
Principles of Agronomy & Agricultural Meteorology 

Lecture 18 

AGRO METEOROLOG3Y 

Meteorology 
Greek word "Meteoro" means 'above the earth's surface' (atmosphere) "logy means 

indicating science' Branch of science dealing with that of atmosphere is known as 

meteorology. Lower atmosphere extending up to 20km from earth's surface is where frequent 

physical process takes place. 

Meteorology is a combination of both physics and geography Meteorology is a 

combination of both physics and geography. This science utilizes the principles of Physics to 

study the behaviour of air. It is concerned with the analysis of individual weather elements for a 

shorter period over a smaller area. In other words, the physical state of the atmosphere at a 

given place and time is referred to as "weather". The study of weather is called 'meteorology'. It 

is often quoted as the "physics of atmosphere 
Weather: Physical state of the atmosphere at a given place and given time. Eg. Cloudy day 

Climate: Long term regime of atmospheric variables of a given place or area. Eg. Cold season 

Agricultural meteorology 

1. A branch of applied meteorology which investigates the physical conditions of the 

environment of growing plants or animal organisms 

2. An applied science which deals with the rèlationship between weather/climatic conditions and 

agricultural production. 

3. A science concerned with the application of meteorology to the measurement and analysis of 

the physical environment in agricultural systems. The word 'Agro meteorology' is the 

abbreviated form of agricultural meteorology. 

4. To study the interaction between meteorological and hydrological factors on the one hand 

and agriculture in the widest sense, including horticulture, animal husbandry and forestry on the 

other (WMO) 
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Meteorology Vs. Agricultural Meteorology 
Meteorology Agricultural meteorology 

Branch of atmospheric physics Branch of applied meteorology or a branch of 

agriculture as it deals with agriculture 

It is a weather science It is a product of agriculture and meteorology 

It is a physical science It is a biophysical science 

It aims at weather forecasting It aims at improving quantity and quality of crop 

production through meteorological skills 

Weather service is the concern Agro advisory service to the famers is the concern 

based on wveather forecast 

lt is a linking science to the society It is a linking science to the faming community 

IMPORTANCE TO CROP PRODUCTION 

1. Helps in planning cropping patterns/systems. 
2. Selection of sowing dates for optimum crop yields. 

3. Cost effective ploughing, harrowing, weeding etc. 

4. Reducing losses of applied chemicals and fertilizers. 

5. Judicious irrigation to crops. 

6. Efficient harvesting of all crops. 

7. Reducing or eliminating outbreak of pests and diseases. 

8. Efficient management of soils which are formed out of weather action. 

9. Managing weather abnormalities like cyclones, heavy rainfall, floods, drought etc. This can be 

achieved by 

(a) Protection: When rain is forecast avoid irrigation, But, when frost is forecast apply irrigation. 

(b) Avoidance: Avoid fertilizer and chemical sprays when rain is forecast 

(c) Mitigation: Use shelter belts against cold and heat waves. 

10. Effective environmental protection. 

11. Avoiding or minimizing losses due to forest fires. 
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FUTURE scOPE 

1. To study climatic resources of a given area for effective crop plannin9 
2. To evolve weather based effective farm operations. 
3. 1o study crop weather relationships in all important crops and forecast crop yields based on 

agro climatic and spectral indices using remote sensing. 

4. 1o study the relationship between weather factors and incidence of pests and diseases or 

various crops. 

5. To delineate climatic/agro ecological/agro climatic zones for defining agro climatic analogues 

so as to make effective and fast transfer of technology for improving crop yields. 

6. To prepare crop weather diagrams and crop weather calendars. 

7. To develop crop growth simulation models for assessing/obtaining potential yields in different 

agro climatic zones 

8. To monitor agricultural droughts on crop-wise for effective drought management. 

9. To develop weather based agro advisories to sustain crop production utilizing various types 

of weather forecast and seasonal climate forecast. 

10. To investigate microclimatic aspects of crop canopy in order to modify them for increased 

crop growth 

11. To study the influence of weather on soil environment on which the crop is grown 

12. To investigate the influence of weather in protected environment (eg. Glass houses) for 

improving their design aiming at increasing crop production



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. 

 

Climatic 

control 

Weather 

variables 
Varieties of weather 

and climate 

Acting 

upon 

Produce 



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.  

 

 



Solar Radiation



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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 A visible aggregation of minute drops of 

water or ice crystals suspended in the 

atmosphere in  an indefinite unit with its base 

above the ground. 

 

 The clouds formed when rising air cools to 

such an extent that it can no longer hold all the 

water within it as water vapour. 

Cloud 
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Cloud formation 

 Presence of convectional current in lower layer of 

troposphere causes formation of clouds. 

 

 The moist air rises adiabatically & experiences 

decrease in temperature and at one time it get 

saturated. If it further rises, the water vapour in the 

moist air gets condensed on dust particles. 

 

These condensed masses of particles form cloud due 

to buoyancy effect (upward force exerted by fluid) of 

air; this masses remains floating in upper layers of air.    
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Cloud observation 

1. Forms of cloud 

2. Amount of cloud 

3. Direction of cloud 

4. Height of cloud base 

5. Shape of cloud 

6. Colour of cloud 

7. Appearance of cloud 

Note:  
 Lines joining the places of equal cloud cover on a map 

is known as Isoneph. 

 Cloud cover is expressed by okta; means scale of 0 to 8 

(eighth of sky). The cloud cover 0 means clear sky and 8 

means over cast. 
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Cloud condition 

Description Proportion of cloud 

cover (%) 

Clear  sky 0-5 

Scattered/partly clear 5-55 

Broken/Cloudy 55-95 

Overcast 95-100 
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Types of clouds 

 First of all, Luke Howard of England did classification of 

clouds in the year 1803. 

 Clouds have been classified according to their height & 

appearance by World Meteorological Organization (WMO) in 

1965 into 10 cloud genera. 

 On the basis of height clouds are grouped into 4 families as: 

Family Types Height (km) 

A High clouds 7-12 

B Middle clouds 2-7 

C Low clouds Up to 2 

D Vertical cloud 0.5 to 16 
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International cloud classification and possible weather changes 

Types of 

clouds 
Name & abbreviation Composition 

Possible weather 

changes 

High clouds 

1. Cirrus (Ci) Ice crystals 
May indicate storm, 

showery weather 

2. Cirro-cumulus (Cc) Ice crystals Possible storm 

3. Cirro-stratus (Cs) 
Ice crystals Storm may be 

approaching 

Middle 

clouds 

4. Alto-Cumulus (Ac) Ice & water Steady rain or snow 

5. Alto-stratus (As) Ice & water Impending rain or snow 

Low clouds 

6. Strato-cumulus (Sc) Water Rain possible 

7. Stratus (St) Water May produce drizzle 

8. Nimbo-stratus (Ns) Water or ice crystal Continuous rain or snow 

Clouds with 

vertical 

development 

9. Cumulus (Cu) Water Fair weather 

10.Cumulo-nimbus (Cb) 
Ice (upper level) 

Water (lower level) 

Violent winds, heavy rain, 

thunderstorm, lightening 

(Source: S.R. Ghadekar, Meteorology, clouds, pp. 106-107) 
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Classification of clouds according to their height & form 

(Source: S.R. Ghadekar, Meteorology, clouds, p. 109) 



68 

Note:- Clouds are thermally divided by freezing point 

temperature into two types. Clouds with temperature 

above 0 0C are warm clouds while those with temperature 

below 0 0C are cold clouds.  

Cloud seeding or artificial rain making 

A process of injecting condensation nuclei such as 

silver iodide (AgI), solid CO2 or dry ice or 

aluminum nitrate in cold cloud & Salt (Nacl) in 

warm cloud to facilitate precipitation. The rain may 

start within a minute. 
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Halo 

Halo is a white luminous ring around sun or moon. Halo is 

seen in Cirrus clouds. 

Corona 

Corona is a luminous ring of various angular radii around sun 

or moon behind altostratus clouds  

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 
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Relevance of clouds & their importance in general 

and particular in agriculture 

1. Cloud affects radiation budget of the earth-atmosphere system 

2. Clouds are important tools for making short range weather 

forecast 

3.  Clouds are main source of water in hydrological cycle 

4.  Clouds are important in aviation as they have immediate 

affects on flights 

5.  Clouds are outcome of horizontal and vertical air transport, 

indicative of weather and therefore important tool in weather 

forecasting 

6.  Clouds produce various optical attractive phenomena like 

rainbow, halo etc. 

7.  Cloudiness affects quantity, quality, intensity and duration of 

solar radiation at a place & therefore affects photosynthesis & 

many other physiological process 

(Source: S.R. Ghadekar, Meteorology, clouds, p. 108) 
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Atmospheric Pressure 

Definition: It is defined as the weight exerted 

by column of the air per unit area, above the 

earth surface. 

 

 Normally, when air pressure increases, more 

molecules are present in a given volume, 

when air pressure decreases fewer molecules 

are present.  



Expression of atmospheric pressure 

i. The height of a column of mercury in cm or 

mm (eq. 76cm of Hg or 760mm Hg)  

ii.  Gram per cm2  

iii. The unit of force in dynes/cm2 or in 

millibars or in hecto pascals 

  SI unit of pressure is pascal (1 Pa= 1 Nm-2) 



1.Temperature 

2. Altitude 

3. Water vapour 

4.Revolution 

5.Gravitation of the earth 
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1. Variation of pressure with time 

i. Daily variation or diurnal variation 

ii.  Annual Variation 

2. Variation of pressure with space 

i. Variation of pressure with height (Vertical) 

ii.  Variation of pressure with distance (Horizontal) 
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i. Daily or diurnal variation of pressure 

6 

Pmax = Primary maximum at 6 AM 
Smax = Secondary maximum at 10 AM 
Pmin = Primary minimum at 14 hrs (2 PM) 
Smin = Secondary minimum at 22 hrs (10 PM) 



It can be obtained by plotting the mean 
values of monthly pressure against each 
month. In general, pressure is high in winter 
months and low in summer months. Nature 
of pressure variation depends on the 
continents and ocean. The pressure is low in 
the month of June in continents and it is 
high in oceans. 

7 

ii. Annual variation of pressure 
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i. Vertical variation of pressure 

9 

 Pressure in the atmosphere decreases exponentially or   

     logarithmically with height.  
 

 Pressure in the fluid is governed by the hydrostatic  

     equation of the atmosphere: 

 

dP/dh = -ρg  
 

  

50 % of the air is found in the first 5 km height in 

atmosphere. 

 



Variation with height in atmospheric pressure and 

air temperature 
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Altitude (m) Pressure (mb) Temperature (0C) 

Sea level 1013.25 15.0 

1,000 898.76 8.5 

2,000 795.01 2.0 

3,000 701.01 -4.5 

4,000 616.60 -11.0 

5,000 540.48 -17.5 

10,000 264.00 -49.9 

30,000 11.97 -46.6 

60,000 0.22 -26.1 

1,00,000 0.0003 -78.1 
Source: NOAA, 1976, Atmosphere, pp 53-68, U.S. Standard, Washington, D.C. 
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ii. Horizontal variation of pressure 

12 

 The horizontal distribution of pressure or the pressure 

field is represented by isobars and is critical to the nature of 

wind flow.  

Pressure gradient = dP/dx  



Wind 

 Air in horizontal motion is known as wind. 
Winds are important in making weather as they 
transport large mass of heat, moisture and 
momentum with air over long continental 
distances  and is responsible for change in weather. 

 
 Winds turning to right from their course are 
known as veer wind and if turning left from their 
course are known as back wind.   



Forces influencing wind 

1. Pressure gradient force (PGF)  
 
2. Coriolis force 
 
3. Frictional force 
 
4. Gravitational force  
 
5. Centrifugal/Cyclostrophic wind  

14 



1. Pressure gradient force (PGF) 

 PGF is the driving force for winds. The atmospheric 
pressure by itself is not a force, but differences in 
pressure produce a force. The rate of change of pressure 
with distance is known as pressure gradient. 

 
 PGF is directly proportional to wind speed. It acts in 
direction from higher towards lower pressure. Thus wind 
will blow from higher to lower pressure area.  

P+dP H+dH 

P H 



2. Coriolis/Geostrophic force  

It is a self generating force arising due to rotation of the earth 

F = 2ω SinƟ.V 

Mathematical formula of coriolis force 

Where, F = Coriolis force, 

              ω = Angular velocity of the earth 

              V = wind velocity 

              Ɵ = latitude 

  



Role of coriolis force 

1. CF affects direction of motion; as it acts only 

at the right angles to the direction of moving 

air. 

2. The action of this force is to cause the wind 

to be deflected to the right in the NH and to 

the left in SH. 

3. At a given latitude the magnitude of CF is 

directly proportional to the speed of the 

motion. 

4.  Coriolis force is maximum at the poles but 

decreases to zero at the equator. 



Fig. Coriolis force is maximum at the poles but 

decreases to zero at the equator. 



This is also self generating force, which operates as soon as air 
begins to move over the surface. 
    There are two kinds of frictional forces: 
a. Surface friction-Nature of surface 
b.  Viscous force- Viscosity of air; applicable for micro layer. 

3. Frictional Force 

4. Gravitational Force 
This force of gravity always acts downwards on a parcel of air. It 
plays an important role in vertical motion of air. 

5. Centrifugal Force 
This force arises & comes into play when the winds execute a 
curvilinear motion. Acceleration away from the centre of rotation is 
resulted. 



The principle cause for the production of wind is 
differential temperature (because it changes pressure) 
over the surface.  Temperature, pressure and wind are 
related with each other. 

High Pressure 

High Pressure 

Low Pressure 

Low Pressure 



Case-I 

If we consider PGF as the only force operating, the 

winds blow from high to low pressure perpendicular 

to isobar 

1030 mb 

1015mb 

1000 mb 

985 mb 

970 mb 

PGF 

High Pressure 

Low Pressure 



Case-II 

Since winds in the atmosphere flow in a rotating system, 

there is one additional force acting on the moving air is 

coriolis force (CF). 

1030 mb 

1015mb 

1000 mb 

985 mb 

970 mb 
PGF 

CF 

Under these circumstances, the wind will blow parallel to 
the isobar under the balance between the PGF and CF 

High Pressure 

Low Pressure 



• In the case of surface winds, there is an 
additional force i.e. force of friction, which is 
involved in governing the magnitude & 
direction of winds. 

Case-III 

High Pressure 

Low Pressure 

1030 mb 

1015mb 

1000 mb 

985 mb 

970 mb 
PGF 

CF FF 

 Under the influence of PGF, CF, and frictional force, the 

wind blow from high pressure to low pressure across the isobar 

and are deflected to the right in NH and to the left in SH. 



When the wind system is associated with a curved isobaric 

pattern, there is an additional force that comes into play and 

this force is the centrifugal force. In this case, the winds blow 

under the general influence of PGF, frictional force, coriolis 

force and centrifugal force and they blow from high pressure 

to low pressure across the isobars. 

Case-IV 



Depending upon the balance of the forces 

involved, special theoretical winds have been 

designed. 

1.Geostrophic wind 

2. Gradient wind 

3. Thermal wind 



Geostrophic Wind 
  When isobars are straight and parallel and considering motion 

in the free atmosphere away from the effects of surface friction, 

only the PGF and the coriolis forces act on the parcel of air. 

  The PGF initiates the motion and immediately the coriolis force 

deflect it. The two forces acting in diametrically opposite 

direction come into equilibrium and there is a balanced flow 

with two equal forces.  

P-2δP 

P-δP 

P 

P+δP 

PGF 

CF 

Geostrophic wind 

(Low pressure) 

(High pressure) 

∆x 

(Source: Henderson-Sellers et al. 1989, pp. 167)   



Gradient Wind 
 In the upper atmosphere, where the influence of 

surface friction is negligible or non-existent winds 

blow in a curved path under the balance of PGF, CF 

and centrifugal force called gradient wind.  

The direction of this wind is parallel to the isobar. 

P-2δP 

P-δP 

P 

P+δP 

PGF 

Coriolis force Centrifugal force 

(Low pressure) 

(High pressure) 



Thermal Wind 
  If the atmosphere is warm, the pressure changes 

slowly with height and if it is cold, the pressure 

changes rapidly with height. These thermal 

differences produce differences produce difference in 

wind velocity. The difference between the winds at 

the top and bottom of any layer is called thermal 

wind of the layer. 



Daily/diurnal variation in wind speed & direction 

• In diurnal variation, it is observed that the wind has 

maximum speed in the early afternoon & the 

minimum in the early morning before sunrise. 

•  It is also observed that the wind speed increases 

with increasing altitude & direction also changes. 

• Due to day time surface heating at lower level and 

its interaction with higher level wind, turbulence is 

produced. However, wind velocity is greatest 

between 1 P.M. to 2 P.M. At night, the wind resume 

normal direction & speed viz., local winds. 



• The winds are generated due to differential 

heating & cooling of continental land 

masses & oceanic water surfaces viz., 

gradient wind, monsoon wind etc. 

Seasonal variations in wind speed & directions 
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Wind movements in atmosphere 

Three categories of wind movements are:  

1. Primary/General circulation 

2.  Secondary circulation 

3.  Tertiary/local circulation 



 It is also called global circulation or general 

circulation or 3 cell circulation or tri cellular 

circulation. 

  For all the seasons there is an excess of net 

radiation over the tropics & 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 the earth as a whole is called 

general circulation. 



3 
Source: Henderson-sellers et al., 1989, pp. 175 

Three cell circulation of atmosphere 



1. Doldrums / Inter-tropical convergence 
zone (ITCZ) (between 50N to 50S from 
the equator) 

2. Trade wind belt / tropical easterlies (50 
to 300 N & S latitudes of equator) 

3. Westerlies (300 and 600 N & S latitudes 
in both the hemisphere) 

4. Polar easterlies (Polar high towards sub 
polar low ) 

4 

Wind pattern based on pressure belt 
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Mean Pressure and wind distribution 
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There are 7 alternating low and high pressure belts on 

the earths surface: 

1. Equatorial trough of low pressure (between 50 N and 50 

S) 

2. Subtropical high pressure belt (northern Hemisphere 250 

to 350 N) 

3. Subtropical high pressure belt (southern Hemisphere 250 

to 350 S) 

4. Sub polar low pressure belt (northern Hemisphere 600 to 

700 N) 

5. Sub polar low pressure belt (southern Hemisphere 600 to 

700 S) 

6. Polar high (north Pole region) 

7. Polar high (south Pole region) 
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Standard  atmospheric pressure system 



 It consists of cyclones, anticyclones, air 

masses and monsoons. 

  The term synoptic scale circulation is used for 

secondary scale circulation. 
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The atmospheric disturbances, which have a close circulation 

around a low pressure centre, with anticlockwise wind 

movement in the northern hemisphere and clockwise 

movement in southern hemisphere are called cyclones. 
      These are of three types: 
1. Extra tropical cyclones: These cyclones form away from 

tropical areas which are typical middle and high latitudes. 

These are also called frontal cyclones. 

2. Tropical cyclones: These occur in low latitudes over oceans 

and adjacent lands. They are quite different from extra-tropical 

cyclones. 

3. Tornadoes: A tornado is small but intense cyclonic vortex in 

which air rotates at tremendous speed. These are called water 

spouts when occur over sea and dust devils when occur over 

hot and arid regions. 



Anticyclones 

 They are secondary atmospheric circulation 

wherein a region of higher atmospheric pressure 

is located at the center & spiral air movement is 

outward from the central area in clockwise 

motion in the northern Hemisphere and 

anticlockwise in Southern Hemisphere. 

 The weather along the anticyclones is generally 

fair. 

 Anticyclones are of two types: Stationary and 

Travelling. 
10 



Difference between cyclone and anticyclone 
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Cyclone Anticyclone 

Low pressure in centre High pressure in centre 

Circulation is anticlockwise in 

NH 

Circulation is clockwise in 

NH 

Less area covered, more 

destructive 

More area covered, less 

destructive 

Inward spiraling of air  Outward spiraling of air 

Formation of cirrus clouds Cirrus clouds are absent 

Associated with more 

cloudiness & precipitation 

Less cloudiness 
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Northern Hemisphere 

Cyclone Anticyclone 

Anticlockwise Inspiral Clockwise Outspiral 



Air masses  

 An air mass is a thick & extensive portion of the 

atmosphere whose temperature & humidity 

characteristics are approximately homogeneous in a 

horizontal direction at different levels. 

 Air masses can be classified on the basis of air 

temperature & humidity near the surface of the 

earth. If the surface air temperature is less it is 

known as the cold air mass (Polar air mass) & is 

called the warm air mass (Tropical air mass) if its 

temperature is high.  



Combining temperature and humidity based on 

geographical origin, the principle air mass are classified 

into 4 types  

1. Continental polar air mass (cP) 

2. Maritime polar air mass (mP) 

3. Continental tropical air mass (cT) 

4. Maritime tropical air mass (mT) 

 Similarly the maritime & continental air masses are 

classified on the basis of humidity. The humidity is less in 

case of continental air mass while it is more in case of 

maritime air mass. 



Fronts 
An interface between two different air masses of 

different temperature and pressure are called 

fronts. 

Types of fronts 

1. Cold front: Colder air replaces warmer air 

2. Warm front: Warmer air replaces colder air 

3. Stationary front: If one air masses doesn't 

replaces another air mass. 

4. Occluded front: If a cold front overtakes 

warm front. It is last stage during development 

of cyclone.  



  It is also called local winds. 

 It includes all the local winds produced by 

local causes and these affect the weather and 

climate of a particular locality. 

  The atmospheric motions which extend the 

horizontal distances from 1 or 2 km to 100 km 

are called the tertiary circulation.  

 They are developed from local temperature 

differences and effect small areas.  



Examples of local winds 
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1. Land and sea breezes 

2. Mountain and valley breezes 



Land and sea breezes 
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 During the day time due to solar heating the land 

surface is more heated then water surface of the sea or 

water bodies. Therefore, a pressure gradient is created 

from sea (high pressure) to low pressure over land. 

 During night time, the pressure gradient is reversed 

from land to sea. It attains its maximum in the early 

morning and minimum after sunrise.  

 Sea breezes is stronger than land breezes, as the 

temperature differences during day time is more than 

during night time.  
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Sea breeze Land breeze 

Source: @2014 Encyclopedia Britannica , Inc. 



Valley (Anabatic) breezes &Mountain (Katabatic) 

 These local winds are also due to diurnal variation in 

temperature & pressure along mountain slope & valley. 

Insolation during day time heats up the mountain slopes & the 

overlying air leading to decrease in air density relative to the 

valley. A pressure gradient is thus established from valley to the 

mountain called valley breeze (up slope wind or anabatic wind). 

 At night, the air close to the slopes cools down & becomes 

heavier & that over valley becomes warmer & lighter leading to 

reversal of wind direction. As such the pressure gradient during 

the night will be from the mountain to the valley. This breeze is 

called mountain breeze (down slope or Katabatic wind).  

 Valley breezes are common in summer & mountain breezes in 

winter. Valley breeze is more intense & stronger than mountain 

breeze. 
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Mountain breeze Valley breeze 

Source: https://steemit.com/science/@daily-science/definiton-and-types-of-wind 



Atmospheric Humidity 

Water vapour present in the atmosphere is known as 

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.   



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. Chemical hygrometer 

2. Wet & dry  bulb hygrometer 

3. Regnaults  hygrometer 

4. Daniells  hygrometer 

5. Hair  hygrometer 

6. Hygrograph 

7. Assamann’s Psychrometer 

8. Sling Psychrometer 

9. Teles Psychrometer 

10. Infra-red  hygrometer 

11. Electrical  hygrometer 



Physical changes of water 

Gas 

Liquid Solid 

680 cal/g 600 cal/g 

80 cal/g 

Melting 

Freezing 

Heat consumed 

Heat released 



Evaporation: By the process of evaporation, water in its 

liquid form is converted into gaseous form or water vapour. 

Condensation: The process in which water vapour is 

converted into its liquid form. 

Deposition:  When the process of condensation  occurs at 

temperature below freezing point, the water  vapour in the 

atmosphere is directly converted into ice crystals (Solid form) 

without intervening the liquid stage. 

Water occurs in all the three states of matter; 

solid, liquid and gas. In the frozen or solid state it 

is ice, in the liquid state it is water and in the 

gaseous state it is water vapour. 
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Different terms of humidity 

The actual moisture content of atmosphere or humidity is 

expressed in different forms such as absolute humidity, specific 

humidity, mixing ratio, relative humidity, vapour pressure and dew 

point temperature. 

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)  = 
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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)  = 

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).  

 Mass of water vapour (MW) 

         Mass of dry air (Md) 
Mixing Ratio (MR)  = 
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Relationship between specific humidity and mixing ration  

 Mw 

 Ma 
SH  = 

Where, Ma = Mw + Md 

     Mw 

 Md+Mw 
SH  = 

Dividing both the numerator and the denominator by Md, we ge 

SH  = 

 Mw 

 Md 

 Md 

 Md 

 Mw 

 Md 
+ 

SH  = 
MR 

 1 + MR 

Therefore,  

SH  = 

 Mw 

 Md 

 1 + 

Mw 

Md 
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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. 

Note: If relative humidity is zero, the atmosphere is absolutely 

dry, if 100 it is completely saturated. Relative humidity varies 

inversely with air temperature. 

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 
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Diurnal variation of Relative Humidity 
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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. 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. 

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. 
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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.  

 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. 

 

 Mathematically vapour pressure deficit is calculated as: 

VPD = SVP – AVP 
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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. 

 The dew point temperature could be worked out using 

hygrometric tables, based on dry  & wet bulb thermometer 

reading at a given location. 



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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 Water vapour (Molar mass of water vapour is 

18g/mol) is much lighter than air (Molar mass of 

air is 29g/mol), the combination of higher 

temperature & the ocean source tends to restrict 

it to the lower atmosphere. 

 

 The decrease of water vapour with height is 

important in many meteorological applications. 

Cont… 
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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: 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) 



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, mist, frosts, snow 

2.  Condensation in the atmosphere: Cloud, rain, drizzle, hail 



49 

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. 

Conditions favourable for dew formation are: 

1. Clear night 

2. Moist air at sunset 

3. Low or calm wind 

4. Presence of non conducting layer on the ground 
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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 visisbility 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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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. 

Rain 

The precipitation composed of liquid water drops 

larger than 0.5mm in diameter. The droplets are formed 

by rapid condensation. 
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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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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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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 supercooled water droplets 

freeze almost instantly on contact with a surface 

having temperature below freezing point 

 White ice is formed on windward side 

 

Drizzle 

 It is the form of precipitation in which drops are of 

diameter 0.5μm and very close to each other. 

 Drizzle falls from low-lying nimbostratus clouds. 
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Snow 

 A form of precipitation formed by sublimation of water 

vapour below freezing point temperature 

 It is precipitation of white and opaque grains of ice in the 

form of branched hexagonal crystals  

It is loose aggregate of branched ice crystal 

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 
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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. 

 Precipitation 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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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 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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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 (Mixture of rain & snow) 

(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. 
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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.  

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. 
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Types of rain 

There are mainly three types or rain 

1. Convectional rains 

 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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2. Orographic/relief rains 
 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. 

 Thus heavy rains are possible on the windward side 

of the mountain. After crossing the mountain, the dry 

cold air descends downward and doesn’t give 

precipitation in the leeward side of the mountain. This is 

known as rain shadow region.  
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Fig. 2: Orographic precipitation 
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3. Cyclonic/Frontal/Convergent rains 
Frontal precipitation is produced when two opposing air currents 

with different temperatures & humidity meet, vertical lifting 

takes place. This convection gives rise to condensation and 

precipitation. The rain received from the cyclones are called 

as cyclonic rains. 

Fig.3: Cyclonic or frontal precipitation 



 The word monsoon is derived from the Arabic 

word “Mausim” means “Season”. It represents 

secondary circulation of atmosphere.  

 The word monsoon can be applied to any wind 

system in which there is seasonal reversal of 

prevailing wind direction between seasons (summer 

& winter). 

 Indian subcontinents comes under the influence 

of SW monsoon (summer monsoon) during June to 

September & NE monsoon during October to 

December (Winter monsoon).  



Mechanism or formation of monsoon 

 Monsoon occurs in areas having large bodies of water 

(Ocean) are capable of absorbing and retaining radiant 

energy from the sun for the long time on the other hand 

land masses having lack in absorbing surfaces; as a 

result they loose heat much quicker.  

 During summer (March to June), land masses 

around tropics; particularly Asia heats up faster and the 

low pressure belts developed. On the other hand the 

pressure over the surrounding ocean remains high. This 

low & high variation of pressure & temperature 

established a thermal pressure gradient over sea to land. 

This is the summer monsoon (Kharif season).   



The opposite phenomena occurs in winter, the vast 

land masses cools rapidly & maintains a high 

pressure belt. The pressure over the vast ocean 

remains low due to high temperature. The pressure 

gradient direction reverses being land to sea. This 

is the winter monsoon (NE monsoon or Rabi 

season). It causes winter precipitation. 

Cont… 



 With the advancement of summer northing of the 

sun by the end of May, the regions of highest air 

temperature & lowest atmospheric pressure lies in 

NW India. This low pressure system takes over 

control of air currents over Asia. So that, SE trade 

winds from the south of equator are diverted into 

Arabian sea & Bay of Bengal and appears suddenly 

over west coast of India & Burma respectively as 

SW monsoon. 

 

SW Monsoon 



Cont… 

 The Arabian sea branch of SW monsoon 

while crossing the Western Ghat gives copies 

precipitation over that region & continues to 

flow eastward across the Deccan & central 

parts of the country meeting the Bay branch of 

the monsoon along the trough of low pressure 

which extends from Orissa to NW India. It 

appears in west coast by May & spreads 

precipitation in large parts of Andhra Pradesh 

& Tamil Nadu. West coast of Kerala set heavy 

precipitation.   

 



NE Monsoon 

 By the end of September, central Asia becomes 

the cold center of high pressure and draws the 

air from doldrums, which are the center of low 

pressure. The wind blowing from central Asia 

passes over Tibet, India and Indian ocean to the 

southern hemisphere as NE monsoon. 

 The NE monsoon is associated with rainy 

weather over southern parts of Peninsular India, 

particularly over southern Rayalaseema and 

Tamil Nadu from November to January.  



Movement of Indian monsoon 

SW monsoon (June-September) 

The monsoon wind advances across the country  into two branches: 

a) The Arabian sea branch (crossing Western Ghat) 

b) The Bay of Bengal Branch 

The Arabian sea branch sets in extreme southern parts of 

Kerala normally on 1st June and later Assam. 

The Bay of Bengal branch first covers NE region of 

country and turns west wards to advance into Bihar & UP. 

The Arabian sea branch moves northward over 

Karnataka, Maharashtra & Gujarat. Both branch reach 

Delhi around same time by about 4th week of June. 





 The onset of post monsoon normally 

over south Peninsula (South coastal AP, 

Rayalaseema, interior south Karnataka & 

southern districts of Kerala) is on 15th 

October & withdrawal by 1st December. 

NE monsoon/Post monsoon (October-December) 



Mean seasonal rainfall over India 

Season Annual rainfall (%) 

SW monsoon (June-September) 70-80 

NE monsoon (October-December) 10-15 

Winter (January-February) 4-5 

Summer (March-May) 10 



Daily/diurnal variation in wind speed & direction 

• In diurnal variation, it is observed that the wind has 

maximum speed in the early afternoon & the 

minimum in the early morning before sunrise. 

•  It is also observed that the wind speed increases 

with increasing altitude & direction also changes. 

• Due to day time surface heating at lower level and 

its interaction with higher level wind, turbulence is 

produced. However, wind velocity is greatest 

between 1 P.M. to 2 P.M. At night, the wind resume 

normal direction & speed viz., local winds. 



• The winds are generated due to differential 

heating & cooling of continental land 

masses & oceanic water surfaces viz., 

gradient wind, monsoon wind etc. 

Seasonal variations in wind speed & directions 



The principle cause for the production of wind is 
differential temperature (because it changes pressure) 
over the surface.  Temperature, pressure and wind are 
related with each other. 

High Pressure 

High Pressure 

Low Pressure 

Low Pressure 



Case-I 

If we consider PGF as the only force operating, the 

winds blow from high to low pressure perpendicular 

to isobar 

1030 mb 

1015mb 

1000 mb 

985 mb 

970 mb 
PGF 

High Pressure 

Low Pressure 



Case-II 

Since winds in the atmosphere flow in a rotating system, 

there is one additional force acting on the moving air is 

coriolis force (CF). 

1030 mb 

1015mb 

1000 mb 

985 mb 

970 mb 
PGF 

CF 

Under these circumstances, the wind will blow parallel to 
the isobar under the balance between the PGF and CF 

High Pressure 

Low Pressure 



• In the case of surface winds, there is an 
additional force i.e. force of friction, which is 
involved in governing the magnitude & 
direction of winds. 

Case-III 

High Pressure 

Low Pressure 

1030 mb 

1015mb 

1000 mb 

985 mb 

970 mb 
PGF 

CF FF 

 Under the influence of PGF, CF, and frictional force, the 

wind blow from high pressure to low pressure across the isobar 

and are deflected to the right in NH and to the left in SH. 



When the wind system is associated with a curved isobaric 

pattern, there is an additional force that comes into play 

and this force is centrifugal force. In this case, the winds 

blow under the general influence of PGF, frictional force 

and centrifugal force and they blow from high pressure to 

low pressure across the isobars. 

Case-IV 



Depending upon the balance of the forces 

involved, special theoretical winds have been 

designed. 

1.Geostrophic wind 

2. Gradient wind 

3. Thermal wind 



Geostrophic Wind 
  When isobars are straight and parallel and considering motion 

in the free atmosphere away from the effects of surface friction, 

only the PGF and the coriolis forces act on the parcel of air. 

  The PGF initiates the motion and immediately the coriolis force 

deflect it. The two forces acting in diametrically opposite 

direction come into equilibrium and there is a balanced flow 

with two equal forces.  

P-2δP 

P-δP 

P 

P+δP 

PGF 

CF 

Geostrophic wind 

(Low pressure) 

(High pressure) 

∆x 

(Source: Henderson-Sellers et al. 1989, pp. 167)   



Gradient Wind 
 In the upper atmosphere, where the influence of 

surface friction is negligible or non-existent winds 

blow in a curved path under the balance of PGF, CF 

and centrifugal force called gradient wind.  

The direction of this wind is parallel to the isobar. 

P-2δP 

P-δP 

P 

P+δP 

PGF 

CF Frictional force 

Surface wind 

(Low pressure) 

(High pressure) 

(Source: Henderson-Sellers et al. 1989, pp. 170)   



Thermal Wind 
  If the atmosphere is warm, the pressure changes slowly with 

height and if it is cold, the pressure changes rapidly with 

height. These thermal differences produce differences produce 

difference in wind velocity at two levels. The vector difference 

between the winds at the top and bottom of any layer is called 

as the thermal wind of that layer. 

Ascending air Descending air 

Low pressure Convergence High pressure divergence 

Fig.: Convergence and divergence of . 
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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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The weather abnormalities which can affect 

crops adversely in India are 

 Droughts and floods 

 Heat and cold waves 

 Excessive or deficit insolation 

 Storms such as thunderstorms, hailstorms, dust  

     storms, lightining 

 Cyclone and anticyclone 

 High winds 

 Forest fire 

 Ice and snow storms 

 Sea level rise 
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Drought 

 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. 

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. 
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Floods 

 The years in which actual rainfall is above the 

normal by twice the mean deviation or more is defined 

as years of floods or years of excessive rainfall. 

 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 volumes. 

 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. 
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Floods and their effects on crops can be 

mitigated through 

1. Early flood warning 

2. Growing of tall trees or plants along with coastal 

belts 

3. Construction of canals, flood control structure, 

protective dams and other structures 

4. Selection of suitable crops & varieties 

5. Watershed development programme for soil & 

water conservation 
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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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Excessive Insolation 

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. 
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Tropical Storms/Thunder Storms 

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. 

Conditions favourable for the development of thunder 

storms 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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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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Dust Storms 

 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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Cyclones and Anticyclones 

 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). 
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High winds 

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 

Crop damage by winds may be minimized or prevented 

by the use of wind breaks or shelterbelts 
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Forest Fire Outbreaks 

The main cause of forest fires are lightening, self-

combustion and human activity. 

 Out of these, lightening 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 lack of rainfall, 

high temperature, low humidity and high wind speed.  
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 Climate influences the distribution of crops over 

different regions of the world, while weather 

influences crop production and productivity. 

 

 The tropical region get abundant solar radiation due 

to which vegetation is high; while vegetation is low  

in the temperate regions. Similarly, natural vegetation 

is at its poor growth in the arid climates and better in 

humid tropics.   
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1. Solar radiation 

2. Air temperature 

3. Soil temperature 

4. Atmospheric pressure & wind  

5. Relative Humidity  

6. Rainfall 

7. Evaporation and transpiration  

8. Cloudiness 

9. Dew point temperature  

10.Leaf Wetness Duration  

Weather parameters important for crop growth and 

developments are: 
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Solar radiation is the primary source of energy which 

supports the growth and developments of crops. 

 

Three important characteristics of solar radiation are: 

(A) Quality of light 

(B) Intensity of light 

(C) Duration of light 

Solar radiation  
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 The shorter than visible wavelength in the solar 

spectrum is chemically very active and therefore 

harmful to the plants, when exposed to excessive 

amounts. Since, the ultra violet radiation of this segment 

reaching the earth surface is very low and is therefore, 

normally tolerated by plants. 

 The infra red radiation has thermal effects on plants 

by supplying necessary energy for excessive 

transpiration from the plants.  

 The visible solar radiation (also called PAR) lying 

between UV radiation and IR radiation is referred as 

light which is essential for photosynthesis of plants.  

(A) Quality of light 
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 Essential for photosynthesis 

 Controls leaf growth 

 It influences yield attributes and yield 

(B) Intensity of light 

(C) Duration of light 

 The length of the day or the duration of the light 

period influences time of flowering. 

 Plants have been classified as short day, long day and 

day neutral on the basis of response of light.  
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 Air temperature is one of the most important weather 

parameter which affects plant life. 

 In general active growth of crops is to a temperature 

between 5 and 40 0C. 

 The growth of higher plants is restricted to a temperature 

between 0 to 60 0C. Beyond these limits, plants are 

damaged severely and even get killed.  

 The maximum production of dry matter occurs when the 

temperature ranges from 20 and 30 0C.  

Air temperature  
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 High night temperature favours growth of shoots 

and leaves and also it affects plant metabolism. Most 

of the plants are injured when the night temperature is 

low. Tender leaves and flowers are very sensitive to 

low temperature and frost.  

 Every plant has its own maximum, optimum and 

minimum temperature limits for its normal growth and 

reproduction. The vital physiological activities of a 

plant stop below a minimum level, similarly at a 

maximum level. On the other hand at the optimum 

levels of temperature, maximum plant responses are 

observed. 

 The development of plant is dependent on heat units 

(also called GDD or growth unit or effective heat 

unit), which is in fact expression of temperature. 

Cont.. 
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 In many instances soil temperature is of greater 

importance to plant life than air temperature.  

It influences the germination of seeds and root activities. 

It influences the soil borne diseases like seedling blight, 

root rot, etc. and decomposition of organic matter.  

 Greater the soil temperature higher will be the 

decomposition of organic matter.  

 It controls the nutrient and microbial availability. 

 In the tropics high temperature of soil causes 

degeneration of potato tubers. It affects nodulation in 

legumes. 

 It influences the rate of absorption of water and 

nutrients. 

Soil temperature 
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 Air pressure does not directly affect the growth and 

development of plants but it is responsible for wind 

movement.  

 Wind movement is necessary for evapotranspiration and 

CO2 supply in plant leaves.  

 Wind also affect the plant by mixing the atmosphere and 

are also responsible for precipitation. 

 Moderate wind affect pollination, calm and moderate 

wind responsible for dew formation. 

 In coastal areas wind carrying salt sprays can have 

harmful effect. 

Atmospheric pressure and wind 
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 Relative Humidity (RH) is associated with moisture 

content of air.  

 The RH influences water requirements of crops through 

its effects on evapotranspiration (ET).  

 As the atmospheric humidity increases the ET 

decreases. This phenomenon increases the heat load of the 

leaves, because not much of heat energy is used under 

reduced transpiration. As such, the leaves suffer from 

excessive heat and closure of stomata, the entry of CO2 is 

reduced and therefore, reduced photosynthesis.  

Relative Humidity 
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 Reduction in transpiration reduces the translocation 

of food materials and also uptake of nutrients.  

 A moderately high 60-80% R.H. is conducive for 

growth and development of plants. A very high R.H. is 

beneficial to maize, sorghum, sugarcane, etc. while it is 

harmful to crops like sunflower and tobacco.  

 The relative humidity influences the water 

requirement of crops through its effect on ET. For 

almost all the crops it is always safe to have a moderate 

R.H. of above 40%. 
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 Crops depend on rainfall for their moisture need.  

 There are rivers, tanks and wells which supply irrigation 

water as a supplementary to rainfall. These sources also 

dependent on the water supply from rains.  

 Deficient rains limits crops growth and heavy rains are 

even more harmful for crops. They induce soil erosion and 

leaching of nutrients.  

 Occurrence of drought and famines are mainly due to 

inadequate rainfall over a continuous period of time. 

 Rainfall is also responsible for lowering temperature. 

Rainfall 
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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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Cloudiness  

 Cloudiness is the amount and duration of cloud present 

in the atmosphere.  

 Cloudiness does not directly affect growth and 

development of plant. But it affects the air temperature 

due to reflectance of long wave or terrestrial radiation. 

 It also increases the humidity in atmosphere which is 

responsible for increasing pest and disease attacks.  



113 

 

Dew point temperature 

 Dew point temperature is important for forecasting of 

frost occurrence.  

 On the basis of frost forecasting, different measures 

can be adopted for minimizing crop losses. 

 The observation of Leaf Wetness Duration (LWD) are 

taken because it is responsible for disease infestation.  

 The longer LWD increase the possibility of plant being 

infected by disease as it provide congenial atmosphere for 

spore germination  

Leaf  Wetness Duration 
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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 

 Solar energy 

 Wind blowing over the surface 

 Underlying surface itself 

 Wind speed 

 Soil and air temperature 

 Humidity 

 Surface soil moisture content 

 Vegetative cover 

Rate of evaporation depends upon 



116 

 

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 



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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Evapotraspiration are of two types 

1. Actual Evapotranspiration (AET) 

2. Potential Evapotranspiration (PET) 

Actual Evapotranspiration 

The ET under actual field conditions is called AET. It is 

generally influenced by nature of the ground & 

characteristics of vegetative cover. It can be measured 

by Lysimeter. 
 

AET is function of soil, plant and weather. 

  AET = f(soil, plant, weather) 
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Potential Evapotranspiration 

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. 

 

PET is function of weather parameter. 

 PET = f(Temperature, wind, RH, sunshine) 



Modification of crop microclimate 

 
 Microclimate is the climate which exists within first few 

meters of height above the ground. It varies from tree root 

penetration to canopy height. 

Artificial control of the plant environment, to keep up the 

optimal conditions for plant growth and crop production is called 

modification of crop microclimate. 

 All successful practices of environment modification require a 

complete knowledge of the physiology of plants and the physical 

environment.  

The control or modification to the physical environment 

practiced can be grouped into 3 categories. 

1. Controlling the heat load 

2. Controlling the water balance 

3. Control  of atmospheric turbulence or wind velocity 
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1. Controlling the heat load 

1. Heat evading: It generally occurs in tropical, 

subtropical  and arid climates in which heat or solar 

radiation is evading through shading of plants. 

2. Heat trapping: It is opposite of heat evading in 

which crops growing in temperate areas is protected by 

changing of angle of solar radiation relative to plants. 

3. Temperature regulation by energy balance: It is 

done through tillage and shaping of field, mulching, 

shading and row spacing, modification of soil thermal 

properties and protection against frost damage. 
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2. Controlling the water balance 

1. Runoff control: Various soil conservation method, 

such as strip cropping, contour ploughing, terracing, 

etc. should be followed to reduce runoff.  

2. Increasing infiltration: Mulches of straw or crop 

residues should be used for breaking the impact of 

raindrops and improve infiltration. 

3. Reducing ET losses: ET losses can be minimized by 

chemical treatments. 
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3. Protection against wind 

1. Shelter belts: Shelterbelts are rows of trees or 

shrubs planted for protection of crop against wind. 

They provide a protective shelter against wind and 

suitable habitat for birds and honeybees as well as 

produce cattle feed and fuel wood. 

 

2. Windbreaks: Windbreaks are such structures 

which break the wind-flow and reduce wind speed to 

protect crops. 
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Climatic normal's for Crops 



Climatic normal's for Livestock production 

Weather and climate play a important role in survival, 

growth, reproduction, milk, and wool production of 

livestock. Two meteorological factors; temperature 

and atmospheric humidity are very significant as far as 

livestock production is concerned. 

1) The milk, wool, meat and egg production are 

dependent on temperature, if temperature is not in 

thermoneutral range, the livestock production will be less 

than the potential production.  

Weather parameters affecting livestock production are: 
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2) Cattle belong to the warm blooded group of animals 

having physiological system called thermoregulation; 

since the body temperature of these animals in cold 

weather is maintained by an internal combustion system; 

and in hot weather, they bring the body temperature 

down by various cooling mechanism. 

3) The partitioning of food energy intake is dependent on 

temperature and atmospheric humidity.  

4) Low temperature is favourable for higher milk 

production of good quality.  

Cont… 
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5) The animal traits or breeds are selected on the basis of 

weather conditions.  

6) Morbidity and injuries in Livestock are dependent on 

weather conditions.  

7) The pest and diseases in animals are also dependent on 

prevailing weather conditions.  

8) The housing requirement of livestock's are also 

dependent on temperature and humidity.  

9) The tactical decisions such as moving animals to 

shelters or operation of sprinklers for animals is 

dependent on weather conditions.  

Cont… 
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 The forecasting means the process of estimation of the 

value of some variable at some future time.  

 Any advance information about the probable weather in 

future obtained by evaluating the present & past 

meteorological conditions of the atmosphere is called 

weather forecast. 

NCMRWF 

The National Centre for medium range weather forecast 

(NCMRWF) was established in New Delhi by Government of 

India during 1988 to develop only medium range weather 

forecasting for 3 to 10 days ahead & disseminate (spread) the 

same in time. 
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Weather forecasting on the basis of their validity 

Periods or time scale are classified as follows: 

1. Nowcasting: Denotes very short range, Say few 

hours from 6 to 24 hrs. It is related to local weather 

phenomena like thunderstorms dust storms, fog, 

cyclones cold waves & heat waves etc. 

2. Short range forecast (SRF): Valid for 3 dyas or 

72 hrs and are issued twice a day. It includes cloud 

spread, rainfall distribution, heavy rainfall, 

maximum & minimum temperature, heat & cold 

waves, cyclone warming, hail, thunderstorms, dust 

storms, snow frost etc. 
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Medium range forecast (MRF): Valid for 3 to 10 days and are 

issued twice in a week, Monday & Thursday by IMD, Pune & 

Tuesday & Friday by NCMRWF, New Delhi. It includes cloud 

amount, rainfall, maximum & minimum temperature, wind 

speed & wind direction, weekly cumulative rainfall etc. 

Long range forecast (LRF):  Valid for a period more than 10 

days, Say a month or season. The IMD issuing the LRF since 

the year 1988 onwards on the total monsoon rainfall of the 

country. The first stage seasonal (June-September) rainfall 

forecast over India, as a whole is issued in mid-April and 

second stage forecasts issued by the end of June. 

 These forecast can be used for predicting likely trends in 

food grain production of India by beginning  of Kharif season 

as the food grain production of India depends mostly on the 

distribution & amount of monsoon rain. 
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Tools of Weather forecasting 

1. Routine upper air observations 

Upper weather observations Instruments 

a.   Temperature, Pressure & 

Humidity 

Pilot balloons, Radio Sonde, 

RADAR (Radio detection & 

ranging) 

b.  Temperature & Wind Rockets 

c. Cloud picture & radiation Satellites 

d. Wind direction & Speed Pilot balloons, wind finding 

& RADAR 
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2. Synoptic chart 

(a) Surface Charts: Provides information of state of 

sky, humidity, wind speed & direction, pressure, 

present & past weather. 
 

(b). Upper air Charts: Provides information of upper 

air temperature, dew point temperature, wind speed & 

direction at different heights. 
 

(c). Crop Weather Calendar 
 

(d). Crop Weather Diagram 



137 

(c). Crop Weather Calendar 

It consists of 3 parts viz, Crop husbandry, climate 

requirements & weather warning. 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. The normal monthly rainfall & 

number of rainy days are depicted in middle of the 

calendar with weather requirements & upper most portion 

of the calendar indicates the nature of the weather 

warming to be issued in different crop periods. 



138 

Structure of crop weather calendar 
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(d) 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 

1. Synoptic methods: The chart or map on which various 

weather data & analysis are presented that describes the 

atmosphere over a large area at a given time is called synoptic 

chart or map. This method gives reliable forecasts for short 

range of about few hours or day. 

2. Statistical methods: Involve the study of past weather data. 

Relationship of weather elements with past data in 

combination with current data is used to project future 

conditions. This method is used for long range & Seasonal 

Climate forecasts. 

3. Numerical Weather Prediction (NWP): This is the 

method based on certain physical principles such as law of 

conservation of mass, momentum & energy. This is the latest 

technique used in SRF & MRF. 
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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 crop losses. 
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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. 


