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Characteristics of Atmosphere 

• Atmosphere in lower layers is a mixture of several gases and 
its a very complex system 

• The air has different characteristics such as weight, mobility, 
expandability and compressibility which results in different 
kinds of weather 

• The moist air (molecular weight: 18 grams per mole) is lighter 

than dry air (molecular weight: 28.97 grams per mole) because 

the presence of water vapour in moist air causes a 

corresponding decrease in the percentage of other atmospheric 

constituents like nitrogen and oxygen. 

 

• Air moves both horizontally and vertically.  

 

 



•  It moves slowly, rapidly and sometimes doesn’t 

move.  

 

•  It is an important transportation factor, which 

carries heat and masses. 

 

•  Air is capable of expansion and hence when more 

heat is applied, the pressure decreases and air 

expands.  

 

•  Air can be compressed under higher pressure and 

due to compression, it gets warmed. 



  • Weather at any place is defined as the instantaneous physical state of the 

atmosphere which varies from day to day and place to place.  

 

• It is determined by temperature, humidity, rainfall, wind speed, cloudiness 

and sunshine, evaporation etc. and may be termed by fine, fair, foggy, 

cloudy, rainy, sunny or windy weather etc. 

 

• Weather influences most day-to-day activities such as farming operations, 

modes of transportation, clothing, housing, reservoir storage, atmospheric 

pollution and comfort etc. 

 

• The word ‘weather’ refers to short period variation in the atmosphere at a 

particular place or space.  

 

• In other words, the physical state of the atmosphere at a given place and 

at a given time constitutes weather.  

 

Weather 



Climate 

• Climate is the generalized weather or statistical average of day to 

day weather conditions computed from long-term data for a given 

region or place. It may be tropical, subtropical, temperate, humid, 

sub-humid etc 

 

• The word climate refers to the condition of the atmosphere over a 

long period of time over a large area 

 

• The climate differs from region to region and season to season 

 

• Climate determines water potential, natural vegetation, cropping 

pattern, land use, housing and other infrastructure, industrial 

location, racial characteristics, etc 

 

 



• The mean value of atmospheric variables such as temperature, 

wind, rainfall for different areas and periods constitutes 

climatological data 

 

• However, extreme values as well as occasional droughts, high 

winds, heat and cold waves are taken into accounts to obtain a 

true picture of the climate  

 

•  The period of averaging weather may be several days, weeks, 

months, years or even centuries 

 

• The climate normals are generally worked out for a period of 30 

years, which is considered as the standard to express climatic 

conditions for a given place 

 

• The IMD prepares climate normals for every 30 years period 

since 1901 

 



Climatic Control 
• The processes of weather & climate are influenced by different 

physical, geographical, edaphic, physiographic, biotic, or even 

manmade activities (for example industry) 

 

• Climatic controls may be attributed due to latitude, altitude, land & 

water bodies, mountains, topography etc 

 

• The climate of a hilly region is dominated by its height above sea 

level making it “cool” while climate of a coastal region is dominated 

by sea or large water bodies making it “humid”. Thus climatic 

control act upon weather variables and produce different types of 

weather and climate. 

 



According to climatic controls, the climate of a region is 

described as follows: 

 

• Latitude- Tropical, Subtropical, Temperate, Polar  

 

• Altitude- Mountainous & Valley/ Plateau Climate  

 

• Land & Water bodies- Continental & maritime climate. 
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Factors Affecting Weather and Climate 

Factors that affect weather and climate of a region are 

 

Latitude 

 

• It is the angular distance of a place from the equator  

 

• There is a straight relationship between latitude and weather/ 

climate viz., latitude increases, whether north or south of the 

equator, temperature decreases.  

 

• Earth's climate can be divided into three major zones based on 

temperature viz., warm, humid tropical and polar.  

 

• The conditions between them mix to create the moderate 

temperate zone. 

 

 



  

 
Altitude 

 

• Altitude is the height from mean sea level (MSL) 

 

• Temperature decreases with height because air 

expands as it rises from the earth’s surface 

 

• The decrease in air pressure with height results in 

cooling e.g. mountain and plateau climate 

 

• The rate of cooling is about 6.50C per kilometer 

in the lower atmosphere (troposphere) 

 



Wind and air masses 

 

• Wind is horizontal movement of air across the earth’s surface 

  

• Winds are the great moderators of the atmosphere 

 

• They can transmit cold air to moderate a hot area, or moist air to 

bring rain to a dry area 

 

• Wind follows basic principle: they move dense, heavy, falling air 

from high pressure areas toward low pressure, where the air is less 

dense and lighter 

 

• Since cold air is heavier and denser than warm air, the air in the 

polar areas has a high pressure 

 

• In the warm equatorial regions, the opposite is true 



Ocean or large bodies of water 

 

•The oceans, the world’s largest bodies of water, have a tremendous 

influence on the weather and climate 

 

•It moderates temperature and increase humidity e.g. marine climate 

 

•As the distance from sea of a place increases, the difference 

between maximum and minimum temperatures increases 

 

•This temperature difference is maximum on continental or land 

masses and lowest for marine station 



 

•The water bodies tend to act in the opposite way to the land 

masses 

 

•Water heats and cools much more slowly than the land 

because of specific heat capacity of water is more than land 

 

• As a result, the large water bodies like ocean tend to be cool 

when the land masses are warm, and vice versa 



Physical barrier 

 

• Physical barrier like relief or mountain barriers can have a 

considerable influence on the weather and climate 

 

• Mountain barriers interfere with wind flow, thus controlling the 

moisture/humidity and temperature 

 

• High mountain ranges (windward side) result in coastal areas with 

high rainfall while leaving leeward (other side of mountain) side 

relatively dry 



Ocean Currents 

• Ocean currents play an important role in the Indian 

monsoon 

 

• Ocean currents can increase or decrease the precipitation 

 

• If the currents are warm, they will keep both winter and 

summer conditions on the land somewhat warmer than 

expected 

 

• Cold currents will have the opposite effect 

 

• Heavy and frequent fogs along coastal areas occur when 

there is a mixing of air above the cold and warm water 

currents 



Vegetation 

 

• In vegetated areas, evapotranspiration rate is more and hence due 

to increase of water vapour, humidity increases and temperature 

decreases 

 

• Vegetation also acts as a barrier e.g. wind break and reduces 

radiation receipt and wind speed 

 

Snow and ice 

 

• Snow has a high albedo hence it increases annual range of 

temperature by reflecting more radiation 

 

• In winter, snowfalls insulate the ground (warmth of the soil) by 

preventing heat from escaping into the atmosphere and by 

blocking cold air from moving into the soil 

 



Seasons 

 

• Seasons can be defined in terms of time period or duration in a year 

comprising few months during which the prevailing climate 

expresses certain climatic rhythm and does not varies much 

 

•  Seasons change due to revolution of the earth around the sun 

 

•  The inclination of earth’s axis makes the length of the day and 

night different in different seasons 

 

• Changes in temperature and in the length of day and night divide 

the year into periods called seasons 

 

• When the Northern hemisphere experiences six months summer, 

the Southern Hemisphere experiences winter months; and the 

opposite happens for the remaining six months due to position of 

the earth with reference to the sun 

 



•Since the earth is spherical in shape, always half of the globe is 

only covered under sunlight and the other half of the earth is 

experiences darkness 

 

•Half the sphere under sunlight experiences day while the dark 

portion experiences night as shown in the figure 

 

Sun's rays 



 In the northern hemisphere the seasons are: 

 

1. Spring season: March, April, May (Spring or Vernal 

equinox) 

2. Summer season: June, July, August (Longer days and 

shorter nights) 

3. Autumn season: September, October, November (Autumnal 

equinox) 

4. Winter season: December, January, February (Shorter days 

and longer nights) 

 



• The earth is held in space by combined gravitational 

attraction of the sun and other celestial bodies in the solar 

system; and has motions that are controlled by them 

 

• Earth appears to be stationary, but it is not so, earth 

moves very fast  

 

• The two principal motions of the earth are: 

1. Earth's rotation on its axis 

2. Earth's revolution around the sun 

 

Motions of the earth 



Earth’s rotation 

 

• Earth spins (rotates) on its axis at a speed of about 1670 km/hr, 

making one complete rotation in about 23 hours, 56 minutes, and 

4 seconds 

 

• Earth's rotational speed decreases by the cosine of latitude. So that 

at latitude of 45 degrees, Cos (450) = 0.707 and its corresponding 

speed is 0.707 x 1670 = 1180 km/hr 

 

• The rotation of earth causes day and night. The earth rotates on its 

axis from west to east (in anticlockwise direction) 

 

• The days and nights are caused and the sun rising in the east and 

setting in the west are due to the rotation of the earth 

 

 



• The rotation indirectly accounts for the diurnal temperature 

variation such as warming up during day time and cooling down 

during night 

 

• The rotation of the earth creates the Coriolis force, due to which 

there is deflection of prevailing wind and ocean currents 

  The flow of air and water is deflected towards right in northern 

hemisphere and left in southern hemisphere (Buys Ballots Law) 

 



Earth’s revolution 

 

• The second motion is around the sun in its elliptical orbit, which 

takes about one year i.e. 365.25 days to complete and is referred to 

as one revolution 

 

• The average velocity of earth (revolution) in its orbit is nearly 29.8 

km/sec or 1,07,280 km/hour. Earth revolves around the sun in an 

anticlockwise direction 

 

• Due to revolution of earth, different seasons occur on the earth. 

 





Perihelion and Aphelion 

 
• The earth moves round the sun in an elliptical path and hence the 

distance between the sun and the earth varies with time 

 

• The average distance of the sun from the earth is about 150 million 

kilometres 

 

• The earth is closest to the sun during winter in northern hemisphere. It is 

about 147 million kilometres 

 

• This distance between sun and earth is the least on about January 3 and 

is known as perihelion 

 

• The distance between sun and earth is farthest (152 million kilometres) 

on July 4 and on this day; the earth is known to be in aphelion 

 

• The earth moves round the sun with greatest velocity at perihelion and at 

lowest velocity at aphelion. 

 



Two Solstices: 

 

• Solstice is the date on which the sun shines vertically over the tropics 

 

•  After March 21st the sun's position is towards north of the equator 

and around June 21st, it shines vertically at the Tropic of Cancer (23.5 
0N) 

 

•  Beyond this northern latitude, the sun is never overhead at any time 

of the year. Because, the sun stops its northward movement on June 

21st  

 

• This date is known as summer solstice for the northern hemisphere 

and winter solstice for the southern hemisphere 

 

• North Pole is inclined (23.50) towards the sun, so it is summer in 

Northern Hemisphere. 

 



• After September 23rd, the sun's position is towards the southern 

hemisphere and on December 21st, it lies overhead at the Tropic of 

Capricorn (23.5 0S) 

 

• During this time the Southern Hemisphere and Northern Hemisphere 

experiences summer and winter solstice respectively 

 

•  When earth is in this position, the North Pole is inclined away from 

the sun and South Pole is towards the sun 

 

• The sun’s rays are vertical in the south at the Tropic of Capricorn 

(23.5 0S) and oblique in the Northern Hemisphere 

 

• So the days are shorter in Northern Hemisphere and longer in 

Southern Hemisphere 

 

• It is the time of winter in Northern Hemisphere and summer in 

Southern Hemisphere. 



Summer solstice 

Winter solstice 



Two Equinoxes 

 

• During revolution, the sun crosses the equator on 21st March 

and 23rd September and during this time both the north and 

south poles are inclined equally toward the sun 

 

• The sun rays falls vertically on the equator. So on 21st march 

and 23rd September, days and nights are equal throughout 

the globe, as the sun is above the earth's equator 

 

• These positions of the earth are called equinoxes meaning 

equal duration of day and night 

 

• March 21st is known as vernal equinox or spring equinox, 

while it is called autumnal equinox if it is on September 

23rd.  On these dates the noon sun rays reach over the 

equator straight 

 



Vernal /Autumnal equinox 



• Atmosphere is defined as a gaseous envelope surrounding the 

earth 

 

• In other words, it is a blanket of gases and suspended liquids and 

solids that entirely envelops the earth extending outward several 

thousand kilometers to a zone characterized more by magnetic 

fields and ionized particles than by the familiar air near the earth 

surface 

 

• Pure air is colourless, odorless, tasteless and cannot be felt except 

when in motion 

 

• It is mobile, compressible and expansible 

 

• It transmits compression waves and experiences tides 

 

Atmosphere 



• Transparent to many forms of radiation, it can absorb other. 

Interactions among the land, water, air and life forms constantly 

use and renew the atmosphere 

 

• For example; weathering of rocks, burning of fuel, decay of 

plants and breathing by animals entail chemical exchanges of 

oxygen and carbon dioxide 

 

• Nitrogen follows a complex cycle through bacterial activity in 

the soil, animal tissue, organic processes in decay, and return to 

the air 

 

• Plants, animals, bacteria, and chemical reactions in soil and 

water all help to maintain an intricate balance among land, water, 

life and the air 



 

 

 

 

1. Provides oxygen which is useful for respiration in crops 

 

2. Provides carbon-dioxide to build biomass in photosynthesis 

 

3. Provides nitrogen which is essential for plant growth 

 

4. Acts as a medium for transportation of pollen 

 

5. Protects crops plants on earth from harmful UV rays 

 

6. Maintains warmth to plant life and 

 

7. Provides rain to field crops as it is a source of water vapour, 

cloud, etc 

 



Composition of atmosphere 

 
• Atmosphere is a very complex system, it consists of a relatively stable 

mixture of number of gases 

 

• There are four gases viz nitrogen, oxygen, argon and carbon dioxide 

account for 99.98 % of the air by volume 

 

• The remaining gases are often referred to as trace gases among which are 

the greenhouse gases, principally carbon dioxide, methane, nitrous oxide 

and ozone 

 

• Besides argon, already mentioned, other noble gases, neon, helium, 

krypton and xenon are also present 

 

• In addition to these gases, atmosphere also contains water vapour. 

Another constituent of the atmosphere is aerosol which comes from 

natural and manmade sources 

 



•Atmospheric aerosols are a suspension of fine solid and liquid particles 

in the atmosphere 

 

•These are clouds of suspended matter range from dust and smoke to 

mists, smog and haze 

 

•They are not always the result of pollution from human activities; some 

enters the atmosphere from volcanic eruptions or dust storms 

 

•Some aerosols particles are invisible to the human eyes because they 

are smaller than the wavelength of light. These include suspended 

particles of sea salt, dust, organic matter and smoke.  

 

 

 

 



 

Permanent Gases 

 

• Nitrogen forms about 78% of the total volume of dry air, and oxygen 

about 21%, of the remaining percent, the greater part is argon followed by 

carbon dioxide 

 

• Other gases present are neon, helium, krypton, hydrogen, xenon, ozone, 

radon etc 

 

• The carbon dioxide released by the animals during respiration is utilized 

by the plants for photosynthesis which in turn release the oxygen 

 

• This reciprocal use by animals and plants helps to maintain the ratio of 

these gases in the atmosphere 

 

• Sea water also plays dominant role in controlling carbon dioxide 

concentration of the atmosphere 

 

 

 



• When carbon dioxide concentration increases, more is 

absorbed by sea water and when the concentration 

drops, it releases the carbon dioxide 

 

• Nitrogen in the atmosphere is utilized by bacteria for 

fixation 

 

• Nitrogen fixation is the process by which atmospheric 

nitrogen is converted by either a natural or an 

industrial means to a form of nitrogen such as 

ammonia 

 

• In nature, most nitrogen is harvested from 

the atmosphere by microorganisms to form ammonia, 

nitrites, and nitrates that can be used by plants 

 



Water Vapour 

 

•Water vapour contributed by evaporation from water bodies and 

soils and transpiration from plants constitutes an important 

component of the atmosphere 

 

•The content of water vapour is highly variable. It may range from a 

minute proportion to a maximum of 4% by volume 

 

•Since the source of water is at the earth surface, it is one of the 

reasons, why, all the clouds are seen only upto maximum height of 

eight to ten km 

 

•It is more than 1% near the earth’s surface and reaches to near zero 

beyond 8 km height in the atmosphere 

 

•The bulk of the atmospheric moisture content occurred below 6 km 

in the atmosphere. 

 



Dust 
• Apart from visible dust, air also contains small particles of organic matter such as 

seeds, spores and bacteria 

 

• It also carries inorganic particles such as fine particles of soil or of smoke or salts 

from ocean spray 

 

• Besides the solid impurities in the atmosphere, formation of NH4 takes place 

frequently by chemical reaction between N2 and H2 of the atmosphere at the time 

of lightening 

 

• The NH4 thus formed is carried down through rains to soil 

 

• The layer where the chemical composition of gases is uniform is called 

homosphere 

 

• At higher levels in the atmosphere, the chemical composition of air changes 

considerably and known as heterosphere 

 





Properties of atmosphere 

 

• About half of the total mass of the atmosphere lies below 5.5 km and 

nearly 99% lies within 30 km of the earth surface. Without atmosphere, 

life would be impossible and there would be no clouds, winds or storms 

i.e. no weather 

 

• Atmosphere act as a great canopy to protect the earth’s surface from full 

range of solar effects by day and prevent excessive loss of heat by night 

 

• It exerts pressure 

 

• It has weight 

 

• It supports combustion 

 

 
 



• It diffuses heat and gases 

 

• It conducts sound 

 

• It is denser to the surface of earth and becomes thinner as it goes upto 

a height of 10 km 

 

 

• The temperature of the atmosphere decreases by about 1 0C/100m in 

altitude. But this fall in temperature does not take place beyond a 

certain limit 

 

• The average decrease of temperature of the atmosphere with altitude 

(upto the tropopause) is 6.50C/km known as normal environmental 

lapse rate 

 

• As the air remains unsaturated, temperature will fall at the rate of 0.98 
0C/100 m ascent. It is known as dry adiabatic lapse rate i.e.  9.80C/km 



• The atmosphere has several properties with reference to incoming solar 
radiation and outgoing earth radiation 

 

• The properties vary depending upon atmospheric constituents with height 
and time 

 

• Due to various properties of the atmosphere, there is a definite pattern in 
change of atmospheric temperature and pressure with height 

 

• Depending upon the thermal properties of atmosphere with height, the 
entire atmosphere is divided into different layers, which is nothing but 
stratification of atmosphere/thermal structure of atmosphere from  lowest 
to highest, the five main layers are; 

• Troposphere: 0 to 12 km   

• Stratosphere: 12 to 50 km   

• Mesosphere: 50 to 80 km   

• Thermosphere (Ionosphere): 80 to 700 km   

• Exosphere: 700 to 10000 km   

 

Thermal Structure of atmosphere 





Troposphere 
 

• The troposphere is the lowest layer of earth’s atmosphere 
 
• It extends from earth’s surface to an average height of about 12 km 
 
• Tropo is a Greek word meaning “Vertical Mixing” 
 

• The region where vertical mixing of air takes place is known as 

troposphere, which is nearest to the earth surface and has a more or less 

uniform decrease of temperature with increase of height 
 

• This is the region where weather phenomena is very well marked and 

therefore, known as weather making layer of the atmosphere 

 

• The top of the troposphere where decrease of temperature with height 

ceases is the “tropopause” 

 

• The height of tropopause varies with latitude, having 16 km over the 

equator and 8 km over the poles 
 
 

 



• The height of tropopause also varies with season 
 

• The average temperature at the tropopause over the equator is the order of -800C 

while -400C over poles 

 

• The decrease in temperature with height is at the rate of 6.50C/km in the 

troposphere, known as normal lapse rate or environmental lapse rate 

 

• There is an abrupt change in the air temperature at the level of tropopause.  The 

principal characteristics of troposphere are as follows 
 

More or less uniform decrease in temperature with height.  

Increase wind speed with height. 

Considerable amount of moisture in the lower levels 

 

Within the troposphere, there are three layers viz laminar/surface layer, frictional 

layer and free atmosphere 

 

The above layers exist upto a height of 1000m and known as atmospheric 

boundary layer, which is very important for micro- and phytometeorological 

studies 



Stratosphere 

•The stratosphere is the second lowest layer of earth’s atmosphere 

 

•It lies above the troposphere and is separated from it by the tropopause 

 

•The atmospheric pressure at the top of the stratosphere is roughly 1/1000 

the pressure at sea level 

 

•It contains the ozone layer, which is the part of earth’s atmosphere that 

contains relatively high concentrations of that gas 

 

•The stratosphere could be divided into two layers, viz lower and upper 

stratospheres 

 

•The isothermal character (temperature is constant/with height) of lower 

stratosphere terminates at a height of ≈ 20 km. It is replaced by very gradual 

temperature increase with height. This region is called upper stratosphere.  



•The stratosphere is just above the tropopause, extending to a height of 50 km 

where stratopause occurs.  

 

•The temperature in this region is more or less constant to start with, but increases 

with height later, reaching about earth’s temperature at the stratopause 

 

•The increase in temperature is due to the absorption of UV radiation by Ozone, 

which has the maximum concentration at about 25 km 

 

•The air density is so much less that even limited absorption of solar radiation by 

atmospheric constituents, notably ozone produces temperature increase 

 

•Unlike the troposphere, stratosphere contains little or no water vapour 

 

•The human made interventions in the industrial development lead to ozone 

depletion, thereby filtered UV radiation reaches the ground, resulting to various 

human, animal and crop diseases 

 

•The ozone loss has the potential to increase the incidence of skin cancer and 

cataracts in humans, harm some crops and interfere with marine life.  

 



Mesosphere 

 

•The mesosphere is the third highest layer of earth’s atmosphere, 

occupying the region above the stratosphere and below the 

thermosphere 

 

•The mesosphere starts at the stratopause, roughly from 50 km to 80 

km where the temperature again decreases with height 

 

•It is the coldest region in the atmosphere with temperature reaching 

the lowest value of nearly -95 0C at the mesopause level occurs at 

the height of about 80 km 

 

•The temperature decreases with height in this sphere as the ozone 

in the stratosphere act as a heat source below and above which 

temperature decreases 



 

•Just below the mesopause, the air is so cold that even the very 

scarce water vapour at this altitude can be sublimated into polar 

mesospheric noctilucent clouds 

 

•These are the highest clouds in the atmosphere and may be 

visible to the naked eye if sunlight reflects off them about an 

hour or two after sunset or a similar length of time before 

sunrise 

 

•The mesosphere is also the layer where most meteors burn up 

upon atmospheric entrance. 

 



Thermosphere (Ionosphere) 

 

• The thermosphere is the second highest layer of earth’s atmosphere 

 

• It extends from the mesopause at an altitude of about 80 km upto 

the thermopause at an altitude range of 500 to 1000 km 

 

• The height of the thermopause varies considerably due to changes 

in solar activity 

 

• Because the thermopause lies at the lower boundary of the 

exosphere, it is also referred to as the exobase 

 

• The thermosphere is just above the mesopause (80 km) where the 

temperature increases again with height 
 



• The temperature in the thermosphere is of the order of 

10000C. By about 400 km, the density is so low that 

some of the gas molecules escape the earth gravitational 

pull and fly into the space 

 

• Within the thermosphere, three more layers viz 

ionosphere, exosphere and heliosphere are noticed 

 

• In these regions the gas molecules (H & He) are in a 

highly ionised state.  

 



Exosphere 

 

• The exosphere is the outermost layer of earth’s atmosphere i.e. the 

upper limit of the atmosphere 

 

• It extends from the exobase, which is located at the top of the 

thermosphere at an altitude of about 700 km above sea level, to 

about 10000 km where it merges into the solar wind 

 

• The exosphere is located too far above earth for any meteorological 

phenomena to be possible 

 

• However, the aurora borealis and aurora australis sometimes occur 

in the lower part of the exosphere, where they overlap into the 

thermosphere 

 

• The exosphere contains most of the satellites orbiting earth.  
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Radiation 

• Solar energy is the main source of energy for different processes 

occurring at the earth surface and in its atmosphere 

 

• Radiation received from the sun is the main source of the earth’s 

atmospheric energy and ultimately it is the fuel of the atmosphere 

 

• The atmosphere acts mostly as a transparent medium to the sun’s 

radiation and opaque to the earth’s radiation which is the driving force of 

atmosphere  

 

• Variations in radiation received over different regions of the globe due to 

its position with reference to the sun together with the features of earth 

produce weather and climate  

 

• Hence the basic concepts of radiation are very important to understand 

the behavior of the atmosphere. 
 



Transfer of Heat 

 

• Any body, which has a temperature, transfers heat in different forms.  

• Three processes viz. conduction, convection and radiation are involved in 

heat flow or heat transfer.  

• Every hot object radiates heat. 

 

i) Conduction 

 

• The transfer of heat by matter through its adjacent layers from its hotter to 

colder parts without any motion of the matter itself is called conduction. 

 For example: Iron bar, another example is heat is received when hot objects 

are touched.  

 

ii) Convection 

 

• The transfer of heat through the mass movement of a hot fluid matter either 

liquid or gas, is called convection.  

• The steam flow from hot water bodies is an example of convection.   

• A layer of steam is noticed over large water bodies during winter is another 

example of convection. 



 

iii) Radiation 

 

• The direct transfer of heat from a hot body to a cold body without the aid of any 

material medium is called radiation.  

 

• The direct transfer of heat from furnace to our body is an example of radiation. 

 

•  Radiation is one of the heat processes, which takes place from sun to earth’s 

surface directly without any material medium.  

 

• It may be noted that radiation is not heat.  

 

• Only when radiation is absorbed by the surface of a body, heat is produced. 

 

 All the above three processes are seen between the sun, earth and the 

atmosphere.  

 

For example: soil heat flow is through conduction while heat flow in the 

atmosphere through convection and heat flow from the sun to the earth is due  

to radiation as shown in the figure. 
 

 





Insolation 
 

• The total amount of incoming solar radiation received on a unit area of 

horizontal surface in unit time is known as insolation.  

 

• Radiation flux density or intensity of radiation is the amount of radiant 

energy received on a unit area of surface, which is held perpendicular to the 

solar beam in unit time. 

 

•  It depends on  

i. the amount of solar radiation reaching the outer limit of atmosphere,  

ii. transparency of the atmosphere,  

iii. day length and the angle at which the sun’s noon rays strike the earth.  

 

• In the morning and evening hours, the light intensity is less due to inclined 

angle as it travels more distance in the atmosphere when compared to the 

noon sun’s rays.  

 

• In the process, it losses more solar energy in the atmosphere before reaches 

to the earth’s surface. 
 



Sun’s angle and intensity of solar radiation 



• Fig (a&b): In case of inclined sun’s angle, it not only losses 

solar energy in travel through the atmosphere, but also covers 

more surface area on the earth surface.  

 

• It leads to lower temperature.  

 

• That is why, higher temperature is noticed over the tropics while 

lower temperature over the higher latitudes.  

 

• Again, the solar radiation reaching at the outer atmosphere 

depends on:  

 

  (i)     Energy output of  the sun 

  (ii)    Distance from the earth to the sun and 

 (iii)    Interstellar dust in the solar system 
 



Absorption, reflection and transmission 

 

A part of the incident radiation (I) on the surface is absorbed (A) 

while a part is reflected and remaining is transmitted (T).  

In other words, it can be written as 

I=A+R+T 

 

If it is divided by I, both sides, we get 

 

 

The same can be put in the form  

1=a+r+t 

Where,   a is absorptivity,  

    r is reflectivity and 

    t is transmittivity 
 



 
 Absorptivity(a) of a substance is defined as the ration of the amount of 

radiant energy absorbed to the total amount of incident radiation upon 

that substance. 

 

• The absorptivity of a black body is unity.  

 

• Natural bodies like the sun and the earth are near perfect black bodies. 

  

• Earth behaves as a grey body (0<Eab<1) also but in certain wavelength 

bands, it may be effectively a “Black Body”. 

 

 Reflectivity(r) is defined as the ratio of radiant energy reflected to the 

total incident radiation upon that surface. 

 

•  If it is expressed in percentage, it becomes albedo. 

 

• Albedo in case of fresh snow is 70-90% while it is only 10% in case of 

forest and 20% in case of bare soils. 

 

 



Transmittivity(t) 

 

• It is defined as the ratio of transmitted radiation to the total 

incident radiation upon that surface. 

 

Emissivity(e)  

 

• It is defined as the ratio of the radiant energy emitted by a given 

surface (Es) to the total heat energy emitted by a black body 

(Eb). 

 

• The emissivity of a black body is unity. 

 
  
 

 

 

  



Blackbody 

 

• A blackbody is defined as a body which completely 

absorbs all the heat radiations falling on it without 

reflecting and transmitting any part of it. 

 

•  It means reflectivity and transmittivity becomes zero.  

 

• When such body is heated it emits radiation of all wave 

lengths depending upon its temperature.  

 

• In nature, the sun and the earth are near perfect 

blackbodies. 

 



 

Radiation Laws 

 
• The direct transfer of heat from the sun to the earth through the space and 

atmosphere indicates that the radiation of heat from one place to other occurs in 

the form of electromagnetic waves which travels with the speed of light.  

 

• The wave length of electromagnetic radiation is given by the equation. 

 

  

 Where,  

  

 

  

 



Kirchoff’s  Law 

• The law states that the ratio of emitted energy to the absorbed energy is 

a function of temperature (T) & wavelength (𝜆) 

 

 

 Where, 

 Eem= radiant energy emitted 

 Eab= radiant energy absorbed 

 

• If Eab = 1, the body is termed as ‘black’, thus black bodies possess high 

emissivity. 

• If 0< Eab <1, the body is termed as grey body. 

 

 For black body   e𝜆 =a𝜆 =1 

 For non black body   e𝜆 ≠a𝜆 <1 

 For grey body   e𝜆 =a𝜆 <1 

 

• In other words, the law states that a perfect absorber of radiation is a 

perfect emitter and  it is unity in case of a black body. 
 



 
Plank’s law 

 

• Plank introduced the “particle concept”.  

• It is stated that electromagnetic radiation consist of a stream or flow of particles or 

quanta, each quantum having an energy content E determined by the equation 

 

    E= h𝜈 

 Where, 

  h is the plank’s constant= 6.62 x 10-34
 Joule sec and 

  𝜈 is the frequency. The extended form of the equation is 

  

 

  

 

 k= Boltzmann constant=1.38 x10-16 erg/K 

 

• It indicates that the electromagnetic radiation with greater frequency (shorter 

wavelength) contains more energy content of quantum.  

 

• Hence, the ultraviolet radiation is more energetic and harmful than quantum of red 

light, as the wave length of UV radiation is shorter. 
 



Stefan –Boltzmann’s Law  

 

Stefan showed experimentally and Boltzmann 

demonstrated on theoretical grounds that radiation 

emittance of a body(E) is a function of the fourth power 

of absolute temperature (emissivity =1 for black body). 

 

Therefore,  

 E = σT4 for black bodies, 

Where,  

 σ= Stefan Boltzmann’s constant 

 T= absolute temperature 

 σ= 5.673˟10-8 Wm-2K-4  
 



     Wien’s Displacement law 
 

• The wavelength of maximum emission (𝜆max) is related to the absolute 

temperature of the radiating body, given by equation 

                

 

 

• The sun may be considered to behave as black body whose surface temp 

is 6000 K. By Wien's law  

  

 

 

• If the mean surface  temperature of earth is assumed as 300 K, 

 

 

 

• It shows that sun emits maximum solar energy at 0.483µ  while the  

 earth at 9.66µ  

  
 

  

  



Lambert’s Cosine Law 

 

The energy received on the earth’s surface from beam of radiation is determined 

by the angle of the beam to the perpendicular with surface. 

  

It is determined by lamberts cosine law;     I = Idirect Cos ɵ 

Where, 

Idirect is radiance normal i.e. perpendicular to emitting surface 

I = Radiance i.e. radiant intensity 

When ɵ = 0, sun overhead is vertical then point receives maximum radiation, 

when it is 900 (sunrise or sunset) Cos ɵ is 0 and point receives no radiation. 
 

 
 

Radiation received at point 

Earth 

surface 

Normal to 

surface 

Direct 

radiation 

(W/m2) 



Beer’s Law 

   

 When radiation strikes on a absorbing medium, the beam is 

progressively weakened as it penetrate into the medium  

    

    I=I0e
-kA 

Where,  

I= Light intensity at a given height within the plants community 

I0= Light intensity at top of the plant community (canopy) 

k= Extinction coefficient 

A= LAI from top to height in question.  

  

k= depends on the distribution of the canopy.  

Its value is in the range of 0.3-0.5 for upright leaves canopy and 0.7 

to 1.0 for more or less horizontally distributed canopy. 



Solar Constant 
 

• The amount of solar radiation that is received in a minute at the top of 

atmosphere on a unit area of surface which is held perpendicular to the 

beam when the earth is at its mean distance from the sun is known as 

solar constant.  

 

• This occurs in April and October.  

 

• The value of solar constant is estimated to be 1.94 cal/cm2 /min or 

(1.94 Langley /min) = 1367 ±7 Wm-2  

 

• The solar constant is not a true constant but fluctuated as much ±3.5% 

about its mean value depending upon the distance of the earth’s from 

the sun.  

 

• Maximum value of 2 Ly/min is recorded in January and minimum 

(1.88 cal/cm2/min or 1.88 Langley/min) by the end of June or the 

beginning of July. 
 



Short and Long wave radiation 

 

• Solar energy covers a wide spectrum of electromagnetic radiation 

ranging from electric waves with wavelength of several hundred 

meters to the ultra violet and cosmic radiation of extremely short 

wave lengths and high energy capable of destroying any forms of 

life. 

 

• The wave length of solar radiation is so small and inconvenient  

to express in mm. Hence, smaller units such as micron (µ), 

millimicron (mµ) and Angstrom (Aº) are used.  

 

• The conversion of the above units are follows: 

 1µ=10-6m 

 1 mµ=10-9m=1nm 

 1Aº= 10-10m 

 



Types of Radiation Range of wavelength (µ) 

x- rays, cosmic rays, ϒ-rays etc up to 10-3 µ 

UV 10-3- 0.4 µ 

Visible 0.4 – 0.8 µ 

Infrared 
                Near  0.8 - 4 µ 

                Far       4 - 100 µ 

  (earth’s radiation range) 

Microwave  

(100 µ - 10 meter) 

i)   RADAR  

100 µ - 1 meter 

ii) Telephone  

      1meter – 10 meter 

Radio waves 10 meter – 10 km 

Electric waves > 10 km 

S band: 10 cm RADAR-Cyclone,     C band: 5cm RADAR- Precipitation 



Energy distribution in short wave and long wave radiation 
 

• The energy for various purposes in the earth atmosphere system comes from the sun 

having surface temperature of 6000ºK.  

 

• The radiation emitted from the sun is known as short wave radiation, generally 

called solar radiation.  

 

• It ranges from 0.15 µ to 4.0 µ with a peak at 0.483 µ.  

 

• The solar energy received over the earth surface is maximum in visible radiation 

and near infrared radiation is about 80%.  

 

• About 10% each is covered by towards UV and far infrared radiation respectively.  

 

• The terrestrial radiation is the radiation emitted by earth.  

 

• It ranges from 4 µ to 80 µ with a peak of 9.66 µ at an effective surface temperature 

of about 300ºK.  

 

• The long wave radiation is also called Nocturnal radiation since it is the major 

radiating source of energy at night. 
 



Electromagnetic spectrum 

  
• The visible radiation between 0.4 and 0.76 µ is very important to plants.  

 

• We see each other and all the objects through visible radiation.  

 

• It is the light which is very important to plants in their photosynthetic process. 

 

•  Within the visible radiation, VIBGYOR is very important for plants, which is 

distributed in different wavelengths as shown in figure, viz red and orange (0.6 to 

0.7 µ), yellow and green (0.5 to 0.6 µ) and blue and violet (0.4 to 0.5 µ). 
 



Depletion of solar radiation: 

 

• The solar radiation reaching the ground is depleted due to presence 

of air pollutants in addition to the angle at which sunrays reach the 

ground.  

 

• The reflection, absorption and transmission vary when the sun rays 

pass through the atmosphere based on its constituents. 

 

• Water vapour is one, which strongly absorbs solar radiation when 

compared to other gases. 

 

• Clouds reflect solar radiation to a considerable extent.  

 

• That is why the solar radiation reaching the ground is relatively low 

when the sky is overcast. 



 

• Depending upon the state of atmosphere and sun’s angle, the 

earth receives normally 50-70% of solar radiation received on 

the top of the atmosphere which depends on   

 

  i)   Energy output of the sun 

  ii)  Distance of earth from sun 

  iii) Interstellar dust in the solar system 

 

• Ozone also plays a major role in depletion of solar radiation 

depending upon its density and variation with time. 

 

 



Radiation Balance of Earth Atmospheric System 

  

The difference between all incoming and outgoing radiation at the earth surface and 

top of the atmosphere is known as radiation balance at the earth’s surface. 

 

RB= (incoming-outgoing) radiation. It can be seen at the top of the atmosphere. 

 

Figure shows the mean annual radiation and heat balance of the atmosphere 

relative to 100 units of incoming solar radiation, based on satellite measurements 

and conventional observations (GARP, 1975) 
 

Sensible 
heat flux 
 



• If the incoming solar radiation (insolation) is considered as 100 

units at the outer atmosphere, 30 units returned to space through 

reflection from the earth’s surface (4 units), reflection from the 

clouds (20 units) and back scattered by air (6 units) without heating 

the atmosphere. Out of 70 units remaining, 16 units are absorbed by 

water vapour, dust and ozone and 3 units are absorbed by clouds.   

 

• The remaining 51 units are transmitted through atmosphere and 

absorbed by ocean and land surface.  

 

• Out of 51 units absorbed at the earth’s surface, 23 units used for 

latent heat flux and 7 units are used for sensible heat flux and 

earth’s emit 21units in the form of long wave radiation.  

 

• Out of 21 units emitted by earth, 15 units are absorbed by water 

vapour and carbon dioxide and 6 units are lost to space.  



 

• The net emission to space in the form of long 

wave radiation by water vapour & CO2 is 38 units 

and 26 units by clouds so as to balance the 100 

units of incoming solar radiation received at the 

outer atmosphere.  

 

• Positive sign is for incoming solar radiation while 

negative for outgoing radiation lost to space. 

 

• The total of all incoming and outgoing radiation 

are zero over a surface. 

 
 



• A certain part of the energy received from the sun, is reflected back to the 

space by the earth.  

 

• The reflectivity is known as Albedo. It is defined as the ratio of reflected 

short wave radiation to the incident short wave radiation on a surface and 

expressed in percentage.  

 

• The term short wave albedo is used for the total solar spectrum (0.3 – 4.0µ) 

while, the term visible albedo is used for the visible wave band (0.4 – 0.7µ).  

 

• The albedo of crop surfaces is ranging between 23 and 30%.  

 

Ploughed surface: 14-17%,  

Moist & dry Black soil: 8 & 14%,  

moist soil: 10-12%,  

Dry grey soil: 25-30%,  

Dessert soil: 29-43%,  

Crop surface: 23-25%,  

Grasses: 20-25%,  

Rice field:12% 

 

Albedo 



Net Radiation (Rn) 

 

• The net radiation is the difference between total incoming radiations 

(both short and long wave) and outgoing radiations (both short wave 

and long wave) and is a measure of energy at the ground surface. 

 

•  It is the energy available at the earth’s surface to drive the processes of 

air and soil heating, evaporation, photosynthesis and respiration.  

 

• Under clear skies, in middle and lower latitudes, the diurnal regime of 

radiative exchanges shows the absorption of solar radiation is max, at 

12 hr (mid day).  

 

• A maximum of infrared radiation (long wave) is also emitted by the 

heated ground surface at mid day (12hr).  

 

• In general, the net radiation is positive between an hour after sunrise 

and an hour before sunset with maximum at mid day. 

 



Photosynthesis 
 

• The visible radiation is very important for photosynthetic activities of plant, 

which is a very complex process.  

 

• The visible radiation is known photosynthetically active radiation (PAR) as it is 

essential for plants to produce carbohydrates, ultimately of biomass. 

 

• The raw material like carbon dioxide and water in the presence of sunlight, plants 

produce carbohydrates in the form of biomass or dry matter. 

 

 

 

 

 

 

• In visible radiation, a strong photosynthetic activity takes place in the blue-violet 

(0.4-0.5 µ) and in the orange- red (0.6-0.7 µ) region.  

 

• The green-yellow (0.5-0.6 µ) is the region in which low photosynthetic activity 

takes place. 
 

 

   



• The absorption by plants is nil to minimum depending upon 

type of leaves between 0.7 and 0.8 µ 

 

• Plants grow healthy under optimum sun light, if water and 

nutrients are unlimited. If the sun loving plants are grown in 

shade, they grow taller and their photosynthetic efficiency is 

less and thereby low crop biomass.  

 



Photoperiodism 

• The response of plants to day length is known as Photoperiodism.  

• Plant species are grouped into long day, short day and neutral plants based on 

response of plants to day length.  

• Day length varies from latitude to latitude depending upon the season.  

• It is relatively uniform over the tropics, while significant variation is observed 

in day length when one moves north or south of the equator. 

 

Phototropism 

• Phototropism is nothing but the growth of plants in the direction of sunlight. 

•  It is also known as positive phototropism.  

• The classical example is sun flower.  

• The flowers of sunflower move along with the direction of sunlight.  

• In case of plantation crops also, they take several bends in search of sunlight, 

if continuous shade falls on them.  

• Sometimes the high intensity of radiation may cause positive to negative 

phototropism. 

• If the plant growth is away from the direction of sunlight, it is known as 

photonasty or negative phototropism. 
 
 



Radiation Instruments 

• Pyrheliometer: It measures the direct component of solar radiation at normal 

incidence. 

 

• Pyranometer: It measures the global solar radiation reaching the earth’s surface. 

 

• Shading Ring Pyranometer: It measures the diffused radiation (Wm-2) but this 

is having a shading ring which cast shadow on the sensor throughout the day. 

Direct radiation is obtained by taking difference of global and diffused radiation. 

 

• Pyradiometer: It measures the long wave radiation either in upward or 

downward direction (Wm-2). 

 

• Net radiometer: It measures the balance between upward and downward total 

radiant energy (Wm-2).  

 

• Sunshine Recorder: It measures the bright sunshine hour and cloudiness (hrs). 

 

• Albedometer: It measures the albedo through the special pyranometer in which 

incident and reflected radiations are measured by two pyranometer designed 

back to back on a single thermopile with two domes (%). 
 



Energy Balance or Heat Balance: 

 

• The net radiation which is the difference of net incoming short 

wave radiation and net outgoing long wave radiation is the main 

source of energy at the earth surface.  

 

• It is the energy available at the earth’s surface to drive the 

processes of evaporation, air and soil heat fluxes as well as other 

smaller energy consuming processes such as photosynthesis and 

respiration. 

 

•  Mathematically, this can be represented by  

                        Rn = RS (1-r) - RL 

 Where, 

   Rn = net radiation 

             Rs(1-r)= net incoming short wave radiation 

   RL = net outgoing long wave radiation 

   r= Albedo 

 



• Energy balance equation (net radiation) over the crop surface can be written 

as  

  Rn= G + H+LE+PS + M         ------ (1) 

 

 Where,  

 Rn= Net radiation,  

 G= Ground/surface soil heat flux,  

 H= sensible heat flux, 

 LE= Latent heat flux,  

 PS & M are energy fixed in plants by photosynthesis and energy involved in 

 respiration respectively.  

 

• PS & M are negligible due to their minor contribution (≈1-2% of  Rn).  

 

• The net radiation is the basic source of energy for evapotranspiration (LE), 

Heating of air (H) & soil (S) and other miscellaneous (M), including 

photosynthesis.  

 

• If water is not a limiting factor, most of Rn is used for ET.  

 
 



• Thus, air temperature increases when water is limited as energy 

that is supposed to evaporating water, is used to heat the air.  

  

 Rn = G + H + LE 

 

• Approximate magnitude of individual components of energy 

balance at ideal bare ground surface is  

 

 H = 57%, 

 LE=30% and  

 Ground Heat= 13%.  

 

• The amount of water presents in soil control the magnitude of 

different components.  
 



Latent Heat: 

 

• The amount of energy (heat) required to vaporize a unit mass of a 

liquid is called latent heat of vaporization i.e. at same temperature, 

the substance changes its phase from liquid to vapour.  

 

• To transform one gram of liquid water to gaseous state ≈ 600 

calorie of heat is required. This heat is not sensed by the 

thermometers. 

 

•  So it is called latent heat. It is flux of latent heat to and from the 

surface through evaporation of water or condensation.  

 

• In other words, the amount of heat required in the process of 

evaporation and amount of heat released in the process of 

condensation is nothing but latent heat. 

 
 



Sensible heat 

 

• Addition or subtraction of energy to a body is sensed as a rise or 

fall in its temperature is referred as sensible heat. 

 

•  It is more when surface is dry, on wet soil, latent heat is more 

than sensible heat. 

 

•  Sensible heat flux is flux of sensible heat between surface and 

air near to surface. 

 

•  It is the flow of heat through a process of convection between 

surface and air as “sensible” heat flux because it is that transfer 

which determines air temperature, a property of air that is 

measured. 



Soil Heat Flux 

 

• It is a flux of heat into or out of the soil through a process 

of conduction.  

• Soils constitutes a major storage location for heat acting as 

a sink for energy during the day and source at night. 

• In annual terms, soils store energy during warm seasons 

and releases it to air during cold season of the year. 

• The amount of water presents in the soil, control the 

magnitude of different components. 

 

Energy balance over various agricultural surfaces 

When there is a vegetation over soil surface, the energy 

balance equation is modified by following features 

 

i. Energy & water storage in vegetation system 

ii.Photosynthesis  & CO2 exchanges 

 



• The detailed energy balance equation for soil-plant-air system may 

be written as  

  Rn = H+LE+G+A+P+M 

 Where, 

   G= Ground heat, 

   A= Advection,  

  P= Photosynthesis,  

  M= Metabolic term 

 

• During day time, Photosynthesis is positive and negative in night 

 

• Energy balance equations for different fields are  

  Bare soil: Rn = G+H+LE 

  Crop field: Rn = G+H+LE+P+A+M 

  Water surface: Rn = H+LE, G=negligible LE>H 

  Irrigated cropped: Rn = G+H+LE+P, LE>H 

  Desert area: Rn = G+H, LE= negligible 

  Mulched field: Rn = G+H 
 



Day & Night Time Energy Exchange 

 

• Incoming solar radiation is available only during day time while out going 

long wave radiation is continued during day and night.  

 

• Therefore, magnitude and direction of net radiation and its component 

changes during day and night time.  

 

• Day time: Earth surface gain radiant energy. So Rn is downward and 

positive 

   Rn = Rs (1-r) –RL 

 

• During day time sensible and latent heat fluxes are upward and ground 

flux is downward in the soil.  

 

• The net radiation is used to heat the air (sensible heat) and used in 

vaporization  

 

• Night Time 

   Rn = RL 

 



Scattering 
 

• When a light passes through a medium having particles of 

diameter less than the wave length of light, a portion of light 

is scattered in all directions 

 

• This is called Raleigh scattering given by equation 

  I=Io e
-Bx 

 Where,  

  Io = Intensity of the incident beam  

  I = Intensity of the beam after it had traveled a distance 

      x through the medium  

  B= Coefficient of scattering    

 

• Raleigh showed that B is inversely proportional to the 4th 

power of the wave length. 

 



• Scattering is effective only for shorter wave length.  

 

• For blue light, 𝜆 is smaller than that for red.  

 

• Thus, in the visible range of spectrum, blue that is scattered more 

than the red light.  

 

• This accounts for the blue colour of the sky.  

 

• At the time of sunrise & sunset, red colour near horizon is seen 

because solar rays traverse a long path through the atmosphere  

during which the blue is scattered from the beam leaving only 

spectrum of red in the direct rays which reach up to the eye. 
 



• Particles larger in diameter than the wave length of light do not produce 

scattering. Thus cloud particles do not change the colour of light because 

of their relatively larger size.  

 

• Yellow colour is observed in the sun following dust storm.  

 

• When the scattering occur by spherical particles without any consideration 

of size of particles relating the wave length of radiation, it is called Mie 

Scattering.  

 

• If absorption and scattering considering together, then it is known as 

attenuation and corresponding coefficient by attenuation coefficient or 

extinction coefficient.  

 

• Mie Scattering is caused by pollen, dust, smoke, water droplets and other 

particles in the lower portion of the atmosphere. 

  

• Rayleigh Scattering mainly consists of scattering from atmospheric 

gases. Because of Rayleigh scattering, atmosphere appears blue. 

 



Radiation interception by plants 

 

• Entire quantity of radiation is not utilized by plants in photosynthesis.  

 

• Distribution of light within the plant community is different from its distribution in 

a single plant or on a single leaf.  

 

• In plant community, the distribution follows Beer’s law. 

 

• Beer’s Law 

 When a beam of protons having appropriate frequencies strikes on the absorbing 

media, the beam is progressively weakened as it penetrates into the medium 

   I=I0e
-kA 

 Where, 

  I= Light intensity at a given height within the plant community 

 I0= Light intensity at top of plant canopy 

 k=Extinction coefficient 

 A= Leaf Area Index from top to height in question 

 

 Light Extinction Coefficient (k): It depends on the distribution of canopy; its value 

is in the range of 0.3 to 0.5 for upright leaves canopy and 0.7 to 1.0 for more or less 

horizontally distributed canopy.  

 



Ideal Crop Stand Architecture for Efficient Use of Radiation: 

 

• Under less radiation intensity, any departure of leaves from the horizontal 

position reduces the net photosynthesis.  

 

• In higher radiation intensity, the optimum leaf inclination for efficient 

light use is 81º.  

 

• At higher radiation intensity, a leaf placed at the optimum inclination is 

4.5 times as efficient in using light as a horizontal leaf.  

 

• For efficient use of light, the upper leaves in a plant canopy should have 

near vertical orientation, whereas the lower foliage should be almost 

horizontal.  

 

• For best performance and in an ideal arrangement of the plant canopy, the 

lower 13% of leaves should be oriented at an angle of 0 to 300, middle 

37% of the leaves should be at 30 to 600 and upper 50% leaves should be 

at 60 to 900 with the horizontal. 

 



Duration of Light: 

 

The duration of radiation has greater influence than the intensity. It has 

considerable importance in the selection of crop varieties. The response of 

plant to relative length of the day and night is known as photoperiodism. 

The plants are classified based on the extent of response to day length which 

are as follows: 

 

i. Long day plants: The plant that requires less than a certain number of 

hours of night (day length greater than 12 hrs) in each 24 hr period to 

induce flowering e.g. cereals, potato, sugerbeat, wheat, barley etc. 

 

ii. Short day plants: The plant requires a certain number of hours of 

darkness in each 24 hr period (a short day length <12 hrs) before floral 

development can begin e.g. tobacco, soybean, millets, sugarcane etc. 

 

iii. Day Neutral or Indeterminate plants: Those plants which does not 

require a specific day length to flower e.g. tomato, cotton, maize, sweet 

potato, pine apple etc. 

 

 



•The photoperiodism influences the plant characters such as floral 

initiation or development, bulb and rhizome production etc.  

 

•In a long day plant during periods of short days, the growth of 

internodes are shortened and flowering is delayed till the long days 

come in the season.  

 

•Similarly, when short day plants are subjected to long day periods, 

there will be abnormal vegetative growth and there may not be any 

floral initiation. 

 



Effects of radiation on plant 

 

The effect of radiation can be studied under four headings  

 

(i) Radiation Intensity  

(ii) Quality of radiation 

(iii) Duration of light and  

(iv) Direction of light 

  

i. Radiation Intensity 

 

• The intensity of radiation is defined as the rate of emitted energy from a unit 

surface area through unit solid angle.  

• The radiation from a surface has different intensities in different direction.  

• About one percent of the radiation energy is converted into biochemical energy.  

• Very low radiation intensity reduces the rate of photosynthesis resulting into 

reduced growth.  

• Similarly, very high intensity is detrimental to plant in many ways.  

• It increases the rate of respiration.  

 

 



 

• It causes rapid loss of water i.e. it increases the transpiration rate of water from 

the plants.  

 

• The most harmful effect of high intensity radiation is that it oxidizes the cell 

contents which is termed as solarisation.  

 

• This oxidation is different from respiration and is called photo oxidation. 

 

• Under natural condition, radiation intensity varies greatly and plant show 

marked responses to changes of radiation intensities.  

 

• Based on the response to radiation intensities, the plants are classified as 

follows; 

 

i. Sciophytes (shade loving plants): The plants grow better under partially 

shaded conditions e.g. betel vine, buck wheat etc. 

 

ii.Hetrophytes (sun loving): Many species of plants produce maximum dry 

matter under high radiation intensities when the moisture is available at the 

optimum level e.g. maize, sorghum, rice etc. 

 
 



ii. Quality of Radiation 

 

• When a beam of white radiation is passed through a prism, it is 

dispersed into wave lengths of different colours.  

 

• This is called the visible part of solar spectrum.  

 

• The different colours and their wavelengths are as follows; 

 

Violet       380-420 nm 

Indigo      420-440 nm 

Blue         440-520 nm 

Green       520-565 nm 

Yellow     565-590 nm 

Orange     590-626 nm 

Red           626-750 nm 

 
 



• The principal wave length absorbed and used in photosynthesis 

are in the violet-blue and orange-red regions.  

 

• Among this, short range beyond the violet such as x-rays, 

gamma rays and larger rays beyond red such as infrared are 

detrimental to plant growth.  

 

• Red radiation is the most favourable radiation for growth 

followed by violet-blue.  

 

• Ultra violet and shorter wave lengths kill bacteria and many 

fungi. 

 

iii. Duration of light: already covered in the previous slides 

 
 



iv) Direction of Radiation: 

 

The direction of sunlight has a greater effect on the 

orientation of roots and leaves. In temperature regions, on 

the southern slopes plant produce better growth than the 

northern slopes due to higher contribution of sun light in the 

south facing side. 

 

i. Orientation of light: The change of position or 

orientation of organs of plants caused by radiation is 

usually called as phototropism. For example, the leaves 

are oriented at right angles to incidence of light to 

receive maximum radiation. 

 

ii.  Photomorphogenesis: There is a change in morphology 

of plants due to radiation. This is mainly due to ultra 

violet and violet rays of the sun. 

 



Solid Angle (Ω) 

 

• It is the two dimensional angel in three dimensional space that an 

object subtends as a point. 

 

• It is measure of how large that object appears to an observer 

looking from that point.  

 

• Unit steradian (sr).  

 

• Solid angle can measured in 1 sr = [(180/л)2 square degree] 
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Temperature 
 

• Temperature is a measure of hotness of a body whether it is solid, 

liquid or gas 

 

• All the molecules in a body are in a state of random motion 

 

• Temperature is arising from the random motion of all the molecules 

in that body 

 

• Thus, it is a measure of speed (mean kinetic energy) of the molecules 

in that body 

 

• The difference of temperature of two bodies decides the direction of 

flow of heat energy 



 

• Temperature is the most important variable of weather and 

plays important role in growth and development of all the 

plants 

 

• It affects the plant and animal life in all stages of growth  

 

Sensible Temperature 

 

• The temperature recorded by the thermometer does not 

always agree with the sensations of heat felt by the human 

body 

 

• The sensation of the heat depends upon air movement and 

humidity. 80ºF in the equatorial zone is more uncomfortable 

than 100ºF in the desert because of humidity 

 

 



Significance of Air Temperature in Agriculture 

 

• Temperature is necessary for the weathering of soils, promoting 

bacterial activity, sterilization of soils, killing of weeds, pests and 

disease, for drying grains and maturity of crops 

 

• Every living organism, plant, or animals or insects requires 

optimum temperature for carrying out the basic biochemical 

activities for survival 

 

• Excessive temperature is harmful for germination, growth, 

flowering and maturity of fruits 

 

• It increases the transpiration from plants and evaporation from the 

soil and necessitates frequent irrigation 
 



 

• It is the most important phenomenon of solar energy, in 

climatology, the word temperature denotes 

 

• Shade temperature to avoid the influence of direct rays of sun. 

 

• It measured by means of thermometers 

 

• Day temperature at any given time is meant the temperature of the 

air measured under standardized condition and with certain 

recognized precautions against errors introduced by radiation from 

the sun or other heated body 

 
 

 
 



Temperature Scales 

 

• Temperature is measured in different temperature units across the 

world 

 

• Mostly degree Celsius is used. Also, Fahrenheit scale is used by 

the UK. In India, degree Celsius is also used 

 

• In literature on heat and temperature, we come often across the 

Fahrenheit scale 

 

• The Reaumer scale is still being used in Russia for household 

purposes 

 

• The formula for conversion of one scale to other is as follows 

 
 



 

 

 

Or this can be written as 

 

 

 

Where,  

C is ºCelsius; F is ºFahrenheit, R is ºReaumer and K is ºKelvin. 

ºCelsius is same as ºCentigrade. 

 

 

 

 

 

 

 

• Both the scales i.e. ºC & ºF have equal value at -40 ºC i.e. -40 ºC = 

 -40 ºF 

 

 

 

Scale Ice Point Steam Point 

Celsius 0ºC 100ºC 

Fahrenheit 32ºF 212ºF 

Reaumer 0ºR 80ºR 

Kelvin 273ºK 373ºK 



• In absolute scale, 0 ºC becomes 273ºA, it means 20 ºC is equal to 

20+273 = 293ºA. 

 

• In thermodynamic scale, the absolute scale known as the Kelvin 

scale. Hence, degree Absolute (ºA) is equal to degree kelvin (ºK). 

 



Air Temperature 

 

• Atmospheric temperature is continuously changing during day 

 

• It is never steady or constant for a long time 

 

• Therefore, quantification of atmospheric temperature is very 

important and done in different ways: 

 

Maximum Temperature (Tmax): It is the highest temperature 

attained by the atmosphere in a diurnal variation.  

 

Minimum Temperature (Tmin): It is the lowest temperature 

attained by the atmosphere in diurnal variation.  

 

 
 



• The mean daily temperature (Tavg) is generally the average of the 

24 values of hourly temperature observed during that day 

 

• When thermograph record is not available then it is computed an 

average of the maximum and the minimum for the day 

 

 

 

• Monthly means are generally the averages of daily means 

 

 

 

• The average annual temperature (Tannual) is the average of 12 

monthly means i.e. 
 

 

 



• Records extending over at least 10 years but preferably over 30 

years or more years are used to calculate weekly, monthly and 

annual temperature normal. 

 

 
 

 



Factors Affecting the Air Temperature 

 

•The uneven distribution of radiation, the physiographic features of 

the earth’s surface and distribution of water and land on the earth’s 

surface influence the distribution of global surface temperature 

 

•Of the factors affecting the surface air temperature, latitude is most 

important factor followed by altitude and distribution of land and 

ocean surfaces 

 

•Mountains also play a role in deciding the surface air temperature 

and water vapour between windward and leeward sides. The 

following are the major factors which influence the earth’s 

temperature are 

 
 

 



1. Latitude: Temperatures are the highest at the equator and the 

lowest at the poles. The temperature decreases with increase of 

latitudes. 

 

2. Altitudes: Temperature decreases with height in Troposphere. 

 

3. Seasons: Coldest temperature is in winter and highest 

temperature in summer seasons. 

 

4. Distribution of Land and Water: Water bodies are great 

moderators of the temperature because of high specific heat of 

water, so on the oceans, the regularity in temperature is more as 

compared to the continents. 

 

5. Topography: Mountain ranges affect the temperature by acting 

as obstacles to the flow of cold air near the surface and they 

often set the conditions of warm winds. 

 



6. Ocean Currents: Hot and cold ocean current affect temperature  

e.g. Gulf stream (warm) in north Atlantic, Venezuela current 

(cold) along west coast of south Africa, Peru Current (cold) along 

west coast of south America 

 

7. Winds: Various types of winds affect the air temperature 

 

8. Clouds and rains: Clouds by abstracting the heat of the sun 

whereas rains by cooling the atmosphere affect the temperature 

 

9. Colour of the soil: Black soil absorbs more radiation and other 

types reflect them 

 

10. Slope of land: Perpendicular component of solar radiation impart 

more heat while inclined radiation impart less 

 

11. Forest and Vegetation: Due to evapotranspiration and 

interception of sunrays, temperatures are moderated. 

 



Temperature Inversion 

 

• Although normally, the lower several miles of atmosphere show a 

decrease in temperature with increasing altitude when the colder air 

lies below warmer air and this is called temperature inversion i.e. if air 

temperature increases with height, it is known as temperature inversion 

 

• It happens due to the following reasons 

 

i. Earth’s surface losses heat more than it gains 

 

ii. Cold air from the hill tops and slopes tends to flow downward and 

replaced by warm air 

 

iii. In crops, temperature inversion noticed due to active surface of 

crops during its maximum growth. The cropped surfaces become 

secondary heat source during that time and this result in high 

temperature at the crop canopy. 
 



Daily/Diurnal Variations in Temperature 

 

• The cycle of temperature change during each 24 hours period is 

called daily/diurnal variations 

 

• The minimum temperature occurs at about sunrise on any clear day, 

after which there is a continuous rise in temperature up to noon 

 

• The maximum is recorded at 2-3 PM and is followed by fall in 

temperature continuing until next morning 

 

• Thus, diurnal variation displays one maximum and one minimum 

similar to sinusoidal curve 

 

• The time delay of 2-4 hours in reaching maximum is due to the 

heating up response of earth-atmosphere system. 
 



• The half of the difference between the two (i.e. maximum and 

minimum temperature) is called the amplitude of daily oscillations 

of air temperature which is an important climatic characteristics and 

depends on the number of factors such as topography, cloud cover, 

vegetation etc 

 

• The difference between the maximum and minimum temperature 

attained is referred as daily range 

 

• The diurnal temperature range is greatest at low latitudes and at 

continental locations 

 

• It is least at high latitude and at maritime locations 

 

• The amount of the daily range of variation varies widely with many 

factors like cloudiness and humidity of the air, nature of earth’s 

surface, the vertical lapse rate of temperature, wind, elevation and 

latitude and is discussed below 

 



 

• Cloudiness influences the penetration of insolation to earth’s 

surface by day and retardation of net loss of heat by terrestrial 

radiation at night 

 

• There is only very small diurnal variation of temperature over the 

oceans; on land, after heavy rains where soil is moist and water 

stands on the surface, temperature ranges are less than during dry 

weather, because of the humidity of the air 

 

• The average range of temperature increases with distance from 

water sources.  

 



Annual Pattern of Air Temperature 

 

• The change in average daily temperature during the year is called 

Annual Pattern of Temperature 

 

• The annual pattern at every station is unique due to many factors like 

latitude, land or sea presence, underlying surface etc 

 

• The difference between highest and the lowest temperature attained 

during the year is called annual range 

 

• It is the difference between the average temperature of the warmest 

and the coldest month 

 

• Latitude is the important factor for annual range 

 

• The smallest range occurs near equator and the largest in high 

latitudes. 
 



 

Seasonal Temperature Variations 

 

•Temperature (diurnal, mean and range) vary according to the season 

 

•The main factors contributing to seasonal variations are: 

 

1. The angle of inclination of solar rays, which decides the 

intensity of radiation. 

 

2. Distance between earth and sun. 

 

3. The movement of seasonal winds which contributes to rain and 

precipitation. 
 

 



Horizontal Distribution of Temperature (Latitude) 

 

• The change of temperature with distance is known as temperature 

gradient 

 

• Horizontal temperature gradient is the change of temperature with 

horizontal distance 

 

• The average global temperature is about 13ºC but local averages 

vary widely 

 

• The lines connecting places, which have same air temperature, are 

called isotherms 

 

• Thus, all the points on a map through which any one isotherm 

passes have identical average temperature for the period indicated 



• There is general decrease from equator to poles (increase in latitude) 

 

• Isotherms permit rapid evaluation of temperature gradient, where the 

isotherms are far apart, the temp gradient is weak and vice versa 

 

• For most places on the earth, the January and July represent the 

seasonal extremes of temp and for this reason, isotherms of these 

months are selected for climatic analysis 

 

• The general decrease in temperatures from the equator to poles is 

one of the most fundamental and best known facts of climatology 

 

• Factors affecting temperature are 

 

 Elevation of a place 

 Soil type  

 Nearness to water body  

 

 



 Presence of hill or mountain 

 Location of the earth (co-ordinate) 

 Anthrophic factors 

 

Vertical Distribution of Temperature (Altitude) 

 

•The change of temperature over a unit distance along the vertical is 

known as vertical temperature gradient or lapse rate 

 

•A positive lapse rate means a decrease of temperature with height 

 

•Negative lapse rate is called the Temperature Inversion, in which 

temperature increases with height 

 

•In free atmosphere, there is a continuous decrease in temperature 

with increasing elevation approximately up to 13 km after that point 

there is no reduction in temperature 
 



• The temperature lapse rates is irregular  being strongest in the 5-9 

km layer, on an average in free atmosphere temp falls 0.5 - 0.6ºC 

for every 100 m rise 

 

• The average decrease is approximately 0.65ºC/100 m (6.5 ºC/km) 

 

• This is known as Normal Lapse Rate or vertical temperature 

gradient 

 

• As a general rule throughout the troposphere, the temperature 

decreases with elevation 

 

• The rate of decrease with altitude, this condition is reversed at 

certain levels so that temperature temporarily increases with 

altitude is not uniform; it varies with time of the day, season and 

location. Stevenson screen is used to measure air temperature 
 

 

 



Stevenson Screen 

 

• It is a rectangular wooden box constructed from louvred walls and 

painted white 

 

• Free air can enter inside but all external radiations are reflected back 

by white colour 

 

• It has got a double slanted roof protecting thermometers from 

rainfall, snowfall etc 

 

• It always opens towards the north to protect thermometers from 

direct sunshine entry while reading thermometers 

 

• It is installed at the height of 4’from the ground on four angle iron 

posts 

 
 



• This instrument is used for housing different thermometers. It is 

also known as shelter screen 

 

• It has following 3 different sizes 

 

1. Single Stevenson Screen 

  

Its internal dimensions are length 56.0 cm, width 31.5 cm and 

height 41.2 cm 

 

It is used for housing Maximum, Minimum thermometer and 

dry bulb, wet bulb thermometers as shown in figure  

 

2. Double Stevenson Screen 

 

It is similar to single Stevenson screen but double in length, 

size: 112 cm x 31.5 cm x 41.2 cm 

 



It is sued for housing recording instruments like thermograph, 

hygrograph, thermohygrograph, evaporigraph, barograph etc. 

 

3. Mini thermometer Screen 

 

This is a portable thermometer screen 

 

Its internal dimensions are 40.4 cm x 20.0 cm x 33.7 cm 

 

It is used for housing maximum, minimum and dry bulb 

thermometers.  

  
 

 



Single Stevenson Screen 



In the Stevenson screen following thermometers are housed 

  

1. Maximum Thermometer 

 

• This is a mercury thermometer and used to measure the highest 

temperature that occurs during the last 24 hours or since last 

setting 

 

• It works on the principle of “all liquids expand/contract with 

increases/decrease of temperature” 

 

• It is similar to clinical thermometer and has constriction 

 

• Mercury in a glass bulb is attached with a graduated capillary 

tube so that when mercury expands with increase in temperature, 

its value can be noted 

 

• The capillary tube has a small constriction near its bulb 



 

• When temperature increases mercury rises to its maximum but when 

temperature decreases the constriction does not allow mercury to fall 

back 

 

• Thermometer has graduation ranging from -350C to +550C 

 

• Reading can be taken upto 0.10C 

 

• Maximum temperature generally occurs in the world between 14.00 

to 16.00 hours.  

 

2. Minimum Thermometer 

 

• This is an alcohol or spirit thermometer used to measure lowest 

temperature that occurs during last 24 hours or since last setting 

 

 

 



• It is based on the principle that all liquids expand/contract with 

increase/decrease in temperature 

 

• In the minimum thermometer, alcohol is used as its freezing 

temperature -390C 

 

• Thermometer has graduation ranging from -400C to +500C. Reading 

can be taken upto 0.10C 

 

• Reading is taken from the end of dumb-bell index which is away 

from the bulb 

 

• As the temperature of air falls, the alcohol contracts and the end of 

the alcohol column moves towards the bulb dragging the index along 

with it by the surface tension of liquid 

 

• If subsequently temperature increases, the alcohol flows freely pass 

the index without displacing it 



• Thus the position of the index farthest from the bulb indicates the 

lowest temperature since thermometer was last set 

 

• Lowest temperature of the day generally occurs just before sunrise on 

clear day and after sunrise on cloudy day as shown in figure.  

  

 

 

Maximum and Minimum Thermometers 
 



3. Dry bulb thermometer 

 

• This is a mercury thermometer which gives the prevailing 

temperature of air at the 4′-3″ to 4′-6″ height 

 

• For calculating relative humidity, vapour pressure etc. temperature of 

dry bulb and wet bulb are needed 

 

• It has -35 to +550C range and can be used to 0.10 of a degree 

 

4. Wet bulb thermometer 

 

• This is like the dry bulb thermometer but the bulb of the thermometer 

acts as a evaporating surface 

 

• The bulb is enclosed with muslin cloth, which is connected with a 

wick dipped in distilled water 
 



• The water rises up to wick and keeps the thermometer bulb moist 

continuously 

 

• It is used for calculating dew point, relative humidity and vapour 

pressure. 

 

 

Dry and Wet Bulb Thermometers 



Dew point temperature 

  

• It is the temperature to which air would be cooled to reach the 

saturation at constant pressure without removal or addition of 

moisture in other words it is a temperature at which given air can be 

saturated with water vapour and invisible moisture begins to condense 

and becomes visible 

 

• It can be determined from psychrometric or hygrometric tables 

 

• The dew point temperature is always less than the air temperature 

except when air is saturated, then air temperature and dew point 

temperature are equal 

 

• It can be derived from the hygrometric tables directly.  

 
 



Wet bulb temperature 

  

• It is the temperature to which air can be cooled by evaporating 

water into it 

 

• The wet bulb temperature is always higher than dew point 

temperature except when air is saturated 

 

• In that case, air temperature wet bulb temperature and dew point 

temperatures are equal 

  

Air Temperature > Wet bulb Temperature > Dew Point temperature 
 



Other instruments 

 

Temperature of air can also be measured with Assmann’s 

psychrometer and Whirling psychrometer 

 

Both Assmann’s psychrometer and whirling psychrometer are used 

to measure air temperature as well as relative humidity 

 

For air temperature measurement, average of both the thermometer 

T1 and T2 is taken which give accurate air temperature 

 

1. Thermograph 

 

• This instrument continuously records air temperature with 

passage of time 

 

• This is not a accurate instrument but its importance lies in its 

automatic recording of air temperature 

 



• There are bourdon tube type and bimetallic type of thermograph 

 

• It consists of changes in the curvature of circular bimetallic strip 

creating micromotions as shown in figure 

 

• These micromotions are conveyed to the short arm of the lever 

system which amplifies these motions 

 

• The longer arm of the lever is provided with pen and ink and makes 

marking on the graph paper fixed on the rotating drum 

 

• The drum is rotated once in 24 hours or once in a week by the clock 

work inside 

 

• On the graph paper, temperature is on Y axis and time is on X axis 



 

• This instrument is always housed in double Stevenson screen 

 

• Before its use, it must be standardised twice daily with the help of 

standard thermometer 

 

• The graph paper should be replaced regularly 

 

• Diurnal variation of air temperature with time resembles a bell 

shape 

 

• Instrument has accuracy about ±0.250C. 

 

  

 
 

Thermograph  



2. Infrared Thermometer 

 

• This is a sophisticated instrument used for measuring instant 

temperature 

 

• It contains thermocouple and thermistors upto accuracy 0.10C 

and response time less than one second 

 

• It is very accurate, rapid and portable 

 

• Temperature is obtained without any contact 

 

• The air temperatures are measured generally with mercury 

thermometers but the accuracy of these thermometers is about 

0.50C and response time is also very large (about a minute) 



• Canopy temperatures in Agrometeorology are measured with 

Infrared Thermometer as shown in figure 

 

• It is based on the Stefan Boltzmann’s radiation law which states 

that the energy flux density of radiation from an object is directly 

proportional to the fourth power (E=σT4) of its absolute 

temperature 

 

• Thus radiated energy coming from the object is received by the 

sensor and is converted into temperature 
 

 

Infrared Thermometer 



Adiabatic Process 

 

• As air ascends upward, it encounters low pressure and gets expanded 

due to which cooling is produced 

 

• Any such change in volume, pressure and temperature of the air when 

it moves upward or downward which takes place without any addition 

or removal of heat from the system is known as adiabatic change and 

process is known as adiabatic process 

 

• Thus the rate of decrease of temperature of air with increase in height, 

as it moved upward due to adiabatic cooling is known as adiabatic 

lapse rate 

 

• There is also non-adiabatic cooling rate, which results due to loss of 

heat by radiation, mixing with cold mass or by advection 

 

• The average lapse rate up to the tropopause is 6.5 ºC/km 

 



Stability 

 

• The air is stable equilibrium tends to resist vertical movements 

 

• When air near the ground is cold, its water vapour content is low and 

when its density is likely to be greater  than that of the overlying air, 

considerable force would be required to push up that mass of cold air 

 

• Under such conditions, the air is said to be in a state of stability. 

Obviously, this is the condition when there is an inversion of 

temperature 

 

• If the vertical temp gradient is less than 1ºC/100m, then the 

atmosphere is in stable condition/equilibrium  

 

• Stable conditions are usually found in quiet air where there is little 

or no precipitation but often radiation fogs, dew or frost (winter 

season).    

 



Instability  

 

• Instability is that state of air, when air can be pushed up easily 

 

• It does not tend to resist vertical movement and when, if moved, it 

will continue its vertical movement for an indefinite period, it is 

said to be unstable 

 

• Instability results if air over heated ground is warmed enough to 

cause its density to become less than that of the surrounding air; the 

latter would push under warm air and force it upward 

 

• If the vertical temperature gradient is greater than 10C/100m then 

atmosphere is in unstable equilibrium 

 

• Instability usually results in winds of varying strength, in 

cloudiness and precipitation and frequently under violent weather 

conditions 
 



 

Conditional Instability (RH<100%) 

 

• If a parcel of moist air is forced to rise, it will eventually saturated 

and a further rise will cause condensation and latent heat release 

 

• If environmental lapse rate is greater than the moist adiabatic lapse 

rate, the parcel may then become buoyant relative to its 

surroundings and be accelerated upward 

 

• The criterion for this type of parcel instability, called conditional 

instability. 



Conditional Instability of Second Kind (CISK) 

 

• The cumulus convection supplies the heat necessary to drive the 

large scale disturbance and large scale disturbance produces the 

moisture convergence necessary to drive the cumulus convection 

 

• When the cooperative interaction between the cumulus convection 

and a large scale disturbance (perturbation) leads to unstable growth 

of the large scale system, the process is referred to as CISK 

 

• The CISK mechanism has, however, been applied with some 

success in the theoretical studies of the growth of tropical cyclone 
 



Cardinal Temperature  

 

Three temperatures of vital activity related to plant growth have been 

recognized which are often termed as “Cardinal Points” 

 

i. A Minimum temperature below which no plant growth occur. 

For typical cool season crops, it ranges between 0 and 50C and for 

hot season crops between 15 and 18 0C. 

 

ii. An Optimum temperature at which the maximum plant growth 

occurs. For cool season crops, it ranges between 25 and 310C and 

for hot season crops between 31 and 37 0C. 

 

iii. A Maximum temperature above which the plant growth stops. 

For cool season crops, it ranges between 31 and 370C, and for hot 

season crops between 44 and 500C.  

 

 



The cardinal points can be measured only approximately 

because their position is related to external conditions, the duration of 

exposure, the age of the plant, and its previous treatment.  

 

Gross Minimum Thermometer 

  

• Gross minimum thermometer placed horizontally on two wooden 

supports at 5 to 6 cm height from ground 

 

• It is used to measure minimum temperature at the height of 

vegetation 

 

• It is kept after sunset for observation and removed before sunrise 

 

• The reading of grass minimum thermometer indicates the 

possibility of occurrence of ground frosts. When instrument records 

30ºF or 0ºC below, a ground frost is likely to occur. 



 
 

Potential Temperature 

 

• The potential temperature is a temperature, a sample of air would 

have if it were compressed or expanded adiabatically from a given 

state pressure and temperature to a pressure of 1000mb 

 

• Obviously ϴ is a characteristic property of parcel of air remains 

constant during adiabatic process 

 

• Thus, the potential temperature can be used to label a parcel of air 

in order to facilitate its identification as it moves about day to day 

 

 

Where, 

ϴ = Potential Temperature 

R/CP = k = 0.286 for dry air 

    
 



Dry Adiabatic Lapse Rate (DALR) 

 

• It is a process of rate of decrease of temperature with height 

experienced by parcel of air being lifted adiabatically through an 

atmosphere in hydrostatic equilibrium 

 

• The prevailing lapse rate may vary from day to day or from place 

to place but dry adiabatic lapse rate is always same 

 

• DALR is 9.8 0C/km 

 

 

 where, 

 

ϴ = Potential temperature, 

Z = Height 

 

Potential temp is a hypothetical temperature of atmosphere  

 

  



Wet Adiabatic Lapse Rate (WALR) 

 

• It is otherwise known as saturated or moist adiabatic lapse rate 

 

• The rate of decrease of temperature due to adiabatic cooling of wet 

air with increase in height is called WALR 

 

• It is 50C/1000m, when water vapour is in the process of 

condensation and releasing its latent heat of vaporization to a rising 

parcel of air, the DALR no longer applies 

 

• As the parcel is lifted, saturation eventually occurs 

 

• The height at which the air parcel becomes saturated is known as 

condensation level, after which the condensed air will decrease at a 

different rate, which is known as saturated lapse rate  
 



where,  

dϴm = Potential temperature of moist air 

dZ = Height 

 



Soil Temperature  

 

•Soil temperature is an important environmental factor in plant 

growth and distribution 

 

•In comparison to air temperature, the amplitude of variations in soil 

surface temperature is more pronounced because of the varying 

characteristics and composition of the soil 

 

•It particularly in fluencies 

 

The germination of seeds & juvenile stage of crop is very 

sensitive to soil temperature 

 

The functional activity of the root system  

 

The incidence of Plant diseases 

 



 The rate of plant growth and vegetative growth of plants  

 

 High soil temperature may kill the living tissues of many 

temperate plant 

 

 Low soil temperature reduces the intake of nutrients. At above 

1 0C or less, soil moisture intake by plants stop 

 

The soil temperature during the day is more important than the 

night time temperature because it is necessary to maintain a 

favourable internal crop water balance 

 

Soil temperature is more important than air temperature for 

potato, corn, groundnut and other tuber crops. 



 

 

Diurnal Variation of Soil Temperature 

 

• As depth of soil increases, temperature increases up to 20 cm 

remains unchanged beyond 30 cm 

 

• Surface temperature is doubled in the afternoon compared to 

morning due to insolation 

 

• Variation due to morning and afternoon temperature beyond 30 cm 

depth is negligible 

 

• A variation beyond 30 cm is only seasonal changes. 

  



Factors Affecting Soil Temperature  

  

1. Aspect and slope 

 

• These factors are of great importance in determining soil 

temperature outside the tropics 

 

• In northern hemisphere, a south facing slope is always 

warmer than a north facing slope or a level plain 

 

• This difference exceeds the difference in air temperature 

  

2.   Tillage 

 

• By loosening top soil and creating mulch, tillage reduces the 

heat flow between the surface and subsoil surface 

 

 
 



• Since mulched surface has greater exposed area and the 

capillary connection with moist layers below is broken, the 

cultivated soil has greater temperature amplitude as compared 

with the uncultivated soil 

 

• At noon, the air temperature one inch above the soil is 5 to 10 
0C higher in cultivated soil as compared to uncultivated soil. 

 
3. Soil Texture 

 

• Become of lower heat capacity, sandy soil warm up more rapidly than 

clay soils, hence are at higher temperature. 

 

4. Organic Matter 

 

• Organic matter reduces the heat capacity and thermal conductivity of 

soil, increases its water holding capacity and has a dark colour which 

increases its absorptivity.  

 

 



• In humid climates, because of large water content, peat and marsh 

are much colder than mineral soils in spring and warmer in winter 

 

• But when organic soils are dry they become warmer than mineral 

soils in summer and cooler in winter 

 

Thermal Properties of Soil  

 

1. Specific Heat 

 

• It is the amount of heat required to raise the temperature of one 

gram of substance by 10C 

 

• The value for most of the minerals present in the soil is 0.18-

0.20 cal. For humus, it is 0.45 cal. 

 



2.   Heat Capacity 

 

• It is the amount of heat required to raise the temperature of 1 CC 

by 10C 

 

• Most soils have a heat capacity in the range 0.3-0.6 Cal/cm3 

 

3. Thermal Conductivity 

 

• It is a quantity of heat flowing in a unit time through a 1 cm2 

cross section of the soil in response to a temperature gradient of 

10C/cm of depth 

 

• It varies with porosity, moisture content and organic matter 

content of the soil.  

 



4.   Thermal Diffusivity 

 

• It is the change in 0C that occurs in one second when the 

temperature gradient changes 10 /CC 

 

• In other words, it is ratio between thermal conductivity and 

heat capacity 

 

• Thermal diffusivity rises when the moisture content reaches 

a certain maximum and then falls.  
 



Air with steep Lapse Rate 

 

• Heating during the day is accompanied by deep convection 

where by energy absorbed by air near the earth’s surface is 

distributed through a thick layer of air 

 

• Similarly at night steep lapse rates are often accompanied 

winds and turbulent mixing that keep the lower layers 

warmer than in conditions of still stable air with steep 

lapse-rate 

 

• Diurnal ranges of temperature are usually smaller at the 

station than nearly valleys 

 

• Daily range of temperature increases with latitude up to 

subtropical latitude 

 



• Maximum daily ranges have been recorded in subtropical deserts 

where clear air and dry land surface prevails 

 

• But in the same latitude along foggy coasts parallel by cool ocean 

current, sea breeze chop off maximum temperature, fog interferes 

with terrestrial radiation at night and hence daily range are the 

lowest in the world 

 

• In middle latitudes, daily ranges very less with latitude than with 

distance from the sea 

 

• In high altitudes diurnal range decrease again, owing to the 

lessened effectiveness of the daily successive of the sunlight and 

darkness.  

 
 



Temperature is of paramount importance for organic life 

because of the following factors 

 

a) Temperature governs the physical and chemical processes within 

the plants, which in turn control biological reactions which take 

place within the plants 

 

b) The diffusion rate of gases and liquids change with temperature 

 

c) Solubility of different substances is depending upon temperature 

 

d) The rate of reactions varies with variations in temperature 

 

e) Equilibrium of various systems and compounds is a function of 

temperature and 

 

f) Temperature affects the stability of the enzyme system. 
 



• Every plant has its own minimum, optimum and maximum 

temperature limits for its normal growth and reproduction 

 

• The vital physiological activities of a plant stop both at below the 

minimum level and at its maximum at optimum temperature levels 

 

• These levels of temperature are known as cardinal temperature 

points. 
 



S. No. Crop 

Cardinal Temperature 

Minimum Maximum Optimum 

1 Rice 10-12 36-38 30-32 

2 Sorghum 8-10 40-42 32-35 

3 Maize 8-10 40-44 32-35 

4 Wheat 3-4.5 30-32 25 

5 Barley 3-4.5 38-40 20 

6 Sugar beat 4-5 28-30 25 

7 Tobacco 13-14 35 28 

8 Carrot 4-5 8 25 

9 Peas 12 32-34 24 

10 Oats 4-5 36 30 

11 Lentil 4-5 36 30 

   In General 

Cool season crop 0-15 31-37 25-31 

Hot season crop 15-18 44-50 31-37 

Cardinal temperature for germination of some important crops 



Plant Injury Due to Sudden Changes in Temperature 

 

• Living organisms receive and transfer thermal energy through 

radiation, conduction and convection 

 

• Transpiring water to the surrounding atmosphere also transfers 

thermal energy from growing plants 

 

• Through these processes, they remain in equilibrium with the 

surrounding environment and maintain normal growth and 

development 

 

• However, with the passage of weather systems, changes in 

atmospheric temperature are often very sudden and plants cannot 

adjust to these severe variations and are damaged beyond 

recovery 
 



Leaf Temperature versus Air Temperature 

 

• Under normal conditions, leaf temperature remains around the 

ambient temperature but differs under certain situations 

 

• At a temperature of about 33ºC, there is a tendency for equality 

between air and leaf temperature 

 

• Below this temperature, leaves tend to be warmer than the air and 

vice versa 

 

• Where the temperature exceeds 33ºC, leaves appear to suffer from 

water stress. 

 

Leaves exposed to sun 

 

• Thick leaves that are not transpiring actively in still air are 

several degrees warmer than the air 

 



• Under intense radiation and high humidity, some leaves may be at 

a temperature 15ºC higher than the air 

 

• Likewise, under very hot and low humidity conditions, leaf 

temperature can be as much as 10ºC higher than the air 

 

• Where plants do not suffer for want of moisture, the difference 

between leaf and air temperature is very small. 

 

Leaves under shade 

 

• Leaves shades from direct sunlight are usually somewhat warmer 

than the surrounding air. 

 

Leaves exposed to a clear night 

 

• At night when the sky is clear, leaf temperature is usually lower 

than the air temperature 

 



• During a cold and clear night, a leaf may be around 2 ºC cooler 

than the surrounding air 

 

Leaves exposed to a cloudy night 

 

• With cloud cover, the difference in air and leaf temperature is 

small 

 

• In certain cases the leaf temperature may be slightly higher than 

air temperature. 

 
 



High Temperature Injury to Plants 

 

• Thermal death point of active cells ranges from 50 to 60ºC for 

most plant species, but it varies with the species, the age of tissue, 

and the length of time of exposure to high temperature 

 

• It has been reported that most plant cells are killed at a 

temperature of 45 to 55ºC, but some tissues withstand a 

temperature of up to 105ºC. 

 

• For aquatic and shade plants, the lethal limit is 40ºC, and for most 

xerophytes it is 50ºC, when the plants are exposed to a saturated 

atmosphere for about half an hour 

 

• High temperature results in the desiccation (the process of 

becoming completely dry) of the plant and disturbs the balance 

between photosynthesis and respiration. 

 
 



• Once the temperature exceeds the maximum up to 

which growth takes place, plants enter a state of 

quiescence (inactivity or dormancy) 

 

• When the temperature becomes extremely high, a 

lethal level is reached 

 

• At temperatures higher than the optimum cardinal, 

the physiological activity declines as a consequence 

of inactivation of enzymes and other proteins 

 

• Leaf functions are disturbed at about 42ºC, and lethal 

effects on active shoot tissues generally occur in the 

range of 50 to 60ºC. 

 



    Low Temperature Injury to Plants 

  

Exposure to extremely low temperatures and heavy snowfall 

damages the plant in several ways including suffocation, 

desiccation, heaving, chilling and freezing 

 

Suffocation 

 

• Small plants may suffer from deficient oxygen when covered 

with densely packed snow 

 

• When suffocated, certain toxic substances accumulate in contact 

with roots and crowns and tend to inhibit the diffusion of carbon 

dioxide. 
 



Physiological Drought and Desiccation 

 

• Spring drought sometimes occurs in coniferous trees in cool 

temperate climates 

 

• This results from excessive transpiration and a time lag in 

absorption of moisture from the soil, caused by a warm period 

when the soil is still frozen 

 

• The result is an internal moisture deficit sufficient to cause death 

of the twigs 

 

• The decreases water absorption by plants at low temperatures is 

the combined effect of the decreased permeability of the root 

membrane and increased viscosity of water 

 

• This results increased resistance to water movement across the 

living cell of the roots. 
 



Heaving 

 

• Injury to a plant is caused by the soil layer lifting upward from 

the normal position and causing the root to stretch or break at a 

time when the plant is growing 

 

• Sometimes the roots are pushed completely above the soil 

surface 

 

• After thawing, it is difficult for the roots to become firmly 

established, and the plants may die because of this mechanical 

damage and desiccation.  

 

Chilling 

 

• Plants of tropical origin are damaged by exposure to mild 

chilling for two to three days 



• Plants of temperate origin withstand chilling for long period without 

suffering any injury 

 

• Rice, cotton, and cowpea are killed when exposed to temperatures 

near 0ºC for about two to three days 

 

• Sudan grass and peanuts are injured by short exposure to chilling 

temperatures but recover if favorable temperature conditions return 

shortly afterward 

 

• Short duration mild chilling does not seriously injure corn, sorghum, 

and pumpkin plants 

 

• Plants of cool climate origin such as wheat and soybean are injured 

when exposed to prolonged chilling but recover with the return of 

favourable conditions 

 

 
 



• In temperate climates, two types of injuries occur because of low 

temperature 

 

• These are delayed growth and sterility 

 

• For example, rice yield decreases due to insufficient grain 

maturation caused by low temperatures during the ripening period 

 

• When flowering is delayed by low temperatures at a certain stage 

before heading, insufficient time is available to the grains to ripen 

fully before frost occurs in autumn 

 

Freezing Injury 

 

• Plant parts or an entire plant may be killed or damaged beyond 

repair as a result of actual freezing of tissues 

 
 



 

• Freezing damage is caused by the formation of ice crystals, first in the 

intercellular spaces and then within the cells 

 

• Ice within the cells causes more injury by mechanical damage 

disrupting the structure of the protoplasm and plasma membrane 

 

• Freezing of water in intercellular spaces results in withdrawal of water 

from the cell sap, and increasing dehydration causes the cell to die. 

 

Frost: Damage and Control 

 

• Frost is a climatic hazard that causes serious damage to standing crops 

in temperate and subtropical climates 

 

• Much distress can be avoided by properly understanding the 

characteristics of the frost, by using early warning information on frost, 

and by adopting frost protection measures. For this, the planning 

should begin before the crop is planted. 

 



• Frost occurs when the environmental temperature drops below the 

freezing point of water 

 

• It can be a white frost (also known as hoarfrost) or a black frost 

 

• White frost occurs when atmospheric moisture frees in small 

crystals on solid surfaces 

 

• Black frost occurs when few or no ice crystals are formed because 

air in the lower atmosphere is too dry, but the damaging effect of the 

low temperatures on vegetation is the same as that of white frost. 

 

• Frost is formed through the physical processes of radiation and 

advection cooling 

 

• These are referred to as radiation frost and advection frost, 

respectively. 

 
 



i. Radiation Frost 

  

• Occurs when a clear sky and calm atmosphere (winds less 

than 8 km/hr) allow an inversion to develop, and temperature 

near the surface drop below freezing 

 

• The thickness of the inversion layer varies from 10 to 50 m 

 

• The term inversion comes from atmospheric conditions being 

inversion to the normal daytime condition in which air 

temperature decreases with height 

 

• Plants can be successfully protected from radiation frost. 

 

 

 

 



ii. Advection Frost  

 

• Occurs when a cold air mass invades a relatively warm area 

suddenly 

 

• Under advection frost, winds may be above 7 km/hr and cloud 

may exist 

 

• The advected cold air mass may be 150 to 1500 m deep 

 

• Plants can be protected from advection frost to a limited extent. 
 



Temperature Aberrations 

 

Heat Wave 

 

• A region is considered to be in the grip of moderate heat wave 

when it recorded maximum temperature exceeds the normal by 

5 to 8 ºC 

 

• Heat wave is common in the state of Uttar Pradesh (54% 

Probability) in the month of June 

 

• Incidences are maximum in western UP 

 

• Persistence is 5-6 days particularly more in June. 

  
 



Effect of Heat Wave 

 

• As already discussed under the effect of temperature on crop 

growth, the thermal death points affect photosynthesis and 

respiration 

 

• Increased respiration results in depletion of reserve food, sun 

clad, stem girdle.  

 

Cold Wave 

 

• A region is said to be in the grip of a moderate cold wave when it 

recorded minimum temperature falls short of the normal by 6ºC 

to 8ºC and severe cold wave is prevailed when the minimum 

temperature short falls up to 8ºC 

 

• Generally experienced from November to March 

 
 



• Severe cold wave generally prevail from January to February 

that is common in Uttar Pradesh 

 

• In Western UP it is for 1 day where as in Eastern UP it is 2-7 

days. 

 

Degree Days 

 

• At a given location, the period between planting and 

harvesting is not a specific number of calendar days but rather 

a summation of energy units, which may be represented as 

degree days 

 

• A degree day for a given crop is defined as a day on which the 

mean daily temperature is one degree above the zero 

temperature (that is the minimum temperature for growth) of 

the plants.  

 



Zero Temperature 

 

Spring wheat: 0-4ºC (depending on variety) 

Oat: 6ºC 

Field Corn: 12-14ºC 

Sweet Corn: 10ºC 

Potatoes: 7ºC 

Peas: 4ºC 

Cotton: 17-18ºC 

 

The period required for achieving maturing is also a function of the 

length of day is photoperiod 

 

Crop, planted in early in the spring requires more calendar days to 

mature than the same crop planted later. 

 
 



Growing Degree Days (GDD) 

 

• GDD or accumulated day degrees is also called as Effective Heat 

Unit 

 

• This is an arithmetic accumulation of daily mean temperature 

above certain threshold temperature 

 

• This is computed by using the formula 
 



Thank You 
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Wind 

 
• Wind is regarded as rate of movement of air in instantaneous direction or 

  

• Wind is the air in horizontal motion in response to the difference in 

atmospheric pressure or 

 

• Air in horizontal motion is called wind 

 

• The vertically moving air columns are called as currents 

 

• The direction from which wind is blowing is called wind direction 

 

• Wind turning to right from their course is known as Veer Winds 

  

• Winds turning to left from their course known as back wind  
 



The winds has three components  

 

i. Horizontal movement (u east-west) 

ii. Vertical (ω) 

iii. North South component (v) 

 

 

•Vertical component is very small being about 1/100th of the 

horizontal component.  

 

•Thus, wind means only horizontal component.  

 

•Wind is specified by its direction and speed.  

 

•The unit of wind speed is knot.  

 

 



Conversion factor for different units are as follows 
 

1 Knot (kt) =1.852 km/hr 

 

1 km/hr = 0.5399 Knots 

 

1 knot = 0.514 m/sec  
 



Conversions between common units of speed 
 

m/s km/hr mph knot ft/s 

1 m/s= 1 3.6 2.236936* 1.943844* 3.280840* 

1 km/h= 0.277778* 1 0.621371* 0.539957* 0.911344* 

1mph= 0.44704 1.609344 1 0.868976* 1.466667* 

1 knot= 0.514444* 1.852 1.150779* 1 1.687810* 

1 ft/s 0.3048 1.09728 0.681818* 0.592484* 1 

(* = approximate values) 



Significance of Wind in Agriculture  

 

• Wind is an important weather parameter. 

  

• Its direction as well as speed is significant as it affects crop plants in 

the following ways: 

 

i. It influences transpiration and intake of carbon dioxide 

 

ii. It helps in the movements of cold and hot waves 

 

iii. It determines the direction of clouds/fogs 

 

iv. It acts as a carrier of many crop diseases/insect pests 

 

v. Strong winds cause lodging in standing  crops especially just 

after irrigation 
 

 



vi. Wind may speed the chilling of plants or on some occasions, 

prevent frost by disrupting a temperature inversion. 

 

vii. Wind dispersal of pollen and seeds is natural and necessary for 

native vegetation and may be helpful for certain crops, but it is 

detrimental when weed seeds are spread or when unwanted 

cross fertilization of plants occur. 



Causes of wind 

  

• The hydrostatic balance of the atmosphere keeps the atmosphere without 

collapse due to gravitational pull and pressure gradient force 

 

• They act equally in opposite direction as shown in figure below 

 

• The pressure gradient force is the change in atmosphere pressure 

between two layers with difference in height 

 

• It acts as a driving force for air motion, which moves from high to low 

pressure 

 

• It can be expressed as  

 

 Where, 

  PG= Pressure Gradient Force 

  dp = Change in pressure between two levels 

  dh = Perpendicular distance between two levels 

 

 



• The driving force for all air motions is variation in atmosphere 

pressure 

 

• For horizontal variations in pressure, a force is created acting 

from high to low pressure. 

 

• The negative sign indicates that pressure gradient force is always 

upward. 

 

 



• It can be written as dp = - ρgdh which is known as the hydrostatic 

equation 

 

• The negative sign indicates that the force operates from high to low 

pressure i.e. P decreases as h increases  

 

 

     or 

 

 

 

• It represents the balance between the weight of unit mass of air on one 

hand and its buoyancy on the other  

 

• The above equation is valid if the atmosphere is said to be in hydrostatic 

equilibrium 

 

• If the term          is greater than g, the air parcel will rise while sinks if it is 

smaller 

 

 



Horizontal Movement of Air near Earth’s Surface 
 

There are four controls on the horizontal movement of air near the earth’s 

surface 

 

i. Pressure Gradient force 

ii. Coriolis force  

iii. Centrifugal force 

iv. Frictional force 

 

Pressure Gradient force: Already discussed above 

 

Coriolis Force 

 

• The coriolis force is not a force but an effect due to rotation of earth 

 

• Air motion is deflected to the right of direction of motion in the Northern 

Hemisphere and to the left in Southern Hemisphere 

 

 



• This can be expressed as 

f=2ωv sinϕ 
 

Where, 

 f = Coriolis force 

 ω = Angular velocity of the earth 

 v = Wind velocity 

 ϕ = latitude 

 

• This effect is zero at equator and increases towards the pole as 50% at 

30º latitude and 100% at pole. 

 

Geostrophic Wind 

 

• In the Northern Hemisphere, the wind that blow parallel to isobars 

with low pressure towards left and high pressure towards right 

under the balance of pressure gradient force and coriolis force is 

known as Geostrophic wind.  
 

 



• It can be expressed as 

 

 

 Where, 

 Vg = Geostrophic wind balancing between pressure gradient    

            and coriolis force 
 

 

 

 

 

 

 

 

 

 

 

 

Fig: Geostrophic Wind balance between two forces 
 

 
 



Centrifugal force 

 

• When there is a marked curvature in the isobars, a third force is 

introduced known a centrifugal force arises due to the curvature 

of the isobars 

 

• This acts outwards from the centre on any curved motion 

 

• In case of rotation around a high pressure area, this force is in 

the same direction as pressure gradient force and leads to 

increase in wind speed over the calculated Geostrophic wind. 
 



Gradient Wind 

 

• The wind that blow parallel to isobar around the low pressure 

centre under the balance of three forces namely pressure gradient, 

coriolis and centrifugal forces known as gradient wind 

  

• The speed differs significantly from that of the geostrophic wind 

 

 

 

 

 

 

 
        

         Subgeostrophic Wind   Supergeostrophic Wind 

 
 



Subgeostrophic and supergeostrophic Wind 

 
• A gradient flow through a trough is termed “subgeostrophic” 

 

• The “sub” means the wind speed is less than what would be expected if 

the wind was geostrophic 

 

• In the example below (“subgeostrophic wind”), the wind is flowing 

through a trough 

 

• In this diagram below (the trough), the outward fleeing centrifugal force 

is pointing in the same direction as the Coriolis (Northern Hemisphere, 

Coriolis is to right of path of motion) 

 

• Pressure Gradient Force (PGF) must balance both centrifugal and 

coriolis 

 
 



• For this to happen, the coriolis needs to shorten so that Coriolis + 

centrifugal stays equal to the magnitude of the PGF. Since the 

coriolis decreases, the wind speed decreases 

 

• This allows the wind to stay parallel to the height contours 

 

• Without this wind speed reduction the wind would follow a more 

straight lined path that would cause it to move from lower toward 

higher height contours 

 

• Another way to think of this is that PGF is greater in magnitude than 

the coriolis thus the wind is going to bend more in the direction of 

PGF and this causes the flow to stay parallel to the height contours  
 



•A gradient flow through a ridge is termed “supergeostrophic” 

 

•The “super” means the wind speed is greater than what would be expected 

if the wind was geostrophic 

 

•In the diagram below (“supergeostrophic flow”), the outward fleeing 

centrifugal force is pointing in the same direction as the PGF (Northern 

Hemisphere, to left of path of motion) 

 

•In this example the wind is flowing through a ridge. PGF and centrifugal 

must balance Coriolis (Northern Hemisphere, Coriolis is to right of path of 

motion) 

 

•For this to happen, the coriolis needs to get longer so that Coriolis = 

centrifugal + PGF. Since the coriolis increases, the wind speed increases 

 

•This allows the wind to stay parallel to the height contours 

 

 



 
• Without this wind speed increases the wind would follow a more straight 

line  path that would cause it to move from higher towards lower height 

contours 

 

• Another way to think of this is that the Coriolis is greater in magnitude than 

the PGF thus the wind is going to bend more in the direction of Coriolis and 

this causes the flow to stay  parallel to the height contours.  

 

 

 

 

 

 The point of this discussion is that the wind flows slower through 

troughs and faster through ridges when height counter spacing is same 

for each.  

 In reality, the height counter spacing is typically much closer together 

in a trough 

 Thus, in reality, wind speed is stronger in troughs since the Pressure 

Gradient Force is typically much higher in troughs. 

 
 



Both the above cases are summarized in brief as 

 

Subgeostrophic Wind 

 

• PGF balanced by coriolis and centrifugal 

  

• Since PGF = Coriolis + centrifugal, Coriolis is less than PGF 

 

 

 

 

 

 

Consequence: 

 

• Wind is parallel to height contours and wind speed is slower 

• Occurs in troughs 

 

 



Supergeostrophic Wind 

 

• Coriolis balances by PGF and centrifugal  

 

• Since Coriolis = PGF + centrifugal, Coriolis is greater than PGF 

 

 

 

 

 

 

 

Consequences: 

 

• Wind is parallel to height contours and wind speed is faster 

 

• Occurs in ridges. 
 



Frictional Force 

 

• It is a self generating force which operates as soon as air begins to 

move 

 

• As we approach the surface of the earth, the influence of surface 

friction is increasingly felt 

 

• This frictional force acts directly against the air flow, leading to a 

reduction in wind speed 

 

• Since the coriolis force is a function of wind speed, it is also 

reduced, even with straight parallel isobar, is no longer balanced 

 

•  The frictional force is maximum at surface and decreases with 

height.  
 



 

 

   

                 Surface wind (real wind) 

 

Fig: The effect of surface friction is to “back” (move in anticlockwise direction)    

the surface wind compared with the direction of geostrophic wind. 

 

The influence of friction is significant upto about 1.5 km above the 

ground which is known as Ekman Layer. 
 

 

 



Surface wind 

  

• The surface wind represents a balance between the pressure 

gradient force and friction parallel to the air motion and between 

the pressure gradient force and the coriolis force perpendicular to 

the air motion. 

 

Cyclostrophic wind (Eulerian Wind) 

 

• The wind which blow parallel to curved isobar under the balance of 

centrifugal force and pressure gradient force is called 

Cyclostrophic wind. 

 

Centrifugal force = C2/r 

 

Where, C = wind speed; r = radius  

 

 
 



• Cyclostrophic flow can be cyclonic or anticyclonic around a low 

 

•  However the cyclostrophic flow does not exist around a high since 

there is no balance between the forces around a high 

 

• Examples of cyclostrophic wind are Dust Devil, Tornadoes, Water 

spouts and hurricane etc. This is also known as Eulerian Wind. 

 

Thermal Wind 

 

• The vertical shear of geostrophic wind is related to the horizontal 

temperature gradient 

 

• The wind that blow parallel to the isotherm keeping low 

temperature towards left and high towards right in northern 

hemisphere under the balance of pressure gradient force and coriolis 

force. 

 
 



Behaviour of Thermal Wind 

 

i. If low temperature are associated with high pressure, wind 

decreases with height 

 

ii. If low temperature are associated with low pressure, wind 

increases with height 

 

iii. If wind blows from low temperature to high temperature, it will 

“back” (turn to anticlockwise direction) with height 

 

iv. If winds blow from high temperature to low temperature, it will 

“Veer” (turn to clockwise direction) with height. 

 

In low/cyclone, the geostrophic wind is an over estimate the gradient 

wind and in anticyclone, the geostrophic wind is an underestimate of 

the gradient wind. 
 



General Circulation 

  

• For all the season, there is an excess of net radiation over the tropics 

and deficit in polar regions 

 

• The exchange of heat from warm equator to cold regions (poles) 

results in motion of the atmosphere 

 

• This motion when summarized over earth as a whole is called 

General Circulation 

 

• If the earth were a homogeneous surface and if there were not 

seasonal changes in the insolation received at various latitudes, the 

rotation of earth will cause the wind belts. 
 



• Figure gives a general picture of the terrestrial pressure &wind distribution 

 

• Over large areas the actual pattern differs strongly from this view, a 

consequence of both the irregular heating of earth’s surface and the effects 

of migratory low and high pressure areas 

 

• Therefore, the actual wind system is much more complicated than the 

described in the model. 

 



Wind Distribution 

  

• The horizontal movement of air is known as Wind 

 

• Though the vertical movement is noticed, it is very negligibly small 

compared to horizontal movement as the height of atmosphere is only 

few kms 

 

• However, the vertical movement or uplift of air only causes for 

significant weather changes in terms of cloud formation and rain 

 

• The standard pressure patterns are accompanied by corresponding 

wind pattern, which can be divided into the following zones: 

 

1. Doldrums/Inter Tropical convergence zone 

2. Trade wind belts 

3. Westerlies 

4. Polar Easterlies 
 



Doldrums 

 

• The average location of the doldrums is roughly between 5ºN and 5ºS 

where the winds are calm due to convergence of Trade winds from 

both the hemisphere 

 

• This is also known as Inter Tropical Convergence Zone. 

 

Trade Winds 

 

• The belt is roughly seen from 5ºN to 30ºN latitude 

 

• The surface flow is equatorward and poleward in the upper 

troposphere.  

 

• The trade winds originate due to the pressure gradient from the 

subtropical belt of high pressure to the equatorial belt of low pressure. 



• Instead of blowing direct from north towards equator, the wind is 

deflected due to coriolis force and blows from North easterly direction 

in the Northern hemisphere while south easterly in the Southern 

Hemisphere and known as Northeasterly trade winds in NH and 

Southeasterly trade winds in SH.  

 

• They are known as trade winds because lot of trade was carried from 

those belts to equatorial belts through marine transport in ancient 

periods 

 

• The trade winds become warm towards equatorwards and having less 

water vapour content 

 

• Thus, precipitation is less in that belt and this is the reason why all 

tropical deserts of the world are located in this zone 

 
 

 



• This zone is popularly known as ‘Horse Latitudes’ where winds are 

light and variable like in the case of doldrums 

 

• The wind flow in the upper troposphere is toward pole. These winds 

are called Antitrade winds. 

 

Westerlies 

 

• This zone lies between 30º and 60ºN latitude 

 

• These winds while moving into higher latitudes are deflected and 

become southwesterly and northwesterly wind in NH & SH 

respectively 

 

• They are more variable and intense compared to the trade winds 

 

• While moving towards higher latitudes, westerlies become cold due 

to lower temperature and carry high water vapour content.  



• Highest precipitation zones in the world are seen in this belt and belt 

of cyclones due to westerly disturbances 

 

• It is one of the reasons for winter rains in north-west India 

 

• The western disturbances are popularly known as Nor’westers in 

India. 

 

Polar Easterlies 

 

• The polar easterlies are those winds which move out of the polar 

highs towards subpolar low pressure belt 

 

• The polar high pressure belt is due to thermal low in the polar region 

 

• Very little is known about atmospheric motions in the Polar Regions. 

 

 
 



Atmospheric Pressure 

 

• Pressure is defined as the force per unit area 

 

• The atmospheric pressure is defined as weight of the air column 

per unit area above the earth surface, extending to the limits of the 

atmosphere 

 

• In case of atmosphere, this force is determined by the number and 

speed of the molecules which strike the given surface, usually 

taken as square centimeter or square meter 

 

• Normally when air pressure increases, more molecules are present 

in a given volume; when air pressure decreases fewer molecules 

are presents.  
 



1 bar=106 dynes/cm2 

 

1mb=10-3 bar=103 dynes/cm2 

 

1 Pascal (Pa) = 1 N/m2 =10 dynes/ cm2 =1 kg/m/sec2 

 

1mb=102 Pa=1 hPa =103 dynes/cm2 = 0.750 mmHg 

 

1 mmHg =133.3 Pa 

 

1mb=1 gm/cm2 

 

One standard atmosphere (atm) = 1,01,325 Pa =1013.25 hPa=1013.25 

mb= 760 mmHg 
 



 

• The standard atmospheric pressure at mean sea level and latitude of 

45º at a temperature of 0ºC  is 760 mmHg 

 

• This is equivalent to 1013.25 mb or 101.325 kilo Pa (kPa). It is also 

called one atmosphere (45ºN Paris, France). 

 

• At sea level, pressure ranges from 960mb to 1050mb with an 

average of 1013 mb 

 

• At top of mountain Everest pressure is as low as 300 mb 

 

 
 



Buys Ballot’s Law:  

 

• In the NH, an observer stands with his back to the wind; 

pressure is lower on his left hand side than on right hand 

side, while in SH, the converse is true 

 

• This law implies that in the NH, the winds blow counter 

clock wise round a depression and clockwise round the 

high; the converse is true in SH 

 

• This is a statement of the direction of geostrophic wind.  
 



Air masses 

 

• An air mass is thick and extensive portion of the atmosphere whose 

temperature and humidity characteristics are ≈ homogeneous in a 

horizontal direction at different levels 

 

• If the air mass is said to be relatively uniform, there may not be much 

changes in the air temperature and humidity near the surface and they 

changes very slowly over large areas in terms of 1000 km or more.  

 

• Air masses can be classified based on air temperature and humidity near 

the surface of the earth 

 

• If the surface temperature is less, it is known as the cold air mass while 

warm air mass if temperature is high 

 

• Sources of cold and warm air masses are polar region and tropics 

respectively. 

 
 



• Cold air mass is known as polar air mass (P) while tropical air mass (T) in 

the case of warm air mass based on their geographical origin 

 

• Similarly the maritime and continental air masses are classified based on 

humidity 

 

• The humidity is less in case of continental air mass while it is more in case 

of maritime air masses 

 

• Combining temperature and humidity based on geographical origin, the 

principal air masses are classified into four+four (eight) groups i.e.  

 

i. Continental polar air mass (cP) 

ii. Maritime polar air mass (mP) 

iii. Continental tropical air mass (cT) 

iv. Maritime tropical air mass (mT) 

v. Arctic (A) 

vi. Antarctic (AA) 

vii. Maritime Equatorial (mE) 

viii. Maritime Tropical subsiding (mTs) 

 



Fronts 

 

• A front is a zone of sharp changes in temperature between warm and cold 

air masses 

 

• Cyclone in the high latitudes i.e. extra tropical regions are born along a 

front between warm and cold air masses, which may be blowing in 

opposite direction 

 

• There are different types of fronts viz. cold front, warm front, occluded 

front and stationary front 

 

i. Cold front: is a front along which the colder air replaces warmer air. 

ii. Warm front: is a front along which warmer air replaces colder air. 

iii. Occluded front: If a cold front overtakes warm front, it is known as 

occluded front. Occluded front is the last stage during the development 

of a cyclone. 

iv. Stationary front: If one airmass does not replaces the other , known as 

stationary front. 

 



Cyclones 

 

• The atmospheric disturbances which involved a closed circulation 

about a low pressure centre, anticlockwise in northern hemisphere 

& clockwise in southern hemisphere are called cyclone 

 

• Air blows in horizontal and vertical direction 

 

• There is air movement inward towards the centre 

 

• They cause extensive damage to property and life over land and 

provide copious rain during cyclonic activity 

 

• They originate and intensify in the tropical oceans 

 

• There are two types of cyclone i.e. tropical and extratropical 

cyclones 
 



 

• They have been given different names in different regions viz. 

Hurricanes in Atlantic, Typhoons in western pacific and south china, 

cyclone in India and willy-willies in Australia 

 

• The Bay of Bengal is more vulnerable to cyclones and east coast is 

affected frequently when compare to the west coast as Arabian sea 

is relatively less vulnerable due to low sea surface temperature. 
 



Anticyclone 

 

• Anticyclones play important role in weather phenomena at the 

surface of earth and associated with fine weather in which high 

pressure are at the centre and spiral air movement is outward in 

clockwise direction 

 

• The presence of anticyclone at height of 3Km in atmosphere over 

Rajasthan is one of the reasons for low rains during monsoon 

season. 

 

• Anticyclones are produced over land areas 

 

• There are two types of anticyclones 

 

• The stationary/warm anticyclones because, they passes warm core 

 
 



• The travelling anticyclones or cold anticyclones are characterized 

by abnormally cold air in the lower troposphere 

 

• These are quick moving, short lived and shallow unlike warm 

anticyclones which are stable and slow moving. 
 



Wind Rose 
 

• A wind rose is a graphic tool used by meteorologists to give a concise 

view of how wind speed and direction are typically distributed at a 

particular location.  

 

• A wind rose is a pictorial representation of wind direction and speed 

 

• It gives an overall idea of the distribution of wind direction and speed 

at a given location for a given period of time 

 

• It is very useful tool in wind break and shelterbelt studies so as to 

reduce evapotranspiration losses, thereby to increase crop yields 

 

• The wind damage due to high winds can be minimized and crop saved 

from mechanical damage in case of wind sensitive crops like banana, 

tapioca, drumstick and alike crops in wind prone areas provided 

planting is taken up based on wind roses. 
 



Preparation of Wind Roses  

 

• To create a wind rose, average wind direction 

and wind speed values are logged at a site, at short 

intervals, over a period of time, e.g. 1 week, 1 month, or 

longer 

 

• The collected wind data is then sorted by wind direction so 

that the percentage of time that the wind was blowing from 

each direction can be determined.  

 

• The length of the line converging towards central circle in 

each of the eight directions indicates the proportion of wind 

 

 

 



 

• The figure in the circle gives the number of cases or 

percentage in which air was calm. 
 

Fig: Wind rose 



Tertiary Circulation (Local Winds) 

 

• These are local and regional circulation patterns caused by local 

variations in the land topography and land-sea surface contrasts 

 

• Land and sea breezes and mountain and valley breezes are some of 

the local winds well known 

 

• Hot winds like Foehn, Chinook, Santa Ana, Sirocco etc as well as 

cold winds like Mistral, Bora, and Blizzard etc occur in different 

parts of the globe. 
 



Sea Breeze and Land Breeze 

 

• The diurnal range of surface air temperature is less in coastal 

location when compared to inlands 

 

• The sea breeze during day time and land breeze in night are 

common phenomena in summer along the coastal regions 

 

• The sea breeze develops along the sea coast or large inland 

water bodies in summer when land heats up much faster than the 

water on a clear day and a pressure gradient is directed from 

high over the water to a low over the land 

 

• It begins offshore in the late morning hours and gradually 

extends inland to decrease afternoon temperatures 

 

• It subsides in the evening 



• Because of the sea breeze, areas on the immediate coast may have 

lower temperatures than a few kilometers inland. A reversal of sea 

breeze may occur in nights, which is known as land breeze. 
 

 



Valley (Anabatic) and Mountain (Katabatic) Breezes 

 

• These are diurnal wind systems 

 

• During day time, the mountain slopes heat up rapidly because of  

intense radiation 

 

• The heated air being lighter raises along the slopes cause a low 

pressure area 

 

• The coolar air from the valley regions moves towards the 

mountain region causing valley breeze (Anabatic winds) 

 

• During night time, the reverse happens 

 

• The mountain slopes cool rapidly due to radiation loss as a result 

of which the cold air drains into the valley regions causing 

mountain breeze (Katabatic winds) 



• Valley breezes are more intense and persistent as compared to 

mountain breezes. 

 

• Hot local winds are caused by advection of hot air from a warm 

source region 

 

• Similarly, cold local winds are caused by advection of cold air over a 

relatively warm region. 

  

 Example: Foehn or Fohn - Alpine Europe, Chinook - Rocky 

Mountains 

 
 



Centrifugal Force 

 

• It is defined as "the apparent force that is felt by an object 

moving in a curved path that acts outwardly away from the 

center of rotation”. 

 

Centripetal force 

 

• It is defined as, "the force that is necessary to keep an object 

moving in a curved path and that is directed inward toward the 

center of rotation”. 

 

Frictional Force 

 

• It is a self generating force, which operates as soon as air begins 

to move. There are two types of frictional forces. 

 
 



i. Surface Friction 

 

• This acts at the surface when air blows over it and is dependent on the 

value of coefficient of friction between surface and air 

 

• This depends on surface inhomogenity 

 

• The role of this force is to retard/reduce wind speed. 

 

ii. Viscous Friction 

 

• This friction is arising when a layer of air moves over another surface 

 

• This depends on viscosity of air 

 

• This force of friction is important only for air motion in microlayer 

called earth’s boundary layer 

 

• For large scale wind system, it is negligible  

 



Gravity 

 

• Force of gravity always acts downward on a parcel of air 

 

• It plays an important role in vertical motion of air 

 

• It has no influence on horizontal movement of air 

 



Thank You 
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Indian Monsoon 

• The word ‘monsoon’ has its origin from the Arabic word 
Mausim which means season while in Hindi, Mausam 
means weather  

• Monsoon is characterized by large scale reversal of winds, 
though to our country, beneficial effects of monsoon are 
enormous as agriculture in India depends on monsoon, 
thus  its importance lies with the rain it produces 

• In India, two seasons have been identified based on wind 
direction, viz southwest monsoon and northeast 
monsoon  



  • Wind blows from the southwest for six months during summer 

and from the northeast for another six months during winter 

respectively, known as southwest and northeast monsoon over 

India  

• In India, we emphasis on two factors: first reversal of wind 

direction between January and July and second, the change 

should be persistent in nature and not caused by the passage of 

short lived migratory systems 

• The monsoon region includes large areas within the belt 

between latitudes 350N and 250S and longitudes 300W and 

1700E particularly whole of the African continent, South Asia 

and North Australia 





MAIN FEATURES OF THE SOUTHWEST MONSOON  

  The main characteristics of the Indian summer monsoon are: 

• The summer monsoon sets in over the extreme south of Indian peninsula on  

the first of June. The arrival of the monsoon is a gradual process, with a period  

of transition spread over a week or more. 

•  Subsequently, the monsoon advances along the west coast and into West   

Bengal and Assam in northeast India. The Bay of Bengal branch is deflected 

by the orientation of the mountains into the Indo-Gangetic plains of north 

India.  

•  The normal duration of the monsoon varies from a hundred to hundred and 

twenty days. It begins to withdraw from northwest India by mid September. 

•  Over seventy percent of India’s annual rainfall is recorded in the summer  

monsoon months. Much of the rainfall is caused by the fortuitous orientation 

of mountain barriers, but convective phenomena play an important role. 

•  The variability of monsoon rain is highest over northwest India and 

Rajasthan. These are the areas which receive small amounts of monsoon rain. 

•  Monsoon winds approach India from a southwesterly direction. By the time 

the monsoon has established itself, the depth of the monsoon current is about 6 

km off the west coast of India. 

 

 



•  Northwest India is an area of low barometric pressure during the monsoon. This 

region of low pressure coincides with a thermal high (a region of high  

temperatures), which gradually builds up over northwest India in the pre-

monsoon months of May and June. 

•  An extension of the seasonal low into the Indo-Gangetic plains is known as the 

Monsoon Trough. The axis of the trough shows periodic movement to the north 

and to the south of the Indo-Gangetic plains. 

•  Above the monsoon winds, the Indian sub-continent is dominated by an  

extensive anticyclonic circulation. The reversal of the wind field occurs at about 

6 km. 

•  Along the southern edge of the anticyclone, we encounter a narrow belt of 

strong winds at about 16 km above sea level. This is well-known as the Easterly 

Jet Stream of the tropics. Far to the north of the Himalayas is the sub-tropical jet 

blowing from the west to the east. The axis of this jet is located along the 

southern slopes of the Himalayas in winter, but suddenly shifts northwards with 

the advent of the monsoon. 

•  A region of high temperature is usually observed over Tibet. This provides the 

heat source, and ascent, for the Hadley Cell. Subsequently, the air spreads 

southwards aided by an upper tropospheric anticyclone over Tibet.  

 



Wind Direction during January and July Months 



Genesis of Monsoon 
• The monsoon is generated by the same type of 

conditions that produce land and sea breezes due to 
uneven heating  of land and sea 

• During the day land surface warm up rapidly and 
temperature becomes much higher than over the sea 
resulting rising air over the land is replaced by colder 
breeze from the sea 

• At night reverse process takes place and cool breeze 
flows from land to sea 

• This day and night phenomenon have their similarity in 
summer and winter monsoons 

• In summer, tropics in the northern hemisphere receive 
more heat due to direct radiation from sun and gets 
heated compared to the ocean. 



Summer Monsoon 



• The heated tropical air over land rises and generates a 

large return current from sea to land 

• This situation occurs in June when sun is at its maximum 

elevation in north produces intense heating of NW India 

and adjoining west Asia  

• This causes the setting of large scale wind circulation 

from sea known as summer monsoon  

• However, there is a large difference between sea breeze 

and summer monsoon 

• Similarly in winter there is a large scale land breeze in 

reverse direction formed as winter monsoon  



Southwest Monsoon Circulation 

• To drive the monsoon circulation and associated rainfall mainly three factors are 
responsible.  

 

• Differential heating of land and sea, Existence of a large elevated land mass 
like the Tibetan Plateau, Influence of the mountains. 

 

• In summer, due to the intense heating of Asian land mass in tropics, a large 
elongated low pressure area formed over Pakistan and adjoining areas extending 
to north Bay of Bengal across the plains of north India known as Monsoon 
Trough. 

 

• Along the monsoon trough, the intertropical convergence zone (ITCZ) also 
shifts toward India from the equator by the end of June or beginning of July  
and at the same time surface pressure is high over the south Indian ocean.  

 

• The difference in atmospheric pressure over land and ocean provides the driving 
force for the generation and development of the summer monsoon circulation.  



• Southeast trade winds move from southern hemisphere get deflected 
on crossing the equator due to the effect of the earth’s rotation, 
advance northwards and become southwesterly 

 

•  The winds around 90N in the Arabian sea increase with height and 
become maximum at around 1.5 km to 3.0 km above sea level, known 
as low level equatorial jet with its origin in southern hemisphere  

 

• The wind changes completely from westerlies in the lower level to 
easterlies as we go higher up in the atmosphere at a height of about 6-
7 km. Around and above 9 km, winds over most parts of the 
subcontinent are easterlies with an anticyclonic (clock-wise) motion 
over the Tibetan region known as Tibetan High  

 

• A narrow belt of strong easterlies known as “Tropical Easterly Jet”, 
with a speed reaching 175 km/ph is observed at a height between 12 
and 16 km to the south of the Tibetan High  



• Vertically, a cellular 
pattern is formed with 
its ascending limb over 
northeastern India and 
descending limb over 
Rajasthan known as 
“Walker Cell”.  

• Another cell with a 
north-south orientation 
tends to dominate the 
monsoon vertical 
circulation known as 
“Hadley Cell”. Walker 
and Hadley Cells are 
now known to dominate 
Global Monsoon. 

 



•Southwest monsoon has two branches viz the Bay of Bengal current and 
Arabian sea current and covers northern states and south peninsular 
India respectively. Both the sea current merge somewhere in north India 
by the end of June and travel together to northwest India by mid July, 
covering the whole country.  

 
 

 



 

  Some of the important rain bearing systems associated 

with summer monsoon are: 

 

• Monsoon lows/depressions in the Bay of Bengal 

• Fluctuations in the intensity of location of a monsoon trough 

over the plains of India and Pakistan  

• Mid tropospheric low pressure systems over the Gujarat coast  

• Off-shore vortices and low level equatorial jet stream along the 

eastern coast of Africa 

• The shift in the monsoon trough towards north or south from 

the normal position may lead to Monsoon Breaks 

characterized by a period of lean rainfall. 



Onset and withdrawal of southwest monsoon 

• The monsoon advances in to India towards the end of May 

or early June  

 

• Extreme dates for the onset of rains over Kerala are May 

11 and June 15 and normally the monsoon sets over Kerala 

around June 1 

  

• The normal duration of the monsoon varies from 2 to 4 

month depending upon the place. It begins to withdraw 

from Punjab and Rajasthan by middle of September 



Normal Onset & Withdrawal Dates of SW Monsoon 



Rainfall Distribution during Southwest Monsoon 

• During the short spell of 100 days (June to mid September) about 70 % of 
the total annual rainfall occurs over the country   

 

• The mean annual rainfall over the country is about 1170 mm of which 
about 880 mm occurs during the monsoon season  

 

• The areal distribution shows large variations. Some parts of Assam and 
Western Ghats receive over 3000 mm whereas less than 200 mm of 
rainfall is recorded in West Rajasthan. This shows the influence of 
orography in causing heavy rainfall. In general, the southern slopes of 
Himalayas and western slopes of Western Ghats receive rainfall more than 
1000 mm and 2000 mm respectively while 300 to 500 mm is recorded 
over the areas east of the Western Ghats. The rainfall over the eastern and 
central parts of the country is over 1000 mm and it decreases westwards 
towards Rajasthan and Southwards towards Tamil Nadu to less than 
200 mm 

 
 
 

  



Rainfall Prediction during Monsoon  
 The weather forecaster has to look at the following important   

monsoon systems which have significant role in short range rainfall  

distribution over India: 

• Depressions in the Bay of Bengal, their formation, movement and  

decay. Depressions are low pressure areas which form in the Bay of  

Bengal and moving in land cause copious rains over the country along 

its track.  

•  North-south movement of monsoon trough. 

•  Mid-tropospheric (1.5 km to 5.0 km) lows over the northeast Arabian 

Sea, and adjoining land areas.  

•  Off-shore vortices which bring heavy rainfall along the west coast  and 

over the Arabian Sea.  

•  Low level jet off the Somali coast, which is a narrow stream of strong 

winds at low level (about at the height of 1.5 to 2.0 km) off the coast of 

East Africa. 

 



Northeast Monsoon 

• The retreating  monsoon called as NE monsoon starts from northern regions by 

Sept 1st, central India by Oct 1st and completely by first week of November.  

• Retreating of monsoon is also accompanied by disturbances such as cyclones, 

causing large scale damage to life and property along eastern coast of India   

• The onset of northeast monsoon normally over south Peninsula is on 15th 

October and withdraws by 1st December and cropping season is from October 

to December  

• Winds blowing from north India are cold and dry during winter they are known 

as north easterlies  

• During winter, winds pick up moisture from the Bay of Bengal and produces 

rain along the east coast  

• The main crop season of Tamilnadu is during the northeast monsoon  

• The occurrence of cyclones during northeast monsoon only will decide whether 

the monsoon is normal or excess or deficit  

 

 



Winter Monsoon 



Main Features of the Northeast Monsoon  

  The main characteristics of the northeast monsoon in brief are: 

 

• The northeast monsoon accounts for 50% of the annual rainfall in the  

coastal districts of Tamil Nadu. As Tamil Nadu is sheltered by the Western 

Ghats during the southwest monsoon, it depends mainly on the winter 

monsoon for its agriculture. The average rainfall over Tamil Nadu during 

the northeast monsoon is of the order of 500mm. The duration of the 

winter monsoon is from October to December. 

 

• The upper winds of the northeast monsoon sweep across the Bay of Bengal 

in a clockwise direction. The circulation is round an anticyclone centered 

near 250 N at lower levels. At higher levels near 500 mb, the centre of the 

anticyclone shifts to central Burma. 

 

•  Upper air temperatures show a marked northward gradient. The warmest 

temperatures are found near 100 N but, as we proceed northwards to 300 N, 

the temperature drops by 80C. 

 



Western Disturbances 

• Primary mid latitude depressions move across Europe and North Asia. 
Secondaries and tertiaries form in lower latitudes move from west to east. The 
tertiaries affect  north and central India during the period mid November to 
about end of the April known as “Western Disturbances”. It is defined as a low 
or a trough of low pressure at the surface, or a trough or cyclonic circulation in 
the wind above the surface 

• Western Disturbances cause rains in North India and unseasonable rains in 
Gujrat, Madhya Pradesh and other Western States. 

• On an average 2-3 systems per month with a periodicity of 3-5 days affect the 
weather during winter. The frequency may be one each in November and April. 

• In beginning system is characterised by high clouds followed by thick clouds with 
precipitation and cold waves with 2-3 days periodicity.  

• Rainfall /snowfall in hilly area associated with the system is very helpful for Rabi 
crops in north and central India. 

• Eastern disturbances occur  in the month of April and May in the bay of Bengal 
mainly responsible for rains in western and north western India 

 



El Nino 
 El Nino phenomenon is a South pacific 

warm air current which is said to disrupt weather 

worldwide when it shifts. According to 

Meteorologists, this effect has had a major role to 

play in the lack of rainfall in most part of India. 

The atmospheric response to these warm episodes 

leads to increase in convective activity and rainfall 

in the central equatorial pacific and decrease in 

convective activity and rainfall over India. 

Generally, event does not take place in June-July, 

but more often the peak of such event occurs in 

winter season every year. 

 



Main Features of the El Nino 

 • El Nino is the name given to the occasional development of 

warm ocean surface waters along the coast of Ecuador and 

Peru. 

• When this warming occurs the usual upwelling of cold, 

nutrient rich deep ocean water is significantly reduced. 

•  El Nino normally occurs around Christmas and usually lasts 

for a few weeks to a few months. 

• Sometimes an extremely warm event can develop that lasts for 

much longer time periods. In the 1990s, strong El Nino’s 

developed in 1991 and lasted until 1995, and from fall 1997 to 

spring 1998. 

 



Effect of El Nino 
 

• The warmer waters had a devastating effect on 

marine life existing off the coast of Peru and 

Ecuador. 

• Fish catches off the coast of South America were 

lower than in the normal year (Because there is 

no upwelling). 

• Severe droughts occur in Australia, Indonesia, 

India and southern Africa. 

• Heavy rains in California, Ecuador, and the Gulf 

of Mexico. 

 



Southern Oscillation 

It is the name ascribed to a see-saw pattern 

of meteorological changes that are often 

observed between the pacific and the Indian 

Ocean. It has been noticed that whenever the 

surface pressure is high over the pacific, the 

pressures over the Indian ocean tend to be 

low, and vice versa. This oscillation was 

discovered by Sir Gilbert Walker, so it is also 

called walker circulation. 



Southern Oscillation Index and Indian Monsoons 

 • SO is a see-saw pattern of meteorological changes observed between the 

Eastern Pacific and Western Pacific. 

 

• When the pressure was high over equatorial Eastern Pacific, it was low 

over the equatorial Western Pacific and vice versa. 

 

• The pattern of low and high pressures gives rise to vertical circulation 

along the equator with its rising limb over low pressure area and 

descending limb over high pressure area. This is known as Walker 

Circulation. 

 

• The location of low pressure and hence the rising limb over Western 

Pacific is considered to be conducive to good monsoon rainfall in India. 

 

• Its shifting eastward from its normal position, such as in El Nino years, 

reduces monsoon rainfall in India. 

 

• Due to the close association between an El Nino (EN) and the Southern 

Oscillation SO the two are jointly referred to as an ENSO event. 

 

 



• The periodicity of SO is not fixed and its period varies from two to five 

years. 

• Southern Oscillation Index (SOI) is used to measure the intensity of the 

Southern Oscillation. 

• This is the difference in pressure between Tahiti in French 

Polynesia (Central Pacific), representing the Central Pacific Ocean 

and Port Darwin, in northern Australia representing the Eastern Pacific 

Ocean. 

• The positive and negative values of the SOI i.e. Tahiti minus the Port 

Darwin pressure are pointers towards good or bad rainfall in India. 

 
Positive SOI Negative SOI 

Tahiti pressure greater than that of Port Darwin Reverse 

Pressure high over eastern Pacific and low over western Pacific Reverse 

Drought conditions in Eastern Pacific and good rainfall in 

Western Pacific (Northern Australia and Indonesia) 

Reverse 

Good for Indian Monsoons Bad for Indian 

Monsoons 



El Nino Southern Oscillation (ENSO) 
 • The formation of an El Niño [Circulation of Water] is linked with Pacific 

Ocean circulation pattern known as the southern oscillation [circulation of 

atmospheric pressure] 

• Southern Oscillation, in oceanography and climatology, is a coherent 

inter-annual fluctuation of atmospheric pressure over the tropical Indo-

Pacific region. 

• El Nino and Southern Oscillation coincide most of the times hence their 

combination is called ENSO – El Nino Southern Oscillation. 

 

  Only El Nino = [Warm water in Eastern Pacific + Cold water in Western 

Pacific]. 

  Only SO = [Low Pressure over Eastern Pacific + High Pressure over 

Western Pacific] 

 

   ENSO = [Warm water in Eastern Pacific + Low Pressure over Eastern 

Pacific] + [Cold water in Western Pacific + High Pressure over Western 

Pacific]. 

 



La Nino 
 

• After an El Nino event weather conditions usually return back to 

normal. 

• However, in some years the trade winds can become extremely 

strong and an abnormal accumulation of cold water can occur in 

the central and eastern Pacific. This event is called a La Nina. 

• A strong La Nina occurred in 1988 and scientists believe that it 

may have been responsible for the summer drought over central 

North America. During this period, the Atlantic Ocean has 

seen very active hurricane seasons in 1998 and 1999. 

• One of the hurricanes that developed, named Mitch, was the 

strongest October hurricane ever to develop in about 100 years of 

record keeping. 

 



• Some of the other weather effects of La 

Nina include abnormally heavy monsoons 

in India and Southeast Asia, 

• Cool and wet winter weather in southeast 

Africa, wet weather in eastern Australia, 

• Cold winter in western Canada and 

northwest United States, 

• Winter drought in the southern United 

States. 

 

Effects of La Nina 
 



Tropical Cyclones 
• Tropical cyclones are violent storms that originate over oceans in tropical 

areas and move over to the coastal areas bringing about large scale 

destruction due to violent winds (squalls), very heavy rainfall (torrential 

rainfall) and storm surge. 

• They are irregular wind movements involving closed circulation of air 

around a low pressure centre. This closed air circulation (whirling motion) 

is a result of rapid upward movement of hot air which is subjected to 

Coriolis force. The low pressure at the centre is responsible for the wind 

speeds. 

Squall = a sudden violent gust of wind or localized storm, especially one 

bringing rain, snow, or sleet. 

Torrent = a strong and fast-moving stream of water or other liquid. 

 

• The cyclonic wind movements are anti-clockwise in the northern 

hemisphere and clockwise in the southern hemisphere (This is due to 

Coriolis force). 

• The cyclones are often characterized by existence of an anticyclone 

between two cyclones. 

 



Conditions Favourable for Tropical Cyclone Formation 
 

• Large sea surface with temperature higher 

than 27° C, 

• Presence of the Coriolis force enough to create 

a cyclonic vortex, 

• Small variations in the vertical wind speed, 

• A pre-existing weak low-pressure area or low-

level-cyclonic circulation, 

• Upper divergence above the sea level system 

 







Anticyclones 

• Anticyclones play important role in weather phenomena at the 

surface of earth and associated with fine weather in which high 

pressure are at the centre and spiral air movement is outward in 

clockwise direction. 

• The presence of anticyclone at height of 3km in atmosphere over 

Rajasthan is one of the reasons for low rains during monsoon 

seasons. 

• Anticyclones are produced over land areas. There are two types of 

anticyclones.  

• The stationary/warm anticyclones because they passes warm core.  

• The travelling anticyclones/cold anticyclones are characterised by 

abnormally cold air in the lower troposphere.  

• These are quick moving, short lived and shallow unlike warm 

anticyclone which are stable and slow moving. 



Thanks   



Clouds, Their Types and Classification 
 

R. K. Singh  

Department of Agrometerology, College of Agriculture 

G B Pant University of Agriculture & Technology, 

Pantnagar – 263 145, U S Nagar, Uttarakhand 



Clouds 

 

• Clouds are nothing but a suspension of minute water droplets in the 

lower atmosphere or ice crystals or combination of both, which are 

visible from the earth surface 

 

• In other words, clouds are nothing more than water vapour that 

condenses and accretes into a visible form 

 

• It may be defined as the visible aggregation of tiny water droplets or 

ice crystals or both condensed in air at higher levels above the 

ground 

 

• They move along with wind or stationary in calm winds 

 

 

 
 



• They grow vertically and horizontally depending upon temperature 

of the cloud and its ambient temperature 

 

• They may dissipate or precipitate, if the ambient temperature of 

clouds is more, they dissipate, otherwise develop further 

 

• As the air is lifted, the pressure drops and the air is subsequently 

cooled and causes water vapour to condense in the form of cloud 

 

• Cloud is just like fog but it appears at higher levels in atmosphere 

 

• Cloud is an important form of condensation or sublimation that 

results from lifting of air 

 

 



• Presence of clouds affects the temperature of a place 

 

• Cloudy days are cooler in summer than the clear days 

 

• Cloudy nights in winter are warmer than clear nights 

 

• Clouds play a major role in regulating earth’s atmospheric 

temperature also.  
 



Formation 

 

• Clouds are formed as a result of condensation of atmospheric water 

vapour 

 

• When low lying atmosphere is in contact with ocean surface or large 

water bodies, it causes water to evaporate and rises in to higher 

heights, becomes cooler and condensed as clouds under further 

favourable atmospheric conditions, there by clouds burst and fall as 

rain, releasing large amount of latent heat in the process 

 

• This heat is the fundamental energy source during cyclones, which 

intensifies the rain and wind, causing heavy damage to crops and 

property 

 

• Nevertheless, clouds are the primary agents that provide rain and are 

thus of importance to plant life.  
 



Clouds and radiation balance 

 

• Clouds play a dual role in cooling and warming the earth. If the sky is 

totally covered with clouds, clouds act as an active surface instead of 

the earth surface 

 

• The incoming solar radiation is reflected back to a large extent from 

top of the clouds and thus low solar radiation reaches to the earth 

surface 

 

• This may lead to keep the planet cool 

 

• On the other hand, they absorb long wave radiation and emit back in 

all directions and transmit little longwave radiation to the space 

 

• In the process, atmosphere traps huge amount of heat emitted from 

the earth’s surface and clouds, leading to the greenhouse effect 



 

• In cloudy nights, the effect  of cloud is more and keeps atmosphere 

warmer 

 

• Hence the normal radiation balance between earth, atmosphere and 

the space is distributed due to clouds significantly.  

 

• Clouds in the tropics are known as warm clouds while cold 
clouds in temperate zone 
 

• Clouds over the oceans differ in character and heating effects 
to that of the clouds over the continents 
 

• Their nature and effects also vary with the season and time 
of the day 
 

 



 

 

 

• Clear sky is seen in winter while heavy clouds during summer 

 

• Tropical clouds trap three times as much heat as clouds trap on a 

global average, but also reflect so much sun light that the heating 

effect is cancelled out 

 

• Since the tropics accounts for 20% of the earth’s surface and the 

effects of the tropical cumulonimbus clouds are disproportionate, 

the delicate heat balance they maintain is critical 

 

• A warmer ocean would likely to cause more clouds to form, 

increasing both their heating & cooling effect. 
 

 

 



Condensation 

  

• The process in which water vapour is converted in to the liquid 

form is called condensation 

 

• Water vapour can also be converted to solid form directly, this is 

called sublimation 

 

• The latent heat spent in evaporation is liberated in the process of 

condensation 

 

• Falling air temp, rising water vapour content or the two processes 

acting together may lead to saturation of a given volume of air 

 

• Any further reduction in temperature or rise in water vapour 

content will thus lead to process of condensation of water vapour 



 

• Therefore, for condensation to take place, it is necessary that the 

air be saturated with water vapour and further cooling of air leads 

the excess water vapour into liquid 

 

• However, “nuclei of condensation” must be present in the 

atmosphere before condensation 

 

• Condensation may takes place due to re-radiational cooling, 

mixing of different air masses and adiabatic cooling of air masses 

 

• The air is cooled to a temperature at which condensation starts is 

called condensation temperature 

 

• It is also called dew point temperature 
 

 



 

• When the dew point temperature falls below the freezing point 

(0ºC), the water vapour may directly changes to solid state 

 

• The condensation depends upon two factors. 

 

1. Relative humidity of the air 

2. Degree of cooling 

 
 



Conditions for Condensation: 

 

The condensation to take place, the following conditions should be 

met. 

 

1. Saturation of air 

 

• The process of condensation will take place only when air 

attains saturation level 

 

• Saturation can be attained by adding water vapour in the air 

and cooling of the air. 

 

2.   Condensation Nuclei 

 

• The water vapour in the atmosphere, require a surface upon 

which, it may condense 

 

 



• The water vapours condense on the objects lying on the earth 

surface, when condensation takes place near or on the earth surface 

 

• Condensation when occurs in atmosphere at a distance, the solid 

particles suspended in air act as nuclei for condensation 

 

• These are called condensation nuclei 

 

• In the absence of these nuclei, the clouds (form of condensation) 

may not form unless, relative humidity of about 400 percent is 

reached due to cooling of the air 

 

• Tiny dust particulates, microscopic salt particles, carbon particles, 

smoke particles, fumes etc. act as condensation nuclei 

 

• Hygroscopic particles, which have affinity for waters, also act as 

condensation nuclei. 



Atmospheric Nuclei/Condensation Nuclei 

 

• The microscopic particles such as fine sand, crushed soil, 

crystals of salt, bacteria, viruses, plant pollen and other 

microscopic organisms which are present in the atmosphere are 

known as atmospheric nuclei/condensation nuclei/hygroscopic 

nuclei 

 

• The microscopic particles, which absorb or attract water vapour 

called hygroscopic nuclei 

 

• The hygroscopic nuclei viz sea salts include sodium chloride, 

magnesium chloride, sulphur  dioxide (SO2) which oxidizes to 

sulphur trioxide (SO3) becomes sulphuric acid (H2SO4) when 

mixed with the water and oxides of nitrogen (NO2) act as 

atmospheric nuclei 

 

 



• Active volcanoes, ocean spray, fires, meteors which burn in the 

atmosphere are the source of large number of hygroscopic nuclei 

 

• Salt particles carried over the continents from the oceans by wind 

are supposed to be most powerful condensation nuclei and they 

vary in size from 0.1 to 1µ with few giant nuclei as large as 5 to 

6µ.  

 

Name of different nuclei and their size 

 

 
 

Name Size (µ) 

Aitken nuclei <0.1 

Large Nuclei 0.1-1.0 

Giant Nuclei >1.0 



Different Forms of Condensation 

 

Condensation results in different forms depending upon the water 

vapour content, turbulence and rates of cooling in the atmosphere 

 

Some forms of condensation occurs on earth surface (dew and 

frost) and some occurs in air i.e. fog, mist and cloud 

 

Dew, frost, fog and clouds are mainly the different forms of 

condensation.  

 

1. Dew:  

 

• Dew consists of tiny droplets of water produced by 

condensation on surface objects rather than on nuclei in air 

above the surface 



• Clear sky, calm air and appreciable quantity of moisture in the air are 

the necessary conditions for dew formation 

 

• Generally dew is seen from September to April 

 

• However, dew fall nights and amounts are more during December, 

January & February depending upon the location 

 

• The deposition of condensed moisture in the form of tiny water 

droplets on surface of objects cooled by radiational cooling during 

night 

 

• Clear nights and calm condition are necessary for dew formation, as 

these conditions favour the cooling of surface objects by radiational 

cooling 

 
 

 



 

• Clouds reduce the radiational cooling during nights as they 

absorb terrestrial radiation and re-emit radiation towards earth 

surface 

 

• Wind causes turbulence in the lower atmosphere, which mixes 

lower cooled air with upper warm air and thereby it prevents 

the air to reach at dew point.  

 

2. Frost 

 

• Frost occurs when the dew point temperature of air falls below 

the freezing point (0ºC) 

 

• When condensation starts with temperature below 0ºC, the 

water vapour in air passes directly from gaseous to solid state 

 



• The northern most states are susceptible to frost during winter 

 

• It is the deposition of condensed moisture in the form of ice 

crystal upon a surface, when ambient air temperature falls below 

freezing point, as the dew point of air falls below freezing levels; 

the waters vapour directly changes from gaseous to solid states 

 

• It is of two types based on appearance. 

 

a. White frost 

 

Deposition of condensed moisture in the form of white ice 

crystal upon a surface object as dew point of air falls below 

freezing is called white frost 

 

White frost occurs when the atmospheric water vapour 

content is sufficiently high.  

 

 



b. Black frost 

 

 Under low humidity condition (dry condition) of atmosphere, as 

the temperature falls below freezing level, the water within the 

cells and intercellular spaces freezes and cause death of plant cells 

 

 The plant leaves look like burnt canopy. This is known as black 

frost 

 

 Frost can be classified based on way/process of cooling of air into 

two groups. 

 

i. Advection frost 

• The frost which is resulted due to advected cool air mass is 

called as advection frost 

 

• During winter, advection of cooled air mass from Himalaya 

results into occurrence of frost in north western plains of India. 

 



ii. Radiation frost 

 

• The frost occurs due to radiational cooling of air on calm 

and clear nights are termed as radiation frost 

 

• During winter months in Haryana, radiation frost occurs on 

calm and clear nights.  

 

3. Fog 

 

• Fog is defined as microscopically small drops of water in 

condensed form and suspended in the air near the surface of 

earth in sufficient number to reduce horizontal visibility to less 

than one km 

 

• In case of dense fog, visibility is reduced to a few meters 

 

 



• Accidents are common in the early morning during winter in high 

ranges in the tropics and at higher latitudes due to poor visibility 

 

• Fog is also termed as cloud if it occurs at higher levels 

 

• So, fog and cloud are same but they differ in place of occurrence in 

the atmosphere 

 

• If it occurs near ground, it is called fog and if it occurs at higher levels 

it is called cloud 

 

• Fog can be classified into two groups based on the process of cooling 

of air. 

 

a) Radiation Fog 

 

 The fog which resulted due to radiational cooling of air is known 

as radiation fog 

 



It is experienced when rainfall occurs on calm and clear 

nights of winter in northern plains.  

 

b) Advection Fog 

 

The fog which resulted due to advection of warm and moist 

air mass over a cool land surface is called advection fog 

 

This type is experienced in December, January and February 

in northern plains. 
 



Classification of Clouds 

 

• Clouds are defined by their general appearance and level in the 

atmosphere 

 

• Luke Howard in 1803 first classified the clouds on the basis of 

their structure and named the different clouds with Latin words: 

Cirrus, Cumulus, Nimbus and Stratus 

 

• The International Cloud Atlas published by World Meteorological 

Organization describes the ten main genera or types 

 

• The branch of meteorology in which clouds are studied is called 

nephology 

 

• The lines connecting places, which have same amount of cloud 

cover, are called isoneph.  



• All the cloud types have been categorized into four groups 

depending on the height at which base of cloud forms in the 

atmosphere 

 

• They are further subdivided into ten families known as the cloud 

genera presented in the table 

 

• High clouds fall under Cirrus group while Altus forms under 

middle clouds 

 

• The low clouds are grouped under stratus while cumulus under 

the type of clouds with vertical development.  
 



Classification of clouds with their base heights in different regions are 

shown in the table 

High Clouds (Mean Height 6-14km) 

(Tropical, Mid latitude, Polar region:18km,12km,7km) 
(i) 

Cirrus (Ci) 

No water droplets 
(ii) 

Cirro-Cumulus (Cc) 
(iii) 

Cirro-Stratus (Cs) 

Middle Clouds (Mean Height 2-6 km) 

(Tropical, Mid latitude, Polar region:8km,7km, 4km) 
(i) 

Alto-Cumulus (Ac) Mixture of water 

droplets and ice 
(ii) 

Alto-Stratus (As) 

Low Clouds (Mean Height below 2 km) 

(Tropical, Mid latitude, Polar region: same in all regions) 
(i) 

Nimbo-Stratus (Ns) Water droplets more + 

Ice crystals, rainy 

clouds 

(ii) 
Strato-Cumulus (Sc) 

(iii) 
Stratus (St) 



Clouds with vertical development (Mean Height below 2 km) 

(Tropical, Mid latitude, Polar region: same in all regions: 0-2 km) 
(i) 

Cumulus  (Cu) Rainy clouds- 

Cumulonimbus 

attains height upto 

10-14km 

(ii) 
Cumulonimbus (Cb) 





A. High Clouds 

 

• High clouds are known as cirrus type 

 

• They are very thin, pure white having thin ice sheets or flakes 

 

• They do not produce rain 

 

• They produce red colour during dawn and dusk 

 

• They dissipate with the progress of sunshine during day, if they 

formed early in the morning 

 

• They are good indicator for formation of middle clouds in the 

night if they form during evening hours 

 

• They appear during winter season with clear skies 

 
 



• The clouds which have their base at 6 km (20,000 feet) or above 

are termed as high clouds and since the temperatures are so cold at 

such high elevation; these clouds are primarily composed of ice 

crystals 

 

• High clouds are typically thin and white in appearance, but can 

appear in a magnificent array of colours when the sun is low on 

the horizon 

 

• They are denoted by the prefix cirro or cirrus. These are; 

 

Cirrus (Ci) 

 

• These clouds are very high, wispy clouds made of ice 

 

• Detached fibrous white clouds are in the form of narrow bands 



• These look like feathers. Sun and moon produces halo through these 

clouds 

 

• Cirrus clouds are composed of ice crystals that originate from the 

freezing of super cooled water droplets 

 

• Cirrus generally occurs in fair weather and point in the direction of 

air movement at their elevation 

 

• No precipitation occurs from these clouds 

 

• When we see cirrus clouds, it usually  

    indicates that a change in the weather  

    will occur within 24 hours 

 

• Cirrus clouds tend to develop on days with fine weather and lighter 

winds at the surface 
 



 

• Cirrus generally does not produce precipitation except when it 

results from dissipating thunderstorms 

 

• Precipitation from such cirrus usually consists of larger droplets 

and the cloud normally dissipates and vanishes completely 

 

• Cirrostratus does not produce precipitation 

 

• Cirrus and cirrostratus can develop and persist at any time of the 

day despite the perception that it tends to occur during the day 

 

• The perception arises because it is much easier to observe cirrus 

during the day as compared to night time 

 

• The background darkness and the fact that the stars can easily be 

observed through cirrus and cirrostratus as thin layers allow them 

to camouflage from the view of the observer. 

 

 



Cirrocumulus (Cc)  

 

• This is white layer of clouds and composed of very small elements 

in the form of ripples 

 

• No shadow is caused by these clouds 

 

• This type of cloud looks like a patch 

    of small globules arranged in small  

    groups 

 

• Cirrocumulus clouds are usually seen in the winter and indicate 

fair, but cold weather. In tropical regions, they may indicate an 

approaching hurricane 

 

• This cloud can develop in conjunction with any other clouds as 

well as with cirrostratus clouds 



 

• In Sydney, cirrocumulus is not as common as the other high 

clouds and mainly develops during the winter times with west to 

south westerly air streams 

 

• The development of cirrocumulus sometimes occurs in conditions 

similar to those associated with the development of lenticular 

altocumulus 

 

• Cirrocumulus clouds do not produce precipitation and are 

normally associated with fine weather. 

 

Cirrostratus (Cs) 

 

• These are thin sheet like high clouds that often cover the entire 

sky and are relatively transparent, as the halo around the sun or 

the moon can easily be seen through them 

 

 



 

• This type of cloud gives a milky appearance to the sky 

 

• These clouds also do not cause shadow 

 

• Cirrostratus clouds usually come 12 to 

   24 hours before a rain or snow storm 

 

• Cirrostratus can develop on days with  

   light winds but normally increasing in strength 

 

• Although both cirrus and cirrostratus tend to develop in fine weather 

conditions, they also act as a sign of approaching changes in the 

weather conditions 

 

• Such changes could include any of the various types of cold front 

situations, thunderstorms or developing and advancing troughs of 

low pressure, normally with preceding cloud masses. 

  



B. Middle Clouds 

 

• Middle clouds are relatively thicker, having ice crystals and 

minute water droplets known as Altus 

 

• Alto-cumulus does not give rain 

 

• The clouds whose base lies at 2 km to 6 km (6,500 feet to 

20,000 feet) are called medium clouds 

 

• These are denoted by the prefix alto 

 

• They are composed primarily of water droplets; however, they 

can also be composed of ice crystals when temperatures are cold 

enough. 

 



Altocumulus (Ac) 

 

• These appear as parallel bands or rounded masses 

 

• Typically a portion of an altocumulus cloud is shaded, a 

characteristics which makes them distinguishable from the high 

level cirrocumulus 

 

• These clouds usually form by convection 

    in an unstable layer aloft, which may  

    result from the gradual lifting of air in  

   advance of a cold front 

 

• They cause shadow on the ground 

 

• These clouds sometime referred to as ‘sheep clouds’ or wool pack 

clouds 



• The presence of altocumulus clouds on a warm and humid summer 

morning is commonly followed by thunderstorms later in the day 

 

• These clouds do not produce halos 

 

• Altocumulus can vary in its apparent movement (speed) depending 

on the wind and direction at that level 

 

• However, since altocumulus (like most other cloud types) represents 

an ever changing system, an observer must be careful in 

determining cloud motion 

 

• On some days, Altocumulus continuously develops as it moves in 

the direction of the wind 

 

• Upstream, more altocumulus may develop giving the impression 

that the cloud is progressing slower than its actual speed 

 

 



• This process can occasionally create an illusion in terms of 

direction 

 

• Considering an example of altocumulus observed moving to the 

south-east, because of development on the north and north-eastern 

side of the cloud band, the apparent direction may be more to the 

east 

 

• Altocumulus can develop in more than one layer and also in 

conjunction with other cloud types 

 

• The lower layer will obscure part or the entire higher altocumulus 

cloud layer 

 

• This situation also applies to high clouds 

 

• High clouds will be obscured by the altocumulus. 

 



Altostratus (As) 

 

•These are grey or blue grey mid level clouds composed of ice 

crystals and water droplets 

 

•These clouds usually cover partly or entire sky 

 

•These clouds do not produce halo phenomena 

 

•Altostratus clouds often form ahead of storms with continuous rain 

or snow 

 

•Altostratus can develop into a thick or thin layer 

 

•As a thin layer, the sun can be observed through the cloud 

 

•In its thinner form, the developing altostratus can sometimes be 

confused with approaching cirrostratus 

 



• In it’s thicker form, the sun can only occasionally be observed 

through the thinner sections if not at all 

 

• Obviously, the thicker the altostratus, the darker it becomes 

 

• When observed closely, it becomes apparent that altostratus is not 

just one complete layer but a composition of several thin layers 

 

• Altostratus can produce precipitation 

 

• It will normally develop and then thicken 

 

• The precipitation is observed as relatively thick dark section since 

precipitation cascades are very difficult to observe with the same 

colour in the background 

 

• In this situation, rain will develop as a light shower and gradually 

increase to showers, light rain or moderate rain.  

 



C. Low Clouds 

 

• The stratus is the lowest horizontal spreading cloud 

 

• The low clouds are still thicker, having more of water 

droplets than ice crystals 

 

• They grow vertically with uniform base 

 

• They are rainy clouds if developed further 

 

• These are mostly composed of water droplets since their 

bases generally lie below 2 km (6,500 feet) 

 

• However, when temperature is cold enough, these clouds 

may also contain ice particles and snow. 
 



Stratus (St) 

 

• These are generally a grey cloud layer of uniform base 

 

• These types of cloud may completely cover the sky 

 

• They may give precipitation in the form of drizzle or snow 

grains 

 

• Stratus mostly develops under the influence of wind streams 

where moisture condenses in the lower layers of the atmosphere 

 

 

 



• Wind changes during the summer months often lead to the 

development of stratus as the wind evaporates moisture 

from the ocean and condensing as turbulence mixes the 

surface air with the cooler air above 

 

• In these conditions, stratus develops in patches and 

gradually may become widespread forming into 

stratocumulus. 



Stratocumulus (Sc) 

 

•These are grey or white patches or both grey and white sheet of cloud 

and generally appears as rolls and round masses arranged in groups, 

lines or waves 

 

•Rain rarely occurs with stratocumulus clouds 

 

•Depending on the weather conditions,  

  stratocumulus can appear like cumulus  

  since stratocumulus can develop from cumulus 

 

•They may also appear as large flat areas of low, grey cloud 

 

•Sometimes stratocumulus appears in the form of rolling patches of 

cloud aligned parallel to each other 

 

•Stratocumulus can also appear in the form of broken clouds or globules 



• The sun, moon and generally the sky can be observed through the 

breaks in broken stratocumulus clouds 

 

• Of course, this depends on how large the breaks are, how high the 

clouds rise and the angle of elevation of the breaks with respect to the 

observer 

 

• This generally applies to all clouds but is more notable with clouds in 

broken form 

 

• Stratocumulus mostly develop in wind streams moving in the 

direction of the wind similar to the direction of the wind at the surface 

 

• The Friction created by the earth causes turbulence in the form of 

eddies 

 

• With sufficient moisture, condensation will occur in the lower layers 

of the atmosphere visible as clouds 
 

 



 

• The amount of stratocumulus covering the sky depends on the 

amount of moisture concentrated at that level of the 

atmosphere. The speed that the cloud moves varies according to 

the wind. 

 

Nimbostratus (Ns) 

 

• These are grey or dark, low- level  

   clouds accompanied by light to  

   moderate continuous rain and snow 

 

• This type of clouds can never  

   accompanied by thunder and hail storms 

 

• Streaks of rain or snow falling from these clouds but not 

reaching the ground are called virgae. 

 
 



 
 
D. Clouds with Vertical Development 

 

•The low clouds with vertical development are due to high 

atmospheric instability known as Cumuli form of cloud 

 

•They form due to high convective activity during summer. They 

carry huge amount of water droplets 

 

•The cumulonimbus clouds give plenty of rain, causing surface 

run off and soil erosion 

 

•They create thunderstorm 

 

•A similar activity is known as dust storm if it is formed in deserts 

 

•They are common in western Rajasthan.  
 



  

Cumulus (Cu) 

 

• These are white, puffy clouds that look like pieces of floating 

cotton 

 

• Cumulus clouds are often fair weather 

   clouds 

 

• The base of each cloud is flat and the 

   top of each cloud has rounded towers 

 

• The irregular patches of cumulus clouds are called fractocumulus 

 

• Cumulus clouds are generally found during day time over the 

land areas and dissipate during night 

 

• They produce light precipitation.  

  
 



Cumulonimbus (Cb) 

 

• These are heavy and dense cloud with considerable vertical 

extent, in the form of dome or huge tower 

 

• High winds can flatten the top 

   of the cloud into an anvil-like shape 

 

• These types of clouds are associated  

   with heavy rain, snow, hail, lightning,  

   thunder storms and even tornadoes 

 

• These clouds are also called as vertical development clouds 

 



Measurements of Cloudiness 

 

• When weather observations are made, the extent of the 

cloudiness of sky is estimated visually and recorded 

 

• The standard unit for reporting the cloud amount is “Octa” or 

eighth of the sky 

 

• The total amount of cloud is recorded as 0 when sky is free from 

clouds and is recorded as 8 when the sky is completely overcast 

 

• It can be converted to percentage very easily (if the measured 

Octa is 2 i.e. 2/8 means 25% sky is covered with clouds) 

 

• If the sky is obscured, it is reported as 9 (symbol for this is    ) 



 

• The cloudiness is very important measure in weather forecasting 

 

• The number of bright sunshine hours per day is also another 

measure for cloud amount 

 

• The following is the cloud amount reported in weather forecast as 

clear sky, partly cloudy, cloudy and overcast sky. 

 

   Clear 

    

   partly cloudy 

    

  cloudy 

 

  overcast 

 
 



Instrument 

 

• The measurement of the height of a cloud is done by using a 

device which is called ceilometers 

 

• It is photoelectric instrument for ascertaining the cloud height 

 

• It is a device using a laser or other light source to determine the 

height of a cloud base 

 

• The Laser Ceilometer measures cloud height and thickness, in 

addition to vertical visibility, detecting up to four cloud layers 

simultaneously to a distance of 30,000 vertical feet 

 

• A laser pulse is emitted into the atmosphere and backscatter 

analyzed 



 

• Using the speed of light, the altitude of each cloud base and top is 

determined 

 

• Due to poorly defined borders or a sparse composition, some clouds 

are much more difficult to measure 

 

• Depending on the current and historical sky conditions, an adaptive 

algorithm determines the number of returns needed to maintain 

accuracy 

 

• Accurate measurement of cloud height and thickness in all weather 

conditions, including heavy precipitation and low clouds, can cause 

serious errors 
 
 



Laser Ceilometer 



Summary 

 

• Condensation is a process by which water vapour changes into 

liquid state 

 

• The air is cooled to a temperature at which condensation starts is 

called condensation temperature 

 

• It is also called dew point temperature 

 

• Dew is the deposition of condensed moisture in the form of tiny 

waters droplets on surface of objects cooled by radiational cooling 

during night 

 

• Clear nights and calm condition are necessary for dew formation, as 

these conditions favour the cooling of surface objects by radiational 

cooling 



• Frost is the deposition of condensed moisture in the form of ice 

crystal upon a surface, when ambient air temperature falls below 

freezing point, as the dew point of air falls below freezing levels, 

the water vapour directly changes from gaseous to solid states 

 

• It is of two types based on appearance 

 

• Fog may be defined as sufficient tiny microscopically small drops 

of condensed water suspended in air near earth surface and 

decrease the visibility of atmosphere below one km 

 

• Clouds may be defined as the visible aggregation of tiny water 

droplets or ice crystals or both condensed in air at higher levels 

above the ground 



 

• There are four types of cloud i.e. high, medium, low and clouds 

with vertical development 

 

• Cloud seeding is the process by which the conditions of the cloud, 

(dimension, life time and size) are modified by supplying them 

with suitable nucleus at proper time and place. 

 

 

 



Thank You 
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Climate Variability and Climate Change 

Climate Variability 

 The way climate fluctuates yearly above or below a long-term 

average value. 

 Climate has large inertia and is not flexible to change readily. Any 

change for a month or a year is a weather change.  

 Climate variability refers to variations beyond individual weather 

events in the mean state and other statistics of the climate (such as 

standard deviations, the occurrence of extremes, etc.) on all spatial 

and temporal scales. These temporal scales may range from a sunspot 

cycle of 11 years to 10,0000 years associated with orbital changes 

oscillating between ice ages and inter-glacial events.  

 Climate varies over seasons and years instead of day-to-day like 

weather. Eg., some summers are colder than others, Some years have 

more overall precipitation.  
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Causes of climatic variability 

Common drivers of climate variability also include El 

Nino and La Nina events. One of the systems that is 

known to result in some of the major fluctuations of 

climate in many tropical parts of the world is the El-

Nino Southern Oscillation (ENSO) event. Warm ENSO 

event is called “El-Nino” while the cold ENSO is called 

“La-Nina”. 
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Southern Oscillation Index (SOI) and ENSO 

The Southern Oscillation is the atmospheric component of El Nino. It 

is an oscillation in air pressure between Tropical Eastern and Western 

Pacific ocean waters. The strength of the Southern Oscillation is measured 

by the Southern Oscillation Index (SOI). 

The SOI is computed from fluctuations in the surface air pressure 

difference between Tahiti (Over Pacific Ocean) and Darwin, (Indian 

Ocean near Australia). El Nino episodes are associated with negative 

values of the SOI, meaning that the pressure at Tahiti is relatively low 

compared to Darwin. 

Low atmospheric pressure tends to occur over warm water and high 

pressure occurs over cold water, in part because deep convection over the 

warm water acts to transport air. El Nino episodes are defined as sustained 

warming of the central and eastern tropical Pacific Ocean. This results in a 

decrease in the strength of the Pacific trade winds, and a reduction in 

rainfall over eastern and northern Australia. 

ENSO is composed of both El Nino and Southern Oscillation. Thus, 

the oceanic component called El Nino (or La Nina, depending on its 

phase) and the atmospheric component, the Southern Oscillation. 
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El Nino and La Nina 

El Nino and La Nina events are a natural part of 

the global climate system. They occur when the 

Pacific Ocean and the atmosphere above it change 

from their neutral ('normal') state for several 

seasons. El Nino events are associated with 

warming of the Central and Eastern tropical 

Pacific, while La Nina events are the reverse, with 

a sustained cooling of these areas. 
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El Nino, Spanish for "boy child" (because of the 

tendency of the phenomenon to arrive around 

Christmas), is an abnormal warming of water in the 

Equatorial Pacific Ocean every three to five years and 

can last up to 18 months. Influence of El Nino episodes 

on monsoon rainfall over India is not over-riding; only 

nearly 50% of drought incidence is seen associated with 

simultaneous occurrence of El Nino. 

El Nino 

La Nina means “the little girl”, the opposite of El Nino, 

refers to abnormal cooling of the ocean temperatures in 

the same Pacific region. 

La Nina 
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Climate change  

 Climate change refers to long-term continuous change 

(increase or decrease) in weather leading to more 

frequent and severe extreme events. Climate change is 

slow and gradual, and unlike year-to-year variability. 

Climatological normal refers to 30-years average for any 

weather variable. 

 It refers to a change in the state of climate that can be 

identified (using statistical tests) by changes in the mean 

or variability of its properties, and that persists for an 

extended period, typically decades or longer. 
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Green house effect 

The greenhouse effect is a natural process that warms 

the Earth’s surface. When the Sun’s energy reaches the 

Earth’s atmosphere, some of it is reflected back to 

space and the rest is absorbed and re-radiated by 

greenhouse gases. Greenhouse gases include water 

vapour, carbon dioxide, methane, nitrous oxide, ozone 

and some artificial chemicals such as 

chlorofluorocarbons (CFCs). The absorbed energy 

warms the atmosphere and the surface of the Earth. 

This process maintains the Earth’s temperature 

allowing life to exist on Earth. 
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1. Solar radiation reaches the Earth's atmosphere - some of 

this is reflected back into space. 

2. The rest of the sun's energy is absorbed by the land and 

the oceans, heating the Earth. 

3. Heat radiates from Earth towards space. 

4. Some of this heat is trapped by greenhouse gases in the 

atmosphere, keeping the Earth warm enough to sustain 

life  

Steps: 

Human activities such as burning fossil fuels, agriculture 

and land clearing increase the amount of greenhouse gases 

released into the atmosphere. These trap extra heat, and 

cause the Earth's temperature to rise which is referred to as 

Enhanced greenhouse effect leading to global warming 

and climate change. 
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Source of GHGs 

S. 

No. 
GHGs Sources 

1. Carbon 

dioxide 
Burning of fossil fuels, volcanic eruptions, 

oceans, dcaying organic matter, 

deforestation, vehicular emission and 

exchange of gas via respiration and 

photosynthesis 
2. Methane Microbial activity in swampy areas, paddy 

fields, marshes  and enteric fermentation of 

ruminants 
3. Nitrous 

oxide 
Industrial emission, denitrification  and 

excess use of nitrogenous fertilizers 
4. Chlorofluoro

carbons 
Used in foam insulations, packaging, 

solvents and aerosols  
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Ozone depletion 

The global average thickness of ozone is 300 Dobson 

units. The ozone losses are caused by chlorine and 

bromine compounds, which are released by CFCs and 

halons. The unusual cold temperature by 5-9℉ over 

Antarctic zone enables greater activation of reactive 

chlorine that ultimately causes more ozone loss and 

lower ozone levels. Due to ozone depletion, the UV-B 

radiation in the range of 280-320 nm reaches the ground 

and is detrimental to crops.  
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Global warming 

A gradual increase in the overall temperature of 

the earth's atmosphere generally attributed to 

greenhouse effect caused by increased levels of 

carbon dioxide, CFCs, and other pollutants is 

referred to as global warming. Increase in 

aerosols (atmospheric pollutants) due to emission 

of green house gases including black carbon, 

CFCs (chlorofluorocarbons), HCFCs and PFCs 

leads to ozone depletion and global warming. 

Other causes include deforestation and loss of 

wetlands (anthropogenic sources) too. 
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Impact of climate change on Agriculture 

1. Extreme weather events like droughts, floods, heat waves, cold 

waves, thunderstorms, lightning, hailstorms, dust storms, 

cyclones, anticyclones, forest fire outbreaks etc. affect agricultural 

crops. 

2. Decreased rainfall and enhanced evaporation under rainfed areas. 

3. High CO2 promotes water use efficiency in both C3 and C4 due to 

decline in stomatal conductance. 

4. Reduction in soil fertility and increased soil erosion 

5. Higher CO2 delays leaf senescence. 

6. Reduction in length of growing period 

7. Decrease in light compensation point 

8. Shift in climatic and agroclimatic zone 

9. Affect the Pest/weed host relationship. 

10. Decline in soil organic matter and increase in saline soils and 

desertification. 



Atmospheric Moisture 
The amount of water vapour present in the atmosphere is 

known as atmospheric moisture or humidity. 

 Water from different sources like ocean, sea, river, lake, 

snow, soil is evaporated, similarly water is subsequently 

transpired from the plants, trees, forest & vegetation. 

 Besides evaporation and transpiration, convection, 

diffusion and wind also supply water vapour into the 

atmosphere  

Solar energy brings about this evaporation & transpiration 

for supplying necessary energy.   



Physical changes of water 

Gas 

Liquid Solid 

680 cal/g 600 cal/g 

80 cal/g 

Melting 

Freezing 

Heat consumed 
Heat released 



Measurement of Humidity 

The moisture present in the air is measured by instruments 

known as hygrometers. There are number of hygrometers as 

listed below utilizing different principles. 

1. Wet and dry bulb hygrometer 

2. Regnaults  hygrometer 

3. Daniells  hygrometer 

4. Hair  hygrometer 

5. Hygrograph 

6. Assamann’s Psychrometer 

7. Sling Psychrometer 

8. Teles Psychrometer 

9. Infra-red  hygrometer 

10. Electrical  hygrometer 
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Different terms of humidity 

The actual moisture content of atmosphere or 

humidity is expressed in different forms such as  
1. Absolute humidity  

2. Specific humidity 

3. Mixing ratio 

4. Relative humidity 

5. Vapour pressure and  

6. Dew point temperature. 
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1. Absolute Humidity 

It is defined as the actual mass of water vapour present in the 

given volume of air. It is expressed in grams per cubic meter 

(g/m3) or pounds per cubic feet or partial pressure of water 

vapour in air in mb. Absolute humidity is also denoted as density 

of water vapour (ρω). 
 Mass of water vapour (MW) 

         Volume of air (Va) 
Absolute Humidity (AH)  = 

Where, ea = Actual vapour pressure of air 

    Mw = mass of water vapour 

    R= gas constant (8.314 x 107 ergs mole-1 k-1) 

    T = absolute temperature (k) 
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Variation of absolute humidity  

 Absolute humidity is minimum at sunrise and maximum in 

afternoon between 14 h to 15 h. 

The absolute humidity is highest at equator and decrease in 

accordance with temperature with increase in latitude. Thus, the 

minimum in absolute humidity is observed at poles. Presence of 

ocean, desert and vegetation has large influence over absolute 

humidity of a place. In desert regions, the annual as well as 

diurnal variations are too small. 

 There is no regular variation of absolute humidity with height 

but the data shows that it decreases with height analogous to that 

of decrease in pressure. 
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2. Specific humidity 

It is defined as the ratio of mass of water vapour actually in the air to 

unit mass of air containing the moisture (dry air + water vapour). It is 

expressed in gram per gram (g/g) or gram per kilogram (g/kg).  

  Mass of water vapour (MW) 

         Mass of air (Ma) 
Specific Humidity (SH)  = 

Where, 

 SH is specific humidity expressed in kg of water vapour per kg of 

 moist air 

 Md is mass of dry air 

 P = Atmospheric pressure and  

 ea = partial pressure of water vapour in the mixture or 

 actual vapour pressure of air 
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3. Mixing Ratio 

It is defined as the ratio of mass of water vapour actually in the 

air to unit mass of dry air (without moisture). It is also expressed 

in gram per gram (g/g) or gram per kilogram (g/kg).  

Mixing Ratio (MR)  = 

This measurement used in weather forecasting analysis. 

 Mass of water vapour (MW) 

         Mass of dry air (Md) 
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Relationship between specific humidity and mixing ration  

SH  = 

Where, Ma = Md + Mw 

Dividing both the numerator and the denominator by Md, we ge 

SH  = 
MR 

Therefore,  

SH  = 

 Mw 

 Md 

 1 + 
Mw 

Md 

 Mw 

 Ma 

SH  = 
     Mw 

 Md+Mw 

 1 + MR 

SH  =  Mw 

 Md 

+ 
 Md 

 Md 

 Mw 

 Md 



11 

4. Relative Humidity 

It is defined as the amount of water vapour actually present in air 

compared with the maximum amount the air can hold at a given 

temperature. It tells simply relative content and indicates the degree of 

saturation of air at a given temperature with water vapour. Relative 

humidity is always expressed in percentage (%) and hence has no unit. 

Actual quantity of water vapour present 

in a given volume of air (ea) 

Maximum amount of water vapour in 

the same volume of air (es) 

Relative Humidity (RH)  = 
x  100 

Where, ea = Actual vapour pressure 

             es = Saturation vapour pressure at dry bulb temperature. 



12 

Note: If relative humidity is zero, the atmosphere is absolutely dry; if 100 it is 

completely saturated. Relative humidity varies inversely with air temperature. 

Then,  ea = ew –  

If a kg of air at constant pressure could hold 12 g of water 

vapour at a certain temperature, but contains only 9 g at that 

temperature, it has a relative humidity of 75 percent. It varies from 

zero to 100 percent. If RH is zero, the atmosphere is absolutely 

dry, if 100, it is completely saturated.  

Where, ew = SVP at wet bulb temperature. 
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Diurnal variation of Relative Humidity 
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Variation of relative humidity and vapour pressure with latitude  
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5. Vapour pressure 

 Troposphere is known as weather making layer, in which 

water vapour plays a predominant role in the physical state of 

atmosphere. It also exerts pressure due to its weight on unit 

surface area like any other gases & is known as vapour 

pressure or partial pressure. It is expressed in mb or mm of 

mercury.  

 The vapour pressure exerted due to actual amount of water 

vapour, which is present in atmosphere, is known as actual 

vapour pressure. The vapour pressure is known as saturated 

vapour pressure when air becomes saturated or moist. 
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 The amount of water vapour required for saturation depends 

on atmospheric temperature. The saturation vapour pressure is 

a function of temperature and has logarithmic relationship 

between them. 

 The temperature increases the SVP increases exponentially. 

If the atmosphere is said to be unsaturated means it can hold 

moisture further till it is saturated, which is a function of air 

temperature. 

 Water vapour varying from 0 to 4% of moist air by volume. 

 The moisture content of atmosphere is about 0.035% of all 

fresh water.  

Cont… 
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Vapour pressure is the partial pressure exerted by water 

vapour in air. If we sum up all partial pressures caused by 

each atmospheric constituent, then it is called atmospheric 

pressure (P). 
 

P = p(N2) + p(O2) + p(H2O) + p(Ar) + p(CO2) +…… 
 

Where, p(N2) = Partial pressure due to nitrogen 

    p(O2) = Partial pressure due to oxygen 

    p(H2O) = Partial pressure due to water vapour 

    p(Ar) = Partial pressure due to argon 

    p(CO2) = Partial pressure due to carbon dioxide 

Cont… 
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 The difference between the saturated vapour pressure (SVP) 

(moisture holding capacity of air) and its actual water vapour  

pressure (AVP) is termed as vapour pressure deficit. It is the one, 

which plays a significant role in the crop evapotranspiration. 

 When air contains all the moisture that it can hold its maximum 

limit is saturated air, otherwise unsaturated. Units of VPD is mm, mb, 

hpa.  

 The actual vapour pressure is one, to be used as a measure of water 

vapour content in the atmosphere but it is seldom used in agroclimatic 

analysis. Instead the RH is used due to easy access. 

VPD = SVP – AVP 

Mathematically vapour pressure deficit is calculated as: 

Vapour Pressure Deficit (VPD) or Saturation deficit  



Distribution of water vapour in atmosphere 

Water vapour is transferred to the bulk air primarily by convection 

or turbulent transport. The net upward vapour pressure transport often 

follows with evaporation occurring during day and downward at night 

due to dew deposition. The distribution of water vapour in the 

atmosphere is directly related to the distribution of temperature. 

 Atmospheric water vapour decreases in a non uniform way from 

the equator to the poles in both hemisphere. 

 The horizontal moisture distribution also varies according to the 

nature of the underlying surface. Thus marine air is commonly at 

about 80% of saturation while continental air over desert may be only 

20% of saturation.   
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Variation of water vapour (%) with height in atmosphere 
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Height (km) Water vapour content (%) 

0 1.30 
1 1.00 
2 0.69 
3 0.49 
4 0.37 
5 0.27 
6 0.15 
7 0.09 

28 0.05 

Table 1: Decrease of water vapour with elevation 

It is revealed from the above table that the bulk of the 

atmosphere’s moisture content is contained below 6km. 

(Source: Donn, W.L. ,1975. Meteorology, p. 71) 
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6. Dew Point Temperature 

It is another term used for the measurement of humidity. 

It is the temperature to which the air would become 

saturated if cooled at constant pressure adiabatically 

(Without addition or removal of water vapour). 

 In other words, the temperature at which the actual 

vapour pressure is equal to saturated vapour pressure is 

known as dew point temperature. 

 If the dew point temperature is very close to the air 

temperature, the air becomes saturated. 
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The dew point temperature could be worked out using hygrometric 

tables, based on dry  & wet bulb thermometer reading at a given 

location. 

Wet Bulb Temperature 

It is the temperature to which air can be cooled by evaporating water 

into it. The wet bulb temperature is always higher than dew point 

temperature except when air is saturated. In that case, air 

temperature, wet bulb temperature & dew point temperature are 

equal. 

Note: Air temperature> wet bulb temperature> Dew point temperature 
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Psychrometry 

The most convenient method of determining the humidity of air for 

meteorological purposes is by the use of wet and dry bulb 

thermometers. This is known as Psychrometry. 

X =           × P 

X =      × P 

For temperature of the wet bulb below 0oC 

For temperature of the wet bulb above 0oC 
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Where, 

 x = Pressure of vapour present in the air 

 ƒ = SVP at wet bulb temperature 

 T = Dry bulb temperature 

 T' = Wet bulb temperature 

 P = Air pressure 

 
RH =       × 100 

Hygrometer & Hygrographs are used to measure RH 



Process of condensation 
The process of condensation can be set in motion in the 

atmosphere due to four different mechanisms. 

1. Adiabatic expansion (condensation due to upward lifting of air): 

Cooling of air occurs when air rises to low level of pressure because of 

decrease in barometric pressure with height. 

2.  Radiational cooling (contact with cold objects): When the air comes 

in contact with the objects whose temperature is below dew point 

temperature of the air. 

3.  Isobaric cooling: Cooling of air due to its dew point when 

condensation occurs at the same level itself. 

4.  Mixing of two nearly saturated air parcels having different 

temperatures. 
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Condensation nuclei 

 The particles on which condensation of water vapour takes 

place is known as condensation nuclei. 

 The size of substances are microscopic or submicroscopic (0.1 

to 1 micron size) like salt particles, dust particles etc. 

 These are hygroscopic in nature that means they have affinity 

towards water. 

Forms of condensation 

Condensation may be categorized into two parts: 

1. Condensation near the ground : Dew, fog, smog, frosts, mist, rime 

2.  Condensation in the atmosphere: Cloud, rain, drizzle, hail 
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Dew 

 When the objects on the surface of the earth gets 

cooled in the night below dew point temperature, the 

water vapour is condensed on surfaces such as plant 

leaves, window glasses, paper pieces etc., which are 

good radiator and bad conductor of heat. 

 Dew is formed usually during early morning hours. 

 Duvdevani's gauge is use in measuring dew. 

 



29 

Conditions favourable for dew formation are: 

 Moist air at sunset. Dew fall occurs when RH ranges 

between 91-99% not require 100% RH.  

 Low or calm wind. 

 Presence of non conducting layer on the ground. 

 The leaves were colder than the air by above 0.4-1.40C.  

As long as surface on which deposition takes place is colder 

than the dew point temperature of contacting air, dew will 

form. 

Dew formation requires clear skies so that surfaces cool 

rapidly air must be calm & appreciable quantity of moisture 

in the air. 
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Fog 
Microscopically small drops of water in condensed form & 

suspended in the atmosphere near the surface of the earth in 

sufficient number to reduce horizontal visibility is called fog.  

Note: Physically fogs are same as clouds. Fogs however form near the 

ground surface through cooling of air by contact and mixing, while 

cloud form when air cools adiabatically through rising and expanding 

above the ground.  

Smog 

 When smoke and fog are mixed which results into poor visibility 

 It is more common in city and industrial areas. 

 It is pollution in the air.  
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Fogs are known by the process by which they are formed 

such as: 

1. Radiation fog: Warm earth starts to cool at night, producing 

cold air near the surface and warmer air above it 

2. Advection fog: Warm, moist air moves over cold surface  

3. Frontal fog: Mixing two unsaturated air masses 

Conditions favourable for fog formation are: 

1. Air near the ground falls below the dew pint temperature 

2. Wind is calm & RH is more than 75%. 

3.  Diameter of particles forming fog varies from 0.1 to 0.01mm 

4.  Horizontal visibility is less than 1 km 
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Frost 

 When the temperature of air falls below 00C before 

the dew point is reached, the water vapour is directly 

converted into crystals of ice is called frost. 

 Frost is a form of deposition because water vapour 

is directly translated into ice. 

 Frost is always injurious to vegetation. It affects 

more to crops like castor, tobacco, tomato, cotton, 

cumin, fennel etc. 
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Protection measures against frost 

 Selection of frost resistant varieties or crops 

 Weeding, intercultural operation etc. should be 

avoided 

 Crops may be irrigated to avoid frost, sprinkler 

irrigation is better to avoid frost 

 Farm waste materials should be burnt outside the 

farm so that the fumes only enter field.  
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Conditions favourable for frost formation 

 Surface on which the frost forms must be 00C or below 

 The surrounding air is saturated at 00C or slightly below 

 Nuclei are present so that the process of sublimation can 

take place 

Note: Conditions for formation of dew & frost are 

practically same with only one difference is; dew forms 

when condensation occurs on cold objects above the 

freezing point, whereas frost forms when condensation 

takes place below freezing point or 00C. 
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Mist 

 Mist is less dense fog and it disappears with rising sun. 

These are the wet hygroscopic particles suspended in the 

atmosphere.  

 Mist is intermediate between damp haze and fog, which 

reduce visibility to lesser extent than fog. 

  Water droplets restricts the visibility beyond 1km. 

 Mist range in size from 50 to 500μm 
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Rime 

 It is also called freezing fog 

 White ice formed when super cooled water 

droplets freeze almost instantly on contact with a 

surface having temperature below freezing point 

 White ice is formed on windward side 
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Evaporation 

 Evaporation is the diffusive process during which a liquid 

changes into a gas. It is the physical process by which water 

from its liquid form is converted into its gaseous form.  

 Water absorb the heat energy from sun and surroundings 

and this energy is used for evaporation.  

 The volume evaporated per unit area in a unit time 

(mm/day) is called as evaporation. 

Note:  Evaporation is measured by USWB class-A open pan 

evaporimeter 
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Source of energy for evaporation 

 Energy supply (solar energy) to provide latent hear 

for conversion of water into vaopur. 

 Vapour pressure gradient to facilitate water vapour 

movement into atmosphere. 

 Wing speed to remove water vapour from 

evaporating surfaces. 

 Underlying surface itself. 
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 Surface soil moisture content  

 Soil and air temperature 

 Atmospheric humidity 

 Wind velocity 

 Vegetative cover 

Rate of evaporation depends upon 
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Transpiration 
Transpiration is the loss of water from living parts of the 

plant through the stomata, cuticles and lenticels. 

 The water is mainly lost due to negative water potential 

gradient from plant to atmosphere. 

Note: Transpiration is measured by steady state potometer or 

transpirometer 

Factors affecting transpiration 

1. Light 

2. Humidity 

3. Temperature 

4. Wind 

5. Availability of water to plants 

6. Leaf characteristics 
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Transpiration is supposed to help the plant in following ways: 

 Excess water getting into the plant might decay the cells. Transpiration 

prevents it by removing the extra water. 

 Extra quantity of water, if retained would disturb the osmotic relationship 

between cells. This is prevented by transpiration. 

 Transpiration stream helps in the distribution of nutrients to all the parts of 

the plant body. 

 Fresh and cool water reaches all the parts of the plant body and this reduces 

the metabolic heat acting as a coolant. 

 Transpiration indirectly helps in the uptake of salts; as the latter get into the 

plant together with water. 

 Upward movement of water (Ascent of sap) is due to the suction force 

created by transpiration.  



Transpiration is often termed as necessary evil. Necessary 

because it is essential for all translocations; evil because it results 

in water loss, and ultimately water stress in plants. 

 The loss of water may have several effects on the plant, some of 

which are direct and some indirect. The most important effect is 

through vaporization which, as a change from liquid to vapour will 

result in cooling at the surface where vaporization takes place.  

This cooling process saves the plants from excessively high 

temperatures, which otherwise could have a lethal effect on many 

plants. 
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Transpiration: A Necessary Evil 



43 

 

Evaporation and Transpiration 

 Evaporation and transpiration are of primary importance in 

meteorology as a source of water vapour.  

 It is also important in agriculture as it affects soil conditions, 

plant growth and water storage.  

 Nutrients from soils are absorbed by the plants with water and 

water uptake is possible due to the transpiration.  

 The second important effect of transpiration is evasion of heat 

losses from plant canopy.  
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 The fundamental difference between evaporation from a 

free water surface and transpiration from plants is that while in 

the case of transpiration a diffusive resistance occurs due to 

the internal leaf geometry including the stomata, there exists 

no such resistance in evaporation from a free water surface. 

 Since the stomata closes at night, the rate of transpiration 

drops 5 to 10% of that during day. On the other hand the rate 

of evaporation remains relatively high because of the 

availability of energy stored at night. 

Difference between evaporation and transpiration 



Note: 

The PET from short grass is less than evaporation from 

free water, due to greater reflection of energy from the 

vegetative surface, closure of stomata during the night, 

and resistance to diffusion imposed by the stomata. 
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Transpiration Ratio 

The effectiveness of the plants in the use of water was often 

given in terms of its transpiration ratio. This is amount of 

water transpired by a crop in its growth to produce unit weight 

of dry matter and is also called as Transpiration Efficiency. 



Evapotranspiration  
 (Physical + biological process)  

 Evapotranspiration is the combined loss of water both as 

evaporation from soil & water and transpiration from plants. 

ET depends on: 

1. Water supply:- Soil storage capacity, rainfall and 

Irrigation 

2. Crop management factor:- Root/shoot ratio, leaf 

characteristics, LAI 

3. Weather:- Light, temperature, relative humidity, wind 
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1. Actual Evapotranspiration (AET) 

 

2. Potential Evapotranspiration (PET) 

Evapotraspiration are of two types 



Actual evapotranspiration 
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The ET under actual field conditions is known as actual 

evapotranspiration. It is generally influenced by nature of the 

ground & characteristics of vegetative cover. As such AET is a 

function of soil, plant & weather. 

  AET = f(Soil, plant, weather)  

  AET = f(PET) 

It can be measured by Lysimeter. In practice, the estimation of ET 

rate for specific crop requires first calculating potential or reference 

evapotranspiration and then applying proper crop coefficients (KC) 

to estimate actual crop evapotranspiration (ETa). 
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Potential Evapotranspiration (PET) 

 The maximum water lost through evaporation from 

wet soil & transpiration from uniform, short, green, 

actively growing vegetation when water is unlimited. It 

is upper limit of AET. 

 

 It is defined as “the amount of water transpired in a 

given time by a short green crop, completely shading 

the ground, of uniform height and with adequate water 

status in the soil profile”. 
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PET is defined as “the rate of evapotranspiration from an 

extensive surface of 8 to 15 cm tall, green grass cover of 

uniform height, actively growing, completely shading the 

ground and not short of water” (Doorenbos and Pruitt, 1977). 

 

 It is the maximum quantity of water capable of being lost as 

water vapour in a given climate by a continuous stretch of 

vegetation covering the whole ground when the soil is saturated 

(WMO, 1963). 

 

Cont… 
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 PET is the ET from a large vegetation covered land surface with 

adequate moisture at all times, and the PET solely depends on the 

available energy, since the moisture supply is not restricted 

(Thornthwaite, 1948).  

 Penman (1947) defined PET as the ET from an actively growing 

short green vegetation completely shading the ground and never 

short of moisture availability. Though Penaman’s definition specifies 

the important characteristics of reference vegetation, it does not 

specifies the name of vegetation.  

 Jensen (1968) assumed PET as the upper limit of ET that would 

occur with a well watered agricultural crop having an 

aerodynamically rough surface. 

Cont… 
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 In practice, the estimation of the ET rate for a specific crop 

requires first calculating potential or reference 

evapotranspiration and then applying the proper crop 

coefficients (Kc) to estimate actual crop evapotranspiration 

(ETa). 

 

 The dependence of ET on meteorological factors at a given 

place has led to the concept of PET in which the contribution 

of plant and soil factors are ignored.  

PET = f(temperature, wind, RH, Sunshine) 

Cont… 
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Factors Affecting Humidity 
1. Water vapour content: Air humidity increase with increase in its water 

vapour content at the same temperature. The maximum limit of water 

vapour content that air can held  at the same temperature is called 

saturation. Specific humidity is higher in humid tropics as compared to 

polar region. 

2. Temperature of air: The capacity of air to hold water vapour will 

depend upon its temperature. As the temperature of a given air sample 

increases, its humidity decreases. So, water vapour holding capacity of 

air increases with increase in temperature. Temperature and humidity are 

inversely related. 

3. Distance from water bodies: The places near water bodies have high 

humidity as compared to far places. Therefore, humidity is higher in 

coastal region as compared to interior land regions. 
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4. Prevailing winds: The humidity of air coming from dry 

places is lower as compared to air from wet/humid places, e.g., 

easterly winds are more humid than westerly winds during 

summer in Haryana. 

5. Vegetation: Presence of vegetation also increases humidity 

through loss of water vapour in atmosphere by 

evapotranspiration. So, vegetated regions are more humid than 

non-vegetated regions. 

6. Condition of atmosphere: Cloudy day is more humid than 

clear day. Precipitation is main source of water over land 

surface. So, rainy weather is more humid than dry or clear 

weather. 
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Importance of Humidity on Crop Plants 

The humidity is not an independent factor. It is closely related to 

rainfall, wind and temperature. It plays a significant role in crop 

production. 

1. The humidity determines the crops grown in a given region. 

2. It affects the internal water potential of plants. 

3. It influences certain physiological phenomena in crop plants 

including transpiration. 

4. The humidity is a major determinant of potential 

evapotranspiration. So, it determines the water requirement of 

crops. 
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5. High humidity reduces irrigation water requirement of crops as the 

evapotranspiration losses from crops depends on atmospheric humidity. 

6. High humidity can prolong the survival of crops under moisture stress. 

However, very high or very low relative humidity is not conducive to higher 

yields of crops. 

7. There are harmful effects of high humidity. It enhances the growth of some 

saprophytic and parasitic fungi, bacteria and pests, the growth of which 

causes extensive damage to crop plants. For example, (a) Blight disease on 

potato, (b) The damage caused by thrips and jassids on several crops. 

8. High humidity at grain filling reduces the crop yields. 

9. A very high relative humidity is beneficial to maize, sorghum, sugarcane 

etc., while it is harmful to crops like sunflower and tobacco. 

10. For almost all the crops, it is always safe to have a moderate relative 

humidity of above 40%. 
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 The forecasting means the process of estimation of the value 

of some variable at some future time.  

 Weather Forecasting is the act of foretelling about the 

happening and quantification of the different weather 

parameters. 

 Any advance information about the probable weather in future 

obtained by evaluating the present & past meteorological 

conditions of the atmosphere is called weather forecast. 
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 Weather forecasting is a prediction of what the weather will be 

like in an hour, tomorrow, week, next week or season. It involves a 

combination of computer models, observations and knowledge of 

trends and patterns of weather. 

 Weather plays a great role in growth and development of plants. 

Management operations such as irrigations scheduling, fertilizers 

applications, sowing and harvesting, all are dependent on weather 

conditions.  

 To make the maximum advantage from agriculture it is 

necessary to take all the decisions based on the weather conditions. 

For planning of all the operations well in advance, weather 

forecasting is required.  
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Types of weather forecasting 

Weather forecasting on the basis of their validity period 

and time scale may be divided into four major groups.  

 (i) Nowcast (few hours to one day) 

(ii) Short range forecast (24 hrs to less than 3 days) 

(iii) Medium range forecast (3 to 10 days) 

(iv) Long range forecast (for more than 10 days, a  

       month and for a season). 
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1. Nowcasting 

 This type of weather forecasting is issued for few hours to 

one day. It is related to local weather phenomena like 

thunderstorms, dust storms, cyclones, cold and heat waves. 

 

 The nowcasting is useful for Civil aviation and outdoor 

functions. 

 

 Different models being used in Nowcasting are (i) SWIRL 

(ii) ARPS (9KM) 
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2. Short range weather forecasting 

 It is a forecast of weather elements valid for 24 hours with further 

outlook for the subsequent 2 days.  

 The short range forecast includes cloud spread, rainfall distribution, 

heavy rainfall warnings, maximum and minimum temperatures and 

special warnings for heat and cold waves, cyclone warning with high 

wind speed, hail/thunderstorm, duststorm, snow and frost.  

 The short range forecast is issued twice a day based on synoptic 

conditions. Though the short range forecasting is very accurate and 

useful in weather based agricultural operations, but the reaction time 

available to the farmer is too short for taking preventive majors 

against adverse weather. Thus it is not useful for the farmers. 
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 With the increase in the time span of forecast of the weather 

events, the probability of occurrence of the events decreases. 

Short term forecasts are 70-80% accurate.  
 

 This type of weather forecast is issued by India 

Meteorological Department, Delhi for different regions 

throughout the country.  
 

 Different models being used in short range forecast are: 

 (i) WRF (9/3 KM), (ii)  UM-R (4.5/1.5 KM /330m) (iii) Polar 

WRF for Antarctica (9KM) (iv) Regional NEPS (4 KM, 11 

members, under testing). 
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The weather forecaster has to look at the following important 

monsoon systems which have significant role in short range 

rainfall distribution over India 

i. Depressions in the Bay of Bengal, their formation, movement and 

decay. Depressions are low pressure areas which form in the Bay of 

Bengal and moving in land cause copious rains over the country along 

its track. 

ii. North-South movement of monsoon trough. 

iii. Mid-Tropospheric (1.5 to 5.0 km) lows over the northeast Arabian Sea 

and adjoining land areas. 

iv. Off-Shore vortices which bring heavy rainfall along the west coast and 

over the Arabian Sea. 

v. Low level jet off the Somali coast, which is a narrow stream of strong 

winds at low levels off the coast of east Africa. 
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3. Medium range weather forecasting 
 It is a forecast of weather elements valid for 3-10 days. The forecast 

includes cloud amount, rainfall, maximum and minimum temperatures, 

average wind speed and wind direction.  

 The medium range weather forecast is an objective and challenging task 

as it involves enormous numerical computations with expertise in 

weather science. National Centre for Medium Range Weather 

Forecasting (NCMRWF) was established in 1988 in New Delhi with 

the mandate to develop atmospheric models for medium range weather 

forecasting.  

 This forecast is issued twice in a week i.e., on Tuesday and Friday. 

Medium range weather forecast can be used in scheduling farm 

operations i.e. in deciding whether to pre-pone/post-pone cultivation, 

showing, cultural operation, harvesting etc.  
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Now a days the different models being used by 

NCMRWF for forecasting are: 
 

(i) Global Models T-80 (T50 km x 150 km resolution)  

     and T-170 (75 km x 75 km resolution)  
 

(ii) Meso-Scale Models MM-5 (Nested 90, 30, 10 km  

      resolution) and Eta (48 km resolution). 
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4. Long range weather forecasting 

 Forecasting of coming weather for more than 10 days, a month or a season 

in advance is called as long range weather forecasting. It may also be 

categorized as monthly forecast or seasonal forecast depending on the lead 

time.  

 The India Meteorological Department (IMD) started issuing the long range 

forecasting since 1988 onwards on total monsoon rainfall of the country by 

April and again revised in May.  

 The predicted and actual Long Period Average (LPA) of monsoon rainfall 

of the country was in agreement except in 1994. Among the various 

important techniques viz., persistence, analogue, synoptic and kinematics 

approach, regression and Auto-Regressive integrated Moving Average 

(ARIMA), a few are being used for the issuance of seasonal forecast of 

rainfall, temperature etc. 
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The long range forecast gives information on onset date 

of monsoon, rainfall amount and deviation of rainfall 

from long period average (LPA) during the SW 

monsoon.  

This forecast is issued region wise as follows:  

1. North eastern region  

2. Central region  

3. North - western region  

4. Peninsular region.  
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Time factor in weather forecast 

Weather phenomena Forecast  

Hail storm, thunderstorms, tornadoes, cyclones 12-24 hours  

Flash floods 24-48 hours 

Heavy rainfall  24-48 hours 

Wind velocity and rainfall amount 36-48 hours  
Occurrence of rain and change in temperature 5-7 days 
Onset and departure of rainfall from normal One month before 
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Operational Forecasts 

1. To undertake or withhold sowing operation.  

2. To irrigate crop or to withhold the irrigation.  

3. To apply fertilizers or not  

4. The appropriate time to apply pesticides and insecticides  

5. To start and complete harvesting operation or to withhold it  

6. To take measures against frost damage 

7. Management of cultural practices and farm labour 

8. Handling, transportation and storage of food grains. 

9. Measures to protect livestock from cold and heat wave. 
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Tools of Weather forecasting 

 Weather forecasting is done on the basis of 

present and past weather conditions and the 

changing sequences of weather.  

 

 The upper air climatic conditions also play great 

role in controlling weather conditions on ground 

surface. 
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 A small balloon is inflated with a gas (hydrogen/helium) 

lighter than air and released for measurement of wind direction 

and speed at different heights in the atmosphere using theodolite.  

 The theodolite is an optical telescope, which measures 

horizontal and vertical angles of the ascending balloon at known 

intervals of time.  

 Sometime Meteorograph (combination of barograph, 

thermograph, and hygrograph) is also attached with ascending 

balloons. The observations are made once balloons returned to 

ground. 

1. Pilot Ballons 
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 A small meteorological balloon e.g. Pawan, India 

used to track air currents. A method of winds-aloft 

observation, temperature, and relative humidity of the 

upper that is, the determination of wind speeds and air 

and to automatically transmit that directions in the 

atmosphere above a station.  

 This is done by reading the elevation and azimuth 

angles of a theodolite observation while visually 

tracking a pilot balloon. The ascension rate of the 

balloon is approximately determined by careful 

inflation to a given total lift.  

 After release from the ground, periodic readings 

(usually at one-minute intervals) of elevation and 

azimuth angles of the balloon are recorded. These data 

are transferred to a wind-aloft plotting board, and wind 

speed and direction at selected levels are calculated by 

trigonometric methods. 
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 A small meteorological balloon used to track air currents. A method 

of winds-aloft observation, temperature, and relative humidity of the 

upper that is, the determination of wind speeds and air and to 

automatically transmit that directions in the atmosphere above a station.  

 This is done by reading the elevation and azimuth angles of a 

theodolite observation while visually tracking a pilot balloon. The 

ascension rate of the balloon is approximately determined by careful 

inflation to a given total lift.  

 After release from the ground, periodic readings (usually at one-

minute intervals) of elevation and azimuth angles of the balloon are 

recorded. These data are transferred to a wind-aloft plotting board, and 

wind speed and direction at selected levels are calculated by 

trigonometric methods. 
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 The radiosonde is a device with sensitive sensors, 

which transmit observations by radio signals to a ground 

receiver as the balloon ascends.  

 

The instruments measures temperature, humidity and 

pressure at various levels of the atmosphere through 

which it passes. 

2. Radiosonde 
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 A radiosonde is 

battery powered 

telemetry instrument 

packages carried into 

the atmosphere 

usually by a weather 

balloon that measures 

various atmospheric 

parameters and 

transmits them by 

radio to a ground 

receive. 
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 The Active Remote Sensing is used for drawing information 

about the atmospheric conditions. This technique is used by 

RADAR (RAdio Detection And Ranging) which transmit 

electromagnetic pulses of a given characteristics an also receive 

them back.  

 The modification of the transmitted pulses can be interpreted 

based on characteristics of the reflected surface. RADAR 

technique is used to detect the cyclone and cloud condition.  

 The amount of precipitable water can also be detected by this 

technique. RADAR is mounted on the ground surface while 

similar kind of instruments can also be used on satellite system. 

3. Radar 
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Doppler Radar & Satellite  
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 Lidar (Light Detection and Ranging) is an 

application of laser. It employs the optional 

principles to determine cloud characteristics.  

 It can also detect solid particles and track their 

movement in clear air.  

  It is useful for remote sensing of disturbances in 

lower troposphere. Storm and air mass observations 

are made by aerial reconnaissance.  

4. Lidar 
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 Rockets and satellites provide information from very 

great heights.  

 The world's first meteorological satellite was 

launched in 1960 (TIROS-1) and subsequently large 

number of satellites with television and radars have 

been scanning the atmosphere regularly from above to 

get data on storms and associated phenomena, the 

World Meteorological Organization (WMO) organized 

world  weather studies in the 1960s.  
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 A synoptic chart is the scientific term for a weather map. An enormous 

volume of meteorological data is being collected from all over the world 

continuously round the clock through various telecommunication 

channels.  

 To assess, assimilate and analyze the vast data, they have to be suitably 

presented. For this purpose, the observations are plotted on maps in 

standard weather codes.  

 These maps are called Synoptic maps or charts. Synoptic charts display 

the weather conditions at a specified time over a large geographical area. 

 Synoptic charts provide information on the distribution, movement and 

patterns of air pressure, rainfall, wind and temperature. This information is 

conveyed using symbols, which are explained in a legend.  

5. Synoptic Charts  
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Symbols for reporting weather phenomena  
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Daily weather report 
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 The surface and upper air charts are the two types of synoptic charts 

currently in use.  
 

The surface synoptic charts plotted for different synoptic hours (00, 

03, 06, 09, 12, 15, 18, 21 UTC) depict the distribution of pressure, 

temperature, dew point, clouds, winds, present and past weather.  
 

 The upper air charts provides upper air data with respect to air 

temperature, dew point temperature, wind speed and direction at 

different heights e.g.  850, 700, 500, 300, 200 and 100 millibar surfaces. 
 

 The surface charts together with the upper air charts provide a 

composite three-dimensional weather picture pertaining to a given time.  
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Routine upper air observations 

Upper weather observations Instruments 

a.   Temperature, Pressure & 

Humidity 

Pilot balloons, Radiosonde, 

RADAR 

b.  Temperature & Wind Rockets 

c. Cloud picture & radiation Satellites 

d. Wind direction & Speed Pilot balloons, wind finding & 

RADAR 



30 

Tephigram 

 A tephigram is a graphical representation of observations of 

pressure, temperature and humidity made in a vertical sounding of 

the atmosphere. Vertical soundings are made using an instrument 

called a radiosonde, which contains pressure, temperature and 

humidity sensors and which is launched into the atmosphere attached 

to a balloon.  

 The tephigram contains a set of fundamental lines which are used 

to describe various processes in the atmosphere. These lines includes 

Isobars, Isotherms, Dry adiabats (related to dry adiabatic processes), 

Saturated adiabats (which are related to saturated adiabatic 

Processes). 
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i. The environment curves (red) describes the structure 

of the atmosphere.  
 

ii. The process curves (green) describes what happens to 

a parcel of air undergoing a particular type of process. 

(e.g. Adiabatic process). 

On the tephigram there are two kinds of information represented 
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6. Crop Weather Calendar 

(a) Bottom part (b) Middle part (c) Top part 

 In order to provide the farmers with an efficient weather service, it is 

essential that the weather forecaster should be familiar with the crops 

that are grown in a particular agroclimatic zone.  

 The types of forewarnings to be given depend on the stages of the 

crop. In case of farmers, they should become familiar with weather 

bulletins and learn how to interpret.  

 To meet the above requirement, the detailed information collected 

from the agricultural departments has been condensed by the IMD and 

presented in a pictorial form known as crop weather calendar. This 

calendar has three parts as follows: 
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(a) The important crop phases like sowing, germination, 

transplantation (in the case of rice), tillering, elongation, flowering, 

grain formation & harvest are indicated under the crop husbandry 

against the standard meteorological weeks in lower part of the 

calendar.  

(b) Middle part gives information regarding normal weather 

condition required for active crop growth. It is divided into different 

sections according to rainfall, rainy days, minimum temperature, 

maximum temperature, pan evaporation and sunshine hours.  

(C) Top part gives information related to the weather abnormalities 

or to take precautionary measures. Top part is divided into different 

sections according to dry spell length, high wind, heavy rainfall and 

cloudy weather. 



34 

Structure of crop weather calendar 
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Crop weather calendar of rice crop 
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7. Crop Weather Diagram 

 It gives season wise information on the crop husbandry 

(tillage to harvest), actual weather & normal weather 

information on pest & disease incidence.  

 Using crop weather diagrams, attempts can be made for 

obtaining better crop yields through agronomic 

manipulation & one can predict crop yields based on 

weather conditions.  

 It is also possible to select a suitable variety for a given 

location based on weather diagrams. 
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Methods of weather forecasting 

The methods in use for weather forecasting can be divided into 

various broad categories, viz. conventional or synoptic, statistical 

and numerical weather prediction. 

This is the oldest method of forecasting of a weather system. The state of 

atmosphere over an area is known at an instant through a set of 

meteorological variables recorded at surface and different heights above 

the earths surface at various meteorological stations located throughout 

the country and its surrounding at synoptic hours i.e. 0000, 0300, 0600, 

1200 and 1800 hrs. These observations are called synoptic.  

1. Synoptic method 
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 Using the observations recorded simultaneously, surface and 

upper air charts are prepared which give the present state of 

atmosphere.  

The inferences on expected movement of weather system are 

drawn using the previous and present charts. In addition to the 

synoptic charts, satellite pictures (visible and infrared) also 

supply considerable information. Visible pictures enable to know 

cloud formation and wind velocity through cloud movement. 

Infrared pictures helps in determining earth surface temperature, 

cloud temperature and its height. 
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 The satellite pictures thus received at shorter 

intervals provide information on cloud development 

and movement; thereby wind velocity, type and height 

of cloud.  

 Then weather forecast is made with greater accuracy 

by superimposing synoptic charts and cloud pictures.  

 This method of forecast is mainly used for short 

range weather forecasting by IMD, New Delhi.  
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 The motion of atmosphere is primarily governed by distribution of 

radiation, which is uneven across land and ocean surfaces.  

 Later, air motions are driven by several other forces namely 

Coriolis force (due to the earth’s rotation), pressure gradient force 

(due to difference in pressure at two points), gravitational force (earth 

pulls air always downward) and frictional forces which are acting 

very near to the surface of earth.  

 These forces can be expressed in terms of differential equations 

based on certain laws of physics and in an integrated form of these 

equations is known as atmospheric model which explains the 

evolution of atmosphere from a given state.  

2. Numerical weather prediction (NWP)  
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 This method is defined as any particular type of system if it is 

present in the past also; it is assumed that the present system is 

likely to behave in the same way as the previous one.  

 There are a number of limitations on the success of this method. 

First, it is difficult to select right analogue, and second, even if we 

succeed in picking up the right ones, there is no guarantee that they 

will evolve in the same way.  

 It has been suggested that analogue should be used in conjunction 

with other methods, either as an aid or a check on pressure pattern 

projection. The success of forecast depends upon the knowledge and 

the experience of the forecaster.  

3. Analogue method  
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 Persistence method is the simplest way of producing a forecast 

among the different methods of forecasting, it assumes that the 

conditions at the time of then forecast will not change and 

yesterday's weather may continue to behave in the same manner for 

today also.  

 Often summarized as “Tomorrow equals today”. For example, if 

it is sunny and 37 0C today, the persistence method predicts that it 

will be sunny and 37 0C tomorrow.  

 The method a forecaster chooses depends upon the experience of 

the forecaster, the amount of information available to the forecaster 

and the degree of accuracy or confidence needed in the forecast.  

4. Persistence method  
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It may also appear that the persistence method 

would work only for short term forecasts (e.g., A 

forecast for a day or two), but actually one of the 

most useful roles of the persistence forecast is 

predicting long range weather conditions or 

making climate forecasts. For example, it is often 

the case that one hot and dry month will be 

followed by another hot and dry month.  



44 

 Climatology is the main theme with which we can study the 

present weather systems. The Climatological method is another 

simple way of producing a forecast. This method involves 

historical weather data over long periods of time (years) to 

predict conditions on a given date.  

 The weather statistics accumulated over many years has been 

averaged to make the weather forecast. 

The climatological method only works well when the weather 

pattern is similar to that expected for the chosen time of year. If 

the pattern is quite unusual for the given time of year, the 

climatological method will often fail.  

5. Climatological Method  
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 Statistical methods are used mostly in long range and climatic 

forecasts. This method is based on statistical approaches such as multiple 

regressions and of late, Auto-Regressive Integrated Moving Average 

(ARIMA) models are used for predicting Indian monsoon rainfall based 

on 16 global-land-ocean-atmospheric variables. Using the above 

technique, the total rainfall during the southwest monsoon is predicated 

well in advance during the last week of May. 

 The technique is working well for predicting long range weather 

forecasting of total monsoon rainfall of the country. However, the 

ARIMA models fail on meteorological sub division wise since the 

models are not area specific. Also, the models need testing, verification 

and validation regularly. 

6. Statistical method  
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S. No. Predictor Period 
1 The Sea Surface Temperature (SST) Gradient 

between North Atlantic and North Pacific 
December + January 

2 Equatorial South Indian Ocean SST February 
3 East Asia Mean Sea Level Pressure February + March 
4 Northwest Europe Land Surface Air Temperature January 
5 Equatorial Pacific Warm Water Volume February + March 

Five predictors IMD’s SEFS model for April forecast and Probability of rainfall Forecast 

S. No. Category Rainfall range  

(% of LPA) 

Forecast 

Probability (%) 

Climatological 

Probability (%) 

1 Deficient <90 9 16 

2 Below normal 90-96 20 17 

3 Normal 96-104 41 33 

4 Above normal  104-110 21 16 

5 Excess >110 9 17 
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The losses in crop production can be reduced by making the use of weather forecasts as 

follows: 

1. By avoidance: In avoidance, the particular weather phenomenon going to harm some 

agricultural operation is avoided. Thus spraying and dusting operation can be avoided 

and postponed to suitable time it the unfavourable weather warning like that of thunder 

storm is available. This will save costly chemicals and labors.   

2. By protection: In this process, information of damaging phenomenon if available in 

advance, the necessary crop-protection program can be planned. If the weather warning 

for frost on the next day morning is available, farmers can plan to protect the crop by 

management such as irrigation scheduling, lighting burners or application of protein 

film on crops. 

3. By mitigation: This process is actually involved in fighting some weather events 

when it is taking place and is not different form suppression or dissipation of hailstorm 

or thunder storm. 

Agrometeorological forecasting 
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Significance of Weather Forecasting in Agriculture  
A. Short range applications  

(1) Adjustment of day to day field operation.  

(ii) Scheduling of irrigation and application of agro-chemicals.  

(iii) Protection of field crops & livestock from frost/cold wave and heat wave.  

(iv) Efficient use of labor.  

B. Medium range applications  

(1) Sowing and planting of crops.  

(ii) Management of labor, irrigation water and agro-chemicals.  

(iii) Protection measures again frost/cold wave and heat wave.  

(iv) Management of inputs and products of livestock.  

(v) Transportation of farm products.  

C. Long range applications  

(i) Selection of crops, varieties and breeds.  

(ii) Management of water resources.  

(iii) Management of farm inputs such as labor, machinery, seeds agro-chemicals etc.  

(iv) Management of dry and green fodder and feeds for livestock. 
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Special agricultural weather forecasts 

 Weather forecasts in making certain special high cost decisions are of great 

importance in agricultural operations. These forecasts are so specific in nature that 

they vary from crop to crop, from season to season and even intra season.  

i. Soil preparation: The important parameters in the forecasts are soil moisture, 

soil temperature, precipitation and wind. The required conditions are that: the soil 

should be in a workable condition with moisture less than 80 per cent of field 

capacity; Soil temperature should be above 0 0C; the amount of rainfall less than 1 

mm; and the wind speed should be less than 45km/hr 

ii. Sowing and planting: Seed germination is governed by the optimum soil 

moisture and temperature regimes of the surface layer (up to 10 cm) of the soil. 

Forecast of rainfall and changes in soil moisture and temperature during the normal 

planting season will help the farmers to avoid planting under soil conditions which 

hinder proper germination and emergence. 
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iii. Application chemicals: Timely application of chemical has not only 

become economical but it can also minimize the amount of chemicals 

released into the atmosphere. The critical factors in the proper application 

and use of chemical are temperature and precipitations during the 

succeeding 24 hours and the speed and direction of winds. Temperature 

determines its effectiveness whereas precipitation immediately following 

applications can dilute or wash off the chemicals.  

iv. Free water loss and irrigation needs: Daily consumptive use can be 

related to free water loss from USWB class A open pan evaporimeter or 

can be estimated from the energy balance equation. Estimation of 

evaporation loss will help the farmer to calculate water loss occurring after 

the last rain or irrigation and hence to determine his own crop water 

requirements and time of irrigation. 
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v. Control of pests and diseases: Most plant diseases develop and spread in 

conditions of wet vegetation with a rate of development depending on 

temperature. Therefore, effective and economic control of most diseases 

requires a vegetative wetting forecast. This forecast includes numbers of 

hours during which vegetation was wet form rain, fog or dew during the 

preceding 24 hours, the temperature during this period and a forecasts of the 

hours of wetting and of the temperature during succeeding 24 hours. With this 

information the farmer can obtain maximum control with a minimum number 

of chemical applications.  

vi. Protection from frost injury: Minimum temperature forecasts are 

required for areas subject of freezing temperatures during the crop growing 

seasons. These provide the farmer with information needed to plan the labour 

and material required to operate his systems to prevent frost injury. 
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vii. Harvesting: 

a) Moisture-sensitive crops: The soil moisture should be less than 

90 per cent of field Capacity; no Rainfall; and the wind speed 8 to 

30 kilometers per hour. The relative Humidity should be below 75 

per cent.  

b) Temperature-sensitive crops: The soil moisture should be 

below 90 per cent of field capacity up to a depth of 15 centimeters, 

and the air temperature below 13 0C. The rainfall should be less 

than 1mm 

c) All hardy crops: The weather parameters in the forecast are soil 

moisture, air temperature, precipitation and wind. The soil moisture 

should be below 90 per cent of field capacity and the rainfall less 

than1 mm. 
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 General agricultural weather bulletins provide information to 

the farmers so that they can make their own decisions. These 

advisories prepared in cooperation with agricultural experts for 

implementation of certain practices under GKMS.  

 The bulletins include advice/suggestions on pest and disease 

management, cultural operation, application of fertilizers, 

improved varieties along with their sowing time, harvesting etc. 

  Distribution of agroadvisory bulletins are communicated 

through radio, telephone, television and website 

www.cropweatheroutlook.org .  

viii. Agro advisories and dissemination  

http://www.cropweatheroutlook.org/
http://www.cropweatheroutlook.org/
http://www.cropweatheroutlook.org/
http://www.cropweatheroutlook.org/
http://www.cropweatheroutlook.org/
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Importance of Weather forecasting 

Forecasting adds in: 

1. Planning for necessary inputs during the season. 

2. Timely land preparation to take advantage of earliest rain for timely 

sowing. 

3. Selection of Crop & Cultivar 

4. Efficient use of fertilizer 

5. Predicting pest & disease incidence for timely action. 

6. Timing of Weeds, pests & disease control. 

7. Adjustments in crop harvest timing to reduce the losses at harvest. 

Accurate weather forecasting can help the farmer in realizing 

economic yields by minimizing input and crop losses. 
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Indigenous Traditional Knowledge 

 on weather forecast & its validity 



56 

Indigenous Traditional Knowledge 

 Traditional weather forecasting is used by the people of 

the study area for local level decision making in pursuits 

related to travel and agriculture as also for capturing timely 

information related to possible hazardous events.  

 

 It is perceived that the traditional knowledge of the 

people is based upon uniformity of weather pattern that has 

lately been disturbed by climate change. 
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 The forecast and bio-indictors used by people for 

weather forecasting are observed to be based on their 

long-standing familiarity with seasonal patterns of 

precipitation, temperature, wind and cloud pattern, 

position of stars, behaviour of animals and birds and 

other similar indicators and observations.  

 

 These are grouped together based upon the 

parameters used for weather forecasting.  
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Nowcasting ITK 

1. Dark clouds are considered to indicate heavy 

rainfall within a few hours. 

 

2. Dark clouds preceding strong winds are 

considered to indicate thunderstorm in a few hours. 
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Short range ITK 

1.There will be heavy rain, if the rainbow appears on 

the eastern sky at the time of raining. If it is on the 

western sky, there will be no rain. 

2.When crab comes to the bund, it may rain. 

3. Red clouds in the east sky, it may rain in the next 

day. 

4. Frogs croaking in chorus then it is followed by rain. 

5.When dragon flies, fly down(low), it may rain that 

there will be rainfall within a day or two.  
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6. Increased mosquito bite predicts rain. 

7. Dense fog in the early morning indicates no rain. 

8. If there is an accumulation of clouds in the South-East 

direction in a layered form accompanied by winds blowing 

from the southern direction then it is claimed. 

9. If there is a swelling on the lower portion of the camel's 

legs then rainfall is predicted by the farmers. The swellings 

are probably caused due to higher relative humidity.  

10. A ring around the moon and sun caused by light shining 

through sheet like high level clouds is considered to indicate 

rainfall within next two to three days.  
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Medium Range ITK 

1.The closer circle to the moon, the nearer is the shower and vice versa. 

2. If a snail climbs certain trees, there will be no rain. 

3. Pattern of stars and movement of stars from west to east at night 

under clear skies is considered to indicate onset of rainfall in 2-3 days 

and similar patterns are also used to predict cessation of rainfall 
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Long Range ITK 

1. If the Tatihari bird (Lapwing) lays eggs on the higher 

portion of the lake bunds or on the top of any structure, 

the coming season carries heavy rainfall. If the same 

bird lays eggs on the lower side of the tank or on the 

floor of the water body structure, drought is anticipated. 
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2. Further it is also believed that if a single egg is laid by 

the Lapwing bird, then there will be rainfall only for one 

month out of four months of the rainy season. If two 

eggs are laid then rainfall will occur for two months and 

similarly four eggs indicate there will be rainfall during 

all the four months of the rainy season. 
 

3. If the clouds thunder on the first day of mid April, 

there shall be no rain for 72 days. 
 

4. If crow cries during night and fox howls during the 

day, then there would be severe drought. 
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5. Abundant blossoming of peach, apricot and other trees is considered 

an indicator of good rainy season. 

6. If the "Tillbohara" (Dragon fly), which appears generally in the rainy 

season, are observed to swarm in a large group over a water surface 

(Pond) then dry weather is predicted but if they swarm over open dry 

lands or fields then early rainfall is predicted by the farmers. 

7. If the "Khejri" tree bears good fruit in a particular year then farmers 

predict good rainfall during the next rainy season and vice versa less 

rain is predicted in the event of a poor fruit crop. 

8. Dropping of fruits or drying of flowers before maturity is 

considered to indicate forthcoming very dry season. 

9. Migration and immigration of birds is considered an indicator 

changing season. 
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 In India, medium range weather forecasting is done by 

National Centre for Medium Range Weather Forecasting (NCMRWF, 

Noida). NCMRWF is a center of India Meteorological Department 

(IMD). IMD also issues long range weather forecast especially 

monsoon. 
 

Weather Forecasting Service 

 IMD started issuing Farmers Weather Bulletin since 1945. Later on 

this work was entrusted to Regional Meteorological Centers (New 

Delhi, Mumbai, Kolkata, Chennai and Nagpur). The weather forecast 

is broadcasted by All India Radio and National TV channel in regional 

languages by its regional centers spread across the country.  

Weather Forecasting Service in India 
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 NCMRWF was established in 1988 for implementation of 

Agrometeorological Advisory Service (AAS). The development work 

could be initiated in 1989 after setting super computer (CRAY-XMP/216) 

in centre. NCMRWF has established over 100 Agro Meteorological Field 

Units (AMFU) in different agroclimatic regions of country.  

 The weather forecast is sent to AMFUs and the scientist issues local 

need based Agrometeorological Advisory Service in regional language to 

the farmers of the region.  

 The five days weather forecast is done twice (Tuesday and Friday) in 

week with one/two day overlapping. NCMRF has mandate to establish 

AMFU in all the 127 Agroclimatic Zones proposed by National 

Agricultural Research Project (NARP) funded by ICAR. IMD has also 

established Agromet Advisory Service Units (AASU) at the state 

Meteorological Centers. 
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 Significant progress on operational forecast at various spatial & temporal scale has 

been made.  

 Demand of Block or Taluka level forecast from short-to seasonal scale is still not 

feasible.  

 Extreme Events: positional shift, its amplitude, frequency etc. are underestimated.  

 Variability of skill for different events/years has to be addressed. 

 Work is in progress to address these issues using artificial intelligence. 

 Also focusing on: 

 To improve reliability and speed of communication of data between observation 

platforms and forecasters.  

 To improve Radar Data Pre-Processing.  

 Assimilation of all available data.  

 To develop new algorithms that better model the expected storm evolution of the 

particular region.  

 To improve visualization on the basis of user feedbacks. 

Future scope weather forecasting 
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 It can be defined as falling of water drops or ice 

particles from atmosphere towards the ground that have 

formed by rapid condensation in the atmosphere. 

 Precipitation is the deposition of atmospheric 

moisture on the ground in the form of rain, drizzle, 

snow, sleet and hail. 

 It is also defined as particles of liquid water or ice 

crystal formed within a cloud and are too large to remain 

suspended in the atmosphere. 

 Precipitation is one of the important weather elements 

being responsible for atmospheric & soil moisture and 

therefore has more agricultural importance.  
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Hydrologic Cycle:  

 Hydrologic Cycle is never ending process. This is a 

continuous cycle. The main source of moisture to the 

atmosphere is through the process of evaporation. Around 

99% of the moisture to the atmosphere is derived from 

oceans only 1% of moisture is contributed from other water 

bodies like river, lakes, wells etc. and also from moist soil 

& plant surfaces (Fig. 1).  

 The water thus evaporated from clouds which gives rise to 

precipitation. The precipitation water is mainly disposed off 

on the land as stream flow or infiltration into the ground 

and a part is stored as underground water. Again from the 

land and water bodies’ evaporation & ET occur & this cycle 

continues forever and this is known as hydrologic cycle. 
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Fig. 1: Hydrologic Cycle: This picture shows the over all process of 

hydrological cycle 
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The hydrologic cycle, shown in figure, depicts 

the continuous water cycle from evaporation, to 

precipitation, and back to the water source. The 

overview article on Hydrology considers aspects 

of the global water cycle and the amount of 

water stored in these different reservoirs. 

The components of evaporation & transpiration 

of the term ET are most important segments of 

hydrologic cycle. 
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The precipitated moisture falling on the ground 

depends on several factors viz., temperature & 

hygroscopic nuclei at which condensation takes place, 

type of clouds & their height & precipitation generating 

process. 

Precipitation process 

The process capable of producing condensation & the 

resultant precipitation from extensive air masses is the 

adiabatic cooling. The cloud droplets, ice crystals grow 

to such a large size so as to overcome the normal 

buoyancy & updrafts in the atmosphere do 

precipitation. 
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The precipitated moisture falling on the ground depends on 

several factors viz., temperature & hygroscopic nuclei at which 

condensation takes place, type of clouds & their height and 

precipitation generating process.  

Formation of clouds does not mean precipitation. Precipitation 

involves condensation growth of hygroscopic nuclei, cooling of 

nuclei at different stages and their as rain, snow, hail or sleet etc. 

there may be several clouds but no precipitation. If the cloud 

particles are too small and remain suspended in the sky they may not 

fall as rain. Unless the cloud particles coalesce and until they remain 

floating in the air, cloud remains stable and no precipitation occurs. 

In some cases water particles are formed, they tend to fall, but do not 

reach the surface, since they get evaporated on the way. This 

happens probably when the sky remains grey with clouds overcast 

with no rain falling. Only when the cloud droplets or ice pellets or 

ice crystals grow to certain size and can no more remain floating due 

to buoyancy or air, they do fall and we say precipitation has 

occurred. 
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The process capable of producing 

condensation & the resultant precipitation from 

extensive air masses is the adiabatic cooling. 

The cloud droplets, ice crystals grow to such a 

large size so as to overcome the normal 

buoyancy & updrafts in the atmosphere do 

precipitation. 

The process of precipitation can be 

categorized into two parts: 
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The process of precipitation can be categorized into two parts:  

1. Precipitable water 

The total amount of water vapour in the atmospheric column 

above a point on the earth’s surface or in a specific 

atmospheric layer in kg per unit area is known as the 

precipitable water.  

In other words precipitable water is the amount of water that is 

available to fall as precipitation. 

2. Rainfall mechanisms 

(i) Ice-crystal theory 

Tor Bergeron from Norway proposed the Ice-crystal theory in 

1993. This process is common in cold clouds (temperature 

less than 00C). Ice crystals are present at the top of the clouds; 

as ice crystals grow rapidly at the expense of water droplets it 

generates crystals large enough to fall. This results into 

precipitation. 

Cont.. 
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The ice crystals in this process form snow flakes. 

These snow flakes after leaving the cloud melt on the 

way and change to liquid water drops. The process is  

Cloud layers  Formation of cloud drops and 

ice nuclei  Sublimation to ice crystal  

Sublimation and coagulation  growth to large 

ice crystals  coagulation to snow flakes  Melt 

to liquid  rain ….. 
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(ii) Collision-coalescence theory 
 

This takes place in warm clouds (temperature more 

than 00C), which are common in the equatorial & 

tropical regions. The collision-coalescence theory 

was proposed by E.F. Bowen from Australia in 

1940. 

Since the rate of fall of these unequal droplets of water 

is different, they collide with each other within the 

cloud & the larger drops grow at the expense of the 

smaller ones. The larger droplets grow in big size & 

fall faster on the ground on its own weight in the 

form of precipitation. 



13 

Conditions for condensation  

1. Presence of sufficient water vapour: An 

adequate amount of water vapour is necessary to 

bring about saturation of air with water vapour. 

Air can be easily brought to saturation when 

sufficient moisture is present or by decrease in 

temperature. The dew point is reached through 

this abundance of water vapour to begin 

condensation. 

2.  Cooling of air: For the saturation of 

atmospheric air with water vapour, its cooling 

upto and below dew point is necessary. 
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 Microscopic or submicroscopic particles like salt 

particles injected in atmosphere, some combustion 

products released from industries like sulfurous oxide 

and nitrous acid, dust etc. are present in atmosphere 

and are hygroscopic in nature.  

 

 These particles have water affinity and water 

vapour can only deposit and condense on them.  

 

 Thus these microscopic and hygroscopic particles 

around which condensation begins are known as 

hygroscopic or condensation nuclei.  

3. Presence of condensation nuclei  
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In general, it is stated that it is affected by 

latitude, temperature, moisture content in the 

atmosphere, atmospheric disturbances, land 

forms, physical barriers, frontal activities, air 

mass movements and differential cooling 

and heating of the atmosphere. Each factor is 

dependent on others in several ways. 

Factors influencing precipitation 
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Factors influencing precipitation 

1. Latitude 

2. Temperature 

3. Moisture content in the atmosphere 

4. Air mass movements 

5. Differential cooling and heating of the 

atmosphere 

6. Atmospheric disturbances 

7. Landforms 

8. Physical barriers 

9. Frontal activities 
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Latitudinal variation of precipitation 

Latitude 

Precipitation (mm/year) 

North 

hemisphere 

South 

hemisphere 

80-90 

70-80 

60-70 

50-60 

40-50 

30-40 

20-30 

10-20 

0-10 

120 

185 

415 

789 

907 

872 

790 

1151 

1934 

30 

82 

418 

1046 

1226 

932 

857 

1132 

1445 
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Precipitation around the world 
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Types of precipitation 

There are mainly three types of precipitation 

1. Convectional precipitation 

 Due to intense solar heating, the air near the ground 

becomes hot & light and thus starts upward movement is 

called convection.  

 As it moves upward, it cools adiabatically at the DALR 

(9.8 0C/km) becomes saturated & RH increases to 100% & 

dew point is reached; where the further condensation begins. 

This level or height is known as condensation level. 

 Above condensation level air cools at SALR (4 0C/km). 

First cloud is formed and then, further condensation results 

into precipitation. These rains are known as convectional 

rains & mostly occurs in tropics. 

 This is associated with cumulus and cumulonimbus clouds. 
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Fig.1: Convectional precipitation 
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 When the warm moist air coming from the ocean or 

sea encounters mountain or relief barrier, it cant move 

horizontally & has to rise vertically to overcome the 

mountain.  

 

 When this air rises upward; cools down, clouds are 

formed and due to rapid condensation starts giving 

precipitation. These rains are known as orographic 

rains. 

2. Orographic/relief precipitation 
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Fig. 2: Orographic precipitation 
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 In India, SW monsoon gives copious rainfall on the 

windward slope of mountains, whereas on the leeward side 

there are extensive rain shadow regions.  

 The Western Ghats, Himalayas and the Aravalli mountain 

ranges are the best examples why the rainfall is copious 

towards windward.  

 When the mountain or high lands acting as barriers to the 

flow of air, it is forced to rise and air cools adiabatically 

resulting in formation of clouds. Precipitation occurs due to 

the above process during the monsoon.  

 The North Eastern States, East Rajasthan and Kerala are 

found along the Windward side of mountain ranges, 

benefitting from orographic rains. 
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 Cyclonic precipitation takes place when cyclone is 

formed over the sea. In India, east coast is vulnerable to 

frequent cyclones. While the west coast is relatively free. 

The reason for the above is that the sea surface temperature 

is more and conducive for development of cyclones over 

the Bay of Bengal when compared to the Arabian Sea.  

 The occurrence of cyclones is common from April to 

May and from October to November. They give copious 

rains. 

 

3. Cyclonic/Frontal/Convergent precipitation 
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 In temperate regions, mostly frontal precipitation occurs. 

The zones of contact between relatively warm and cold air 

masses are known as fronts. The warm and moist air 

gradually rises over cool and dry air along the front. The 

convectional activity along the front causes condensation and 

precipitation. This type of precipitation is called frontal 

precipitation.  

 

 Frontal precipitation along the warm fronts is usually in 

the form of drizzles. It is widespread and is of a long 

duration. When associated with cold fronts, it is always in 

the form of thundershowers and is of a very short duration. 
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Fig. 3: Cyclonic or frontal precipitation 
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Forms of precipitation 

The common forms of precipitation are: 

1.Liquid form:- Rain, drizzle and shower 

2.Solid form:- Snow and hail 

3.Mixed form:- Sleet  and glaze (Mixture of 

rain & snow) 
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Rain 

The precipitation composed of water drops larger than 

0.5mm. When water droplets in clouds combine and 

form large drops that become so large that they can’t 

remain suspended in the air, they fall down as rain. 

These droplets are formed by rapid condensation.    

 

Isohyet:-  It is the line on the map that joins the 

places of  equal rainfall or precipitation.  

 

1. Liquid form 
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Shower 

Precipitation lasting for a short time with relatively clear 

intervals is called as shower. This occurs from the passing 

clouds. Showers is also known as intermittent rain. 

Drizzle 

It is more or less uniform precipitation of very small and 

numerous raindrops, which are carried away even by light 

winds. The average size of drizzle drops are of diameter less 

than 0.5mm. Drizzle falls from low-lying nimbostratus  

clouds. 



30 

Snow 

 A form of precipitation formed by sublimation of 

water vapour at below freezing point temperatures. 

 It is precipitation of white and opaque grains of ice. 

 In fact snow is precipitation of solid water, mainly in 

the form of branched hexagonal crystals. 

2. Solid form 
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Hail 

 Hail is a precipitation of solid ice associated with 

rainfall on warm sunny day. 

 A strong convective current may cause the formation 

of hails. 

 Diameter of hail is less than 5mm to 50mm or some 

times more. 

 Hails fall from cumulonimbus (Cb) clouds and are 

often associated with thunderstorm & heavy rains. 

 In India, the period from march to may offers the 

ideal condition for hail storm.  
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Large hails are always associated with 

thunderstorms. Hails are generally confined to 

a small area of the storm. 

 Large hailstones cause a great damage to the 

life and agricultural crops. 

 Their intensity increases during the months 

of March and April. 
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Forms of Hails 

1. Graupel or soft hail: Loosely compacted ice 

crystals and is roughly spherical having 

diameter  less than 5mm 

2. Small hail: It is semi transparent 

3. True hail or severe hail: It is composed of 

hail stones having diameter greater than 5mm  
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Sleet 

 It is also called mixed form of precipitation 

 Simultaneous precipitation of the mixture of rain 

and snow or some ice 

 Rain which freezes as it falls through a cold layer 

near the surface 

3. Mixed form 

Glaze 

When rainfall occurs on an object having temperature 

below freezing, this type of precipitation results. 
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Rainfall characteristics 

Rainfall Variability  

 Rainfall variability is of crucial importance in those 

parts of the state where rainfall is marginal or barely 

sufficient for normal agricultural use.  

 

 It has also important bearing on water resource 

management; adjusting cropping pattern, improving the 

technique for flood forecasting etc.  
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The co-efficient of variabiltity expresses the mean departure (excess 

or deficient) from the annual mean as a percentage of that mean. The 

annual and seasonal rainfall data, for 34 stations of the state 

representing the different areas, have been used to calculate the co-

efficients of variability (C.V.) by the formula:  

 

C.V. = S/M x100 
 

Where, 

S is the standard deviation. 

M is the mean annual rainfall for 50 years. 

 
 

In the case of variability in the different seasons, M represents the 

seasonal mean of rainfall of particular season. On the basis of the co-

efficients so calculated, isopleths have been drawn for delimiting the 

areas with slightly low, moderate, slightly high and high variabilities. 
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Mean Rainfall 

 The amount of rainfall collected by a given rain gauge in  

24 hours is known as daily rainfall (mm or cm) and the 

amount collected in one year is known as annual rainfall. 

 The mean of the annual rainfalls over a period of 35 years 

is known as mean annual rainfall (average annual rainfall) or 

normal annual rainfall) 

Mean annual rainfall (cm) = Total rainfall/Number of years 
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In any particular year, the rain may not be equal to 

annual mean. It may be less or more than the annual 

mean value. The ratio of the actual rainfall in a 

particular year at a given place to the normal annual 

rainfall at that place is known as index of wetness. 

Index of wetness 

Index of wetness = Actual rainfall in particular year /  

   Normal annual rainfall at that place  
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The variability of number of rainy days is of 

utmost importance, because the changes in the 

percent of number of rainy days show their impact 

and influence upon human activities and the 

prevailing types of economy in the study region. If 

the rainfall of a day is 2.5 mm or more then it is 

called as a rainy day. 

2. Variability of number of Rainy days 
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Global Annual Precipitation Distribution  

 The average annual precipitation over the 

whole earth is 857mm, distributed unevenly.  

 The equatorial regions and monsoon areas of 

SE Asia record highest rainfall.  

 Temperate regions receive moderate amounts 

of precipitation.  

 The dry regions of sub-tropical high pressure 

belt and Polar Regions receive little rainfall. 
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Rainfall over India 

The mean annual rainfall over India is 

1150mm, 76% of which is received during the 

monsoon season (June-September) while 10% 

each is received during post monsoon season 

(October-November) and summer season 

(March-May) respectively. The remaining 4% 

is received during winter season (December-

February). 
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Diurnal rainfall variation 

 In tropical and equatorial region highest rainfall 

due to convection is received during afternoon when 

temperature is highest. On Oceans, highest rainfall is 

received during night. 

 

 In temperate regions, rain is more in morning than 

in the rest of the day.  
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Principles of Rainmaking  

 Clouds are classified into warm and cold 

clouds based on cloud top temperature.  

 If the cloud temperature is positive, these 

clouds are called warm clouds and if it is 

negative they are called as cold clouds. 

 Hygroscopic materials are necessary as 

nucleus for warm clouds. 
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(A) Seeding of Cold Clouds 

 1. Dry ice seeding 

 2. Silver iodide seeding 

(B) Seeding of Warm Clouds 

1. Water drop technique 

2. Common salt technique 

Cloud seeding can be achieved by two ways 

Cloud Seeding 
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 A process of injecting condensation nuclei such as 

silver iodide (AgI), solid CO2 (dry ice) or aluminum 

nitrate in cold cloud and Salt (Nacl) in warm cloud to 

facilitate precipitation. The rain may start within a 

minute. 

 For artificial rain, we have to create vapour diffusion 

process in clouds. Usually, we spread water absorbing 

material like silver iodide, potasium iodide, dry ice, 

salt etc. in clouds with the help of air planes or 

helicopters. These particles serve as condensation 

nuclei to develop water droplets. 

Cont… 
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Cloud burst 

 A sudden situation in which a very heavy downpour of rain 

occurs in a short period of time to a small geographical area. 

The fall rate of rainfall from a cloudburst is usually equal to 

or greater than 100 mm (4.94 inches) per hour.  It occurs 

mostly in the desert and mountainous regions. 

 

 Cloud burst may also cause sudden precipitation. When a 

rapidly rising air mass is suddenly released due to cessation 

of updraft, heavy rain is caused. This heavy rain is called a 

cloud burst. Tremendous amount of energy is involved in a 

shower of rainfall. One cm rainfall per ha weighs 1,00,000 kg 

and is equivalent to 59 × 109 calories of energy. 
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For successful artificial rains, the following conditions are necessary 

1. Presence of cloud particles in large amount in super 

cooled condition. 

2. Large spread of cloud. 

3. Upward movement of clouds with wide spread. 

4. Unstable conditions on earth’s surface to accelerate 

the process of cloud formation. 
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Acid Rain 

Acid rain, or acid deposition, is a broad term that includes any 

form of precipitation with acidic components, such as sulfuric or 

nitric acid that fall to the ground from the atmosphere in wet or dry 

forms. This can include rain, snow, hail or even dust that is acidic. 
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Measurement of rainfall 

 Rain is measured with an instrument called as rain 

gauge.  

 The principle of rainfall measurement is to measure 

the depth of the layer of the water that has fallen. Five 

millimeter of rain means if that rainfall is collected on 

flat surface, the height of water would have been 5 mm. 

 If the volume of rain water received in a cropped field 

is to be determined, then area of the field should be 

multiplied by the amount of rainfall.  
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1. Ordinary rain gauge 

 It consists of a funnel, provided with a rim, which is 

circular and exactly 127 mm in diameter. The rim of the 

rain gauge is 30 cm above the ground level and 25.4 cm 

above the cemented plat form.  

 The rain water collected in receiver is measured with 

the help of a standard measuring cylinder provided with 

the instrument.  

 The capacity of the receiver is 4 liters. A measuring 

cylinder calibrated in mm is used to measure the rainfall. 

The measurement is taken daily at 8.30 hrs IST. The 

rainfall of last 24 hrs is recorded in the column of 

observation day. 
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Fig. 1: Ordinary rain gauge with measuring cylinder 
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2. Self recording rain gauge 

This is a natural siphon type rain gauge used for 

measuring the amount, duration and rate of rainfall 

continuously. The instrument consists of three main parts.  

1. Funnel 

2. Recording mechanism  

3. Receiver.  

The receiver consists of float and siphoning chamber. Rain 

water enters the receiver through 8 inch diameter funnel. A 

pen is mounted on the stem of the float. As the level of 

water rises in the receiver, the float rises and the pen records 

continuously the amount of water in the receivers on a chart 

placed on a rotating drum with clockwork arrangement.  



54 Fig. 2: Self recording rain gauge 
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 Any extreme risky weather either too excessive or  too 

deficit being unfavorable for the normal crop growth, 

animal husbandry, social and industrial activity etc. or 

causing damage to them can be defined as a meteorological 

or weather hazard. 

 

 The spatial (area affected), temporal (range of time) & 

intensity of phenomenon are important parameters of a 

weather abnormalities or hazard in deciding damages 

caused. 
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Extreme Weather Events/Hazards (India) 
Year Events 

1999 Odisha Super cyclone 

2004 Floods in Bihar, Tripura, Assam, Gujarat and J&K 

2005 Gujarat floods 

2005 Floods in Maharashtra, Goa, Gujarat, MP, Odisha, Karnataka, HP and J & K 

2006 Floods in AP, Gujarat, Maharashtra, Chhattisgarh, Rajasthan, MP, Odisha & 

Karnataka 

2009 Floods in Karnataka, AP & Maharashtra 

2010 Floods in Uttarakhand, Bihar and UP 

2013 Floods in HP, UP, Bihar, Karnataka, Kerala, Gujarat and Bengal 

2013 Cloud burst in Uttarakhand 

2014 Floods in J & K 
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Year Events 

2014 Cyclone “Hudhud” 

2015 Floods in TN, AP, and Puducherry 

2015 Drought in TN, Rajasthan, Jharkhand, Assam , AP, HP, Nagaland, MH, Bihar, MP, 

Chattisgarh, Telangana, Jharkhand and Odisha 

2016 Cyclone ‘Vardah’ 

2017 Floods in Bihar, UP and WB 

2018 & 2019 Excess rainfall in Kerla 

2019 Cyclone FANI in Odisha 

2020 Very heavy rainfall in Hyderabad 

2020 Cyclone Amphan in west Bengal 

2020 Severe tropical cyclonic Storm Nisarga in Maharashtra  

2020 Cyclones forming in the Bay of Bengal and the Arabian sea are named from a list prepared 

by 13 countries. A few days after cyclone “Burevi” and “Nivar” hit Indian coastal regions, 

the southern state of Tamil Nadu could be hit by a new cyclone named 'Arnab' 
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Observed trend in  Tropical Cyclonic frequency of 

occurrence (1980-2018) 

Source: Murakami et al. (2020) 
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Synoptic features of Uttarakhand heavy rainfall event 

IMD, 2013 
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Climatic risks in agriculture 

1. Short term 

Drought, flood, hailstorm/unseasonal rain, cyclone, cold 

wave/frost, heat wave etc. 

2. Long term  

Climate forcing can be classified into two types: 

    i. Natural climate forcing: Due to changes of solar  

       radiation  & volcanic eruptions 

    ii. Anthropogenic forcing: Due to human activities that     

        alter the properties of the Earth system. 
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The weather abnormalities which can affect crops adversely in India are 

1. Excessive rains or floods 

2. Scanty rains or drought 

3. Heat and cold waves 

4. Frost 

5. Thunderstorms, lightning and hailstorms  

6. High winds  

7. Dust storms  

8. Excessive or defective insolation 

9. Forest Fire outbreaks 

10. Cyclones and anticyclones  

11. Tornado 
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1. Excessive rains or floods 

 Floods occur whenever the intensity of rainfall exceeds the 

rate of disposal of runoff in the catchments or when the river in 

downstream cannot accommodate the large volumes of inflow 

result in breaching of river banks and inundation of low lying 

areas along the course of stream flow.  

 

 Years in which actual rainfall is above the normal by twice the 

mean deviation or more is defined as years of floods or excessive 

rainfall. Like drought, the definition of floods also varies from 

one situation to another and from one region to other.  
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Floods occur whenever the intensities of rainfall 

exceeds the rate of disposal of runoff in the catchments 

or when the river in downstream can not accommodate 

the large volume of water. 

 

 Damage to crops due to floods depends on the stage 

of crop growth, type of crop and extent & duration of 

flood water. 
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There are three types of floods  

1. First type of flood is caused due to intense rainfall 

in a small area within a short time. 

 

2. Second type of flood occurs, when snow begins to 

melt rapidly due to rise of temperature. 

 

3. Third type can be called autumn or winter flood, 

which is caused by rainfall lasting for many days. 

 



12 

i. Massive afforestation of the upper catchment areas of rivers 

ii. Construction of river embankments 

iii. Farmers can lessen the effects by making the necessary drainage 

channels in their fields  

iv. Construction of protective canals, flood control structures, dams 

and other structures 

v. Watershed development programme for soil and water 

conservation 

vi. Growing tall trees/plants along with coastal belts  

vii. Selection of suitable crops and verities. 

viii.Development of efficient early flood warning system. 

Floods and their effects on crops can be mitigated through 
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 Drought is phenomenon associated with scarcity of water 

due to less or scanty rain. 

 Drought may be defined as a complex phenomenon 

which results from the prolonged absence of precipitation, in 

conjunction with high rates of evapotranspiration. 

 Drought can result not only from deficiency of 

precipitation, but also from excessive evapotranspiration. 

2. Scanty rains or drought 
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Conditions favourable for drought 

 High air temperature 

 High wind speed 

 Low relative humidity 

 Deficit rain 



Classification of drought 

Drought can be broadly classified into 3 categories: 

Meteorological drought 

 A situation in which the actual rainfall is significantly lower than 

the climatologically expected rainfall over a wide area. 

 According to IMD meteorological drought over an area is defined 

as a situation when the seasonal rainfall received over the area is less 

than 75% of its long period average value (LPA). Further is 

categorizes as moderate drought if rainfall deficit is between 26 to 

50% and severe drought when the deficit exceeds 50% of the 

normal. 



Hydrological drought 

It is associated with marked depletion of surface water and 

consequent drying up of lakes, river, reservoirs etc. 

 Hydrological drought results if meteorological drought is 

significantly prolonged.  

Agricultural drought 

 A condition in which there is insufficient soil moisture 

available to a crop. 

 It occurs when available soil moisture is inadequate for healthy 

crop growth and cause extreme stress and wilting. 

 Agricultural drought is a great hazard to agriculture in 

temperate and tropical regions of the world. 
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There are five different types of Agricultural droughts 

It is found in arid areas where there is no enough 

precipitation to satisfy the water need of plants. In such area 

agriculture is impossible without irrigation throughout the 

crop season. Otherwise, short duration with less water 

requirement crops can only be grown. Even then, the 

success of crop is not assured as monsoon rains are erratic 

and highly undependable. Western Rajasthan and Gujarat 

are the examples of Permanent drought. 

i. Permanent Drought 
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Depending on the time of occurrence of drought and 

general conditions of the region, the following three 

categories of drought affecting dry land crop production 

in India have been distinguished: 

a) Early season drought 

b) Mid-season drought 

c) Terminal/late season drought 

ii. Seasonable Drought 
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(a) Early Season drought 

 Early season droughts occur in association with delay in 

commencement of sowing rains.  

 The early season drought is due to delay in commencement of 

sowing rains or timely sowing rains followed by a long dry spell 

leading to withering of seedling and poor establishment.  

 Community nurseries for cereal crops such as pearl millet, finger millet, 

setaria etc. and transplanting with commencement of rainy season 

 Opting for alternate crops/varieties depending on the time of sowing rains 

 It is better to go for resowing if the crop stand is poor. If the dry spell after 

sowing is brief, gap filling appears to be ideal. 

Management options to cope up with early season drought are 
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(b) Mid Season drought 

 It occurs in association with breaks in Southwest 

monsoon or long gaps between two successive rain events 

if the moisture stored in soil falls short of water 

requirement of the crop during the dry period.  

 At times, mid-season drought may be associated with 

low and inadequate rainfall in the crop season to meet 

crop water needs.  

 Drought conditions during vegetative crop growth 

phase might result in slow growth, low leaf area 

development and even reduced plant population.  
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 Ratooning/thinning plant population to reduce leaf 

area 

 In intercropping systems, most vulnerable component 

crop may be uprooted 

 Surface mulching with organic materials or soil mulch 

through repeated inter cultivations 

 Weed management from the start of the season to 

minimize competition for limited soil moisture 

 Water harvesting and protective irrigation 

Suggested management strategies to mitigate the adverse 

effects of mid-season drought are: 
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(c) Terminal/late season drought 

 Due to early cessation of rainy season, sometimes crops 

may encounter moisture stress during its reproductive phase 

which leads to forced maturity of the crop due to rise in 

temperature.  

 Early withdrawal of monsoon around reproductive stage 

of kharif crops leads to soil moisture stress leading to 

significant reduction in grain yield, especially on light soils.  

 Early withdrawal of monsoon also leads to problems in 

stand establishment of rabi crops and inadequate stored soil 

moisture for the crops at critical reproductive stage.  
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 As for as possible, rabi sowings should be completed before 

September 

 Short duration cultivars may escape terminal soil moisture stress 

 Organic mulches may aid in improving the performance of post-

rainy season crops 

Where ever possible, supplemental irrigation may be given. 

Suggested management strategies to mitigate the adverse effects 

of mid-season drought are 
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iii. Apparent drought: Normally in arid and semi-arid climates, 

less water required crops are chosen for chosen for cultivation. 

Under a given rainfall amount, they may come up well. In case of 

high water required crops, they fail to yield if chosen in place of 

low water required crops. It means that right choice of crop can 

survive the apparent drought. 

iv. Physiological drought: It occurs when plant functions fail 

physiologically due to water logging or water deficit. 

v. Soil drought: This occurs when soil moisture lags behind 

evapotranspiration at times of greatest need of water by plants, 

such as during the grand growth period. 
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 Drought is a condition where water need is in excess of 

available moisture. Prevention of drought damage to growing crops 

is a matter of either. 

i. Decreasing the water need of crops or  

ii. Increasing the water supply, or possibly a combination of two. 

 -Planting of crops that have low water demands helps reduce  

           the water need. 

 - Cultivation practices which improve the soil structure and  

           inhibit runoff are effective, but limited drought  

           prevention measures. 

Combating Drought  



Choice of crops and varieties 

Criteria of choice of crops for rainfed agriculture comprise 

 Tolerance of drought 

 Growing fast during initial growth 

 Genetic potential for high yield 

 Short or medium duration varieties to escape 

terminal drought 

 Adaptability to wide climatic variations 

 Responsive to fertilizers 
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 The SPI is an index used for measuring drought and is 

based only on precipitation.  

 This index is negative for drought and positive for wet 

conditions.  

 As the dry and wet conditions become more severe the 

index become more positive or negative.  

 Computation of SPI was done at a monthly time scale.  

STANDARDIZED PRECIPITATION INDEX (SPI) 

Drought measurement 
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A negative or a zero value of this anomaly would imply that as 

compared to the normal, the place had experienced less arid/drought 

conditions; a positive value would indicate that the place had 

experienced more arid/drought conditions than the normal.  

Anomaly of Aridity Index Agricultural Drought Intensity 

1-25 Mild 
26-50 Moderate 
> 50 Severe 

The positive values of the anomalies have been classified into 

three different classes as follows: 
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 Heat and cold waves can be classified as 

disasters since many deaths occur due to them, 

particularly among weaker sections of society who 

cannot afford to ensure protection against extreme 

heat or cold.  

3. Heat and cold Waves 
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Heat waves 
Heat waves are injurious to crops in summer. The departure of the 

maximum temperature to the order of 6 to 7 0C above normal is termed as 

moderate heat wave and that to 8 and above 8 0C is called severe heat 

wave. 

 May-June is the period when the heat wave occurs over northern and 

central India. 

 Heat wave develops over Rajasthan and Punjab due to their being in the 

interior. 

Cold waves 
 Cold waves and frost are common during winter in N-E frontiers of 

India. The departure of minimum temperature to the order of -50C to -60C 

below normal minimum temperature is termed cold wave and that to -

70C and below -70C is called severe cold wave. 
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 Frost is common during winter in N-E frontiers of India. There 

is considerable damage to grain and horticultural crops due to 

frost and freezing temperature.  

 Many tropical and subtropical plants are killed at round 00C. 

Information on frequency and intensity of frosts can indicate frost 

free growing season, which would help in selecting suitable crop 

species and varieties for areas subjected to frost.  

 Knowledge of critical temperatures for frost damage would be 

useful for planning to take frost protective measures. For better 

frost protection, the soil must be moist, compact and weed free.  

4. Frost 
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It is the most destructive weather phenomenon occurs 

mostly in the tropics. 

 

 The tropical storms develop in those areas of the Oceans, 

where temperature at the sea surface exceeds 26 0C. High 

temperature conditions lead to the formation of a low 

pressure area. 

 

5. Thunderstorms, lightning and hailstorms  

 



33 

Conditions favourable for the development of thunderstorms are 

1. Strong convection due to intense heating of the 

land surface 

2.  Passage of cold, dry air mass over the warm water 

surface 

3.  Radiational cooling at upper levels 
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 By introducing silver iodide in the cloud portion 

where the temperatures are between -100C to -150C. 

 

 By injecting chaffs into clouds: Chaffs are aluminum 

covered nylon strips of one mm length. They act as 

dipoles, conducts electricity and do not allow to grow 

high electrical potentials to cause spark. 

Suppression of lightening  
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Hail Storms 

 Hail storms are the worst weather hazards 

developed in the cumulonimbus clouds. Large hails 

are always associated with thunderstorms. Hails are 

generally confined to a small area of the storm. 

 Large hailstones cause a great damage to the life 

and agricultural crops. 

 Their intensity increases during the months of 

March and April. 
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 Wind has its most important effect on crop 

production indirectly through transport of moisture and 

heat in the air.  

 Wind transports moisture and heat of the atmosphere 

from one location to another and therefore, has some 

effect on crop production. 

 Wind dispersal of pollen and seeds is natural and 

necessary for native vegetation and may be helpful for 

certain crops.  

6. High winds 
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High wind constitutes a hazard to agriculture in different ways 

 Wind can mechanically damage crops if speed is too high 

 Hot wind will accelerates the rate of evapotranspiration 

 Wind may cause soil erosion 

 Wind may speed up the chilling of plants under conditions of 

low temperature 

 High wind speed may be detrimental when weed seeds 

spread over a large area 
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 When the conditions over the desert and semiarid areas are unstable and 

humidity is low, convective clouds do not build up to greater heights.  

 The downdrafts from these storms raise loose dust and cause dust storms. 

 The mechanism for the formation of dust storms is the same as that of 

thunderstorms. In Rajasthan thunderstorm is known as dust storm, since no 

moisture is present in the atmosphere. 

The vertical growth is arrested due to low humidity aloft. The downdrafts are 

initiated quickly by the fall of super-cooled drops from levels a little above 

freezing level.  

The updrafts carry dust aloft through a large part of the cloud. The falling 

water drops evaporate quickly due to the high temperature and low humidity in 

the low levels; hence hardly any precipitation reaches the ground.  

The dust storms of northern and western India are locally known as “andhis”.  

7. Dust Storms 
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 They are common over Delhi, Jammu, Haryana, 

Punjab, Rajasthan, Uttar Pradesh, Madhya Pradesh and 

Bihar. It is estimated that the quantity of the raised dust 

may be of the order of 50 to 500 kg/ha/day.  

 Dust storms generally occur during summer season 

when the atmospheric pressure decreases suddenly. 

 The wind speed can reach up to 100 km/hr and in some 

cases the speed may even exceed 100 km/hr. 

 The fundamental difference between dust storms and 

other storm is that; only dust storms are noticed in the 

absence of sufficient moisture in the atmosphere. 
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Insolation is a function of the inclination of the solar 

rays, the length of the day and transparency of the 

atmosphere. 

 During clear days in summer, soil temperature in the 

equatorial and tropical regions reach very high levels  

due to intense insolation. 

 Excessive insolation may retard crop growth and 

yield, while the same weather conditions become 

favourable for the incidence of crop pests and diseases. 

8. Excessive or Defective Insolation 
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 The main cause of forest fires are lightning, self-combustion and 

human activities. Out of these, lightning is the major cause of forest 

fires. However, there are instances when fires have occurred during 

dry summer due to self-combustion. 

 Fire inducing weather conditions are the lack of rainfall, high 

temperature, low humidity and high wind speed. The types of trees, 

their moisture content and the stage of foliage also contribute to forest 

fires.  

 The humidity and wind velocity within the forest, and air 

temperature immediately outside the canopy, are also contributing 

factors. Fire-weather forecasts can be given on the basis of climatic 

indices. 

9. Forest fire outbreaks 
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 The more serious cyclonic storms usually form in the Bay of 

Bengal and the Arabian Sea in the transition months (April to May 

and October to November). They cause heavy rainfall and widespread 

destruction of life and property, due to high winds and occasional 

tidal waves. Their effects are most severe in the coastal tracts. 

 Anticyclones are opposite to cyclonic characteristics and are 

composed of subsiding air. No condensation and cloud formation are 

seen in the areas of anticyclones. The anticyclone that forms in the 

upper atmosphere over western Rajasthan is one of the reasons for not 

getting enough rains in Rajasthan during the rainy season (June to 

September). 

10. Cyclones and Anticyclones 



43 

Hurricane Dorian (2019) destroyed Abaco Islands in The Bahamas 
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Tropical cyclone FANI (2019) 
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 Cyclone Fani is one of the rarest of rare summer cyclones to 

hit Odisha in 43 years. It is one of three to hit in last 150 years. 

 Traversing for nearly 10 days over the sea (Longest track 

3030 km) allowed Fani to gather such strength that it is now 

classified as an Extremely Severe Cyclone. Cyclone traverse 

generally 4-7 days. 

 Rapid intensification during 29th afternoon to 30th April 

evening over West central Bay of Bengal with increase in 

maximum sustained wind speed  from 45 knots (84km/h) at 

1430 IST of 29th to 95 knots (175 km/h) at 2030 IST of 30th 

April. 
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 Between 1965 and 2017, India was hit by 145 cyclonic storms 

that were classified as severe, very severe, extremely severe and 

super cyclonic storm. Of these, only seven (5 %) were in April and 

27 (18 %) in May. 

 In the past (1891-2017) only 14 severe tropical cyclones were 

formed in April over the Bay of Bengal and only one storm crossed 

the Indian mainland. 

 Cyclone Fani is the second storm forming in April  and crossing 

the mainland. The last time it happened was cyclone Nargis that 

devastated Mynmar in 2008. 
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Classification of Tropical disturbances in Indian Sea 

S. 

No. 

Low pressure 

system 

wind speed 

in circulation 

(knots) 

Pressure differences 

within a distance of 

250 km form centre 

No. of 

closed 

isobar 

1. Low pressure area <17 < 5mb 1 

2. Depression 17-27 5-13 mb 2-3 

3. Deep Depression 28-33 5-13 mb 3-4 

4. Cyclonic storm 34-47 13-18 mb ≥ 5-8 

5. Severe cyclonic 

storm 

48-63 ≥ 18 mb - 

6. Very severe cyclonic 

storm 

64-119 - - 

7. Super cyclonic storm ≥ 120 - - 



48 

10. Tornado 
 Tornadoes are most violent storms of the lower troposphere. Diameter of a 

tornado varies between a few feet to 3-4 km and its track can extend from less 

than a mile to several hundred miles.  

 A tornado can be distinguished by its twisting, funnel shaped cloud which 

extends downward from base of a cumulonimbus or a turbulent cloud layer. 

 Multiple funnels occasionally descend from the same cloud and what 

appears to be a single funnel may contain two or more vortices.  

 If tornado reaches the ground, it can cause incredible destruction along its 

path. Buildings seem to explode as a result of wind force and sudden decrease 

of outside pressure. 

 Tornadoes have been observed in many parts of the worlds but no area 

experiences more than central USA. 
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Water spouts 

 At sea, tornadoes are known as water spouts, having 

much the same characteristics except that they are usually 

smaller in diameter.  

 Water spout frequency is greatest where cold 

continental air pushes over warm water, as off the east 

coasts of china, Japan and US.  

 When in contact with the surface, a water spout picks 

up some spray, but its funnel is composed primarily of 

condensed water vapour in the low pressure vortex. 
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Weather modification 

 Weather modification is a process which aims to 

transform unfavourable extreme weather into favourable, 

tolerable and non-risky weather. 

 

 Modification involves small scale microclimatic 

alterations as well as large scale effects. Microscalic or 

mesoscalic modifications have direct effects on 

agriculture.  
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Modification of field Microclimate  

 Artificial control of the plant environment, to keep 

up the optimum conditions for plant growth & crop 

production:  

 The control or modifications to the physical 

environment practiced at present can be grouped into 

three categories. The first is controlling the heat load; 

the second, controlling the water balance; and the third 

is the control of atmospheric turbulence or wind 

velocity.  
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The control of heat balance is achieved in two ways; one 

through heat trapping and other by heat evading. 

1. Control of Heat load 

During summer or in the absence of rains, the heat load on 

some of the plants is above the tolerance limits in the tropical 

and sub-tropical climates. In such cases, it is desirable to evade 

thermal energy in order to achieve good results. Shading of 

plants is a common method of evading solar radiations.  

i. Heat Evasion  
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The opposite of heat evasion is the heat trapping which is extremely 

beneficial in low heat or temperate climate where the growing period 

is comparatively short.  

 

It is achieved by 

 Heat trapping can be achieved by taking into account the angle of 

solar radiation relative to plants.  

 Planting trees on slope and sunny slopes and erecting alternate 

rows of low stone-walls may be useful techniques in heat trapping. 

 The low stone-walls reflect the light back towards the lower 

portions and shaded sides of the trees.  

ii. Heat trapping 
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iv. Regulating the soil heat budget 

 The soil heat budget can be affected by burning crop residues 

from the previous harvest. The burnt matter decreases the 

albedo and contributes to soil warming.  

iii. Retarding the sensible & latent heat flux from the soil 

 Heat sensitive crops can be covered with plastic 

enclosures during the night. These enclosures retard the loss 

of heat from the surroundings of the crops.  

 Mulching & ploughing are effective methods to retard 

heat flux from soil & to save crops from excessive cooling.  



55 

 Frost is injurious to most of the plants. At the onset of 

frost, i.e. when temperature decreases below freezing, the 

aqueous solution which fills the intercellular spaces may 

turn solid.  

 Prevention of frost and protection of plants from 

damaging frost can be achieved through both, 

indirect/passive and direct/active methods as follows;  

v. Frost modification 
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(i) Choice of sites 

 If the climatic conditions prevailing in a particular location are not 

suitable to the crop to be grown, another frost free location should be 

chosen. 

(ii) Resistant varieties 

Depending on the prevailing climatic conditions, cultivars of any 

appropriate crop should be chosen. For frost-prone climates, cold-

resistant varieties are the obvious choice.  

(iii) Use of crop growth regulator’s and chemicals 

This is done mainly with the purpose of delaying or advancing the 

most frost susceptible growth stages of crops to avoid frost damage.  

(A) Indirect/passive Methods 
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(i) Mulching and ploughing 

(ii) Screens 

(iii) Heaters  

(iv) Wind machines and helicopters  

(v) Overhead Sprinkler irrigation 

(vi) Brushing 

(vii) Sanding 

(viii) Wind breaks  

(ix) Protein foam  

(B) Direct/active Methods  
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Improved moisture regimes in the soil can be achieved in 

two ways: 
(a) by increasing the amounts of water stored in the root zone; 

(b) by reducing losses due to evapotranspiration.  

 

(A) Water storage in the crop root zone 

1. Run-off control 

2. Increasing Infiltration 

3. Reducing evaporation from soil 

2. Controlling the water balance 
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(B) Water harvesting  
 Soil surfaces can be treated with chemicals to prevent the 

water from soaking into the soil. 

 Contour ditches constructed down slope of barren lands 

can used to collect and convey run-off to adjoining 

farmlands. 

 Thin low cost plastic and metallic films can be used as 

ground cover to collect rainfall. 

 The U.S. Department of Agriculture has developed a unit 

called rain trap. A rubber sheet spread over the gravel 

collects rain which is then stored in large rubber bags.    
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(C) Modification of transpiration  

Three types of chemicals are being tried to reduce transpiration 

from plant canopies and evaporation from water bodies. 
 

1. Hexadecanol usually used in open water bodies, which form 

monomolecular layers and reduce evaporation.  

2. Stomata closing materials include common herbicides like 

Atrazine. 

3. The third type of chemicals used to reduce evapotranspiration is 

called reflectants. It has been estimated that by doubling the 

albedo of the plants, transpiration can be reduced by 15 per cent. 

So far the best reflectant tried is kaolinite. 
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3. Control of atmospheric turbulence  

 Wind breaks are such structures which break the wind flow & 

thus reduce wind speed while shelter belts are rows of trees or 

shrubs planted for protection of crop against wind.  

They provide a protective shelter against wind & suitable habitat 

for birds, honey bees as well as produce cattle feed & fuel wood.  

 In the wind erosion areas, wind breaks & shelter belts are to be 

planted. They prevent soil erosion & protect the agricultural & 

residential lands from dust storms. 

Windbreaks and shelterbelts often are used for provide 

protection against high wind 
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Design of wind breaks & shelter belts 

(Source: www.fao.org) 
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Objective of wind  break 

Main objective of wind break & shelter belt is to protect 

agricultural crops from physical damage; other includes. 

1.  Preventing or reducing wind speed. 

2.  Reducing evaporation from soil. 

3.  Reducing transpiration from plants. 

4.  Moderate extreme temperature. 

5. In cold climates wind breaks save plants from freezing & 

mechanical damaged caused by cold winds. 

6.  It save loose soil from erosion. 


