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01 Climate system
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Content

1. What is the climate system?
* Components of the climate system
* Positive and negative climate feedbacks

2. Natural causes of climate change

« fluctuations in solar radiation, orbital changes

- distribution of continents and oceans, volcanic eruptions, vegetation
« atmosphere and ocean relationship

« changes in the composition of the Earth's atmosphere




Weather vs Climate

Weather

* short-term changes in the atmosphere

* the state of the atmosphere at a particular place and time as regards heat,
cloudiness, dryness, sunshine, wind, rain, etc.

* most weather happens it the troposphere

Climate

* the weather conditions prevailing in a specific area over a long period

* long-term characteristic weather regime (long-term average state of the
atmosphere in a certain place), conditioned by the energy balance,
atmospheric circulation, the character of the surface and human
interventions

Nedantiy,
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How does the climate change?

Time scale!




, «= . ATMOSPHERE
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Climate system ' - (the thin layer of gases

surrounding the Earth)

HYDROSPI-_IE_RE BIOSPHERE
(E:/]:tgf ir:]hoscggﬁf (the living things
rivers, lakes and such as plants and
unélerground) animals including
humans)
CRYOSPHERE LITHOSPHERE

(the frozen water in ice
and snow — sea ice, ice
sheets, snow cover,
permafrost)

(the land surfaces such
as soil and rocks)

By Femkemilene - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=79629050
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Climate Change — natural causes

fluctuations in solar radiation, orbital changes

distribution of continents and oceans, volcanic eruptions, vegetation
atmosphere and ocean relationship

changes in the composition of the Earth's atmosphere




Temperature vs Solar Activity
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Monthly Averaged Sunspot Numbers
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The electromagnetic spektrum
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Comparison of different types of light, including wavelength size,
and frequency.




Spectrum of Solar Radiation (Earth)
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https://en.wikipedia.org/wiki/Sunlight

Energy distribution

Global Atmospheric Circulation

Without the Earth’s With the Earth’s
rotation, tilt relative rotation, Earth’s tilt
to the sun, and Polar cell and real surface

HIGH

surface water HIG ~ (Coriolis effect)

LOW

www.noaa.gov

Energy distribution

Global atmospheric circulation
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https://www.youtube.com/watch?v=xgM83 og1Fc



https://www.youtube.com/watch?v=xqM83_og1Fc

Energy distribution
Thermohaline Circulation + deep-ocean currents are driven by differences in

the water’s density, which is controlled by
temperature (thermo) and salinity (haline).

Animation:

[ ] Salinity (PSS)
32 34 36 38
A summary of the path of the thermohaline circulation. Blue paths represent https://upload.wikim.edia.s)rg/wi.kipedia/comm
deep-water currents, while red paths represent surface currents. ons/a/ab/Thermohaline_circulation.sve

Climate Change — natural causes

fluctuations in solar radiation, orbital changes

distribution of continents and oceans, volcanic eruptions, vegetation
« atmosphere and ocean relationship
« changes in the composition of the Earth's atmosphere



https://upload.wikimedia.org/wikipedia/commons/a/ab/Thermohaline_circulation.svg

The Sun — The Earth

Milankovitch Orbital Cycles

Changes in eccentricity
100.000 years cycles
Changes in obliquity (axial tilt)
41.000 years cycles
Axial precession

21.000 years cycles

Theory with animations:

https://climate.nasa.gov/news/2948/milankovitch-orbital-
cycles-and-their-role-in-earths-climate/

Precession

Eccentricity

Obliquity

Climate Zones

the areas with distinct climates
e east-west direction around the Earth

Polar zone

e

SUN

The consequence of the:

* orbit around the Sun

* angle of inclination of Earth’s axis
* Earth’s rotation
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Climate Change — natural causes

« fluctuations in solar radiation, orbital changes

- distribution of continents and oceans, volcanic eruptions, vegetation
« atmosphere and ocean relationship

« changes in the composition of the Earth's atmosphere

Oceanic (maritime) vs. continental climate

Oceanic climate

* can be found along the west coasts at the middle latitudes of all continents (NW
Europe, the Pacific NW region of the USA and Canada, SE Australia)

* narrower range of annual temperatures, precipitation are usually higher and
more dispersed throughout the year

* water has much higher
heat capacity than soil
and rock, it gain and lose
heat slowly

\

OCEANIC CLIMATES

W
Areas of the world with an oceanic
climate (according to the Képpen REIiiRatIse

. e . CLASSIFICAZION ; c ¢-»» GEODIODE
climate classification) FEEESce s oo - (€ ™ "ctncuccsn

https://geodiode.com/climate/continental/
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Oceanic (maritime) vs. continental climate

Continental Climate

* usually found in the interiors of continents and are far away from the influence
of the ocean or large water surfaces (Siberia and central Russia, much of North

America)

* is often found to be
relatively dry with greater
temperature variations
than oceanic climates
(more extreme climate:
hot summers, cold winters) )
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Areas of the world with an oceanic climate (according to the

Koéppen climate classification)

https://geodiode.com/climate/continental/

MARINE CLIMATE: San Francisco, California
Lat/long: 37° 46" N 122° 23'W
Elevation: S m (16.4 ft)

CONTINENTAL CLIMATE: Wichita, Kansas

Lat/long: 37° 39° N 97° 25'W
Elevation: 402.6 m (1,321 ft)
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Oceanic (maritime) climate in northwestern and nothern Europe

Tk M & o ¢ Iceland
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strong ocean current that
brings warm water from the
Gulf of America into the
Atlantic Ocean (NW and N
Europe)

* this keeps the climate
warmer and milder (the
climate in Britain is warmer
than other places at a similar
latitude)

Highland Climate

* theclimate is influenced by
the elevation

* high insolation, low
temperture, low air pressure,
large diurnal ranges of
temperaure, larger amount of
precipitation

* the Alps, the Himalayas, the
Tibetian Plateau, the Rockies,
the Andes

: %, The temperature of the atmosphere
: }} drops 3degrees Fahrenheit for every
/#  1000feetin elevation rise.

24,000 feet W

18 degrees
20,000 feet 30 degrees
16,000 feet 42 degrees
Tundra-like
Alpine
Biome
12,000 feet 54 degrees
A At
Evergreen Forest 4, g A4
8000feet — AOTR 4 'A«——-‘ 66 degrees
A4 1
Deciduous Forest
4,000 feet \t;ly;,\i‘ 78 degrees
* .
v a®%
" . ablr 3
Tropical /a8 ] L
Forest 9\
“—l 90 degrees
Sea Level

Vegetation altitude zones
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Volcanic eruptions 10

yearly

9.5 temperature

Large volcanic eruptions

* release of emissions
(particles) into the

stratosphere where 8.5

Average Earth Land Temperature (°C)

Berkeley Earth Results

carbon dioxide
+ volcanoes | ,

I ‘ * ”HWM" 'n
x “\‘ ﬂ"ﬁ! 4| I| [

|
post 1956 rise attributed | ! 4
by IPCC to humans I /|

i

§ “ ~ "‘ il M" Pinatubo
they form a layer " ' ' : | [E ’ !
* particles reflect the 8 l | | El Chichon
sunlight and cool the 1“ Krekstos
Earth’s surface for a 7.5 { Named volcanic
few years ! Cosiguina eruptions
7 ™ Tambors o
1750 1800 1850 1900 1950 2000
Year

https://berkeleyearth.org/archive/volcanoes/

Climate Change — natural causes

« fluctuations in solar radiation, orbital changes

« distribution of continents and oceans, volcanic eruptions, vegetation

« atmosphere and ocean relationship

« changes in the composition of the Earth's atmosphere
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https://berkeleyearth.org/archive/volcanoes/

continuous movement

The Water Cycle .
— w She S of moisture/water
C‘ between the

Water st P !
in ice and snow 7 Waterm\ ConderSHiee atmosphere and the

/[
&\ 4 i ( Sublimation ocean
¢ P Precipi ati?Q ‘T]’

The most important
processes are:

* evaporation

* transpiration

* condensation

* precipitation

* runoff

Water storage
in oceans

Ground-water storage _US. Geologicel 9tk
ge goyiad " coycle himl )

https://education.nationalgeographic.org/resource/800px-water-cycle/

cycle?qt-science center objects=0#qt-science center objects

https://www.usgs.gov/special-topic/water-science-school/science/water-

The Water Cycle Precipitation

* the water released from clouds

Evaporation in the form of rain, freezing

* change of water from a liquid to gas rain, sleet, snow, or hail

* energy is required * primary source of fresh water
Transpiration on Earth
* evaporation of water from plans through Runoff

stomata

* intense precipitation and the

* plant prevents overheating ground is saturated

Condensation * theresults are rivers and lakes
* water wapour is changed into a liquid state

* formation of clouds and fog Evaporation, percolation,
* heat energy is released transpiration ...are happening again

15


https://www.usgs.gov/special-topic/water-science-school/science/water-cycle?qt-science_center_objects=0#qt-science_center_objects
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ENSO - El Nino-Southern Oscillation

El Nino conditions

Rising

Descending dry air W

g

Descending dry air

Indonesia | "\ South America

El Nifio conditions

ENSO - El Nino-Southern Oscillation

La Nina conditions

Remember:

¢ El Niflo: the warming phase
of the waters in the eastern
Pacific, off the coast of
South America

La Nifia

. la Nifa: the cooling phase...
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ENSO - El Nino-Southern Oscillation

El Nifo:

- main weather impacts: heatwaves,
floods, and droughts in the tropics,
but also outside the tropics

- some of the effects worldwide:

* floods - Peru

* droughts - India, Indonesia, and Brazil

https://www.youtube.com/watch?v=WPA-KpldDVc

https://www.cpc.ncep.noaa.gov/products/precip/CWIink/MJO/enso.shtml

Climate Change — natural causes

« fluctuations in solar radiation, orbital changes

« distribution of continents and oceans, volcanic eruptions, vegetation
« atmosphere and ocean relationship

« changes in the composition of the Earth's atmosphere
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https://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/enso.shtml
https://www.youtube.com/watch?v=WPA-KpldDVc

Changes in the composition of the Earth's atmosphere

Evolution of the atmosphere

Earth’s prebiotic atmosphere - Earth’s modern atmosphere
4
/—\ NH, [ \ = P |
Hy) A = B co, 8 \ @ ® N
< Weaklyreducing _ \ / o < oxidizing '\
¥ /z-_ngos%phere \\ P 3 atmosphere”
N, Ml €9 (40 o @ '
2 A @ animals H,0

© 2008 Encyclopzedia Britannica, Inc.

https://www.britannica.com/topic/evolution-of-the-atmosphere-1703862

https://www.youtube.com/watch?v=I0h -3MOPso

Climate feedbacks

o the response to the climate proces that either intensifies or minimize
the initial effect of a climate forcing

+ Ice-Albedo Feedback

+ Positive climate feedback =
increasing effect of climatic factors
(more imbalance in the system)

Increases in
temperature

Increased
absorption Arctic sea

- Negative climate feedback = ofslr i
reducing effect of climatic factor
(more stable state)

Albedo

Darker
reduced (less surfaces
reflectance of revealed

the surface)
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https://www.britannica.com/topic/evolution-of-the-atmosphere-1703862
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Albedo

* the amount of solar
radiation reflected
by a surface (% or
decimal value)

1.0 (100%) — perfect reflection
0.0 — total absorbtion

A sampling of Earth's colors credit: ucAR scied with NASA image
https://scied.ucar.edu

(%)

100
Albedo % !
White objects (e.g. fresh snow) — high albedo 80 .
. : fresn STRATLS.
Dark objects (e.g. dark soil, ocean) — low albedo 70
60
O O EEOW IALTOSTRA‘FUS
50 CIRRU.
STRATUS l
90% 6% w0 3]
I ICE
30
SANDI IGSS"- 1 peserT
snow and ice water without 20 ' CROPS]
covered water snow and ice 4 SAVANNA I
MEADOWS
1 T§D|L
10% 94% £ WATER wet J FOREST

0

The percentage of reflected solar radiation

Earth’s planetary albedo is about 31%. . . o
relative to various surface conditions



https://scied.ucar.edu/

Climate feedbacks

+ Positive climate feedback = increasing effect of climatic factors
- Negative climate feedback = reducing effect of climatic factors

+ Ice-Albedo Feedback

Increases in
temperature

Increased

absorption Arctic sea
of solar ice melts
radiation

Albedo
reduced (less
reflectance of
the surface)

+ Water Vapour Release

The Cycle of Water Vapor
A look at how water vapor acts as a greenhouse gas

Higher water-vapor concentrations
trap more heat

Mare evaporation
leads to more water vapor

Higher

Mw,thisbluemarble.com

Climate feedbacks

+ Carbon Release

Permafrost thawing can intensify global warming

1. High levels of greenhouse gases, such as
(0, and methane, in the atmosphere cause
global temperatures to increase

4 Asorganicmatter S AAE © 2. Increasing
decays, (0, and ;
methane are released tiTﬁ:ﬁ;ﬁ{iﬁ i;:i:
into the atmosphere NN 4

3. Thawing exposes
previously frozen organic
matter to decay .

0o

https://www.arcticwwf.org/newsroom/features/putting-a-lid-on-methane-

emissions-before-its-too-late/
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http://www.thisbluemarble.com/
https://www.arcticwwf.org/newsroom/features/putting-a-lid-on-methane-emissions-before-its-too-late/

Climate feedbacks

Clouds reflect some of
sun’s radiation away

- Evaporation and Clouds sun's radiation awzy
Increas;:d low lying cloud \/
e coverage ™ _

4\-., -
o~ . S

Increased global I Slight cooling
temperature effect on earth
causes due to
increased reflected sun
evaporation rays

from sea

—— —

Figure 3 - Diagram showing an ple of neg

https://actionrenewables.co.uk/news/what-are-climate-feedbacks,
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