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1. Climate System
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1.1 Introduction



Climate and Climate System

NWeathens what is happening to the atmosphere at any giv
time.

Climatein a narrow sense Is the "average weather," the
statistical descriptoover a peri od of t

Climate is formed in the interactionsahmate system
consisting ofatmospherencluding composition and
circulation, theocean hydrosphere, land surface, biosphere,
snow and icgsolar and volcanic activities in its spatial and
temporal variability.



Causes of Climate Variability

Natural origin

external: land-sea distribution, orography
solar constant, orbital variations
volcano

internal variability of the climate system
(e.g., air-sea interaction,,,)

Anthropogenic origin

emission of greenhouse gases, destruction of
ozone layer, land surface modification,,, (= climate
change)
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Schematic view of the components of the climate system, their processes and interactions.
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1.2 Radiative Balance



Radiative Balance between Earth and Space
Solar Radiation
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Pictures are from NASA and JMA web-sites

Absorption of Radiation from 6000K and 255K Blackbodies

Terrestrial
radiation

Black Body
Curves

Energy (Rel. unils)

I I Wave number (cm™)

50900 10900 50'00 2090 14!28 1q00 6§3 3:?3 200 100
L | s | A EEEEE] | =] | B ) 7] 5 (R B B Jemmes IIJ1ILIJ
0.1 0.1502 03 0.5 1SOREET.ORR? 3 ) 10 15 20 30 50 100
Wavelength ym
100
2 go | Ground
c Level
2 60F
o H20 (Rotation)
. 3 40 -
2 20} O 0 B
0 CO:l J
A a4 5 AJurr LJd | T I
0;0;0; O0; O, 0;0;0; H;0 ] HrOJLCO’ HDOl H;O ]_JN:O
L) e co,H | e Cco;
H,0 e co cv’-« CFCl,
> * CF,Ch

(a) Spectral distribution of long-wave emission from the top of the atmosphere to the surface. Notice the compara-
blacLbodlcs at 6000 K and 255 K, corresponding to the mean  tively weak absorption of the solar spectrum and the region of
cmitting temperatures of the Sun and Earth, respectively, and ()  weak absorption from 8 to 12 pum in the long-wave spectrum 10
percentage of atmospheric absorption for radiation passing from  [from MacCracken and Luther, 1985).



From Marshall J., and R. A. Plumb, 2008: Atmosphere, Ocean, and Climate Dynamics, Academic Press, 319pp.

The simplest greenhouse model
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FIGURE 2.7. The simplest greenhouse model, comprising a surface at temperature T;, and an atmospheric layer

at temperature T, subject to incoming solar radiation 5, /4. The terrestrial radiation upwelling from the ground is
assumed to be completely absorbed by the atmospheric layer.
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Difference between

Pictures are from NASA web-sites

Equilibrium radiative temperature and Ground Surface Temperature

Venus
Solar constant : 2600 W/m?2
planetary albedo : 0.77

Equilibrium radiative temperature: -46 C

Earth
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Mars
Solar constant : 590 W/m2
planetary albedo : 0.15

Equilibrium radiative temperature : -56 C
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Radiative heating tends to create vertical instability

between heated ground and cooled atmosphere on average
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Fig. 2Schematic diagram of the global mean energy balance of the Eaxinnbersindicate best estimates for the magnitudes
of the globally averaged energy balance components together with their uncertainty ranges, representing present day climate
conditions at the beginning of the twenty first century. Units Wi. Source: Wild et al.(2013.) 13



Thermal Equilibrium of the Atmosphere with a Convective Adjustment

SvyuUETRD MANABE aAND RoBeErRT F. STRICKLER

Germeral Circemlalion Research Laboralory, U7, S, Weallker Bureaw, Washington, I, C,
(Manuscript received 19 December 19463, in revised form 13 April 1964)

TREEERE Typical condition at 35N in April
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Thermal Equilibrium of the Atmosphere with a Convective Adjustment

SvUETRO MANABE AND RoBErRT F. STRICKLEER

Gemeral Circlalion Researclh Laboralery, . 5. Weallker Bureaw, Washington, D, C.
[(Manuscript received 19 December 1963, in revised form 13 April 1964)

Observed Temperature 1-D model Simulations for each latitudes
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Fie. 12. Distribution of the observed temperature (deg k) in the northern hemisphere for different seasons. F16, 13, The local radiative equilibrivm temperature of the stratosphere, The shaded area is the

‘rom J. Lo ). ' I
rom J. London (1939 region where the temperature was fixed at the vhserved value, Above the shaded area the st ﬂsli the

convective equilibrium, whose critical lapse rate for convective adjustment is deg kmi™, islsiwn.
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1.3 Horizontal Radiative Imbalance
and Circulations
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Picture is from IPCC 1995

Imbalanced horizontal distribution of radiative heating

(1) Latitudinal Imbalance between Pole and Tropics Timescale=1year

Driving Forces of Climate _ _ ..
Relaxation time to radiative

equilibrium temperature
(radiative equilibrium
timescale) is estimated as
about 30 days.

Radiative imbalance between
Pole and Tropics drives
global circulations.

Radiative imbalance between
day and night has small
iInfluence on global
circulations directly.

(2) Longitudinal Imbalance between Day and Night Timescale=1day



