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promieniowanie : '\ powietrze ciepte
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Gdyby energie transportowato wytgcznie promieniowanie...
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Ale mamy tez ruchy powietrza (konwekcje)...
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WyYSOKOSC [m]

| jeszcze kondensujgcg pare wodnag!
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(40) Thermal Equilibrium of the Atmosphere with a Convective Adjustment
SvyukvurR0 MANABE AND ROBERT F. STRICKLER
General Circulalion Research Laboratory, U. S. Weather Bureaw, Washington, D. C.
1 O (Manuscript received 19 December 1963, in revised form 13 April 1964)
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F16. 4. The dashed, dotted, and solid lines show the thermal ~
equilibrium with a critical lapse rate of 6.5 deg km™, a dry- z

adiabatic critical lapse rate (10 deg km™), and pure radiative
® equilibrium.
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F1G. 5b, Examples of vertical distribution of ozone

adopted for our computations.
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F16. 6a. Pure radiative equilibrium for various atmospheric
absorbers. The distribution of gaseous absorbers at 35N in Apri]
are used. Sc=2 ly min™1, cos{=0.5, r=0.5. No clouds. (L+S)
means that the effects of both long wave radiation and solar
radiation are included.



Dwutlenek wegla
ogrzewa atmosfere

Podwyiszona koncentracja
CO, prowadzi do wzrostu 40 =
temperatury w dolnych warstwach
atmosfery oraz do ochtodzenia
gérnej atmosfery.
Manabe potwierdzit, ze zmiany
temperatury sg zwigzane
ze wzrostem koncentracji CO,; 0
gdyby przyczyng byt wzrost e 150 ppm CO,
aktywnosci stonecznej, s 300 ppm CO
2
nagrzewataby sie cata atmosfera.
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Johan Jarnestad (The Royal Swedish Academy of Sciences),

na podstawie Manabe i Wetherald (1967)
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go p morza
od sredniej z lat 1993-2012 (mm)
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Global precipitation anomaly
This indicator shows annual anomalies compared with the average precipitation from 1901 to 2000 based on
rainfall and snowfall measurements from land-based weather stations worldwide.
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Source: National Oceanic & Atmospheric Administration (NOAA) via the US EPA OurWorldinData.org/natural-disasters o CC BY
Note: Global anomalies have been determined by dividing the world into a grid, averaging the data for each cell of the grid, and then averaging
the grid cells together.
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Global reported natural disasters by type, 1970 to 2019
The annual reported number of natural disasters, categorised by type. This includes both weather and non-weather
related disasters.
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srednie roczne
1,5

185 870 1890 191G ' 1950 1970 1990 2010

anomalia temperatury [ C]

rok

Okres referencyjny: 1951-1980 Dane: Berkeley Earth



srednie miesieczne
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Okres referencyjny: 1951-1980 Dane: Berkeley Earth
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Visible Light Region of the Electromagnetic Spectrum ' About the thickness of a soap bubble membrane

FE

biate swiatto — fale o wszystkich dtugosciach

czerwone swiatlo — gtownie fale dluzsze

llustracja: NASA



Stochastic climate models

Part I. Theory

By K. HASSELMANN, Maax-Planck-Institut fiir Meteorologie, Hamburg, FRG

(Manuseript received January 19; in final form April 5, 1976)

ABSTRACT

A stochastic model of climate variability is considered in which slow changes of climate
are explained as the integral response to continuous random excitation by short period
“weather”” disturbances. The coupled ocean-atmosphere—cryosphere-land system is
divided into a rapidly varying ‘‘weather’ system (essentially the atmosphere) and a
glowly responding ‘‘climate’ system (the ocean, cryosphere, land vegetation, etc.). In
the usual Statistical Dynamical Model (SDM) only the average transport effects of
the rapidly varying weather components are parameterised in the climate system. The
resultant prognostic equations are deterministic, and climate variability can normally
arise only through variable external conditions. The essential feature of stochastic
climate models is that the non-averaged “weather” components are also retained.
They appear formally as random forcing terms. The climate system, acting as an in-
tegrator of this short-period excitation, exhibits the same random-walk response
characteristics as large particles interacting with an ensemble of much smaller par-
ticles in the analogous Brownian motion problem. The model predicts “‘red” variance
spectra, in qualitative agreement with observations. The evolution of the climate prob-
ability distribution is described by a Fokker-Planck equation, in which the effect of
the random weather excitation is represented by diffusion terms. Without stabilising
feedback, the model predicts & continuous increase in climate variability, in analogy
with the continuous, unbounded dispersion of particles in Brownian motion (or in &
homogeneous turbulent fluid). Stabilising feedback yields a statistically stationary
climate probability distribution. Feedback also results in a finite degree of climate
predictability, but for a stationary climate the predictability is limited to maximal
skill parameters of order 0.5.

Niklas Elmehed, Nobel Prize Outreach
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System klimatyczny ma pamiec.

Niklas Elmehed, Nobel Prize Outreach
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System klimatyczny ma pamiec.

Tq pamieciq jest ocean.

Niklas Elmehed, Nobel Prize Outreach
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La Nina
1988

Anomalia temperatury powierzchni morza [°C]
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Anomalia temperatury [°C]

Wewnetrzna zmiennos¢ klimatu
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IPCC 2013 AR5, FAQ5.1



Srednia temperatura powierzchni Ziemi

Aktywnos¢ stoneczna
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Identyfikacja przyczyn zmiany klimatu

Klaus Hasselmann opracowat metody rozrézniania wptywu

czynnikdéw naturalnych i antropogenicznych na ocieplenie atmosfery.
Pordéwnanie zmian sredniej temperatury wzgledem lat 1901-1950 [°C].

Anomalia temperatury [°C]
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Johan Jarnestad (The Royal Swedish Academy of Sciences), na podstawie Manabe i Wetherald (1967)

|
2000

= Obserwacje

=== (Qbliczenia pokazujgce jedynie
wplyw czynnikéw naturalnych,
takich jak erupcje wulkaniczne

=== QObliczenia pokazujace zardwno
wplyw czynnikow naturalnych
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