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1. INTRODUCTION
The impact of extremely warm episodes on health has been analysed by a large number of studies
carried out in different countries and cities, showing that heat waves events (HWE) can cause an abrupt
increase in mortality. A HWE was defined as a 7-day sequence following a key-day labelled by the 95th
percentile of Barcelona daily mortality (see Peña et al., 2015).

2. OBJECTIVES

4. METHODOLOGY
4.1 MULTIVARIATE ANALYSIS

4.2 CALIBRATION MODEL

We used multivariate analysis (MVA) techniques in
order to make a catalogue of synoptic patterns to
explain the heat waves situations in Barcelona city
(Peña et al., 2015)

The aim of this study is to identify synoptic patterns associated to HWE in Barcelona over the 21st
century . This information is necessary to evaluate future risks and possible mitigations.

QUANTILE–QUANTILE MAPPING TRANSFORMATION (Wood et al. 2004)
The idea of distribution mapping is to correct the distribution function of
RCM-simulated climate values to agree with the observed distribution
function.

TRANSFER FUNCTION TO SHIFT THE OCCURRENCE DISTRIBUTIONS
The Gamma distribution with shape parameter α and scale parameter β

3. DATA
• Observed data (period 1871-2015):
SLP, T850 and Z500 anomalies taken from 20th Century Reanalysis V2 project.
• Control simulated data (Period: 1961-2005):
Max Planck Institute Earth system model (MPI-ESM) → atmosphere model [ECHAM6], including the
land and vegetation module JSBACH and the ocean model MPIOM, plus the module for marine
biogeochemistry HAMOCC5.
• Future simulated data (2006-2100):
Max Planck Institute Earth system model (MPI-ESM)

ALGORITHM (Amengual et al., 2012)
1) The procedure consists of calculating the changes, quantile by quantile,
in the CDFs of daily RCM outputs between a 30-yr control period
(1961-1989), 15-yr validation period (1990-2005) and successive 15-yr
future time slices after 2005.
2) These changes are rescaled on the basis of the observed CDF for the
same control period, and then added, quantile by quantile, to these
observations to obtain new calibrated future CDFs that convey the
climate change signal.
The statistical adjustment can be written as the following relationship
between the ith ranked value pi (projected or future calibrated), oi (control
observed or baseline), sci (raw control simulated), and sfi (raw future
simulated) of the corresponding CDFs.

Cumulative Distribution Functions (CDFs) were constructed for both the observed and
the simulated climate variables in 1961–1989 period and validated in 1990-2005 period

4. RESULTS

4.3 RECLASSIFICATION
Reclassification periods: 1961-1975; 19761989; 1990-2005  Model corrected
Reclassification variable: T850 anomalies
corrected by the latitude (aT850latcor).
Reclassification method:
1) Pearson’s Correlation Coefficient (r)
between aT850latcor patterns calculated
in the Calibrated Period and all days of
the reclassification periods from the
reclassification variable
2) We choose the days with r >0,7 for each
one of the patterns
3) The days with r >0,7 in much more one
of the patterns are eliminated.

5. DISCUSION

The MVA applied to the observed period (1990-2015) distinguish three main synoptic patterns (Peña et al., 2015): two dynamic configurations produced by southern fluxes related to an Atlantic low, associated with HWE recorded in southern Europe, and a third pattern identified by a stagnation
situation related to persistent anticyclone periods. These patterns were also detected in the control simulated period (1961-2005) after the Q-Q calibration, preserving, therefore, the climatic variability.
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Table 1: p-values associated to each one of the Synoptic Patterns.
Results are shown for the whole period and for every month.
Yellow color represents significant trends and the sign in brackets
if it is expected an increase (positive )or a decrease (negative).
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6. CONCLUSIONS
• In the RCP 4.5 scenario (2006-2100 period) a
significant trend is shown in synoptic patterns
which provoke HWE in Barcelona, especially
during August.
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• In the RCP 8.5 scenario there is no significant
trend, but the intensification of the warm masses
is higher. It would be not expected an increase of
HWE episodes, but their duration could be longer.
• Both scenarios show a negative trend on Synoptic
Pattern I, especially during August.

Figure 1: Evolution of the three Synoptic Patterns during 21th Century under the RCP4.5 (mitigation measures applied from 2040) and the RCP8.5 (no mitigation)

Figure 2: For each one of the three Synoptic Patterns is shown: (a) the evolution on the number of cases during 21th Century and the Minimum (b) and Maximum (c) Temperature distribution for Barcelona city
calculated as a composite of these cases (downscaling methodology; Altava-Ortiz V. et al, 2016). Both results are presented under de RCP4.5 and the RCP8.5.
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This project is supported by the Barcelona city council and the public company
Barcelona Regional as one of the strategies to evaluate vulnerabilities to Climate
Change. The results obtained will be used to establish adaptation plans.

• Temperature distribution shows Barcelona areas
with more changes. The combination with urban
and population data could help to design
mitigations strategies as green areas, fresh
buildings, etc.

