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ABSTRACTABSTRACT --- Heat wave events are important temperature-related climatological extremes due to their direct impacts on human 
health. In 2004, a Heat Health Watch Warning System containing three levels of heat wave warning was developed (Páldy et al., 2005) on the basis 
of a retrospective analysis of mortality and meteorological data in Hungary to anticipate heat waves that may result in a large excess of mortality. 
Changes of frequency of the climatic conditions associated to the different levels are analyzed using regional climate model experiments of PRECIS. 
The results suggest significantly more frequent and more intense occurrences in the future due to global warming. 

Heat Wave
Warning Levels Criteria Preventive actions

Level 1
Advisory signal

Internal use

The forecasted daily mean temperature (Tmean)
exceeds 25 °C

The emergency services prepare for the expected increase
in patient traffic

Level 2
Warning signal

Alert the public

The forecasted daily mean temperature (Tmean)
exceeds 25 °C

on at least 3 consecutive days

− Media Communications (TV, radio), Web site and newsletters, flyers
− Telephone emergency service
− Water-, Fansharing
− Air conditioned rooms opening
− Water/Electric Works suspend the cut-off of not paying

Level 3
Alarm signal

The forecasted daily mean temperature (Tmean)
exceeds 27 °C

on at least 3 consecutive days
Strict controll of the actions taken at Level 2
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PRECIS: Providing REgional Climates for Impact Studies, it is applicable for all region of the world.
Applied version: 1.8
Aim: national/regional impacts of global change
Description of PRECIS: Jones et al., 2004, Wilson et al., 2009
Installation of PRECIS at the Eötvös Loránd University - started in 2003 (Bartholy et al., 2009a)
Target region: 123 x 96 gridpoint (Central Europe)
Region of interests: 56 x 30 gridpoint (Carpathian Basin)
Applied spatial resolution: 25 km (horizontal)
Number of vertical levels: 19 (using σ coordinates)
Applied temporal resolution: 5 minutes
Initial and lateral boundary conditions: HadCM3 (UK MetOffice, Gordon et al., 2000)
Control run: 1961-1990
Integration period: 1951-2100 (for A1B), 2071-2100 (for B2 and A2)
Estimated CO2 level by 2100 based on the evaluated scenario: SRES A1B, B2, A2 (Nakicenovic & Swart, 2000) Applied model domain and topography (m)

Region of interest

HEAT  WAVE  WARNING  HEAT  WAVE  WARNING  –– LEVEL  1 LEVEL  1 

HEAT  WAVE  WARNING  HEAT  WAVE  WARNING  –– LEVEL  2 LEVEL  2 

HEAT  WAVE  WARNING  HEAT  WAVE  WARNING  –– LEVEL  3 LEVEL  3 

Summary of the grid point values for Summary of the grid point values for 3030--year year time slicestime slices consideringconsidering B2, A1B, B2, A1B, andand A2 A2 scenarioscenario
forfor 20712071--2100 2100 relativerelative toto 19611961--1990 1990 referencereference periodperiod
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Zonal structure: from North to South the number of heat warning cases is increasing
and the projected changes are also increasing
Simulated changes are larger for 2071-2100 than for 2021-2050
Simulated changes are larger when considering scenario with larger estimated
CO2 concentration by 2100

By the end of the 21st century heat warning level 1  is possible from mid-May until mid-September, 
unlike in the reference period (when it occurred from mid-June until mid-August) –
thus, the total length of the possible occurrence is likely to extend by about 1-2 month. 
Zonal structure can be identified

Zonal structure: from North to South the number of heat warning cases is increasing
and the projected changes are also increasing
The occurrence simulated in 2071-2100 may be several times larger than in 1961-1990 
(especially, in the southern regions)
Simulated changes are larger when considering scenario with larger estimated 
CO2 concentration by 2100
For the grid point representing Budapest, bias-corrected simulated mean lengths of Level 2 are 5, 6, 9, 10, and 8 days in case of 1961-1990, 2021-2050 (A1B), and 2071-2100 
(A1B, A2, B2), respectively. Standard deviation values are 2, 4, 5, 5, and 5 days, respectively.

The start of the heat wave warning season is simulated to occur about a few days and
2-4 weeks earlier by 2021-2050 and by 2071-2100, respectively 
The end of the heat wave warning season is projected to shift with 1-4 week by 2021-2050, 
and with 2-6 weeks by 2071-2100
Simulated changes are larger for 2071-2100 than for 2021-2050

Zonal structure: from North to South the number of heat warning cases is increasing 
and the projected changes are also increasing
By the end of the 21st century heat waves will be a more common feature of the 
Central/Eastern European climate than in the 20th century
Simulated changes are larger when considering scenario with larger estimated 
CO2 concentration by 2100
For the grid point representing Budapest, bias-corrected simulated mean lengths of Level 3 are 4, 5, 7, 7, and 6 days in case of 1961-1990, 2021-2050 (A1B), and 2071-2100 
(A1B, A2, B2), respectively. Standard deviation values are 1, 1, 7, 3, and 2 days, respectively.

The start of the heat wave warning season is simulated to occur 2 and 1-2 week earlier 
by 2021-2050 and by 2071-2100, respectively 
The end of the heat wave warning season is projected to shift with 1-4 week by 2021-2050, 
and with 1-5 weeks by 2071-2100
Simulated changes are larger for 2071-2100 than for 2021-2050

POSSIBLE  START POSSIBLE  END

SUMMARY  OF  SUMMARY  OF  PPRECRECISIS

Although the interannual variability of the
simulated time series during 2071-2100 are larger
than in the 1961-1990 reference period, by the end
of the 21st century the average first occurrence of
the heat warning days is simulated to shift earlier
and the average last occurrence later than in the
reference period
– thus the length of the potential heat wave season 
is projected to become remarkably larger

Simulated changes are larger when considering
scenario with larger estimated CO2 concentration
by 2100

229 grid points are located within Hungary, the 
Box-Whisker diagrams summarize the main 
statistical characteristics of the annual time series
of spatial average values for the country

By the end of the 21st century heat warning level 3 
is very likely to occur even more frequently than
the heat warning level 1 in the reference period

Simulated changes are larger when considering
scenario with larger estimated CO2 concentration
by 2100

Although the time series of annual occurrences
are highly variable in the future, the projected 
increase is a very clear signal of regional climate
change in Hungary

BIAS BIAS CORRECTION CORRECTION 
In order to estimate the bias of the RCM simulation, outputs from the 1961-1990 reference period were compared to the E-OBS datasets (Haylock et al., 
2008) containing gridded daily mean temperature values. Overestimation of temperature has been found (especially in summer when heat waves potentially
might occur), thus, raw simulated data needed to be corrected before determining the heat wave warning levels.
The bias of the raw PRECIS outputs are corrected using the monthly empirical distribution functions (Formayer & Haas, 2009), and then, calculations of heat
wave occurrence are accomplished from the corrected temperature data sets for each grid point.
Effect of the bias correction is shown here for the grid point representing Budapest (ϕ: 47°34’ N, λ: 19°2’ E) 
where daily mean temperature values averaged over the month during 1961-1990 are overestimated in July and August (by 3.1 °C and 4.2 °C, respectively),
in June temperature simulations don’t have significant bias in this grid point.
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Average annual number of 
heat warning cases - level 1 Projected changes 
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1–7 cases/year 
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8–21 cases/year 

24–43 cases/year 

32–60 cases/year 32–53 cases/year 

18–42 cases/year 17–36 cases/year 
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Average annual number of 
heat warning cases - level 2 

Projected changes 
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 Average annual number of 
heat warning cases - level 3 

Projected changes 
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The average date of 
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day 170–229 (20 June – 19 August) day 171–229 21 June – 19 August) 0–38 day 

day 187–216 (7 July – 6 August) 1–35 day day 199–222 (19 July – 12 August) 

day 174–215 (24 June – 5 August) 8–60 day day 209–235 (29 July – 25 August) 

day 158–198 (8 June – 18 July) day 205–231 (25 July – 21 August) 14–72 day 

day 169–205 (19 June – 25 July) day 194–222 (14 July – 12 August) 1–49 day 

(day of the year) (day of the year) (days) 

The average date of 
first occurrence 

The average date of 
last occurrence 

Difference between the last 
and first occurence 

   

   

   

   

   

   

 

day 171–223 (21 June – 13 August)    day 171–229 (21 June – 19 August) 0–58 day 

day 173–214 (23 June – 4 August) 2–56 day day 205–230 (25 July – 20 August) 

day 158–201 (8 June – 21 July) 21–85 day day 216–243 (6 July – 3 Sept.) 

day 141–186 (21 May – 6 July) day 214–240 (4 August – 30 August) 33–99 day 

day 152–198 (2 June – 18 July) day 195–232 (15 July – 22 August) 6–80 day 

(day of the year) (day of the year) (days) 
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day 170–214 (20 June – 4 August) day 170–233 (20 June – 23 August) 0–46 day 

 day 159–206 (9 June – 26 July) 8–78 day day 209–237 (29 July – 27 August) 

day 140–190 (20 May –10 July) 34–107 day day 221–251 (11 August – 11 Sept.) 

day 131–180 (11 May –30 June) day 220–250 (10 August – 10 Sept.) 47–118 day 

day 137–187 (17 May – 7 July) day 202–242 (22 July – 2 Sept.) 19–105 day 

(day of the year) (day of the year) (days) 

Simulated last occurrence of the heat warning days

Simulated first occurrence of the heat warning days


