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Abstract—The increase of the temperature and frequency of extreme weather events are
predicted as the most visible effects of expected climate change. The number of
publications dealing with heat-related mortality has been increasing for the last 20 years.
They concluded that no formal definition of a heat wave existed, so the definition of such
events would be very important. A more consistent methodology for calculating excess
mortality would enhance comparisons between studies.

It is a growing demand to elaborate and use indicators which can provide comparable
information of the impact of heat on mortality in different geographic and climatic regions.
Therefore, the World Health Organization developed a set of climate change related health
indicators in the CEHAPIS (Climate, Environment and Health Action Plan Information
System) project. The authors aimed to assess heat related excess mortality by using this
methodology, in addition to indicators used in the Hungarian Heat Alert System, in order to
provide a recommendation for a more precise detection of health effects in Budapest.

In this paper, the heat wave related daily excess mortality is analyzed for the summer
periods of 20002010 in Budapest. Mortality is characterized by the daily total mortality and
that of the age group 65 years and over. Meteorological variables of the Pestszentlorinc
station, regarded as an urban background meteorological station, were used. Daily
temperature was characterized by four indicators: mean and maximum daily temperatures,
and mean and maximum daily apparent temperatures. The impact on mortality was compared
in relation to the different temperature indicators and threshold values. A method was
developed to define the optimal threshold range where the excess mortality could be
identified effectively.

The recommended method is capable to detect the changes of temperature and to
assess the impact of heat waves on daily mortality. The results are in accordance with
previous studies. Concerning the indicators, the application of daily mean temperature
values seems to be optimal for Budapest. Further analyses are required to answer the
question to what extent the Budapest findings can be used in other cities.

Key-words: heat indicators, heat-related mortality, heat-health warning system, climate
change, health effects of climate change
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1. Introduction

The number of publications dealing with heat related mortality has been
increasing for the last 20 years. These studies have been reviewed from different
points of view. In a review article, Basu (2009) analyzed the epidemiological
studies dealing with the association of ambient temperature and mortality
published in the period of 2001-2008. The majority of the studies used time
series analysis or case-crossover methods and proved the impact of heat on
mortality. Several studies identified cause- or age-specific vulnerable subgroups.
In their critical review, Hajat and Kosatsky (2010) identified the comparable
multicenter studies in order to explore the heterogeneity of the effects. Heat-
related mortality could be detected in the majority of cities, the older age groups
were more vulnerable, and the bigger heat effect was associated with higher
population density. A higher threshold value was found in cities with higher
summer temperatures.

The majority of studies call attention to the negative impacts of predicted
climate change. According to the latest report of IPCC (Intergovernmental
Panel on Climate Change, AR5 Fifth Assessment Report), the global mean
surface temperature change for the period 20162035 relative to 1986-2005 will
likely be in the range of 0.3 °C to 0.7 °C. The increase of global mean surface
temperatures for 2081-2100 relative to 1986-2005 is projected to likely be in
the ranges 0.3 °C to 4.8 °C (IPCC, 2013). A greater likelihood of injury, disease,
and death due to more intense heat waves and fires is expected (/PCC, 2014). In
his critical review, Gosling et al. (2009a) examined present temperature-
mortality relationships and discussed climate change issues. He concluded that
no formal definition of a heat wave existed, so the definition of such events
would be very important. A more consistent methodology for calculating excess
mortality would enhance comparisons between studies. There is evidence that
climate change will affect temperature-related mortality heterogeneously, so
there is a need for inter-regional comparisons that account for changes in the
mean and variance of temperature.

Several studies analyzed the Budapest data as well. Paldy et al. (2005)
investigated the effect of weather on daily mortality in Budapest, 1970-2000.
Hajat et al. (2006) and Gosling et al. (2007) analyzed the same period by
different methods. The data from the nineties were evaluated by Ishigami et al.
(2008) and Baccini et al. (2008); a cause- and age-specific analysis was carried
out by D'Ippoliti et al. (2010). Besides the Budapest data, a comparison of heat
related mortality was carried out between the urban and rural populations in
Hungary (Bobvos and Paldy, 2009). The excess mortality due to the strongest
heat wave ever recorded in 2007 was analyzed at regional (Paldy and Bobvos,
2009) and small area levels (Paldy et al., 2011). The predicted heat related
excess mortality due to climate change was assessed by Gosling et al. (2009b),
Baccini et al. (2011), and Bobvos et al. (2011) using a regional climate model.
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Based on the studies, the proven impact of heat on mortality is a great
burden on society. In order to decrease the negative effects, heat-health
warning systems have been developed by public health services all around the
world. These systems are based on meteorological forecasts and include
different measures during warnings. Kovats and Ebi (2006) reviewed the
public health aspects of heat waves and evaluated the relative effectiveness of
public health responses. Kovats and Hajat (2008) emphasize the important
differences in vulnerability existing between populations, depending on
climate, culture, infrastructure (housing), and other factors. Based on the
forecasts of the Hungarian Meteorological Service, the Hungarian Heat Alert
System was introduced in Hungary in 2005. The system has three levels: a 1st
warning, a 2nd alert, and a 3rd alarm level. The threshold temperature of the
alert is 25 °C daily mean temperature. A heat wave is defined as three or more
consecutive days with temperatures above this threshold. During the heat
waves, the health care services and the local authorities launch previously
prepared measures.

The above cited studies used a great variety of heat-related indices. It is a
growing demand to develop and use indicators which can provide comparable
information of the impact of heat on mortality in different geographic and
climatic regions. Therefore, the WHO — in collaboration with WHO Member
States — developed a set of climate change related health indicators (categorized
into exposure, effect, and action) within the frame of the CEHAPIS project
(WHO, 2011). This project recommends using two types of temperature
indicators for heat exposure. The authors aimed to assess heat-related excess
mortality by using the CEHAPIS methodology in addition to indicators used in
the Hungarian Heat Alert System in order to provide a recommendation for a
more precise detection of the health effects in Budapest.

2. Data and methods

In this paper, the heat wave-related daily excess mortality was analyzed for the
summer period (May 16—Sept 15) of 2000-2010 for Budapest. Daily mortality
data were gained from the Central Statistical Office of 1995-2010 for Budapest.
All natural cause mortality (International Classification of Diseases codes ICD-9:
1-799) was characterized by the daily total mortality (M 0-X) and that of the age
group 65 years and above (M 65+). Meteorological variables of the
Pestszentlérinc measuring station were retrieved from the Global Surface
Summary of the Day Data (GSOD, 2010) archived in the National Climatic Data
Centre (NCDC) at National Oceanic and Atmospheric Administration (NOAA)
for 1990-2010. The Pestszentldrinc monitoring station was regarded as an urban
background meteorological station of Budapest. Daily temperature was
characterized by four indicators: mean (7) and maximum daily temperatures
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(Tx), and mean (47) and maximum (A47x) daily apparent temperatures in °C.
Apparent mean and maximum temperatures (Kalkstein and Valimont, 1986)
were used as indices of thermal discomfort based on air temperature (7) and dew
point temperature (7,,) according to the following formula:

AT = —2.653 + 0.994(T) + 0.0153(po)2. (1)

To follow the changes in the temperature, a 10-year fixed reference period
of 1990-1999 was chosen. The hot days were identified by the 90th percentile of
the frequency distribution of temperature indicators, where the daily mean
temperature value was 25 °C, being a threshold of the Hungarian Heat Alert
System. A heat wave was defined as three or more consecutive days with
temperatures above this threshold.

After the initial description of the data, linear trend analyses were carried
out to detect the changes in time. An assessment was done to compare the
number of heat waves identified by the different temperature indicators in
relation to the threshold. The number of heat waves and the number of days of
heat waves corresponding to the 90th percentile threshold were defined by year,
respectively for the whole period.

The effect of heat waves on daily mortality — absolute excess mortality
(EM, in case number) — was defined as the difference of the mortality during
heat waves (observed mortality: M,) and the expected mortality (M,) computed
form the daily mortality of the previous five years (reference periods of
mortality) excluding the daily mortality of days of heat waves in the given years:

EM = Y.(M, — M,). 2)

The relative excess mortality was also computed in a similar way, defining
the percent increase of mortality during the heat waves of a given summer
period. The mean relative excess mortality (EM%, in percent) of the heat wave
days (L) of a summer period can be computed by the following formula:

EM% = 100 Y (M, — M,)L™ 1. (3)

To characterize the whole period, the sum and mean of excess mortality
due to heat wave days were calculated above different percentiles in case of each
indicator. To define the optimal threshold ranges, the product of the two data
was used.
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3. Results
3.1. Characteristics of mortality data and temperature indicators

Mortality data of the investigated period are shown in 7able I. The summer
mean daily mortality of the whole period was 60.8 of the total population and
44.7 of the age group 65 years and over. Maximum daily mortalities were
recorded in both age groups in 2007. The standard deviation (SD) was also the
highest in that year. Total mortality showed a significant decreasing tendency by
0.33 cases per year in the total population and by 0.21 cases in the older age

group.

Table 1. Yearly descriptive statistics of daily mortality of the total population and age
group 65 and over years in the summer (cases), periods of 2000-2010 in Budapest

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 mean

M 0-X min 43 46 38 38 40 39 36 35 35 39 36 38.6
MO0-Xmean 629 629 613 588 613 608 626 61.2 582 575 608 60.8
M 0-X max 106 93 97 89 83 93 99 113 80 82 107 94.7
MO0-X SD 10.5 85 100 97 90 92 109 127 94 77 107 938
M 65+ min 29 33 28 26 28 29 25 22 22 26 25 26.6
M65+mean 46.1 46.7 452 43.1 449 444 451 449 423 427 458 447
M 65+ max 77 72 77 67 65 68 77 95 61 64 78 72.8
M 65+ SD 8.6 75 84 81 69 73 83 10.8 72 66 89 8.0

Table 2 contains the temperature data of the period. The mean of the daily
mean temperatures were between 20 °C and 21 °C, the mean of the maximum
daily temperatures was around 25-26 °C. Based on the daily mean temperature,
the hottest year was 2003, while the daily maximum value was the highest in
2007, when the daily mean temperature was over 32 °C and the daily maximum
was over 40 °C. The strongest heat wave was recorded in 2007, when several
new record temperature values were measured.

3.2. Associations between the threshold values of temperature indicators and
the number of defined heat wave days.

Fig I shows the values of the four temperature indicators in relation to different
percentiles (p%) of the reference period — between 1990 and 1999 — of the study.
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The shapes of the curves of the corresponding indicator pairs were similar in the
range of p50—p80. The values of apparent temperature were lower in the cooler
periods; the difference reached 2 °C in relation to the values of simple
temperature indicators. The threshold values of the apparent temperature were
somewhat greater, by 0.2-0.3 °C, in the hottest range. The value of the 90th
percentile corresponded to the threshold temperature of the Hungarian Heat
Alert System (mean daily temperature, 7=25 °C), the exact threshold values
were 7=25.1 °C, AT=25.5°C, Tx=32.8 °C, and ATx=32.0°C.

Table 2. Yearly descriptive statistics of temperature indicators (°C) in the summer,
periods of 2000—2010 in Budapest

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 mean

T min 11.8 104 129 132 107 99 112 93 11.7 10.1 &8 10.9
T mean 208 202 215 223 197 202 204 21.7 21.0 21.1 20.0 20.8
T max 29.6 288 28.7 295 282 28.6 285 323 271 277 287 289
Tx min 147 145 16.1 16.1 140 11.7 13.1 11.1 146 127 10.1 135
Tx mean 269 256 270 285 254 252 260 278 270 269 249 265
Tx max 380 360 354 383 344 352 359 406 36.1 350 352 364
AT min 103 84 10.7 106 80 80 96 75 9.1 8.3 6.6 8.8

ATmean 198 19.7 214 21.8 19.0 200 205 213 206 204 205 205
AT max 299 300 29.1 289 286 315 31.8 326 284 291 319 302
ATx min 132 127 139 152 113 103 115 93 12.0 109 79 11.6
ATxmean 259 25.1 269 279 247 251 261 274 265 262 254 26.1
ATxmax  37.0 372 36.8 37.7 348 376 375 407 374 357 383 373

p0 pl0  p20 p30 p40 pSO0O  p60 p70  p80  p90  pl0OO
T Tx === AT ===-ATx

Fig. 1. Values of the four temperature indicators (°C) in relation to the percentiles
between 1990 and 1999 in Budapest.
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The temperature indicators identified different numbers of heat wave days
in the period of 2000-2010. Fig. 2 demonstrates the numbers of heat wave days
by different threshold values in the warmer intervals. It can be observed that
apparent temperature indicators defined more heat wave days. This means that
the different indicators identified the same number of heat waves by different
percentiles. The curves of the 7-7x and AT-ATx indicator pairs crossed each other
several times in relation to threshold values.

350 ~
300 -
250 -
200 -
150 -
100 -
50 -

p80 p82 p84 p86 p88 p90 p92 p9%4 p96 p98 pl00

T Tx === AT ===-ATx

Fig. 2. Number of heat wave days defined by the four indicators in relation to percentiles
between 2000 and 2010 in Budapest.

Fig. 3 represents the number of heat waves lasting for three or more days
defined by the 90th percentile by different indicators. In some years, the number of
heat waves defined by different indicators was the same (2001, 2005); however, the
number of heat waves was different in most of the years. In the period from 2006 to
2010, the differences in the number of heat waves became bigger and more
frequent. The yearly mean numbers of heat waves were 1.9-2.5 events.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 mean
mT Tx ®m AT m ATx

Fig. 3. The number of heat waves defined by the 90th percentile of indicators between
2000 and 2010 in Budapest.
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Fig. 4 represents the number of heat wave days defined by the 90th
percentile by different indicators. The numbers of heat wave days were different
in each year. The differences became greater and more frequent in the last five
years. The yearly mean numbers of heat wave days were between 10 and 13
days.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 mean
T Tx W AT B ATx

Fig. 4. The number of heat wave days defined by the 90th percentile of indicators between
2000 and 2010 in Budapest.

Based on the previous results, we can state that different heat wave days
were identified by the different indicators. It was necessary to test to what extent
the heat wave days were defined by the indicators as identical. Fig. 5 shows the
number of heat wave days defined by the indicator pairs, furthermore, the
number of identical heat wave days defined by both indicators for the whole
study period. The most heat wave days were identified by the indicator pairs
AT and ATx (143 and 134 days, respsctively), while 123 and 107 days were
identified by 7 and Tx. The number of identical heat wave days was between 88
and 129 days, meaning a correspondence of a range of 66—87% by indicators.

160 -
140 -
120 -
100 -
80 -
60 -
40 A
20 -

T-Tx T-AT T-ATx Tx - AT Tx-ATx  AT-ATx
O heat wave days by indicators

B common heat wave days identified by both indicators

Fig. 5. The number of heat wave days identified by indicator pairs at the 90th percentile
threshold value and the number of common heat wave days identified by both indicators
between 2000 and 2010 in Budapest.
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3.3. Associations of heat and mortality

The association between daily mortality and temperature has a U or J shape in
general. In case of Budapest, the curve has a typical J shape. Fig. 6 shows the
difference of the daily mortality from the mean mortality in relation to daily
mean temperature in the total population and in the group over 65 years. The
approximate curve was produced by a cubic spline function having 4 degrees of
freedom. The shape of the curves were similar, however, the effect of the
temperature was somewhat bigger in the older age group. There was a higher
mortality on cooler (<10 °C mean temperature), and warmer days (>23 °C mean
temperature). The daily mortality significantly increased on days with higher mean
temperature; the difference was greater than 40% on the hottest days. Concerning
daily mortality, the optimal temperature range was between 17-20 °C. The shapes
of the curves of the other indicators were similar.

-==-M0-X

M 65+

Fig. 6. Characteristics of association of daily mortality (percent differences from mean
mortality) and daily mean temperature between 2000 and 2010 in Budapest.

3.4. Effect of heat waves on mortality

Fig. 7 shows the calculated daily expected total mortality (M,.) during the
studied period and the total observed mortality (M,) of the heat wave days by
years. The expected daily mortality calculated on the basis of a 5-year moving
reference period showed a decreasing tendency in relation to time. An excess
mortality could be observed on the heat wave days in each year. In 2008, no heat
wave was defined by the 7x indicator; therefore, no excess mortality was shown.
The observed mortality was higher than expected mortality in every year. The
association was similar in the older age group as well (not shown).
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Fig. 7. The expected daily total mortality (M,) and the observed total mortality (M)
during the heat wave days defined by the four indicators between 2000 and 2010 in
Budapest.

Fig. 8 shows the difference between observed and expected mortality: the
excess mortality by years. The yearly numbers of excess mortality due to heat
waves showed great variability. The lowest excess mortality was observed in
2008, and it was also very low in 2009 and 2001. The highest excess mortality
was recorded in 2007, due to the strongest heat wave ever recorded. In that
year, the number of excess death cases was 230—-270 in the total population and
202-240 cases in the older age group during the 15 heat wave days by the
different indicators. Similarly high excess mortality was observed in 2006 and
2010. There were great differences in the number of excess death cases in those
years, when the indicators identified considerably different numbers of heat
wave days (in 2006, 2008, and 2010). An average of 102—122 excess mortality
cases could be attributed to heat waves in the total population, whereas there
were 86—96 cases in the older age group defined by the different indicators. The
mean percent excess mortality was between 15-18%; however, it surpassed
30% in 2007.

3.5. The relationship of excess mortality and different threshold values

The sum of death cases decreased by the increase of temperature threshold
values as the number of identified heat wave days decreased. On the other hand,
excess mortality increased on days with increasing temperature, while the mean
excess mortality on identified heat wave days increased in relation to threshold
values. To define the proper threshold, the product of the corresponding values
of the two curves can be used. At the maximum range of the product curve, the
two opposite processes were equally considered. Fig. 9 represents the sum of
total excess mortality, the mean excess mortality above different percentiles, as
well as the product of the two datasets in case of daily mean temperature
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indicator. The shapes of the curves of the sum of total excess mortality and the
mean excess mortality changed more steeply over the 80th percentile, the value
of their product started to increase over this percentile. Above the 95th
percentile, the total excess mortality started to decrease significantly, while the
excess mortality on heat wave days changed in the opposite direction. The range
between the 85th and 95th percentiles met the criteria of the threshold value the
best. The chosen threshold of daily mean temperature is 25 °C, which is the
national alert threshold, corresponding to the 90th percentile seemed to be a
suitable cut-off point. The shapes of the curves of the other indicators were
similar (not shown).
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Fig. 8. The difference between expected and observed mortality in the total population
and in the older age group between 2000 and 2010 in Budapest.
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Fig. 9. The sum of total excess mortality, the mean excess mortality of heat wave days
above thresholds, as well as their product in case of daily mean temperature indicator
between 2000 and 2010 in Budapest.
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The increase of the mean excess mortality on heat wave days in relation to
the threshold values differed by the different temperature indicators (Fig 10).
Similar values of excess mortality could be observed within the range of
85th—92nd percentiles of temperature indicators. In the range of higher
temperatures, the differences between the shapes of the curves were bigger, the
highest excess mortality could be observed when using the daily mean
temperature indicator. In case of the other three indictors, considerably lower
increase of excess mortality was related to the increase of threshold values.
Excess mortality increased only over the threshold value corresponding to the
99th percentile.

p85 p86 p87 p88 P89 p9%0 p91 p92 p93 p94 p95 p96 p97 p98 P99
T

Tx  ==== AT  ===-ATx

Fig. 10. The mean excess mortality on days above threshold by different indicators
between 2000 and 2010 in Budapest.

4. Discussion

Heat related mortality was studied very intensively in the last two decades all
around the world. The adverse impact was shown with great certainty. Several
methods were used to characterize heat waves; different indicators were
elaborated and applied.

The majority of studies used simple temperature parameters to characterize
the impact of heat, while others applied more complex thermal indices based on
different meteorological factors like humidity, radiation, wind speed, etc. Many
papers tested several indicators in order to find the most suitable temperature
predictor to detect heat-related excess mortality (Barnett et al., 2010; Kim et al.,
2011; Vaneckova et al., 2011; Yu et al., 2011; Morabito et al., 2014). The results
could not identify the best indicator, the use of complex indices did not prove to
be more efficient in determining the impact. Furthermore, the computation of
complex indices is troublesome, their forecast is more ambiguous.
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There 1s no universal definition of heat waves; the threshold values also
show great variability. Health endpoints also vary, different age and cause-
specific mortalities, as well as different groups (sex, race, socio-economic state,
etc.) are studied. The results within multicenter studies can be compared due to
the applied common methodology.

There is an increasing need to have comparable results in the public health
system. The CEHAPIS methodology aims to monitor the change of heat related
mortality in relation to climate change in the long run. The major concept was to
develop simple indicators and computation for wide range use and
comparability. Similarly to climate models, a 10-year reference period of the
temperature indicators (daily maximum and daily apparent maximum
temperature) is used in order to follow the future changes. The methodology
describes heat waves as days with at least three consecutive days above the
threshold value of temperature indicators defined as the 95th percentile of the
reference temperature. The methodology recommends assessing the impact on
cities with more than 500,000 inhabitants. Mortality, excluding external causes
of the total and the 65 years and older population, is used to characterize
vulnerability. A moving reference period (five years prior to the year of study
year) of mortality is chosen to follow the changes of sensitivity (aging,
adaptation, etc.). The expected (baseline) mortality, i.e., the average daily
number of deaths is calculated using daily mortality in the reference period
excluding the daily number of deaths on heat wave days. In the present paper,
two simple temperature indices (7, Tx) and two other ones including humidity
(AT, ATx) were used. The calculations did not need sophisticated statistical
methods.

The mortality data of Budapest showed a significantly decreasing tendency.
The use of a moving reference period could handle this tendency when
calculating the expected values, i.e., the baseline decreased from year to year.
No trend could be observed in the temperature data, as well as in the number of
heat waves or heat wave days. It can be supposed that the increasing tendency of
temperature due to heat waves will be detectable by these indicators using
longer time series.

The different indicators identified different numbers of heat wave days by
different threshold values in the warmer intervals. Using the same percentiles,
the number of heat waves and the number of heat wave days were different in
most of the years. Furthermore, the number of identical heat wave days defined
by the indicator pairs showed great variability. This meant that the chosen
temperature indicator considerably defined the length and number of heat waves
and consequently, influenced the number of excess death cases of the given year.
This phenomenon was detected in case of defined threshold as the result of
calculated excess mortality showed. It should always be taken into
consideration; however, this is a general feature of each other methodology as
well.
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The product function provides help to determine the optimal indicator and
threshold. The range between the 85th and 95th percentiles was found to meet
the criteria of the threshold values the best. This range is wide enough to make a
choice based on several criteria. If we would like to detect the most cases of
excess mortality, then we should choose a lower threshold value that can identify
more heat waves. If we would like to identify heat waves with bigger numbers
of excess death cases, then we have to choose a threshold of a higher percentile.
When we would like to compare the impact of heat in several cities, we should
choose a common threshold suitable for each city. Further analyses are
necessary to test the applicability of the method in multicenter studies.

The mean excess mortality on days above threshold by different indicators
can provide further assistance to choose the suitable indicator. Similar values of
excess mortality can be observed within the range of the 85th — 92nd percentiles
of temperature indicators. Within this range, the indicators are similarly sensitive
and effective. In the range of higher temperatures above the 92nd percentile, the
differences of the shapes of curves are bigger. The highest excess mortality can
be observed when using the daily mean temperature indicator, therefore, it is
more effective. On the other hand, the other three indicators are less sensitive in
the range of the 94th-98th percentiles; they can effectively identify excess
mortality on very hot days. Further analyses are required to answer the question,
to what extent the Budapest findings can be used in other cities.

The threshold in this study — the national alert threshold, which is the 25 °C
daily mean temperature, corresponding to the 90th percentile — seems to be a
suitable cut-off point. This threshold, lower than the one recommended by the
CEHAPIS methodology, was chosen, while an excess death rate of 7% was
detected at this cut off point of the sensitivity curve. This increase of mortality
already requires actions according to the public health authorities.

5. Conclusion

The aim of the study was to develop a simpler method than time series analysis
to identify excess mortality attributable to heat. The methodology is suitable to
assess the changes of weather and climatic conditions to follow the impact of
heat on daily mortality. The results are in accordance with the findings of
previous studies.

At the chosen threshold value of 90th percentile, the mean excess mortality
of the whole period computed by using the four indicators did not differed
considerably, although the identified heat wave days varied to some extent. The
use of apparent temperature indicators is not more advantageous and their
prediction is more complicated. The apparent temperatures as well as the
maximum temperature indicator are able to identify high excess mortality
mainly on very hot days, while the daily mean temperature indicator is effective
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in a wider threshold range. Based on these results, the use of daily mean
temperature is recommended.

The thorough analysis of threshold values is desirable using longer time
series of the data of different cities. By this comparative analysis, we can get an
answer to whether the system based on the daily mean temperature can be
generalized.
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