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» What is climate?

» Why are measurements important for the
analysis of climate trends?

» What are the observed changes in Hungary?




WEATHER

What's the weather like today?]

» The temporary condition of
the atmosphere at a place

» It can change very quickly

> It can be different within a
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(Which is the season with the)
highest and lowest rainfall
in Hungary? )
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» Average weather conditions
over a long time period for
a given region
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The climate system
»The interaction between the following spheres:

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Atmosphere in
Solar Inputs
»most unstable and
rapidly changing part A Alosphins Clouds ’
»78% N,, 21% 0,, T
1% trace gases N, O, Ar, IR
> Greenhouse effect H:O, co ., CH, N.0, 0, etc. omelom AT
Aerosols [ e
Cryosphere L Emcyealin :
_ _ TR Biosphere
» Solid water: sea ice, m‘"“"w"n -
ice sh::etst, glaciers, Ex:l‘:tnoo m ‘« - Human Influences > LilvinEg orggnislrns:
permafrost, snow ’ | plants, animals,
l ,@ humans
“Sea lce = =
Hydrosphere: " .
Hydrosphere iy Land Surface Lithosphere

P Ice-Ocean Coupli - . a, Changes in the Cryosphere: '
> all the liquid water upling gx’emg Lak” [ ./ Snow, Frozen Graund, Sea lox Ich Sheats, Glaclers] > EaTth's upper
on Earth - | rocky layer: rocks,
Changes in the Ocean: Changes infon the I.and Surface: mountains, soil,
Circulation, Sea Level, Biogeochemistry l Orography, Land Use, Vegetation, Ecosystems sand
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The reasons of climate change

HpngaroMet

» Natural

Changes in the orbital elements of the Earth

* Thetilt angle of Earth’s rotational axis (~41 000 years)
/N

* The oscillation of the Earth’s axis (~21 000 years)

* The shape of the ellipse (~95-100 000 years)

Changes in
solar radiation

Volcanic eruptions
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» Human-caused (anthropogenic)

Greenhouse gas emission




Meteorological measurements and observations

» The basis of describing the weather and climate
» Meteorological stations

 Temperature (°C)
* Precipitation (mm)
« Wind
% speed (m/s)
<+ direction |
(from where the wind blows) N

1 mm = 1 litre of water
per square metre




Meteorological measurements and observations

» Changes in measurement conditions over time

b 1907 £ * The location of the station
| ' K ¢ The time of measurement
Hona ’M oL
. - e The measurement method

Léghomeérseklet

g  Instrument changes
Ndp ‘ Muermt -_—
Lo 02 42 o, §
SR EATA 2
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These cause inhomogenities
in the data series

> Does that mean a problem?
) HungaroMet




Meteorological measurements and observations

é.\m > Why databases of high-quality are important?
\WMPOR gy
’ « Climatological studies can be only carried out on

long, high-quality homogeneous data series

' |
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» Homogenization
* The point: to correct for the inhomogeneity of the data series 'ﬂ_,
in a way that does not make climate change signal disappear ‘ "j(_\
« What if we had measured under the same conditions all the / U )
time? @
el 4
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Meteorological measurements and observations

» The effect of homogenization

Szeged

1951: moving from the city centre to the outskirts
8 measurements per day (instead of 3)
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Meteorological measurements and observations

Change of annual mean temperature (°C)

» The effect of homogenization
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Raw data series

Conditions of measurements
have changed

There is no quality control

Homogenized, quality controlled
data series

Missing data is filled
Appropriate mathematical softwares
and methods are used

So much
difference!?




Analysis of climate trends

» Averages over 30-year periods are used = climate normal
periods
** Recommended by WMO (World Meteorological Organization)
*» Natural climate variability is smoothed
*» Signs of climate change is not masked
** Renewed in every 10 years

» For current state of the climate: 1991-2020

L9 HungaroMet



Analysis of climate trends

» For current state of the climate: 1991-2020

/ What is the mean annual temperature over \
Hungary based on the 1991-2020 time period?

o
Over Hungary = Average of the a) 9;75 C
1233 grid point values covering

Hungary b) 10,2 OC
& ¢) 10,75°C
d) 11,5 °C

iC HungaroMet



Analysis of climate trends

» For current state of the climate: 1991-2020

/ What is the mean annual temperature over \
Hungary based on the 1991-2020 time period?

a) 9,75 °C
b) 10,2 °C

d) 11,5 °C /

@ HungaroMet



Observed trends in Hungary

» Mean annual temperature 1901-2024

130 Eves kozéephomeérséklet (°C) — orszagos atlag Trend 1901-t6l: +1.6 °C
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Observed trends in Hungary

> Mean annual temperature

1901-1931
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Observed trends in Hungary

» Temperature records

/ What was the highest measured daily maximum \
temperature in Hungary since 19017

a) 40,0 °C
b) 41,9 °C
c) 42,5 °C
d) 44,2 °C

<
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Observed trends in Hungary

» Temperature records

/ What was the highest measured daily maximum \
temperature in Hungary since 19017

a) 40,0 °C
) 419 °C
c) 42,5 °C

d) 44,2 °C /

@ HungaroMet



Observed trends in Hungary

» Temperature records

/ What was the lowest measured daily minimum \
temperature in Hungary since 19017

a)-40,1 °C
b) -38,0 °C
c)-36,8 °C
d)-35,0 °C

<
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Observed trends in Hungary

» Temperature records

/ What was the lowest measured daily minimum \
temperature in Hungary since 19017

a)-40,1 °C
b) -38,0 °C
c)-36,8 °C

d) _35’0 °C Miskolc-Gorémbdlytapolca,

16th February 1940

@ HungaroMet



Observed trends in Hungary

» Mean annual precipitation sum 1901-2024

1000 Eves csapadékosszeg (mm) — orszagos atlag Trend 1901-t81: —4.4%
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Observed trends in Hungary

» Mean annual precipitation sum

1931-1961

1901-1931

1961-1991

1991-2020

Precipitation sum [mm]
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Observed trends in Hungary

» Precipitation records

/ What was the highest measured daily \
precipitation sum in Hungary since 19017

a) 158 mm
b) 186 mm
c) 203 mm
d) 350 mm

<
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Observed trends in Hungary

» Precipitation records

/ What was the highest measured daily \
precipitation sum in Hungary since 19017

a) 158 mm
b) 186 mm

c) 203 mm
d) 350 mm /
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Observed trends in Hungary

» Climate indices - monitoring the changes in extremes

P Béli Balazs

(L) HungaroMet



Observed trends in Hungary - climate indices

» |Increasing frequency of high temperature extremes

The number of hot days (1901-2023) The number of tropical nights (1901-2023)
» T >=35°C » T.,>20 °C)
Orszagos atlag trond: +2.4 nap/123 év Orszagos atlag

trend: +2.5 nap/123 év
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Observed trends in Hungary - climate indices

» Decreasing frequency of low temperature extremes

N
The number of days when T, <-10 °C The number of ice days (1901-2023)
(1901-2023) ) > T ... <0°C)

trend: -8.5 nap/123 év Orszagos atlag trend: -9.9 nap/123 év Orszagos atlag
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Observed trends in Hungary - climate indices

rszagos atla
trend: +17.23% /124 év °© 9 g
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» Extreme precipitation

\

Very heavy precipitation days (1901-2024)

» Ryaiy > 20 mm )

Orszagos atlag
trend: +1.5 nap/124 év

m H“i |

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

9

8

7

The highest daily
precipitation sum
(1901-2024)

(o2}

Napok szama
(42}

o~

1910




SUMMARY

% Good quality data series are important for
climate trend analysis

High temperature extremes have become more
% frequent, decrease in low temperature extremes

7 Heavy rainfall events show an increasing trend




HUNGARIAN NATIONAL The presentation was carried out within the framework of the Széchenyi
@ LABORATORY Plan Plus program with the support RRF 2.3.1 21 2022 00014 project.

SUMMARY

% Good quality data series are important for
climate trend analysis

High temperature extremes have become more
% frequent, decrease in low temperature extremes

% Heavy rainfall events show an increasing trend

How can we get information about climate characteristics of the future?
» Topic of the next presentation

@Hungorol\ﬂet Thank yOU fOI‘ yOUI‘ attention!



Meteorological measurements and observations

» Mathematical softwares - to obtain data series of high-quality

* MASHv3.03

Multiple Analysis of Series for Homogenization
(Szentimrey, T.)

mm) For homogenization of data series, quality control and
filling in the missing data

* MISHv1.03

(Meteorological Interpolation based on Surface
Homogenized Data Basis
(Szentimrey, T. and Bihari, Z.)
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