period (center column),

and HadGEM2-ES in the RCP8.5 scenario (right column). Regions with positive (negative) anomalies higher (lower) than 0.25
(=0.25)°C and with a level of confidence >90 % are outlined with a thick black line

in northeastern South America during MAM(+). The
future projections indicate increased precipitation
over LPB during EEN events, with an even greater
reduction of rainfall in the northern/northeastern
parts of the continent, especially in summer (Fig.
4b,c). This is consistent with the finding of Grimm &
Natori (2006) that in the future climate, the ENSO-

related precipitation mode over South America in
spring and in summer shows enhancement of the fac-
tor loadings in the northern/northeastern parts of the
continent compared to the southeastern region.

The composites of observed and simulated stream-
line anomalies at 200 hPa during EEN (Fig. 5) are con-
sistent with the precipitation anomalies. The model
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represents the 2 anticyclones around the Pacific equa-
torial region, typical of ENSO, and the wave train
tropics—extratropics that favors a pair of cyclonic—
anticyclonic circulation over the southwest and south-
east coasts of South America. The position of these
centers and the strengthening of the subtropical jet
cause an increase in precipitation over LPB (Fig. 4). In
MAM, the model shows the Northern Hemisphere
anticyclonic center around the equator displaced

eastward, and a reduction of the Southern Hemi-
sphere anticyclonic center (approx. 15°S, 120°W) in
that region. Notwithstanding, the cyclonic-anticy-
clonic pair over southeast South America is still pres-
ent and more organized in both the model and the ob-
servation, consistent with the precipitation anomalies.
The projections during EEN show similar atmospheric
circulation patterns favorable to precipitation anom-
alies, and the higher rainfall anomaly than in the his-
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torical period is related to the increase in moisture The anomalies of moisture flux in EEN (Fig. 6), in
flux in the atmosphere, as discussed below. The high the simulation and projection, show the increase in
level circulation changes over tropical South America moisture flux from the Amazon region to the southeast
result in expansion, to the south, of the area with neg- of the continent in both D(0)JF(+) and MAM(+) in the
ative precipitation anomalies (Fig. 4). future climate. Although weaker in the historical run

Fig. 6. Composites of anomalous vertically integrated moisture flux (1072 kg m s™!) during eastern El Nifio (EEN) [D(0)JF(+)
(a—c) and MAM(+) (d—f)] and eastern La Nina (ELN) [D(0)JF(+) (g-i) and MAM(+) (j—1)] based on observed data (left column),
HadGEM2-ES in the historical period (center column), and HadGEM2-ES in the RCP8.5 scenario (right column)
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than in the observations, the model simulates this
flux, which increases the precipitation over the south-
east region. The increase in moisture flux southward
in the future contributes to the precipitation increase
over the LPB. Over the northern/northeastern parts of
the continent, the moisture flux anomalies westwards
also increase in the future climate.

3.3.2. ELN

During La Nina, negative anomalies are observed
in small areas of the LPB, mainly during MAM(+) of
ELN (Fig. 4j). The model indicates dry conditions
over the middle/lower LPB and wet conditions over
the northeast in D(0)JF(+) and MAM(+). This dipole
of precipitation (decrease in southeastern and in-
crease in northeastern South America) occurs only
during MAM in the observations. During this season,
under a warming scenario, the model still shows dry
conditions over the LPB, but the positive anomaly
over northeastern South America turns to normal
conditions.

The streamline anomalies display the typical pair
of cyclonic circulation around the equator over the
Pacific during La Nina, in both model results and
observations during summer and autumn (Fig. 5g-1).
The model also reproduces the easterly anomalies
over tropical South America, but the 2 anticyclonic
circulations over the southwestern and southeastern
coasts of the continent are weakly simulated.

The anomalies of moisture flux in ELN (Fig. 6)
simulated during D(0)JF(+) and MAM(+) are weaker
than the observed ones and show a moisture flux
anomaly northwards over LPB, which explains the dry
conditions in this region. This feature does not exist in
observed ELN. Therefore, simulated and observed
patterns have the same sign in composites of precipita-
tion anomalies in ELN, but the mechanisms that cause
the anomalies are different—in the observations, the
cause is the circulation over the region, whereas in the
simulation, it is associated with the simulated moisture
divergence. The future projections during MAM(+)
show a reduction in moisture flux towards the LPB
(anomalous northward moisture flux), which is consis-
tent with the decreased precipitation during ELN.

4. FREQUENCY OF EXTREME EVENTS

The maps of the differences in the frequency of
extreme events between EEN and neutral years,
both observed (Fig. 7a,d) and simulated by the

HadGEM2-ES model (Fig. 7b,e), show the expected
pattern, viz. an increase in southeastern and a
decrease in northern/northeastern South America
(Grimm & Tedeschi 2009). Notwithstanding, there
are important differences between the model and
observations, especially in northeastern Brazil, in
MAM, where the reduced frequency of extreme
events is not well simulated by the model (Fig. 7d,e).
Therefore, the projection cannot be assessed for that
region. Over the LPB, the difference in the frequency
of extreme events between EEN and neutral years in
future projections (Fig. 7c,f) shows the same general
features of the historical period, but more similar to
the observed variations, between EEN and neutral
years (Fig. 7a,d). The main difference with respect
to the present climate is the strongest increase in
extreme events in southeastern South America.

Fig. 7g-1 presents the differences between the ire-
quency of extreme events during ELN and neutral
years. The observed patterns in DJF and MAM are
different. HadGEM2-ES can reproduce the anom-
alies in parts of northeastern Brazil (more extreme
events) and in parts of the LPB (less extreme events)
in MAM(+) during ELN. During D(0)JF(+) of ELN,
there is a strong decrease in the frequency of ex-
treme precipitation events over northeastern South
America in the observed data, while the simulated
pattern shows an increase.

The differences between ELN and neutral years
in the future projections are small compared to the
historical period in MAM(+). As in precipitation com-
posites, HadGEM2-ES cannot reproduce the pattern
of extreme precipitation events in ELN during
D(0)JF(+). Thus, the future projection cannot be
evaluated.

5. DISCUSSION AND CONCLUSION

The HadGEM2-ES has difficulty in reproducing
Central ENSO, since it indicates an average of 2 CEN
and 1.75 CLN, while 6 and 8 cases were observed,
respectively. This agrees with other studies showing
that coupled models have difficulty in representing
different types of ENSO (Ham & Kug 2012, Kug et al.
2012, Xu et al. 2014). In future projections, the num-
ber of central Pacific episodes is even lower, with just
0.5 CEN and 0.75 CLN. This disagrees with results
from CMIP3 models that showed an increase in the
frequencies of Central ENSO in future projections
(Yeh et al. 2009). Our results indicate that the
HadGEM2-ES model cannot be used to study differ-
ent types of ENSO following the present method-
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ology. However, it can reproduce the frequency of
Eastern ENSO and can be used to study features
of the South American precipitation during these
events, in both historical simulations and in projec-
tions under a warming climate scenario. The inability
of the model to reproduce Central ENSO and its
impacts on South America might be related to the
existence of unmodeled interdecadal climate varia-
tions, which are also responsible for interdecadal
variations in model skill, even apparent in the atmo-
spheric responses to ENSO (Grimm et al. 2006).

The patterns of SSTA were well represented in
composites during Eastern ENSO in the historical
simulations, but Central ENSO was well repre-
sented only in El Nino years. The simulated precipi-
tation anomaly composites during EEN show the
expected patterns for this category of years. The
precipitation composites during ELN are well repre-
sented in the model only in MAM(+). In general,
seasonal anomalies during La Nifia were simulated
less well than during EI Nino.

In both seasons during EEN, precipitation anomaly
patterns in the future are usually more similar to the
observed patterns than those from the present cli-
mate simulation. They are more extensive and more
intense in the future. On the other hand, during
MAM(+) of ELN, future projections are weaker than
simulated patterns. The model cannot reproduce the
precipitation patterns in most areas of South America
in ELN during D(0)JF(+) and thus, these patterns
cannot be analyzed in future projections.

The frequencies of extreme events over the LPB
are well represented by the model during D(0)JF(+)
and MAM(+) in EEN and only during MAM(+) in
ELN years. The patterns of the frequency of extreme
events in projections of the future during EEN and
ELN generally are similar to those simulated in the
historical period, only with a greater extension and
greater intensity, except for ELN during MAM(+).

The physical mechanisms for the precipitation
anomalies over the LPB are related to the atmo-
spheric circulation anomalies over South America
and wave trains over the Pacific Ocean triggered by
anomalies associated with ENSO, and are also re-
lated to the anomalous moisture flux over South
America. Streamlines at 200 hPa composites were
generated to show the Rossby wave trains and their
contribution to the anomalous precipitation in extra-
tropical South America (Grimm 2003, 2004, Tedeschi
et al. 2013, 2015). The model represents the wave
trains during EEN, which can result in good repre-
sentation of precipitation patterns over southeastern
South America. However, during ELN, the compos-

ites of streamline anomalies at 200 hPa present
weaker anomalies over southeastern South America,
and the simulated dry conditions over the LPB are
related to the reduction in moisture flux over that
region. The model represents the moisture flux
increase from the Amazon region towards LPB in
EEN, but the simulated patterns are weaker than the
observed patterns. Simulated moisture flux patterns
in ELN are opposite to those in EEN, as in the ob-
servations, but there are differences between model
and observations that prevent the model from repro-
ducing the precipitation pattern in this ENSO cate-
gory in DJF.

Tedeschi & Collins (2016) studied the influence of 2
types of ENSO (Canonical and Modoki+A) on South
American precipitation in different CMIP5 models.
They showed that these models can represent both
influences on tropical South America, but they have
difficulty in representing the influences on central
and southeastern South America. When we com-
pared their results for HadGEM2-ES (figures not
shown) with our results, we noted fewer cases for
Modoki+A ENSO than for Central ENSO in the
observed data, but the historical HadGEM2-ES simu-
lation showed Modoki+A ENSO frequency similar
to observations. In contrast, the frequency of Central
ENSO (Table 1) in HadGEM2-ES results is lower
than in the observed data. However, SSTA and pre-
cipitation anomaly patterns in these 2 different defi-
nitions of ENSO are similar, but during Canonical
and Modoki+A ENSO, the magnitude is larger than
during Eastern and Central ENSO. As in this study,
HadGEM2-ES revealed precipitation patterns dur-
ing Canonical and Modoki+A ENSO stronger in the
future than in the present. Thus, if we change the
methodology to define different types of ENSO years,
the patterns may show small differences when apply-
ing one or the other methodology, but both method-
ologies show a strengthening in the future patterns.
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