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Insolation

only one in two billion parts of
is intercepted radiation is called

ce and ocean bottoms through volcanoes, springs and
s. But this heat received at the surface form interiors
e earth is negligible compared to that received from

eceives Sun’s radiation (heat) in the form of short
waves évisible light + wavelengths below visible light -
most of it is ultraviolet radiation) which are of
electromagnetic nature. The earth absorbs short wave
radiation during daytime and reflects back the heat received
into space as long-wave radiation (mostly infrared
radiation) during night.



Name | Wavelength | Frequency (Hz) |Photon Enerqy (eV)

{ Gamma ray|Less than 0.01 nm| more than 10 EHz | 100 key - 300+ GeY
A-ray | 001-10nm | 30EHz-30PHz | 120 eV~ 120 keY

10 nm - 400 nm | 30 PHz - 790 THz JeV-124 eV
Visible [390nm-750 nm |790 THz - 406 THz | 1.7 eV -33eY
Infrared | 780 nm -1 mm | 405 THz - 300 GHz | 1.24 meV -1.7 eV

Microwave | 1 mm- 1 meter [300 GHz - 300 MHz |1.24 p eV - 1.24 meV
Radio 00 GHz -3 Hz | 12.4feV/- 1.24 meV

Ultraviolet

1 mm-km




ays of Transfer of Heat Energy

from the solar radiation is received by
three mechanisms —

_ | ansfer from one body to

nother without actual contact or movement. It is
ssible in relatively emptier space, for instance, from
un to the earth through space.

duction == Heat transfer through matter
olecular activity. Heat transfer in iron and other
als is by conduction. Generally, denser materials
1Ike water are good conductors and a lighter medium
like air is a bac? conductor of heat.

m Convection == Transfer of heat energy by actual
transfer of matter or substance from one place to
another. (heat transfer by convection cycles in
atmosphere as well as oceans)




INSOLATION

Incoming Solar Radiation

the sun is the primary source
‘energy for the earth. The sun radiates its

y in all directions into space in short
elengths, which is known as solar

ation.

- =@ The earth’s surface receives only a part of this
~ radiated energy (2 units out of 1,00,00,00,000
- units of energy radiated by the sun).

@ The energy received by the earth’s surface in
the form of short waves is termed as Incoming
Solar Radiation or Insolation.

-
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ount of Insolation received on the earth’s

1s far less than that is radiated from the sun
the small size of the earth and its

the sun.

; vapour, dust particles, ozone and
ther gases present in the atmosphere absorb a
all amount of solar radiation.

solar radiation received at the top of the
osphere varies slightly in a year due to the
1ations in the distance between the earth and
sun.

- B During the earth’s revolution around the sun, the
earth is farthest from the sun on 4t" July. This
osition of the earth is called aphelion.
%n 3'd January, the earth is nearest to the sun. This
position is called perihelion.




riation in the distance between
sun, the annual insolation
on 3™ January is slightly
received on 4t July.

ever, the effect of this variation is masked
ome other factors like the distribution of
nd sea and the atmospheric circulation.
Hence the variation does not have a greater
effect on daily weather changes on the surface
of the earth.
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Fctors mnfluencing Insolation

insolation received on the earth’s
iform everywhere. It varies

rding place and time. When the tropical
1ONS receive me m annual insolation, it
Jually decreases towards the poles. Insolation
e in summers and less in winters. The major
rs which influence the amount of insolation
ved are:

otation of the earth on its axis

The angle of incidence of the sun’s rays

. Duration of the day

Transparency of the atmosphere

Ke ()




the earth on its axis

on its own axis which makes
the plane of its orbit
the sun.

ytation of the earth on this inclined axis
reater influence on the amount of
tion received at different latitudes.



e angle of incidence of the sun’s rays

arth is a geoid resembling a sphere, the sun’s
e surface at different angles at different
ends on the latitude of the place.

itude, the less is the angle they make

area covered by the vertical rays is always less
the slant rays. If more area is covered, the energy
istributed and the net energy received per unit
decreases.

over, the sun’s rays with small angle traverse
more of the atmosphere than rays striking at a large
angle.

@ Longer the path of the sun’s rays, greater is the amount
of reflection and absorption of heat by the atmosphere.
As a result, the intensity of insolation is less.




long distance and large area

sun’s rays

short distance and small are




varies from place to place
It decides the amount of

nger the duration of the day, the greater
mount of insolation received.

rsely shorter the duration of the day
receipt of less insolation.



——
ransparency of the atmosphere

nsparency of the atmosphere depends upon the
ver and its thickness, dust particles, water
. They reflect, absorb or transmit insolation.

inders the solar radiation to reach the
imilarly, water vapour absorbs solar

ion resulting in less amount of insolation
aching the surface.

en the solar radiation passes through the

osphere, water vapour, ozone and other gases

rb much of the near infrared radiation (mainly in
troposphere).

small suspended particles in the troposphere
scatter visible spectrum both to space and towards the
earth’s surface. This process adds colour to the sky.

@ The red colour of the rising and the setting sun and the
blue colour of the sky are the results of scattering of the
light within the atmosphere.

a




INSOLATION
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olation is received over the
t, where the cloudiness is the

latitude, the insolation is more over the
nt than over the oceans. In winter, the



- Atmosphere

Itimate source of atmospheric



Radiation
> terrestrial radiation, the
o facts about radiation are worth noting.

objects whethe ot or cold emit radiant
continuously.

otter objects emit more energy per unit area
colder objects.

le temperature of an object determines the
wavelength of radiation. Temperature and
wavelength are inversely proportional. Hotter the
object, shorter is the length of the wave.

'1




'q_-
when the earth’s surface after being heated up by
olation (in the form of short waves), it becomes a

body.

urface starts to radiate energy to the
the form of long waves.

1l as terrestrial radiation. This
e atmosphere from bottom to top.

should be noted that the atmosphere is transparent
hort waves and opaque to long waves.

long-wave radiation is absorbed by the

ospheric gases particularly by carbon dioxide and
r greenhouse gases. Thus, the atmosphere is

b, indirectly heated by the terrestrial radiation.

@ The atmosphere, in turn, radiates and transmits heat to
space. Finally, the amount of heat received from the
sun is returned to space, thereby maintaining a
constant temperature at the earth’s surface and in the
atmosphere.




nduction (transfer of heat by contact)

tion is the process of heat transfer from
bject to a cooler object when they
ct with each other.

nergy continues till the

onduction in the atmosphere occurs at the
e of contact between the atmosphere and
rth’s surface.

\,_ = Conduction is important in heating the lower
layers of the atmosphere.



_ =‘-
nvection (vertical transfer of heat)
r of heat by the movement of a mass or

from one place to another, generally vertical,
vection.

er layers of the atmosphere gets
earth’s radiation or by conduction.
e heating of the air leads to its expansion. Its density
reases and it moves upwards.

continuous ascent of heated air creates a vacuum

e lower layers of the atmosphere. As a

sequence, cooler air comes down to fill the vacuum,
Ing to convection.

\ = The cyclic movement associated with the convectional
process in the atmosphere transfer heat from the lower
layer to the upper layer and heats up the atmosphere.

@ The convection transfer of energy is confined only to
the troposphere.




Terrestrial Radiation

Convection




——
\dvection (horizontal transfer of heat)

ansfer of heat through horizontal movement
ind) is called advection.

the temperature of one place to
emperature of a place will rise if it
_ winds coming from warmer
egions. The temperature will fall if the place lies
the path of the winds blowing from cold

ions.

izontal movement of the air is relatively more
portant than the vertical movement. In the

dle latitudes, most of diurnal (day and night)
tions in daily weather are caused by
advection alone.

= In tropical regions particularly in northern India
during the summer season, local winds
called “Loo” is the outcome of advection process.




udinal Heat Balance

ion received varies from latitude to latitude.

r and 40° N and S latitudes receive abundant sunlight
ained than lost. Hence they are energy surplus

s lose more heat than that gained from
regions (This is because of slant sunlight

ons beyond 40° N and S 1
t. Hence they are energy
h albedo of polar regions).

this logic, the tropics should have been getting progressively hotter and
getting progressively cooler. And the planet would have been
itable except for few regions near mid-latitudes. But, in reality, this does not

sphere (planetary winds) and the oceans (ocean currents) transfer excess
the tropics (energy surplus region) towards the poles (energy deficit
regions) making up for heat loss at higher latitudes.

'@ And most of the heat transfer takes place across the mid-latitudes (30° to
50°)[more while studding jet streams and cyclones], and hence much of the stormy
weather is associated with this region.

@ Thus, the transfer of surplus energy from the lower latitudes to the deficit energy
zone of the higher latitudes, maintains an overall balance over the earth’s surface.
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Hedt Budget of the Earth

whole does not accumulate or lose
its temperature.

appen if the amount of heat
eived in the for solation equals the
unt lost by the earth through terrestrial
1tion.

balance between the insolation and the
rrestrial radiation is termed as the heat budget or
 heat balance of the earth.

= This is why the earth neither warms up nor cools
down despite the huge transfer of heat that takes
place.
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Heat Budget of the Earth



Albedo

be simply defined as a measure of how much
a surface is reflected back without being

efficient and has a value less than one.

ion passes through the atmosphere,
ected, scattered and absorbed.

diation is called as the albedo of

reflected amount o
arth.

alue of albedo will be different for different surfaces.

se of the effect of albedo, highly developed areas such
ban cities can experience higher average temperatures
he surrounding suburban or rural areas, a
phenomenon known as the “

= The higher average temperature can be attributed to less
- vegetation, higher population densities, and more
infrastructures with dark surfaces (asphalt roads, brick
buildings, etc.).
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https://www.clearias.com/urban-heat-islands/

Surface Details Albedo
Soil Dark and Wet 0.05 -
Light and Dry 0.40
Sand 0.15-0.45
Grass Long 0.16 -
Short 0.26
Agricultural Crops 0.18 - 0.25
Tundra 0.18 - 0.25
Forest Deciduous 0.15-0.20
Coniferous 0.05-0.15
Water Small Zenith Angle 0.03-0.10
Large Zenith Angle 0.10 - 1.00
Snow Old 0.40 -
Fresh 0.95
Ice Sea 0.30 - 0.45
Glacier 0.20 -0.40
Clouds Thick 0.60 -0.90
Thin 0.30 - 0.50

Fresh snow > Old Snow > Thick cloud > Thin cloud > Sea ice > Glacier > Dry sand > Dry soil > Grass > Crops > >

Albedo of different surfaces



10N In the net budget at
the earth’s surface

arth as a whole maintains a balance between
1 the terrestrial radiation, this is not true
different latitudes.

s we have discussed earlier, there are variations in the
1ount of insolation received at different latitudes.

e tropical region, the amount of insolation is higher

the amount of terrestrial radiation. Hence it is a region
urplus heat. In the polar region, the heat gain is less than
heat loss. Hence it 1s a region of deficit heat.

the insolation creates an imbalance of heat at different

@ This imbalance is nullified to some extent by winds and
ocean currents, which transfer heat from surplus heat
regions to deficit heat regions.

@ This process of redistribution and balancing of latitudinal
heat 1s commonly known as Latitudinal Heat Balance.



