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What is Climate?

THE BALTIC
CLIMATE SCHOOL

July 2026

. “Climate is what we expect, weather
is what we get.” Mark Twain

. “Weather is one football game,
climate is the history of the National

Football League.” @MikeNelson247
via @CC _Yale

. “Climate tells you what clothes to
buy, weather tells you what clothes
to wear.” — middle school student
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World Meteorological
Organisation (WMO)

Climate in a narrow sense is usually
defined as the "average weather", or
more rigorously, as the statistical
description in terms of the mean and
variability of relevant quantities over a
period of time ranging from months to
thousands or millions of years.
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GFS 2m Temperature (°C) ClimateReanalyzer. =
Init 2026/07/05 002 | f066 Valid Tue 132, Jul G‘?, 2026 Climate Change Institute | University of Maine
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GFS 2m T Anomaly (°C) [CFSR 1979-2000 baseline] ClimateReanalyzer

Init 2026/07/05 00<Z | f066 Valid Tue 182, Jul 07, 2026 Climate Change Institute | University of Maine
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TEN THINGS YOU DID NOT KNOW ABOUT MARS

4. The atmosphere of Mars is still escaping

> Average Distance
- from Sun

l(v"df magnetic
imosphere an easy
he spf’!ar wind

150 million km 229 million km

Studying the climate of

"5 | | Average Speed in
ncent Mars i 4 G e e orbiting Sun

warmer and wetter s - , A important lessons for
conditions, and had a thicker I L . :r;t:nﬂ;t:;dﬁngrgge
atmosphere, but it radically \ N ; A F

changed and now it is cold evolution of Earth

Wy Diameter 12 755 km 6 791 km

29.8 km/s 23.3 km/s

il e R Tilt of Axis 23.5 deg 25 deg

\u\\
| ¢-esa
3 COMPARING THE ATMOSPHERES OF MARS AND EARTH o Length of Year 365.25d 687 d

S | | Length of Day 23 h 56 min 24 h 37 min

1.9% y S " adh 5 OXYGEN
y 3t P g y | € 20.9%

NITROGEN —— 88 V |
" A T £, Mass 4.3*10124 kg 6.4*10"23kg

CARBON DIOXIDE
96%

& = c | by N R . TRACE GASES, INCLUDING: . % A
TRACE GASES, INCLUDING: e TN AR O (T ARGON (0.93%) G raVIty 9 . 8 1 kg N |/S 2
ACETYLENE A g b 2P 4 o CARBON DIOXIDE

CARBON MONOXIDE :$I[-)IRU0h:5EN
KRYPTON

S T KRYPTON
MET::SJ: e METHANE Pressure
i NEON
NITROGEP(I) )c()\)((ég: .~ NITROUS OXIDE
: OZONE

0ZONE
SULPHUR DIOXIDE
WATER VAPOUR MARS WATER VAPOUR

XENON

3.68 kg*m/s"2

1013 hPa 6-8 hPa

XENON

Atmospheric composition by volume | Planets not to scale | Atmosphere of Mars is less than 1% of Earth's | Trace gases listed alphabetically




Climate =
Heat energy balance + Atmosphere

If there were no atmosphere...

Energy In

240 ) s i

The earth would be 255 K (-18°C)



EARTH'S ENERGY BUDGET

. Reflected by Reflected Reflected from cLHE BALTIC
atmosphere by clouds earth's surface July 2026
6% 20% 4% 649 69%

Radiated to space

Incoming
solar energy from clouds and
100% atmosphere
Absorbed by
atmosphere 16% Pakated
directly
to space
from earth
> Absorbed by
> -f_“_::LTL_ clouds 3% Radiation
R, absorbed by
Conduction and . AnCsphere

smg«”alr»&,, .

Absorbed by land
and oceans 51%



EARTH ENERGY IMBALANCE : I

CLIMATE SCHOOL
()< 1 0.47 £ 0.1 (0.87 + 0.12) W/m? Toly 2006

e @z\r Required CO, reduction: -57 + 8 ppm
SOLAR
DIATION

T4 ATMOSPHERE

OUTGOING 1 % (2%)
RADIATION E

" HEAT
Where heatis oo
s —* LAND

accumulated:

89% (90%)

0 - 700 m: 52% (52%);
700-2000m: 28% (30%);
> 2000m: 9% (8%);

1971-2018 (2010-2018)

(von Schuckmann et al., 2023)



OISST V2.1 0.25°x0.25°

1971-2000 base

Scott Duncan:
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It is official. The Mediterranean sea surface

temperature has just set a new heat record. The
average sea surface temperature just hit a
staggering +28.15°C. 18 out of the top 20 hottest
days for the Mediterranean sea surface have been
observed in the last 13 months alone.

Mediterranean SST daily map
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Data: GHRSST Level 4 AVHRR_OI Global Blended Sea Surface Temperature Analysis v2.1 (GDS2) from NCEI

https://www.ceam.es
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ABOVE-AVERAGE SEA SURFACE TEMPERATURES ACROSS EUROPEAN SEAS A'i'.‘.THE END OF JUNE 2026

: ! A »a Marine
: , i < Service

<« ¥ Copernicus EU
mn g,

w & v dval - G

7 After the manne heatwave of the end of May
2026, the intense temperatures which affected
western and central Europe during the third
decade of June caused further warming of the
surrounding seas.

A This data visualisation, based on data from
the Copemicus Marine Service, shows sea surface
temperature anomalies on 29 June 2026. The red
and dark red tones ™ show areas where sea
surface temperatures above the long-term
average were recorded.

The largest anomalies reached approxamately 6°C
in the western Mediterranean Sea, particularly in
the Gulf of Lion off the coast of southern France,
and in the Ligurian and Tyrrhenian seas along the
western coast of [taly.

Sea surface temperature anomalies also -
increased markedly in the southern North Sea A '
and the Baltic 5ea compared with late May. : -

#¢ The #CopernicusEU Marine Service data help
track the development of manne heatwaves,
support the assessment of ocean conditions, and
the monitonng of potential nsks to marine
ecosystems globally.
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Europe’s eyas on Earth ad— A 150 km

Credit: European Union, Copernicus Marine Service data” ° . . 3
The Copernicus Marine Service is implemented by Mercator Ocean International Basemap: Copernicgus Sentinel-2 imagery
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* Over the last 2 billion years, the Earth's climate has changed
alternately: the Ice House has replaced the Hot House. During the
"greenhouse" period, the planet has a lot of liquid water, while
during the "glacial" period, the climate is cold enough to support
large amounts of ice, sometimes covering the entire planet.

Dr. C. R. Scotese, of the University of Texas; http://www.scotese.com/climate.htm

2 billion years ago...
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* The last transition between these phases occurred about 55
o million years ago, when the temperature reached its thermal
2 billion years a4ago... maximum, followed by the long cooling period we are currently
experiencing.

Dr. C. R. Scotese, of the University of Texas; http://www.scotese.com/climate.htm



500 000 — 100 000 years ago

* Between 500,000 and 100,000 years ago,
there was a period of hot and cold
fluctuations. Arctic ice samples show that
over several hundred thousand years, large
layers of ice covering parts of North
America and Europe have melted in several
temperature spikes, each occurring
approximately every 100,000 years. This is
how we get closer to the last 10,000 years.

photo: NASA's Goddard Space Flight
Center/Ludovic Brucke




10,000 years
ago up to this
day

The last 10,000 years have been known as the Holocene. They were

uniquely stable and warm. Sea levels stabilized at current levels about 7,000
years ago. This allowed the development of human civilization.

Although the temperature was relatively stable compared to previous
periods, there have still been minor climate changes in recent climate

history, such as a sudden / short-term drop in temperature between 1600
and 1850, called the Little Ice Age.



Climate
change and

the human
history
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2011 Paarson Eoucation X

Main reasons for the  Change in solar radiation (energy)
natural climate * Volcanic activity;
change * CO2 cycle.

-



Change in solar radiation
(energy);

e Earth orbit changes;

— Milankovic cycles:

®

— Orbital shape;
— Earth axis displacement angle; bl

recession
— Precession of the earth's axis. p‘r'éc'?ssm‘n““;/

There is little evidence to link 6.
changes in solar activity to )
climate change.
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Volcanic activity;

Volcanic emissions (aerosols) can
block solar radiation Need many
eruptions in a short time Eg:
Mt.Pinatubo eruption in 1991,
cooled the atmosphere around it
from 0.1-0.3 OC for 3 years.




Ground Zero: Mount Tambora

Sumbawa, Indonesia

Original Elevation: 4,300m

» | Date: April 10, 18715 (The Climax)

Volume: = /45 kim” of dense
rock blasted into the sky.

Explosive Force: = gigaions
of TNT (heard 3,352 km away).

Immediate Toll: 10,000 direct
deaths from pyroclastic flows
and tsunamis.




1816: “Eighteen-Hundred and Froze to Death”

The immediate climatic effects of the volcanic winter across the Northern Hemisphere.

prme—

Snow falls in Albany and Maine
in June. Vermont records 18 Endures 130 days of
inches of snow on June 8. relentless rain. A persistent

The growing season shrinks to "dry fog" turns the sun red
under 80 days. and dims light enough to see

sunspots with the naked eye.

The sulfate cloud disrupts
the South Asian monsoons,
causing massive flooding in
the Yangtze Valley and
driving famine in Yunnan.




The Human Cost: The Great Subsistence Crisis
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1. Agriculture

Frosts destroy corn and
oat harvests. Famine
sweeps the globe.
Vermonters survive on
hedgehogs and nettles;
Chinese peasants eat
white clay.

2. Health

Disrupted weather
patterns birth a deadly
new strain of Cholera in

Bengal (1817).
Starving refugees spread
Typhus across Ireland and
Europe. Total death toll
exceeds 100,000.

Y, //(_J/()_,/

y14
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3. Society

1817 is dubbed "The
Year of the Beggar”. In
America, ruined New
England farmers flee
west, triggering “"Ohio
Fever” (population surges
from 230k to 400k).

A NotebookLM




' From the Ashes:*
111i1=' Crucible of Innovaiife]j

‘How the desperation of the 1815 climate collps

forced structural, cultural, and technological adaptations

adaptations that define the 21st century. =%

A\ NotebooklLM



The Dark Summer
of Literature

Lake Geneva, Switzerland, 1816.

A party of English tourists is trapped
indoors by 130 days of unceasing rain
and plunging temperatures. They pass
the time writing ghost stories.

flary Shelley’s
Frankenstein

The creature—wandering,
despised, and suffering from
the elements—mirrors the

refugees roaming Europe.

starving, typhus-infected climate i

John Polidori’s
The Vampyre &
Byron’s Darkness

Apocalyptic themes emerge
from days where “fowls went
to roost at noon,” birthing
modern gothic horror and sci-fi.

A NotebookLM



The Birth of the Bicycle

Mechanical invention born directly from an environmental supply-chain crisis.

The Supply Chain Fails The Mechanized Replacement

Laufmaschine (1817) -
Two-wheeled running machine

__ Steerable
. front wheel
N

Propulsion
by foot

340

The oat harvest fails completely. Tens of Karl Drais invents the "Dandy Horse" in 1817.

thousands of horses starve or are Propelled by human feet pushing against the

slaughtered across Europe. The primary mode ground, it achieves speeds of 10 mph. It is the
of human transport is eliminated. direct predecessor to the modern bicycle.

A NotebooklLM



CO, level

(parts per million) s
Human activities are
380 |- - Lo
‘ O 2 C C I e causing carbon dioxide
and other greenhouse
360 - gases to increase at an
accelerating rate.

The increase in carbon 340 |-
dioxide, along with other

greenhouse gases in the =T

Earth’s environment, w00 b

disrupted the natural A

carbon cycle in nature, g0l Naturalrecord Instrument record

which had a direct impact , l , , 1

on the Earth’s climate. :r:jl?strial - 1800 1850 Yea1{900 1950 2000
Revolution

begins

P 2011 Pearson Education, Inc



What is climate
change?

A significant, unusual change in the
climate of a certain region:

°* mean temperature;

. e
o oy il
b el _\:i”.{'g.' .

* precipitation; g R, e

e storminess.




Temperature

* Since the 18th century,
temperatures have risen by more
than 1.20C;

e Since 1970, the annual average
temperature has increased by 0.10C
every 5-6 years;

2020 is the second warmest year
since 1850, after 2016. (difference
0.0220C).

e According to:
http://berkeleyearth.org/global-
temperature-report-for-2020/

|

l
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Global Average Temperature 1850 - 2025

Land data prepared by Berkeley Earth and combined
with ocean data adapted from the UK Hadley Centre

Global temperature anomalies relative to 1850-1900 average
Vertical lines indicate 95% confidence intervals
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Global Mean Temperature Anomaly and Uncertainty (°C)

Based on Berkeley Earth's estimates of the global annual average temperature increase relative to 1850-1900.
Each year's individual uncertainty is shown, but does not include the systematic uncertainty in the baseline.



Land an

d Ocean Temperatures 1850-2023

—o

Temperature anomalies relative to 1850-1900 average and 95% confidence intervals

Land data from Berkeley Earth, ocean data adapted from HadSST after interpolation
Temperature anomalies for sea ice regions are calculated separately and not shown
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The amount of heat in the
ocean

* More than 90% of the energy retained
by greenhouse gases goes to the
oceans. Surface temperatures have
risen slowly as the oceans absorb
excess energy in the climate system.

* The heat of the upper (0—700 m)
ocean layer accounted for 64% of the
total heat consumption.

* Recent observations also show
warming of the deeper ocean layers
(between 700-2000 m and deeper
3000 m).

https://www.eea.europa.eu/data-and-
maps/daviz/global-heat-content-0-
700m-2#tab-chart_3

Chart — Time series of global ocean heat content at different depths

20.0

17.5

15.0

12.5

10.0

10722 Joules

2.5

0.0

-5.0

-10.0

This figure describes the change in global ocean heat content for the upper 700 m and the upper 2000 m of the ocean, both as annual average and as 5-year average. Ocean heat co
relative to a reference period (here: 1955 to 2006). The length

of the time series differs depending on the ocean layer and the sm

Data sources:

Global Ocean Heat and 5alt Content provided by Mational Oc

eanic and Atmospheric Admin

istration (NOAA)

'Q}g

s 0-700 m (S-year average)
0-700 m (yearly average)

— (-2000 m (S-year average)

------ 0-2000 m (yearly average)

ntent is defined as the change in heat content of an oc



Relative to 1951-1980 Averages
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www.BerkeleyEarth.org




SEA SURFACE TEMPERATURE ANOMALY OF THE GLOBAL OCEAN

30 JUNE 2026

Sea Surface Temperature Anomaly Map

x0T PROGRAMME OF THE

*

Credit: European Union, Copernicus Marine Service data

o *: EUROPEAN UNION kop'err“C

Sea Surface Temperature Anomaly (°C)

US

on Earth

The Copernicus Marine Service is implemented by Mercator Ocean International

> Marine

. — Service

Sea surface temperature anomalies
30 Jun. 2026

: [ 30 Jun. 2026 - 0.5 °C ]

Daily average; Data: Global Ocean Physics Analysis and Forecast;
Credit: E.U. Copernicus Marine Service Information / Mercator Ocean

S <>0 Copernicu MERCATOR

J

Sea Surface Temperature Anomaly Time Series




Ice

Ice mass loss (Gigatonnes) Sea level equivalent (mm)

5000 - - 4

* The scale and volume of Arctic sea ice — - 13

is declining rapidly. s | [ =

* Every year since 2007. until 2018 The 5566 L 10

amount of Arctic summer sea ice was —— -2

lower than in any previous year since . : j

the emergence of satellite data in — L 6

1979. P

1500 - I~

* The largest ice bodies are the . - 3

Greenland and Antarctic ice sheets —y w2

since 1992. loses large amounts of ice. ; h ;

https://www.eea.europa.eu/data-and- R I A |
maps/figures/cumulative-ice-mass-loss- = ATANEERE e A ek A o T CAREREN A ShERE UMM CE s es

from



Acidification of the oceans

e Qver the last decade, the oceans have
absorbed about 25% of anthropogenic

CO2. The absorbed CO2 reacts with
seawater and causes ocean acidification.

 The pH of the ocean surface dropped from
8.2 to below 8.1 due to increased
atmospheric CO2 concentrations. This
decrease corresponds to a 30% increase in
ocean acidity.

* |n recent decades, ocean acidification has
occurred 100 times faster than in the

previous 55 million years. A sea—surface pH [-]
"' @ T e
-0.12 —0.1 —0.08 —0.06 —0.04 —0.02 0

Plumbago - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.ph
p?curid=6978468




Water level since
1880

LR T

—t
L
i
i

* Average global sea level in 2016 It was
the highest annual average since the
beginning of the measurements in the
19th century. end.

 The rate of sea level rise since 1993,
when measurements from satellites
appeared, is 3 mm per year.

e 2018 Total sea level change since 1993
was 78 mm. .

vvvvv
1280 1380 1200 18910 1820 1830 1840 18580 1880

“fear

Change in=zea level (mm) compared to the 1993-2Z008 average

https://www.climate.gov/news-
features/understanding-climate/climate-
change-global-sea-level



HOLAS & A,

How is climate change affecting
the Baltic Sea?

Climate change — State of the Baltic Sea
— Third HELCOM holistic assessment

STATE OF THE BALTIC SEA

=3
o D .
" Ar temperatue
L

i
:

Rier run-off


https://stateofthebalticsea.helcom.fi/findings/pressures/climate-change/
https://stateofthebalticsea.helcom.fi/findings/pressures/climate-change/
https://stateofthebalticsea.helcom.fi/findings/pressures/climate-change/
https://stateofthebalticsea.helcom.fi/findings/pressures/climate-change/
https://stateofthebalticsea.helcom.fi/findings/pressures/climate-change/
https://stateofthebalticsea.helcom.fi/findings/pressures/climate-change/
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Land upllift
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Yearly mean wave height, m

Annual mean
wave height

* Wave height Klaipéda
* Wave height Vilsandi
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Modelled wave 1970
— 1979
Changes in wave
height, cm.

(Soomere and Raamet, 2015).
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Modelled wave
1980 — 1989
Changes in wave
height, cm.

(Soomere and Raamet, 2015).
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Modelled wave
1990 — 1999
Changes in
wave height,
cm.

(Soomere and Raamet, 2015).
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Modelled wave 2000
— 2007
Changes in wave
height, cm.

(Soomere and Raamet, 2015).
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Temperature change at station 4
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Temperature change at station 46
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Sea water level rise
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J. Tyszkiewicz tiltas 1888

1888-1910 kranto linija pasitrauke nuo jaros per
500 zingsnius (0.7 km) (Karwowski 1913), iki 1947 papildomai pa51trauke 100 m. (lemskas et

al. 2000)
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SHORELINE CHANGES

Biruteés hill XIX a.




Nothing last forever

Palanga pier 1956 m.



New bridge1998




The hurricane “Anatoly”

THE BALTIC
CLIMATE SCHOOL

July 2026

* 4 -5 December 1999;
* SW, S wind 40 m/s;

* The total of 3.94 million m? of sand was washed out from the

Lithuanian coast:
—1.94 million m? from the Curonian spit coast;

—2.00 million m? from the continental coast;



Palanga beaches and the pier
after the hurricane “Anatoly” L THERATS

July 2026

The protective foredune near the promenade pier in Palanga lost over
20 m of its width.




The groyne reconstruction,
May 2000 W L

July 2026
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__ Westem slope line of the
protective dune (May-1998)

__ Western slope line of the
protective dune (May-2005) SIS

— = Beach line (May-1998)

— = Beach line (May-2005)
— Beach line (October-2005)

|
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21903'00"

S5°55'r

A digitized aerial photograph
of the Baltic coast near
Palanga (spring, 1998)

supplemented with the

R 5585007

21703307

situation of spring and

autumn, 2005.

(Dubra 2006)
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Port of Klaipeda Jetties
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Reconstruction of the Klaipeda port
jetties in 2002 and increasing
anthropogenic activity at this coast
section has disturbed the natural
course of the nearshore sediment
transport.




# MIESTAS LIETUVA VERSLAS PASAULIS SPORTAS KRIMINALAI SVEIKATA GRAZI DIENA LAISVALAIKIS IR KU

KL.It > Klaipéda / Miesto pulsas / Ekstremalai jliroje gaude bangas

Coastal erosion
EORIELIRE i W S positive sign:

There was more action next the
wave breaker. Here the wind and
the waves are enjoyed by extreme
sports enthusiasts - kites of power
and surfing fans. There were also
curiosities that were watching the
entertainers.

http://klaipeda.diena.lt/naujienos/klaipeda/
miesto-pulsas/ekstremalai-juroje-gaude-
bangas-876586

Laisvadienis savaités viduryje pajaryje nelepino orais. Dangy temdé
debesys, o Baltijos juroje siauté audra. Véjas pradziugino ekstremaliy

pramoau méaeius.
filniausdiena/Vartotoju zona/lukas.s/_g0e6228.jpg?itok=0x%4BIF_
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An intensive upwelling event of hypoxic water at the southern Baltic Sea coast in September

2025 - A rare phenomenon or quite common?

An intensive upwelling event of hypoxic water at the southern Baltic Sea
coast in September 2025 - a rare phenomenon or quite common?
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- Baltic Sea Hypoxia Takes Many
~ Shapes and Sizes

Jacob Carstensen © and Daniel . Conley

ABSTRACT

The Baltic Sea is naturally prone to h}fpoxia,
but the frequency and extent have increased
multifold over the last century. Hypoxia mani-
fests itself as perennial in the open central part,
seasonal at the entrance area, and episodic at
many coastal sites, and the expression of hyp-
oxia is largely driven by differences in bottom
water residence times and stratification pat-
terns. Enhanced nutrient inputs from land and
3tmosphere are the main drivers of cxpanding
h}rpoxia in the Baltic Sea although dcox}rgcna-

ation has also been exacerbated by increasing

to increasing nutrient inputs from land and
atmosphere (Carstensen et al. 2014a).
Toda}f, the Baltic Sea constitutes the larg-
est man-made “dead zone” in the world, total-
ing almost 70,000 km?* (Fig. 2a). Whereas this
huge “dead zone,” equivalent to the 1.5 times
the area of Denmark or three times the area of
M;a_r}rland, has received attention among scien-
tists and in the public, it is less known that the
entrance area of the Baltic Sea, the Danish
Straits, and several hundred Baltic coastal eco-
systems also suffer from hypoxia (Conley et al.
2011). The development of hypoxia in these

moves upwa.rcl durhlg pcriocls with more fre-
quent inflows, whereas it is gradua]l}f eroded
during periods of low inflows. However, there
have been decade long periods of stagnation
generally caused by large freshwater inflows
and high mean zonal wind speeds. One such
stagnation period occurred from around 1973
to 1993 (Fig. 2a). During this period, the halo-
cline was eroded downward by more than
10 m (Carstensen et al. 2014a). Thus, the exis-
ting hypoxic water is not removed by saltwater
inflows but merely displaced to other areas
where it may affect benthic fauna and nutrient



The climate is changing;

The causality of climate change is not

Ta ke hOme 100% clear;
MeSSAdgesS

Don't believe everything the media says.
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