Sec 5.3 Absorption, Reflection & Transmission of radiation | Sow £As b Aserta. et sed 26 Sept. 2016

« above the atmosphere solar “beam” has strength ("energy flux density")
~ 1365 W m-2 (solar “constant” S )

 within the atmosphere, solar photons are subject to absorption and scattering by gases and
particles (including water and ice), while photons neither absorbed nor scattered are
“transmitted”
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« absorption results in the radiative energy being converted to sensible heat (and possibly a
share to latent heat) at the site of absorption

« scattering means photons' direction of motion is changed, producing diffuse solar radiation
(what you see when you are not looking directly at the sun)
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Sec5.4 Albedo (shortwave reflectivity)

Why is forest an efficient absorber?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Surface Albedo
mutiple reflections 2 gl \eal acea | Fresh snow 0.75-0.95
\ ' )oe( W,;lswd. acea | 0ld Snow 0.40-0.70
777777 Zé;ﬁiﬂ Water (Low Sun Angle) fgﬁ:&'& » 0.10-1.00
Why does water have a low albedo for high Water (High Sun Angle) 0.03-0.10
sun?§ hdS A'lfl‘ ‘%fﬁﬂsma'ﬁa.u '-/_—j | Sealce 0.30-0.45
e —— Glacier Ice 0.20-0.40
A‘:Ibedo _al_so known as “shoertwave reflectivity” Thick Clouds 0.70-0.95
( re]‘le_ctl\’/,lty ofi the: surface for shertwave S s R e
radiation”)
Deserts 0.20-0.40
Wet Soll 0.05-0.15
Dry Soil 0.25-0.35
Coniferous Forest 0.05-0.15
% Deciduous Forest 0.15-0.25
L Grass 0.15-0.25
¥\ Asphalt 0.05-0.20
Concrete 0.10-0.35
Urban Area 0.15 (average
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TABLE 5.2 | Albedos of various surfaces.
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Yellow Light

b Scattered Blue Light
Fig 5.11a
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Sec 5.5 Scattering & absorption 4]12

~ « aerosols (including cloud

~droplets) are much larger
than the wavelength of solar
radiation, and cause Mie
scattering — which is non-
selective with respect to
wavelength

Transmitted
White Light

Fig 5.11c

 Diffuse light under cloud
~cover is milky and clouds
appear white

» Under clear skies, apart from some absorption in the uv and nir (respectively

| 7%, 37% of incident solar energy) a substantial proportion of solar radiation
traverses the atmosphere without absorption — though scattering transfers
radiation out of the "direct beam" and results in (upward and downward) "diffuse

radiation"

« "The atmosphere is more effective at absorbing the longwave radiation from the

earth than it is at absorbing the shortwave radiation from the sun”



Sec 5.6

« Completely transparent atmosphere

(equivalent to no atmosphere)

The Greenhouse effect
NO ATMOSPHERE

« steady state energy balance:
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o
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« quantitative global energy balance
gives a radiative equilib. temp. -18°C
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WITH ATMOSPHERE
GHG absorb and emit longwave radiation

water vapour is the main GHG

atmosphere "relatively transparent" to

shortwave (exception: water vapour

attenuates nir, ozone the uv) but its GHGs

strongly interact with longwave

clouds absorb (and emit) all wavelengths of

longwave radiation and reflect/scatter/absorb
shortwave (all else equal, cloudy

night warmer than clear)
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Sec 5.8 Solar Radiation. Its distribution, intensity, seasonality 6/12

- solar constant ("S_") 1365 W m (strength of beam above atmos, when sun-earth distance = avg.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

December Solstice

Aphelion (July 4)

Perihelion

(January 3) June Solstice

Fig 5.22 March Equinox
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Let \<% = Solar cadiant en{l‘gj ﬁw” def\sﬁ at base ‘:( q+MoS'

mecsuced o~ hemz. suctface
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O beam de,lale, 00 Aphelion (July 4)

oY
7@ beam sbreadn _—— 152x10%km
147 x 10° km

Perihelion

(January 3) June Solstice

Fig 5.22 March Equinox
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Sec 5.8.2 Solar Radiation... Seasons 9/12

N
ﬁ

Arctic Circle

T
_—

Equinox

. =
Tropic of Cancer
Equator

|
Solar Radiation

=
Zenith Angle 4
/ Tropic of Capricorn

/ 45°S
Altitude Angle /

/ Antarctic Circle

Fig 5.17 | ("elevation angle") / o ——

/ S Fig 5.21

Subsolar point . ,
revolves around an 1deal ced

which latitude line?

zenith angle is 0°

Solar Radiation

« subsolar point circles along a latitude line

» circle of illumination cuts "circles of latitude" &
daylength is 24 hr x % illuminated

Fig 5.23a
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Sec 5.8.2 Solar Radiation... solar declination angle é and the seasons 10/12

Subsolar point revolves around?

Radiation

Solar Radiation

Solar

Figure 5.23

December solstice

June solstice
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Sec 5.8.2

Noon So'ar e\euq'\ion

Solar Radiation... Seasons

10a/12
local
zenith
sun's
®-0 beam
0 =90°(p-9)

~
~
~
~
~
~5
.,

equatorial
plane

Generalization

6 = 90°- |p-9|

allows for negative (southern) latitude and solar declination

Dashed line indicates
local horizontal at
latitude @

O IS noon solar
elevation at that
latitude
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Sec 5.8.2 Seasons 11/12

) S S A \
. . 24° — June
Let ¢ be latitude, and recall o is .. Analemma — E RNy,
L : | apparent S0 Y
o . /25
the solar declination angle (¢ <0 in 2" motion of noon =z zgog
o | . < |15
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= photo taken by N ;, >
0 = 90 — |p—9| .| camera at NI
noon | [ . 5
... | fixed location
0 0 10
..~ and orientation SN
Edmonton (lat 53.5°) 2 January? - at same time j4 N
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Edmonton's latitude 53.5°N

Greater beam
intensity on an
inclined surface

Figure 5.30

12/12

ll TABLE 5.3 | Day lengths by latitude and date.

December June

Latitude Solstice Equinoxes Solstice
90° N O hr O min 24 hr on horizon 24 hr O min
80° N 0 hr O min 12 hr O min 24 hr O min
70° N O hr O min 12 hr O min 24 hr O min
60° N 5 hr 33 min 12 hr O min 18 hr 27 min
50° N 7 hr 42 min 12 hr O min 16 hr 18 min
40° N 9 hr 8 min 12 hr O min 14 hr 52 min
30°N 10 hr 4 min 12 hr O min 13 hr 56 min
20°N 10 hr 48 min 12 hr O min 13 hr 12 min
10° N 11 hr 25 min 12 hr O min 12 hr 38 min

0° 12 hr O min 12 hr O min 12 hr O min
10%5 12hr 38 min 12 hr 0 min 11 hr 25 min
205 13 hr12 min 12 hr O min 10 hr 48 min
20" 5 13 hr56 min 12 hr 0 min 10 hr 4 min
40° S 14 hr52 min 12 hr 0 min 9 hr 8 min
50° S 16 hr 18 min 12 hr O min 7 hr 42 min
60° S 18 hr 27 min 12 hr O min 5 hr 33 min
10° S 24 hr O min 12 hr O min O hr O min
80° S 24 hr O min 12 hr O min O hr O min
90° S 24 hr O min 24 hr on horizon O hr O min




Topics/concepts covered

Rayleigh (selective) scattering, and sky colour

Mie scattering & cloud colour/ milky skies

gualitative view of the impact of greenhouse gases as func. of wavelength

sine law of illumination

sun-earth geometry in relation to the seasons

annual cycle in the solar declination and noon solar elevation
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