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Fig. 2Schematic diagram of the global mean energy balance of the Edxthmbersindicate 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.)
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Solar radiation
A Global mean : 235 Wi
A Low latitude : over 300 Wh?
A Poles : about 50 Wh?

Terrestrial radiation
A Global mean : 235 Wh
A Less gradient between low
latitudes and poles compared to
that in solar radiation
Net radiation
A Global mean : 0 Wh?

A Positive in low latitudes, negative
in high latitudes
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A Boththe atmosphere and
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_ heat transport

A Atmospheric transport is
larger, particularly in the

_ mid and high latitudes

A Oceanic heat transport is
large in lowlatitudes



From Wallace, J.M. and P. V. Hobbs, 2006: Atmospheric Science. Academic Press, 483pp.
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Fig. 10.3  Schematic of air parcels circulating in the atmos-

phere. The Colored shading represents potential temperature
or moist static energy, with pink indicating higher values and
blue lower values. Air parcels acquire latent and sensible heat
during the time that they reside within the boundary layer, rais-
ing their moist static energy. They conserve moist static energy
as they ascend rapidly in updrafts in clouds, and they cool by
radiative transfer as they descend much more slowly in clear air.

A Moist Static Energy
H=CpT+gZ+Lg

T. Temperature
Z: Height
g: Specific Humidity

H of air parcels is conserved even through
adiabatic process and/or
condensation process,

but, not conserved through the processes
of radiation, heat and moisture supply
from ground surface.



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

Net radiative gain Net radiative loss
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latitudes

l

momentum gain  momentum loss

FIGURE &.12. Schematic of the transport of (left) energy and (right) momentum by the atmospheric ge?lerfal
circulation. Transport occurs through the agency of the Hadley circulation in the tropics, and baroclinic eddies n

middle latitudes (see also Fig. 8.1).
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From Marshall J., and R. A. Plumb, 2008: Atmosphere, Ocean, and Climate Dynamics, Academic Press, 319pp.

upper level
weslerlies

surface westerlies
and eddies

EQUATOR / 4/
SRR

FIGURE 8.2. Schematic of the observed atmospheric general circulation for annual-averaged conditions. The
upper level westerlies are shaded to reveal the core of the subtropical jet stream on the poleward flank of the
Hadley circulation. The surface westerlies and surface trade winds are also marked, as are the highs and lows of
middle latitudes. Only the northern hemisphere is shown. The vertical scale is greatly exaggerated.
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Viewed in the present, the tilted Earth revolves around the Sun on an elliptical path. The orientation

of the axis remains fixed in space, producing changes in the distribution of solar radiation over the
course of the year. These changes in the pattern of radiation reaching Earth's surface cause the succession
of the seasons. The Earth's orbital geometry, however, is not fixed over time. Indeed, long-term variations
in the Earth's orbit help explain the waxing and waning of global climate in the last several million years.
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Month of Maximum T2m NCEP(1949-2000) fonth of Maximum Downward Solar Radiation Flux at top

60E

(Right) Downward solar radiation at the top of the atmosphere is maximum in June
(December) poleward of about 15 latitude in the NH (SH). In the tropics, it is January,
February, March, Apriland May at 10 S,4 S,2 N, 8 Nand 14 N, respectively.

(Left) Actual month of maximum monthly mean temperature is quite different due to
inertia of atmosphere, land and ocean. It is July over the continents and August over the
oceans in the NH, but its distribution is not simple.
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From Wallace, J.M. and P. V. Hobbs, 2006: Atmospheric Science. Academic Press, 483pp.

Fig. 10.9 Idealized representation of the monsocon circula-
tions. The islands represent the subtropical continents in the
summer hemisphere. Solid lines represent isobars or height
contours near sea level (lower plane) and near 14 km or
150 hPa (upper plane). Short solid arrows indicate the sense
of the cross-isobar flow. Vertical arrows indicacte the sense of
the vertical mortions in the middle troposphere. Regions thac
experience of summer monsoon rainfall are also indicarted.
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Column-averaged diabatic Linear response to the tropical heating;

heating in January eddy stream function at 300hPa
0 60E 120€ 180 1200 60N 0 ‘ = = - ’

F1G. 8. The column-averaged diabatic heating field in Jan obtained from the NCEP-NCAR
reanalysis as described in the appendix. The contour interval is 0.5 K day 1.

Held et al.(2002)
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Linear response to the orographic
forcing; eddy stream function at
300hPa Tibet

(a) Reanalysis

Linear

Held et al.(2002)

F1G. 11. The eddy streamfunction on the o = 0.866 surface for (a) NCEP-NCAR reanalysis, (b) nonlinear response to NH extratropical
heating. (c) nonlinear response to tropical heating and NH extratropical heating. and (d) nonlinear response to orography. tropical heating,

and NH extratropical heating. Contour interval is 2 X 105 m?® s~

20



o T

21




100 1

200 1

10km

300 1

aia0
5km
70019
2km K
00 F 1 ; — , . )
a0s &05 305 EQ 30K G0N Q0K
T T T [ T [ e
—H0—45—40—-35-30-25-20-15-10-5 0 5 10 15 20 25 30 35 40 45 5D
m/s, (S

12 2 1981 2010 30 22



CATA1  JRA—55 w37 HNOIRM lat = —30:70 lon = 30:190 level = 23:23

time = 2013010100:2013120100 ave = 1WO

CATAZ JRA—35 psid7 NORM lot = =370 lon = J0:190  level = 2323

7o

G 1

S0M 4

40N

E0
1U3‘

2054

305

00701 MARZ2GT 3
N =

timme = 20130710100:20131207100 ave = 1TWM0O analysia methad = DATAT_DATAZ

CPD /A
LA

_ # —
S = !

200hPa
200hPa




