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The Earth-Atmosphere Energy Balance

The transfer of heat energy

: ©  Conduction - transfer of heat energy from one substance to

another or within a substance (this is due to transfer of heat
energy from molecule to molecule or from atom to atom).

The sun heats the ground
Radiation Metals Gases Building Materials Other Materials
Aluminum 235 Air (dry) 0.026  Asphalt 0.75 Cotton 0.04
Brass 109 Argon (gas) 0.016  Brick dense 1.31 Cotton wool 0.029
hspammiai nses Copper 401 Carbon dioxide (gas) 0.0146  Brick, fire 0.47 Diamond 1000
Convection Gold 314 Helium 0.15  Brick, insulating 015  Engine Oil 0.15
Iron 67 Hydrogen 0.18 Concrete 0.8 Graphite 168
Lead 35 Krypton (gas) 0.0088 Fiberglass 0.048  Ground or soil, dry area 0.5
Nickel 91 Methane (gas) 0.03 Polyurethane foam 0.024  Ground or soil, moist area 15
Silver 428 Nitrogen (gas) 0.024  Rock wool 0.043  Polyethylene - low density  0.33
Sodium (liquid) 86 Steam, saturated 0.0184  White pine 0.11 Polypropylene, PP 0.1-0.22
Sodium (solid) 135 Xenon (gas) 0.0051 Window glass 1 Porcelain 1.5
Stainless steel 14 Wood, oak 0.17 Sulfur, crystal 0.2
Steel, Carbon 1% 43 Uranium dioxide 8.8
. . . . Thorium (metalic) 38 Water 0.58
frost during a cloudless night sky - radiation of the re——r— oy
earth's surface energy Zirconium 26

Zirconium alloy (1% Nb) 18

https://www.noaa.gov/jetstream/atmosphere/transfer-of-heat-energy

https://www.nuclear-power.com/nuclear-engineering/heat-transfer/thermal-conduction/thermal-conductivity/




The Earth-Atmosphere Energy Balance

The transfer of heat energy

: ©  Convection - movement of particles through a substance,
transporting their heat energy from hotter areas to cooler
: . N areas.

R TR ©  Convection is a vertical transport of heat and moisture in the
atmosphere, especially by updrafts and downdrafts in an
S s unstable atmosphere.
Convection

https://weather.metoffice.gov.uk/learn-about/weather/how-weather-works/what-is- 0/C

convectionhttps://www.nesdis.noaa.gov/our-environment/severe-weather/convection




[Dewitte et al, 2022] Total Solar Irradiance

The Earth-Atmosphere Energy Balance:
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TSI (W/m2)
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©  Total Solar Irradiance (TSI), which is defined as the
incoming solar power per unit surface
perpendicular to the sun-earth direction, at the
mean sun-earth distance of 1 Astronomical Unit. T mw mw oz z0 a0 2o
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The Earth-Atmosphere Energy Balance

Total solar irradiance
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1361 -

Total Solar Irradiance (TSI),
which is defined as the incoming

solar power per unit surface /T U TR (S R
perpendicular to the sun-earth e
direction, at the mean sun-earth

distance of 1 Astronomical Unit.
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Solar activity ana global temperature

The Solar constant is not
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The Earth-Atmosphere Energy Balance
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Wavelength [nm]
https://sunclimate.gsfc.nasa.gov/article/solar-irradiance
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The Earth-Atmosphere Energy Balance

Radiation Transmitted by the Atmosphere
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Radiation is absorbed by:
H,O- water vapour
CO,-carbon dioxide

O,- oxygen
https://sunclimate.gsfc.nasa.gov/article/solar-irradiance CH,- "_"ethane )
https://resources.eumetrain.org/data/4/460/navmenu.php?tab=2&page=3.0.0 NO- nitrous oxiede

https://pressbooks-dev.oer.hawaii.edu/atmo/chapter/chapter-2-solar-and-infrared-radiation/




The Earth-Atmosphere Energy Balance

12

UNITS SOURCE SOURCE

Erftied +100  Shortwave radiation from
directly to
Refle8ibd by space the sun.
clouds
19

Absorbed by Absorbed by
atmosphere atmosphere

INCOMING ENERGY OUTGOING ENERGY

-23 Shortwave radiation reflected
back to space by clouds.

Shortwave radiation reflected to
space by the earth's surface.

Longwave radiation from the
atmosphere into space.

Longwave radiation from

4 Reflected by .
clouds into space.

Absorbed by surface
clouds

Longwave radiation from
the earth's surface into space.

A

surface

A7 < Absorbed by the surface 98 24 5  emitedbythesurace 116

+100  Total Incoming Total Outgoing

https://www.noaa.gov/jetstream/atmosphere/energy




The Earth-Atmosphere Energy Balance

INCOMING ENERGY OUTGOING ENERGY

12 UNITS SOURCE SOURCE

Absorbed shortwave radiation by -9 Longwave radiation emitted to

gases in the atmosphere. space by clouds.

Emitted

directly to
Reflected b e 5 3
EJ:.,ZS 4 i -49 Longwave radiation emitted to

space by gases in atmosphere.

Absorbed shortwave radiation by
clouds.

+104 f Absorbed longwave radiation from Longwave radiation emitted to

earth's surface. earth's surface by gases in atmosphere.

Absorbed by Absorbed by
atmosphere atmosphere From convective currents (rising air
warms

the atmosphere).

4 Reflected by
Absorbed by s::chE .
clouds 1

Condensation /Deposition of water
Latent Heat vapor (heat is released into the
(Water Vapor
chariging to
Niquidior ice)

atmosphere by process).

‘ | +156 Total Incoming -156 Total Outgoing
Sensible
Heat

surface

Absorbed by the surface 24 5 Emitted by the surface 116
winliiaalallinod

https://www.noaa.gov/jetstream/atmosphere/energy




The Earth-Atmosphere Energy Balance

12

Emitted

directly to -
Reflected by space +47 Absorbed shortwave radiation
clouds
from the sun.
' +98 Absorbed longwave radiation from
gases in atmosphere.

-116

19 104
Absorbed by Absorbed by
atmosphere atmosphere

-24

» 9

4 Reflected by ¢ \ A
Absorbed by surface L E
clouds \ | +145 Total Incoming -145
Latent Heat
(Wotar Vapor

chariglng to-
Tiquid or ico)

Sensible
Heat

‘surface

Absorbed by the surface 24 5 Emitted by the surface 116
Absldliplealuind

https://www.noaa.gov/jetstream/atmosphere/energy

Longwave radiation emitted by the
surface.

Removal of heat by convection (rising
warm air).

Heat required by the processes of
evaporation

and sublimation and therefore removed
from the surface.

Total Outgoing
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The Earth-Atmosphere Energy Balance

change in solar activity
Albedo change Global mean temperature 1850-2024

Difference from 1850-1900 average
Greenhouse effect

- more CO,, H,0, CH, NO

in atmosphere
Results:

DAILY GLOBAL SURF; PERATURE ANOMALY ,-’Iﬁ Climate
Data: ERAS 1940-2023 » Refer erioc ) + Credit: C3S/ECMWF ( i ey

AN UNION Gpe(_n\CU_S_ cECMWF

https://climate.copernicus.eu/global-temperature-exceeds-2degc-above-pre-industrial-average-17-november

https://wmo.int/news/media-centre/wmo-confirms-2024-warmest-year-record-about-155degc-above-pre-industrial-levetl
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Climate phenomena on Earth

The SOl is calculated as the standardized difference between standardized

Tahiti monthly average sea level pressure anomalies and standardized

Darwin monthly average sea level pressure anomalies.

The base period used for calculating the anomalies is January 1991 to
December 2020. . : : , : , , —

ENSO - El Nino-Southern Oscillation

2

standardized slp difference
o

2

TE 1 1 I 1 1 I 1

December 1997 ) . - Jan Jan Jan Jan Jan Jan Jan
Difference from average temperature ('F) 1960 1970 1980 1980 2000 2010 2020
| e

-9 [] L)

-4 -3 -2

-1 0 2 3 4
standardized slp difference
https://www.climate.gov/news-features/blogs/enso/what-el-nino-southern-oscillation-enso-nutshell 0/(
https://iridl.ldeo.columbia.edu/maproom/ENSO/Time Series/SOl.html




Climate phenomena on Earth

NAO - North Atlantic Oscillation

The North Atlantic Oscillation (NAO) Index describes NAO TEMPERATURE PATTERNS
changes in the strength of two recurring pressure '_ "
patterns in the atmosphere over the North Atlantic: a st
low near Iceland, and a high near the Azores
Islands.
4
3
2
5 1
E o
=
-2
8 Jan-Mar 2010 (left Difference from average temperature (°C) AA Climate.gov
Ja-Mar 1930 {right E——  aa— Data: NCEP/NCAR
5000 2005 2010 2015 2020 2025 =5 " 10
Year

https://www.climate.gov/news-features/understanding-climate/climate-variability-north-atlantic-oscillation




weather events review 2024

Year

© Monthly global surface air temperature anomalies Major water-related events in 2024
Data source: ERAS « Reference period: pre-industrial (1850-1900) - g e e
. . zahkstanan: ghanistan- ndia monsoon
Credit: C3S/ECMWF gg:el gg:’dfl’;'—‘o‘-l’s' gmg:sm Russia spring Pakistan:monsoon | | landslides
2 % snowmelt and floods cause major devastate Bangladesh
2.0°C flash floods causes flooding rain causefloods [ damage L Wayanad 4 mensoon floods
affect millions
1

USA Hurricanes P—
Helene and Milton E::?é;ﬁ%%ﬁ
cause floods and floods displace

major damage millions

Southeast Asia
typhoon Yagi
mazon Basin causes flooding in
U several countries
historic drought
dried rivers, I
causes fires Philippines-
| Vietnam Storm
Tramicauses
Brazit major flash floods
floods hit Rio
Grande do Sul
I— cann oA || SouhSudn | | PapuaNew
:vfe:; irSdon dsroou htcaices seasonal river East Africa major Gu?‘r:: Enga
Jan Feb  Mar Apr  May  Jun Jul Aug Sep Oct Nov  Dec floods displace seve?e cropand food yorsens fioads displace landslide buries
millions water impacts zﬁzznnanan thousands entire villages

resimo. (opemios (F'=%-. CSECMWF

https://sites.ecmwf.int/data/c3sci/global-climate-highlights/2024/chart-gallery/supplementary/GCH2024-gallery-figureS1/figureS1.pdf
https://www.globalwater.online/globalwater/report/index.html#gallery




weather events review 2024

New Year’s Earthquake
Claims at Least 213 Lives in
Japan

A 7.6 magnitude earthquake that hit the
western coast of Japan on Jan. 1 killed at
least 213 people. The AP reported at the time
that eight of the deaths were caused not by
the earthquake itself, but by injuries and
sickness at evacuation centers. Nearly 2,000
homes were destroyed as well, officials said.

&) CREDIT

Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News




weather events review 2024

Selected Significant Climate Anomalies and Events: January 202

v,
He <N

%

@ GLOBAL AVERAGE TEMPERATURE

a n a ry Jan 2024 average global surface temperature ranked highest for Jan since global records began in 1850. V
l l I S <
Tateny oF &

ARCTIC SEA ICE EXTENT
Arctic sea ice extent this Jan ranked 20th lowest on record.

THE ARCTIC

: . " EUROPE
NORTH AMERICA The Arctic Tegion Had its Europe had its 19th-warmest Jan.
5 " 15th-warmest Jan.
North America had its 20th-warmest
Jan on record.

ASIA
Asia had its ninth-warmest Jan.

CONTIGUOUS U.S.
The contiguous U.S. had its 10th-wettest
Jan in the 130-year record. \0

TROPICAL CYCLONE ANGGREK

CARIBBEAN
I (

The Caribbean region had"ﬂ’ ntense cyclone Anggrek was a Cat 3

b storm in the South-West Indian Ocean
its second-warmest Jan.

AFRICA .ia:jlalrll'le most intense tropical cyclone
Africa had its warmest Jan. X
OCEANIA
SOUTH AMERICA ’0 Qceania had its third-warmest Jan.
South America had its warmest Jan
Slieccc TROPICAL CYCLONE BELAL
In mid-Jan, Cyclone Belal grazed the
islands of Réunion and Mauritius in the
CHILE South Indian Ocean as a Cat 2 storm AUSTRALIA
In late Jan/early Feb, firefighters near Valparaiso, Chile resulting in six fatalities. Australia reported its third-warmest
battled wildfires that destroyed an estimated 14,000 and ninth-wettest Jan.
homes and killed at least 120 pecple—the deadliest GLOBAL OCEAN
wildfires on record in South America. For the 10th consecutive month, glabal ocean

surface temperature hit a monthly record high.

6 ANTARCTICA ~

An ica had its fifth-coly n 5
ANTARCTIC SEA ICE EXTENT tarctica had its fifth-coldest Jan on record
Antarctic sea ice extent for Jan ranked fifth lowest.

Please note: Material provided in this map was compiled from NOAX's State of the Climate Reports. For more information please visit: hitps:/www.ncei.noaa.gov/access/imonitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202401




weather events review 2024

Wildfires Kill at Least 136 in
Chile

What were reportedly the deadliest forest fires
in Chilean history scorched the country in
early February. At least 136 people died as of
late February, according to Chilean
government figures shared by the Center for
Disaster Philanthropy. Damage was especially
bad in Chile’s Valparaiso region, including the
coastal city of Vifa del Mar.

3} CREDIT

Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News
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Selected Significant Climate Anomalies and Events: February 2024

-

? s
m GLOBAL AVERAGE TEMPERATURE i
e r l I a ry Feb 2024 average global surface temperature ranked highest for Feb since global records began in 1850. B
%
Mgy oF ©

ARCTIC SEA ICE EXTENT
Arctic sea ice extent this Feb tied 2022 as the 15th lowest on record.

THE ARCTIC EUROPE
The Arctic region had its third- Europe had its warmest Feb and second-
NORTH AMERICA warmest winter on record. warmest winter on record.

North America had its warmest Feb and

s ! ASIA
Wamestwinlezoneeord. Asia had its 26th-warmest Feb and 10th-
warmest winter on record.
CONTIGUOUS U.S. @

GREAT LAKES OF
The contiguous U.S. had its warmest NORTH AMERICA
winter on record. \@) Great Lakes ice cover reached

historic lows in Feb.

CARIBBEAN JAPAN
The Caribbean region had its Japan had its second-warmest
warmest winter on record. \m AFRICA winter on record.
Africa had its second-warmest Feb —@ :
ECUADOR and second-warmest Dec—Feb period
Floods caused by heavy rainfall in northern on record. \T,RQPICALCCYEEDNE %40UNG_D e
and western Ecuador resulted in widespread gouimense Lol CycionelQiolngoun e OCEANIA
damage and population displacement. South-West Indian Ocean was the mostintense  (ceania had its fourth-warmest
& SOUTHERN AFRICA tropical cyclone in Feb but remained at sea Feb and third-warmest Dec—Feb
/@ Southern Africa had generally and caused no damage. on record.
SOUTH AMERICA below-average seasonal rainfall. )
South America had its warmest An area across the Zambia, n ‘6‘
Feb and warmest Dec—Feb period Zimbabwe and Botswana border
on record. had one of its driest Febs in the
past 40 years and large rainfall
deficits exist in neighboring areas. MADAGASCAR
. AUSTRALIA
GLOBAL OCEAN ;2:3:592gf&ms:wgzzzg'sggfgﬁf{é’g liln Australia reported its third-warmest
For the 1ith consecutive month, glabal ocean surface widespread flooding for more than 1.2 summer on record.
temperature hit a monthly record high.

million residents.

ANTARCTIC/@’

Antarctic had its Tith-coolest
ANTARCTIC SEA ICE EXTENT summer on record.

Antarctic sea ice summer minimum extent in Feb tied
with 2022 for second lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https:/www.ncei.noaa.gov/access/manitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202402




Obsarvatoire Francals des Tornades et des Orages Vialents

weather events review 2024

WRF—ARW 4 km [HRRR] recipitations 24h (mm)
inft.  09MARZ024 03Z
valid. Sat 09 MAR 2024 09:00Z

WWHLKEraUnas.org

KERAUMOS | Pole Prevision ARW—Core Hi-Res Ropid-Refresh Forecast

www.keraunos.org

28 Johan Rouquet X
@JohanRouquet - Suivre
Nouvel éboulement chemin du Mont-Gros a

#Nice06 apres celui du week-end dernier quelques
métres a coté.

Les fortes précipitations font de nouveau dégats ce
dimanche.
(Documents récupérés)

6:37 PM - 3 mars 2024 ®

Andreas Miranda x
@MirandaAndreas?2 - Suivre

)

Une mini tornade a eu lieu sur Antibes |I'heure est au
constat... plusieurs arbres couchés sur des voitures,
des routes barrées,...

4:40 PM - 3 mars 2024 ®
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Selected Significant Climate Anomalies and Events: March 2024

GLOBAL AVERAGE TEMPERATURE

T
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Ao s 3

o

Mar 2024 and Jan-Mar 2024 ge global surface temp

ARCTIC SEA ICE EXTENT
Arctic sea ice winter maximum extent occurred
on Mar 14 and was 14th lowest on record.

NORTH AMERICA
North America had its ninth-warmest Mar
and fourth-warmest Jan—-Mar on record.

CARIBBEAN

The Caribbean region had its warmest

Mar and warmest Jan—Mar on record.
SOUTH AMERICA
South America had its warmest Mar

and warmest Jan—Mar on record.
BRAZIL \@’

Heavy rains led to flooding and landslides

SOUTHEASTERN FRANCE
Heavy rain from Storm Monica
resulted in severe floods in
southeastern France and
monthly precipitation 8
exceeding 400% of normal

were widespread.

AFRICA

record.

in southeastern Brazil; more than two dozen
deaths were reported. 0
‘6‘
ARGENTINA TROPICAL STORM FILIPO

Severe Tropical Storm Filipo made
landfall in Mozambique. Strong
winds and heavy rain damaged or
destroyed thousands of homes

Record rains fell in less than six hours in

northeast Argentina leading to widespread ‘0‘
damage. Severe storms in Buenos Aires )
Province brought daily rainfall that exceeded

monthly normals. and killed or injured dozens
of people.

GLOBAL OCEAN

Global ocean surface temperature hit a monthly

record high for the 12th consecutive month in Mar.

20

Africa had its warmest Mar and
second-warmest Jan-Mar on

es ranked warmest since global records began in 1850. b

<

“haguy of ¢

MONGOLIA

Approximately 25% of Mongolia remained
snow covered following an unusually harsh
winter with heavy and persistent snow
leading to millions of livestock deaths.

EUROPE

Europe had its second-warmest
Mar and second-warmest Jan—
Mar on record, Germany had a
record warm Mar.

(%

7 2
Q ASIA
Asia had its 12th-warmest Mar

INDONESIA on record.
Heavy rainfall triggered flooding
and landslides, damaging
infrastructure and leading to
loss of life in West Sumatra.

TROPICAL CYCLONE MEGAN
Severe Tropical Cyclone Megan made
landfall as a Cat 3 storm in Northern
Territory Australia on Mar 18. It brought
significant damage to ports and major

‘3‘ flooding.
OCEANIA
TROPICAL CYCLONE GAMANE Oceania had its second-
Tropical Cyclone Gamane made landfall warmest Jan-Mar on
in northeast Madagascar with heavy rain record.
leading to the displacement of thousands AUSTRALIA

and the reported deaths of at least 18

people. Australia tied for 10th-warmest

Mar on record, with South
Australia record warm.

ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent for Mar ranked fifth lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: hitps://www.ncei.noaa.gov/access/monitoring/manthly-report/glabal/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202403
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Selected Significant Climate Anomalies and Events: April 2024

GLOBAL AVERAGE TEMPERATURE
Apr 2024 global surface temperature ranked warmest since global records began in 1850, the 11th consecutive record-warm month.

KERAUNOS
iarritz (64)

Record mensuel de minimale

THE ARCTIC
The Arctic had its sixth-warmest Jan-Apr on record
NORTHERN HEMISPHERE

d and Arctic sea ice extent for Apr was 16th lowest
Northern Hemisphere snow cover extent on record.
for Apr was lowest on record. SOUTHWEST RUSSIA

P Unusually heavy rain combined with melting snowpack
led to severe flooding and widespread displacement in
southern Russia and neighboring Kazakhstan.

22 o NORTH AMERICA ASIA
¥ North America had its second-warmest AL@ /@’ (@_\ Asia had its third-warmest Apr and

and second-warmest Jan—Apr on record. 10th-warmest Jan—Apr on record.

EUROPE
Europe had its second-warmest Apr SOUTHEAST ASIA
i CARIBBEAN and warmest Jan-Apr on record. Record warm Aprin much of Southeast
Cette valeur bat également les records de The Caribbean region had its warmest

minimale de mai et de juin.

Asia and a heat with high temp
Apr and Jan—Apr on record. exceeding 100-110°F affected many areas
\@ () from India to southeast China and the
UAE AND OMAN Philippines.
SOUTH AMERICA AFRICA Extreme rain storms with as much

South America had its warmest Apr and Africa had its fourth-warmest Apr and ini
p pi as one to two years of rain in 24 OCEANIA

10th consecutive record-warm month. second-warmest Jan—Apr on record. hours brought major disruption in 3 o
\(Jl) the UAE and Oman with reports Oceania had its ninth-warmest
of more than 20 deaths. Jan-Apr on record.
SOUTHERN BRAZIL ;

Torrential rains in the last days of Apr and early

May led to catastrophic flooding in Rio Grande

do Sul, displacing thousands and leading to EAST AFRICA 5

dozens of deaths and more missing. ()  Unusually heavy rains led to flooding
that displaced hundreds of thousands
with reports of hundreds of deaths in
Kenya and Tanzania.

TROPICAL CYCLONE OLGA
While Severe Tropical Cyclone Olga
was the most intense tropical cyclone
of the Australian region’s tropical
cyclone season, with maximum
sustained winds reaching 220 km/h

GLOBAL OCEAN (135 mph), it remained at sea and AUSTRALIA
Global ocean surface temperature caused no damage. Apr was cooler than average for Australia,
hit a monthly record high for the and the coolest since 2015.

13th consecutive month in Apr.

ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent for Apr ranked 10th lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/

www.keraunos.org
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202404
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May

Extreme heat across southeast Asia
Y, 2 i

INDIA IS

b Schools closed | RN I I
due to heat y )
‘ Philippines . ! \

43C

Kolkata
India 43C k S
Recorded at seven \
48C w_eather stations
; Chauk Victam Landslide Claims at Least
ot J; Wyanmar . ’ 670 Lives in Papua New

30 deaths 20 soldiers killed & A, *
Attributed to in ammunition blast : l/‘ Guinea
heatstroke Cambodia A o =
Thailand o A deadly landslide in the South Pacific island

nation of Papua New Guinea killed at least
Guardian graphic. Source: Ventusky.com. Snapshot of 'feels like' temperatures at 4pm, Indochina time, 1 May 670 people in late May, according to the U.N.
But that number could have been higher in the
end, as a government official told the U.N. that
more than 2,000 people were believed to have
been buried by the landslide.

https://www.theguardian.com/environment/article/2024/may/04/inside-an-oven-how-life-in-south-east-asia-is-a-struggle-amid-sweltering-heat
https://www.tgnns.com/news/extreme-heatwave-in-india-why-2024-is-the-hottest-year/2024/05/26
Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News
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Selected Significant Climate Anomalies and Events: May 2024

GLOBAL AVERAGE TEMPERATURE

May

THE ARCTIC

May 2024 global surface temperature ranked warmest since global records began in 1850, the 12th consecutive record-warm month.

The Arctic had its sixth-warmest Jan—May. Arctic sea

ice extent for May tied for 12th lowest on record.

NORTH AMERICA
North America had its third-warmest Mar—May
and second-warmest Jan—-May on record.

MEXICO

A prolonged heatwave brought numerous
all-time record-high temperatures in a country
enduring widespread drought and led to dozens
of fatalities and many wildlife deaths.

——@

CARIBBEAN
The Caribbean region and the Main Developmenl,__{l’
Region for Atlantic hurricanes had their warmest

May, Mar-May and Jan-May on record.

SOUTH AMERICA
South America had its warmest Mar-May
and Jan-May on record.

SOUTHERN BRAZIL
Continued heavy rains that began in late April

Rio Grande do Sul, displacing more than half a
million people and causing more than 160 deaths.

GLOBAL OCEAN

Global ocean surface temperature
hit a monthly record high for the 14th
consecutive month in May.

CENTRAL EUROPE
Germany and Austria had theirwarmest
spring seasons on record dating to the

1800s, based on preliminary data. \@

®,
brought unprecedented flooding to the state of

EUROPE

Europe had its warmest Mar-May

and Jan-May on record.
ASIA

AFGHANISTAN

Heavy rains led to flash flooding in ®
Afghanistan with the most sever
impacts in northern areas of the

country. More than 300 people
died and thousands of homes
were destroyed.

AFRICA

Africa had its warmest
May, Mar-May and
Jan-May on record.

TROPICAL CYCLONE HIDAYA
Tropical Cyclone Hidaya made landfall as
a weakening tropical storm in Tanzania.
At least two deaths were reported due to
flash flooding related to the storm.

ANTARCTIC SEA ICE EXTENT

Asia had its fourth-warmest Mar—May and
eighth-warmest Jan-May on record.

INDIA AND PAKISTAN

A persistent heatwave in India
and Pakistan during the latter
half of the month, with daily
high temperatures exceeding
48°C (118°F) in many locations,
resulted in strained water
supplies and many deaths.

TYPHOON EWINIAR
Typhoon Ewiniar winds peaked
at 105 mph. It brought damaging
winds and significant flooding to
the Philippines and Japan,
displacing thousands of people
and resulting in at least seven
fatalities.

CYCLONE REMAL

Cyclonic Storm Remal made landfall
near the Bangladesh-India border in
late May causing severe flooding and
landslides, with significant infrastructure
and crop damage and reports of more
than 50 deaths and many more injured.

OCEANIA
Oceania had its sixth-warmest May
and fifth-warmest Jan—May on record.

Antarctic sea ice extent for May ranked fifth lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202405
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RECORDS DE CHALEUR

POUR UN 3 JUIN

MONTREAL 30,8° 30,6° (1967)
RADISSON 28,4°  23,1° (2006, 2023)
FERMONT 25,5° 24,1° (1987)
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Heat Wave Kills at Least
1,300 During Hajj Pilgrimage
in Saudi Arabia

=) Black wind arfows

A brutal heat wave during the five-day Hajj -
the annual Islamic pilgrimage to the holy city
of Mecca — killed at least 1,300 people in
June, according to the Washington Post.
Saudi officials said many of the dead were
unregistered pilgrims, who don't have access
to air conditioned venues and face dangerous
sun exposure. More than 2,000 people were treated for heat stroke during the Hajj this year,
durln% which temperatures in Mecca topped 125 degrees Fahrenheit.

er/first-significant-heatwave-summer-2024-forecast-europe-mk/

https://wmo. mt/medla/news/more extreme-heat-demands-coordinated-action
Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News

https://www.meteomedia.com/fr/nouvelles/meteo/previsions/chaleur-une-region-du-quebec-se-souviendra-longtemps-de-ces-records

< ECMWF
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Selected Significant Climate Anomalies and Events: June 2024

GLOBAL AVERAGE TEMPERATURE
Jun 2024 global surface temperature ranked warmest since global records began in 1850, making it the 13th consecutive record-warm month.

June

THE ARCTIC
The Arctic had its seventh-warmest Jun and sixth-warmest Europe had its second-warmest Jun
Jan-Jun. Arctic sea ice extent for Jun was 12th lowest on record. and warmest Jan—Jun on record.

NORTH AMERICA \@
North America had its fourth-warmest Jun

EUROPE

GREECE

An early-season heat wave hit Greece in Jun,
with multi-day temperature exceedances of
HURRICAN,E BERYL 4 38°C (100°F) in many places. The extreme
Became the first Category 4 hurricane ™ ot Jed to the deaths of several tourists.

observed in the Atlantic Ocean during
the month of Jun. Beryl made landfall i

and second-warmest Jan—Jun on record.

TROPICAL STORM ALBERTO

The first named storm of the Atlantic 2024
hurricane season peaked with sustained
winds of 50 mph (80 km/h) before making

SOUTHEASTERN CHINA
On top of deadly floods in Apr, more heavy

in Carriacou, Grenada as a Category 4 rainstorms in Jun caused loss of homes,

¢ 3 hurricane and caused extensive and ;
:ﬁ \rﬂs"r;?n:?:; f;r}‘r::;;ﬁg,:‘l;err:préiasvy very severe damage actass 19 ?ssialﬁad its warmest Jun ) ;%%dt\;;azfn‘:ngf ?é?gﬁgad;en;?ﬁseal: dcrops
of several deaths. Windverd |slandsbefore mellid and fourth-warmest 0D WY missing persons.

i further into the Caribbean. 0 ST o 000
EL SALVADOR BANGLADESH
Heavy rainfall in El Salvador and Qgﬁ \b Heavy monsoon rainfall in Bangladesh affected
neighboring countries caused more than two million people in Jun. Flooding
flooding and landslides that led AFRICA and landslides led to loss of life and damage to
to widespread displacement and

more than a dozen deaths.

CARIBBEAN

The Caribbean region and the Main
Development Region for Atlantic
hurricanes had their warmest Jun
and Jan-Jun on record.

record.

m\SOUTH AMERICA

PANTANAL

More than 2500 wildfires were reported in
the world’s largest tropical wetlands in Jun,
the most ever so early in the year.

South America had its warmest
Jun and warmest Jan—Jun on

Africa had its warmest Jun and homes and infrastructure.

warmest Jan—Jun on record.

GLOBAL OCEAN
Global ocean surface temperature hit
a monthly record high for the 15th

(3

consecutive month in Jun.

SOUTH AFRICA

Heavy rainfall, strong winds and hailstorms
affected southern and eastern South Africa
in early Jun, causing river overflows and
reports of at least 12 fatalities.

OCEANIA
Oceania had its seventh-warmest
Jan-Jun on record.

ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent for Jun ranked second-lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https:/iwww.ncel.noas.gov/access/monitoring/monthly-reportigloball

https: //www.ncei.noaa.gov/access/monitoring/monthly-report/global/202406



Weather events revi ew 20 24 Japan sweltered through its hottest July

Most of Western Europe will face a short but intense heatwave >'"“€ records bega_n 126 years ago, the
as the Olympic Games 2024 kick-off. A warm plume of air mass weather agency sa.|d, as extreme heat
will spread temperatures exceeding the +40 °C threshold across waves fueled by climate change engulfed

parts of France and close to +45 °C in Spain again. many parts of t_he globe.
;w‘gf T A e ' Temperatures in the country were 2.16

degrees Celsius higher than average,
breaking last year's record for July of 1.91
degrees Celsius above average

B (oo

&
Temperature anomalies @850 hPa

Temperature anomalies @850 hPa

https://www.severe-weather.eu/global-weather/heatwave-olympic-games-weather-forecast-france-2024-western-europe-mk/
https://phys.org/news/2024-08-japan-hottest-july-began.html
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Selected Significant Climate Anomalies and Events: July 2024

GLOBAL AVERAGE TEMPERATURE

Jul 2024 global surface temperature ranked warmest since global records began in 1850, making it the 14th consecutive record-warm month.

THE ARCTIC

The Arctic had its third-warmest Jul and fifth-warmest
Jan-Jul. Arctic sea ice extent for Jul was sixth lowest
on record.

EUROPE

Europe had its warmest Jul and
warmest Jan-Jul on record.

HURRICANE BERYL

Following a destructive landfall in Grenada
in Jun, Beryl peaked in Jul as the earliest
Category 5 hurricane on record. Beryl also
made landfall on the Yucatan Peninsula and
southeast Texas.

NORTH AMERICA
North America had its second-warmest Jul

and second-warmest Jan—Jul on record.

CARIBBEAN

The Caribbean region and the Main
Development Region for Atlantic
hurricanes each had their warmest
Jan-Jul on record.

AFRICA

SOUTH AMERICA ETHIOPIA

South America had its warmest
Jan-Jul on record.

Africa had its warmest Jul and
warmest Jan—Jul on record.

Heavy rain in remote areas of
southwestern Ethiopia led to

MEDITERRANEAN

A series of heatwaves in several Mediterranean countries
brought widespread temperature exceedances of 100°F and
hundreds of deaths that were likely related to heat. Greece
had its warmest Jul on record.

PERSIAN GULF
Heat indices in parts of the Persian
Gulf region reached extreme levels in
Jul as temperatures exceeding 105°F
and Gulf water temperatures above
90°F led to feels-like temperatures
of 140°F or higher.

ASIA
Asia had its warmest Jul and fourth-
warmest Jan-Jul on record.

TYPHOON GAEMI

Gaemi, a Category 4 equivalent typhoon,
caused significant flooding and wind
damage in Taiwan and China.

PHILLIPPINES
0y Heavy rains associated with the
southwest monsoon and Typhoon
Gaemi triggered widespread flash

floods, where more than 30 deaths
were reported.

TROPICAL STORM PRAPIROON
Severe Tropical Storm Prapiroon caused
floods and landslides that led to extensive
damage in southern China and northern
Vietnam.

landslides that killed more than
200 peaple and destroyed crops

and homes.

PATAGONIA /@)

Extreme cold temperatures
caused wildlife deaths in
southern South America.

OCEANIA
Oceania had its eighth-warmest
Jan-Jul on record.

GLOBAL OCEAN

Global ocean surface temperature was second
warmest for Jul, ending a streak of 15 consecutive
monthly record highs.

ANTARCTIC SEA ICE EXTENT
The Antarctic tied as fifth-warmest Jul and sea ice extent for Jul ranked second lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https:/iwww.ncei noaa.gov/accessimanitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global /202407
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weather events reView 20 24 Des inondations catastrophiques touchent

le Gujarat en Inde en raison de la présence
d'une zone de basse pression stationnaire
(qui pourrait évoluer en cyclone en mer
d'Arabie plus tard). Des cumuls de plus de
500 mm sont localement relevés et les

pluies vont se poursuivre, Certaines

modélisations envisagent des cumuls totaux
localement supérieurs a 1000/1200 mm.

KeRAUNOS

Orages trés pluvieux le 13 aolt

Des pluies intenses ont été observées sous orages le 13 aolt et dans la nuit du 13 au 14,
notamment prés des Pyrénées, ainsi que de 'Auvergne/Rhéne-Alpes jusqu’a la Bourgogne et
a la Lorraine. Les lames d‘eau dépassent parfois 100 mm en quelques heures, et 12 stations
ont mesuré plus de 60 mm.

Mosaique lame d'eau - Cumul sur 24h (mm)

14 aodt 2024 : 0BRSS loc

ST-MARTIN-DU-M (21) 100,9 mm

COs (08)

ADIE (64) 872mm

CHAUMONT-SEMOUTIERS (52) 764 mm

LANNE-EN-BARETOUS_SAPC (64) 756 mm

MAXEY-SUR-VAISE (55) 72,7 mm

MOTTE-MOLINES (05) 69,8 mm

NONSARD (55) 67,9 mm

FAVERGES (38) 648 mm

VILLAR LOUBIERE (05) 63,4 mm

LE MAS D AZIL (09) 63,0mm

MENDIVE_SAPC (64) 61,3 mm ¥ rerauNOS

www.keraunos.org
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Selected Significant Climate Anomalies and Events: August 2024

m GLOBAL AVERAGE TEMPERATURE

Aug 2024 global surface temperature ranked warmest since global records began in 1850, making it the 15th consecutive record-warm month.

THE ARCTIC

The Arctic had its fourth-warmest Aug, and fifth-warmest
Jun-Aug and Jan-Aug on record. Arctic sea ice extent for

Aug was fourth lowest on record.

NORTH AMERICA EUROPE

North America had its third-warmest
Aug and second-warmest Jun-Aug
and Jan—Aug on record,

HURRICANE DEBBY

Peaked as a Category 1 hurricane with maximum
sustained winds of 80 mph. It made landfall twice—
in the Big Bend region of Florida as a hurricane and
as a tropical storm along the South Carolina coast,
bringing flooding rains.

CARIBBEAN
The Caribbean region and the Main
Development Region for Atlantic

hurricanes each had their warmest

Jan—-Aug on record. /([D
SOUTH AMERICA

South America had its warmest
Jan-Aug, third-warmest Jun-Aug
and sixth-warmest Aug on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more

Europe had its warmest Aug, Jun-Aug and
Jan-Aug on record. Countries with a record-
warm Aug included Spain and Austria.

AFRICA

Africa had its third-warmest
Aug and warmest Jun-Aug
and Jan-Aug on record.

P

ARCTIC

Aug was record warm in several locations

of the Norwegian and Swedish Arctic.
ASIA
Asia had its second-warmest Aug, warmest Jun-Aug
and fourth-warmest Jan-Aug on record.

BANGLADESH CHINA »
Flooding associated with relentles: Heavy rain in northeast China
rains caused widespread produced flooding that led to more
destruction, led to more than 70 0 than a dozen deaths and extensive
0‘0 damage to infrastructure.

o

TYPHOON SHANSHAN

Peaked as a Category 4 equivalent typhoon
with winds of 130 mph. Made landfall in Japan
as a strong typhoon, causing several deaths
and significant damage due to high winds and
flooding rains.

deaths and affected millions of.
people. N

R

CYCLONE ASNA

Only the fifth cyclone to develop in the
North Indian Ocean in Aug since 1981;
peaked as a moderate-strength tropical
storm. Heavy rains associated with the
storm led to severe flooding and dozens
of deaths in India.

AUSTRALIA /Q)OCEANM

Australia had its warmest Aug since ~ Oceania had its warmest Aug and
national records began in 1910. Jun—Aug and its second-warmest
Jan-Aug on record.

CENTRAL AFRICA

A continuation of torrential rains in Chad
and neighboring countries to the west
caused flooding that affected more than
2 million people with hundreds of deaths
and large-scale community displacement.

GLOBAL OCEAN

Global ocean surface temperature was second
warmest for Aug and Jun—Aug, and warmest on
record for Jan-Aug.

THE ANTARCTIC
The Antarctic had its second-warmest Aug and third-warmest Jun-Aug, and sea ice extent
for Aug ranked second lowest on record.

mation please visit: https://www.ncel.noaa.gov/access/monitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202408
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Floods in central-eastern Europe - September 2024

& " v
climatebook

On 11 September, central Europe was hit by an unusual low-pressure storm called
Boris. Heavy rain caused flooding in several European countries including Poland,
the Czech Republic, Slovakia, and Romania.

-
u

Storm Boris then moved southwards, leading to very heavy rainfall in northern and b:':\:jfi/ -
central-eastern ltaly, in particular the Emilia Romagna and the neighbouring W
Marche regions, also causing floods and triggering landslides. F)f
The CEMS On-demand mapping component has received the following activations "ﬁ“kvc, =
to monitor the flood extent and assess the damage: 4
Flood in Croatia “
Flood in Lower Austria, Austria

Flood in Germany

Flood in Emilia-Romagna, Italy

Flood in Dresden, Germany

Flood on the Danube in Hungary, Austria, and Slovakia
Flood in Galati and Vaslui counties, Romania

Flood in March, Morava Basins, Slovakia

Flood in South West Poland

Flood in Brandenbourg, Germany

COPNIGTHWN =

=

https://emergency.copernicus.eu/news/floods-in-CENtrat-cd

Accumulated precipitation [mm]
[

Flooding and Landslides
Claims at Least 192 Lives in
Nepal

Two days of heavy late September rain in
Nepal proved to be deadly, with the resulting
floods and landslides leaving at least 192
confirmed dead and more reported missing as
of Sept. 30, according to Reuters. The effects
were particularly devastating in the
Kathmandu Valley, home to millions of
residents and the country’s capital of Katmandu, where officials recorded some of the highest 24-
hour rainfall totals in decades. The effects of the low-pressure system also left more than
100,000 people stranded in northern areas of Bangladesh.

(2 CREDIT

- Typhoon Yagi Kills More
oy * Than 500 Across Several
- Southeast Asian Countries

bl o

The super typhoon caused severe flooding

_ andlandslides in early September. There were
at least 300 deaths in Vietnam, 226 in

i Myanmar and dozens more across Laos,

| Thailand and the Philippines, according to the

Center for Disaster Philanthropy. Deaths were

! also reported in China.

https://smoglab.pl/europa-walczy-z-powodziami-2024/

Here Are 10 of the Deadliest Natural Disasters in 2024 | Best Countries | U.S. News
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Tropical Storm Trami Claims

OCtO ber More Than 100 Lives in the
: Philippines

: : ™ a The tropical cyclone, called Kristine locally,

‘ L.MJ caused major flooding and landslides in the

Agencia Estatal de Meteorologia northwestern Philippines in late October,
Precipitacion acumulada killing at least 141 people and injuring dozens

29 de octubre de 2024
ncu':mﬁ . more, according to the U.N. The Associated

[ Jo0-1.0 Press reported at the time that some areas
[ 111-20 got one to two months’ worth of rainfall in a

5 :1 ?600 24-hour span.

[]10.1-15.0
I 15.1 -20.0

~|201-300 . 5
H 301.400 Heavy Flooding Kills at Least

| Ja01-600 224 in Spain

[ ]e0.1-80.0 Catastrophic floods that hit eastern Spain at
80.1-100.0  the end of October claimed at least 224 lives.

- 100.1-125.0 At least 216 of the deaths occurred in the
B 125.1 - 150.0

[ 150.1 - 200.0
[ 1200.1-300.0
[ ] >3000

I8 CREDIT

region of Valencia, and about half of
Valencian dead were 70 or older, according to
police data reported by The Guardian.
Valencia residents have been strongly critical
of local authorities and the national
government over their handling of the disaster.

https://wmo.int/media/news/devastating-rainfall-hits-spain-yet-another-flood-related-disaster
https://www.usnews.com/news/best-countries/slideshows/here-are-10-of-the-deadliest-natural-disasters-in-2024?slide=2"6
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Selected Significant Climate Anomalies and Events: October 2024

GLOBAL AVERAGE TEMPERATURE
‘ O e r Oct 2024 global surface temperature ranked second warmest and Jan-Oct ranked warmest since global records began in 1850.

GLOBAL SEA ICE ARCTIC
Global sea ice extent for Oct ranked lowest on record. The Arctic had its warmest Oct and tied as
GLOBAL LAND third-warmest Jun—Oct on record. Arctic sea ice ASIA
extent for Oct was fourth lowest on record. Asia had its fifth-warmest Oct and

second-warmest Jan-0ct on record.
India and Pakistan had their warmest
QOcts on record.

Global land surface alr temperature was
warmest on record for Oct and Jan-Oct.

SUPER TYPHOON
KRATHON

Peaked as a Category
4-equivalent super typhoon with
one-minute sustained winds of
145 mph before making landfall
on the western plains of Taiwan
with reports of widespread
damage and several fatalities.

EUROPE

Europe had its
fourth-warmest Oct and
NORTH AMERICA *ﬂ’ warmest Jan-Oct on record.
North America had its warmest Oct 1y
and warmest Jan-Oct on record. 0‘0

HURRICANE MILTON ﬂ
Made landfall on the west coast of Florida
SPAIN
less than two weeks after Hurricane Helene (ﬂ)/CARiBBEAN R bEloiduelosTiEn

devastated parts of the same area. It was The Caribbean region
& had its warmest Ogcl In southern Spain

SUPER TYPHOON
KONG-REY

Kong-rey was the first
typhoon on record to make

the second Category 5 hurricane of the
Atantic season and fhe strongest tropical and warmest Jan-Oct ~ Caused catastrophic PHILIPPINES sl
cyclone worldwide in 2024 to date. onrecord. destrudtionand more Heavy rain, flooding and
than 200 deaths in the landslides associated with ;11|d-|0c|tobelr andl o S“ﬁqd
. ropical cyclone in a week to
SOUTH AMERICA ' ' area of Valencia, Tropicaixstorrg Trami Igd to mass Imgacu% Philpplnes.
South America had its second-warmest ?r},f?:gtarugll:.lsr'e aarrl]aar%% et of
Oct and warmest Jan-Oct on record. fiatahianaes et
SOUTH AMERICAN DROUGHT——@
Severe drought conditions continued to AFRICA
affect large parts of South America as Africa had its 10th-warmest Oct
near-record heat dominated the continent and warmest Jan-Oct on record. OCEANIA
and wildfires occurred in many areas. Qceania had Its
second-warmest Oct
and its warmest
AUSTRALIA Jan-Oct on record.
GLOBAL OCEAN Australia had its second-warmest Oct since
Global ocean surface temperature was national records began In 1910.
second warmest for Oct and warmest
on record for Jan-Oct.
ANTARCTIC SEA ICE EXTENT
The Antarctic had its 11th-warmest Oct, and sea ice
extent for Oct ranked second lowest on record.
access/mor portiglobal/

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more inf ion please visit: hitp: ncei.noaa

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202410
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Selected Significant Climate Anomalies

GLOBAL AVERAGE TEMPERATURE

November

GLOBAL SEA ICE ARCTIC

Global sea ice extent for Nov ranked second lowest on record.

Nov 2024 global surface temperature ranked second warmest and Jan—-Nov ranked warmest since global records began in 1850.

and Events: November 2024

‘w’*
s, /2
A

The Arctic had its second-warmest Nov and warmest Sep—-Nov on

record. Arctic sea ice extent for Nov was third lowest on record.

NORTH AMERICA
North America had its
third-warmest Nov and
warmest Sep-Nov and

Jan-Nov on record. GULF OF MEXICO AND CARIBBEAN

The Gulf of Mexico had its warmest Nov and
Sep-Nov while the Caribbean re[?ion had its
second-warmest Nov and tied 2023 as
warmest Sep—Nov on record.

ENGLAND AND WALES

HURRICANE RAFAEL

Wales and s¢

EUROPE

Europe had its third-warmest

ASIA

Asia had its warmest Nov and
second-warmest Sep—Nov
and Jan—Nov on record.
Pakistan reported its warmest
Nov and Japan its warmest
Sep-Nov on record.

Made landfall in Cuba as a Cat 3 storm
before tying with 1985's Hurricane Kate
as the strongest Nov hurricane in the Gulf
of Mexico on record.

AFRICA ——@
Africa had its eighth-warmest

Nov, seventh-warmest
Sep-Nov, and warmest
Jan-Nov on record.

SOUTH AMERICA FLOODING
Torrential rainfall across Colombia’s
Pacific Coast and Andean regions led to
widespread flooding and landslides. In La
Paz, Bolivia, heavy rains after prolonged
and severe drought caused landslides

Sep—Nov and warmest
Jan—Nov on record.
Storm Bert brought more than 6 inches (152 mm) of rain in
3 days to parts of lales an B
England. Severe flooding caused widespread disruption,

forced evacuations, and inundated hundreds of properties
with at least five deaths directly linked to the storm.

SUPER TYPHOON PEPITO
Became the sixth tropical system
to affect the Philippines in less
than a month, and one of four
tropical cyclones to
simultaneously exist in the
Western Pacific during Nov, the
first occurrence since records
began in 1951.

i
a4

CYCLONIC STORM FENGAL
Made landfall on the southeast coast of

heavy rainfall.
talities were

RO 1 UGANDA
and flooding with extensive damage. Unisially heavy rainfall india with excepkonal!,
since Oct tri gered More than two dozen fa S
flooding anug dslid reported in Sri Lanka and India due to
SOUTH AMERICA that displaced ing and ides.
South America had its second-warmest hundreds and killed at
Nov and Sep-Nov, and warmest least 25 people.
Jan-Nov on record.
GLOBAL OCEAN
Global ocean surface temperature was second
warmest for Nov and Sep—Nov, and warmest on
record for Jan—-Nov.
ANTARCTIC

Antarctic sea ice extent for Nov ranked lowest on record.

OCEANIA

Oceania tied for its
second-warmest Nov and
had its warmest Sep—Nov
and Jan-Nov on record.

THAILAND AND MALAYSIA
Unusually heavy rains led to widespread
flooding in Thailand and neighboring
Malaysia causing mass evacuations and at
least a dozen fafalities.

AUSTRALIA

Australia had its
fifth-warmest Nov and
warmest Sep-Nov since
national records began
in 1910.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: hitps:/www.ncel.noaa.gov/access/monitoring/monthly-report/globalf

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202411
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Selected Significant Climate Anomalies and Events: December 2024

GLOBAL AVERAGE TEMPERATURE

December

THE ARCTIC

The Arctic region had its second-warmest Dec on record.
Arctic sea ice extent for Dec was lowest on record.

NORTH AMERICA /@
North America had its second-warmest

Dec on record.

CARIBBEAN
The Caribbean region had its
warmest Dec on record.

SOUTH AMERICA
South America had its
sixth-warmest Dec.

GLOBAL OCEAN
Global ocean surface temperature
was second warmest for Dec.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more

Dec 2024 global surface temperature ranked second warmest since global records began in 1850.

GLOBAL SEA ICE
Global sea ice extent for Dec ranked
fourth-lowest on record.

EUROPE
Europe had its sixth-warmest——(\ﬂ’
Dec on record.

GLOBAL LAND

ASIA

o= s,

k<

Global land surface air temperature was
second-warmest on record for Dec.

(@/ Asia tied as the second-warmest
Dec on record.

AFRICA
Africa had its ninth-warmest
Dec on record.

TROPICAL CYCLONE CHIDO

Very intense Tropical Cyclone Chido made three
landfalls; destroyed most of the structures on
the Mauritian island of Agaléga and on the
French island of Mayotte. The strongest
tropical cyclone to strike those islands in
decades, it killed hundreds before making a
last landfall in northern Mozambique with more
than 100 fatalities and extensive damage.

ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent for Dec ranked 10th-lowest on record.

OCEANIA
Oceania tied as the second-
warmest Dec on record.

AUSTRALIA

Australia had its third-warmest
Dec since national records
began in 1910.

please visit: https:/ ncei.noaa.gov/ac

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202412
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Selected Significant Climate Anomalies and Events: Annual 202

GLOBAL AVERAGE TEMPERATURE
The Jan-Dec 2024 global surface temperature ranked warmest since global records began in 1850.

ARCTIC

The 2024 Arctic minimum sea ice extent
was seventh smallest on record. The Arctic
had its second-warmest year on record.

GREAT LAKES

Persistently warmer-than-average
temperatures led to historically
low mid-Feb ice coverage on the
Great Lakes.

NORTH AMERICA
North America had its
warmest year on record,
eclipsing 2023.

EUROPE

year on record.

EASTERN NORTH PACIFIC
HURRICANE SEASON
Below-average activity: 13 storms
including five hurricanes.

s
HURRICANE HELENE ATLANTIC HURRICANE ()
Helene was the deadliest Atlantic hurricane EASON
since Maria in 2017 and the deadliest hurricane
to affect the continental United States since
Hurricane Katrina in 2005, with 219 fatalities.

Above-average activity: 18 storms

including 11 hurricanes.

SPAIN

An historic deluge of rain in southern

HURRICANE BERYL Spain in late Oct caused catastrophic

Beryl became the first Category 4 hurricane in
the Atlantic Ocean during the month of Jun. It
caused extensive damage across the Windward
Islands and later peaked as the earliest Atlantic
Category 5 hurricane on record.

in the area of Valencia.

SOUTH AMERICA DROUGHT
Severe drought conditions affected large parts of
South America as record and near-record heat
dominated the continent.

AFRICA
2024 eclipsed 2023 as Africa’s
warmest year on record.

SOUTH AMERICA'
South America tied with 2023 as the
warmest year on record.

GLOBAL OCEAN
Global ocean surface temperature was
record warm for 15 consecutive months

from Apr 2023-Jun 2024 and was ANTARCTIC

Europe had its warmest

destruction and more than 200 deaths NORTH INDIAN OCEAN

0 STV

PERSIAN GULF REGION

An extreme rain storm in April brought up
to two years of precipitation in 24 hours—it
caused major disruption and more than 20
fatalities in the UAE and Oman and severely
impacted neighboring countries.

WESTERN NORTH PACIFIC
TYPHOON SEASON
Below-average activity: 23 storms including 15 typhoons.

GLOBAL TROPICAL CYCLONES

Very slightly below-average activity: 85 storms including
42 hurricanes/cyclones/typhoons—23 storms reached
major tropical cyclone strength.

ASIA/ﬂ

TYPHOON YAGI

Asia had its Yagi peaked as a Category 4
second-warmest equivalent and was one of the
year on record. strongest typhoons to strike

northern Vietnam and southern
China, resulting in widespread
damage and hundreds of fatalities.

SOUTHWEST PACIFIC
CYCLONE SEASON*
Below-average activity: six storms
including two tropical cyclones.

CYCLONE SEASON
Much-below-average activity: four
storms including one cyclone.
SOUTH INDIAN OCEAN
CYCLONE SEASON*
Below-average activity: 13 storms
including five tropical cyclones.

AUSTRALIA CYCLONE SEASON*

Near-average activity: Nine storms OCEANIA
including six tropical cyclones. Oceania had its warmest
year on record.

AUSTRALIA

Australia had its second-warmest
year since national records began
in 1910,

record warm for 2024.

The 2024 Antarctic maximum sea ice extent was second

lowest on record, while the minimum extent tied with 2022

*Cyclone season runs from Jul 2023-Jun 2024

for second lowest.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports, For more information please visit: hitps:/fwww.ncel.noaa.goviaccess/monitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202413




Volcaholic 3 &

U.S: South Central Missouri

today...&.

weather events review 2025

- Volcaholic 3 @
Greater Sdo Paulo, Brazil this
afternoon....&.

Volcaholic 2} @
Look how deep the hail was in
Martano, Italy earlier 9393

Massive hailstorm hits

Martano, Salento in Italy
blocking some roads and
leaving motorists stranded. -
Flooding also reported....

Volcaholic 2 &

Flooding at Santo André train
station in Sdo Paulo, Brazil this
afternoon. Civil Defence has
issued a "severe alert" for the
region, with a high risk of
flooding and landslides.....

Volcaholic 3 @
Awful flooding in Balsas in El
Oro, Ecuador today....&

Volcaholic 4 @ @...-51 min
Trevecca Nazarene University
In Nashville this morning....2.

Volcaholic 4 @ @...-1godz.
Oh, this is awful! Drone
footage of the destruction
from the tornado in Lake City,
Arkansas.

Od K8 News

Od Sophia Radebaugh

Volcaholic A 8 @... Volcaholic 4 @ @...-22 min
Flooding in Banjara Hillsin
Hyderabad, India today...7_ =

L™ [

o7 tine Oa3e2 ark [] 1

77, Volcaholic 3. @

g Brazil: Over the past 24 hours,
Angra dos Reis has been hitby
heavy rainfall, accumulating
338 mm over 48 hours. This
has led to flooding and
landslides in several parts of
the city, leaving more than 130
people homeless.

\ !

%, Volcaholic 3 @
Massive hailstorm in Akcadag,
Malatya in Turkey tonight....

;, Volcaholic 3 @

UK: A huge wildfire broke out
around 8pm at Gentleshaw
Common near Burntwood,
Staffordshire. Emergency
crews are on the scene.

» Volcaholic 4 @ @v...-19 min

Whoahh! Storm Nuria already
causing havoc in the Canary
Islands. This electric tower
collapsed on Gran Canaria due
tothewinds ¢

Beautiful rainbow though &

Od La Radio Canaria

Volcaholic 2 :

How scary is this!"!! Twister
movie stuff. Incredible
footage. I'm scared and I'm
thousands of miles away &

@ FOX Weather

LIVE ON FOX WEATHER: A
very large and dangerous
tornado just crossed the
road right in front of FOX
Weather Exclusive Storm
Tracker
@BrandonCopicWx
Download the FOX
Weather app to watch live
video.



Gdansk PL weather records

Rainfall

Gdynia
e

e————sesws  isohyet July 14 2016
s jgohyet July 9 2001

altitude zone border
rain gauges registered rain of July 9 2001 (IMGW / TUG)
automated rain gauges registered rain of July 14 2016 (Gdarskie Wody / IMGW / TUG)

=
o
A fatalities July 9 2001 (1 person) and July 14 2016 (2 persons)

Legenda

® Stacje opadowe

o Zasieg opadow
V stopnia i wyz

wg skali Chomicza w latach 2018-2024
im intensywniejszy kolor czerwieni
tym czgsciej wystepowaty
opady V i wyzszych stopni Chomicza

0 woda
tereny zielone
[ zabudowa
|1 Miasto Gdarisk
Najwigl pizody opad od roku 2018 (26 stacji opadowych) w Gdarisku. Uwzgledniono opad gdy co najmniej 2 stacje z
ezeniem opadu wedlug skali Chomicza IV
Liczba stacji na ktérej
| data zarejestrowano opad o stopniu Maksymalna suma opadu w czasie w mm:
P Chomicza co najmniej:
Vi v 1\ 10 min 15 min 30 min 60 min | 120 min
2 11 maja 2018 i 3 4 28,3 30,6 38,3 39,4
3 1 sierpnia 2018 1 2 4 26,3 358 45,5 52,3 52,6
4 10 czerwca 2019 7 22 24,5 27 30,6 33,8 51
5 30 lipca 2023 3 214 253 30,9
20 maja 2019 1 20 20,7 27,7
15 sierpnia 2022 17,4 19,4 22,9
20 lipca 2020 16,3 20,9 23,5
16 sierpnia 2022 17,3 17,3
13 29 lipca 2018 14 22,6
[ 14 | 20sierpnia2022 | | [ 2 135 | 193
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