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Background: The Low Temperature Days (LTD) have attracted far less attention than that of High Temperature
Days (HTD), though its impact on mortality is at least comparable. This lower degree of attention may perhaps
be due to the fact that its influence onmortality is less pronounced and longer-term, and that there are other con-
comitant infectious winters factors. In a climate-change scenario, the studies undertaken to date report differing
results. The aim of this study was to analyse mortality attributable to both thermal extremes in Spain's 52 prov-
inces across the period 2000–2009, and estimate the related economic cost to show the benefit or “profitability”
of implementing prevention plans against LTD.
Methods: Previous studies enabled us: to obtain themaximumdaily temperature abovewhich HTD occurred and
theminimumdaily temperature belowwhich LTDoccurred in the 52provincial capitals analysed across the same
study period; and to calculate the relative and attributable risks (%) associated with daily mortality in each cap-
ital. These measures of association were then used to make different calculations to obtain the daily mean mor-
tality attributable to both thermal extremes. To this end, we obtained a summary of the number of degrees
whereby the temperature exceeded (excess °C) or fell short (deficit °C) of the threshold temperature for each
capital, and calculated the respective number of extreme temperatures days. The economic estimates rated the
prevention plans as being 68% effective.
Results: Over the period considered, the number of HTD (4373) was higher than the number of LTD (3006) for
Spain as a whole. Notwithstanding this, in every provincial capital the mean daily mortality attributable to
heat was lower (3 deaths/day) than that attributable to cold (3.48 deaths/day). In terms of the economic impact
of the activation of prevention plans against LTD, these could be assumed to avoid 2.37 deaths on each LTD,which
translated as a saving of €0.29M. Similarly, in the case of heat, 2.04 deaths could be assumed to be avoided each
day on which the prevention plan against HTD was activated, amounting to a saving of €0.25M. While the eco-
nomic cost of cold-related mortality across the ten-year period 2000–2009 was €871.7M, that attributable to
heat could be put at €1093.2M.
Conclusion: The effect of extreme temperatures on daily mortality was similar across the study period for Spain
overall. The lower number of days with LTD meant, however, that daily cold-related mortality was higher than
daily heat-related mortality, thereby making prevention plans against LTD more “profitable” prevention plans
against HTD in terms of avoidable mortality.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

While the increase in winter mortality associated with low temper-
atures has been studied for a number of decades (Mackenbach et al.,
1992; Kunst et al., 1993; Alberdi et al., 1998) and has more recently
been associated with extremely low temperatures or cold waves
(Montero et al., 2010; Díaz et al., 2005; Donaldson et al., 2001; The
Eurowinter Group, 1997), it is nevertheless a phenomenon that has
attracted far less attention than has the analysis of heat waves, though
its impact on mortality is at least comparable (Linares et al., 2014), with
some studies undertaken in the UK and Australia even indicating that
cold-related deaths are of an order of magnitude greater than those relat-
ed to heat (Vardoulakis et al., 2014). This lower degree of attention may
perhaps be due to the fact that its influence on mortality is less pro-
nounced and longer-term (Alberdi et al., 1998), and that there are other
concomitant infectious winter factors (Healy, 2003), though these
would not wholly account for high winter respiratory-cause mortality
(Ebi and Mills, 2013). Furthermore, although the leading cause of winter
mortality is respiratory, a relationship has also been found between low
temperatures and morbidity-mortality due to circulatory causes (Chau
et al., 2014; Xie et al., 2013; Davídkovová et al., 2014). However, the
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main reason for mortality due to low temperatures being less analysed
than that due to heat - and even less so where specific causes are con-
cerned - may perhaps be because there has never been a public health
phenomenon as impressive and memorable as the heat wave that struck
Europe in 2003 (García-Herrera et al., 2010). In a climate-change scenario,
studies undertaken to date report differing results: whereas some indi-
cate that the rise in temperatures attributed to climate change (IPCC,
2013) will reduce cold-related mortality (Vardoulakis et al., 2014; Kodra
et al., 2011), others indicate just the opposite, namely, that global
warming will not cause winter mortality to decrease (Staddon et al.,
2014), and yet others indicate that there will be a shift in the balance of
deaths between winter and summer (Ebi and Mills, 2013), with deaths
in summer increasing and those in winter decreasing.

A recent study (Gasparrini et al., 2015a) undertaken in 348 cities
across 13 countries estimated that the effect of cold was 50 times great-
er than that of heat and, more specifically, in the case of Spain the effect
of cold was 5 times greater than that of heat. Despite this, there are very
few countries which have prevention plans specifically for cold waves.
Moreover, a higher mortality attributable to low temperatures has
been observed in regions withmilder climates, where home heating fa-
cilities and physiological adaptation to low temperatures are both dif-
ferent to those of other areas with more extreme climates, thus
making cold wave prevention plans even more necessary in such re-
gions. Residents in warm regions have less physical, social, and behav-
ioural adaptation to low temperatures (Lin et al., 2013), and the
effects of cold are thus more significant in warm regions (Langford
and Bentham, 1995; Wang et al., 2012) or areas with moderate winter
climates (Conlon et al., 2011).

Accordingly, this study sought to conduct a comparative study into
mortality attributable to extreme temperatures in 52 Spanish provinces
across the period 2000–2009, and draw up an estimate of the economic
cost associated with high and low temperatures, with aim of showing
the benefit of implementing prevention plans to combat low
temperatures.

2. Material and methods

2.1. Setting

Spain is the second largest country in Western Europe
(504,030 km2), with a total population of 46,507,760 (INE, 2014).Main-
land Spain is bordered to the south and east by the Mediterranean Sea,
to the north by France and the Bay of Biscay, and to the north-west and
west by the Atlantic Ocean and Portugal. Spanish territory also includes
the Balearic Islands in theMediterranean, the Canary Islands in the Atlan-
tic Ocean off the African coast, and two autonomous enclaves in North
Africa, namely, the cities of Ceuta and Melilla. The country is divided
into 17 Autonomous Regions (Comunidades Autónomas), which are in
turn subdivided into one to nine provinces, each with its own respective
provincial capital. Due to Spain's geographical situation and conditions,
the climate is extremely diverse and can be roughly classified into the
following five main zones: a Mediterranean climate extending along the
southern and eastern coasts up to the Pyrenees; a semi-arid Mediterra-
nean climate in the south-east; a continental Mediterranean climate in
the inland areas of mainland Spain; an oceanic climate in the north-
west and along the coastal strip bordering the Bay of Biscay; and a sub-
tropical climate in the Canary Islands (Prieto et al., 2004).

2.2. Data

As the health variable, we used data on dailymortality due to natural
causes (International Classification of Diseases 10th Revision (ICD-10):
A00-R99), in each of Spain's 52 provincial capitals and in towns and cit-
ies of over 10,000 inhabitants, across the period 1 January 2000–31 De-
cember 2009. The daily mortality data were obtained from microfiches
containing death data broken down by cause of death and supplied
under a data-loan agreement by the National Statistics Institute to the
Carlos III Institute of Health (Ministry of Economic Affairs & Competi-
tiveness/Ministerio de Economía y Competitividad), for the purpose of
undertaking a “Study of influenza-related mortality in Spain”. As this
study was ecological in design, it was exempt from approval by a re-
search ethics panel.

Themaximum andminimumdaily temperature data in degrees Cel-
sius for this period corresponded to the records kept by the respective
meteorological observatories in the various provincial capitals, and
were furnished by the State Meteorological Agency (Agencia Estatal de
Meteorología/AEMET), except in the case of Palencia for which there
were no records for the period. The meteorological observatories were
located at sites established by the State Meteorological Agency (www.
aemet.es).

2.3. Statistical analysis

The above data analysis was performed in the various stages de-
scribed below.

2.3.1. Calculation of threshold temperatures that define High/Low Temper-
ature Days and quantification of the effect on daily mortality per province

To estimate the effect of extreme temperatures on daily mortality in
the 52provincial capitals analysed,we used previous studies (Díaz et al.,
2015a; Carmona et al., 2016), conducted for the same study period
(2000–2009), as described below:

• Effect of heat (Díaz et al., 2015b): this study determined the maxi-
mum daily temperature that registered the closest association with
heat-related mortality. For each Spanish province, we calculated this
temperature or the threshold temperature that defined High Temper-
ature Days (Tthresholdheat). A High Temperature Days (HTD) was de-
fined as any day on which the threshold temperature was exceeded.

• Effect of cold (Carmona et al., 2016): analogously, in this earlier study
we determined the minimum daily temperature that registered the
closest associationwith cold-relatedmortality. For each Spanish prov-
ince, we calculated theminimum daily temperature or Low Tempera-
ture Days (LTD) threshold temperature (Tthresholdcold), belowwhich
mortality attributable to low temperatures began to increase. A LTD
was defined as any day on which the minimum temperature fell
below the threshold temperature.

As measures of epidemiological association, in both studies we cal-
culated the relative risk (RR) and attributable risk (AR), expressed as
percentages, associated with daily mortality in each province. These
RRs were calculated: in the case of HTD, for every increase of 1 °C
above the Tthresholdheat, thereby obtaining the RRs associated with
heat (RRheat); and in the case of LTD, for each degree that theminimum
daily temperature fell below the Tthresholdcold, thereby obtaining the
RRs associated with cold (RRcold).

2.3.2. Calculation of the number of daily deaths attributed to extreme tem-
peratures for each province

We first calculated the number of degrees whereby the temperature
exceeded (excess °C) or fell short (deficit °C) of the threshold tempera-
ture for each province by means of the following expression:

Excess �CinHTD ¼
X

Tmax−Tthresholdheat

Deficit �CinLTD ¼
X

Tthresholdcold−Tmin:

∑ extends to all days on which the maximum daily temperature
exceeded the threshold temperature in the case of HTD, and to all
days onwhich theminimumdaily temperature fell below the threshold
temperature, in the case of LTD.

http://www.aemet.es
http://www.aemet.es


Table 1
Descriptive statistics of mortality due to natural causes, maximum andminimum temper-
atures (°C) in days with extreme temperatures by city in Spain 2000–2009 period.

City High Temperature Days Low Temperature Days

Natural
mortality

Maximum
temperature

Natural
mortality

Minimum
temperature

Mean SD Mean SD Mean SD Mean SD

A Coruña 31 6 28.0 1.9 35 6 2.8 0.8
Albacete 8 3 37.4 1.0 10 4 −6.2 2.4
Alicante 34 7 33.4 1.2
Almería 11 3 37.4 1.0 14 5 4.7 1.2
Ávila 5 2 33.4 1.1 6 2 −11.7 0.8
Badajoz 17 5 39.7 1.3 22 6 −1.8 1.4
Barcelona 130 28 33.5 1.2 138 15 −1.1 0.9
Bilbao 27 6 33.2 2.4 32 6 −3.2 0.9
Burgos 10 4 35.4 1.1
Cáceres 11 5 39.4 1.0 12 5 −3.0 0.8
Cádiz 24 7 33.6 1.3 29 7 4.5 1.3
Castellón 12 4 33.5 1.5 16 5 0.8 0.9
Ceuta
Ciudad Real 14 4 39.3 0.8 17 6 −5.5 1.2
Córdoba 18 6 41.4 1.1 26 7 −3.4 1.5
Cuenca 5 2 35.3 0.9 6 2 −6.0 1.7
Girona 16 5 37.5 1.3
Granada 20 5 39.2 0.9 28 6 −5.5 1.7
Guadalajara 5 3 39.0 0.7 6 2 −7.8 1.5
Huelva 11 4 38.0 1.6 15 4 0.5 1.2
Huesca 6 2 35.8 1.2 7 2 −7.6 1.2
Jaén 15 4 37.4 1.0 18 5 −1.7 1.9
Las Palmas 18 5 34.9 2.3
León 15 4 33.2 0.9 17 5 −5.9 1.8
Lleida 10 3 37.4 0.9 13 4 −4.3 1.7
Logroño 7 2 37.4 1.1 8 3 −2.3 1.9
Lugo 13 4 35.7 1.4 15 5 −7.3 1.1
Madrid 106 15 35.5 1.1 126 17 −3.4 1.2
Málaga 31 5 41.0 0.7 36 8 2.8 0.9
Melilla
Murcia 26 6 35.8 1.7 38 1 1.9 1.2
Ourense 11 4 37.7 1.4 15 4 −3.6 1.5
Oviedo 37 7 31.9 1.5 38 7 −1.2 1.0
Palencia
Pamplona 14 5 37.4 1.0 14 4 −7.4 1.3
P.Mallorca 22 4 37.4 1.1 24 5 −1.2 0.9
Pontevedra 21 6 32.5 1.9 26 7 0.6 1.0
Salamanca 10 3 35.3 1.0 12 3 −6.1 1.7
Santander 16 4 33.7 1.4 17 5 0.1 1.5
S.C.·Tenerife 18 6 34.0 2.1
Segovia 4 2 35.2 0.9 5 2 −7.8 1.7
Sevilla 40 12 41.3 1.1 50 10 0.8 1.1
Soria 3 1 35.0 0.7 3 2 −8.3 1.9
San Sebastián 16 4 32.5 1.9
Tarragona 17 5 37.2 0.9 19 5 −1.1 0.7
Teruel 5 2 36.8 0.6 4 2 −10.6 2.6
Toledo 14 4 39.2 0.9 18 7 −7.5 1.3
Valencia 57 8 36.3 1.6 73 12 1.0 1.1
Valladolid 13 4 37.0 0.7 14 4 −5.9 1.6
Vitoria 6 2 35.5 1.1
Zamora 7 3 36.8 0.8 7 3 −7.5 1.2
Zaragoza 24 6 37.6 1.1 28 6 −4.0 1.5
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On ascertaining the percentage increase in mortality for each °C via
the AR, the total percentage mortality for the overall excess °C across
the period 2000–2009 would be: percentage attributable to HTD =
AR × excess °C.

Accordingly, to go from percentages to daily mortality, it suffices for
the mean mortality in any given province during HTD to be taken into
account as follows:

• Mortality attributable to heat= (percentage mortality attributable to
HTD × mean mortality) / 100.

• Daily mortality attributable to heat = mortality attributable to HTD /
number of days with high temperatures.

Likewise, in the case of cold, once the percentage increase inmortal-
ity for each °C is ascertained (via the AR), the total percentagemortality
for the overall deficit °C across the period 2000–2009 would be: per-
centage mortality attributable to LTD = AR × deficit °C.

Here again, to go from percentages to daily mortality, it suffices for
the mean mortality in any given province during LTD to be taken into
account as follows:

• Mortality attributable to cold = (percentage mortality attributable to
LTD × mean mortality) / 100.

• Daily mortality attributable to cold = mortality attributable to LTD /
number of days with low temperatures.

2.4. Economic estimate

To draw up an economic estimate of the benefit to be derived from
implementing prevention plans against HTD and LTD, the effectiveness
of the prevention plans was assumed to be similar for heat and cold,
namely 68% (Fouillet et al., 2008). We assumed 1.1 years per avoided
death and monetised at €0.11M per life-year with no senior discount
(de Ayala and Spadaro, 2014). This approach is a departure from previ-
ous studies (Ebi et al., 2004), which have valued lives saved by using the
value per statistical life.

3. Results

Table 1 shows the descriptive statistics relating to: mean daily mor-
tality per province for LTD and HTD; andmaximum andminimum daily
temperatures.

Table 2 shows the excess °C or deficit °C inHTD and LTD respectively,
the number of HTD and LTD, and the number of heat- and cold-related
deaths per provincial capital, calculated as indicated underMaterial and
methods.

As can be seen for Spain as a whole, although the number of HTD
(4373) was higher than the number of LTD (3006) across the study pe-
riod, daily heat-relatedmortality per provincial capitalwas nevertheless
lower (3 deaths/day) than that related to cold (3.48 deaths/day).

During the study period, mean mortality per LTD, according to the
data in Table 2, was 3.48 deaths/day, which amounts to a totalmortality
of 10,460 persons. In the case of heat, mean daily mortality attributable
to heat was 3 deaths/day, which amounts to a total mortality of 13,119
persons.

In terms of the economic impact of implementing cold prevention
plans, if one assumes an effectiveness of 68%, then 2.37 deaths would
be avoided on each LTD, amounting to a saving of €0.29M. In the case
of heat, 2.04 deaths would be avoided each day on which the heat pre-
vention plan was activated, amounting to a saving of €0.25M.

Since our study covered the total number of LTD and HTD, the eco-
nomic cost of cold-related mortality across the ten-year period from
2000 to 2009 would be €871.7M, while that of heat-related mortality
would be €1093.2M.
Fig. 1 shows the number of deaths attributable to heat across the pe-
riod 2000–2009 for eachprovincial capital. These total deaths are the re-
sult of multiplying the figures shown in Table 2, namely: HTD × deaths/
High Temperature Days. Fig. 2 shows the number of deaths attributable
to cold calculated in the same way.

4. Discussion

Natural-cause mortality associated with LTD for Spain as a whole,
with an AR of 11.5% (95% CI: 9.1%–13.8%) was similar to that detected
for HTD, AR 9.9% (95% CI: 9.1%–10.7%). This finding is not in contradic-
tion with Gasparrini's study (Gasparrini et al., 2015a), undertaken in
13 countries, which reported that the effect of coldwas 50 times greater
than that of heat, with a mortality attributable to cold of 7.29% (95% CI:



Table 2
Attributable mortality to HTD/LTD by city in Spain 2000–2009 period. HTD: High Temperature Days; LTD: Low Temperature Days.

City °C excess in HTDa Number of HTDb Deaths/HTDc °C deficit in LTDa Number of LTDb Deaths/LTDc

A Coruña 227.5 111 4 76.2 65 4
Albacete 173.5 125 0.4 255.9 118 0.4
Alicante 269.5 186 3 0 0 0
Almería 54.6 39 2 74.2 57 3
Ávila 175.1 122 1 15.5 9 2
Badajoz 252.6 147 3 280.7 160 4
Barcelona 74.3 49 25 34.7 31 11
Bilbao 457.8 141 5 23.9 20 5
Burgos 130 92 2 0 0 0
Cáceres 98 71 3 37.2 36 1
Cádiz 139.7 89 3 95.9 64 5
Castellón 229.9 153 1 33.8 29 5
Ceuta 0 0 0 0 0 0
Ciudad Real 110 88 2 45.1 31 7
Córdoba 173.2 125 3 35.4 25 7
Cuenca 218 171 0.5 195.8 100 0.4
Girona 62.8 41 2 0 0 0
Granada 86.1 70 3 29.3 19 9
Guadalajara 36.5 36 1 143.8 78 1
Huelva 258.2 129 2 100.3 68 4
Huesca 328.7 187 1 26 16 1
Jaén 207.4 144 2 54.5 32 2
Las Palmas 88.3 30 5 0 0 0
León 98 79 2 324.2 174 1
Lleida 159.2 110 2 389.3 170 2
Logroño 100 72 1 633.1 276 1
Lugo 48.8 29 3 33.7 26 3
Madrid 321.1 211 11 42.8 30 19
Málaga 8.3 8 4 60.4 50 11
Melilla 0 0 0 0 0 0
Murcia 63.8 36 1 8.4 4 17
Ourense 180.7 104 1 184.5 112 2
Oviedo 77.9 40 8 110.5 92 4
Palencia 0 0 0 0 0 0
Pamplona 88.8 65 3 32.6 24 1
P.Mallorca 62.7 45 4 114.6 95 4
Pontevedra 355.3 142 4 118.6 85 5
Salamanca 164.5 125 1 488.7 231 1
Santander 30.8 18 2 266.7 143 2
S.C.·Tenerife 133.4 66 3 0 0 0
Segovia 103.9 85 0.5 81.2 44 1
Sevilla 98.4 74 8 72 62 10
Soria 50.6 53 0 216.2 93 0.3
San Sebastián 143.2 57 3 0 0 0
Tarragona 93.1 75 3 47.3 44 1
Teruel 28 36 0 185.2 71 0
Toledo 135.1 113 2 10.6 7 5
Valencia 118.8 52 9 19 19 15
Valladolid 57 57 2 146.9 76 1
Vitoria 83.5 54 1 0 0 0
Zamora 44.8 53 1 46.8 31 1
Zaragoza 274.8 168 3 180.2 89 1
Spain 134.2 4373 3.00 103.3 3006 3.48

a These figures correspond to the total sum in °Cwhen themaximum temperature surpasses/below the threshold temperature (in HTD/LTD) for each city during the ten years of study.
The value for Spain is the mean for all the cities values.

b These figures correspond to the total sum in days that themaximum temperature surpasses/below the threshold temperature (in HTD/LTD) for each city during the ten years of study.
The value for Spain is the sum for all the cities values.

c These figures correspond to the mean mortality for each city attributable to HTD/LTD. The value for Spain is the mean for all cities values.
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7.02%–7.49%) versus 0.42% for mortality attributable to heat (95% CI:
0.39%–0.44%), since in that study the impactwas due tomortality attrib-
utable to heat and cold, and not to HTD and LTD as analysed by us. Spe-
cifically, in the case of Spain, a minimum mortality temperature was
established at the 78th percentile of themean daily temperature series,
and on the basis of this the effects of cold and heat (temperatures re-
spectively below and above this percentile) were then calculated,
which accounts for the fact that the results yielded by Gasparrini's
study for Spain would be appreciably lower in the effects of heat 1.1%
(95% CI: 1.0%–1.2%) and cold 5.5% (95% CI: 4.8%–6.1%). In our study,
the threshold temperatures were based on epidemiological criteria
which took into account a far broader range of the underlying factors
that influence the different mortality patterns and vary from one region
to another, such as socio-economic conditions, ability to adapt to local
climate type (Guo et al., 2014), lifestyle, and population structure.

The results obtained in this study are consistentwith those of anoth-
er comparative heat and cold study conducted in The Netherlands
(Huynen et al., 2001), which reported that cold waves had an attribut-
able mortality (12.8% or 46.6 deaths/day) slightly higher than that of
heat waves (12.1% or 39.8 deaths/day). Similarly, a study undertaken
at the US Centres for Disease Control and Prevention (CDC) showed
that 63% temperature-related deaths were attributable to cold expo-
sure, while only 31% were attributable to heat exposure (Berko et al.,
2014).

The results in Table 2 clearly indicate that, for Spain as a whole, at-
tributable mortality associated with heat (1312 deaths/year, this mean



Fig. 1. Number of deaths attributable to High Temperature Days across the period 2000–2009 for each provincial capital.
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that 13,119 deaths divided by 10 years corresponding to the study peri-
od), was slightly higher than that associated with cold (1046 deaths/
year, this mean 10,460 deaths divided by 10 years corresponding to
the study period). Nevertheless, it is the lower number of LTD
(301 days/year) versus HTD (437 days/year) registered nationwide
Fig. 2. Number of deaths attributable to Low Temperature Day
which accounts for the fact that the daily impact on attributablemortal-
ity was greater for cold than for heat.

Although these annualmortalityfigures attributable to heat and cold
are in themselves justification enough for the need to implement pre-
vention plans against both thermal extremes, their economic
s across the period 2000–2009 for each provincial capital.
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quantification, showing a slightly greater benefit associated with cold
(€0.29M/day in LTD) than with heat (€0.25M/day in HTD), would also
support this hypothesis. On the other hand, it also has to be said that
the effects of cold on mortality tend to be longer-term than those of
heat (Alberdi et al., 1998; Linares et al., 2015), and so this economic ad-
vantage might perhaps be cancelled out. Most of heat and cold related
deaths generally are in elderly people whose economic value is less. In
this study the authors have not used a senior discount economic
value; the study has been performed over general population with all
the age groups included.

A study conducted in Philadelphia (Ebi et al., 2004) indicated that
the gross benefits of the Philadelphia heat wave warning system could
be in the order of US$468 million (117 lives saved × US$4 million), in
that activation of the heat wave plan over a 3-year period reduced
daily mortality by 2.6 lives on average. It should be pointed out that
this figure is very similar to that obtained by us (2.04).

In Fig. 1, which depicts heat-attributable mortality across the study
period, attention should be drawn to the high mortality registered in
Madrid and Barcelona in comparison with the remaining Spanish prov-
inces. This is due to the fact that both Barcelona and Madrid register a
higher daily mortality (Table 1) and, by extension, a higher attributable
mortality, and in addition that Madrid is the city which registered the
highest number of HTD (211 in the study period), a direct consequence
of the low percentile (82nd percentile) calculated by Díaz et al., 2015a,
corresponding to the mortality threshold or “trigger” temperature for
this city (maximum daily temperature of 34 °C). In the case of Barcelo-
na, however, despite daily mortality in the HTD period being higher
(Table 1), the high percentile (96th percentile) calculated by Díaz
et al., 2015a, to which the HTD mortality trigger temperature corre-
sponds (maximum daily temperature of 32 °C), means that the number
of HTD (49 days) was actually lower than that of Madrid. This lower
number of HTD is offset by the fact that Barcelona's AR (12.4%) is higher
than that of Madrid (6.7%) (Díaz et al., 2015a) but is nevertheless insuf-
ficient to offset the 211HTD experienced byMadrid versus the 49 expe-
rienced by Barcelona.

In the case of mortality attributable to LTD (Fig. 2), note should be
taken of the high mortality registered by cities with relatively mild cli-
mates, such as Malaga, Seville and Badajoz. As can be seen in Table 2,
the number of LTD was not excessively high in any of the three, nor
did these cities' daily mortality correspond to the maximum values for
Spain during this period (see Table 1). It was the high ARs for cold
that accounted for the attributable mortality being high, especially in
Seville and Malaga (Carmona et al., 2016). This finding, namely, that
places with mild climates register a higher mortality attributable to
cold than do those with colder climates, is in line with results observed
elsewhere in Europe, andwould appear to be linked to homeheating fa-
cilities (The Eurowinter Group, 1997; Thomson et al., 2001).

Furthermore, there are studies which indicate that the effect of heat
on mortality is declining (Mirón et al., 2015; Gasparrini et al., 2015b)
whereas that of cold is, at the very least, remaining constant (Mirón
et al., 2012). More specifically, in a study conducted for the city of
Madrid (Díaz et al., 2015a), which analysed the effect of cold and heat
in the period 1986–1997 by age group and then compared it to that
for the period 2001–2009, the effect of heat was observed to have de-
creased in practically all age groups, whilst that of cold had increased,
particularly in the over-65 segment. This is especially relevant, bearing
in mind the ageing of the population which is being experienced by
most developed countries, and by Spain in particular (38.7% of the pop-
ulation in 2064 vs. 18.2% at present) (INE, 2014).

With respect to the limitations of this study and any possible
resulting biases, the following should be mentioned: firstly, an ecologi-
cal study such as ours, does not permit inferences to bemade at the level
of individuals, for fear of the ecological fallacy arising as a result of the
use of pooled data. With reference to the quality and consistency of
the data analysed, there might possibly have been poor classification
of the cause of mortality. Another possible limitation lies in the
representativeness of temperatures that were recorded in provincial
capitals in all cases, a point discussed by some earlier papers (Mirón
et al., 2006; Roldán et al., 2011).With regard to the non-use of other en-
vironmental variables of interest, such as air pressure and relative hu-
midity, these were not included in the analysis owing to their
negligible relevance in the temperature-mortality relationship
(Barnett et al., 2010; Montero et al., 2012). Insofar as particulate air pol-
lution is concerned, the lack of quality data at a national level rendered
their use inadvisable, owing to the risk of introducing instability into the
complete series (Linares et al., 2014). In addition, the use of low daily
numbers of deaths in some cities, generally leads to higher confidence
intervals and less accurate findings.

Among the causes attributed to a decrease in the effects of heat on
mortality, some are inherent to socio-demographic and health-care
conditions (Mirón et al., 2015) and would be equally applicable to the
case of cold, but others are directly related to activation of prevention
plans (Abrahamson et al., 2008), the design of cities to minimise the ef-
fects of heat (Georgescu et al., 2014), the expected increase in popula-
tion resilience as a result of physiological acclimatisation to warmer
climates (Gosling et al., 2009; Konkel, 2014), or even the better provi-
sion of infrastructures that are exclusively applicable to heat and con-
tribute to what has come to be known as the “heat culture” (Konkel,
2014) that has developed over the last decade. None of this exists in
the case of cold. Furthermore, the idea of global warming and rising
temperatures (IPCC, 2013), albeit not associatedwith the disappearance
of cold waves (Kodra et al., 2011), would also seem to oppose the gen-
eration of the type of “cold culture” thatwould be likely to result in a de-
crease in cold-related mortality, as occurred in the case of heat.
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