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Earth, Credit: NASA's Earth Observatory Venus, Credit: NASA/JPL-Caltech/Mariner 10
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A Vénusz légkore: miota tudunk rola?
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A hidegzuhany: a 70-es evek szovjet leszalléegysegei.

- A felszinen 460-470°C (dacara annak, hogy a Vénusz fényvisszaver6képessége hatalmas: = 0,7)
- 92 atmoszftéras nyomas

- Elviselhetetlen viszonyok, villamok, esetenként savases6k (még fluor-kénsav is kialakulhat).

- Alegrobusztusabb leszalléegységek sem birtak ott néhany 6ranal tovabb.

- (Bar a légkor 60-70 kilométer magassagban nem 1s tinik olyan nagyon rossz helynek...)
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Total solar irradiance [W/m?]

M1 hatarozza meg egy bolygd homeérsékletét?
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M1 hatarozza meg egy bolygd homeérsékletét?
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M1 hatarozza meg egy bolygd homeérsékletét?

Napfelszin: 5-6000 K

Josef Stefan  Ludwig Boltzmann

1835 - 1893 1844 - 1906
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§ — =07
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Caution: Qantum theory messes with your hair! 0= 56703 107 W/ mK!

Left: Before discovering quantum theory (1878).
Right: After discovering quantum theory (1901).
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M1 hatarozza meg egy bolygd homérsekletet?

Napfelszin: 5-6000 K
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M1 hatarozza meg egy bolygd homeérsékletét?

Napfelszin: 5-6000 K

[forras: ESA]

Az egységnyi teliletre jutod
sugarzast teljesitmény a tavolsag
négyzetével csokken.

A Vénusz a Nap-Fold tavolsag 0,7-
szeresénél kering, vagyis ketszeres

"kakaot" kap.



Total solar irradiance [W/m?]
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a = 0,34 (albedo)
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Hold:
,wugyanitt” van (Nap sokkal messzebb), de 1égkor
nincs, @ = 0,12 = helyes atlagos T

Fot6: NASA, Artemis I, 2022. decembere
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climatemodels.uchicago.edu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input
53 —— Model .
— 300 K
C m
O3 (ppm) 1400 | i —— 280K 60
CHy (ppm) 17 | — 260K
Trop. Ozone (ppb) |28 | . — ;;g i -
Strat. Ozone scale |1 S
3
Water Vapor Scale |1 | IE g4
o Py
Freon Scale [1 | S 8
= g 30
Temperature Offset, = 15
o |2
C s
£ 20
Locality | Tropical Atmosphere V| 10
| No Clouds or Rain v 1 10
5
Altitude (km) [70 |
0
Looking down V‘ 0 200 300
‘ Save This Run to Background ’ T®
‘ SO Raw Mol e ‘ Wavelength (microns)
Model Output
P Wavelength vl T(K) v
Upward IR Heat Flux 298.52 \W/m?2
Ground Temperature 299.7 K
Spectrum expanded 5-11-17, changing the IR out value.




climatemodels.uchicago.cdu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input
CO5 (ppm) |400
CHy (ppm) 17

Trop. Ozone (ppb) |28

Strat. Ozone scale |1

Water Vapor Scale 0]

Freon Scale 1

Temperature Offset,

C [0

Local ity | Tropical Atmosphere

| No Clouds or Rain

Altitude (km) |70

Looking down w

‘ Save This Run to Background ‘

‘ Show Raw Model Output ‘

Model Output

Upward IR Heat Flux 389.36 \W/m?2
Ground Temperature 299.7 K

Spectrum expanded 5-11-17, changing the IR out value.
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climatemodels.uchicago.edu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input
53 —— Model .
— 300 K
C m
O3 (ppm) 1400 | i —— 280K 60
CHy (ppm) 17 | — 260K
Trop. Ozone (ppb) |28 | . — ;;g i -
Strat. Ozone scale |1 S
3
Water Vapor Scale |1 | IE g4
o Py
Freon Scale [1 | S 8
= g 30
Temperature Offset, = 15
o |2
C s
£ 20
Locality | Tropical Atmosphere V| 10
| No Clouds or Rain v 1 10
5
Altitude (km) [70 |
0
Looking down V‘ 0 200 300
‘ Save This Run to Background ’ T®
‘ SO Raw Mol e ‘ Wavelength (microns)
Model Output
P Wavelength vl T(K) v
Upward IR Heat Flux 298.52 \W/m?2
Ground Temperature 299.7 K
Spectrum expanded 5-11-17, changing the IR out value.




climatemodels.uchicago.cdu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input

CO2 (ppm) 0

CHy (ppm) 17

Trop. Ozone (ppb) |28

Strat. Ozone scale |1

Water Vapor Scale [0

Freon Scale 1

Temperature Offset,

C [0

Local ity | Tropical Atmosphere ~ |

| No Clouds or Rain

Altitude (km) [70]

Looking down w

‘ Save This Run to Background ‘

‘ Show Raw Model Output ‘

Model Output

Upward IR Heat Flux 431.436 \W/m?2
Ground Temperature 299.7 K

Spectrum expanded 5-11-17, changing the IR out value.
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climatemodels.uchicago.edu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input
53 —— Model .
— 300 K
C m
O3 (ppm) 1400 | i —— 280K 60
CHy (ppm) 17 | — 260K
Trop. Ozone (ppb) |28 | . — ;;g i -
Strat. Ozone scale |1 S
3
Water Vapor Scale |1 | IE g4
o Py
Freon Scale [1 | S 8
= g 30
Temperature Offset, = 15
o |2
C s
£ 20
Locality | Tropical Atmosphere V| 10
| No Clouds or Rain v 1 10
5
Altitude (km) [70 |
0
Looking down V‘ 0 200 300
‘ Save This Run to Background ’ T®
‘ SO Raw Mol e ‘ Wavelength (microns)
Model Output
P Wavelength vl T(K) v
Upward IR Heat Flux 298.52 \W/m?2
Ground Temperature 299.7 K
Spectrum expanded 5-11-17, changing the IR out value.




climatemodels.uchicago.cdu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input

CO5 (ppm) [1000

CHy (ppm) 117

Trop. Ozone (ppb) |28

Strat. Ozone scale |1

Water Vapor Scale |1

Freon Scale 1

Temperature Offset,

C [0

Local ity | Tropical Atmosphere ~ |

| No Clouds or Rain 4 |

Altitude (km) |70 |

Looking down w

‘ Save This Run to Background ‘

‘ Show Raw Model Output ‘

Model Output

Upward IR Heat Flux 294.092 y/m?2
Ground Temperature 299.7 K

Spectrum expanded 5-11-17, changing the IR out value.
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climatemodels.uchicago.cdu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input

CO5 (ppm) 10000

CHy (ppm) 17

Trop. Ozone (ppb) |28

Strat. Ozone scale |1

Water Vapor Scale [1]

Freon Scale 1

Temperature Offset,

C [0

Local ity | Tropical Atmosphere ~ |

| No Clouds or Rain 4 |

Altitude (km) |70 |

Looking down w

‘ Save This Run to Background ‘

‘ Show Raw Model Output ‘

Model Output

Upward IR Heat Flux 281.501 w/m?2
Ground Temperature 299.7 K

Spectrum expanded 5-11-17, changing the IR out value.
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climatemodels.uchicago.cdu/modtran/

MODTRAN Infrared Light in the Atmosphere

Model Input

CO5 (ppm) 10000

CHy (ppm) 17

Trop. Ozone (ppb) |28

Strat. Ozone scale |1

Water Vapor Scale [3

Freon Scale 1

Temperature Offset,

C [0

Local ity | Tropical Atmosphere ~ |

| No Clouds or Rain 4 |

Altitude (km) |70 |

Looking down w

‘ Save This Run to Background ‘

‘ Show Raw Model Output ‘

Model Output

Upward IR Heat Flux 254.685 \W/m?2
Ground Temperature 299.7 K

Spectrum expanded 5-11-17, changing the IR out value.
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Syukuro Manabe (B8 #IER) *1931,
Princeton, USA




Temperature vs Solar Activity

Solar Irradiance Temperature
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Thermal Equilibrium of the Atmosphere with a Given Distribution
of Relative Humidity

SYURKURO MANABE AND RICHARD T. WETHERALD

Geophysical Fluid Dynamics Laboratory, ESSA, Washington, D. C.
(Manuscript received 2 November 1966)

ABSTRACT

Radiative convective equilibrium of the atmosphere with a given distribution of relative humidity is
computed as the asymptotic state of an initial value problem.

The results show that it takes almost twice as long to reach the state of radiative convective equilibrinm
for the atmosphere with a given distribution of relative humidity than for the atmosphere with a given
distribution of absolute humidity.

Also, the surface equilibrium temperature of the former is almost twice as sensitive to change of various
factors such as solar constant, CO» content, Os content, and cloudiness, than that of the latter, due to the
adjustment of water vapor content to the temperature variation of the atmosphere.

According to our estimate, a doubling of the CQ; content in the atmosphere has the effect of raising the
temperature of the atmosphere (whose relative humidity is fixed) by about 2C. Our model does not have the
extreme sensitivity of atmospheric temperature to changes of CO, content which was adduced by Méller.



Manabe’s climate model

Syukuro Manabe was the first researcher to
explore the interaction between radiation
balance and the vertical transport of air
masses due to convection, also taking account
of the heat contributed by the water cycle.

Incoming ’ i
solar radiation ’ “
,' Infrared %
s heat radiation *
' 1

i)

Infrared heat radiation from the

ground is partially absorbed in the
atmosphere, warming the air and
the ground, while some radiates
out into space.

©Johan Jarnestad/The Royal Swedish Academy of Sciences

Cold Hot air +
air latent heat

Hot air is lighter than cold air, so it rises
through convection. It also carries water
vapour, which is a powerful greenhouse
gas. The warmer the air, the higher the
concentration of water vapour. Further up,
where the atmosphere is colder, cloud
drops form, releasing the latent heat
stored in the water vapour.



dioxide lead to higher
temperatures in the lower 401
atmosphere, while the upper

atmosphere gets colder.

Manabe thus confirmed that
the variation in temperature ‘
is due to increased levels of

carbon dioxide; if it was
caused by increased solar 30

Increased levels of carbon ‘ / )

radiation, the entire atmosp- | 150 ppm CO,
here should have warmed up. | 300 ppm CO,
600 ppm CO,

Temperature at the surface
20 fell by 2.28°C when the level
of carbon dioxide halved.
Itincreased by 2.36°C when
the level of carbon dioxide

Altitude [km)

Stratosphere

doubled.

y/4

0

-80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30
Temperature [°C]

Source: Manabe and Wetherald [1947] Thermal equilibrium of the atmoesphere with a given
distribution of relative humidity, Journal of the atmaspheric sciences, Vol. 24, Nr 3, May.



Temperature vs Solar Activity

Solar Irradiance Temperature
11-year average

Yearly
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Miert lett ilyen a VVenusz?

A korai Naprendszerben a fiatal ( ~ 4,5 milliard éves) Nap a mostani luminozitasanak 70%-at adta le
Ekkor a VVénuszon sekély 6ceanok alakulhattak Ki

Beindulhatott a megszaladé Uveghazhatas (runaway greenhouse effect), amely egy nemegyensulyi allapot, melynek soran a
teljes vizkészlet elparolog, mert a legkdr magasabb retegeiben sem tud lecsapédni.

UV miatt a vizmolekulak odafont szétesnek, a hidrogén elszokik (deutérium nem annyira, azért ma 150-szeres aranyban van
ott jelen).

Szegény bolygot az &g is hlzza: a szén-dioxid nem tud kivonodni 1égkorbol, mert (talan a viz hidnya miatt is) nincsen
lemeztektonika. (Inorganic carbonate-silicate cycle hianyzik.)

Felmilliard évente szupervulkan-kitérések(?) - Relative fiatal felszin







Ez var rank 1s?

A széndioxid-termelésiink miatt biztosan
NEM. Legalabbis egyelOre.

Lokalisan nalunk is van ilyen megszaladas
(Super Greenhouse Effect), pozitiv
visszacsatolas. Ausztraliatol északkeletre, a
Csendes-6ceanon, de a légkorzésunk miatt ez
csak lokalis jelenség.

De sajnos egymilliard év malva a Nap 10%-
kal ,,fényesebb” lesz, a becslések szerint
47°C-ra ndvelve a Fold atlaghOmérsékletét,
ami mar egy belépd a visszacsatoldsba, a
végén a Vénuszt megszégyenitd 900°C-0s
felszini homérseklettel. ..

De addig még lesz néhany szép koriink a Nap
koral. ©




Koszon6m a megtiszteld figyelmet!




