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Abstract
The water cycle has accelerated, and warmer air can hold more moisture, increasing the risk of heavy and
intense downpours. This intensification of rainfall makes it necessary to update the rainfall intensity-
duration-frequency (IDF) curves that were originally developed for stormwater drainage design in the
1970s in Hungary. Recently the previously used uniform functions were replaced with locally tailored
maximum rainfall distribution functions that better reflect the climatic conditions at the planned drainage
site.
Estimating the parameters of Generalized Extreme Value (GEV) distributions to compute the return
values requires time series of precipitation data for short durations such as 10, 20, or 30 minutes. Once
these data are available, after fitting the GEV function, the Intensity-Duration-Frequency (IDF) curves can
be constructed. These curves allow for determining the return period of a given precipitation intensity
over a specified duration. HungaroMet has developed a service to support design applications, mainly
used for drainage systems. The downloadable intensity values are based on automatic measurements
from 100 monitoring sites.

After entering the location of the planned project, users can access site-specific intensity values for
planning purposes.
As the measurement time series continue to grow, the design values can be regularly updated using the
most comprehensive data available in the HungaroMet database.

To better reflect the effects of climate change, in addition to the IDF curves based on observations, we
are analysing daily maximum hourly precipitation rate values (prhmax) from six regional climate model
simulations from the EURO-CORDEX selection recently used at HungaroMet Hungarian Meteorological
Service. The analysis covers three emission scenarios and two future time periods: 2041–2070 and 2071–
2100. The aim is to use prhmax for calculating return values of short-term precipitation for design
purposes.

This work has been implemented by the National Multidisciplinary Laboratory for Climate Change (RRF-
2.3.1-21-2022-00014) project within the framework of Hungary's National Recovery and Resilience Plan
supported by the Recovery and Resilience Facility of the European Union.

Public user service for design purposes

Motivation: The precipitation is intensifying - Precipitation indices (homogenized -MASH, gridded – MISH ) graphs at nationwide and county level from 1901 on the webpage of HungaroMet, yearly update 

Future changes of precipitation intensity based on regional 
climate model simulation
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Number of days with daily precipitation > 10mm, 
countrywide average (fieldmean)  

Maximum daily precipitation, countrywide average
(fieldmean)  

Number of days with daily precipitation > 20mm, 
countrywide average (fieldmean)  
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Number of days with daily precipitation > 30mm at
Mosonmagyaróvár station (NW Hungary)

Return values (mm/h) for the reference period (1971-2000) for 

different return periods (years) for Győr (NW Hungary)

Change in return values expressed in mm/h, based on 6 regional model 
simulations, 3 scenarios, and 4 return periods, for 2 future time periods 
(in blue: 2041–2070, in green: 2071–2100) for the Győr region

Data: prhmax (Daily Maximum Hourly 
Precipitation Rate) for the periods 
2041–2070, 2071–2100 using the
1971–2000 reference period.
The resolution of the simulations is 0.11°.
6 gridpoint selected in region Győr (NW
Hungary).
Data source: EURO-CORDEX (Jacob et al.,
2014; 2020)

Analysis was performed for return periods:
2, 4, 10, and 100 years based on a
HungaroMet study for calculating rainfall
intensity (Szabó and Zsebeházi, 2017).

Conclusion
Future changes in rainfall intensity in
Győr depend strongly on the emission
scenario. Most regional climate models
project an increase during the 21st
century, especially for rare extreme
events, with the largest changes under
RCP8.5 and the smallest under RCP2.6.
Large differences between models
make projections uncertain, posing
challenges for infrastructure planning,
particularly urban drainage. Some
models, such as ICHEC-EC-EARTH
HIRHAM5, indicate decreases in certain
cases, reflecting the uncertainty in
climate projections. To address this,
assessments typically employ
ensembles of multiple models and
emission scenarios to more
comprehensively represent the
potential range of future.
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Return levels of precipitation intensity (mm/h) at 100 stations for Hungary, download in csv, pdf
Data used: AWS measurement in the period of 1998-2023, yearly update, GEV fit
Example: different return levels for meteorological station Győr (NW Hungary blue dot, green dots –
nearby stations; red dot – planned location of the object specified by the engineers)

GCM RCM Scenario

ICHEC-EC-EARTH

CCLM4-8-17
HIRHAM5 RCP 2.6

RACMO22E RCP 4.5
RCA4 RCP 8.5

CNRM-CERFACS-CNRM-CM5 RACMO22E
MPI-M-MPI-ESM-LR RCA4

GCM RCM
Return values

2 4 10 100

ICHEC-EC-EARTH

CCLM4-8-17 2.21 2.67 3.19 4.41
HIRHAM5 5.03 8.46 12.40 21.58

RACMO22E 3.79 6.73 10.09 17.95
RCA4 4.16 4.70 5.31 6.75

CNRM-CERFACS-CNRM-CM5 RACMO22E 4.26 5.54 6.99 10.40
MPI-M-MPI-ESM-LR RCA4 1.73 2.06 2.43 3.31

GCM RCM

CCLM4-8-17 0.39 0.39 1.20 0.64 2.12 0.92 4.29 1.58

HIRHAM5 -0.81 -1.68 -1.81 -4.26 -2.95 -7.21 -5.62 -14.11

RACMO22E -0.93 1.52 -2.04 2.99 3.32 4.69 6.29 8.65

RCA4 0.72 0.23 0.19 0.21 -0.42 0.18 -1.84 0.12

CNRM-CERFACS-CNRM-CM5 RACMO22E 1.39 1.97 1.96 2.96 2.62 4.09 4.15 6.73

MPI-M-MPI-ESM-LR RCA4 2.95 2.96 4.27 4.88 5.77 7.09 9.28 12.25

GCM RCM

CCLM4-8-17 1.21 3.33 2.45 6.55 3.86 10.25 7.16 18.88

HIRHAM5 2.24 2.84 0.78 7.19 -0.88 12.18 -0.78 23.82

RACMO22E 2.29 1.08 4.85 1.53 7.79 2.04 14.66 3.24

RCA4 0.41 0.48 0.28 0.05 0.13 -0.44 -0.23 -1.58

CNRM-CERFACS-CNRM-CM5 RACMO22E 1.83 4.18 3.23 6.50 4.83 9.17 8.56 15.39

MPI-M-MPI-ESM-LR RCA4 2.23 1.51 3.23 1.51 4.37 1.52 7.03 1.54

GCM RCM

CCLM4-8-17 1.46 2.21 2.33 2.67 3.34 3.19 5.69 4.41

HIRHAM5 6.09 5.03 9.95 8.46 14.35 12.40 24.66 21.58

RACMO22E 1.49 3.79 2.21 6.73 3.04 10.09 4.98 17.95

RCA4 2.92 4.16 3.41 4.70 3.97 5.31 5.27 6.75

CNRM-CERFACS-CNRM-CM5 RACMO22E 5.62 4.26 10.97 5.54 17.10 6.99 31.41 10.40

MPI-M-MPI-ESM-LR RCA4 2.21 1.73 2.33 2.06 2.48 2.43 2.81 3.31

ICHEC-EC-EARTH

RCP 8.5 scenario

Models Retun period (year)

2 4 10 100

2 4 10 100

ICHEC-EC-EARTH

ICHEC-EC-EARTH

RCP 4.5 scenario

Models Retun period (year)

RCP 2.6 scenario

Models Retun period (year)

2 4 10 100


