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Abstract
In Hungary detailed research work has been carried

out since several years to help the process of getting pre-
pared and adapted to the impacts of climate change. The
research activities concerned mainly the health impacts of
heat waves (excess mortality). Based on the results of the
time series statistical analysis of weather variables and
daily mortality of Budapest, it was found that a 5º C
increase of the daily mean temperature increases of the
risk of all cause mortality by 10%; and the risk of death
due to cardio-vascular diseases by 12%.

The frequency of heat waves has been increasing since
the nineties. The most extreme heat wave hit the country
in 2007 with an excess mortality around 1100 cases.
A three level heat health warning system was launched in
2005 as an action to support adaptation. 

A significant association was found between global
radiation and the increase of melanoma cases. The inci-
dence of melanoma morbidity increased between 2003–
2008, the number of new cases changed from 1854 to
2610.

The data of the previous years support that there is an
increasing risk of vector borne diseases, as the continuous
increase of the incidence of Lyme diseases (15% per year)
showed it. Although tick-borne encephalitis is present in
the country, the incidence of the disease does not show

a strong correlation with climate variability. Diseases like
West Nile virus and Hanta virus infection appeared and
showed an increasing tendency. The vector of Leish-
maniasis also appeared in Hungary.

Another consequence of climate change is the tempo-
ral and spatial change of allergenic plant species. New,
invasive plants will appear, the length of pollination has
been increasing. 

Key words: climate change, heat waves, excess mortali-
ty, melanoma, cataract, vector borne diseases, allergenic
plants

Streszczenie
Na W´grzech od wielu lat realizowane sà szczegó∏owe

prace badawcze, aby wspomóc proces przygotowania
i dostosowania si´ do skutków zmian klimatu. Prace ba-
dawcze dotyczà g∏ównie zdrowotnych skutków fal upa∏ów
(wzrost umieralnoÊci). 

Na podstawie wyników analizy statystycznej szeregów
czasowych zmiennych pogodowych i ÊmiertelnoÊci dzien-
nej w Budapeszcie, stwierdzono, ˝e  wzrost dziennej Êred-
niej temperatury o 5º C zwi´ksza ryzyko zgonu z powodu
wszystkich chorób o 10%, a ryzyko zgonu z powodu cho-
rób uk∏adu krà˝enia o 12%.

CLIMATE CHANGE AND HEALTH – CHALLENGES FOR HUNGARY
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Cz´stotliwoÊç fal upa∏ów roÊnie od lat dziewi´çdziesià-
tych. Najbardziej ekstremalne upa∏y nawiedzi∏y W´gry
w 2007 r. co spowodowa∏o wzrost umieralnoÊci o oko∏o
1100 przypadków. Dla u∏atwienia adaptacji, w 2005r.
og∏oszono system ostrzegawczy uwzgl´dniajàcy trzy po-
ziomy goràca.Stwierdzono istotny zwiàzek mi´dzy glo-
balnym promieniowaniem a wzrostem zachorowaƒ na
czerniaka z∏oÊliwego. ZachorowalnoÊç na ten nowotwór
wzros∏a w latach 2003-2008, liczba nowych przypadków
zmieni∏a si´ z 1854 na 2610. Dane z poprzednich lat wska-
zujà, ˝e istnieje coraz wi´ksze ryzyko chorób przenoszo-
nych przez nosicieli, jak widaç na przyk∏adzie sta∏ego
wzrostu zachorowaƒ na chorob´ z Lyme (15% rocznie).

Chocia˝ obserwuje si´ w kraju przypadki kleszczowego
zapalenia mózgu, cz´stoÊç wyst´powania tej choroby nie
wykazuje silnego zwiàzku ze zmiennoÊcià klimatu. Poja-
wiajà si´ choroby zakaêne takie jak wirus Zachodniego
Nilu czy Hanta wirus i wykazujà tendencj´ wzrostowà.
Zaobserwowano na W´grzech tak˝e wektor leiszmaniozy.
Innà konsekwencjà zmian klimatu sà czasowe i prze-
strzenne zmiany dotyczàce alergizujàcych gatunków ro-
Êlin. Pojawià si´ nowe, inwazyjne roÊliny,  d∏ugoÊç pylenia
wzrasta. 

S∏owa kluczowe: zmiany klimatyczne, fale upa∏ów, nad-
mierna ÊmiertelnoÊç, czerniak z∏oÊliwy, zaçma, choroby
przenoszone przez wektory, roÊliny alergizujàce

Global concerns

In the early 1990-ies the health-deteriorating im-
pacts of climate change was not of a major con-
cern, as it was reflected in the first report of the
UN/IPCC (Intergovernmental Panel for Climate
Change) in 1991. This situation has been changed.
The second report of UN/IPCC devoted a whole
chapter to the harmful health effects of climate
change. In the declaration of the Third Conference
of European Ministers of Environment and Health
(London, 1999) [1] the chapter dealing with the ear-
ly health impacts of climate change and the decre-
ase of the ozone in the stratosphere in Europe, had
five paragraphs (39–43) that summarised the pro-
posals. In the declaration of the Conference the mi-
nisters acknowledged the need for studying the glo-
bal climate system and the health hazards of the
changes of the ozone layer of the stratosphere,
along with the potential unfavourable impacts on
economic development and economic-social stabi-
lity. 

The 4th Assessment Report of the IPCC [2] stated,
that emerging evidence of climate change effects on
human health shows that climate change has
● altered the distribution of some infectious dise-

ase vectors (medium confidence) 
● altered the seasonal distribution of some allerge-

nic pollen species (high confidence) 
● increased heat wave related deaths (medium con-

fidence)
In Hungary the investigations concerning the he-

alth impacts of climate change started in the year
2000. The programme, carried out within the Natio-
nal Environmental Health Action Programme, fo-
cussed primarily at investigating the health-deterio-
rating effects of heat waves due to climate changes.
Within the action programme the association of da-
ily mortality and meteorological variables of Buda-
pest – the capital of Hungary – was carried out for
the period of 1970–2000. The impact of temperatu-
re on emergency ambulance calls was also studied 
in Budapest for the period of 1998–2004 [3, 4, 5]
(Fig. 1).
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Figure 1. Association of daily mortality and emergency ambulance calls and daily mean temperature in
Budapest

Rycina 1. ÂmiertelnoÊç dzienna, liczba wezwaƒ pogotowia a Êrednia temperatura dnia
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The results of the statistical analysis of weather
variables, daily mortality and daily emergency am-
bulance calls can be summarized as follows. It was
found that a 5°C increase of the daily average tem-
perature results in: 

● 10% increase of the risk of mortality due to all
causes;

● 12% increase of the risk of mortality due to car-
dio-vascular diseases;

● 15% increase of the number of emergency ambu-
lance calls for heart complains and “general com-
plains”.

Study of heat waves and related features in
Budapest in 1992–2007

There is no generally accepted definition for ’he-
at wave’ in the relevant literature. For Budapest the
criteria of heat-wave was defined on the basis of
analysing the meteorological and mortality data of
the period 1970-2000. Namely, a heat-wave was de-
fined when the daily mean temperature (26.5° C)
exceeded the 98% probability during at least three
subsequent days. According to this definition there
were 6 heat-waves in Budapest in the period
1992–2000 [4]. Excess mortality occurred as follows:

Table I. Excess mortality in Budapest, during the heat waves of 1994–2000
Tabela I. Nadmierna ÊmiertelnoÊç w Budapeszcie w okresie upa∏ów 1994–2000

In 2007 – in the most extreme summer so far
experienced – there were three heat waves in Hunga-
ry. During the period of the first and third heat wa-
ve excess mortality was less than 5%. In the second
and most severe heat wave record breaking daily
mean temperatures of higher than 30 °C were me-
asured for five days in the period 16–24 July (Fig. 2).
The unfavourable impact of high temperatures on
the daily mortality could be unambiguously deter-

mined and this impact was even larger among ho-
spitalized patients. The excess mortality rate (33%)
of the ten-day heat wave was lower in the Central
Region of Hungary than in France during the heat
wave of 2003 [7]. Nevertheless, during the five hot-
test days the excess mortality was 57%. At a natio-
nal scale the estimated total excess death cases were
calculated by the respective relationships as likely
falling into the range of 800–1000.

2000
August

2000
July

1998
August

1998
August

1994
August

1994
August

Age group

Cardio-vascular

Due to all causes

15–64 – 4 2 – 1 – 1 8 0

65–74 14 6 14 – 4 8 0

75+ 51 36 22 25 39 27

total 61 44 35 20 55 27

15–64 11 32 2 3 31 –3

65–74 10 12 18 – 4 14 8

75+ 49 50 48 33 57 33

total 70 94 68 32 102 38

2001 2002 2003 2004 2005 2006 2007

Number of heat waves 1 2 2 1 1 5 3

Number of days with heat wave 3 8 11 4 5 30 19

Table II. Heat waves in Hungary, 2001–2007
Tabela II. Fale upa∏ów na W´grzech, 2001–2007

In the period of 2001–2007 there were 13 further heat waves in Budapest with the total duration of 80
days [6].
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Establishment of the heat alert and warning
system 

In developing the system of heat warning the re-
sults and practices established within the PHEWE1

programme supported by the European Union,
launched in 2004, has been utilised. The professio-
nal principles of heat-warning were developed fir-
stly for Budapest and then for the whole country [8].
The action plans of heat wave periods were defined
for the National Public Health and Medical Offi-
cers’ Service, on the basis of the EU supported 
EuroHEAT2 programme and making use of the
proposal of the of WHO/ECEH – Rome Office, by
the National Institute for Environmental Health.
Level 3 (Third Grade) heat warning was released in
July 2007 for the first time, while in the earlier years
the daily average temperature reached the second 
level.

The levels of heat warning are defined on the ba-
sis of the weather forecasts of the National Mete-
orological Service in the following way: 
Level 1: when forecasts indicate that the daily mean

temperature exceeds 25° C for one day. The
internal information system of the Service
of Medical Officers is involved. 

Level 2: when forecasts indicate that the daily mean
temperature exceeds 25° C for at least for 3
days. The National Chief Medical Officer
alerts the health institutions, the emergen-
cy ambulance service, the local govern-
ments and the population through the re-
gional chief medical officers and orders the
performing of preventive actions to protect
the health of the population. 

Level 3: when forecasts indicate that the daily mean
temperature exceeds 27° C at least for 3
days. It involves the strict control of the ac-
tions and measures of level 2. The Natio-
nal Chief Medical Officer notifies the Se-
cretariat of the Central Co-ordinating
Committee, requesting the taking over of
the co-ordination of actions and measures
of the various economic sectors, when so
required. 

The flow of information of heat warning is
shown in Fig. 3 on the basis of the experiences in
the year 2007.

Figure 2. Daily in/out of hospital death counts and daily mean temperature in the Central Hungarian 
Region 01.06–31.08.2007

Rycina 2. Liczba dzienna zgonów w szpitalu (˝ó∏te s∏upki), w domu (niebieskie  s∏upki), a Êrednia tem-
peratura dnia w centralnym regionie W´gier, 1.06–31.08.2007

–––––––––––––––
1 European Union 6th Framework project Quality of life

and management of living resources: key action: envi-
ronment and health contract no QLK4-ct-2001-00152):
Asessment and prevention of acute health effects of
weather conditions in Europe (PHEWE) 2002–2005

2 EU New Public Health Programme: Improving Public
Health Responses to Extreme weather/Heat-Waves –
EURO HEAT) N°: 2004322 (2005–2007)



Medycyna Ârodowiskowa / Environmental Medicine 2010; 13 (1) 23

Figure 3. The flow of information of heat warning
Rycina 3. Przep∏yw informacji ostrzegajàcej przed falà upa∏u
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Ultraviolet radiation and health
Greenhouse-induced cooling of the stratosphe-

re is expected to prolong the effect of ozone-deple-
ting gases, which will increase levels of UVR re-
aching some parts of the Earth’s surface. Climate
change will alter human exposure to UVR exposu-
re in several ways. [9]. Solar ultraviolet radiation
(UVR) exposure causes a range of health impacts.
The greatest burdens result from UVR-induced
cortical cataracts and malignant melanoma of the
skin [10]. 

The Hungarian studies detected a significant as-
sociation between global radiation and the increase
of melanoma (ICD10–C43) cases. The health im-
pact was studied by using the geographical informa-
tion system (GIS) based on morbidity data from
1997 to 2001. The results showed a significantly hi-
gher incidence of cataract (ICD-10: H25) and mali-
gnant melanoma of skin with higher global solar
radiation (Figs. 4–5). Similar tendency of melano-
ma incidence was also detected in the country be-
tween 2003–2008, the number of new cases incre-
ased from 1854 to 2610.

Figure 4–5. Association between global irradiation and the morbidity of malignant melanoma of the skin
(ICD10-C43) and cataract of the eyes (ICD-10: H25) in the Hungarian population, 1997–2001

Rycina 4–5. Ca∏kowite naÊwietlenie s∏oneczne a zachorowalnoÊç na czerniaka z∏oÊliwego skóry (ICD10-
C43) i zaçm´ soczewek ( ICD-10: H25) w populacji w´gierskiej, 1997–2001
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Climate change and vector borne diseases

Vector-borne diseases are among the best studied
of the diseases associated with climate change due
to their widespread occurrence and sensitivity to cli-
matic factors. There is some evidence of climate
change related shifts in the distribution of tick vec-
tors of disease, of some (non-malarial) mosquito
vectors in Europe [1]. 

Data on tick-borne encephalitis (TBE) between
1989–2008 showed a decreasing tendency. A charac-
teristic spatial distribution of the diseases cases can
be observed: it accumulates in the Western and Nor-
thern part of the country where the surface is cove-
red by forests [6] (Fig. 6). Although tick-borne ence-
phalitis is continuously present in the country, the
incidence of the disease does not show a strong cor-
relation with climate variability.

Figure 6. Spatial distribution of tick borne encephalitis cases in Hungary, 1996–1999
Rycina 6. Rozprzestrzenienie wirusowego kleszczowego zapalenia mózgu na W´grzech, 1996–1999

Figure 7. Incidence of tick-borne encephalitis and Lyme disease in Hungary, 2000–2007
Rycina 7. Wyst´powanie wirusowego kleszczowego zapalenia mózgu oraz Choroby z Lyme na W´grzech,

2000–2007
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Another important tick borne disease is Lyme
borreliosis caused by the bacterium Borrelia burg-
dorferi. The reporting of Lyme disease has been
mandatory since 1998. In the recent years we can

observe an increase of the incidence (Fig. 7). The
spatial distribution of the disease is similar to that
of TBE, although its occurrence covers a greater
area.
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Diseases like Hanta virus and West Nile virus
(WNV) infection appeared and showed an incre-
asing tendency. Between 2000–2007 three to five ca-
ses were reported yearly, however 12 new cases of
WNV were identified in 2008 during three months
[11]. The vector of Leishmaniasis was also detected
in Hungary. A 2° C increase of yearly mean tempe-

rature will increase the risk of appearance of sand
fly in the Carpathian Basin by 100 percent (Fig. 8).
The appearance of the tiger mosquito (Aedes albo-
pictus) is also predicted for the Carpathian Basin by
the different climate scenarios. There is a potential
threat that diseases like chikungunya fever can also
appear in our country.

Climate change and pollen production
Climate change has caused an earlier onset of the

spring pollen season in Europe. There is limited evi-
dence that the length of the pollen season has also
increased for some species [13].

The temperature increase forecast for Hungary
will trigger the earlier appearance of all early
spring wind-borne pollen allergens, and an increase
in the pollen quantity of some of these allergens
»(e.g. birch (Betula.)« as was found in 10 years of
data. This effect can worsen the symptoms of
patients suffering from hay fever and bring them on
in early spring. Significant increases were observed
in the concentration of every single aeroallergen
monitored over the last 10 years by the
Aerobiological Network. In Budapest an average

annual increase of 52 pollen grains/m3 was regis-
tered for all monitored species. As to amentaceous
trees (willows, birches, and oaks) the annual
increase was 28 pollen grains/m3 and in case of
summer weeds the annual rise was 25 pollen
grains/m3. The timelines of aerobiological pollu-
tants in Budapest were also analysed on the basis of
10-year database. The flowering season for trees
has started earlier and earlier and with the varia-
tion being as much as 2 months, in keeping with
changes in daily maximum temperature (Fig. 9).
There is less fluctuation of the onset of flowering
of summer weeds (e.g. Ambrosia and mugwort)
than among trees flowering during early spring
(Fig. 10), so prevention measures (weed control,
actions, early initiation of drug treatment) can be
prepared more effectively. 

Figure 8. The dissemination of cutan Leishmaniasis in Europe [12]
Rycina 8. Rozprzestrzenienie leiszmaniozy skórnej w Europie [12]
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In the future new, invasive plants like common
pellitory (Parietaria) and golden rod (Solidago)
(Figs. 11–12) will appear, the length of pollination

will increase, and the sensitisation pattern of allergic
patients will change, the season of the major aller-
gen in the Carpathian basin, Ambrosia will increase.
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Figure 9. The onset of pollination of birch (Betula) in Budapest, 1992–1998
Rycina 9. Poczàtek pylenia brzozy w Budapeszcie, 1992–1998

Figure 10. The onset of pollination of ragweed (Ambrosia) in Budapest, 1992–1998
Rycina 10. Poczàtek pylenia ambrozji w Budapeszcie, 1992–1998

Figure 11. Common pellitory (Parietaria)
Rycina 11. Pomurnik lekarski (Parietaria)
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The way forward
The impacts of climate change is high on the

agenda of the European Union. The European
Commission issued a White Paper [14] entitled:
Adapting to climate change: Towards a European
framework for action. The objective of this Adapta-
tion Framework is to improve the European
Union’s ability to deal with the impact of climate
change.

Since 2005, climate change related issues have be-
en high on the political agenda in Hungary and in
2008 the National Climate Strategy was unanimo-
usly adopted by the Parliament.

Within the frames of this strategy a ’Climate-he-
alth Preventive Strategy’ was elaborated with the
following goals:
● to create the climate-health network; 
● to identify the options of avoiding and preven-

ting climate-change related illnesses; 

● to prioritise prevention, along with priorities of
rescue, health-care and rehabilitation;

● to raise awareness of health impacts of climate
change among politicians, experts, population,
especially vulnerable groups and other stakehol-
ders; 
The implementation of this national Climate-he-

alth Preventive Strategy would require 7–10 years. It
can only be realized if it is based on one hand on
extensive intersectorial co-operation at national le-
vel, and on the other hand on the close co-operation
with all international partners, like the World He-
alth Organization, or institutions of the European
Union. 

Acknowledgement
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Figure 12. Golden rod (Solidago)
Rycina 12. Naw∏oç pospolita (Solidago)
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