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Rotation axis (pole)

d: Sun’s rays

Sun’s rays

Cross-sectional area

/
O O Q of sun's rays striking

the earth’s surface

March 20

_—®

Flgure 3.11.

March of the seasons;

as the lilted Earth

revolves around the

8un, changes in the June 21
distribution of sunlight
cause the succession of
the seasons, (Imbrie and
Imbrie 1986)

- c
Sun’s

= B
rays

<+ A

September 22

Figure 2.6 Schematic diagrams show-
ing the variations of solar intensity (en-
crgy per unit area) with angle of inci-
dence to the earth’s surface. Lower
angles (higher latitudes) result in the
same energy spread out over a larger
arca and, thus, in a lower intensity of
radiation. Scene depicted is for North-
ern Hemisphere winter.  (Modified
from A. Miller, et al. Elements of Mete-
arology, 4th ed. Copyright © 1983 by
Charles E. Merrill Publ. Co. Re-
printed by permission of the publisher.)
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Flgure 2.6.

The Sun’s spectral
Irradiance typical of
solar minimum
conditions compared
with the spectrum of a
blackbody radiator at
5,770 K (Lean 1991).
UV = ultraviolet;

VIS = visible;

IR = infrared,
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Figure 6.5, Power per unil wavelength per steradian
emilled by a blackbody emitter at dilferent temperalures.
{Finkenburg, 1964, p. 45, Fig. 20.)
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Major Components (concentration in percent by volume in dry air)

Nitrogen, N, 78.08
Oxygen, O, 20.95
Argon, Ar 0.93
Minor Components (concentration in parts per million by volume, ppmv)
Water vapor, H,0 40-40,000
Carbon dioxide, Co, 360
Neon, Ne 18.2
Helium, He 524
Methane, CH, 1.7
Krypton, Kr 1.1

Trace Components (incomplete list; concentration in parts per billion by volume, ppbv)

Hydrogen, H, 550
Nitrous oxide, N,O 330
Xenon, Xe 87
Carbon monoxide, CO 60-200
Ozone, o, 10-30
Ammonia, NH, 4-20
Formaldehyde, CH,O 0-10
Nitric oxide, NO 1
Nitrogen dioxide, NO, 1
Sulfur dioxide, SO, 14
Chlorofluorocarbons

F11 (CFCl,) 0.18 <

F12 (CE,Cl) 0.38
Carbon tetrachloride, ccl, 0.13
Methyl chloride, CH,CI 0.6

Sources: Holland 1978; Wameck 1988; Rowland and Isaksen 1987.

SPACE Reflected ""Short-wave" "Long-wave’’ Earth Radiation
Solar Radiation
Incoming 30 70
Solar r A -~ p A ~
Radiation 6 20 4 6 38 26
100 A A { ] { }
ATMOSPHERE Backscaltered ’
by air
Net emission
Absorbed by water vapor, CO,  (_— }
by water / Emission
vapor, dust, eflected by clouds
0,,C0, 16 by clouds
Net
16 eabsorption
/ by water
Absorbed éﬁ/ Reflected vapor, CO, Latent
by clouds by surface heat
N flux
Absorbed i et. surface s
by emission of long- Sensible
wave radiation heat flux
OCEAN AND LAND 51 21 7 23

Figure 2.4 The mean annual radiation and heat balance of the atmosphere and
earth. Units are assigned so that incoming solar radiation (0.5 cal/cm¥min) is set
equal to 100. (“Short-wave” solar radiation is that with <4pm wave length; “'long-
wave” earth radiation is >4pm). (Adapted from U.S. Committee for the Global
Atmospheric Research Program 1975).
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Figure 2.2 Spectral distribution of incident solar radiation outside the atmosphere
and at sea level. Major absorption bands of some of the important atmospheric gases
are indicated. (Reproduced by permission of McGraw-Hill frorp S. L. Valley (ed.),

Handbook ot; Geophysics and Space Environments, McGraw-Hill, New York, 1965,
Fig. 16.1, p. 16.2) The emission curve of a black body at 5900K is shown for

comparlson
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Figure 6.4. The solar speclrum (A) outside lhe Earth's
atmosphere, (B) al sea level, (C) 10m below the sea

surface, and (D) 100m below the sea surface; E is lhe
spectrum of a blackbody radialing al the same tem-

peralure as the solar pholosphere. The valleys in curve
B reflecl absorption by molecules in the lerrestrial

atmosphere. (Adapted from Dietrich el al,, 1975.)
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Figure 3.8 The relative spectra of sunhght anq Egrth s 10 |
blackbody radiation (referred toas terrestrial rladlla'uon or 10t
Earthglow). The spectral regions of the emissions are 101 a S ‘
seen to be quite distinct, with little overlap of spectra. ; _Wamengm i)

Intensity

108
107

Wien's law

] i Sunlight tures relevant to environmental studies. The values are
Earth radiation displayed here on a log-log graph, so that both the

. /_R_r\_ wavelength andintensity scales are greatly compressed

T T"((lrrir'_; — T and cover many orders of magnitude. (From P. R. Gast,

4 6 8 10 12 14 Air Force Cambridge Research Laboratory, McGraw Hill
Wavelength (ium) {1967). Appendix B of Revision of Chapter 22 of the
Handbook of Geophysics and Space Environments, Air
Force Survey in Geophysics #199, Office of Aerospace
Research, USAF, Bedford, Mass. Template only.)
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Figure 11.11 The spectrum of radiation emitted by the Earth to space, as measured from a
satellite. The spectrum is the jagged line, which defines the intensity of the radiation as a function
of wavelength. Several ideal blackbody-emission curves (Planck functions) corresponding to
temperatures ranging from 200 K to 300 K are shown for comparison. By matching the ohserved
emission spectrum at any wavelength to a blackbody curve, the effective temperature of the
Earth's emitting region at that wavelength can be estimated. Indicated above the spectrum are
the atmospheric species responsible for the emissions in the corresponding wavelength
intervals. The relevant molecular “bands” for each species also are identified. The response of
the emission spectrum to the addition of a hypothetical atmospheric absorber in the longwave
window region is illustrated by the hatched regions. The measurement corresponds to a cloud-
free area of the Earth. (Data from Hanel, R. A., B. J. Conrath, V. G. Kunde, C. Prabhakara, |. Revah,
V.V.Salomonson and G. Wolford, "The Nimbus 4 Infrared Spectroscopy Experiment 1. Calibrated
Thermal Emission Spectra,” Journal of Geophysical Research 77 [1972]: 2629.)

100

Figure 3.7 Blackbody radiation spectra as a function of
temperature (kelvin), over the entire range of tempera-
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HIGURE 3-6 The variation of temperature with altitude in a radiative equilib-
rium model assuming: (1) pure radiative equilibrium only, and (2) convection
and precipitation occurring, resulting in a lapse rate (or decrease in tempera-
ture with increasing altitude) of 6.5°K km~', (After S. Manabe and R. F.
Strickler,1964, J. Atmos. Sci. v. 21, p. 361. American Meterological Society.)
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Figure 2.9 Rates of poleward energy
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Figure 2,10 Schematic representation of the general circulation of the atmosphere.
(Modified from A. Miller, et al. Elements of Meteorology, 4th ed. Copyright ©
1983 by Charles E. Merrill Publ. Co. Reprinted by permission of the publisher.)

TABLE 2.2 Fluxes in the Water Cycle with Methods of Determination

Flux
Pracess km?¥/yr cm/yr® Source

Precipitation on land 110,300 74 Lvovitch 1973

Evaporation from land 72,900 49 (Precipitation on land minus run-

off)

Runoff from land (river runoff Baumgartner and Reichel 1975;
and direct groundwater dis- groundwater discharge, Mey-
charge to the ocean of ~ 6% beck 1986
of total) 37,400 25

Precipitation on oceans 385,700 107 (Total precipitation minus precip-

itation on land)

Evaporation from oceans 423,100 117 (Precipitation on oceans minus

runoff)

Total precipitation on earth 496,000 97 Baumgartner and Reichel 1975

Total evaporation on earth 496,000 97 Baumgartner and Reichel 1975

(equal to total precipitation)

Note: Because of use of different areas, values in cm/yr do not balance between land and oceans.

* Fluxes in cm/yr calculated on the following basis: area of earth = 510 x 105 km? (total evaporation
and precipitation); area of oceans = 362 x 105 km? (precipitation and evaporation over oceans);
and area of land = 148 x 10° km? (runoff, precipitation and evaporation over land).



