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Introduction

Reports of 2024

EU-Klimadienst Copernicus

24 Monate iiber 1,5 Grad

Die globale Temperatur lag erstmals im 2-Jahres-Durchschnitt iiber

der 1,5 d-Marke, zeigen EU-KI 1. Einen Hochstwert gibt es
auch bei den Meeren.

aktualisiert 10.

B[

1, teilen
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Introduction

Reports of 2024

EU-Klimadienst Copernicus

24 Monate iiber 1,5 Grad

Nia lnhala Tamnoratir lan arctmale im 2 Iahroc-Niirchenhnitt iihar

12025 1817 Uh 2@, teler

BERLIN taz | Die weltweiten Temperaturen lagen 2024 laut dem
Copernicus-Kli deldienst der EU im Schnitt um 1,6 Grad iiber

dem vorindustriellen Niveau. Das Ziel des Pariser Klimaabkommens,
die Erderwirmung auf 1,5 Grad zu begrenzen, ist praktisch nicht mehr
zu erreichen. Dariiber sprechen Verena Kern und Sandra Kirchner im
Podcast klima update®.

[8] [7]
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24 Monate iiber 1,5 Grad

Nia Alnhala Tamnoratir lan arctmale im 2. Iahrac-Niirchenhnitt fihar

1112025 1817 Ur 2, tellen

BERLIN taz | Die weltweiten Temperaturen lagen 2024 laut dem

Copernic 1iiber
dem vori Jahresbilanz nmens,
die Exder DWD: Durchschnittstemperatur um ht mehr
) shnliche 0,3 Grad -
zu erreic anerim
Podcast k imz st
u Dass

2024 erneut als wirmstes Jahr scit Beginn der Messungen in die Geschichte
eingehen wird, Tagen fest
Daten habe jetzt aber ergeben, dass die Temperatur gegeniber dem Vorjaht
gleich um 0,3 Grad gestiegen sei, erkiarte der DWD,

[8] [7]
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Messungen des Deutschen Wetterdienstes

Deutschland erhitzt sich immer
schneller

2024 war in Deutschland das heiBeste Jahr seit Beginn der
Aufzeichnungen. Wetterdienst und besorgte Eltern fordern mehr
Kiimaschutz von der Regierung.
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Reports of 2024

EU-Klimadienst Copernicus

e Messungen des Deutschen Wetterdienstes
24 Nonate Mher 13 Grad Deutschland erhitzt sich immer

1112025 181701 2 teien schneller

2024 war in Deutschland das heiBeste Jahr seit Beginn der

BERLIN taz | Die weltweiten Temperaturen lagen 2024 laut dem Aufzeichnungen. Wetterdienst und besorgte Eltern fordern mehr

Copernic " 1tber Erderwarmung
dem vori bresblerz ! nmens, So schnell wie Europa erhitzt sich
die Erder DWD: Durchschnittstemperatur um ‘ht mehr . .
 erreic 03 Grad - kein Erdteil
Podcast k imz Jahrist e Der Copernicus-Report zeigt, wie dramatisch der Kontinent vom
w Dass K betroffen ist. Ki 1de warnen vor der neuen
eingehen wird, Tagen fest. Bundesregierung

[8] [7]
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Introduction

Reports of 2024

Folgen der Exderhitzung

2024 war extrem

Der Wasserkreislauf gerat wegen der Erderhitzung aus dem
Gleichgewicht. Es gab 2024 mehr Diirren und Starkregen, weswegen
tausende Menschen starben.

6.1.2025 2007 Uhr &, teilen

Nach den heftigen
Regelfallenin
Valencia

[8]
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IPCC Report (AR6)

© IPCC Report (AR6)
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IPCC Report (AR6)

Reports on climate change

a) Net global greenhouse
gas (GHG) emission:

Implemented policies ]

i T Nationally Determined [
1 | Contributions (NDCs)
L range in 2030

‘ Limit warming to 2°C (>67%)

Implemented policies
(median, with percentiles 25-75% and 5-95%)

Lim, Limit warming to 1.5°C (>50%)
it with no or limited overshoot
& Ming 16, 20
€ —— Past emissions (2000-2015)

-

Model range for 2015 emissions

© Gigatons of CO-equivalent emissions (GCO:-eq/yr)

imjy
Warn:
NG 57 55¢

Past GHG emissions and uncertainty for
2015 and 2019 (dot indicates the median)

@ |IPCC report with observations and predictions on global and
local climate change

@ main problem: anthropogenic emissions

@ several emission and energy usage scenarios [1]
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30 b) Net global CO, emissions

® GtCO./yr
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@ |IPCC report with observations and predictions on global and
local climate change
@ main problem: anthropogenic emissions

@ several emission and energy usage scenarios [1]
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IPCC Report (AR6)

Reports on climate change

¢) Global methane (CH,) emissions

® MtCH,fyr

@ |IPCC report with observations and predictions on global and
local climate change
@ main problem: anthropogenic emissions

@ several emission and energy usage scenarios [1]
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IPCC Report (ARS)

IPCC results (partial)

a) High risks are now assessed to occur at lower global warming levels

Global surface temperature change Global Reasons for Concern (RFCs) \
e relative to 18501900 in ARS (2014) vs. AR6 (2022) - Risk/impact
Ues I Ve high
4 I vion
Moderate
3 . Undetectable
7 . | ] .| Transition range
1 1A 5 Confidence level
1 = s assigned to
,_4\/‘/\/ ¥ transition range
0 R
Low ——> Very high
a . .
1950 2000 2015 2050 2100 | midpoint of transition

[1]
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IPCC Report (AR6)

IPCC results (partial)

) Risks to coastal geographies increase with sea level rise and depend on responses

~ ~ /-
O®R O® O® O®
Global mean sea level rise relative to 1900 = N B = Risks are
00 . 100 I I “ !
wvery high
; ! high
- N o-to-moderate

response

Maximum potential
response

1950 2000 2050 2100 comn ‘\‘HHL

[1]
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IPCC Report (ARS)

Temperature AR6 (global)

The world at  The world at The world at The world at

. ETEN 5C +2C | 43%C +4°C

1 1 1 1 1 1
C Global warming Ievel (GWL) above 1850-1900 ﬂ)

a) Annual hottest-day temperature change Annual hottest day I@mper ature is projected to increase most
(1.5-2 times the GWL) in some mid-latitude and semi-arid
< TTEEEE ange (°C)
0 3 6 7

regions, and in the South American Monsoon region,

@ in addition: increase of extrem weather events [1]
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IPCC Report (AR6)

Precipitation AR6 (global)

¢) Annual wettest-day precipitation change Annual wettest day precipitation is projected to increase
@GEEE O change (%) in almost all continental regions, even in regions where
40 30 20 10 0 10 20 30 4 CHER=) projected annual mean soil moisture declines.

e for Germany: minor increase of mean precipitation [1]
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Observation data

© Observation data
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Observation data

Local climate highlights recap 2024 [6]

Ref T mean TRer Pinean Pa SuNmean SU”A
61-90 | 10.9°C +2.7°C | 902 mm +14% | 1675h +8.4%

Tabelle: Meteorological mean values for germany in 2024

Temp. | Winter | Spring | Summer | Autumn
Ta +3.8°C | +3.2°C | +2.2°C | +1.7°C

Precip.
Pa +53% | +23% +0% +21%
Sun

Sunp | —2% +4% +15% +5%

Tabelle: Seasonal mean values for germany in 2024
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Observation data

Monthly anomalies

Thermopluviogramm Deutschland

Referenzperiode 1961 - 1930

Sep

60 Winter
40

20

Niederschlagsabweichung [%]
S

Ky 4 -2 0 2 4 6

Temperaturabweichung [K]

[6]
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Observation data

Monthly anomalies

Thermopluviogramm Deutschland T i D
2024 Januar - Dezember 1881 - 2024
Referenzperiode 1961 - 1930 =] Referenzperiode 1961 - 1990 N
sep,
b Fen

1881-2000

60

Winter

/

202
40

rohling 20
-

20

2019

Niederschlagsabweichung [%]
o
Niederschlagsabweichung [%]
o
|
|
I
|

10 o .
20
.
2022
-40 -20 4
.
2018
60 | -30
T T T T T
6 -4 -2 0 2 4 6 3 -2 -1 0 1 2 3

Temperaturabweichung [K] Temperaturabweichung [K]

[6]
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Observation data

Monthly anomalies

[6]

Anomalie der Sonnenscheindauer [%]

100

50 -

50 -

Jan

Feb

Mrz  Apr

Maximum
75 % Quanil
25 9% Quanti
Minimum

Anomalie der Sonnenscheindauer
Deutschiand Monate, Jahreszsiten, Jahr 2024
Referenzzeilraum 1961 - 1960

Mai

Jun Jul Aug  Sep

Statistk
1951-2023

Okt Nov Dez DJF MAM JJA

posilive Anomalie der Sonnenscheindauer
Mittelwert
negative Anomalie der Sonnenscheindauer

SON

(GE

Jahr
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Observation data

Groundwater development

Monthly overview for January 2024

by major hydrogeological district

'
a a.g
] 1
v

[9]

good water level in jan 2024
due to autumn rain in 2023

during summer rain amounts
above the 30 year mean
values

rain deficit in nov and dec
led to reduced ground water
levels

Spoiler 2025: with the dry
spring months ground water
levels are bad (ground
water)
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https://gruvo.bgr.de/website/month
https://gruvo.bgr.de/website/month

Observation data

Groundwater development

Monthly overview fc  Monthly overview for October 2024

@ good water level in jan 2024
due to autumn rain in 2023

by major hydroge by major hydrogeological district

@ during summer rain amounts
above the 30 year mean

P' T e —— values

@ rain deficit in nov and dec
led to reduced ground water

' “ '- levels

| @ Spoiler 2025: with the dry

"'Y l spring months ground water
‘ . levels are bad (ground

water)
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Observation data

Observation context to climate chang

[6]

Deutschland im Klimawandel

Abgebildet sind die positiven und negativen Abweichungen der Lufttemperatur vom Deutscher Wetterdienst %
vieljahrigen Mittelwert 1971 - 2000 sowie die zu erwartende Zunahme bis 2100 Wetter und Kilme auseieer endt g
10 - Temperaturabweichung °C

Klimaprojektionen

DWD-Referen
auf Basis der RC

2024
LOESS filter

Beobachtungen

B86°C
Mittelwert 1971 - 2000

1900 1950 2000 2050 2100
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[6]

Observation data

Erwdrmungstrend in Deutschland starker als weltweit

g sind die positi und negati: Abweichungen der Lufttemperatur vom vieljahrigen Mittelwert 1961 - 1990
fr Deutschland und weltweit

" - vﬁm Trendlinie (LOESS) Deutschland*

Deutschland weltweit +2,5°C

Trendlinie (LOESS) global*
+1,3°C

Temperaturabweichung [°C]

* Zeitraum 1081-2024

1920 1950 1980 2010

e/kiima |
Deutschland: DWD, Global: NOAA
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Observation data

Global climate highlights recap 2024 ([6] and [4])

@ Europe:

mean +1.6°C, northern eu +1.0°C, south eastern eu +3°C
middle europe Pa ~ +50%, eastern and south eastern

Pa ~ —50%

western europe sun deficit ~ —20%, eastern europe ~ +20%

o Global:

mean +1.55°C, mexico > 50°C for several days, Enontekio
(Finnland) —44.3°C

o several heat wave over europe, Spitzbergen —20.3°C in august
e heavy flooding in brazil (april/may), Storm KIRSTI with 180

mm rain in 24 h in baltic states at July, 29th
many category 4 hurricanes and taifuns, longer season
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Conclusion

@ Conclusion
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Conclusion

Context between observations and climate change risks

o from the warmest 10 years since observation begin 8 occured
within the last 10 years, all 12 months in 2024 too warm

@ even stronger increase in extreme weather events both in

intensity and time scale, e.g. longest season of tropical storms
in 2024

@ over all seasons arid and humid months, but arid months in
late 2024 resulting in ground water deficit in 2025

@ shift in regional precipitation values will make more regions
inhabitable in the medium run
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Conclusion

Summary

@ IPCC report presents findings regarding climate change

@ these findings serve as basis for regional analysis of climate
change

@ 1.5°C goal overstepped in 2023 and 2024 with its trend
increasing

@ The year 2024 did not break records in germany, but in the
rest of the world with heat, storms, floods and other extreme
weather conditions
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Conclusion

[ H. Lee Core Writing Team and J. Romero (eds.).
IPCC, 2023: Climate Change 2023: Synthesis Report.
Contribution of Working Groups I, Il and Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate
Change.
IPCC, Geneva, Switzerland, 2023.

[4 DWD.
German Weather Service (Deutscher Wetterdienst).
www.dwd.de, 09 2018.

[ ECMWF.
Data Coverage - Synop, Ship, Temp.
https://charts.ecmwf.int/catalogue/packages/monitoring/products/c
07 2024.
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Conclusion

@ K. Friedrich, D. Niermann, F. Imbery, P. Bissolli, and
S. Haeseler.
Klimatologischer Riickblick auf 2023: Das bisher warmste Jahr
in Deutschland.
www.dwd.de, 1 2025.

[4 Benjamin Held.
Regionalisierung von Klimamodellen.
Diplomarbeit, Leibniz Universitaet Hannover, 2010.

[§ Florian Imbery, Karsten Friedrich, Deborah Niermann, Andreas
Becker, Ursula Klasen, and Geschaftsbereich Klima und
Umwelt.
Klimastatusbericht Deutschland Jahr 2024.
https://www.dwd.de/DE/leistungen /klimastatusbericht/klimastatust
3 2025.
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Conclusion

[§ Various.
Deutschlandfunk.
https://www.deutschlandfunk.de, 07 2025.

[4 Various.
TAZ Tageszeitung.
https://taz.de/Schwerpunkt-Klimawandel /1t5008262//, 07
2025.

[4 Prof. Dr. Ralph Watzel.
Ground water levels and forecast for germany.
https://gruvo.bgr.de/website/month, 06 2025.

[ Wetterzentrale.
Weather reports, forecasts, models.
www.wetterzentrale.de, 10 2018.
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Appendix: IPCC report
© App p
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Appendix: IPCC report

Additional Risk assessment

b) Risks differ by system

e.g. over 100 million
additional people
exposed

e.g. increase in the
length of fire season

[1]

Land-based systems

Carbon

Ocean/coastal ecosystems

e.g. coral
reefs decline
>99%

e.g. coral
reefs decline ‘ [
by 70-90% A
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Appendix: IPCC report

Additional Risk assessment

d) Adaptation and
socio-economic pathways
affect levels of climate
related risks

Limited adaptation (failure to proactively
adapt; low investment in health systems);
incomplete adaptation (incomplete
adaptation planning; moderate investment
in health systems); proactive adaptation
(proactive adaptation management; higher
investment in health systems)

[1]

Heat-related morbidity and mortality

Food insecurity
(a ity, access)

Challenges to Adaptation

The SSP1 pathway illustrates
a world with low population
growth, high income, and
reduced inequalities, food
produced in low GHG
emission systems, effective
land use regulation and high
adaptive capacity (i.e., low
challenges to adaptation).
The SSP3 pathway has the
opposite trends.
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Appendix: IPCC report

Emission models

%atﬁ%?ﬁy Category description (Gsrslgx?;rli)siﬂow(;lcgn\?\;éﬁls RCPy** in WGI & WGII
c o e Vel SR
o) return wg:rming to 1.5‘:5£>50%)
after a high overshoot
c3 limit warming to 2°C (>67%) Low (SSP1-2.6) RCP2.6
c4 limit warming to 2°C (>50%)
(&) limit warming to 2.5°C (>50%)
C6 limit warming to 3°C (>50%) Intermediate (SSP2-4.5) RCP 4.5
c7 limit warming to 4°C (>50%) High (S5P3-7.0)
c8 exceed warming of 4°C (>50%) Very high (SSP5-8.5) RCP 8.5

* See footnote 21 for the SSPx-y terminology.
** See footnote 23 for the RCPy terminology.

*** Limited overshoot refers to exceeding 1.5°C global warming by up to about 0.1°C, high overshoot by 0.1°C-0.3°C, in both
cases for up to several decades.

[1]
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Appendix: IPCC report

Appendix: Local models

CLM-Gitterpunkte

PR PR T TR
0,2'{__ i e

b | FITNAH-Gitter | B

x %

............ tH Neves Gitter
=St |

Nesting of models for local
forecast with various starting
values [5], here Climate
limited-area modelling

Erstreckung iny [

53,0

CLM-Daten vor der Interpolation auf 0,2°-Gitter

80
Erstreckung in x [ * ]

98

95

Temperaturin [°C ]
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Appendix: IPCC report

Appendix: Local models

AA\‘ CLM-Daten vor der Interpolation auf 0,2°-Gitter
95

SR ERE SRR SRR RRARE! T AT ‘7 | 1
][ H : i l 5
»: K i CLM-Daten nach der Interpolation auf dem neuen Gitter
- 95
b | FITNAH-Gitter | B
: ‘ : ’
g % % E 2
=t 5 = 85 =
H B < 2
ImmmsanEmmmsEzEmEsmEsnmEsmsEE: | i 2 g
Neues Gitter H . é
8 3
3 =
I
75
Nesting of models for local
7

forecast with various starting o » @ 5 o o2 w0 om0
. Erstreckung in x [ km ]

values [5], here Climate

limited-area modelling
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Appendix: Local models

CLM-Daten vor der Interpolation auf 0,2°-Gitter

95

. l I9

AA\‘ 540

»_‘ R HEEE R HH T CLM-Daten nach der Interpolation auf dem neuen Gitter
0,2 { H ) 1 95
150
i i W A I
125 2
e | FITNAH-Gitter | H Regionalisierte Daten auf dem FITNAH-Gitter
i ! H = . 95
% %
H t H 9
T T reems o E . E:
3 s 5
o £ g
Nesting of models for local f
o 0 E 75
forecast with various starting
7

values [5], here Climate
limited-area modelling

0 2% 50 75 100 125 150 175

Erstreckung in x [km ]
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Appendix: IPCC report

Appendix: Temperature AR4 (local)

CLM-Daten: Anderung der 30jahrigen Mitteltemperatur
zwischen 1961-1990 und 2000-2030

09
535 L o
<
085 2
— 530 5
° [}
= 2
£ =
2 525 08 =
2 K
5 4
»
5 520
075
515
07

7.0 8.0 9.0 10.0 11.0

Erstreckung in x [ °]

based on data from [5]
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Appendix: IPCC report

Appendix: Temperature AR4 (local)

CLM-Daten: Anderung der 30ja
zwischen 1961-1990 |

CLM-Daten: Anderung der 30jahrigen Mitteltemperatur
zwischen 1961-1990 und 2070-2100

535 | -

53.0

525

Erstreckung iny [°]

52.0

Erstreckunginy [°]

7.0 8.0 9.0

Erstreckung in

based on data from [5]

7.0 8.0 9.0 10.0 1.0

Erstreckungin x [ °]

3.5

34

33

32

3.1

29

Relative Anderung in [ °C |
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Appendix: IPCC report

Precipitation AR4 (local)

[5]

Erstreckunginy [°]

CLM-Daten: Anderung des Wintemiederschlags
zwischen 1961-1990 und 2071-2100

70 8,0 9,0 10,0 11,0

Erstreckung in x [°]

-20

-30

-40

-50

Relative Anderung in [ % ]
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Appendix: IPCC report

Precipitation AR4 (local)

CLM-Daten: Anderung des CLM-Daten: Anderung des Sommerniederschlags
zwischen 1961-1990 zwischen 1961-1990 und 2071-2100
20
10 ¥
. l £
o
= = ; ° 5
= Z :
N H A0 2
> o 2
3 3 20 %
8 8 -
i i
] ] -30
40
51,5
-50
7,0 8,0 9,0 7,0 8,0 9,0 10,0 11,0
Erstreckung i Erstreckung in x [ °]

[5]
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e Appendix: Numerical modelling details
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Appendix: Numerical modelling details

Numerical grid

3
) A
s S
i ; PR
AVAV 8
Separation of the forecast region / / EoRR
Ty s
. . . i AR
by a three-dimensional numerical it fgvéﬁ%m\a“
it DR
i iy OORE A
gl’ld g o N O
Iy vy LX
X SOl
Yy, & VAV, ol Xy o
A T AYAVAVAVAVAY A %Y ASEICIgAA 0 11
101 [2 ¥ OIS S LA
' RKIOOARER (47 ]
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KK ‘uuv‘uvig‘ﬂ" o,
SSEREIEELSE
AVAVAVAVAVAS 27 YA%7
NN TavA L ATAIAVETAVAVAVAYATL 7
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Appendix: Numerical modelling details

Numerical grid

NN

TR
S

i

S5
57

SR

s

0
)

TS

=

475'474‘ VAVAY

Vs, AVAVa s vAVAVAYAVAY

S AV LTI AVAY 250

OO AVAVLGVATAYAVAVAVLS

NI ";gv#uv‘v
A7 O

X
X
Xy i
vaf
)

Al
i
X
0o
N

\
0
i\

Y

Separation of the forecast region
by a three-dimensional numerical
grid

7
7%

[10], 2]
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Appendi

Numerical modelling details

Input data

Geographical coverage

ECMWEF data coverage (all observations) - SYNOP-SHIP-METAR
2024070603 to 2024070609
Total number of obs = 260990

PouT— P—— A s cmn

Atemate w1700
PR T r—

EECMWF

[3]
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Appendix: Numerical modelling details

Input data

Geographical coverage

ECMWF data coverage (all observations) - RADIOSONDE
2024070521 to 2024070603
Total number of obs = 1152

@ rwsen * omorsemnin A memwey

e g, ) [

EECMWF

[3]
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Appendix: Numerical modelling details

Starting conditions

Land use: e.g. city, water, field, forest
Ground-near wind profile: logarithmic function
Large-scale wind speed: different direction

Meteorological data for the starting point from models greater
grid resolution
o Temperature
Pressure
Wind direction and speed
Humidity
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Appendix: Numerical modelling details

Usage of starting conditions

Obs Obs Obs Obs

Beobachtungen zentriert um Analysenzeitpunkt

OGRnndweﬁefﬂrL;\:vonGME(AI=:sh) v
WL
LM —p» |> |> e L l’
W\ / i Bﬂﬁncfhlu/ngen (kpnhm!n{:h wﬂhren;\M;rde}II‘aui) w\]/w

[2]
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Appendix: Basic equations

@ Appendix: Basic equations
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Appendix: Basic equations

@ Die erste Gleichung ist die Erhaltungsgleichung fiir den
Impuls, die Navier-Stokes-Gleichung.

ou; ou; o® 10p M 9% u;

ot + Uk OXk iy Uk Oxi  pOx;i p Ox?

(1)

@ Als Bilanzgleichung fiir die potentielle Temperatur dient der
Erste Hauptsatz der Thermodynamik.

00 00
Bt + Ukaixk = Po (2)
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Appendix: Basic equations

o Als weitere Gleichung dient die Bilanzgleichung fiir die
spezifische Feuchte.

0s Os
— — =P 3
ot " ax, e 3
o Die Kontinuitatsgleichung dient als Bilanzgleichung fiir die
Masse. 5 9 5
P p Uk
g - _ 4
ot "o~ Pox @
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