Chapter 2


SOLAR RADIATION AND CLIMATE
WEATHER is a description of the physical conditions of the atmosphere, e. g. humidity, temperature, pressure, wind velocity.

· Weather is air in motion.

CLIMATE is a description of the long-term pattern of weather in a particular area. 

· It is based on the average measurement of several weather conditions, e. g. temperature, precipitation.

SOLAR RADIATION: THE KEY TO CLIMATE

FATE OF SOLAR RADIATION

The amount and intensity of energy received is unequally distributed across the surface of the earth.

Solar radiation reaches the atmosphere at a height of about 83 km. 

Solar constant: 2 cal/cm2/min at 83 km.

Reflection and absorption removes 55% of the radiation that reaches the Earth.

· Reflected from clouds and atmosphere: 25%

· Reflected from the Earth's surface: 5%

· Absorbed by dust, water vapor, and CO2 in the atmosphere: 25% 

Earth's surface absorbs 45% as short-wave radiation. This is reflected back to the atmosphere as long-wave radiation (waves longer than 4 µm). 

· 29% is radiated back  through evaporation and thermals.

· 71% is radiated by the Earth's surface.

88% of the radiated energy is reflected back to the earth: Greenhouse effect; and 12% escapes to the outer space.

· The atmosphere removes nearly all the UV radiation.

· Atmospheric gases scatter shorter wavelengths giving the blue color of the sky.

· Water vapor scatters all wavelengths and gives the white of the clouds.

· Dust scatters the red and orange wavelength.

The scattered light reaches the earth and allows us to see in shaded areas and in twilight. This scattered light is called skylight.

Infrared radiation that reaches the earth is sent back as far infrared (4 to 100 µm).

ALBEDO

Albedo is the name given to the reflective properties of the surface.

· Clouds, snow and ice have a high albedo (about 90%)..

· Forest canopy, oceans and dark surfaces have a low albedo (5 to 30%).

· Water surface has a 2% albedo; and a very high albedo for low-angle rays (glare).

· The net average global albedo is 30%.

Green and brown absorb more solar radiation than they reflect.

Albedo varies from summer to winter.

HUMIDITY

Humidity is the water vapor content in the atmosphere.

Evaporation increases the amount of water vapor in the atmosphere. The transformation from liquid to gas requires energy: latent heat of evaporation.

Vapor pressure is the part of the atmospheric pressure exerted by water vapor. It is also called the partial pressure of H2O.

The units used to measure pressure are megapascals, MPa.

· approximately 14.69 pounds per square inch (lb/in2 or psi).

The maximum amount of water vapor a given volume of air can hold, the saturation vapor pressure, depends on the temperature of the air. 

Cold air holds less water than warm air.

The difference between the saturation vapor pressure and the actual vapor pressure of the air is called the deficit vapor pressure.

Relative humidity is the amount of water pressure expressed in a percentage of the saturation vapor pressure.

At the saturation vapor pressure, the relative humidity is 100%.

If the air cools and the amount of water vapor remains constant, the relative humidity increases. 

If the air cools beyond the saturation point, the moisture in the air condenses into clouds and fog. When the droplets become too heavy to remain suspended, precipitation occurs. 

The dew point temperature is the temperature at which the vapor pressure reaches the saturation point and condenses.

THE ADIABATIC PROCESS

At a constant temperature, a gas at high pressure is denser than at low pressure.

At a constant pressure, a gas is less dense as the temperature increases, and more dense as the temperature decreases. 

There is an inverse relationship between the volume of a gas and its temperature. 

The total amount of energy in the system remains the same during the expansion or contraction of a gas.

The energy can be used either to do the work of expansion or to keep the temperature constant. 

In an adiabatic process there is no heat transfer in or out of the system. The system is perfectly insulated.

Air pressure and air density decrease with increasing altitude. Air pressure is the greatest and the air the warmest at sea level. This is due to the pull of gravity and the weight of the air above.

Air becomes cooler and less dense as it rises. The rate at which the air temperature changes with elevation is called lapse rate.
Environmental lapse rate is the temperature of the surrounding air that the rising air is passing through. Notice "surrounding air" is not the rising parcel of air.

If the rising air is unsaturated, the lapse rate is of about 10ºC for every 1000 meters. This is called the dry adiabatic lapse rate.

· Adiabatic cooling: a decrease in air temperature that results when a rising parcel of warm air cools by expansion (which uses energy) rather than losing heat to the outside surrounding air. The rate of cooling is approximately 1°C/100 m for dry air and 0.6°C/100 m for moist air.

· Adiabatic cooling and rain shadow deserts: As warm, moist marine air masses move onshore and rise up over mountains (like the Cascades) they are cooled at a rate of 5.5F°/1000' of vertical lift (called the "dry adiabatic rate").This cooling continues until the temperature drops to the dew point when condensation begins. Above the dew point the temperature drop is reduced to 3.5F°/1000' (the "wet adiabatic rate") due to the additional heat energy released by the vapor as it condenses back into the liquid phase. As the air mass (which is now dry) descends the far side of the mountain, it heats back up at the dry adiabatic rate, resulting in a warmer and drier air mass on the lee side of the mountain. http://jersey.uoregon.edu/~mstrick/hydrosphere/Lectures_hydro/Atm_Energy.html
· In the atmosphere, if the parcel of air were forced to descend, it would warm up again without taking heat from the outside.  This is called adiabatic heating and cooling, and the term adiabatic implies a change in temperature of the parcel of air without gain or loss of heat from outside the air parcel.  Adiabatic processes are very important in the atmosphere, and adiabatic cooling of rising air is the dominant cause of cloud formation. http://daphne.palomar.edu/jthorngren/adiabatic_processes.htm
Jane R. Thorngren, Ph.D. Adjunct Instructor, Earth Sciences, Palomar Community College, San Marcos, California 
The relative humidity of a rising air mass increases with elevation: the air is cooler and holds less water vapor.

If the air cools to its dew point temperature, the relative humidity reaches 100% and the air is saturated. Any further cooling and will result in cloud formation. 

The process of condensation releases the latent heat.

· 80 cal/g of water.

The released latent heat offsets some of the cooling of the rising air, and now begins to cool at a different rate, the moist adiabatic lapse rate. This new rate averages 6ºC for 1000 meters.

1. The ambient or environmental atmosphere lapse rate, which is the rate that air cools as one goes up in altitude.

2. The dry adiabatic lapse rate, -10°C per 1000m rise.

3. The wet adiabatic lapse rate, about -6° per 1000m rise.

Key things to remember: 

· when air rises, its temperature decreases 

· when air subsides, its temperature increases 

· when the temperature of a parcel of air decreases, its relative humidity increases 

· when the temperature of a parcel of air increases, its relative humidity decreases 

· the normal environmental lapse rate applies to still air 

· the dry adiabatic lapse rate applies to rising air, when the relative humidity is below 100% 

· the dry adiabatic lapse rate also applies to air that is subsiding, if there is no moisture present, and no evaporation is taking place 

· the saturated adiabatic lapse rate applies to rising air, when the relative humidity has reached 100%, and condensation is taking place 

· http://daphne.palomar.edu/jthorngren/adiabatic_processes.htm
                Jane R. Thorngren, Ph.D. Adjunct Instructor, Earth Sciences, Palomar Community College, San Marcos, 
                California 
ROTATIONAL EFFECTS

CORIOLIS EFFECT

Earth spins on its axis from west to east.

This momentum causes air masses to move in the same direction as the earth, from west to east. 

Coriolis effect is an inertial force described by the 19th-century French engineer-mathematician Gustave-Gaspard Coriolis in 1835.

The effect of the Coriolis force is an apparent deflection of the path of an object that moves within a rotating coordinate system. The object does not actually deviate from its path, but it appears to do so because of the motion of the coordinate system.

The Coriolis effect is most apparent in the path of an object moving longitudinally. On the Earth an object that moves along a north-south path, or longitudinal line, will undergo apparent deflection to the right in the Northern Hemisphere and to the left in the Southern Hemisphere. There are two reasons for this phenomenon: first, the Earth rotates eastward; and second, the tangential velocity of a point on the Earth is a function of latitude (the velocity is essentially zero at the poles and it attains a maximum value at the Equator). Thus, if a cannon were fired northward from a point on the Equator, the projectile would land to the east of its due north path. This variation would occur because the projectile was moving eastward faster at the Equator than was its target farther north. Similarly, if the weapon were fired toward the Equator from the North Pole, the projectile would again land to the right of its true path. In this case, the target area would have moved eastward before the shell reached it because of its greater eastward velocity. An exactly similar displacement occurs if the projectile is fired in any direction.

The Coriolis deflection is therefore related to the motion of the object, the motion of the Earth, and the latitude. http://abyss.uoregon.edu/~js/glossary/coriolis_effect.html
The Coriolis effect prevents a direct flow from the poles to the equator. 

Animation: http://www.wiley.com/college/strahler/0471480533/animations/ch07_animations/animation2.html
MOVEMENT OF AIR MASSES

[Source: Michael E. Ritter, Professor of Geography, University of Wisconsin - Stevens Point.]

Latitude, the inclination of Earth's axis at an angle of 23½º, and the revolution of the Earth around the sun determine the amount of solar radiation reaching any point on earth at any time. 

The amount and intensity of energy received is unequally distributed across the surface of the earth.

The circle of illumination is the division between day and night over the earth. The circle of illumination bisects (cuts in half) all latitudes on the spring and autumnal equinoxes. At this time, all places have equal day length (12 hours). The circle of illumination always bisects the equator (0 degrees latitude).

· On the Spring Equinox the Sun rises exactly in the east travels through the sky for 12 hours and sets exactly in the west. On the Equinox this is the motion of the Sun through the sky for everyone on earth. Every place on earth experiences a 12 hours day twice a year on the Spring and Fall Equinox.

The axis of the earth always points in the same direction. It is parallel to its previous position.

Tilt of the earth's axis controls:

· Sun Angle - angle a beam of light makes with the surface of the earth.

· Sun angle determines the area of illuminated and intensity of heating.

As the distance over which incoming solar radiation increases, greater chance for diffusion and reflection of light.

Perpendicular rays concentrate energy over the smallest area. As the sun angle decreases, the area illuminated increases.

“Wind is the result of horizontal differences in air pressure. Air flows from areas of higher pressure to areas of lower pressure. Differences in air pressure are caused by uneven heating of the Earth's surface. Therefore, we can say that the sun (solar energy) is the ultimate cause of wind. Something to remember: Wind direction is given as the direction from which the wind comes. For example, a "north wind" blows from north to south.” Pamela J.W. Gore, Georgia Perimeter College, Clarkston, GA
· Cold air is denser and has high air pressure.

· Warm air is less dense and has low air pressure; it rises. 

Air is heated in the equator and rises until it reaches the stratosphere.

In the stratosphere...

· The temperature no longer decreases with altitude. 

· Air masses with temperature equal to that of the stratosphere spread. 

· Rising air masses force previous air to spread toward the poles. 

· The moving air cools as it approaches the poles and begins to sink.

The Coriolis effect generated by the spinning Earth influences the movement of air masses.

Spinning deflects air masses to the right in the Northern Hemisphere and to the left in the Southern Hemisphere. 

The Intertropical Convergence Zone, or ITCZ, is the region that circles the Earth, near the equator, where the trade winds of the Northern and Southern Hemispheres come together.

"The equatorial region of the Earth experiences a net gain of energy over the course of a year. The intense heating found in low latitudes is due to high sun angles and nearly equal day length throughout the year. The heat gained by the earth surface is transferred into the air via radiation and sensible heat transfer. Condensing water vapor adds heat to the surrounding air as well. The heated air gains buoyancy and easily rises into the wet tropical atmosphere. The convective rise of air promotes a broad area of low pressure that straddles the equator called the equatorial trough.  The Equatorial trough is also known as the Intertropical Convergence Zone."    

http://earthobservatory.nasa.gov/Newsroom/NewImages/Images/itcz_goes11_lrg.jpg
In the tropics, the sun is directly over the geographical equator only two times a year, during the equinoxes of spring and fall.

The Tropic of Cancer marks the position of the sun during the summer solstice, and the Tropic of Capricorn, the position of the sun during the winter solstice, the southern summer in the southern hemisphere.

In the northern summer, the Intertropical Convergence Zone (ITCZ) moves northward into the subtropical highs; in the winter, it moves southward leaving dry and clear weather behind. This movement of the ITCZ brings rain to the southern summer.

As the ITCZ moves north and south brings rain and dry seasons in the tropics.

Circulation of prevailing winds. See figures 2.8 and 2.9, page 27.

· An air mass is a large area of air with common characteristics: temperature, air pressure, and moisture.

· Air in the northern hemisphere start as south winds that move north, but the Coriolis Effect deflects them to the northeast, and the drag of the earth's surface slows them down.

· Winds pile up at about the 30 º N latitude and loose heat by radiation.

· The combination of piling and cooling forces the cool air to descend, producing cells of semipermanent high pressure at about 60ºN north and south latitude.

· The air that has descended flows northward, the westerlies, and southward, the northeast trade winds, toward the equator. The names refer to the place of origin and not to the direction in which they blow.

In the northern hemisphere, winds in high-pressure systems, called anticyclones, flow clockwise and move outward and downward from the center of the system.

· They are characterized by being cloudless and rainless.

Low pressure cells called cyclones, flow counterclockwise. The air moves inward and upward, resulting in cooling, increased relative humidity, and precipitation.

In the southern hemisphere, winds move counterclockwise in high-pressure cells, and clockwise in low-pressure systems.

OCEAN CURRENTS

The surface water of the ocean is in constant motion due to wind, influenced by the Coriolis forces. 

“Winds push the surface water 45° to the right of their direction in the Northern Hemisphere and 45° to the left in the Southern Hemisphere. This action creates the large surface current gyres observed in each ocean. Southern Hemisphere gyres rotate counterclockwise; Northern Hemisphere gyres rotate clockwise. The currents of the northern Indian Ocean change with the seasonal monsoons. Wind moves the water in layers that are deflected by the Coriolis Effect to form the Ekman spiral; net flow over the depth of the spiral is deflected 90°.”
http://www.saddleback.cc.ca.us/faculty/jvalencic/ocean/textbook/chap8/chap8.html#The%20Ekman
These ocean currents transport heat from the tropics to the arctic regions.

Two great circular motions of water or gyres dominate the Atlantic and Pacific waters.

In the Northern Hemisphere the currents move clockwise and counterclockwise in the Southern Hemisphere.

The two major currents in the Northern Hemisphere are the Gulf Stream in the Atlantic, and the Kuroshio or Japanese Current in the Pacific.

In the Southern Hemisphere, the major currents are the East Australian and West Australian Currents in the Pacific, and the Brazil Current in the Atlantic.

The California and Peru currents swing westward to complete the gyre and take with them water that is replaced by the upwelling of deep water rich in nutrients. 

The rich-in-nutrient water supports an abundance of phytoplankton and marine life. 

The cold water of the California and Peru currents supplies little moisture to the atmosphere and help to create the coastal deserts and chaparrals of California, western Mexico, Peru and Chile. 

El Niño

· Strong southeast trade winds blow westward from the eastern Pacific to the low-pressure areas of Indonesia.

· The water becomes warmer by the equatorial sun and accumulates in the western Pacific.

· The sea level and barometric pressure rise in the western Pacific (Indonesia) the eastern Pacific (Peru, Chile).

· The difference in pressure causes winds to flow easterly bringing with them moisture to South America. 

· El Niño causes wet winters in the southeastern and southwestern U.S.A., warm winters in Canada and northern U.S.A., and fewer Atlantic Ocean hurricanes. 

· This occurs around Christmas time and Peruvians have given the name of El Niño, the Little Child Jesus, to this phenomenon.

The reversal occurs and the pressure drops in the western Pacific and rises in the eastern Pacific. The trade winds strengthen, cool waters move toward and pile up on the east coast of the Pacific, this is called La Niña.

· La Niña is characterized by drought and high pressure in the eastern Pacific, and low pressure and storms in the western Pacific, cold weathers in Canada, wetter winters in the Pacific Northwest, warmer, drier winters in the SE and SW of U.S.A. and more Atlantic hurricanes.

El Niño phenomenon affects the upwelling of nutrients and the life that depends on them.

REGIONAL CLIMATES

The massive air and ocean currents determine the climate in large regions of the globe – the macroclimate.

Regional climate is influence also by continental position, nearness to large bodies of water, and topographic features.

· Climograph is a plot of mean monthly temperatures against mean monthly precipitation. 

· Climate diagram graphs the monthly variation of precipitation and temperature against the months of the year.

Topographical influence

As a mass of air rises up a mountain side, it cools and its capacity to hold water decreases and loses its moisture as rain on the side of the mountain. The air blows above the summit and descends on the leeward side, dry and removes moisture from the ground creating an arid zone.

Climatic changes going up the slope mimics going to higher latitudes. 

Temperature drops about 1°C for every 100 meters rise in elevation. 

An interesting and helpful exercise to understand rain shadows here: http://daphne.palomar.edu/jthorngren/mountain.htm
North-facing and South-facing slopes

In the northern hemisphere, south-facing slopes receive the most energy; the north-facing slopes receive the least solar radiation.

Higher temperature and lower vapor pressure increase evaporation and transpiration from soil and plants.

Higher evaporation rate, higher average temperature, drier soil and more variable extremes of these conditions create a distinct difference in microclimate between the two slopes.

This results in a chain of interactions: 

Solar radiation → moisture → plant species → mineral recycling → surface soil chemistry → ground cover

Animals are less influenced by the facing of the slopes. They move from one side to another.

Inversions

· During the day, solar energy heats the ground and the air above it: heat gain is greater than heat loss.

· At night, the surface air loses more long-wave radiant energy than it receives: heat loss is greater than heat gain. 

· By morning, surface heating eliminates the night inversion.

In mountainous regions, air in the valley cools next to the ground, and cool air flows from the hills into the valleys and cool air trapped below the warm air. 

· The top of the night inversion is usually below the mountain ridge.

· If the air sufficiently cool and moist, fog forms in the valley.

· Smoke and pollutant rise only until their temperature equals that of the surrounding air.

· The smoke then spreads horizontally.

Subsidence occurs when a mass of high air pressure stagnates over a region and moves clockwise. The air spreads out and is replaced with air from above.

When air slows down, air from above tends to sink, warm and becomes compressed. A layer of warm air develops above the cool air below and sits there at several hundred meters above the ground forming a subsidence inversion. This increases the concentration of pollutants.

Along the coast, cool, moist air from the ocean spreads over low land. This layer is below warmer, dry air, which also traps pollutants in the lower layers. This is called a marine inversion.

Cities form heat islands. Cement and pavement trap energy, which is radiated at night. Heat radiates between buildings that are close together.

Particulates and CO2 reduce the amount of solar radiation that reaches the cities by as much as 20%.

MICROCLIMATES

The regional climate describes the general conditions of the region but not the actual condition in which organisms live.

The moisture, light, temperature, air flow can be modified by vegetation, soil conditions and other factors creating a little climate or microclimate different from the regional climate.

Climate near the ground 

For instance, there is a great difference between temperature at ground level and 1.8 meter. This is due to solar radiation.

Open soil absorbs solar radiation is short waves and radiates it back in long waves to heat the layer of air above it. Due to low air flow next to the ground, the warm air remains in place.

The heat absorbed during the day is radiated from the ground at night. The drier the air, the greatest is heat loss.  Eventually the ground and the vegetation cools down to the dew point. Water vapor then condenses on the surface of the ground and vegetation.  As dew evaporates, the air above it cools.

Influences of vegetation and soil

Temperature at ground level in the shade are lower than those in places exposed to the sun and wind.

Vegetation changes wind movement, evaporation, moisture, and soil temperatures creating microclimates.

Temperature increases sharply near the soil when the vegetation is thin or low (e. g. short grass).

With an increase in tall vegetation, the leaves of plants intercept more radiation. Plant crowns become the active layer. Temperature are highest above the crown and lowest next to the ground surface. 

In forests, air movement is greatly reduced and this influences temperature and moisture.

Dry soils are poorer conductors of heat than moist soils.

Microclimates and habitat

Organisms seek the most favorable microclimates in which to refuge and live.

To seek cover from weather extremes is done by large and small animals.

Plants cannot move from place to place but colonize the most favorable locations.

Areas with convex slopes and concave surfaces tend to form frost pockets.
Concave surfaces radiate heat at night and cool air flows in from the slopes, causing a temperature inversion in a lower scales. The average temperature may be 8ºC lower than the surrounding area. These areas may result in late spring frost and early fall frost thus influencing the plants that can live there.

Accumulation of water as well as cold air may cause these frost pockets to have plants of a more northern distribution.

SUMMARY 
SOLAR RADIATION

FATE OF SOLAR RADIATION

· Reflected from clouds, atmosphere, from the Earth's surface 

· Absorbed by dust, water vapor, and CO2 in the atmosphere.

· Absorbed by the earth’s surface; reflected back to the atmosphere.

· Greenhouse effect.

· Skylight: scattering of short wavelength light. 

ALBEDO

· The reflective properties of the surface.

HUMIDITY

· Water vapor content in the atmosphere.

· Latent heat of evaporation.

· Partial pressure of water vapor.

· Saturation of water vapor

· Relative humidity is the amount of water pressure expressed in a percentage of the saturation vapor pressure.

· The dew point temperature is the temperature at which the vapor pressure reaches the saturation point and condenses.

ADIABATIC PROCESSES

· Adiabatic rate: temperature change in the atmosphere due to the raising or lowering of an air mass.

· Adiabatic cooling: a decrease in air temperature that results when a rising parcel of warm air cools by expansion

· Lapse rate: the rate at which the air temperature changes with elevation

· The rate of cooling is approximately 1°C/100 m for dry air and 0.6°C/100 m for moist air.

ROTATIONAL EFFECTS

CORIOLIS EFFECT

· Earth spins on its axis from west to east.

· The Coriolis Effect prevents a direct flow from the poles to the equator. 

· Apparent deflection

MOVEMENT OF AIR MASSES

· An air mass is a large mass of air that has the same temperature, pressure and humidity.

· The circle of illumination is the division between day and night over the earth.

· Wind is the result of horizontal differences in air pressure.

· The Intertropical Convergence Zone, or ITCZ, is the region that circles the Earth, near the equator, where the trade winds of the Northern and Southern Hemispheres come together.

· Cyclones flow counterclockwise in the Northern Hemisphere.
OCEAN CURRENTS

· The two major currents in the Northern Hemisphere are the Gulf Stream in the Atlantic, and the Kuroshio or Japanese Current in the Pacific.

· In the Southern Hemisphere, the major currents are the East Australian and West Australian Currents in the Pacific, and the Brazil Current in the Atlantic.

EL NIÑO, LA NIÑA
· El Niño causes wet winters in the southeastern and southwestern U.S.A., warm winters in Canada and northern U.S.A., and fewer Atlantic Ocean hurricanes. 

REGIONAL CLIMATES

· Topography

· North and south facing slopes

· Subsidence of air

· Inversions

MICROCLIMATES

· The moisture, light, temperature, air flow can be modified by vegetation, soil conditions and other factors creating a little climate or microclimate different from the regional climate.

· Climate near the ground

· Influences of vegetation and soil

