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Chapter 1: Introduction
  Basic Concepts of Weather, Climate, Atmosphere and Agro-Climatology

We all are affected by the atmosphere and by information about the atmosphere and we react to the atmosphere through our ability to make decisions. Weather and climate are important factors in determining our day-to-day and longer-term activities and lifestyles. Why do we wear clothes if for reasons other than fashion or modesty? Why do we erect buildings and then heat or cool them? These are all adjustments to the atmosphere and the conditions it produces. Such relationships between people and the atmosphere point to the conclusion that in many ways, our lives are in effect governed by applications of our perception and understanding of, and information about, the atmosphere. 
Weather and climate is an active factor in the physical environment of all living things. Its influence on human welfare range from the immediate effects of weather events to complex responses associated with climatic change. The modern communications media that inform us almost daily of floods, droughts, hurricanes, heat waves, or other disasters somewhere in the world also bring news of the resulting property damage, crop failures, famine, or deaths. Growing evidences suggest that abuse of the environment may enhance the likelihood of these catastrophes. For this reason, climatology treats the role of human kind as well as the so-called 'natural" factors. A place or region's climate is determined by both natural and anthropogenic (human-made) factors. The natural elements include the atmosphere, geosphere, hydrosphere, and biosphere, while the human factors can include land and resource uses including their management. Changes in any of these factors can cause local, regional, or even global changes in the climate.
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Fig. 1. The Interaction of the Four Spheres

Although the study of weather and climate focuses on the envelope of gases, continuous inter changes among the “spheres” produce an integrated environment, and no component can be understood adequately without reference to the other. Acting over an extended period of time these exchange processes accumulate to become climate. More than the statistical average, climate is an aggregation of environmental condition involving heat, moisture, and motion. Any study of climate must consider extremes in addition to means, trends, fluctuations, probabilities, and their variations in time and space.

1.1.1 Definitions of Terms

Weather: is the day-to-day state of the atmosphere (with regard to temperature, cloudiness, rainfall, wind, and other meteorological conditions) consisting of short-term variations of energy & mass exchanges with in the atmosphere and between the earth & the atmosphere. Or it is the current atmospheric conditions, including temperature, rainfall, wind, and humidity at a given place. Weather results from processes that attempt to equalize differences in the distribution of net radiant energy from the sun. If you stand outside, you can see that it's raining or windy, or sunny or cloudy. You can tell how hot it is by taking a temperature reading. Weather is what's happening right now or is likely to happen tomorrow or in the very near future. 

Climate: is a word derived from the Greek word “Klima” which refers to the inclination of the earth’s axis which refers to the angle at which the sun’s rays strike the earth at a particular place, and hence, is related to latitude. It denotes an average description of aggregate weather conditions (extremes, frequencies, sequences, tempo-spatial distribution) of a given place for a particular time of the year. It is the average of the long-term weather elements or atmospheric conditions for a region or a given place. It is sometimes referred to as "average weather" for a given area. However, some atmospheric scientists think that it needs more than "average" weather to accurately portray an area's climatic character. Variations, patterns, and extremes must also be included. Climate is the sum of all statistical weather information that helps describe a place or region. Thus, climate is the sum total of the variety of weather conditions of an area or place. It may be defined as a seasonal average of weather conditions.

Meteorology: is the science that deals with the day to day atmospheric conditions and their causes. It is a study of atmospheric motion to aid forecasting the weather and explaining the process involved. It deals with the status of the atmosphere over a short period.

Climatology: The term climatology is composed of two Greek words; kilima & logos. Kilima refers to the slope or inclination of the earth. Logos refers to discourse or study. Briefly, climatology is the science that explains a variety of climate systems of the earth's surface, as well as how these are related to human activities. It is the science that seeks to describe and explain the nature of climate, why it differs from place to place, and how it is related to other elements of the natural environment and to human activities. It is a study of atmospheric conditions over periods of time measured in years or longer, including frequent and infrequent types. It involves the collection & interpretation of observed data, whether for developing generalization or for testing theories. For example, Air temperature, cloud type/height/amount, prevailing weather, dew point temperature, precipitation, sun shine hour/strength, and wind velocity/direction can be taken and analyzed. Climatology is closely allied with meteorology as it only extends the findings of meteorology in space and in time to encompass the entire earth and periods of time as long as observations or scientific inferences will permit.

1.1.2 Basic concepts of Agro-meteorology/Agro-climatology 
Agro-meteorology, abbreviated from agricultural meteorology. Agro-meteorology is the science that puts the science of meteorology to the service of agriculture. It aims to make the efficient use of the physical environment: 
 for improving & sustaining agricultural production both in quality & quantity 
 for the sensible use of land, 
 For avoiding the irreversible abuse of natural resources. 
An agro-meteorologist is fluent in both the biological and physical sciences and looks at the world from a different and wider perspective than the physical or biological scientist does. Thus, the perspective of agro-meteorology is more holistic than that of the climatology or biology disciplines.  

Agro-meteorological information can help farmers to practice sustainable, high-quality and more profitable agriculture, with fewer risks, lower costs, and less environmental pollution and damage.

 Agro-meteorological models can also be used in:

efficient land-use planning; 
determining suitable crops for a region; 
risk analysis of climatic hazards and profit calculations in farming; 
production or planting and harvest forecasts; and 
the adoption of farming methods and the choice of effective farm machinery
Agro-climatology is the study of those aspects of climatology which has direct relevance to agriculture. As it harnesses the science of climatology (physical environment) into agriculture (biological response), it is interdisciplinary in nature. Bio-meteorology is an interdisciplinary science dealing with the application of fields of meteorology and climatology to biological systems. The general scope includes all kinds of interactions between atmospheric processes and living organisms (plants, animals, and humans). Whereas, the domain of agro-meteorology is the plant and animal sub-branches in which the third sub-branch, human bio meteorology, is outside the scope of agro-meteorology. 
The Practical Utility of Climatology and Meteorology 
It has application in many diverse fields such as the military, energy production, transport, agriculture and construction. 
It offers practical solutions to harness climate potential and to protect against or avoid climate related risks. It greatly contributes toward making short term adjustments in daily activities and operations that minimize risks resulting from adverse weather conditions.
Provide guidelines for long range or seasonal planning of activities and projects most suites to the anticipated climatic conditions.
Seasonal climate forecasts can play an important role in shaping of different policies of governments. 
A short and long term forecasts is a very good climate risk-management tool that helps to increase agricultural production and productivity.
Sound interpretation of meteorological knowledge can help to improve techniques on management of natural resources and different activities.
1.2 Nature and Origin of the Atmosphere 

The term atmosphere refers to the gaseous envelope surrounding the earth. The atmosphere is believed to have developed some millions of years ago and it is still maintaining its present form and composition as a result of chemical and photochemical processes combined with differential escape rates from the earth’s gravitational field,. Composed of a mixture of various gases, water vapor, and aerosols, the atmosphere is

held to the earth by the gravitational attraction of the earth and it is densest at the sea level and thins rapidly upwards. The gases of the present atmosphere are not a direct residue of the earliest form of the planet rather they are the evolutionary products of volcanic eruptions, hot springs, chemical breakdown of solid matter, and contributions from the biosphere including photosynthesis and human activities. Evidences point that the stabilization of the atmosphere in approximately to the present form was during the Cambrian period, nearly 600 million years ago. 

The atmosphere is a blanket of gases and suspended liquids and solids that entirely envelopes 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 surface. Interactions among land (Lithosphere), water (liquid=Hydrosphere; frozen=Cryosphere), air or gases (Atmosphere) and life forms (Biosphere) constantly use and renew the atmosphere. For example, the weathering of rocks, burning of fuel, decay of plants, and breaking by animals entail chemical exchanges of oxygen and carbon dioxide. Nitrogen follows a complex cycle through bacterial activity in plants, soil, animal tissue, organic processes in decay, and return to the air. Plant, animals, bacteria, and chemical reactions in soil and water all help to maintain an intricate balance among land, life form and the air.

 Air is a mixture of gases, most of which act independently of the others. Simple experiments in physics and chemistry demonstrate that air is neither a single gaseous element nor a chemical compound. Continuous churning and diffusion of the major constituents in the lower atmosphere maintain essentially the same proportions at different times and places, so that the early concept of air as a single element is neither surprising nor entirely illogical. Pure air is colorless, odorless, tasteless, and cannot be felt except when in motion. It is mobile, compressible, and expansible; it transmits compression waves and experiences tides. Although air is not nearly as dense as either land or water, it has weight and exerts pressure, but because it is compressible its density decreases with altitude. About half of the total mass of the atmosphere lies below 5.5km, and nearly 99% lies within 30km of the earth’s surface.

1.3 Composition and structure of the Atmosphere
Atmosphere consists of mixture of gases. It is a mixture of gases, most of which act independently of the others. These gases can be single atoms like Ar or molecules like N2, CO2, and H2O. The composition of atmosphere has changed drastically since it just formed 4.6 billion year ago. Probably the dominant gases at the origin were H and He degassing through cooling and volcanic emission released gas such as N2, CO2, CH4 NH3 and sulfur gases. Oxygen breathing life of any kind could not exist before simple plants e.g. Cynobacteria appeared in large number & modified the atmosphere by manufactured food due to photosynthesis by using sunlight consuming CO2 and release O2. In time enough O2 was accumulated so that enough Oxygen is in the atmosphere to support oxygen breathing organisms. 
In general the gases making the atmosphere fall in to two groups:

Constant Gases: those which are relatively constant in volume. They remain the same proportion in the atmosphere upward to an altitude of 80km. The three most important gases are: Nitrogen (78%), Oxygen ((21%), Argon (0.93%).

Variable Gases: Those whose volume vary in the atmosphere. They change in proportion of total atmospheric gases from time to time & from place to place. The most important variable gases are: Water vapor which varies from near 0 to maximum of 4% by volume, Carbon dioxide, and Ozone. 

Aerosols: are particle matter suspended in the air & frequently act like gases & they are variable in their amount from place to place & time to time. They include soil particle, smokes, residues, ocean salt, bacteria, seed spores, volcanic ashes, and meteoric particles.

Particle matters decrease rapidly & change in composition with altitude. The overall amount of particulate matter in the atmosphere varies from 100parts/cm3 to several million parts/cm3.

Particulate matters serve as nuclei for condensation of water vapor which is important for rain formation.

Particulate matters are important for determining the amount of solar energy reaching the earth’s surface.

The continuous churning and diffusion of the major constituents in the lower atmosphere maintain essentially the same proportions at different times and places. The table below shows the percent by volume of the principal gases of dry air in the lower atmosphere.


 

Table 1: Composition of the atmosphere near the earth’s surface 

	Permanent gases
	Variable gases

	Gas
	Symbol
	Percent by volume dry air
	Gas and particle
	Symbol
	Percent by volume
	Parts per million/ppm

	Nitrogen
	N2
	78.08
	Water vapor
	H2O
	0 to 4
	

	Oxygen
	O2
	20.95
	Carbon dioxide
	CO2
	0.035
	350

	Argon 
	Ar
	0.93
	Methane
	CH4
	0.00017
	1.7

	Neon
	Ne
	0.0018
	Nitrous oxide
	N2O
	0.00003
	0.3

	Helium
	He
	0.0005
	Ozone
	O3
	0.000004
	0.04

	Hydrogen
	H2
	0.00005
	Particles (dust, soot, etc)
	
	0.000001
	0.01

	Xenon
	Xe
	0.000009
	Chlorofluorocarbons (CFCs)
	
	0.00000001
	0.0001


Up to an altitude of 80km the gaseous composition of the atmosphere remains fairly constant. The proportion of ozone increases to a maximum at about 20 km. Carbon dioxide and water vapor decreases with altitude and gases in the outer reaches of the atmosphere consist mainly the two lighter elements, hydrogen and helium, but they are rare near the Earth’s surface. 

Water vapor in atmosphere
The water vapor content of the atmosphere at any time & space depend on: air temperature, atmospheric pressure, Proximity to moisture source. Water vapor content is normally highest close to the surface for two reasons:

1.  Most of the water in atmosphere set there as a result of evaporation from ocean & evapo-transpiration from plants

2. temperature is normally highest near the surface. 

Mean water vapor content decrease rapidly with height due to combination of cooler temperature and distance from the moisture source.



Layers of the atmosphere 

Atmospheric stratification describes the structure of the atmosphere, dividing it into distinct layers, each with specific characteristics such as temperature or chemical composition. The world meteorological organization adopted four principal (main) layers or shells that are defined by constant trends in average air temperature. The layers are characterized by distinct mean variation in temperature with altitude and they are known as Temperature structure. 
These layers of atmosphere are: Troposphere, Stratosphere, Mesosphere, and Thermosphere. The tops of these layers respectively are called Tropopause, Stratopause, Mesopause, and ThermoPause. 
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Fig. Vertical Thermal Structure of Atmosphere

The atmosphere can be divided into a series of layers, based on the air temperature at different altitudes. In two of the layers, the troposphere and the mesosphere, air gets colder as altitude increases. In the other two layers, the stratosphere and the thermosphere, air gets warmer as altitude increases. This second pattern is called a temperature inversion, and it hinders the mixing of air that accompanies vertical air currents. 

Troposphere

The word tropo comes from the Greek tropien, meaning to turn or to change. Thus, "troposphere" means the realm of mixing, because air is vigorously mixed and stirred here by storms, convection, and wind systems. This part of the atmosphere contains all of the weather we are familiar with on earth. Also, this region is kept well stirred by rising and descending air currents. Generally, the troposphere:

Extends up roughly 11 km (average)

It is the lowest part of atmosphere in which temperature decreases with increasing height i.e. in still air, it cools by an average of 6.5°C for every kilometer gain in elevation. This drop in temperatures with a rise in elevation is called the "normal lapse rate."  It represents an average, not the actual lapse rate at a particular place and time. Characterized by an inverse relationship between air temperatures and altitude: Temperatures drop as you climb up in the troposphere.

It is the densest part which contains nearly the water vapor, cloud, precipitation, and dust in the atmosphere i.e. 75% of the atmospheric gas exists here. 

It is characterized by vertical motion which is important in weather system distribution to general decrease temperature in the altitude. 

It has two sub zones; the lower troposphere and the upper troposphere

Lower troposphere: Expands upward to about 3km above the surface. It is the zone with most friction between the earth and the atmosphere. It is the zone most affected by daily change in the surface condition. Temperature inversion frequently occurs in this zone i.e. when temperature increases with increase in height.

The upper troposphere: Extends to mean height of 11km. It is less affected by daily change near the surface i.e. the primary change in this zone is resulted from either secondary air circulation or seasonal change.

A distinct boundary layer known as Tropopause makes the upper reach of troposphere & it is found at the height of 16-17km in equator & 9-12km in N & S poles.

Tropopause is a significant boundary zone because;

It marks the upper limit of most turbulent part of atmosphere

It represents the coldest point in the troposphere

It marks the upper limit of most of the water in the atmosphere.

Stratosphere (Ozonosphere)

Above the tropopause, stratosphere named for the layered nature of the air. The stratosphere is the next major division of the atmosphere. It extends from the tropopause up to about 50 km. It is relatively stable & dry. There is mesoderm (characterized by the same temperature) above that. Temperature raises with height 40C/Km. Strongly inhibit vertical mixing of ozone in this layer serve as heat source through absorption of ultraviolet rays. The stratosphere exhibits nearly constant temperature upwards to about 20 km and then characterized by a direct relationship between temperature and altitude (temperature increases with increase in altitude above 20 km). The increase in temperature above 20 km was due to the absorption of high energy shortwave ultraviolet radiation by ozone layer in the stratosphere. As law of energy absorption of energy heats the absorbing object and thus, ozone heats up by absorbing UV radiation that accounts for the climb in temperature with a climb in altitude in the stratosphere. This region represents an inversion, which along with the lower isothermal layer, tends to keep the vertical currents of the troposphere from spreading in to the stratosphere. The inversion also tends to reduce the amount of vertical motion in the stratosphere itself. Even though the air temperature is increasing with height, the air at an altitude of 30 km is extremely cold, averaging -46 0C. It generally remains warm at the top and cold at the bottom which makes it remain stable and unimportant for weathering, i.e., no vertical motion.

Chemical composition of stratosphere is generally similar to that of troposphere with exception that;

ozone is high in stratosphere

Water vapour is high in troposphere

Above the stratosphere, a boundary layer stratopause exists making the transition zone.

Mesosphere
Above the stratopause, a layer is defined by temperature decrease with altitude and it extends up to 85km. The air temperature in the mesosphere decreases with height because the atmosphere is very thin consequently, the molecules are forced to lose more energy than to absorb, which results in an energy deficient and cooling. It is the layer where most meteors burn up upon entering the atmosphere. The mesopause, the temperature minimum that marks the top of the mesosphere, is the coldest place on Earth and has an average temperature around −85 °C but it may drop to −100 °C.  Due to the cold temperature of the mesophere, water vapor is frozen, forming ice clouds (Noctilucent clouds). 
Thermosphere

It is an atmospheric layer from 85km to that of 700km. Gases in thermosphere are thinner than in mesosphere because they are exposed to full glare of the sun( temperature is up to 20000C). Unlike in the stratosphere, where the inversion is caused by absorption of radiation by ozone, in the thermosphere the inversion is a result of the extremely low density of molecules. Ultraviolet solar radiation is absorbed mainly by molecular oxygen and the UV radiation supplies enough energy to break molecular oxygen in to two separate oxygen atoms.

O2+ solar radiation → O+O

The energy “leftover” after the molecules separates increases the motions of the atoms and hence temperature. The amount of solar radiation affecting this region depends strongly on solar activity and temperatures in the thermosphere vary from day to day.

Other Layers
Within the four principal layers determined by temperature are several layers determined by other properties. The stratification of the atmosphere by different composition of gases or molecules is known as chemical zone of atmosphere.
The Ozonosphere 

It is contained within the stratosphere. It is mainly located in the lower portion of the stratosphere from about 15–35 km 

About 90% of the ozone in our atmosphere is contained in the stratosphere.

The ozone layer is significant for several reasons: 

Acting as a green house gas, ozone helps the earth maintain its heat balance

It shields earth’s inhabitants from harmful amounts of ultraviolet solar radiation. Ultraviolet radiation has enough energy to cause skin cancer in humans and also certain ultraviolet radiation can destroy acids in DNA 

If the concentration of stratospheric ozone decreases, there might be:

An increase in the number of cases of skin cancer

An adverse impact on crops and animals due to an increase in ultraviolet radiation

A cooling of the stratosphere that could affect stratospheric wind patterns that possibly induce some form of climate change at the surface.

Ozone production 

Ozone (O3) is produced naturally in the stratosphere by the combing of atomic oxygen (O) with molecular oxygen (O2) in the presence of another molecule. Although it forms mainly above 25 km, ozone gradually drifts downward by mixing process; producing a peak concentration near 25 km. 

Ozone destruction

1) Ozone is destroyed naturally by absorbing ultraviolet radiation.

O3 + UV → O2 +O

2) Ozone is also destroyed by colliding with other atoms and molecules. For example, ozone and atomic oxygen combine to form two oxygen molecules.

O3 + O → 2O2 .
3) Likewise, the combination of two ozone molecules destroys ozone.

O3 + O3 → 3O2
These equations also represent the net result of a number of complex chemical reactions that include trace gases of nitrogen, hydrogen, and chlorine. For example, two natural destructive gases for ozone are nitric oxide (NO) and nitrogen dioxide (NO2), which are collectively known as oxides of nitrogen. The origin of these gases begins at the earth’s surface as soil bacteria produce N2O (nitrous oxide). This gas gradually finds its way in to the stratosphere where, above 25 km, solar energy converts it in to ozone destroying oxides of nitrogen. Ozone in the stratosphere between 25 and 35 km is maintained by a delicate natural balance between production and destruction. 

It now appears that ozone is being destroyed more quickly than expected. Scientists point to the fact that ozone concentrations over spring time Antarctica have plummeted at an alarming rate. The increasing levels of CFCs would eventually deplete stratospheric ozone on a global scale. This decrease in stratospheric ozone over Antarctica is known as the ozone hole.

The Ionosphere 

The upper part of mesosphere and the lower part of thermosphere are together referred as ionosphere. It contains ionized gases and free electron reserving from absorption of solar radiation. Ions in the atmosphere are formed when gas molecules such as H2, O2 are energized by ultra violet rays of the sun to such an extent that they loss one or more electrons. 

The proportion of ionized particles is larger in elevation because;

 High solar energy

 The density of particle is low
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The Exosphere

The top of the thermosphere is the bottom of the exosphere, called the exobase. Its height varies with solar activity and ranges from about 350–800 km. It is the outermost layer of Earth's atmosphere extends from the exobase upward. It is mainly composed of hydrogen and helium. The particles are so far apart that they can travel hundreds of kilometers without colliding with one another. Since the particles rarely collide, the atmosphere no longer behaves like a fluid. 

The Homosphere & Heterosphere 

They are defined by whether the atmospheric gases are well mixed or not. Up to mesopause the mixture of gases is the same as the surface. The lower 85km of atmosphere is termed as homosphere (N2 78%, O2 21%). Above 85km the composition of the air begin to change as gases tend stratified on the basis of their molecular weight and this layer is termed as heterosphere.

0-85km, Oxygen, Nitrogen and Argon 
85-220km, Molecule of Nitrogen

220-1125km, Molecule of Oxygen

1125-3540km, Helium layer

>3540km, Hydrogen layer

Homosphere: In the homosphere the chemical composition of the atmosphere does not depend on molecular weight because the gases are mixed by turbulence. The homosphere includes the troposphere, stratosphere, and mesosphere. 

Heterosphere: Above the mesopause at about 100 km the composition varies with altitude. This is because the distance that particles can move without colliding with one another is large compared with the size of motions that cause mixing. This allows the gases to stratify by molecular weight. 

The heavier gases such as oxygen and nitrogen present only near the bottom of the heterosphere. The upper part of the heterosphere is composed almost completely of hydrogen, the lightest elements.


1.4 significance of the atmosphere 

Atmosphere is a mixture of gasses and it is critical and fundamental part of the planet. 

Why we study atmosphere? 

Atmosphere serves several major functions on the planet; 

Without the atmosphere life would be impossible, and there would be no clouds, winds, or storms-no weather. Among its other functions, 

It acts as a great canopy to protect the earth’s surface from the full range of solar effects by day and prevent excessive loss of heat by night.

It provides as reservoir of gasses CO2, O2, N2, and Ar.

It acts as distributer/redistribute of energy over the earth 

It acts as insulating layer that raises the mean temperature of the surface from -230C to 150C 

It shields the surface from the large dose of ultra-violet ray 

It serves as major transporter of heat horizontally and vertically from warmer to colder areas 

It transfers water from the ocean to land 

          Chapter 2: Components of weather and climate  
2.1 Elements of weather and climate 

The climatic elements that have been considered in this course are solar radiation, precipitation, temperature, air pressure, humidity, wind and other hydrothermal variables that have direct and indirect influence on the components of the aquatic and terrestrial ecosystem 

Solar Radiation

Solar radiation is the radiation from the sun. Solar radiation is the primary source of energy in to the terrestrial ecosystems. Solar radiation from the sun is referred to as the incoming shortwave electromagnetic radiation. The top of the earth’s atmosphere receives about 4.5 x 10-10 of the energy output from the centre of the sun (Photosphere).
The sun is a completely gaseous body. The chemical composition of the outer layers is (by mass) 71% hydrogen, 26.5% helium and 2.5% heavier metals. Its physical structure is complex, although several regions, including the core, photosphere, reversing layer and corona, are well recognized. 

The sun is the nearest star to the earth, and its radiant energy is practically the only energy source to the earth. Very small and insignificant quantities of energy are available from other sources such as the interior of the earth, the moon, and other stars. 

The mean sun-earth distance, also known as one astronomical unit (1 AU), is 1.496 × 108 km or, more accurately, 149, 597, 890 ± 500 km. The earth revolves round the sun in an elliptical orbit. The minimum sun-earth distance is about 0.983 AU and the maximum approximately 1.017 AU. The earth is at its closest point to the sun (perihelion) on approximately January 3 and at its farthest point (aphelion) on approximately July 4.
Several processes decrease the solar radiation which reaches to the earth. These are: Reflection, Scattering, Absorption and Transmission. 

Reflection
It is the returning or throwing back of electromagnetic radiation by a surface upon which the radiation is incident. It occurs when a portion of energy bounces directly back to space without being absorbed, refracted, transmitted, or scattered. Albedo (the reflective quality of a surface) is a measure of the amount of reflected radiation. Albedo or Reflectivity is defined as the percentage of reflected radiation to incoming radiation and zero percent is total absorption while 100% is total reflection. 

The reflectivity depends on the angle of incidence, the polarization of the radiation, and the electromagnetic properties of the materials. It also varies with the color and composition of the earth’s surface and the season. The values are higher in winter as well as at sunrise and sunset. The albedo also varies with the wavelength of the incident radiation. Very small values have been recorded in the ultraviolet part of the spectrum and higher values in the visible part.   

Scattering

It is a process by which particles & molecules of gases diffuse parts of the radiation in different directions. Scattering is deflection of radiation in all directions. This means the process of scattering change the direction of radiation fairly randomly. Once deflected it become diffuse light. Rayleigh scattering occurs when small particles and air molecules selectively scatter short wavelengths (blue). Mie Scattering occurs when large particles (water vapor) scatter all wavelengths (white).

Absorption
Absorption retains incident radiation & converts to some other form of energy like heat which raises the temperature of the absorbing object. 

Transmission

Transmissivity is the proportion of solar radiation ultimately passing through the atmosphere. It occurs when both shortwave and long wave energy pass through the atmosphere and water instead of scattering when interacting with gases and other particles in the atmosphere. It depends up on the state of atmosphere and the distance the solar beam must travel.
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Fig. Earth’s Energy Balance 

Shortwave radiation from the sun enters the surface-atmosphere system of the Earth and is ultimately returned to space as long wave radiation (because the Earth is cooler than the sun). A basic necessity of this energy interchange is that incoming solar insolation and outgoing radiation be equal in quantity. The Global Shortwave Radiation describes the relative amounts (based on 100 units available at the top of the atmosphere) of shortwave radiation partitioned to various atmospheric processes as it passes through the atmosphere. The diagram indicates that on the average, clouds, the earth, and the atmosphere (air, dust, water vapor, etc) reflect and scatter 30 units back to space and that the atmosphere and clouds together absorb 19 units, which leave 51 units of direct and indirect solar radiation to be absorbed at the earth’s surface. Out of 51 units reaching the surface, 23 units is used to evaporate water and about 7 units are lost through conduction and convection, 15 units absorbed by the atmosphere and only 6 units escape directly to space from the earth (part of albedo). The albedo is defined as the fraction of incoming shortwave radiation that is reflected by the earth’s surface. 

 The final interaction as the solar radiation passes through the atmosphere is with the surface of the earth. Radiation incident on the earth’s surface is either absorbed or reflected. Usually a small amount is absorbed by the earth surface while the remaining is given off as the terrestrial long wave radiation. Carbon dioxide and water vapor in the atmosphere are able to absorb long wave radiation and there by producing the radiation blanket over the earth’s surface. However the amount of incident energy that is reflected by the earth’s surface back into the atmosphere depends on the reflective capacity of the receiving surface. Reflectivity of the short wave radiation at the earth’s surface is referred to as the albedo (∞). 

Typical values of albedo and emissivity of common surface types show most natural land surfaces have albedos between 0.10 and 0.25 distribution of solar radiation. Solar radiation is unequally distributed over the earth. The unequal distribution of radiation is the primary cause of weather and climate. Not only does the distribution of solar energy control climate but it is itself a vital element of climate. It is directly responsible for photosynthesis and the varying lengths of day and night, have a major effect on the growth of plants. It also plays an important role in influencing evapo-transpiration (i.e. water loss) and therefore the water requirements of plants. Furthermore, human comfort, and to some degree his health, is dependent on the duration and intensity of sunlight. Generally the amount of energy received by the earth and its atmosphere in the form of insolation varies over space and time. Amount of insolation received by the earth, assuming no interference by the atmosphere, is influenced by the following four factors: 

Solar constant

 Altitude of the sun

  Distance from the sun 

 Length of the day 

The measurement of sun shine: Bright sun shine is recorded by means of the Campbell-stokes apparatus. 

 2.  Precipitation: Formation, types and forms 

The word precipitation is used to describe any various form of water particle that fall from the atmosphere to reach the ground. It is defined as water in the liquid or solid forms falling to the earth. It is always prescribed by condensation or sublimation or a combination of the two, and is primarily associated with rising air. Condensation is a necessary but not sufficient condition for precipitation. Although they contribute to the transfer of moisture from the atmosphere to the earth’s surface, fog drip, dew, and frost are not considered to be precipitation. 

A. The Precipitation Process (Formation) 

1. Collision - Coalescence Process
It occurs on "Warm clouds" of the tropics. 
Droplets of similar size collide and bounce away, but as large droplets, which form from large Condensation Nuclei start to fall, they collide with smaller droplets and coalesce (come together/unite).
When a droplet meets a certain size (weight) to overcome the upward motions in a cloud, it falls to the ground. 
Most of the time the drag of the air on the falling drop makes it breaks up into smaller drops. 
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2. Bergeron Ice Crystal Growth Process 
It occurs on "Cold clouds" of the mid and high latitudes
Cloud droplets do not freeze at 0oC as expected.
In fact, pure water suspended in air does not freeze until it reaches a temperature of nearly -40 oC 
Water between: 
0 and -10oC clouds are mostly super cooled water.
-10 and -20oC liquid water coexists with ice crystals (Mixed Cloud)
below -20oC clouds are entirely ice crystals (Glaciated)
Ice crystals are solid, and the individual water molecules are held more tightly together than a water droplet. As a result it is easier for water molecules to leave (evaporate) from a super cooled water droplet. Therefore, the ice crystals collect more water molecules evaporated from liquid super cooled droplets than they lose by sublimation. i,e Ice crystals grow at the expense of the cloud droplets. Ice crystals grow rapidly, and then when heavy enough they fall out of the cloud. Precipitation starts as snow and then:
 Falls as rain if air is warm near the surface. 
Falls as snow if air is cold near the surface
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Types/Origin of Precipitation 

The genetic types of precipitation according to their origin or formation processes:

Orographic precipitation: formed where air rise and cools because of a topographic barrier.

Convectional precipitation: resulting from convective overturning of moist air. Rain or snow showers, hail, and snow pellets are forms associated with convective precipitation.

Convergence precipitation: produced where air currents converge and rise in tropical regions where opposing air currents have comparable temperatures; the lifting is more or less vertical and is usually accompanied by convection. In middle latitudes, frontal convergence is characterized by the more gradual sloping ascent of warm air over cooler.

Forms of Precipitation

The common precipitation forms are rain, drizzle, snow, hail and their modification.

Rain: precipitation of liquid water particle with diameter over 0.5mm. Occurs when precipitation falls through a deep warm air layer.
Drizzle: is fairly uniform precipitation composed of exclusively fine drop of water with diameter less than 0.5mm.

Snow: is solid form of precipitation composed of ice crystals in complex hexagonal form. Occurs when precipitation falls through a deep cold air layer
Hail: precipitation in the form of spherical or irregular chunks of ice 5mm or more in diameter. 
Virga: Falling raindrops that evaporate before they hit the ground.
Fall streaks : Falling ice crystals that evaporate before they hit the ground
Sleet: a tiny ice pellet formed as an ice crystal or snowflake. It falls through a warm layer then through a thick layer of cold air near the surface. The thick layer near the surface provides just enough agitation to the drops to solidify them. 

Glaze or Freezing Rain: a situation, similar to sleet, where a snowflake falls through a warm layer and melts. The main difference is the liquid drops then fall through a thin layer of cold air near the surface. The thin layer near the surface does not allow enough agitation to freeze the drops but they become super cooled, and then freeze upon contact with cold objects at the surface (agitation). 
The measurement of rain fall 

The rain gauge is essentially a funnel of standard diameter which collects the rain falling in to it. The rain water collected is poured in to a measuring cylinder graduated to read millimeters of rain fall. The meteorological standards for the gauge are as follows: 
the diameter of the funnel is 13 centimeters

the height of the funnel above ground level is 30 centimeters 

More elaborate instruments are now in use, and self recording apparatus enables a more informative register of rain fall to be kept. Any hail, sleet, or snow should be melted before measurement of precipitation amount is made. As a rough approximation, 30 cm of snow is equal to 30 mm of rain; but the density of snow will vary; and consequently the figure quoted will also change.

2.1 Hydrological Cycle (Water Balance) 
Hydrological cycle is a model that illustrates the movement and exchange of water among the earth, atmosphere, and oceans. Precipitation is one key to the water cycle. Rain comes from clouds, but where do clouds come from? Through the process of evaporation and transpiration, water moves into the atmosphere. Water vapors then join with dust particles to create clouds. Eventually, water returns to earth as precipitation in the form of rain, snow, sleet, and hail. The cycle of evaporation, condensation, and precipitation never ends.
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Fig. The hydrological cycle

Phases of Water in the Atmosphere 
Water is the only substance at earthly temperatures that can exist in three states - a gas, a liquid, and a solid. Water is transferred between these three states by: Evaporation - a cooling process, Condensation - a warming process, Sublimation - a cooling process, Deposition - a warming process.
SOLID - Ice: molecules arranged in a particular order and molecules do not circulate freely 
Liquid - Water: molecules relatively circulate freely 
Gas - Water Vapor:  Molecules freely circulate 
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Fig. Transfer of water in the atmosphere

A. Evaporation 
Evaporation, the change of state from liquid to vapor, results when molecules escape from any water surface, whether it is the surface of water bodies, droplets in clouds or fog, or thin films on solids such as soil particles. The process requires energy and is the means by which vast amounts of latent heat are transferred from the earth’s surface to the atmosphere. Its rate is dependent upon three major factors: 

vapor pressure,

temperature, and

air movement.

Evaporation increases as the saturation vapor pressure at the water surface becomes greater than the actual vapor pressure of the adjacent air. It, therefore, takes place more rapidly in to dry air than in to air with a high relative humidity. The rate of evaporation also increases with rising water temperature, other factors being equal. When the temperature of the water is higher than that of the air, evaporation always takes place.  Finally, wind movement and turbulence replace air near the water surface with less moist air and increase evaporation. The heat used in carrying out evaporation is retained by the water vapor as the latent heat of vaporization does not raise the temperature of the vapor. 

Transpiration:  is a special form of evaporation which entails a loss of water from leaf and stem tissues of growing vegetation. The process cools the plants & keeps its temperature.  
Evapotranspiration is the combined loss of moisture by evaporation and transpiration from a given area. 

B. Condensation 

Condensation is the change of water from its gaseous form (water vapor) into liquid water. Condensation generally occurs in the atmosphere when warm air raises, cools and loses its capacity to hold water vapor. As a result, excess water vapor condenses to form cloud droplets. 

Requirements for condensation to occur: 
1. Condensation nuclei (CN)
 CN are tiny particles that serve as surfaces on which water vapor condenses

 CN are important to take RH > 100% to produce clouds
CN: radii ~ 0.1 micro meter or greater
2. Cooling and/or mixing of the air 
 Air must be at, or near saturation - achieved through cooling or humidification 
Cooling mechanisms: 
Contact cooling - Warm air comes in contact with cold surface 
Expansion cooling (Adiabatic Cooling) - Caused by uplift of the air
Uplift Mechanisms 
1. Orographic uplift - air forced upward by mountains. Air expands and cools as it rises. 
2. Convective uplift: Air is warmed at the surface and rises due to a change in density. As the air rises it expands and cools. 
3. Frontal uplift - Uplift of air along a weather front where different types of air masses collide. 
4. Convergent uplift - convergence of air into a region of low pressure 
Products of Condensation:
Condensation occurs at dew point of air at a given temperature can lead to the creation of dew, mist or fog.

Mist: is the suspension of microscopic water droplet that reduces visibility at earth surface.

Fog: is the suspension of very small water droplets in the air. For a given illumination, the fog droplet can be seen with naked eye.

Note: Frost is a product of deposition, not condensation 

3. Temperature

 Temperature is a measure of heat in the body, be it the atmosphere or the earth or some living being. However, here the term temperature refers to the heat in the lower part of the atmosphere and on the surface of the earth. It is one of the vital controls of life on earth. Temperature is the direct result of the energy received by the earth from the sun. 

Factors influencing the distribution of temperature

Effect of Clouds

 Greenhouse Effect

 Effect of Land and Sea 

Aspects

 Elevation 

The Measurement of Temperature 
The usual type of temperature recording instrument is the mercury in glass pattern of thermometer. Changes of temperatures are registered by changes in the length of a mercury thread in a glass capillary tube. An increase in the temperature causes expansion of the mercury up the tube, while a decrease in temperature brings about a contraction of the mercury thread down the tube. 

Scales of temperature: temperature may be expressed in degrees on one of the following scales

Celsius (oC). The freezing and boiling points of water are conveniently defined as 0oC and 100oC respectively. This scale has been adopted internationally for the scientific recording of temperature, and it is used by all meteorological organizations outside the U.S.A. 
Fahrenheit (oF). On this scale the freezing point of water is 32 oF and the boiling point is 212 oF.  

Kelvin (ok). This is purely a scientific scale on which the degree is of the same size as the Celsius degree, but the zero is taken to be -273 0C. The freezing point of water is therefore 273K and the boiling point 373K.

The rules for the conversions of temperature scales should be noted:

to convert Celsius to Fahrenheit , 0F = 9/5 0C+32

to convert Fahrenheit to Celsius , 0C= (0F -32) 5/9  

to convert Celsius to kelvin, 0K = 0C+ 273
4. Humidity 

Humidity is a general term connoting the amount of water vapor in the air. It refers to any one of a number of ways of specifying the amount of water vapor in the air. There are several ways to express atmospheric water vapor content; hence, there are several meanings for the concept of atmospheric humidity.

1) Absolute humidity 

Suppose we measure the water vapor in a parcel of air about the size of a large balloon. With a chemical drying agent, we can extract the vapor from the air, weigh it, and obtain its mass. If we then compare the vapor’s mass with the volume of air in the parcel, we would have determined the absolute humidity of the air that is the mass of water vapor in a given volume of air: 
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With the same amount of water vapor in a parcel of air, an increase in volume decreases absolute humidity, while a decrease in volume increase absolute humidity.

Absolute humidity represents the density of water vapor in the parcel and, normally is expressed as grams of water vapor in cubic meters of air. We learned in chapter two that a rising or descending parcel of air will experience a change in its volume because of the changes in surrounding air pressure. Consequently, when a volume of air fluctuates, the absolute humidity changes even though the air’s vapor content has remained constant. For this reason the absolute humidity is not commonly used in atmospheric studies.

2) Specific humidity 

Humidity, however, can be expressed in ways that are not influenced by changes in air volume. When the mass of the water vapor in an air parcel is compared with the mass of all the air in the parcel (including vapor), the result is called the specific humidity. The specific humidity does not change as air rises and descends. 
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 3) Mixing ratio 

Another convenient way to express humidity is to compare the mass of the water vapor in the parcel to the mass of the remaining dry air. This scale is the mixing ratio:
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Both specific humidity and mixing ratio are expressed as grams of water vapor per kilogram of air (g/kg). The specific humidity and mixing ratio of an air parcel remain constant as long as water vapor is not removed from the parcel. This happens because the total number of molecules (and, hence, the mass of the parcel) remains constant, even as the parcel expands or contracts. Since change in parcel size do not affect specific humidity and mixing ratio, these two concepts are used extensively in the study of the atmosphere. 

4) Relative humidity 

The relative humidity is the ratio of the amount of water vapor actually in the air compared to the maximum amount of water vapor required for saturations at that particular temperature (and pressure). It is the ratio of the air water vapor content to its capacity: 

Relative humidity is the amount of moisture the air can hold before it rains. The most it can hold is 100 percent. 
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 Because the actual vapor pressure is a measure of the air’s actual water vapor content, and because the saturation vapor pressure is a measure of air’s total capacity for water vapor, relative humidity (RH) can be expressed as: 
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Relative humidity may also be expressed as:
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Relative humidity is given as a percent. Air with a 50% relative humidity actually contains one half the amounts required for saturation. Air with a 100% relative humidity is said to be saturated because it is filled to capacity with water vapor. Relative humidity is used so much every day in the world. Humidity is measured by a psychrometer, which indicates the amount of water in the air at any one temperature.

Pressure in atmosphere
Air pressure is the weight of the atmosphere pressing down on the earth. If a high pressure system is on its way, often you can expect cooler temperatures and clear skies. If a low pressure system is coming, then look for warmer weather, storms and rain.

The weight pressing down on a one square-inch sample of air at sea level is 14.7 pounds, which is equivalent to a column of mercury 29.92 inches in height (1,000 millibars).

Atmosphere is a confined gases resting on the earth surface. Atmospheric pressure at any point on the surface of atmosphere is force per unit area extended by the mass of atmosphere above that point.

P= F/A=mg/A 

That is, air close to the surface is subjected to the mass of gases above. The greater portion of the mass of atmosphere lies near the surface because of gravity squeezes most of the weight in to lower layer. Atmospheric pressure decreases with height geometrically as to decrease at decreasing rate. From the total mass about: 50% lies below 5500m, 84% lies below 13km, 99% lies below 30km.

Air pressure changes with altitude. When you move to a higher place, say a tall mountain, air pressure decreases because there are fewer air molecules as you move higher in the sky. It  is the total weight of the air above unit area at the point where the pressure is measured. The average atmospheric pressure at sea level is about 1atmosphere (atm) = 1000 mb. Due to changes in temperature, average molecular weight, and gravity throughout the atmospheric column, the atmospheric pressure is dependent on altitude. Atmospheric pressure decreases rapidly with height. Climbing to an altitude of only 5.5 km where the pressure is 500mb would put you above one-half of the atmosphere’s molecules. The atmosphere becomes thinner and thinner with increasing altitude, with no definite boundary between the atmosphere and outer space. An altitude of about 120 km is where atmospheric effects become noticeable during atmospheric re-entry of spacecraft. The common altitude of commercial airliners is about 10 km. 

 The measurements of pressure
We measure the atmospheric pressure with an instrument called a barometer. Thus, atmospheric pressure is also referred to as barometric pressure. In meteorology, the bar is a unit of pressure. By definition, a bar is a force of 100,000 newtons (N) acting on a surface area of 1 square meter (m2). Because the bar is a relatively large unit, and because surface pressure changes are usually small, the unit of pressure most commonly found on surface weather maps is the millibar (mb), where 1mb=1/1000 bars. Most barometers use mercury in a glass column, like a thermometer, to measure the change in air pressure. When the weather is calm the mercury in the barometer seldom moves more than half-an-inch below the 30-inch mark.

Wind speed, wind direction and its measurement 

Wind is simply air in motion, and it must be expressed in terms of both speed and direction. The direction is always given as that from which the wind is blowing, and may be expressed in points of the compass or in degrees from true north. The simplest instrument for measuring wind direction is the weather–vane/ wind vane. 
The speed of the wind is given in any convenient unit. In those countries adopting the system international unites (SI units) the units of speed is the meter per second or kilometer per hour. In air and sea navigations at present the knot, or the sea mile per hour, will continue to be used. Instruments for measuring wind speeds are called anemometers. Wind speeds can be estimated by using a numerical scale, devised originally by one Admiral Beaufort and named after him. This scale ranges from 0 to 12, in which each number corresponding with a term which describes wind effects up on ships and land features.

2.2 Controls of weather & climate

Elements of climate vary from place to place and time to time, they vary both spatially and temporally. These factors that bring change in the elements of weather and climate are called controls (factors) of the elements of weather and climate.  The controls of the elements of weather and climate include: Latitudinal variations, Altitude, Pressure, Wind, Ocean current, Distances from the sea, Mountain barriers, etc.

            Chapter 3: Classification of Climates
Different combinations of processes in the earth’s climate system produce many variations in climate from place to place and from time to time. Climatic region is area of the earth’s surface over which the combined effects result in an approximately homogenous set of climatic conditions (climatic type). 

The objectives of Climatic classification
to bring order to large quantities of information, 

to speed retrieval of information, and 

to facilitate communication

Generally, it helps

To facilitate description and mapping of climatic regions it is necessary to identify and classify the respective types. 

To organize a set of data about the Earth’s climate to effectively communicate in an informative way.

To synthesize climatic information into smaller units that is more easily understandable.  

The value of a systematic arrangement of climates is determined largely by its intended use; a system that suits one purpose is not necessarily useful for another. 

3.1. Approaches to climatic classification

There are two types of climate classification.

Emperic classification

Genetic Classification

 1. Emperic classification: is a classification based on the result of observed effect of climate. In this case there are two standard systems.

Koppen’s classification: is a classification based on distribution of vegetation i.e. his assumption was the type of vegetation found in an area is very closely related to the region temperature and moisture characteristics. The revised Koeppen’s classification has given greater attention to temperature, rainfall and their seasonal characteristics. 

The koeppen system includes five major categories (Climate regions) which are designated by capital letters.  

	Designation
	Climate type; characteristics

	A
	Tropical forest climates; hot all seasons 

	B
	Dry climates

	C
	Warm temperate rainy climates; mild winters

	D
	Cold forest climates; severe winters

	E
	Polar climates


He also recognized four major temperature regions

Tropical( temperature average=180C)

Two mid latitude(micro thermal with temperature<-30C and mesothermal with temperature >30C)

polar

Thornthwaite’s classification: He suggested that the relationship between precipitation & evaporation provide useful method for climate classification i.e. precipitation effectiveness is used as indicator of net moisture supply.
PPteff = P/E summing up P/E for each month of the year gives precipitation effectiveness or P-E index (where ppteff=precipitation effectiveness, E=evaporation, p= precipitation).

If the index is >1, it is a wet region. Whereas, if it is < 1, it is a desert region. 

2. Genetic Classification: climate classification based on identified physical determinants and up on air mass dominance. It deals with the question” why” different climate type occurs in different location. Genetic classification attempts to organize climates according to their causes. Ideally, the criteria employed in the differentiation of climatic types should reflect their origins if climatology is to be explanatory as well as descriptive. Climate has an influence on other environmental variables like vegetation, and soil.

	Climate
	Vegetation

	Tropical rainy
	tropical rainy forest

	Tropical desert
	bushes, grass land

	Polar rainy          
	coniferous forest

	Polar desert
	no vegetation


	Climate
	Soil

	Tropical rainy & rainy forest
	Oxisols-formed by lateralization of red Fe & Al oxides

	Desert
	aridisols- light in color from calcification & low organic matter                                                                             

	Polar rainy & conifer ever green
	Podsol

	Ice Cap
	no soil


3.2. Types of Climate
There are three major types of climate; tropical climate, mid latitude climate and polar climate.

1. Tropical Climate: Solar radiation is intense in tropical area because:
Solar beam is nearly always at high angle

The length of the day varies only little

Annual temperature average about the same throughout the tropical region.

In tropical regions, the primary energy flux is diurnal i.e. variation in temperature from day to night is greater than the variation among season to season. 

Precipitation determines the season rather than temperature i.e. the amount and timing of rainfall are the chief criteria for distinguishing different season.  

Tropical environment have marked seasonal region of rain fall. Tropical environment do lack snow & ice storm. 

There are three sub-types of climate in tropics.

Tropical Wet Climate: when the region lies with ITCZ precipitation is abundant & frequently all the year round. The area is characterized by ever green rain forest vegetation.

Tropical Wet Climate & Dry climate: characterized by seasonal moisture pattern i.e. humidity, precipitation, soil moisture, and stream flow change through the year. The seasonal moisture pattern reflect the tropical convergence zone migration in rainy season concedes with the presence of convergence zone (increase in temperature decrease precipitation) where as dry season is product of more stable air.

Tropical Desert: are found between  300N and S  and  characteristics which distinguish the tropical deserts include:

Low relative humidity & cloud

Low frequent & amount of precipitation

High mean annual & monthly temperature

High diurnal temperature range

High wind velocity

2. Mid latitude climate: the major difference between climate of mid latitude & tropical climate is temperature & radiation variation is greater from day to night in tropics while seasonal variation in temperature and radiation is greater in mid latitude climate. 

In summer the radiation intensity & the duration is longer (the temperature average range is 20-250C). In winter solar intensity is low & hours of sun light is short (temperature can be as low as -31-460C). There are three sub climates in mid latitude:

Mid latitude wet climate

Mid latitude winter dry climate

Mid latitude summer dry climate

3. Polar climate: the distinguishing feature of the polar climate is cold climate which is brought about by low level of solar radiation. In polar climate, there is large seasonal fluctuation in temperature & radiation relative to diurnal change. During summer in the northern hemisphere, North Pole tilts toward the sun resulting in longest day of the year. During winter no direct radiation but some radiation finds their way to surface, total darkness seldom exists. 

3.3 The Climate System of Ethiopia

Ethiopia has extremely diverse topography. The complex geological history that began long ago and continues, accentuates the unevenness of the surface; a highland complex of mountains and bisected plateau characterizes the landscape. According to some estimates about 50 percent of African mountains, about 371,432 square kilometres above 2,000 meters, are in Ethiopia. Altitudes range from 126 meters below sea level in the Dalol (Afar) depression on the northern border, to the highest mountain, Ras Dejen in the Semen Mountains north of Lake Tana rising to 4,620 meters.  Therefore, the relief of the country (4620-(-126) is 4746m.  Because of this extensive altitude range, the country has a wide range of climatic features. Climatic heterogeneity is a general characteristic of the country. Climatic elements such as precipitation, temperature, humidity, sunshine, wind, are affected by geographic location and altitude. Ethiopia, being near the equator and with an extensive altitude range, has a wide range of climatic features suitable for different agricultural production systems. 

Temperature and rainfall are the most important climatic factors for agricultural production in Ethiopia. Altitude is a factor that determines the distribution of climatic factors and land suitability; this influences the crops to be grown, rate of crop growth, natural vegetation types and their species diversity. Taking the two extreme altitudes, temperatures range from the mean annual of 350C in the Danakil Depression, while minimum temperatures fall below zero in the upper reaches of Mt RasDegen (4,620 metres) with a mean of less than 00C, where light snowfalls are recorded in most years. Between these extremes are vast areas of plateaux and marginal slopes where mean annual temperatures are between 100 and 20 0C. 

Rainfall in Ethiopia is generally correlated with altitude. Middle and higher altitudes (above 1,500 metres) receive substantially greater falls than do the lowlands, except the lowlands in the west where rainfall is high. Generally average annual rainfall of areas above 1,500 metres exceeds 900 mm. In the lowlands (below 1,500 metres) rainfall is erratic and averages below 600 mm. There is strong inter-annual variability of rainfall all over the country. Despite variable rainfall which makes agricultural planning difficult, a substantial proportion of the country gets enough rain for rain fed crop production.  

3.4. Climate zones and seasons of Ethiopia

A. Climate zones Ethiopia

Ethiopia is in the tropical zone lying between the Equator and the Tropic of Cancer. It has three different climate zones according to elevation and temperature.

Kolla (Tropical zone) - is below 1830m in elevation and has an average annual temperature of about 270c with annual rainfall about 510mm. The Danakil Depression (Danakil Desert) is about 125 meters below sea level and the hottest region in Ethiopia where the temperature climbs up to 500c.

Woina dega (Subtropical zone) - includes the highlands areas of 1830 - 2440 meters in elevation has an average annual temperature of about 220c with annual rainfall between 510 and 1530 millimeters.

Dega (Cool zone) - is above 2440 meters in elevation with an average annual temperature of about 160c with annual rainfall between 1270 and 1280 millimeters. Cool zone consisting of the central parts of the western and eastern section of the high plateaus,
B. Seasons of Ethiopian 

In Ethiopia there are four seasons which are classified according to the amount and timing of rainfall. These seasons determine the seasonal agricultural activities, such as land preparation, planting, weeding and harvesting by farmers.
Kiremt or Meher (summer) - June, July and August are the summer season. Heavy rain falls in these three months. Kiremt is the main rainy season in Ethiopia. As most of the food crop is planted during this season Kiremt rainfall is very important. With the exception of south and southeastern Ethiopia, most parts of the country receive 60 - 90 percent of their rainfall during the this season 

Tseday (spring) - September, October and November are the spring season sometime known as the crop maturity season. 

Bega (winter) - December, January and February are the dry season with frost in morning especially in January. Bega is the dry, windy and sunny season in most highlands of Ethiopia. The causes of this dry season are the Sahara and Siberian High Pressures that send dry and cold winds to Ethiopia during the northern winter. During the Bega, most of highland Ethiopia is sunny during the day and cold during the night and morning, which includes frost in December and January. Farmers harvest their Meher crops during this dry period. However, there are some areas of lowland Ethiopia, such as the Ogaden that get some rainfall during this period. The precipitation during the Bega season is generally very low in most of the grain-producing parts of the country. However, the regions in southern, southwestern and southeastern Ethiopia receive rainfall associated with the southward retreat of the ITCZ.
Belg (autumn) - March, April and May are the autumn season with occasional showers. May is the hottest month in Ethiopia. The belg season is also known as the small rain period. The small rains also contribute to increased pasture for domestic and wild animals. Normal Belg rainfall adds moisture to the soil, easing land preparation for the Kiremt planting. During the dry season, the mass of dry air comes from the northeast.
 Weather systems affecting Ethiopia 

Ethiopia is located in the tropical region, which is defined by surface based observations and by consideration of atmospheric circulation patterns. The main weather systems affecting Ethiopia are the tropical and extra tropical weather systems. The major systems include the Inter Tropical Convergence Zone (ITCZ), anomaly in Sea Surface Temperature (SST), presence of El Nino and Southern Oscillation (ENSO), Sub-tropical Jet (STJ), Tropical easterly (shows eastward direction) Jet (TEJ), The monsoon (a seasonal wind in the Indian Subcontinent & SE Asia) depression and the Monsoon trough, Monsoon Clusters, the Maskaran High Pressure in the Southern Indian Ocean and the Helena High pressure Zone in the Atlantic ocean.

a) The weakening and dislocation of the Inter Tropical Convergence Zone (ITCZ) 

The seasonal distribution of rainfall in Ethiopia is strongly influenced by the wind systems and air pressure over and around the country. The major global winds affecting the rainfall of the country are the moist southwest and southeast winds and the dry northeast trade winds. The origin and movement of these winds depend on the position of the ITCZ (the zone of convergence of winds from the northern and southern hemispheres). This means its variation from the normal may influence the rainfall amount and distribution. 

The major factor that influences the weather system of the country (ITCZ) is the convergence zone of the northeasterly winds (winds in a north-eastward direction) from Northern Hemisphere. These winds are dominant features of the tropics. The ITCZ is responsive to the variation of solar radiation and migrates from one hemisphere to the other with the movement of the sun. Its position is not uniform around the globe. The ITCZ moves north and south in the tropics following the change of seasons. The ITCZ reaches southern Ethiopia at the beginning of the February and moves northward at the beginning of June and bringing rainfall with it. At the end of August, the ITCZ begins to return southward ending the Kiremt precipitation that corresponds with the maturation of crops. Most Ethiopian rainfall, with the exception of the south and southeastern parts of the country, is caused by the ITCZ. The lack or deficiency of ITCZ, which is the main rain producing system, causes deficient rainfall over Ethiopia. The strength of the westerly and southeast trade winds varies from year to year because of anomaly in Sea Surface Temperature (SST).

b) The High Pressure in the Indian Ocean and the Atlantic Ocean: The High Pressures created in the two oceans are important causes for the moisture-carrying winds that move to Ethiopia and drop their precipitation in the highlands. The weakening of these high pressures reduces the amount of rainfall in Ethiopia. The intensity and fluctuation of the rain-producing systems during the Kiremt season influence the amount and distribution of rainfall in Ethiopia. 

c) Anomaly in Sea Surface Temperature (SST) 
The anomalous/irregular warming of oceans over the Atlantic and/or Indian Oceans (major moisture sources for Ethiopia) are considered possible causes for drought in northern Ethiopia. The possible reason given for this event is that the warming of the SST in the two oceans results in low-pressure formation in the area and decrease in moist air advection towards Ethiopia. 

d) The phenomenon of El Nino and Southern Oscillation (ENSO) 
El Nino is the increase in the surface temperatures of the central and eastern equatorial Pacific Ocean. El Nino is the seesaw in atmospheric mass involving exchanges of air between eastern and western hemispheres with center of action located over Indonesia and the tropical southern Pacific Ocean. It results from changes in the pattern and direction of winds and ocean currents. Whereas the term southern oscillation refers to changes in the atmospheric pressure across the Pacific Ocean, thus, El Nino- southern oscillation (ENSO) is a coupled air and ocean phenomenon with global weather implications.

When warming occurs in the tropical pacific oceans, high sea levels pressure are set up over the warmer waters, while low pressure occur over the tropics and sub tropics including Ethiopia and the moisture laden winds tend to  blow the tropics and  subtropics. This results in an unorganized pattern of heavy rainfall in the country.

La Nina is Spanish for “little girl” because it is the opposite of El Nino. It is the cold counter part of El Nino or the other extreme of Eli Nino/southern Oscillation (ENSO) cycle where sea surface temperatures in the tropical Pacific drop below normal. The spatial variation of rain fall is, thus, influenced by the changes in the intensity, position, and direction of movement of these rain-producing systems over the country. Moreover, the spatial distribution of rain fall in Ethiopia is significantly influenced by topography.

3.6 Agro-ecological classification of Ethiopia

Investment in agricultural research in developing countries is being increasingly targeted at those agro-climatic zones and issues where the economic and environmental benefits may be expected to be greatest. This first requires that the zones themselves be defined, along with information on domestic agricultural production and commodity output within agro-climatic zones in different countries. 

There are different ways of subdividing countries and continents into agro-climatic or agro-ecological zones (AEZs). These included methods based on estimated length of growing period (LGP) using rainfall and temperature data, the ratio of precipitation to potential evapo-transpiration (PET), and on more detailed agronomic models, remote sensing data and land use information.

AEZ (Agro-ecological Zone) refers to the division of an area of land in to smaller units, which have similar characteristics related to temperature and altitude. Considering the water balance and the length of the growing period, Ethiopia can be divided into three major agro-climatic zones:
Undefined types: Areas without a significant growing period, with little or no rainfall (eastern, northeastern, southeastern, southern and northern lowlands);

Unimodal types: Areas with a single growing period and one rainy season from February/March to October/November, covering the western half of the country, with the duration of the wet period decreasing from south to north;

Bimodal types: Areas with a double growing period and two rainy seasons (Belg and Meher) which are of two types: 

Bimodal type 1: The region of type 1 in the east of the country has a small rainfall peak in April and a major one in August. 

Bimodal type 2: The region of type 2, covering most of the lowlands of the south and southeast, has two distinct wet periods, February−April and June−September, interrupted by two clear-cut dry periods. The peak rainfall months are April and September. 

The mass of AEZs is also traditionally classified into five categories with traditional names assigned to each zone, based on altitude and temperature: Bereha, kola, weina-dega, dega and wurch. However, the amount of rainfall and its distribution are also important in classifying common agro-ecological zones. 

Table: Traditional Ethiopian Agro-ecological Zones 

	Zone
	Altitude(m)
	Mean Rainfall (mm)
	Temperature (oC)

	Bereha 
	<500
	<900
	>24

	Kola
	500-1500
	900-1000
	20-24

	Winadega 
	1,500-2,500
	>900
	18-20

	Dega 
	2,500-3,500
	>900
	14-18

	Wurch 
	>3,500
	>1,000
	<10


It is common to associate the traditional zones with elevation and temperature and try to recognize agro-climatic and vegetation zones. Authors have recognized different agro-climatic zones and associated them with the traditional system. Many researchers have classified the vegetation and ecological zones. 

According to MoA (Minstery of Agriculture, 2000) many of the classifications and characterizations are not comprehensive and are discipline oriented. The current AEZ classification (MoA, 2000) is based on the basic ecological elements of climate, physiography, soils, vegetation, land use, farming systems and animal production. The intention of better characterization is to suit the country’s diverse but unique natural and cultural diversity. Based on the above criteria the agro-ecological zone prepared by the ministry of agriculture (1998) in collaboration with GTZ divided the country into:

18 major agro-ecological zones and

49 sub-agro-ecological zones

Although this classification is a good start for Ethiopia, it has its own limitations as observed in the classification that regions with relatively different climatic conditions and soil type are grouped in the same zone. A good example in this point is the classification of Debre-Zeit and Mekele in the same zone.          
     Chapter 4 Climate and Agriculture 
Agriculture is one of the riskiest of all enterprises. Although this is the case it is the main economic activities of the third world countries. For example, in Ethiopia more than 85 percent of the populations depend entirely on Agriculture. Of all types of agricultural activities crop production, which is limited to minimum technological input and which is totally dependent on natural conditions, takes the lion’s share.

4.1. Climatic factors in crop production

What are those factors which influence crop production?

Crop growth, production and distribution is governed by 4 major factors:

1. Environmental factors

2. Socio-economic factors

3. Crop factors

4. Management factors (cultural practices)

Simply it is also possible to conclude that crop production is governed by two factors: extrinsic and intrinsic factors, crop production = ((E, I)

Climate is the dominant factor in determining the suitability of a crop for a given area. In other words, climatic factors playing a major role in determining how and where crops can be grown. Knowledge of the crops and crop varieties grown in a given region is a better measure of climate, as applied to crop production in that region, than are complete climatic records. The climate of rift valley and eastern Ethiopia is less suitable to crops than central, western and southern Ethiopia. The key atmospheric variables that impact crops are solar radiation, precipitation, air temperature, humidity and wind. The day-to-day variability of these across the landscape can be described as weather. Weather extremes at critical periods of a crop’s development can have dramatic influences on productivity and yields. The long-term average temperature and humidity and the total solar radiation and precipitation over a crop’s growing season can be described as the climate. It is the climate that, in the absence of any weather extremes, determines the realized yields for a given region. 

The influences of climatic factors on crops are closely interrelated, and each is modified by the others. 

Daily, seasonal, or long–term variations in any or all of the climatic elements alter the efficiency of plant growth. The spatial scale of a crop climatic environment is also significant. Temperatures outside the range of tolerance may prevail at ground level while a short distance above they are well within safe limits. Leaf temperature, which depends on absorption of radiation and the rate of transpiration as well as air temperature, is especially important for growth. Similarly, moisture, light, and wind effects may be quite different in the vicinity of the plant conditions beyond its eco-climate. The response of crops to the different weather variables is quite complex and difficult to describe. If one of the variables is limiting (for example, temperatures that are too hot or too cold), then the effects of solar radiation or precipitation do not greatly affect the crop. When none of the variables is limiting, the crop will respond to the variable that is farthest from the optimum for that variable. Describing the physiological response of crops at the field level introduces additional uncertainty in predicting crop yield. Predicting the exact response of crops to the weather is, as a result, an inexact science, and one that contains great uncertainty.

Temperature and crops 

The temperature of the air and the soil affects all the growth processes of plants. Every variety of every crop plant has minimum, optimum and maximum temperature limits for each of its stages of growth. Other than planting, temperature is the main variable that determines when a crop will grow. It also determines,
along with precipitation and solar radiation, how well a crop will grow and how fast it will develop. Temperature is the most limiting factor for crop production in temperate regions rather than in tropical regions. Moisture is rather the most limiting factor for crop production in the tropical regions than temperate regions. Based on temperature requirement, crops may be classified broadly as 

1) warm-weather (warm-season) or 

2) cool –weather (cool-season) crops

Since altitude and latitude have a direct effect on temperature, warm-weather crops are exactly matched with low land crops and tropical crops according to altitude and latitude requirements, respectively. Similarly, cool-weather crops are also matched with highland and temperate crops according to their altitude and latitude requirements, respectively. Cool-weather crops make their best growth under relatively cool conditions, but are damaged by hot weather. Cool-weather crops include wheat, oats, barley, rye, potato, flax, sugar beet, red clover, vetch, field pea, and many grasses. Warm-weather crops prefer a warm season and these include maize, cotton, sorghum, rice, sugarcane, cowpea, peanut, soybean, velvet bean, and elephant grass. Cool season crops tolerate low temperature more than warm season crops. On the contrary, cool season crops are more sensitive to heat damages than warm season crops. Cool season crops grow in the temperature ranges between 5OC and 30OC, and they may stop their growth in the temperature of 32-38OC. Warm season crops grow in the temperature ranges between 10OC – 35OC, and they stop their growth in less than 10OC temperature. Most annual crops are killed in the temperature range of 0OC – 5OC. Within suitable temperature ranges, crop growth increases with each rise in temperature - a doubling in growth for each rise in temperature of 10OC.

The effect of high /maximum temperature 

Under very high temperature, 

The rate of evaporation exceeds rate of absorption. This may result in premature loss of leaves or fruit;

Winds speed up transpiration and result in dehydration of plant tissues. The consequence might be withering  and crop failure 

The problem of high temperatures can be solved under field conditions by increasing the moisture supply through irrigation or by moisture conserving tillage practices. These methods permit successful production of many different crops in hot desert oases.

The effect of low/ minimum temperature 

Low temperature is harmful to crop production due to frost. There are two kinds of frost. These are advection (air mass) frost and radiation frost.

Advection (air mass) frost 

It results when temperatures at the surface in an air mass is below freezing.

It is common in winter in middle and high latitudes 

It is an agricultural problem in relation to crops which are planted in winter

It affects the quality of crops by subfreezing temperature 

Because the temperature of the air masses cannot be controlled on a large scale, not much can be done to forestall the general hazard attending air mass freezes.

Radiation frost 

It occurs on clear nights with a temperature inversion and usually results in formation of ice crystal on cold objects.

It differs from freeze damage in degree and in its spotty occurrences 

The hazard is greatest at critical growth stage (flowering stage) 

Avoidance of damage due to radiation frost is more feasible than advection frost. 
Frost damage control mechanism 

There are direct and indirect frost damage control mechanisms.

Indirect frost damage control mechanisms include

Selection of frost hardy plants. Grow delicate crops on slopes above the level to which freezing air is likely to extend or where air drainages or winds can be depended up on to stir the air throughout night.

Direct frost damage control mechanisms are aimed primarily at breaking up the temperature inversion which accompanies intense night time radiation. This include 

Smudging /smoking fields: - used to combat radiation inversions in citrus groves, supposedly to provide some heat and form a dense pall of smoke to reduce radiation losses.

Use of huge fans: - it is operated by electric or gas driven motors. It may reduce the effects of the freeze if it is not severe.

Water spray over fruit biomass: - where only a light frost is expected, water sprayed over fruit biomass has proven effective in ameliorating the hazard. As water droplets freeze, the release of latent heat tends to maintain the temperature at or near the freezing point.

Use of artificial fogs: - using artificial fogs composed of water droplets and emulsifying agents also show promise of providing a blanket to prevent heat loss.

Covering part of seedlings: - tender plants are commonly covered with paper or straw for frost protection during the early stages of growth.

b) The moisture factor 

It is the most important environmental factors in crop production. There are optimum soil moisture conditions for crop development just as there are optimum temperature conditions. Because crop plants obtain their water supplies primarily through their root system, maintenance of soil moisture is the most compelling problem in agriculture. Water is the chief component of living plants and has the following functions: 

it is involved in the transfer of nutrient elements from the soil into the roots and upward through the plants; 

it supplies hydrogen for photosynthesis, 

it maintains the turgidity of plant cells, particularly the guard cells of stomata in order to open stomata for gas and water exchange, 

it is major constitute of protoplasm and serves as a medium for metabolic reactions, and 

it cools the plants through transpiration during high temperature conditions

The critical period for moisture for most crops occurs just before or after flowering, followed by emerging seedling growth stage. Based on water requirements for normal growth, crop plants are classified into three categories, namely:

 (1)  Xerophytes – require little water and all desert plants are xerophytes, 

(2)  Hydrophytes (aquatics) – require large amount of water and may in fact grow in submerged in water, and rice is the only major hydrophyte field crop, and 

mesophytes – require moderate amount of water, and most crop plants are mesophytes 

Rainfall is the major source of water for agricultural crops and it has a dominant influence in crop production. Apart from its water source, rainfall also affects crop production indirectly by influencing atmospheric temperature, humidity and evapo-transpiration. The mean monthly or annual rainfall doesn’t show its effectiveness for crop production. The effectiveness for crop production of a given quantity of rainfall depends upon: 

the time of the year that it falls – rainfall distribution,

 the rapidity and intensity of individual rains, 

the soil type, 

soil cover (vegetation), and 

the seasonal evaporation 

In semi-arid regions, the conservation and utilization of the scanty rainfall is so important. In regions of low rainfall, the moisture deficiency may be overcome by the following methods:

using drought tolerant crops and crop varieties adapted to dry farming such as millet and sorghum,

using early maturing crops and crop varieties – quick/short-maturing crops to escape the drought

irrigation – if accessible and feasible

 thinning and weeding – minimizing moisture competition 

Ridging and mulching – ridging of furrows at certain interval helps to conservation moisture, and control run-off and soil erosion. Mulching is a practice of covering of the ground surface by grass or leaves to minimize evapo-transpiration and conserve soil moisture, control run-off and soil erosion.

6. Fallowing/rotation – fallowing is a practice of making the crop fields idle without cropping and fallowing every 2-3 cropping helps to conserve moisture and restore nutrients for succeeding crop(s). 

Application of fertilizers that hasten early maturation of crops such as phosphorous (P) and potassium (K). 

Plants based upon ways of overcome moisture stress are classified into three:

1) Drought tolerant – by reducing total growth, rapid root development, and having extensive root system, 

2) Drought avoider – some types of internal adjustment such as accumulation of water like cactus, dormancy, and rolling of leaves, and

3). Drought escape/evasion – hasten their entire life cycle. Short maturing plants 

Excessive amount of water in the soil alter various chemical and biological processes, limiting the amount of oxygen and increasing the formation of compounds that are toxic to plant roots. The underlying cause of inadequate soil aeration may be poor vertical drainage as well as excessive rainfall. Similar to drought tolerant crops, some crops and varieties are more tolerant to water logging than others. Lowland rice varieties are exceptionally very tolerant to water logging. Teff and noug are also more tolerant to water logging than others, while barley and wheat are intermediate tolerant to water logging

Practically water logging is controlled by:

having good drainage systems, 

planting at the right time, 

controlling irrigation water, and 

selecting tolerant crops/varieties in water logging prone areas 

c) Light and crop production
Light is very essential for life and without light there may no life at all. Because it is essential for photosynthesis and photosynthesis is the base of life. Sun is the natural source of light, but only a very small portion of light is useful for life and crop production, while the largest portion of sun light is not important or very dangerous for life. For plant production processes, especially for photosynthetic process, radiation in visible range (380 – 760 nm wave length) is utilized by plants. Only light in the wave length range of 380-760 nm is visible and biologically important (VIBGYOR). Rays having shorter or longer wave length than visible light are not visible. Especially rays having very short wave length are very lethal to life in the following order: cosmic rays > gamma rays > x-rays > ultraviolet rays. Fortunately, these lethal rays having very short wave length, as well as, rays having very long wave length don’t reach to the earth, rather they are reflected back by ozone layer. In other words, ozone layer serves earth as a shield to protect it from these lethal rays.

Light factors affecting crop production greatly are: 

light quality, 

light intensity (quantity), and 

light duration 

Light quality: 
The quality of light is determined by the relative proportion of different wavelengths (colours) contained in the sun light that reaches the earth’s surface. Light quality is not constant, rather it varies with the season and the geographic location, as well as, with changes in the composition of the atmosphere surrounding the earth. Light quality is important for photosynthesis and morphogenesis including the germination of certain seeds such as lettuce requiring red light for germination 

Light intensity (quantity): 

A plant is said to be light saturated when its photosynthetic rate doesn’t increase with increasing light intensity, and its entire photosynthetic “machine” is operating at maximum capacity, under average it is about 10,000 FC. Based on the light intensity required for saturation, it is possible to divide plants into two broad groups:

sun plants - reach saturation at light intensity of 5000 FC or more, and 

shade plants - reach saturation at below 500 FC

C4 plants require higher light intensity than C3 plants for saturation. In other words, the light saturation point for sun plants varies among and within species. Plants with lower light saturation points tolerate shading relatively well and they can also tolerate heavy seeding rates. If available moisture and minerals can support heavy seeding rates, a shade tolerant cultivar should be selected to produce maximum yields. Leaf orientation also affects the efficiency of light utilization. Usually plants having horizontally oriented leaves, their light utilization efficiency is expected low because the upper leaves shade to the lower leaves. Low light intensity below the minimum requirement may result etiolation. Etiolation is the symptom of light deficiency and characterized by excessive elongation, poor side branching, weak stem and yellowing under extreme condition

Light intensity in crop production can be controlled by the followings:

by controlling shading,

by proper cultivar selection,

by controlling planting rate ( spacing between or within rows), and

by effective weed control 
Light duration: 
The duration of light is measured by the hours of sunlight in 24 hours. It varies with the location and the season. Light duration is important to plants for photosynthesis and photoperiodic response for the initiation and development of flowers. The longer is the duration of light, the higher is the total daily accumulated photosynthetic products. In relation to photoperiodic response, crop plants are classified into short day, day neutral and long day plants. Short day plants require shorter light duration than the critical light duration for flowering, while the long day plants require longer light duration than the critical light duration for initiation and development of flowers. Light duration in crop production is controlled by selection of suitable crops and varieties as well as time of planting.

Humidity
Humidity is water vapour in the air. Relative humidity is the vapour pressure in the air in terms of the percentage necessary to saturate the atmosphere at the particular temperature. The lower the relative humidity at a given temperature is, the more rapidly will the air take up water transpired by the leaf or evaporated from a moist soil surface. Humidity affects crop growth and production indirectly through affecting evapo-transpiration and diseases/insect pests/weeds prevalence. High humidity with warm temperature favours diseases, insect pests and weeds. On the other hand, low humidity with high temperature increases the drying capacity of the atmosphere to crop plants. Evapo-transpiration increases with the increase of temperature and with the decrease of relative humidity. Relative humidity is influenced by temperature, rainfall, and speed and direction of wind. Based on rainfall, the relative humidity can be dry or humid, and similarly based on temperature the relative humidity can be cool or warm. For normal plant growth and development, the rainfall must exceed the evapo-transpiration potential of the region, otherwise only drought tolerant plants (xerophytes) have a chance to grow under high evapo-potential exceeding the rainfall.

Crops and wind 

Wind is both beneficial and harmful to crop production. As beneficial, wind is important agent for (1) pollination and (2) bringing rain. As harmful, wind negatively affects crop production:

by increasing evapo-transpiration and leading drought,

by bringing insect pests and diseases,

by causing lashing and lodging, particularly crops grown on fertile soils, and

by causing soil erosion 

In areas where wind is a problematic for crop production, it is necessary to protect crop fields from wind by wind break through planting appropriate tree species against wind direction such as Cupress spp., Casuarina equistefela, or Grevillea robusta. 

   4.2. Weather station net work and data collection

 Scientists have identified the critical weather conditions that control development of some organisms, and have written programs that mimic or model this relationship. By using current weather data as input, a computer model can accurately track a specific disease or an organism’s stage of development. Based on this information, a farmer knows if and when to spray pesticides, minimizing the potential health and litigation issues arising from spray drift, which are always of concern with pesticide application.

In 1989, weather monitoring systems were installed under the supervision of John W. Enz, NDSU agricultural climatologist, at six agriculture experimental stations across North Dakota. Today the system has grown to 50 weather stations, and is known as the North Dakota Agricultural Weather Network (NDAWN). NDAWN sites span the state and provide data critical to the application of pesticides. It is an environmentally sound electronic weather monitoring system, and is managed by John Enz (professor) and Radu Carcoana and Greg Brockberg (research specialists) from NDSU, Soil Science, and Climatology Section. The data collected by this system are used by an increasing number of individuals and institutions for an amazingly wide variety of purposes.

Our standard weather stations measure air temperature and relative humidity with a Vaisala HMP35C sensor, wind speed and direction with Met One 014A and 024A sensors, solar radiation with LI-COR LI200S and LI200X pyranometers, rainfall with a Texas Electronic TE525 tipping bucket rain gauge, barometric pressure with a Vaisala PTA427 sensor, and soil temperature at 10 cm depths under bare and turf cover conditions with thermocouples or thermistors. Data are recorded and summarized hourly and daily by 41 CR10 dataloggers and nine 21Xs. All sites are accessed by phone: 37 with DC112 phone modems (seven with cellular phones), and 11 with VS1 voice modems. Two stations are accessed via radio telemetry. Automatic weather stations are linked to a central computer through a wireless network. They are able to give reliable rainfall, temperature and other data necessary for monitoring the weather and climate and making forecasts. Since they are automated, they help minimize costs for data collection.


Fig: Vaisala MAW301 agro meteorological site in Northern Cyprus.

 4.3. Weather Prediction    
Weather forecasting is the application of science and technology to predict the state of the atmosphere for a future time in a given location. Human beings have attempted to predict the weather informally for millennia, and formally since at least the nineteenth century. Weather forecasts are made by collecting quantitative data about the current state of the atmosphere and using scientific understanding of atmospheric processes to project how the atmosphere will evolve.

Forecasting the weather variables at different time scales is important to both short-term and long-term planning in agricultural production. Short-term predictions, from hours out to 2 weeks, called weather forecasts, are important for day-to-day management decisions. Long-term predictions, for seasons out to a year or two in advance, called climate forecasts, are important for successful crop selection and crop rotation planning.

Forecasting future climate can be done by the help of model: future climate is forecasted.

Analog Model: when the attributes are often analogy to the conditions that exist in real world ice analogy climate is used if the past can provide any guide to the future.

GCM (General Circulation Model): attempt to solve equation of motion through dynamic conservation for moisture & mass in a defined global area to forecast the future climate.

 Chapter 5: Weather and climate hazards 
There are many climate related hazards in Ethiopia. The most common disasters are droughts and floods. 

5.1. Drought 

Drought is the leading climate related hazards in the country that particularly affects the food security of the people. Drought is a climatic phenomenon, which affected many societies in the past and may continue to do so in the future. Unlike many of the other natural disasters that beset mankind, drought by its very nature has an extended lifetime. There is no acceptable definition of drought that can be operational everywhere. 

This is because drought means different things to different people, depending on their interest in, or their specific need for, rainfall. A general definition may put it as a long period of unusually low rainfall resulting in parched ground and abnormal withering of vegetation. The National Meteorological Service Agency of Ethiopia defines drought as a period when the seasonal rainfall is less than 19% of the mean. Farmers of Ethiopia define drought as the absence of rain (when required) for seed germination and for crop growth and seeding.  For them, any rain that is less than the normal amount and any rain coming at the wrong time are the same because both bring drought. However, common to all the above definitions, drought originates from insufficient precipitations that result in water shortage for the intended activity. Therefore, the widely accepted definition of drought is related to the rainfall deficit from the normal for relatively long period of time.

     Types of Drought 

There are three different types of drought, namely meteorological, hydrological, and agricultural: 

1. Meteorological drought: Meteorological drought is defined as when the amount of rainfall is less than the percentage of the long-term average rainfall in a given region. 

2. Agricultural drought: Agricultural drought occurs when there is no sufficient moisture available at the right time for the growth and development of crops. 

3. Hydrological drought: It is brought about when the water reserves available in sources such as lakes, reservoirs, and streams fall below the statistical average. 

Agricultural drought links various characteristics of meteorological drought to agricultural impacts, focusing on precipitation shortages, differences between actual and potential evapo-transpiration, soil water deficits and so forth. This leads to withering of plants and reduction in crop yields. Both hydrological and agricultural droughts affect the supply of socio-economic goods, such as water, forage, food grains, and hydroelectric power. Among the various types of drought, meteorological drought is important as it leads to other kinds of drought if it persists for a longer period over wider area.

 Causes of drought 
The causes of drought are many and complex. The earliest known evidence in a medieval Ethiopia work, Metshafe Senkesar or synaxarium which was written in a religious rather than scientific vein reveals that drought occurred in Ethiopia supposedly because of the wickedness of the people; God prevented the heavens from sending forth rain. Since then Ethiopians have applied the same explanation right up to modern times. Nevertheless, based on scientific investigations, meteorological factors such as the weak and dislocation of the Inter Tropical Convergence Zone (ITCZ), anomaly in Sea Surface Temperature (SST), presence of El Nino and Southern Oscillation (ENSO), and environmental degradation such as deforestation and soil erosion are all described as causes of drought. 
1) Deforestation 
The destruction of forest and woodland resources affects rainfall amount. Forests play an important role in maintaining atmospheric circulation and climatic and nutrient cycles. They release moisture into the atmosphere by transpiration and may increase humidity sufficient to generate rain. As trees and bushes are cleared, less rainfall is intercepted and surface runoff increases resulting in less water for the soil, plants, and animals. As vegetation is striped from land, the surface dries out and reflects more of the sun's heat. This would alter the thermal dynamics of the atmosphere and suppresses rainfall, which would, in turn, dry out more land, lakes, streams and rivers. Even though forests play such an essential role in developing countries such as Ethiopia, they have been treated as free environmental goods to which everyone has the right of access. The heavy dependency on forests for fuel wood, fencing, farm implements, and construction poles as well as for other economic purposes has contributed to the increasing rate of forests and woodland destruction.

2) Soil erosion 
In Ethiopia, poor farming practice, which includes intensive tillage of the soil, tillage of steep slopes, absence of fallow and lack of effective soil and water conservation practice, aggravates the rate of soil erosion. Several researchers estimated that the total loss of soil from different land uses of Ethiopia is between 1.5 and 2 billion cubic meters annually. An average soil loss rate on arable land of the country is about 42 tons/ha/year. It is estimated that, to form a centimeter of soil, it may take from 200 to 1000 years on a rock under normal condition, and at least 200 years for topsoil under cultivation.  Thus, poor farming practices that have been adopted in northern Ethiopia for thousands of years must have contributed to a soil loss that exceeded by far the soil formation rate. 

As topsoil is eroded, the subsoil does not have enough water holding capacity so that the area becomes vulnerable to agricultural drought. It is clear that the subsoil cannot absorb a large portion of the rainwater during the wet season and as a result causes excessive run off and erosion. As soils cannot store sufficient water in the period of consecutive rains to provide the moisture needed by the crops, the result is reduction in crop yield.

      Impacts of drought

Droughts in Ethiopia date back almost to the beginning of the history of the country and have impacted the country economically, socially, politically, and environmentally. Examination of the historical literature reveals that drought has always been frequent in the country. The historical survey of natural disasters from around 253 BC to 2005 reveals that there were 301 major drought related famines in the country. Its impact is diverse on the environment and plagues all societies at different levels of development. Drought affects more people than other environmental hazards and is perhaps among the most complex and least understood types of all environmental disasters. The International Decade for Natural Disaster Reduction (IDNDR) indicated that drought accounted for 22% of the damage from disasters and for 33% of the number of persons affected by disasters.
The impacts can be classified as economic, social, and environmental. The socio-economic consequences of drought depend largely on the type of economic system involved. The 1959-61 droughts in Syria for instance caused the loss of about 50% (13,564,000) of the sheep, livestock, whereas in the USA it is estimated that drought causes an average of $6 billion in economic losses each year. In Ethiopia whenever drought occurs the consequence is food shortage and famine. 

         6.2 Flooding
Flooding is a natural process accelerated by human activities in which water comes from natural and artificial sources and covers the area. It takes place when a body of water outflows its confines. It causes loss of life (more in developing countries) and property (more in developed countries).

Causes of flooding

Factors that cause and enhance flooding are: Change in land use, Overpopulation, Deforestation, Poor farming practices. However, the immediate cause is excess water.

How is excessive water created?

precipitation:- total amount, distribution, duration and infiltration

melting of ice in spring

tsunami (high tides in coastal areas)

dam failure due to human activities

Rivers and river flooding

The behaviour of river in its channel is controlled by

gradient/slope: vertical distance that a channel falls between two points

cross sectional area of the channel


A=W*H
W = width, H=height

      3. Discharge (Q): volume of water passing a point per unit time.


Q (m3/sec) = Q (m2) * V (m/sec); 


Q (m3/sec) = Cross- sectional area* average velocity

4. Load: dissolved load and suspended load

5. Average velocity

A river reaches a flood stage when the channel is full and further increase in discharge makes it overflow its banks.

Flood impacts

There are two kinds of flood hazards. These are

Primary: - due to contact with the flowing water. The consequence might be death, damage to structures, farm; and erosion

Secondary and tertiary: - it has long-term impacts. This includes

Destruction of farm lands (erosion)

Health impacts( water born diseases)

Disruption of services such as water, electricity and transportation.

Prediction of river flooding

Flooding gives time unlike volcanic eruption and earthquake.

Analyzing floods frequency: statistical analysis based on records. For a given gauging station; annual peak discharge are recorded for many years.

   Recurrence interval, R= (N+1)/M

               Where, R= recurrence interval (average interval between two floods of equal magnitude)

                           N= years of record

                           M= rank of the individual flow in the area

E.g. If the discharge of a river is measured at a gauging station for 92 years, what is the average interval of a flow of rank 3?


R= (N+1) /M = (92+1)/3 = 31 

Therefore, the recurrence interval is 31 i.e. flooding occurs in every 31 years.

2. Flood hazard mapping

To determine areal extent of floods of a given magnitude, settle on

Water level rise of the channel

Surface area exposed to flood

Recorded remotely sensing data are useful in this.

Intervention to minimize flood hazards

Control floods by improving the appearance of channel (widen the channel)

Drain wet-lands 

Facilitate transportation to minimize the risk

Control erosion

Land use planning: - avoiding the settlement and construction development activities near to the flood vulnerable area. For example, change the settlement and agricultural area into recreational site. 

Response to flood hazards

Structural and engineering approaches:- channel modifications, dams etc

Adjustment and reduction of vulnerability

Emergency response providing services mainly food, cloths, etc.

compensation

    5.3. Air Pollution: Causes and Effects

Air pollution is any visible or invisible particle or gas found in the air that is not part of the original, normal composition. Air pollution occurs when gases, dust particles, fumes (or smoke) or odor are introduced into the atmosphere in a way that makes it harmful to humans, animals and plant. This is because the air 

becomes dirty (contaminated or unclean). Anything additional gas, particles or odors that are introduced into the air (either by nature or human activity) to destroy this natural balance can be called air pollution. 

Things that pollute the air are called pollutants. Examples of pollutants include:-

carbon dioxide -Deforestation and fossil fuel burning

Sulfur dioxide -burning of sulfur containing compounds of fossil fuels. 

Chlorofluorocarbons (CFCs) reduce the amount of ozone. CFCs come from

the burning of plastic foam items

leaking refrigerator equipment spray cans

Hydrocarbons-from petrol engines

NOx-from burning of fossil fuels

Suspended particulate matter-by diesel engines, thermal power plants

Lead compounds-from petrol engines

Causes of Air Pollution 
What causes air pollution? Air pollution can result from both human and natural actions. 

Natural events that pollute the air include forest fires, volcanic eruptions, wind erosion, pollen dispersal, evaporation of organic compounds and natural radioactivity. Pollution from natural occurrences is not very often. 

Human activities that result in air pollution include:

 Industrial emission: Burning Fossil Fuels After the industrial age, transportation has become a key part of our lives. Cars and heavy duty trucks, trains, shipping vessels and airplanes all burn lots of fossil fuels to work and increase air pollution. Emissions from automobile engines contain both primary and secondary pollutants. This is a major cause of pollution, and one that is very difficult to manage. This is because humans rely heavily on vehicles and engines for transporting people, good and services. Fumes from car exhaust contain dangerous gases such as carbon monoxide, oxides of nitrogen, hydrocarbons and particulates. On their own, they cause great harm to people who breathe them. Additionally, they react with environmental gases to create further toxic gases. 
Agricultural activities: Ammonia is a very common by product from agriculture related activities and is one of the most hazardous gases in the atmosphere. Use of insecticides, pesticides and fertilizers in agricultural activities has grown quite a lot. They emit harmful chemicals into the air and can also cause water pollution. 

Mining operations: Mining is a process where in minerals below the earth is extracted using large equipments. During the process dust and chemicals are released in the air causing massive air pollution. This is one of the reasons which is responsible for the deteriorating health conditions of workers and nearby residents. 

          Consequences of Air Pollution

Acidification: Chemical reaction involving air pollutants can create acidic compounds which can cause harm to vegetation and buildings. Sometimes, when an air pollutant, such as sulfuric acid combines with the water droplets that make up clouds, the water droplets become acidic, forming acid rain. When acid rain falls over an area, it can kill trees and harm animals, fish, and other wildlife. Acid rain destroys the leaves of plants. When acid rain infiltrates into soils, it changes the chemistry of the soil making it unfit for many living things that rely on soil as a habitat or for nutrition. Acid rain also changes the chemistry of the lakes and streams that the rainwater flows into, harming fish and other aquatic life. 

Eutrophication: Rain can carry and deposit the Nitrogen in some pollutants on rivers and soils. This will adversely affect the nutrients in the soil and water bodies. This can result in algae growth in lakes and water bodies, and make conditions for other living organism harmful. Eutrophication is a condition where high amount of nitrogen present in some pollutants gets developed on sea’s surface and turns itself into algae and adversely affects fish, plants and animal species. The green colored alga that is present on lakes and ponds is due to presence of this chemical only. 

Effect on Wildlife: Just like humans, animals also face some devastating effects of air pollution. Toxic chemicals present in the air can force wildlife species to move to new place and change their habitat. The toxic pollutants deposit over the surface of the water and can also affect sea animals. 

Depletion of Ozone layer: Ozone exists in earth’s stratosphere and is responsible for protecting humans from harmful ultraviolet (UV) rays. Earth’s ozone layer is depleting due to the presence of chlorofluorocarbons, hydro chlorofluorocarbons in the atmosphere. As ozone layer will go thin, it will emit harmful rays back on earth and can cause skin and eye related problems. UV rays also have the capability to affect crops. 

Greenhouse gases: In the result of air pollution number of green house gases are increase rapidly. The man-made (or anthropogenic) component of the greenhouse effect is caused by man’s activities that emit greenhouse gases to the atmosphere. The most important of these is the burning of fossil fuels. Fossil fuels contain carbon, and when they are burnt this carbon combines with oxygen in the atmosphere to form carbon dioxide. 

Greenhouse effect cause global warming 
What is global warming? It is an occurrence which results to the rise in the average temperature of the earth's atmosphere. Due to extreme pollution from factories and automobiles in the earth's atmosphere, greenhouse gases like carbon dioxide and nitrous oxide form a thick layer in the upper atmosphere and traps the sun's rays from being reflected back to outer space. This eventually leads to a rise in temperatures as the sun warms the earth. Global warming also called the greenhouse effect occurs as a result of the gradual increase of the air temperature in the earth's lower atmosphere.

5.4. Climate Change: Causes and Effects

Causes of climate change  

Natural Change: natural change of the climate which can be related to

Vegetation in the earth- sun relation.

Obliquity of the elliptic earth axis. If it varies with some 1.50 in 41,000 years.

Earth orbital eccentricity

Solar output variation can be either actual change in radiating temperature of the sun over long period. Periodic phenomena of shorter time specifically sun spots.

Atmospheric modification; the role of volcanic activity and modification in ozone, H2O, CO2.
distribution of continents; the role of relative location of continents land mass in relation to the pole equator, variation in the ocean in which is related to sea surface temperature.

Human impact: The roles of human being, which significantly change earth’s climate include:

the surface change 

deforestation

creation of artificial lakes

 expansion of farm land

Urbanization

These process significantly change the face of earth by modifying the energy interchange i.e. the amount of energy that the surface reflect will not enter to the heat balance due to change in Albedo.

Change in atmospheric chemistry

Pollution, if there is a change in atmospheric chemistry there is change in surface temperature, acid rain when sulfur oxide & nitrogen oxide released in to atmosphere the oxides transformed in to sulfuric and nitric acid when they are washed out by precipitation. As a result of Acid rain Leaves & organic debris do not decompose resulting in rapid decay of rock, cement metal extremely damaging to the vegetation (crops, forests, others).

Detection of anthropogenic global warming

What causes global warming?

The term global warming refers to Earth’s slowly rising temperature, especially in the last 20 years.

Sunlight brings energy to the Earth. This light turns to heat when it hits the ground. The heat in turn seeps away from the Earth, but the atmosphere slows the heat’s escape. The atmosphere is a layer of air around the planet. It holds in some of the warmth. The atmosphere is a mixture of many gases. In the last 250 years, this mixture has been changing. The amounts of gases such as methane and carbon dioxide have been rising. These gases trap heat more effectively than other gases. They make the Earth’s atmosphere act like the glass in a greenhouse. It lets sunlight in, but it doesn’t let heat out. As a result, heat is building up close to the surface. 

Why is the atmosphere changing?


People are changing the atmosphere. The changes have started hundreds of years ago when people began cutting down forests and burning the wood. The invention of cars and other machines greatly increased the amount of greenhouse gases released into the atmosphere. Such machines burn fuels like wood, coal, oil, and natural gas. When these fuels burn; they add carbon dioxide to the atmosphere. Methane comes from producing coal.

Today, the air contains almost one-third more carbon dioxide than it did in 1750. The amount of methane has doubled.
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Figure 7.3a Air pollution by both cars and factories. This picture shows air pollution in Brazil.
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Figure. Destroying the Forests: Burning and cutting down forests, like this area of the Amazon rain forest, contributes to global warming. Burning trees produces a gas called carbon dioxide that traps heat within Earth’s atmosphere. Cutting down trees leaves fewer trees to absorb carbon dioxide from the air.
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Figure. Burning Coal: The burning of coal is a major contributor to global warming. This photo shows a giant pile of coal used to fuel the power plant in the background.
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Figure 7.3d Flooding:  Countries close to sea level, like Bangladesh, could experience huge floods and even be drowned as global warming causes ocean levels to rise. In this photo, floodwaters turn parts of the Bangladesh countryside into islands. Source: Anne LaBastille/Bruce Coleman, Inc.

5.5. Effects of Weather & Climate on Biotic, Abiotic & Human Activities

5.5.1. Effects of Climate on Biotic Activities

Animal: animals are highly dependent on the availability of feed. The climatic factors that affect pasture or feed crops therefore exert an indirect influence on livestock. Fluctuations in animal productivity frequently result from variations in the feed supply rather than from the direct effect of climatic element on the animals. Thus, there may be a decrease in milk or meat production during a drought because the amount &nutritive quality of pastures are impaired. Most animals are adapted to a wide range of climatic conditions provided that their feed & water requirements are met. There are, however, direct climatic effects on the normal body functions of animals. All breeds have optimum range of climate for maximum growth & development. When removed to a much different climate they do not ordinarily die as plants often do, but they may fall below minimum economic levels of production.
The climatic elements which affect livestock indirectly through the feed supply are those which influence plant growth or the spread of insects and diseases.

Those having direct effect are temperature, light, precipitation, relative humidity, atmospheric pressure, wind, and storms.

For example; High temperature generally reduces production and productive capacity.

Dairy cows produce less milk when exposed to high temperature; the optimum is 100C.

Hens lay larger eggs in winter & at high latitude

Many animal breeds consume less feed under hot condition and therefore do not produce fat & flesh as rapidly

Flora/Plant: The principal direct effects of climate on plants are exerted by elements of the water and heat budgets: precipitation and soil moisture, humidity, temperature (including soil temperature), sunlight, and wind. Variation in one can change the significance of the others in producing different rates of evapo-transpiration and photosynthesis. Moisture factors are the most important over large area of the earth. Water not only goes into the composition of plant cells but also:

Medium for transport of nutrients

Act as a temperature control through evapo-transpiration.

 For most plants the immediate source of moisture is the soil.

Heat & sunlight: provides energy for plants. Plants grow only within certain temperature limits, although the limits are not the same for all plants. For each species and each variety of plants, there is a minimum below which growth is not possible, an optimum at which growth is best, and a maximum beyond which growth stops. Most plants cease growth when the soil temperature drops below 50C.

Moisture requirements of plants become higher as energy supply increases, and if moisture is available productivity increases.

A given amount of precipitation may result in a moisture deficit in a hot climate, but under lower temperature the same amount may exceed potential evapotranspiration and create a moisture surplus. If demand of moisture in soil by plant & transpiration from plants are not met wilting and eventually death occur.

Sunlight: without adequate light, green plants fail to develop properly, although some species are adapted to shaded conditions. Light regulates the time required for certain species to flower & produce seed.

Wind: influence vegetation directly by its physical action up on plants & indirectly by accelerating moist loss. Through convective heat transfer it affects plant temperatures. Plant leaf temperatures are modified by increase in wind at low speeds. As speed increases, the proportionate effect is diminished.

5.5.2. Effect of climate on Soils (Abiotic Activities) 

Soil formation: Soils are affected by climate directly through out their evolution from parent rock to their current state of development. Their character is shaped indirectly by climate acting through vegetation & animal life.
Soil formation= ƒ(climate, plants & animal life including microbes, relief, parent materials and time). 

The dynamic process which form soils are of the three broad classes: physical, chemical, and biological. Physical break up of parent rock, termed disintegration, is induced climatically through the action of rain splash, rainfall, snow melt run off, glacier movements, and thawing, and abrasion or transport by wind. Chemical weathering or decomposition, takes place more rapidly under warm, humid conditions, than in cold or dry climates. Once the weathered parent materials begins to support life, plants, bacteria, worms & so on spread the chemical & physical changes & add organic matter. Within certain limits, chemical & biological activity increase with increasing temperature and moisture: neither is possible without water.

Soil erosion: Soils in regions of arid and semi-arid climate are the most susceptible to the ravages of wind erosion. Soil water not only adds to the weight of the particles but is a cementing agent which reduces the tendency of soil to be blown about. Temperature has its maximum effect on accelerated erosion indirectly through its influence on plant cover & the weathering process. Freezing & thawing directly alter the structure of the soil and thus make it more susceptible to the action of wind or running water. 
5.3.3 Effect of Climate on Human activities

Human health, energy, and comfort are affected by climate than any other element of the physical environment. Physiological functions of the human body respond to changes in the weather, and the incidence of certain diseases varies with climate & the seasons. Our selection of amounts and types of food and clothing also tends to reflect weather and climate. The state of atmosphere even influences our mental & emotional outlook. 

Different human being do not react to identical climates in the same way, however, the relationship is completed by individual physical difference, age, diet, past climate experience and cultural influences. Nor are all individuals equally adaptable to a change of climate. Of all life forms, nevertheless, human are the most adaptable to varying atmospheric conditions. Climate has been blamed for human failure more often than the facts justifying, especially in the tropics, but it is unquestionably a factor.

Among climate elements that affect the human body, the more important are temperature, sunshine, and humidity. Wind exerts an influence largely through its effects on skin temperature and body moisture; the circulatory, respiratory, and nervous systems register changes in atmospheric pressure. Such elements as cloudiness, visibility, and storms induce psychological reactions that range from positive reinforcement to physiological disturbances. Acting together the climatic elements constitute the climatic environment that directly influences our comfort and well-being.

The human body maintains a balance between incoming and outgoing heat by means of the chemical process of metabolism and the physiological process of thermoregulation in response to external factors of radiation, temperature, moisture, and air movement. Each of the physiological processes of heat transfer is represented in the exchange equation:

M ±Cd ±Cv ± R - E=0; where

M-Metabolism

Cd-Gain or loss by conduction

Cv- Gain or loss by convection

R- Gain or loss by radiation

E-Loss due to evaporation

If the metabolism heat exceeds the sum of the other budget elements, body temperature will raise; if the resultant is zero, body temperature will decrease. The normal body temperature is about 370C.

Air temperature as measured by a thermometer is not in itself, a reliable index of the temperature one feels. Individual responses depend on only on the element of the heat exchange equation but also on subjective factors that vary widely among different persons and from time to time for the same person. The temperature the body actually feels, or senses, is the sensible temperature and also sometimes termed as the apparent temperature, it is not measurable by any instrument. Sensible temperature and wet-bulb temperature are approximately the same when the skin is moist and exposed to normal dry bulb temperatures, however since evaporation is then the principal cooling process. Under warm condition, lower relative humidity tends to reduce the sensible temperature because the rate of evaporation is greater. High relative humidity, in combination with high air temperature, results in a lowered rate of evaporation and consequently a high sensible temperature. The familiar saying “it’s not the heat; it’s the humidity,” is not strictly true, for the feeling of oppression which are associated with hot, humid weather is dependent fully as much on the high temperatures as on the high relative humidity. 

What causes thunderstorms?

Thunderstorms form when an air mass becomes so unstable that it overturns (convects) violently. "Unstable" means that the air in the lowest layers is unusually warm and humid, or that the upper layers are unusually cool, or oftentimes, both. Pockets of rising near-surface air in an unstable air mass expand and cool, and as some of the water vapor present condenses into a cloud it releases heat, which then makes the air parcel even warmer, forcing it to rise still higher in the atmosphere. 

If the lower level air is sufficiently warm and humid, and the higher altitude air is sufficiently cool, this process continues until a tall convective cloud -- the thunderstorm -- is formed. The result can be a storm extending as high as 40,000 to 60,000 feet (8 to 12 miles). The upper portions of the storm -- even in the warm tropics -- are made of ice: ice crystals, graupel, snow, and sometimes hail. About 50% of the rain reaching the surface in a thunderstorm originated as ice in the upper reaches of the storm.  The updrafts in thunderstorms can be very strong -- 50 knots or more -- which can help support the weight of hailstones as they grow. Such updrafts cause extreme turbulence for aircraft, which will only fly through the strongest portions of thunderstorms if the pilots have no other choice. Despite the large stresses this puts on planes (and their passengers), modern jet aircraft are designed to withstand those stresses. 

The following enhanced photograph shows the classic super cell thunderstorm, a particularly large, intense, and destructive storm that can produce large hail and tornadoes. Thunderstorms are most common in the afternoon over land, when daytime heating of the land by the sun causes the lower part of the troposphere to become unstable from higher temperatures and more water vapor in the air. Or, some thunderstorms can form as result of the upper atmosphere becoming unusually cool, due to the approach of an upper air disturbance. In this case storms can form at any time of day, even when there hasn't been daytime heating of the lower atmosphere over land. 

There must be sufficient water vapor in order for the storm to form, since cloud and precipitation originates as water vapor. This is the fuel for the thunderstorm. As the storm uses this fuel, it is converted to rainfall. Eventually, the storm stabilizes the atmosphere by using up the excess water vapor and cooling the lower atmosphere, and warming the upper atmosphere. The world has been getting drenched as a result of climate change. Heavy downpours in the United States have become more frequent over the last 3 to 5 decades, and global warming is thought to have increased rainfall in some of the world’s driest regions. Because of the high impact these extreme precipitation events could have on society by potentially triggering, for example, devastating flooding events—it is important to understand the atmospheric conditions that set the stage for these incidents. In a new study, Loriaux et al. cataloged atmospheric conditions that accompany extreme precipitation events at mid latitudes.The researchers analyzed surface data from more than 30 automated weather stations across the Netherlands, collected from 1995 to mid-2014. Then, they used a regional climate model to provide additional atmospheric conditions and tendencies over the same period.

From these data, the scientists identified more than 44,000 separate precipitation events in the Netherlands, and for each event, the team determined the peak precipitation intensity. Then, they investigated if certain atmospheric conditions—moisture content, atmospheric stability, and large-scale upward winds—correlated with the stronger precipitation events. Overall, the results suggested that no single factor correlated perfectly with heavy rainfall. Warmer temperatures and increased moisture in the atmosphere seemed to correlate more with heavier precipitation events than with weaker ones. Although the strongest precipitation events also took place when the atmosphere was less stable than it typically is during weaker events, an unstable atmosphere itself does not always foreshadow heavy rainfall. 
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