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Objectives 

After going through this discussion, serious
learners should be able to:

To understand the source of energy and how
important heat is?important heat is?

To comprehend the heat budget of the earth;

To estimate the distribution of insolation
around the globe.

To analyse temperature.



Heat and Temperature

• Heat: A matter (solid, liquid and gaseous) is composed of
numerous molecules (smallest unit of a substance). These
molecules are always dynamic hence they have their own
kinetic energy. Heat is generated when these molecules are
collided with each other and their kinetic energy is converted in
to heat.to heat.

• The intensity of heat depends on the dynamicity of the
molecules.

• Temperature: Temperature measures the average kinetic energy
of molecules of a substance. In other words, temperature
measures the degree/intensity of heat present in a
substance/object, generated by the molecular movement in the
matter.



Transfer of Heat

Processes of Heat Transfer

Heat Conduction Convection Radiation

(1) Heat Conduction: when one part of a solid object is heated,
the heat is transferred/shifted from the heated part to the cooler
parts of the object through its particles. For instance, iron rod. In
other words, it is the process of shifting of heat from warm
material to cold material through contact.

• In this process, only heat is shifted from one particle to another
ones while particles are stable. In this shifting of heat/energy,
particles are the medium.



(2) Convection: the process in which, heat is
transferred/moved through a gas or a liquid. In this
process, hotter particles rise and cooler, heavier particles
sink. In this process, the particles of gas and liquid carry
and shift the heat to different parts (cooler parts) of the
material. For instance, hot water and inversion of
temperature in the atmosphere.temperature in the atmosphere.

• (Note: in conduction process, particles are stable and
heat moves itself, whereas, in convection process,
particles are dynamic and moves the heat from one part
to another)

(3) Radiation: The process in which heat is transferred
without any medium. For instance- Insolation.



Radiation of Heat
Kirchhoff’s Law of Thermal Radiation:

• Postulated by a German physicist Gustav Robert
Kirchhoff.

• This law states that the emissivity and the
absorptivity of a surface at a given temperatureabsorptivity of a surface at a given temperature
and wavelength are equal.

emissivity ε = absorptivity α

• Any object with high emissivity has also high
absorptivity and vice-versa.

Heat absorbing capacity of object ↑ radiation/emission capacity of object ↑

Heat absorbing capacity of object ↓ radiation/emission capacity of object ↓



Stefan-Boltzmann’s Law
• Formulated by Josef Stefan and Ludwig

Boltzmann.

• This law states that total radiant heat power
emitted from a surface is proportional to the
fourth power of its absolute temperature.fourth power of its absolute temperature.

E = σT4

‘E’ is the radiant heat energy emitted from a unit
area in one second, ‘T’ is the absolute
temperature (in kelvin), ‘σ’ represents the constant
of proportionality.



Diffuse Sky Radiation
• Solar radiation that is scattered at least once before

it reaches the surface.
• In other words, some parts of solar radiation are

scattered and reflected before reaching the surface.
This scattered and reflected solar radiation does
not get back to sky completely, rather quite anot get back to sky completely, rather quite a
sufficient part of this scattered radiation reaches
the earth’s surface which is called diffuse sky
radiation.

• In high latitudinal regions, diffuse sky radiation
occurs more than solar radiation for some months
due to angle of incidence.



The ‘Sun’
• The Sun (Head of the Solar System) is the ultimate source of energy on

our Earth. The Sun is the blazing fire ball and is almost 100 times
bigger than the Blue Planet i.e. The Earth. The temperature of the
surface of the Sun is about 60000 Kelvin. The distance between the
earth and the sun is 93 million miles which is known as one
astronomical unit.

• However, the Earth (with geo-thermal and geomagnetic energy), stars
and other celestial bodies are also the source of energy. But the quantityand other celestial bodies are also the source of energy. But the quantity
of this energy is not sufficient enough to influence the climates.

• More specifically, the inner part of the sun is the major and main source
of energy where heat is generated when hydrogen gets converted into
helium through high compression and nuclear fusion in there. This heat
reaches the outer surface of the sun (Photosphere)) through the
processes of conduction and convection.

• This energy leaves the photosphere in the form of ‘Photon’. The
insolation (in the form of photon) reaches the earth in short wave
length.



INSOLATION/SOLAR RADIATION

• The term ‘Insolation’ is the short form of Incoming solar
radiation. It is the radiant energy flowing from the Sun towards
the earth by solar waves of different wave length.

• “The radiant energy received from the Sun, transmitted in the
form analogous to short waves and travelling at the rate of
186,000 miles/second, is called Solar radiation or Insolation.”186,000 miles/second, is called Solar radiation or Insolation.”
G.T. Triwartha.

• All forms of life on the earth need energy to survive. The earth
receives one two-billionth part of solar energy. However, this
energy is equal to the energy of 23 Trillion horse power.

• As per Triwartha, the amount of solar energy received by the
earth in one minute is sufficient for whole human race to survive
for one year.



Terrestrial Radiation

• Radiation of heat from earth’s surface is called
Terrestrial Radiation.

• This radiation takes place in long waves and low• This radiation takes place in long waves and low
frequency.



Planck’s law of radiation

• The wavelength of the emitted radiation is
inversely proportional to its frequency.

λ = c/νλ = c/ν
• More the object is heated, short is the wave length

and high is the frequency of wave length whereas,
less the object is heated, long is the wave length
and low is the frequency of wave length.



Calorie

• A unit of heat energy. This unit is defined as the
energy needed to raise the temperature of oneenergy needed to raise the temperature of one
gram (1 g.) of water by one degree (10C) Celsius;

• It is usually defined as 4.1868 joules;



SOLAR CONSTANT

• The average amount of sun’s radiant energy (photon)
which reaches the outer limits of the atmosphere is
called as Solar Constant.

• Mean value of the solar constant is 1.94 or 2 Calories
per minute per squire centimetre (1.94per minute per squire centimetre (1.94
Cal/minute/cm2).

• The value of the solar constant varies between
January (Perihelion) and July (Aphelion) with 2.01
Calories/minute/cm2 and 1.89 Calories /minute/cm2

respectively.



Factors/Agents Affecting Solar Radiation

The distribution of solar energy on the surface of the earth is
uneven because of some important factors/agents.

(A) Extra-terrestrial agents (B) Terrestrial Agents

(1) Angle of incidence/latitudes (1) Atmospheric(1) Angle of incidence/latitudes (1) Atmospheric
https://www.esrl.noaa.gov/gmd/grad/solcalc/azel.html

(2) Duration of the day (2) Volcanic dust

(3) Distance between Sun and earth

(4) Transparency of atmosphere: cloudiness, turbidity etc.

(5) Sun spots: 11 year sun spot cycle

(6) Meteoritic dust.



Atmospheric Depletion of Solar Radiation

(B) Terrestrial factors/agents
(1)Scattering: incoming solar rays get scattered.
(2) Diffusion: incoming solar rays get diffused
(3) Absorption: absorbed by clouds, water vapour

etc.etc.
(4) Reflection: incoming solar rays get reflected
Albedo:
Blackbody limit:



Distribution of Insolation on the 
Earth’s Surface

Insolation reaches the outer limit of atmosphere (as solar
constant) almost evenly and on the surface of the earth (at
the bottom of the atmosphere) unevenly.

• Maximum insolation is found in adjoining areas of equator.
• Insolation decreases from equatorial zones to polar areas.• Insolation decreases from equatorial zones to polar areas.
• Polar areas receive least insolation approx. 40% of

equatorial.
• Equinox (March 31 and September 23) experiences equal

insolation over both hemisphere (Northern and Southern).
• (Note: cloudiness and turbidity over the sky are the main

reason of uneven distribution of insolation)



Zonal distribution of insolation

Tropical/ Temperate/ Polar/

Torrid zone Mid-latitudinal Zone Frigid zone



Tropical/Torrid Zone: 
• Region between tropic of Cancer (23⅟20N) and

tropic of Capricorn (23⅟20S) .
• Sun shines vertically twice a year in this region.
• Receive comparatively the highest amount of

insolation on the earth all over the year.insolation on the earth all over the year.
• Receive minimum and maximum insolation twice

a year due to apparent northward and southward
movements of the sun.

• Negligible impact of seasonal change on insolation
in this region.



Temperate/ Mid-latitudinal Zone:

• Region between Tropic of Cancer (23⅟20N) and
Arctic Circle (66⅟20N) in the Northern Hemisphere
and between Tropic of Capricorn (23⅟20S) and
Antarctic Circle (66⅟20S) in Southern Hemisphere.

• Receive minimum and maximum insolation twice• Receive minimum and maximum insolation twice
a year due to apparent northward and southward
movements of the sun.

• Seasonal change has impact on insolation in this
region, hence, dissimilarities are found in the
amount of solar radiation.



Polar/ Frigid Zone:
• Region between Arctic Circle (66⅟20N) and North Pole

(900N) in the Northern Hemisphere and between
Antarctic Circle (66⅟20S) and South Pole (900S) in
Southern Hemisphere.

• Receive comparatively the lowest amount of
insolation on the earth all over the year.insolation on the earth all over the year.

• Receive minimum and maximum insolation twice a
year due to apparent northward and southward
movements of the sun.

• Receive zero amount of insolation during six month
period every year.

• No season.



Air Temperature
The atmospheric temperature refers to the thermal conditions

or warmness of the atmosphere. Example- kettle and cup.
Agents affecting air temperature:
• Latitudes;
• Altitudes;
• Uneven distribution of land and water;
• Oceanic currents;• Oceanic currents;
• Prevailing winds;
• Clarity of tmosphere;
• Mountain barriers;
• Nature/colour of the surface;
• Relief features;
• Convectional currents.



Heating and Cooling of Atmosphere

• Atmosphere gets its warmth from long wave
terrestrial radiation not from short wave solar
radiation.

• The surface of the earth is just like a vast• The surface of the earth is just like a vast
laboratory in which solar rays are converted into
infrared rays of heat.

• Hence, earth’s surface is the direct and the sun is
indirect source of atmospheric heat/temperature.



Differential Heating and Cooling of land and Water
• Land area becomes cooler and heated in short span of time whereas water

bodies take long time to get heated and cooler.
• Water surface has the absorbing capacity of heat more than the absorbing

capacity of land surface.
• Specific Heat: the specific heat of water is 2 to 5 times more than specific

heat of land i.e. On average 2.5 times higher. Lands get heated more
quickly than water bodies.

• Evaporation: evaporation needs heat. It occurs maximum over water areas
and to some extent over land. Lands get cooler rapidly than water areas.and to some extent over land. Lands get cooler rapidly than water areas.

• Transparency: water is liquid and transparent so can hold more heat
(through deep penetration) than land. Land is opaque and solid so heat
has relatively very low penetration.

• Transfer of Heat: conduction on land, convection for liquid and air
circulation.

• Reflection: over some regions, slanted sunrays get reflected over smooth
water surface.

• Horizontal mobility of water: oceanic currents.
• Vertical mobility of water: Compensating currents.



Methods of Heating and Cooling of Atmosphere

• Partial absorption of solar radiation:

• Conduction:

• Terrestrial radiation:

• Convection:

• Advection:

• Latent heat of vaporisation:

• Expension ad compression of air:



Horizontal Distribution of Temperature
• Latitudes:
• Isothermal lines:
• Temperature gradient:
• Annual Temperature

• Annual Range of Temperature:

• Daily temperature:
• Daily range of temperature:• Daily range of temperature:
Factors Affecting Diurnal Range of Temperature
• Clarity of sky
• Stability of air
• Nature of surface
• Velocity of air
• Quantity of water vapour
• Composition of soil
• latitudes



Isotherms in July



Isotherms in January



Vertical Distribution of Temperature
• Normal lapse rate
• Tropopause
• Stratopause

Factors affecting vertical distribution of temperature
• Continents and Oceans• Continents and Oceans
• Inversion of temperature: (1) inversion of terrestrial

radiation (2) Advectional inversion (3) inversion of
subsidence (4) inversion by convection (5) frontal
inversion (6) inversion in valleys.

• Thermal Anomaly: (1) Positive anomaly (2) Negative
anomaly

• Distribution of Thermal anomaly: January, July



Heat Budget of The Earth



Glossary

• Molecules: a group of atoms that forms the
smallest unit that a substance can be divided into
without a change in its chemical nature.


