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KNIMAT
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Knimat — 6araTopiyHuin pexxmm norogu.

OCHOBHI 0COBNMMBOCTI KniMaTy 00yMOBIOKOTbL aTMOCEPHNN TUCK,
LUBMAOKICTb | HANPAMOK BITPY, TeMnepaTtypa | BONOriCTb NOBITPA,
XMapHICTb | aTMOCEepPHI onaan, TpueBaniCTb COHAYHOI padiauil

[Toroga — cTaH HWXKHbLOIO LWapy aTtMmocdepu

MeTeoponorifa Ta KniMaTtonoris — KOMMnyekcHa Hayka npo 3emMrio,
LLO (Ppi3NKO-MaTEMATUYHUMMN METOO4AaMN BUBYAE:

* aTMOCQ)epHI aBuLLA Ta NPOLECU B HMXKHIN aTMOCepi
(MmeTeoponorif);

* pi3nyHi npouecu, Wo BigdyBalTbLCA B aTMocdepi 3emni;
* isnko-maTemMaTU4HE MOAENOBAHHA aTMOCMEPHUX MPOLIECIB;

* 3B'A3KN MiX XapakTepoM aTtMocdepHUX ABuULL | npouecis, WO
BiAOyBalOTLCS Ha NOBEPXHI 3eMri;

* YMOBW (pOpPMYBaHHSA NpPU LbOMY noroau i knimarty 3emri
(knimaTonoris).
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Global Warming I: The Science and Modeling of
Climate Change

- | , A { & s !
C«]‘ I\ Q QA l lh’\f{.ﬂ aalla"| ) H\; | f

David Archer - —
Global Warming: The Science of Climate Change
The University of Chicago
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Schemstic view of the components of the climste system, their
ronesses and interactions. (Imeps courtesy of IPCC.)
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phase change
(vapourisation)

Temperature

phase change

O
,,__,5} (melting)

Energy Input

http://www.splung.com/content/sid/6/page/latentheat
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XIMIYHMM cKnad aTtMocdepn

Gas Name Chemical Formula Percent Volume
Nitrogen N2 78.08%
Oxygen O 20.95%
“Water H20 0 to 4%
Argon Ar 0.93%
*Carbon Dioxide CO2 0.0360%
Neon Ne 0.0018%
Helium He 0.0005%
*Methane CHa 0.00017%
Hydrogen H»> 0.00005%
*Nitrous Oxide N20 0.00003%
*Ozone O3 0.000004%

* variable gases
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HapoxooxeHHa eHepril Big CoHUs

MoTik eHepril 1370 BT/ kB.M. Ha cepenHin BiaCTaHi
Big CoHusa ao 3emni 150 MnH KM

Spot Area
(10™ of visible hemisphere)

1000
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Carl Wunsch, Edward Boyle, and Kerry Emanuel. 712.842 Climate Physics and
Chemistry. Fall 2008. Massachusetts Institute of Technology: MIT
OpenCourseWare, https://ocw.mit.edu. License: Creative Commons BY-NC-SA.
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Autumnal Equinox

June 22
Summer Solstice

December 22
Winter Solstice
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Vernal Equinox

[l.'N]\-"[-:}{S['I'Y OF TORONTO N (L‘ W|ND WAVES & TIDES

ACULTY of APPLIED SCIENCE &« ENGINEERING =" ALTERNATIVE ENERGY SYSTEMS






KJIIMATHU4YHI MNOACKU
TA OBJACTI CBITY

Ha 3axi WA cxin
40" einMpwieia 0" sig Fpusiaa 40"

YMOBHI NO3HAYEHHSA

EKBATOPIANBHUIA NOAC
Cnalri HecTink sitpu. Kapko i Bonoro. CesoHi
[ ] muam TEMNepaTypK Ta BONOroGTi NOBITPSA
o "

CYBEKBATOPIANIEHI NOACK

BAiTKY - eKBATOPIANbH, B3UMKY - TRONIHHI NOBITPAHI

D Macu. 3uma TPOXK XONOAHIWAE 38 MiTo, ane
BI3HA4AETHES CYXICTIO. HA/L OKEAHAMM BUHIKAIOTE
TROMMHI UHKNOHW

TPOMIMHI NOACKA
= NepesaxaioTe nacaty. loGpe NOMITH CE30HH! aminu
oc

TeMNeparypy NosiTps, IMBO HE MATEDMKAX
OB6nacti TPONIMHOro KNiMaTy
1] nycrensworo 2] sonororo

CYBTPOMI4HI NOACK
BhiTxy = TRONIYMI, BIUMKY = NOMIPHI NOBITRAHI
\:‘ MacK. 3HauHi Ce30HHI BIAMIHK TemnepaTtypu
NOBITPA Ta onags. MoXNUei cHironaam

O6nacri cyGrponiyHoro knimary
"3 | KOHTMHEHTANBHOTO 5] myconnoro
4| Cepensemiomop- ) 3 piBnomipHim
CBKOFD AHONOKEHHSM

MOMIPHI NOACK
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B noxpve. Ha oxeanax Migaenxol niskyni
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MOBITDAKE MAcK. Benuki CEaoHH! KONWBAKHA TEMNEPATYDH
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6aravopivHOl MEPANOTK rPyHTY. Ha OKeaHax - Nnasysa kpura
] Knimar cyGapxmautiii
I:I Knimat cyBaHTapkTHYHWAA 3 NPOXONOAHUM BONOTHM

NITOM | MOPO3NOIO 3UMOIO

APKTUHHWIA | AHTAPKTUYHMIA NOSICK

Ayxe MOpo3ana 3uma Ta XONoaHe nito.
Onagis BUNANAE Mano

[ Knimar apxraasmia
I:l KniMar aHTApKTMHHWA 3 HARMOPOSHIWO
HA 3BMHIN Ky 31MOI0

——— Mexi KniMatninmx noscis
Mexi knimaTunmx ofinacTei
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P,>P;

Sun heats the surface

Surface heats adjacent air
Density p ~ 1/

As air density decreases, it rises

Air heating also reduces the local
pressure B U | D

1 =
H H
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ALTERNATIVE ENERGY SYSTEMS



Sun on grass Sun on water

Convection Emission
—_—
Convection Emission | ~ 80%
e —— R
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WATER 20%
Absorbed

Ry 00
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EQUATOR EQUATOR

A. s. HC
High & low pressure by NOAA Ocean Service Education
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bn ST o Trade winds by NOAA Ocean Service education
Subtropical Jet
o _&_ ) tropopause
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east Hadley
_’_____-f-f-': ® Ferrel Cell
Polar Front Cell
1
Hm\ ) g M Zagn Low
L]
90° N North Pole J0°*N 0° Equator

Center for Muitlscale Modeling of Atmospheric Processes {CMMAP)
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Radiation Intensity

o
.

uv

T o F ¢ " F F 8

1 10 100
Wavelength, A (microns)

VIS Infrared

t

~0.5 um ... Wien’s law ... T, = 5800 K



RADIA CE (mW m2 g1 cm)

WAVELENGTH (um)
10 9

8

I
IRIS Satellite

Sahara

MODTRAN Model
Trapical ssting«2270

with 5% decrasss AH
grcursd T 320K

pCO= 325 ppn
hitp-iforecest LCNicago. sdu

WAVE NUMBER (cm™ )



Permanent

Dipole Moment

Arrangement

Molecule

No
No
Yes
MNo
Yes
Yes
Yes
No

0
O

—e

O
W—@

C
¢—©

N

a:f
&




Diatomic Structures
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Stefan-Boltzmann's law (very useful!)

F_ T4 F is the energy emitted, per unit time, per unit area,
— 0 expressed in W/m? [J/s*m?]
QO is a constant [5.67*10% W/m?2K*]

T is the absolute temperature (K)

WLAGE & HASA

64 million W/m? et
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LINKNOH 4un yparaH?




YparaH — TponivyHnM WTOPM, AKMN cdpopmMyBaBCA HaA
NIBHIYHOK YaCTMHO ATNAHTUYHOIO OKeaHy 4u
NIBHIYHO-CXIQHOK YaCTUHO TNXOro oKeaHy.
LinknoHn dpopmyoTbCca Hag NiBA4eHHOK YaCcTUHO
Tuxoro okeaHy Ta |HOINCBEKUM OKeaHOM.

TanyHn popmytoTbCcda Hag NiBHIYHO-CXIQHOO
YaCTUHOK TUXOro oKkeaHy.

https://www.bbc.com/news/science-environment-45519964



HUBBLE SPACE WENESLCOPE COMNTACT SUBSCRIBET

HOME MNEWS IMAGES VIDEOS NEWSLETTERS INITIATIVES ABOUT FRESS
e

Hubblecast 123 Light: Jupiter's Great Red
Spot

ol Hubblecast 123 Light: Jupiter's\Great Red Spot

This video highlights Jupiter's trademark spot and observations made of the feature by the NASA/ESA Hubble
Space Telescope that demonstrate that the spot has shrunk over time.

https://www.spacetelescope.org/videos/heic1914a/



http://climatemodels.uchicago.edu/hurricane/
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model_data["Thound®] = [float(model_data["Ts"]) - min{float{glt),floatimodel_data["tropopause”]}) * float{model_data["lapseRate™]) for alt
model_data["T"] = number_of_layers * [@]
model _data["lev"] = number_of_lavers * [@]
for 1 in range(number_of_lavers):
if i ==
T = (float(model data["Ts"]) + fleat{model_data["Thound"]1[81}) 7 2
model data["T"][@] = T
deltaZ = model_data["altitude"][i] # 1e3
model_data["lev"][@] = ps * numpy.exp(-g # deltaZ / (T * R))
else:
T = (float(model_data["Thound"J[1-1]) + float{model_data["Thound"][1i])) / 2
model data["T"][i] = T
deltaZ = (model_data["altitude”][1i] - model_data["altitude"][1-1]) * 1e3
model_data["lsv”][1i] = model_data["1lev”][i-1] * numpy.exp(-g * deltal 7 (T * R))

# model_data["lev"][number_of_layers-1] = min{model_data["lev"][number_of_layers-1], 13)
sys.stderr.write{str{model_data["lev"]))
def equilibrium_pressure(T):

return 6.1894 * exp(17.625 * (T - 273.1%) 7 (T - 38.11))

model_data["hZo"] = [{equilibrium_pressure(T) / model_data[ 'lev"][i]) # (float({model_data['relativeHumidity']) / 1@@.@) for (i,T) in enumer
# same sw albedo all around

model_data[ "asdif ']
model_datal["aldir']
model_data[ "aldif']

model_data[ 'asdir']

model_data[ 'asdir']

model_data[ 'asdir']
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Figure T5.6.1d | Global distribution of various ocean energy resources: (d) Ocean currents. [Figure 6.3]
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To um € rmobanbHe noTensniHHA?

Average temperature anomaly, Global Our World

Global average land-sea temperature anomaly relative to the 1961-1990 average temperature.

in Data

— Change region

0.8 °C

bMedian

0.6°C

0.4°C
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0=C
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1850 1860 1880 1500 1920 1940 1960 1780 2000 2019

ourworldindata.org/co2-and-other-greenhouse-gas-emissions



3MiHM KOHUEHTpaUil BYrfiekucroro rasy B atmocdepi

Atmospheric CO2 concentration Our World

Global average long-term atmospheric concentration of carbon dioxide (COz), measured in parts per million {ppm).
Long-term trends in CO= concentrations can be measured at high-resolution using preserved air samples from ice
Cores.

in Data

400 pprm World

350 ppm

300 ppm

250 ppm
200 ppm
150 ppm
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50 ppm
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803,719 BCE 600,000 BCE 400,000 BCE 200,000 BCE 2018

ourworldindata.org/co2-and-other-greenhouse-gas-emissions



Buknaoun Byrneuo B aTtMocepy Big rocnogapcbKol AianbHOCTI NOgNUHA

Global Carbon Emissions from Fossil Fuels, 1900-2014

11,000
10,000
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6,000
5,000
4,000

3,000

Million Metric Tons Carbon

2,000
1,000

0
1200 1910 1920 1930 1340 19350 1960 1970 1380 1930 2000 2010

Source: Boden, T.A., Marland, G., and Andres, R.J. (2017). . Carbon Dioxide Information Analysis Center, Oak Ridge
National Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., U.S.A. doi 10.3334/CDIAC/00001_V2017.

https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data


http://cdiac.ornl.gov/trends/emis/tre_glob_2014.html

Buknaoun Byrneuo B atMocepy 3a CEKTOpamMm eKOHOMIKU

Global Greenhouse Gas Emissions
by Economic Sector

Othei
Energy

10%
Electricity and
Heat Production

sy
Industry 25%

21%

il Agriculture, Forestry
Transportation / and Other Land Use

14% 24%

Source: ; based on global emissions from 2010. Details about the sources included in these estimates can be found in the

https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data


https://www.ipcc.ch/report/ar5/wg3/
https://www.epa.gov/home/exit-epa
https://www.ipcc.ch/report/ar5/wg3/

CALCULATE OFFSETTING BUSINESSES INFORMATION ABOUT U5

Your Carbon Footprint:

House 0.34 metric tons of COze
Flights 0.00 metric tons of COze
Car 0.00 metric tons of CO2e
Motorbike 0.00 metric tons of COze
Bus & Rail 0.04 metric tons of COze
Secondary 2.24 metric tons of COze

Total = 2.62 metric tons of COze

To offset some or all of your carbon footprint, click the sections you would like to offset in the list above, and click the Offset Now button.

Total To Offset = 2.62 metric tons of COze

Your Country World
Footprint Average Target

Your footprint is 2.62 metric tons, which equates to 3.41 metric tons per year
The average footprint for people in Ukraine is 5.02 metric tons

The average for the European Union is about 6.4 metric tons

The average worldwide carbon footprint is about 5 metric tons

The worldwide target to combat climate change is 2 metric tons



https://www.carbonfootprint.com/calculator.asp
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Conwvection cell

Dunes in Nili Patera (NOAA)

©The COMET Program

ATmocdepa Mapcy Ha 95% cknagaeTbcs 3 OBOOKUCY BYrneuto, Mictutbe 3%
asoty, 1,6% aproHy, cnign KMCH, BOAW, METAHY, iHWKX rasdie Ta barato nuny

https://marsed.asu.edu/mep/
wind



Mars Atmospheric and
Volatile EvolutioN

https://www.nasa.gov/mission_pages/maven/main/
index.html




“3BisIHA BITPOM”

Mars Atmospheric and Volatile EvolutioN

https://www.nasa.gov/mission_pages/maven/main/index.html







https://airandspace.si.edu/multimedia-gallery/6077hjpg?id=6077




Sol 2085

Images showing the advancing, global dust storm, taken by Curiosity’s Mast Camera between Sol 2075 and Sol 2170 on Mars, which
would’ve fallen between June 8, 2018, and September 13, 2018, on Earth. Images via NASA/JPL-Caltech/York University.

https://earthsky.org/space/understanding-mars-dust-storms




A dust storm on Mars photographed by the European Space Agency’s
Mars Express

https://www.newscientist.com/article/2199236-largest-dust-storm-
on-mars-ever-recorded-may-reveal-why-its-so-dry/



Y BiBTOpOK 30HO OAE “Hapia” nepenas nepue goto 3 opbitn Mapca

Emirates Mars mission

Science orbit (22,000km
by 43,000km, 55 hours)

Mars

\ insertion

\  orbit
AN

Cruise phase

ToME T aterbr o UAESA/MBRSC/LASP/EMM-EXI

by 49,380km, 40 hours)

The image shows three shield volcanoes in a line, as well as Olympus Mons, the largest volcano
in the Solar System

www.bbc.com/news/science-environment-56060890



Kutancbka micisa Tianwen-1 gocsrna opbitn Mapca
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edition.cnn.com/2021/02/10/asia/china-tianwen-1-mars-orbit-hnk-scli-scn/index.html
www.npr.org/2021/02/10/966299609/chinese-probe-enters-mars-orbit-with-plan-for-may-landing




Mapc — MJ1aHeTa, 3acCeJieHa pO6OTaMI/I
mars.nasa.gov/msl/home/

Status Update

Opportunity's Mission Is Complete
214/2019

No response has been received from
Opportunity since Sol ST (June 10,
2018), amid a planet-encircling dust

storm on Mars.
© & https:;//mars.nasa.gov/msl/home/ e @ 1y N &

o NASA Science
NB\EA MAR S EXPLORATION ‘@ The Red Planet The Program MNews & Events Multimedia  Missions v
PROGRAM S

Curiosity Reaches Its 3,000th Day on EENE
Mars

Mars Curiosity Rover



NASA Perseverance Rover

spectrum.ieee.org/automaton/aerospace/robotic-exploration/
nasa-perseverance-rover-landing-on-mars-overview




18 nrotoro 2021 poky 3annaHoBaHa nocagka 3oHaa Ha Mapc

Thursday, Feb. 18

2:15 p.m. — Live landing Broadcast on
the NASA TV Public Channel and online.
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https://www.nasa.gov/press-release/nasa-invites-public-
to-share-thrill-of-mars-perseverance-rover-landing




BukopucmaHi Oxepera

www.iac.ethz.ch/group/climate-physics.html

ETH:zurich

Department of Environmental Systems Science

Institute for Atmospheric and Climate Science

MITOPENCOURSEWARE

Global Warming I: The Science and Modeling of gl MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Climate Change

coursera

UNIVERSITY OF @ www.geomar.de/e ® fwee.org/environment/how-

FWEE é

Foundation for
e Water&E
g Earth System Research Laboratory H@fe)allsin's:1nte)s) m‘?'.t?nmnﬂerw

Physical Sciences Division in a Changing Climate

National Centre for
Atmospheric Science

HATURAL ENVIRDONMENT RESEARCH COUMNCIL

SPECIAL REPORT OF THE 3 Pum St Dnll:.'istlif
INTERGOVERNMENTAL PANEL I c c @ @ ump storage rant-
ON CLIMATE CHANGE e O project risks

WIKIMEDIA

Cglilf(':lgi-'ned Scientisto SCl EN C ELIFE

Science for a healthy planet and safer world

NIVERSITY OF TORONTO A bt (L‘ WIND, WAVES & TIDES

o U
:3-“ FACULTY or APPLIED SCIENCE & ENGINEERING =" ALTERNATIVE ENERGY SYSTEMS
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