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ABSTRACT. Statistical influence of local weather on cardiovascular mortality 

in Hungary .Possible effects of weather anomalies on mortality in cardiovascular 

illnesses are investigated in Hungary. Long-term (1971-2005) archives of ca. 2.0 

million fatalities are analyzed. The mortality data are individually opposed to seven 

diurnal meteorological parameters, i.e. the mean, maxima and minima of 

temperature, cloudiness, wind speed, relative humidity and sea-level pressure. All 

investigations are performed for Budapest, with ca. 2 million urban dwellers, and for 

the rest of the county (the ‘rural’), representing over 8 million inhabitants in average 

of the 35 investigated years. The results support the decreasing (in winter) and 

increasing (in summer) effect of temperature on cardiovascular mortality in the rural 

environment, but this effect is not evident in summer for Budapest. Statistical effects 

of the other weather variables are less unequivocal. 
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 1. Introduction  

 

It is well known also from the literature related to Hungary (Páldy et. al. 

2004), that the daily temperature extremes and their subsequent occurrences 

increase the mortality in Budapest. The people of Hungary are adapted to the 

average temperature values, as they occur in the Carpathian basin. Any extreme 

values largely deviating from these averages affect our human organism as a 

stressing factor. Sometimes this can be dangerous, since our acclimatisation 

capacity is limited. According to literature, the correlation between temperature 

and daily mortality is more expressed in summer. The ideal daily mean temperature 

for the people living at our latitude is ca. 18°C (Páldy et. al. 2004), where mortality 

exhibits its minimum.  
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There are, at least two reasons to repeat the mentioned investigations using 

a larger data base: (i) the earlier results corresponded to Budapest, only, where the 

climate influence of the city and the specific (though various) social and housing 

circumstances might have strongly influenced the correlations, (ii) the 

investigations were related to data from a few years, only. Specific weather of 

these particular years may have influenced the experienced correlations. Of course, 

not this one is the only study analysing various effects of weather on mortality. 

The most straightforward variable is the temperature, especially their 

extreme values. Both cold and warm extremes carry strong risk on humans. In the 

recent literature, Analitis et al., (2008) analysed the effects of cold anomalies in 15 

European cities. The authors established that 1 K decrease int he apparent 

temperature lead to 1-3 % of mortality increase depending on age, climate type and 

mortality reason. The increase was greater for the older age groups. The cold effect 

was found to be greater in warmer cities. They supported the importance of 

summer heat extremes. The same problem is in the focus of a study by Luber and 

McGeehin, (2008), already attracting the attention of preventive health 

organisations.  

For Hungary the remembered year 2007 brought a strong heat-wave with 

considerably increased mortality (Paldy and Bobvos, 2010). From meteorological 

point of view, this heat alarm, first announced in the history of the country that 

prolonged for ten days, was fairly successful already by 3 days before the period. If 

considering all the three heat wave periods, the authors established that during the 

first and third heat wave, excess mortality was less than 5%. During the second 

event between July 16 and 24 the daily mean temperature was above 30°C for 5 

days. During the five hottest days the average excess death rate was 57%! In the 

Central Hungarian Region (around the capital city), excess mortality cases could be 

assumed 600-800 for the whole country. 

In another study (Fülöp et al., 2007), the mortality data were already compared 

with four different weather classifications, i.e. the Péczely-types (see Makra, 

2005), the front-types defined by Puskás (2001), the objective classes derived by 

Makra (Makra et al., 2006) and OMSZ front coding (Bártfai and Gál, 1998). We 

concluded our investigations, as follows: 

1. In the applied four macrosynoptic classifications the proportion of 

significantly higher or lower effect of the synoptic situation on 

cardiovascular mortality is by two times higher than the random occurrence 

(no effect).  

2. In average of the four classifications, there is no difference of these 

proportions in Budapest and in the countryside.  

3. There are considerable differences between the macrotypes in the 

efficiency of indication the weather effect and also in indication of its 

sensitivity to the urban vs. rural situation. (There is no contradiction with 
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the above statement, because the direction of the difference in one of the 

classifications often changes in the other, leading to compensation in 

average.) 

Weather-related health effects have attracted renewed interest because of 

the observed and predicted climate change. E.g. IPCC WGI (2013) keeps the 

previous statements on frequency changes of diurnal extreme temperatures and 

IPCC WGII (2014) devotes a whole chapter to the effects of climate change on 

human health. 

 

 2. Data and methods 

 

 2.1 Mortality data, their trend and annual cycle 

In order to identify the possible errors and meteorology-independent 

influences we have first analysed the temporal run of the data were collected from 

the KSH (Hungarian Central Statistical Office). In the 1971-2005 years, 2,005,242 

cardiovascular deceases occurred in Hungary. 534,632 of them happened in 

Budapest.  

The first step was to determine if any non-meteorological changes 

appearing in gradual trends, or changes in the identification of the illnesses, 

possibly occurring in abrupt jumps from one year to the other during the 35 years. 

The Fig. 1 shows gradual temporal changes of the investigated cardiovascular 

mortality.  

 

 

Figure 1. Inter-annual course of cardiovascular  

Mortality (thousands of soul) in Hungary 

 

Fig. 2 shows daily average death numbers for the mentioned 35 years. In 

the case of the cardiovascular death, the most publications write about the 

influences of the summer heat stress in the  worldwide and Hungarian  literature, as 

well. 
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Figure 2. Annual course of cardiovascular mortality (sum of the 35 years) in Hungary 

 

However, the summer minima and the winter maxima are explicit features 

of the annual cycle, though this cycle is not really sinusoidal. It consists of one 

linearly decreasing and one increasing phases, which almost cross each other in a 

narrow summer minimum. There is no prolonged stagnating extreme which is a 

remarkable feature of the annual course of cardiovascular death in winter.  

Because there is an expressed annual course in the mortality, too, we have 

defined and analysed bi-monthly sub-samples to be used in the followings.  

 

 2.2 The selected weather parameters  

Further, the death frequency series were correlated with daily values of 

seven meteorological parameters. The data for the capital city were taken from the 

Budapest-Pestszentlőrinc station (out of the city centre), the other values were 

collected and averaged for six WMO baseline stations of Hungarian network. At 

the same time, the mortality data are taken from the whole area of the country. 

Also, this way of data use makes the comparison with the countryside undistorted. 

The review of the investigated meteorological elements is listed in Table 1. 

Statistical effects of these elements are sorted into two groups. The first 

three parameters exhibit fairly high correlation with each other, reflecting similar 

aspects of the thermal conditions. The four other variables are rather indicators of 

the complex synoptic conditions. (This grouping will be shown later, in Table 4.) 

 

Table 1. List of the weather elements investigated together with the mortality 

Variable, unit Description of the variable 

t        °C daily mean temperature 

tn      °C daily minimum temperature (previous day 7 pm – 7 pm)

tx      °C daily maximum temperature (previous day 7 pm – 7 pm)

p0      hPa daily mean sea level air pressure 

rh       % daily mean relative humidity 

 u       m/s wind speed, daily average

 n       octa total cloudiness, daily average 
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 2.3 Methodology of comparison 

In the first set of analyses we examined if there is any connection between 

the daily mortality and the average values of the weather parameters. We tried to 

find an answer for our question in Budapest and in the countryside, separately.  

Using the bi-monthly frequency values of the death reasons, we found the 

categories given in Table 2. In all cases, we were oriented by two point-of views. 

The first one was to find at least 25 such days in the given bi-monthly sub-samples 

of 35-years, where the frequency of the given category reached at least 25 events. 

We joined the neighbouring categories, where this unification of the groups was 

necessary. It happened only at the edges of the distributions. The second 

consideration was that as the mortality rates between the capital and the 

countryside was ca. 1:4, limits of frequency categories reflected this proportionality 

in the two sub-samples.  

 

Table 2. The category borders of the examined mortalities from the daily event numbers. In 

every category at least 25-25 events occur in the bi-monthly examples 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 

Countryside ≤120 121-140 141-160 161-180 181-200 201-220 ≥221   

Budapest ≤30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 ≥66 

 

As it is seen in Table 3, proportions of the capital and countryside numbers 

of death are slightly lower than 1:4, which has been the ratio between the two 

dwelling types over the 35 years. This means, cardiovascular illnesses are slightly 

more frequent in Budapest than in the countryside. Life in the capital city might 

have been more stressful than in the countryside. 

 

Table 3. Frequency and proportions of mortalities in Budapest vs.  

Countryside  (1971-2005) 

Countryside Mortality  Budapest Mortality  

Budapest/ 

Countryside 

JF 367,044  JF 98,302  3.73 

MA 367,141  MA 95,314  3.85 

MJ 330,430  MJ 84,237  3.92 

JA 295,654  JA 78,668  3.76 

SO 296,598  SO 82,761  3.58 

ND 348,375  ND 95350  3.65 

Year 2,005,242  Year 534,632  3.75 

 

One should here remark, however, that even in our countryside group there 

are towns. Ca 1.16 million inhabitants of Hungary live in towns with 100,000-
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205,000 people in each of them. These towns however do not have real central 

cities with major multilevel buildings that could cause heat island effect with large 

areal extent comparable to that in case of the capital city with 2 million inhabitants.  

We have investigated how close the connection is if, without any reduction, only 

the 7 meteorological elements and the mortality are correlated. The result is shown 

in Fig. 3. It can be seen that there is weak relationship between the given 

meteorological parameter and the mortality, notwithstanding the correlation 

coefficient is as high as -0.21. This means, any meteorological variable is able to 

determine a small proportion of variance in the diurnal mortality. Even the 

strongest linear relationship between the diurnal mean temperature and 

cardiovascular mortality in July-August with its +0.38 correlation coefficient could 

determine only 15 % of it. 

Relying upon the publications, it is not surprising. For example, the 

influence of the higher temperature is strong in the extreme categories, mainly if 

they last for more than one day. Besides that, there is the huge number of possible 

non-meteorological reasons, as well. Therefore we applied a different 

methodology. 

 

 

Figure 3. Example given by temperature and daily mortality rate relationship: cardiovascular 

death and daily temperature 1971-2005, countryside, January-February. The -0.21 correlation 

coefficients is significant, but their prognostic capability, explaining 4% of variance is modest. 

 

We calculated the daily average values of the seven climate parameters for 

all the six bi-monthly periods, for both regions (countryside and Budapest) and the 

two mortality reasons. The conditional averages were plotted in graphics first 

within the death frequency categories. To illustrate these relationships, effects of 

temperature in the January-February (Fig. 4) and July-August (Fig. 5) periods are 

presented.  

Taking into consideration that the obtained curves are often close to the 

linear ones, and also to avoid too fast conclusion by just seeing different slopes in 

the common co-ordinate system, we have calculated the correlation and regression 

-15 

-10 

-5

0 

5 

10

15

100 140 180 220 260 300



STATISTICAL INFLUENCE OF LOCAL WEATHER ON CARDIOVASCULAR MORTALITY IN HUNGARY 

 
41

of the smoothed curve with the category numbers. These numbers are the basis of 

our further evaluations, though these correlations are obtained by strong 

suppression of natural variability of the weather elements in each mortality classes. 

This approach may seem to be illogical, but one may hope that if there are 

differences in the conditional averages of the weather parameters in the different 

mortality categories, and the differences are fairly monotonous, than they can be 

realistic even from the causality point of view. We consider the correlation 

coefficients if they are significant (at least after the strong smoothing). After a 

careful decision we keep every coefficient, significant at 10% level.  

 

 

 

 

Figure 4. Conditional averages of the temperature characteristics (t –daily mean, tx –

maximum, tn –minimum) in the daily frequency categories of the examined death reasons 

(see Table II), January-February). 

 

 

 

 

 

Figure 5. The same as Fig 4, but for July-August  

 

 3. Further results 

 

A part of the results were already shown in Figs. 4 and 5. The regression 

coefficient and the correlation coefficients, related them are marked in Table 4. The 

coefficients are significant on 1% marked bold, on 5% with italics, and 10% with 

normal setting. No coefficient is given where the significance is lower. Cloudiness 

is expressed in percent, i.e. not in 1/8 units (“octas”) as in Table 1. It means that the 

averages of cloudiness are multiplied by 100/8=12.5. 
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Table 4.Change of averages of meteorological elements for unit change of mortality unit 

(Higher number means more death, see Table 1.) The bold character means 1%, italic 5%, 

simple set 10% significance levels. Empty cell stands in case of non-significant 

relationship. 

Mortality

t 

(
o

C) 

tx 

(
o

C) 

tn 

(
o

C) Country-side 

rh 

(%) 

p 

(hPa)

u 

(m/s) n % 

Jan-Feb -0,7 -0,8 -0,7

Change of the climate 

element in the column 

(unit/category) 

0,6  -0,09 1,0 

Mar-Apr -0,7 -0,8 -0,6 0,7 0,8 -0,06 -0,4 

May-Jun 0,2 0,3  -0,3 -0,2 -0,05 -1,2 

Jul-Aug 1,3 1,5 0,9 -1,8  -0,06 -5,8 

Sep-Oct -1,2 -1,4 -1,0 0,8   1,7 

Nov-Dec -1,0 -1,1 -1,0 0,2 -0,6 0,03  

 

Mortality

t 

(
o

C) 

tx 

(
o

C)

tn 

(
o

C) Budapest 

rh 

(%) 

p 

(hPa) 

u 

(m/s) n % 

Jan-Feb -0,5 -0,6 -0,5 

Change of the climate 

element in the column 

(unit/category) 

 

0,6 0,4 -0,09  

Mar-Apr -0,5 -0,6 -0,4 1,0 0,2   

May-Jun 0,2 0,2 0,2     

Jul-Aug -0,1 -0,2      

Sep-Oct -0,5 -0,6 -0,5 0,6 -0,2  0,4 

Nov-Dec -0,4 -0,4 -0,4 0,3 -0,3 0,02  

 

The most characteristic relationship between cardiovascular mortality and 

the meteorological elements occur with temperature. The less cardiovascular 

mortality is parallel with the higher temperature in autumn, winter, and spring. This 

relationship is evident not only in the capital, but in the countryside, as well.  

Our expectation was that the sign of the relationship changes summertime, and 

higher mortality would coincide with higher daily temperatures. However, it is valid 

only in the countryside, in the July-August period. Moreover, the relationship is weak 

in the capital in July-August, and even its sign is the opposite! Significance of the 

relationship is weak both in Budapest and in the countryside in May-June. Generally, 

we do not mention which temperature we consider, because the parameters of the 

relationships are very similar in case of all three temperature parameters. 

Examining the other parameters connected with the circulation, we have 

found positive relationship between relative humidity and cardiovascular mortality 

in the April-September period. It is questionable if this relationship is an 

independent influence, or a consequence of the temperature influence, because low 

temperature in case of the same water vapour content produces higher relative 

humidity. The parallel behaviour of humidity with the temperature is repeated in 

the other two summer periods from May till August, too.  
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We find negative correlation between cardiovascular mortality and relative 

humidity in the countryside, which is weakly significant in May-June, but strongly 

significant in July-August. But there is no significant relationship in Budapest, at least 

a very weak or, opposite as in the case of temperature. It seems that the artificial life 

circumstances in the capital can strongly modify the weather influences. 

According to the linear evaluation, we can find many significant 

relationships between mortality and the air pressure. We do not make further 

evaluation, however, because of the frequent jumps from one group to the other 

and of the frequent signal change from one bi-monthly period to the other.  

The wind speed shows weak negative correlation with the cardiovascular 

categories in countryside from the middle of winter until the end of summer. We 

do not take into consideration these changes in Budapest, because there is a 

significant effect only in January-February. Furthermore, it is positive in both 

region groups already in November-December, and magnitude of the regression 

coefficient is cm/s’ category. It is not important; especially as regional climate 

change indicate no unequivocal changes of wind speed in Hungary, either. 

It is difficult to explain the negative relationship with the cloudiness from 

spring until the end of summer, including July-August with very strong differences 

between the mortality categories. The other problem is that this relationship 

suddenly changes in September-October and January-February, notwithstanding 

there is no connection between the two periods. It is also questionable that there is 

only one significant period in the capital and even this significance is the lowest 

considered exhibiting small regression coefficient. 

 

 4. Conclusions 

 

The possible meteorological reasons of cardiovascular mortality were 

examined in Budapest and in the country using the data of the Hungarian Central 

Statistical Office in the recent 35 years between 1971 and 2005. The first step of 

the investigation was to establish the long-term trends from the mortality data 

series, since they could rather be connected with socio-economic and public health 

system reasons. Later on, however, this was not considered in the analysis at its 

present state, since the changes were not very radical, and their explanation would 

need further specific investigations. 

Annual course of mortality is also unambiguous, but it is partly of 

meteorological influence. This is the reason of dividing the year into 2-2 months, 

and the possible weather influences were examined within these six sub-samples, 

separately. 

Based on this methodology, the following conclusions can be set: 

• Trends and annual courses of the cardiovascular mortality can be 

characterised by simple functions. The seasonal temperature peak in 

summer coincides with the annual minimum in cardiovascular mortality.  
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• Temperature has decreasing effect on mortality in majority of the year. 

High-summer temperature peaks increase mortality only in the countryside.  

• Relative humidity has positive correlation with cardiovascular mortality. 

Wind speed showed cm/s differences between mortality categories, only, 

even in the significant cases. More frequent than random relations are 

found between air pressure and mortality, but without unequivocal sign.  

• Finally, the belief that the warming has negative effects mainly in big cities 

should also be revised. In our investigation, these negative effects on 

mortality could mainly be detected in the countryside.  
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