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Abstract The prediction skill of subseasonal forecast
models is evaluated for a strong and long-lasting heat wave
occurred in December 2013 over Southern South America.
Reforecasts from two models participating in the WCRP/
WWRP Subseasonal to Seasonal project, the Bureau of
Meteorology POAMA and Beijing Climate Center model
BCC-CPS were considered to evaluate their skill in fore-
casting temperature and circulation anomalies during that
event. The POAMA reforecast of 32-member ensemble
size, initialized every five days, and BCC-CPS reforecast
of 4-member ensemble size for the same date of POAMA
plus the previous 4 days were considered. Weekly ensem-
ble-mean forecasts were computed with leadtimes from
2 days up to 24 days every 5 days. Weekly anomalies were
calculated for observations from 13th of December to 31st
of December 2013. Anomalies for both observations and
reforecast were calculated with respect to their own clima-
tology. Results show that the ensemble mean warm anoma-
lies forecasted for week 1 and 2 of the heat wave resulted
more similar to the observations for the POAMA model,
especially for longer leads. The BCC-CPS performed bet-
ter for leads shorter than 7 (14) for week 1 (2). For week 3
the BCC-CPS outperformed the POAMA model, particu-
larly at shorter leads, locating more accurately the maxima
of the anomalies. In a probabilistic approach, POAMA
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predicted with a higher chance than BCC-CPS the excess
of the upper tercile of temperature anomalies for almost
every week and lead time. The forecast of the circulation
anomalies over South America could be used to explain the
location of the highest temperature anomalies. In summary,
for this case, models skill in forecasting surface tempera-
ture in a context of a heat wave resulted moderate at lead
times longer than the fortnight. However, this study is lim-
ited to model-to-model analysis and a multi-model ensem-
ble strategy might increase the skill.
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1 Introduction

During December 2013 a persistent heat wave affected the
central-northern sector of Argentina as well as the north-
ern Patagonia region. On December 11 the temperature
started to rise over the central region of Argentina and by
December 19 the region with high temperatures spanned to
the northern sector of Argentina while temperature anoma-
lies intensified in the central portion. Maximum and mini-
mum temperatures were over the 90th percentile between
5 and 18 days over the region affected by the heat wave
and attained a record for some ground stations (Cerne et al.
2015; SMN 2014). Due to the persistence of high tem-
perature values the energy consumption reached a histori-
cal record increasing 13.4% with respect to the previous
year. The high demand for electricity led to a blackout that
affected near 1M of the population and, to save electricity,
the local and national governments gave a day off to their
employees (Barros et al. 2015).

The work of Cerne et al. (2015) provides an overview
of the circulation anomalies during the event and the role
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of the intraseasonal variability in the modulation of those
anomalies. According to the authors, the development of
anticyclonic anomalies promoted adiabatic subsidence and
clear skies favoring the diabatic heating. The South Atlan-
tic Convergence Zone (SACZ) is a convective band that
spans a region over the Amazon Basin towards the south-
east into the south Atlantic Ocean, and its activity has
been linked to the development of most of the persistent
heat waves over southern South America (Cerne and Vera
2011). In particular, the heat wave under analysis started
during an active phase (enhanced convection) of the SACZ,
hereafter, a SACZ event, and by the end of the heat wave
the circulation favored the presence of northerly wind,
increasing the temperature and moisture advection (Cerne
et al. 2015). The authors also showed that the leading mode
of intraseasonal variability of outgoing longwave radiation
(OLR) over South America during the warm season, which
presents a dipole-like structure with centers of action over
the SACZ region and southeastern South America (SESA)
(e.g., Gonzalez and Vera 2014) was active during the heat
wave, reflecting the influence of intraseasonal activity in
the evolution of the observed temperature anomalies. This
heat wave was studied from different approaches, such as
dynamical (Cerne et al. 2015) and climatic change detec-
tion and attribution (Hannart et al. 2015); however, to the
date there are no works which address the ability of models
in forecasting this event.

Recently, the World Weather Research Programme
(WWRP) and the World Climate Research Programme
(WCRP) implemented the Subseasonal to Seasonal pro-
ject (S2S) with the main goal of improving forecast skill
and understanding on the subseasonal to seasonal time-
scale with special emphasis in high-impact weather events
(Vitart et al. 2016). To achieve this objective, an archive of
retrospective forecasts produced with state-of-the-art Cou-
pled Global Circulation Models (CGCMs) from different
climate prediction centers was prepared. The availability
of this dataset provides a unique opportunity to examine
prediction skill of extreme events on timescales beyond
the medium-range weather, as well as to study the repre-
sentation of climate anomalies that favored the occurrence
of those events. This kind of study has been conducted in
other regions, e.g. Marshall and Hendon (2015), Wu et al.
(2016), but has not been done for South America yet.

The aim of this work is to assess the performance of
two models participating in the S2S project (POAMA and
BCC-CPS) in forecasting the heat wave of December 2013
occurred in Southern South America. Special emphasis
is made in evaluating the ability of models in forecast-
ing temperature and circulation anomalies for leadtimes
longer than the fortnight. This paper is organized as fol-
lows: Sect. 2 describes the models and methodology used
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to assess the skill; Sect. 3 discusses the skill achieved by
the models. Finally, Sect. 4 presents the conclusions.

2 Data and methodology

Reforecast from two models participating in the WWRP/
WCRP Subseasonal to Seasonal project, the Bureau of
Meteorology POAMA and Beijing Climate Center Climate
Prediction System version 1 (BCC-CPS) were considered
to evaluate their skill in forecasting temperature and cir-
culation anomalies. These models were selected among
those available as their reforecast period span the year of
the event. Although the ECMWF model also spans 2013 in
its reforecast, it was not considered in this study as the per-
formance of the models was analyzed respect to the daily
ERA Interim reanalysis (Dee et al. 2011), thereby avoid-
ing a potential bias to better results. For each model, 2 m
temperature and outgoing longwave radiation (OLR) were
used to describe the regional conditions and the 200 hPa
geopotential height to analyze the associated hemispheric
circulation. In the case of OLR, it was compared to NOAA
interpolated satellite estimates (Liebmann and Smith 1996).

POAMA model is a coupled ocean—atmosphere cli-
mate model that uses the Bureau of Meteorology Research
Centre Atmospheric Model (BAM3.0) for the atmosphere
and the Australian Community Ocean Model version
2 (ACOM2) for the ocean (Cottrill et al. 2013 and refer-
ences therein). Forecasts are initialized from the PEODAS
(POAMA Ensemble Ocean Data Assimilation System, Yin
et al. 2011) and comprises a 33 member ensemble: one
control simulation and 32 members generated using cou-
pled breed vectors (Hudson et al. 2013). The POAMA S2S
database consists of real-time forecasts from BoM from 1st
January 2015, and the full set of re-forecasts run 6 times
a month (Ist, 6th, 11th, 16th, 21st, 26th of each month)
from 1981 to 2013. The BCC-CPS is based on the fully-
coupled BCC Climate System Model BCC-CSM1.2 (Liu
et al. 2016). The atmospheric model is an adaptation of
the Community Atmosphere Model version 3 developed at
the National Center for Atmospheric Research (Wu 2012)
while the ocean component is the National Oceanic Atmos-
pheric Administration (NOAA) GFDL Modular Ocean
Model version 4 (MOM4; Griffies et al. 2005). Forecasts
are initialized from the BCC Coordinated Initialization
System (CIS) and consist of 4 ensemble members gener-
ated using the lagged average forecasting technique, which
are initialized at 00 UTC of the first forecast day and 18,
12 and 06 UTC of the previous day, respectively. The
BCC-CPS S2S database runs on every day and ends with
a 60-day integration. Re-forecasts go from 1994 to 2013
while real-time forecasts are from 1st January 2015.



Subseasonal prediction of the heat wave of December 2013 in Southern South America by the POAMA...

The analysis of temperature and circulation anomalies
was performed weekly for the period from December 13 up
to December 31 of 2013, which was defined by Cerne et al.
(2015) as the period encompassing the heat wave. Week 1
of the heat wave spans December 13 to 19, week 2 Decem-
ber 20 to 26, while the last week of the heat wave spans
only 5 days, from December 27 to 31, to complete the
period. The POAMA reforecast of 32-member ensemble
size, which are the perturbed forecast initialized every five
days, and the BCC-CPS reforecast of 4-member ensemble
size for each day were considered. The BCC-CPS ensem-
ble was constructed using the forecast of the same date as
POAMA plus the previous 4 days resulting in a 20 ensem-
ble-member forecast. The ensemble mean forecast for each
of the 3 weeks of the heat wave is computed with lead-
times from 2 days up to 22 days every five days. Weekly
anomalies were calculated for both observations and refore-
cast with respect to their own climatology for 1994-2012
which, in the case of the forecast, is a function of both, date
of the forecast and leadtime. The statistical significance of
those anomalies was evaluated comparing the forecasted
ensemble mean for each lead and week and the climatologi-
cal mean for that week using a test for differences of mean,
following Wilks (2011). In this study, we only plot and
describe anomalies significant at the 95% confidence level.

The performance of the models was assessed determinis-
tically computing the following spatial verification scores:

Mean Error:

v~
ME = = - x,
w26 (1)

Root Mean Square Error:

RMSE = +| L Y & -x) )
i
and Anomaly Correlation Coefficient:
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In all cases x represents mean weekly observations, ¥ mean
weekly forecast and i represents grid points, whereas over-
bar denotes spatial mean and primes refers to departures
from the climatology (Brown et al. 2011). All the metrics
were computed for the ensemble mean and for each ensem-
ble member.

On the other hand, the forecasts were also evaluated
using a probabilistic approach. As it was pointed out in the
introduction, extreme temperatures were observed during
the event in most of the region. For this reason, for each
model and each grid point we computed the probability

of exceeding the weekly 75th percentile. The percentile
value, which is a function of the week of the forecast and
the leadtime, is computed using the ensemble mean fore-
cast between 1994 and 2012 while the forecasted probabili-
ties were obtained calculating the fraction of the ensemble
members with values higher than the percentile.

3 Results
3.1 Temperature

The observed weekly temperature anomalies and the fore-
cast for different lead times are presented in Figs. 1, 2 and
3. The associated spread for each model and lead time was
also computed (not shown). Additionally, the evolution of
the skill scores for the ensemble mean and each member for
each week averaged over the boxes outlined in the obser-
vation maps is presented in Fig. 4. During week 1 of the
heat wave, positive weekly-averaged temperature anomalies
were observed over most of southern, central and northeast-
ern Argentina, southern Brazil and Uruguay, with maxima
over northern Patagonia and central Argentina of over 5 °C
(Fig. 1). The POAMA model was able to forecast a weak
positive anomaly in northern Patagonia for lead 22 and
expanded it to central and eastern Argentina for lead 17,
correctly spanning the region affected by the heat wave but
with less intensity. The most intense anomaly forecasted
by the POAMA model was for lead 12 located over cen-
tral Argentina, reaching 5 °C over northern Patagonia with
a spread of 3 °C. This forecasted anomaly decreased its
amplitude for lead 7 and was located over central Argentina
and southeastern Brazil for lead 2, where it only reached 2
°C with a spread of 2 °C. The BCC-CPS model forecasted
for every lead but 12 the more intense warm anomalies
near the Andes Cordillera, and cold anomalies over north-
eastern Argentina, southern Brazil and Paraguay, which
were not observed in week 1. The forecasted anomaly was
located mainly over the Patagonia region for leads 22, 17
and 7, the latter reaching 3 °C with a spread of around 2
°C. Differently, the model forecasted for lead 12 the anom-
aly over northern Argentina and for lead 2 over northern
Patagonia and central-western Argentina (Fig. 1). Another
feature observed during week 1 are the weak cold anom-
alies over the southwestern Atlantic Ocean which were
detected only since lead 7 by the POAMA model and were
not forecasted by the BCC-CPS model (Fig. 1). Compar-
ing the skill scores to those achieved by the ensemble mean
of POAMA model, the ensemble mean of BCC-CPS had
a worse performance in the prediction of the first week of
the heat wave, with a more negative ME for all leads but for
lead 2, when it became slightly lower than POAMA’s ME,
a higher RMSE and lower ACC (Fig. 4). The ME values
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Fig. 1 Reforecasts of weekly-averaged 2-m air temperature anoma-
lies for POAMA model (up) and BCC-CPS (down) for week 1 of the
heat wave (13 to 19 of December of 2013). The lead time indicates
how many days before of the 1st day of the week the forecast started.

for this week show that POAMA ensemble mean underes-
timated the magnitude of the heat wave for every lead time,
while the RMSE shows that the model performed better
for lead 12 (Fig. 4). The ACC resulted greater than 0.4 for
every lead time, and was higher than 0.75 for leads 17 and
12. The evolution of the scores for the ensemble mean of
BCC-CPS model was overall to the better for shorter lead
times, while the POAMA scores resulted better for lead 12
and not as good for longer and shorter lead times (Fig. 4).
In addition, while the spread in the scores reduced with
shorter leadtimes for BCC-CPS ensemble members, the
performance of the POAMA ensemble was almost insensi-
tive to leadtimes.

During the week 2 of the heat wave, warm tempera-
ture anomalies were observed over most of Argentina,
and also over Uruguay and southern Brazil, with one
maximum located over northern Patagonia and another
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Observations for week 1 are shown at the bottom-right. The box in
a thick contour indicates the area selected for computing the skill
scores. Units are in °C

one over central Argentina between 27S and 39S (Fig. 2).
The POAMA model forecasted warm anomalies over
central Argentina and SESA for every lead time consid-
ered, though, when compared to the observed anomalies,
it mostly captured the maximum over northern Patago-
nia and Buenos Aires province but not between 27S and
35S. The forecasts of the BCC-CPS model for lead times
24 and 19 did not show large regions of warm anomalies
over southern South America (Fig. 2). For lead 14, 3 °C
anomalies with a 1 °C spread were forecasted for the north-
ern and western Patagonia, while no anomalies were fore-
casted to the north. The model detected the warm anom-
alies over Argentina and Uruguay only 9 days before the
start of week 2, anomalies which resulted quite weaker
than those observed. For lead 4, however, the BCC-CPS
model was able to predict warm anomalies for week 2
of the heat wave, with maxima of up to 5 °C in northern
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Fig. 2 As Fig. 1 but for week 2 of the heat wave (20 to 26 of December of 2013)

Patagonia and 4 °C over central Argentina north of 328,
both corresponding to observed regions of maxima (Fig. 2)
and with a spread of 1 °C in the region (not shown). The
associated skill scores show for POAMA that the ME of
the ensemble mean remained practically constant, reflect-
ing the underestimation of the warm anomalies between 2
and 3 °C for the analyzed lead times (Fig. 4). This behav-
ior was accompanied by most of the ensemble members.
The RMSE of the ensemble mean achieved values in
between 3.5 and 3 °C, decreasing to 2.5 °C for the shortest
lead time (Fig. 4), when the more intense anomalies were
forecasted for central Argentina (Fig. 2). However, some
ensemble members had two or three times higher RMSE
than that for the ensemble mean. The ACC of the ensem-
ble mean resulted in 0.4 for leads 19 and shorter, showing
the consistency of the POAMA forecast of the heat wave.
Even though, some ensemble members presented nega-
tives ACC for most of the leadtimes and consequently the
mean of the ACC for the ensemble is non-significant for all

the leadtimes. BCC-CPS ensemble mean’s ME and RMSE
were worse than POAMA's until lead 9, when a substantial
improvement was made: the ensemble mean ME (RMSE)
was reduced to °C (3.1 °C) and then to —1.5 °C (2.1 °C) for
lead 4. The BCC-CPS ensemble members showed a reduc-
tion in the spread of the skill scores towards shorter lead-
times. The ACC for the ensemble mean BCC-CPS model
also improved considerably with shorter lead times, being
greater than POAMA’s ACCs for lead times 14 and shorter.
In addition, the ensemble members also improved the ACC
for short leadtimes being the mean of all of them significant
for leads 9 and 4. It should be noted that although BCC-
CPS outperformed POAMA regarding the skill scores in
the region of analysis for leads 9 and especially 4, quali-
tatively the patterns of anomalies forecasted by POAMA
seemed overall more accurate than those forecasted by
BCC-CPS (Fig. 2).

During week 3 of the heat wave warm anomalies
displaced northward to northern Argentina and SESA,
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Fig. 3 As Fig. 1 but for week 3 of the heat wave (27 to 31 of December of 2013)

with maxima over Uruguay, the coast of Argentina at
around 36S and also northern-central Argentina near 28S
(Fig. 3). For every lead time, the POAMA model fore-
casted positive anomalies over SESA, which expanded to
the west for leads 6 and 1 though maximizing over south-
ern Brazil, north of the maximum observed (Fig. 3). The
model forecasted warm anomalies over northern Patago-
nia 16 days prior to the start of week 3 along with cold
anomalies in the northwest of Argentina, but those anom-
alies were not forecasted for leads shorter than 11. The
forecast for week 3 of the BCC-CPS model was of warm
anomalies over the Patagonian region for lead 21, how-
ever, it improved since lead 11: warm anomalies were
forecasted over northern Argentina and SESA, with max-
ima over central Argentina around 28S and also eastern
Argentina at 35S since lead 6 (Fig. 3). The skill scores for
the POAMA model resulted as expected, as the forecast
was worse for lead 16, and improved since then, obtain-
ing an approximately 0 °C ensemble mean ME for lead
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6 and about 1.2 °C of overestimation for lead 1 (Fig. 4).
The evolution of the ME for the ensemble members
changed from negative for most of them for long lead-
times to positive for most of them for the shortest lead-
time. The RMSE of the ensemble mean descended from
3.4 °C for lead 16 to 2.7 °C for lead 11 and 2.4 °C for
lead 1 while the RMSE for the ensemble members con-
siderably reduced its spread and diminished towards
shorter leadtimes. On the other hand, the ACC resulted
negative and higher for leads 16 and 11, reaching posi-
tive values of around 0.2 only for lead 1. The POAMA
ensemble members showed a better performance than
the ensemble mean for most of the leadtimes, especially
the longer ones. All skill scores for the ensemble mean
of BCC-CPS model improved—and outperformed the
ensemble mean of POAMA model—since lead 11: ME
changed from —1.5 °C to almost 0 °C for lead 1, the
RMSE descended from 2 to 1.25 °C and the ACC reach-
ing values around 0.6 to 0.8 (Fig. 4). In addition, most of
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Fig. 4 Skill scores for the ensemble mean (solid line), the ensem-
ble members (shaded) and the mean scores for the ensemble mem-
bers (dashed line) of POAMA (red) and BCC-CPS (blue) models for

the BCC-CPS ensemble members outperformed POAMA
ensemble members in terms of RMSE and ACC for lead-
times 6 and 1.

Additionally, cold anomalies were observed over the
southwestern Atlantic Ocean and the southern tip of the
continent during this week, which led to the end of the heat
wave in the Patagonia region. These cold anomalies were
detected since lead 21 by the POAMA model, locating
the anomaly center more to the west for shorter lead times
(Fig. 3), and were not forecasted by the BCC-CPS, though
negative anomalies were forecasted over southern Patago-
nia for lead 1.

Besides analyzing the deterministic forecast by the
ensemble mean for both models, a probabilistic approach
was also taken. Observed weekly anomalies were above
the 75th percentile for the entire event. Therefore, for each

14
Lead (days)

ACC

11
Lead (days)

the three weeks of analysis. From rop to bottom: Mean Error (in °C),
Root Mean Square Error (in °C), Anomaly Correlation Coefficient

week of the heat wave we computed the probability of
exceeding that percentile of the weekly-averaged tempera-
ture anomalies, which is nominally 25%, within the boxes
selected for each week (Table 1). For week 1, the POAMA
model showed a higher than nominal chance for leads 22
and 12, reaching 50% of probability for the latter. The prob-
ability was higher than nominal for leads 17, 12 and 2 for
the BCC-CPS, and it was highest for lead 17. The POAMA
model showed a probability of exceeding the 75th percen-
tile higher than 56% for all leads during week 2, while the
BCC-CPS only exceeded the nominal probability for leads
9 and 4. In the same way, POAMA forecasted with a higher
than nominal probability for each lead for week 3, even
with a 56% chance for lead 21. Again, the BCC-CPS model
only got to forecast a higher than nominal probability since
lead 11. Therefore, the results show that the POAMA

@ Springer



M. Osman, M. S. Alvarez

Table 1 Probability of exceeding the 75th percentile for weekly-averaged temperature forecasted by POAMA and BCC-CPS models in the

according boxes of analysis

Week1 Lead 22 Lead 17 Lead 12 Lead 7 Lead 2
POAMA 28 19 50 16 6
BCC-CPS 25 50 40 0 30
Week2 Lead 24 Lead 19 Lead 14 Lead 9 Lead 4
POAMA 56 59 56 63 56
BCC-CPS 15 25 15 65 75
Week3 Lead 21 Lead 16 Lead 11 Lead 6 Lead 1
POAMA 56 31 41 81 100
BCC-CPS 15 10 45 80 95

Values are in %

model outperformed the BCC-CPS model in the probabil-
istic long-lead forecast of the high temperatures during the
heat wave.

As the development of an upper-level anticyclonic
anomaly in Southern South America, embedded in a
Rossby wavetrain extended along the South Pacific Ocean,
and subsidence conditions in subtropical latitudes pro-
moted by the active SACZ are key ingredients in the devel-
opment of heat waves (Cerne and Vera 2011), the forecasts
of the OLR and 200 hPa geopotential height anomalies for
each week are addressed.

3.2 OLR

The observed weekly OLR anomalies and forecasted evolu-
tion during the heat wave for different lead times are shown
in Figs. 5, 6 and 7. During week 1 of the heat wave intense
negative OLR anomalies were observed over central Brazil
and the SACZ region while positive OLR anomalies were
observed over SESA (Fig. 5). These dipole-like anomalies
span the regions where the leading mode of OLR in intra-
seasonal timescales (e.g., Gonzalez and Vera 2014) exhib-
its more variability. The POAMA model captured some of
this features in the forecasted OLR anomalies since lead
12, while the BCC-CPS model forecasted negative OLR
anomalies over the SACZ region since lead 22 (Fig. 5).
However, the spatial structure of these negative anomalies
is not similar to that observed, particularly over the conti-
nent. Also, both models showed a large positive center of
OLR anomalies in the northeast of the continent, which
was not observed to be as large during that week.

During week 2, the intense SACZ remained developed
(Fig. 6). The POAMA model only seemed to detect this
SACZ for lead 19, though considerably weaker; and lead 4,
though the oceanic SACZ portion could not be forecasted.
On the other hand, the BCC-CPS forecasted a weaker than
observed SACZ for leads 14 and 9, and a pattern more
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similar to the observations for lead 4 (Fig. 6). In contrast,
the last week of the heat wave was not accompanied by an
active SACZ: convection was enhanced over central and
northeastern Argentina, Uruguay and southeastern Bra-
zil, which was better forecasted by both models for longer
leads (Fig. 7). Also, during this week, positive anomalies of
OLR were observed over the oceanic portion of the SACZ
but not over eastern Brazil. This pattern was forecasted
by POAMA since lead 11, but was not represented by the
BCC-CPS model (Fig. 7). Therefore, the performance of
the BCC-CPS for leads 6 and 1 was worse than POAMA’s,
though neither could represent the enhanced convection in
SESA during this week.

3.3 Geopotential height

The 200 hPa geopotential height anomalies observed dur-
ing the weeks of the heat wave and those forecasted by
POAMA and BCC-CPS models are presented in Figs. 8,
9 and 10. During the first week of the heat wave, an anti-
cyclonic anomaly located over the southern tip of the
continent (Fig. 8) promotes subsidence conditions north
of northern Patagonia. The POAMA model forecasted
the strongest anomaly in that region for lead 12, which
may explain the intense warm anomalies forecasted
for that lead (Fig. 1), and for leads 17 and shorter the
model was also able to predict a positive anomaly in that
region. The BCC-CPS model forecasted the anticyclonic
anomaly south of where it was observed (Fig. 8), which
might be related to the prediction of the positive tempera-
ture anomalies over the Patagonia (Fig. 1). The anomaly
resulted more intense for leads 7 and 2, being the latter
more similar to the observed anomalies, probably part
of the reason why the location of the warm temperature
anomalies was also more similar to that observed (Fig. 1).
The wavetrain observed along the South Pacific extended
between 30S and 65S, and was better represented by the
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Fig. 5 Reforecasts of weekly-averaged OLR anomalies for POAMA » BCC-CPS
model (up) and BCC-CPS (down) for week 1 of the heat wave (13 ; - : [ ——a 7
to 19 of December of 2013). The lead time indicates how many days i g :

before of the 1st day of the week the forecast started. Satellite-derived
OLR anomalies for week 1 are shown at the botfom. Units are in
W/m?

Lead 22

POAMA model since lead 7 and also lead 12 between
the date line and South America (Fig. 8). The BCC-CPS
model generated a marked wavetrain since lead 7, though
the anomalies resulted somewhat displaced to the south
(Fig. 8).

On week 2 an intense upper-level anticyclonic anom-
aly was observed over central Argentina (Fig. 9), which
was forecasted—though with less intensity—by the
POAMA model for every lead since 24, possibly con-
tributing to the forecasted warm anomalies (Fig. 2). The
BCC-CPS model, on the other hand, only forecasted the
anticyclonic anomaly over central Argentina for leads 4
and 9, while for leads 24 and 14 it was forecasted more
to the south (Fig. 9), as were the temperature anomalies
for those leads (Fig. 2). For this week the wavetrain does
not seem to have been correctly predicted by neither of
the models. In this sense, other studies have shown that
even though models are able to reproduce wavetrains
emanated from tropical oceans over the western and cen-
tral Pacific and the Antarctic peninsula, they might not be
accurately captured over South America (Osman 2017).
However, it is remarkable that the strong anticyclonic
anomaly located in subpolar latitudes and 130W could be
forecasted by the POAMA model since lead 24 (Fig. 9).

The circulation anomalies over South America were
more zonally-oriented during week 3 of the heat wave: a - LG
cyclonic anomaly over the South Atlantic Ocean extend- ij e SQ W
ing towards South America and an anticyclonic one to
the north (Fig. 10). This pattern was forecasted by both
models for lead 1, though the POAMA model could
only represent the cyclonic anomaly for lead 6, which
was observed more to the east for longer leads. This is
coherent with the cold anomalies forecasted in the South
Atlantic Ocean by POAMA, as this cyclonic anomaly is
mostly barotropic-equivalent (not shown) and therefore i - -
might be responsible for cold advection from subpo- o
lar latitudes. For this week, as opposed to the POAMA
model, the BCC-CPS forecasted an anticyclonic anomaly
over central Argentina since lead 11 (Fig. 10), possibly
contributing to the better location of the warm anomalies
observed in Fig. 3 for this model. The upper-level circu-
lation anomalies along the South Pacific Ocean were for
this week better forecasted by the POAMA model, though
only up to lead 6, while longer leads do not resemble the
wavetrain observed (Fig. 10).

Lead 17

Lead 12

Lead 7

Lead 2

) W Y €
W 60°W  50°W  40W  30°W  20°W
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20°W
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Fig. 6 As Fig. 5 but for week 2 of the heat wave (20 to 26 of Decem- Fig.7 As Fig. 5 but for week 3 of the heat wave (27 to 31 of Decem-
ber of 2013) ber of 2013)
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Lead 22

BCC-CPS

Lead 17

Lead 12

Lead 7

Lead 2

Fig. 8 Reforecasts of weekly-averaged 200 hPa geopotential height
anomalies for POAMA model (left) and BCC-CPS (right) for week
1 of the heat wave (13 to 19 of December of 2013). The lead time

4 Summary and conclusions

In this paper we analyzed the subseasonal forecast for
an intense heat wave event that took place in South-
ern South America during December 2013 with two

indicates how many days before of the Ist day of the week the fore-
cast started. Observations for week 1 are shown at the bottom. Units
are in m

models available in the database of the S2S project of
the WWRP/WCRP: the POAMA model of the Australian
Bureau of Meteorology and the BCC-CPS of the Chinese
Meteorological Agency.
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Fig. 9 As Fig. 8 but for week 2 of the heat wave (20 to 26 of December of 2013)

The ensemble mean warm anomalies forecasted for
week 1 and 2 of the heat wave resulted more similar to
the observations for the POAMA model, particularly for
longer leads, while the BCC-CPS only forecasted patterns
similar to those observed for leads shorter than 7 (14) for
week 1 (2). For shorter leads, the skill scores also reveal

@ Springer

that both models perform similarly, and the BCC-CPS bet-
ter than POAMA for week 2. For week 3 the BCC-CPS
outperformed the POAMA model, locating more accurately
the maxima of the anomalies for the shorter leads, reach-
ing better skill scores. The analysis of the ensemble spread
reveals that while it reduces considerably with shorter
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Fig. 10 As Fig. 8 but for week 3 of the heat wave 3 (27 to 31 of December of 2013)

leadtimes for BCC-CPS it remains almost unchanged for
POAMA, especially for week 1 and 2. This is also observed
when the scores for the ensemble members are analyzed.
The warm anomalies forecast was also analyzed proba-
bilistically, as the chance of exceeding the 75th percen-
tile within the region of highest anomalies. This analysis

revealed that POAMA considerably outperformed the
BCC-CPS, predicting higher than nominal chances for
every lead of weeks 2 and 3 and leads 22 and 12 of week
1, while the BCC-CPS does for the shorter leads. In
this way, the POAMA model resulted more effective in

@ Springer
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the probabilistic forecast of the heat wave for lead times
longer than the fortnight.

We also analyzed the performance of the models in fore-
casting the dynamic mechanism described by Cerne and
Vera (2011) for this type of heat waves. The forecast of an
active SACZ was better in the BCC-CPS model for weeks
1 and 2, though the spatial pattern resulted only similar to
that observed for the shortest lead. On the other hand, the
regional upper-level circulation was better forecasted by the
POAMA model consistently since the longer leads during
week 1 and 2, which might have been related to the better
forecast of warm anomalies for weeks in advance.

The analysis done in this work reveals that both POAMA
and BCC-CPS models had some skill to forecast this heat
wave for ranges beyond the weather and might have poten-
tial to be used in the prediction of this type of extreme
events. However, our study included very few models avail-
able in S2S database and was limited to model-to-model
analysis. There are several works that show the advan-
tages of the multi-model ensemble (MME) strategy over
the single model one in multiple aspects (e.g. Hagerdorn
et al. 2005). Hence, future works are needed to assess the
performance of a subseasonal MME in forecasting extreme
events.
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