ATMOSPHERE





Atmosphere to Climate 1/3

HOMOSPHERE

TROPOSHPERE

TROPOPAUSE

STRATOSPHERE

COMPOSITION OF LOWER ATMOSPHERE

ENERGY BUDGET

GREENHOUSE EFFECT

OZONE

PARTICULATES

WATER

AIR POLLUTION

SOURCES OF AIR POLLUTION

FIRST LAW OF ECOLOGY

CRITERIA POLLUTANTS

CLEAN AIR ACT

NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS)

NEW SOURCE PERFORMANCE STANDARDS (NSPS)

NATIONAL EMISSIONS STANDARDS FOR HAZARDOUS POLLUTANTS 

(NESHAPS)

NEW SOURCE REVIEW

PREVENTION OF SIGNIFICANT DETERIORATION

ATTAINMENT AREAS / NONATTAINMENT AREAS

Systems Theory -  a system is any ordered, interrelated set of things usually linked by flows of energy and materials.   A system in which energy and materials flow into and out of is called an open system.  A system in which flows are cycled through, that is nothing is added and nothing is lost is a closed system.

Systems work through feedback loops of information, sort of a cause and effect relationship.  In systems where feedback encourages growth  or enhances the system processes the feedback is called positive feedback.  If feedback slows the system than it is called negative feedback.

Steady state equilibrium - an ongoing balance of  input and output constant or fluctuate around a stable average

Dynamic equilibrium - average has a trend over time

Modeling is a way of simulating systems

Earth is a system.  It is an open system for energy because energy flows through the system and it is a closed system for matter because it is recycled. 

Ecosystems are dynamic processes of cycling matter: biogeochemical cycles.  Energy however flows through the system, it does not cycle

Carbon Cycle -   all living things are composed of carbon-based molecules.  Carbon dioxide is also present in the atmosphere (about .03% of the atmosphere is carbon dioxide).  It is also present in water, some rocks (limestone).  Photosynthesis enables plants to fix carbon by incorporating it into sugars and other organic compounds.  When organisms respire they typically burn sugars and give off waste carbon dioxide.  Carbon is stored in biomass (trees, etc.), in fossil fuels (carbon released into the atmosphere by burning fossil fuels…”global warming”), carbon also in shells of marine animals…
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Energy Flow in Ecosystems
Sunlight is the source of energy (input).  Some solar radiation is reflected immediately, warms the earth unevenly  (tropics versus temperate or polar regions) as a result of the tipping of the earth.  Unequal heating of the atmosphere and oceans causes circulation.  Precipitation based on water and air movements and land masses.  Temperature effects (condensation),  temperature gradient in elevation in atmosphere.

Orographic effects, heat island effects

Climate effects the distribution of living things.

Four spheres - hydrosphere, lithosphere, atmosphere, biosphere  (sociosphere?)

It is notable that the earth is essentially a sphere (Not the discussion on page 10 bout the actual shape of the earth).

LOCATION ON EARTH

Latitude - is an angular distance north or south of the equator measured from the center of the earth.  On the surface of the earth these lines run east and west

Equator is 0 degrees latitude,  increases until it reached 90 degrees at each pole.

Lines connecting the dots so to speak are called parallels.  

Latitudinal geographic zones - regions with fairly consistent qualities in same general latitude - equatorial, tropical, subtropical, mid latitude, subartic (or Antarctic) arctic or Antarctic.

Tropic of Cancer 23.5 degree North

Tropic of Capricorn 23.5 degrees south

Arctic and Antarctic circles 66.5 degrees north and south respectively

Longitude

An angular distance east or west of a given point on the earth's surface measured from the center of the earth.  Lines run north and south at right angles and are called meridians.  The prime meridian (0 degrees longitude) passed through Greenwich England (royal Observatory)

Because all meridians converge on the poles the greatest distance between  them is at the equator

Longitude is based on time.  24 hours to circumnavigate the earth at the equator  divide 360 degrees by 24 hours.  Each 15 degrees of longitude is equal to one hour. Using two clocks one could determine longitudinal position.  One clock set at time a home and is never changed the other clock is reset each day at noon when the sun is highest. If home clock reads 3:00 PM and the other clock is set to noon you would know you are 3 hours at 15 degrees per hour from home or 45 degree west of home.

Great circles  any circle of the earth whose center coincides with the earth  (all longitudes but only equator for latitude)

Global Positioning system

More on maps in lab…

Chp 2 Solar energy, Seasons and the Atmosphere
Earth's orbit :  Plane of the ecliptic earth orbit….  perihelion (closest to sun, January 3) and aphelion (farthest from sun on July 4)  …earth's orbit varies over time

Solar energy - electromagnetic spectrum  different wavelengths of light  Solar energy comprised of 8% ultraviolet light, X-ray and gamma rays, 47% visible light and 45% infra red wavelengths  (Note chart on page 43 illustra6ing different wavelengths)

All things emit energy in wavelengths related to their surface temperature - the hotter the object the shorter the wavelengths -  the sun surface is about 11,000 degrees F (6000 degrees C)

Short-wave radiation received from the sun,  longwave radiation is emitted by the earth

Thermopause - top or outermost layer of atmosphere

Insolation - intercepted solar radiation.  Insolation at thermopause is called the solar constant

Solar constant is the average value of insolation received at the thermopause when the earth is at the average distance form the sun.  the solar constant is 1372 watts per square meter.

Even small variation in solar constant could have a major impact in earth systems.

UNEVEN DISTRIBUTION

Curved surface of the earth present a varying angle to light resulting in uneven distribution and heating.  The point receiving insolation directly at a 90 degree angle to the earth's surface is the subsolar point always at lower latitudes.  Everywhere else receives insolation at an angle of less than 90 degrees, more diffuse energy.  The thermopause above the equator receives 2.5 time more insolation than the themopause above the poles.

Lower angles insolation also passes through thicker portions of the atmosphere and so has greater losses of energy due to scattering, reflection and absorption.

GLOBAL NET RADIATION

Note figure 2-10  north and south of about 36 degrees latitude there is a net loss of energy.

Note the effect of the Sahara desert where clear skies and light colored sand result in lower net radiation

SEASONS

Variations are a result of changes in sun altitude or the angle between the horizon and the sun.. At sunrise or sunset the angle of the sun at the horizon is 0 degrees during the day the sun rises  is it rises to be directly overhead it is at 90 degrees (zenith)   

Declination is the latitude of the subsolar point.  Declination migrates through 47 degrees of latitude

Seasonally means a change of day length.  At the equator day length is always the same , as you move away from the equator the variation in day length over the year increases.

Earth's tilt and ecliptic

Earth tilted at 23.5% from plane of ecliptic.  Holds this tilt s it revolves around the sun  this called axial parallelism.  

Winter solstice  - circle of illumination excludes the north pole and includes the south pole. Subsolar point is 23.5 degrees south latitude, the Tropic of Capricorn.  Northern hemisphere is tilted away….at vernal equinox on March 20 or 21, the circle of illumination includes both poles…day and night are 12 hours everywhere…to the summer solstice on June 20 or 21 the subsolar point has migrated to 23.5 degrees north, the south pole is excluded from the circle of illumination and everything north of the arctic circle receives sun 24 hours a day.  The northern hemisphere is tilted toward the sun and therefore receive more insolation  …in September 22 or 23 the circle of illumination once again includes both poles…
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"BE IT KNOWN TO ALL WITHIN THE SOUND OF MY VOICE, WHOSOEVER SHALL BE FOUND GUILTY OF BURNING COAL SHALL SUFFER THE LOSS OF HIS HEAD" 

King Edward II of England, c. 1300

Air Pollution is not a new problem.   King Edward tried to solve the problem by banning the burning of coal when Parliament was sitting.  His successor, King Richard tried to control it by taxing coal and Richard's successor Henry the V formed a commission to study the problem (they recommended all chimneys be closed off and the gases recycled...)

1. basic characteristics of the atmosphere

2. Major Atmospheric Problems

3. Characteristics of Gases Themselves

1. basic characteristics of the atmosphere

said atmosphere - blanket of gases that surrounds the solid earth

what keeps these gases from drifting off into space? gravity

gravitational attraction is what keeps the gas molecules from escaping from the planet

not suprisingly - atmosphere is densest at sea level and thins as you move upward

-how far out does the atmosphere extend?  6,000 miles (10,000 km)

-however 97% of gas molecules are packed within the first 18 miles (30 km)

-earth's surface to an altitude of 50 miles (80 km) the chemical composition of the atmosphere is highly uniform

-due to this uniformity - call this section of atmosphere 
the 
homosphere - lower atmosphere

extends outward 50 miles (80 km)

most of man's activities take place sea level to around 10,000 feet (2 miles)

not surprisingly, then, conditions in homosphere - lower atmosphere are what really affects us day to day

HOMOSPHERE is comprised of the Troposphere and Stratosphere.
The troposphere is identified as the zone of atmosphere in which the temperature decreases at a constant rate with elevation.  At the place where temperature stops decreasing with elevation, known as the tropopause, the stratosphere begins.

composition of lower atmosphere
element




% by volume

nitrogen




78.084

oxygen




20.946    99%

argon




  .934 inactive gas, little 






importance in

carbon dioxide  .033 natural processes  used in fluorescent tubes, radio vacuum tubes

neon

helium

krypton

xenon                             nitrogen dioxide

hydrogen            traces        ammonia       

methane                           carbon monoxide

nitrous oxide                     ?

radon                             water-liquid-solid

water vapor

ozone

sulfur dioxide

3. Important trace elements
Of the trace elements - most important ones to human activity

Carbon dioxide - 1) input to photosynthesis

  2) efficient absorber of radiant heat - helps to retain heat

sun is a tremendous source of energy - generates about 5.6 x 1027 
calories every minute

energy transmitted from the sun in the form of waves

how fast does this energy travel - speed of light

186,000 miles per second or 11,160,000 miles per minute

the distance between earth and sun  91,500,000 to 94,500,000 million miles averages 93,000,000

how long does it take for sun's energy to reach earth? 8-1/2 minutes

earth intercepts only one part in two billion of the total amount of energy released by the sun

earth receives a tremendous amount 173,000 x 1015 watts per year

figure all the energy used to heat the planet, photo synthesis

only 1/2 billionth of sun's total energy output  30,000 
times the 
energy used by all humans on the planet

ENERGY BUDGET


energy reaches the earth's surface and is absorbed 

temperature of the surface increases

surface begins to emit radiation - heat

heat is released in the form of long wave radiation

remember we said that some elements in atmosphere are selective about the length of radiation that they block?

atmosphere traps this reradiate long wave radiation (heat energy)

Greenhouse Effect - ability of the earth's atmosphere to allow the passage of short-wave radiation, but trap re-radiated long wave heat radiation emitted from the earth's surface

as the amount of insolation increases, the temperature increases

eventually this heat is returned to space - 

How do we know this - earth's atmosphere would continue to heat 

Is a heat energy budget for the earth

Ozone - very small amount - if all the ozone in the atmosphere were brought down to sea level pressure and temperature, it would form a layer only 2.5 mm thick

despite small quantities -significant - ozone absorbs ultraviolet radiation from sun - very few of these rays strike the surface

Water - gas-water vapor    liquid-rain    solid-snow, sleet, hail

water gets into atmosphere by two processes

evaporation and transpiration returned to earth surface condensation

Solid particles
types of particles

-dust - soils

-soot from grass and forest fires

-pollen

-microorganisms

-meteoric dust - remains of meteors

-salts - oceans

-ash - volcanoes

particles play an important role in condensation

-affect on human health

-color of the sky -
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-color of the sky - blue haze, gray haze, brown smoky blue haze

3. Gaseous and particulate pollutants are emitted into the at​mosphere from a variety of both natural and man‑made sources.

Anthropogenic pollutant emissions, predominantly from combustion sources, have given rise to a range of en​vironmental problems on global, regional and local scales. Talked about several of these gases.

See page 55, figure 2-19

Heterosphere -  highest portion of atmosphere, gases not thoroughly mixed…lightest elements ( helium hydrogen  at higher elevations, heavier gases toward earth.  Starts at about 50 mi (80 km) and extends out about 6000 mi (10,000 km).  Above Heterosphere is nearly a vacuum and is called exosphere.

Below Heterosphere is the homosphere, gases mixed 

Atmosphere has four temperature regimes : thermosphere is the highest.  Troposphere (most of the mass of the atmosphere in the tropopause, upper limit defined by  average temp of -57 degrees C or -70 degrees F, elevation of upper limit varies, is closest to earth) , the stratosphere (  then mesosphere (coldest portion of the atmosphere)

Temperature within the tropopause drops at an average rate of 6.4 degrees C (3.5 degrees F) per 1000 feet in elevation (known as the normal lapse rate, local influences may cause variation called environmental lapse rate)

Variation within the atmosphere

Natural causes - volcanic activity, 


Manmade causes - pollution, albedo changes, temperature inversion

Air Pollution

Sources


Atmospheric pollutants come from a variety of human sources, processes and activities. The process responsible for the majority of the emissions is the combustion of fossil fuels -- coal, oil, and natural gas -- from both stationary and mobile sources. Stationary sources include electricity generating power plants, residences heated by wood, incinerators and industrial facilities such as refineries, chemical factories, iron and steel production and processing plants, glass factories, food production plants, cement works, and large fuel or oil storage facilities.


The principal mobile source is the automobile, although other fuel burning mobile sources, such as ships, boats, aircraft, and rockets, contribute as well. Other human activities that have a role to play in air quality issues include deforestation, cement manufacturing, agriculture, and construction.


There are a number of different technologies and processes designed to control or ameliorate atmospheric quality concerns.

Some technologies are designed to control or recycle pollutants. Other technologies prevent creation of pollutants in the first place. Still other are designed to monitor pollution or to provide information on atmospheric characteristics.

Gases

Carbon Dioxide
Carbon dioxide (CO2) is transparent to incoming

short-wave solar radiation but absorbs long‑wave radiation emitted by the earth's surface

  Carbon dioxide is emitted into the atmosphere through both human activities and natural processes. The main Anthropogenic source of CO2 is fossil fuel combustion; emissions from this source are currently around 5 Gt per year.


A gallon of gasoline weighs 3.5 kilograms, and gasoline is 80% carbon by weight.  An automobile equipped with a catalytic converter converts gasoline entirely to carbon dioxide and water.  The carbon dioxide produced by oxidation of one kilogram of carbon occupies a volume of 1,870 liters at atmospheric pressure and normal summertime temperature.

  Look at CO2 emissions by world region for the 1950‑1983 period , see that America, Western Europe and the Pacific have leveled off since the early 1970s while emissions have continued to increase in the centrally planned economy countries (CPEs~ of Asia (mainly China), the developing countries in Africa, Latin America and South‑East Asia and in the Eastern Block.

  Changes in land use, in particular deforestation, over the past two centuries have also contributed to the Anthropogenic release of CO2 to the atmosphere. Estimates of the net flux of CO2 from terrestrial biota and soils around 1980 have varied enormously in the past but are now generally in the range 0.8‑2.4 x 10l5 GT C per year 

Methane
Methane (CH4} is another important trace gas in the atmos​phere. In addition to its greenhouse properties, CH4 influences numerous chemical species and processes in both the troposphere and stratosphere; the interdependence of levels of CH4, hydroxyl radicals (OH) and carbon mono​xide CO is of particular interest. Both CH4 and CO are destroyed by reaction with OH in the atmosphere; increases in either or both of these species will therefore deplete the tropospheric concentrations of OH. This in turn has import​ant implications as OH radicals are involved in the breakdown of many trace gases in the atmosphere.

  CH4 is released into the atmosphere by a variety of pro​cesses, the most prominent being anaerobic fermentation by ruminants, release from both natural wetlands and rice fields, biomass burning, coal mining operations and leak​age of natural gas during transmission. 

Nitrous Oxide
Recent increases in atmospheric levels of nitrous oxide (N2O) have caused concern in view of its greenhouse properties and its contribution to stratospheric ozone depletion. Destruction of N20 in the stratosphere by photo​lysis and reaction with oxygen atoms (OlD} produces nitrogen monoxide (NO) which in turn plays a major role in regulating stratospheric O3 concentrations 

Production of gaseous N20 occurs primarily as a result of microbial processes in soils and water and forms an im​portant component of the nitrogen cycle. However, little information on N20 fluxes from natural soils is available and therefore global source strengths are difficult to evalu​ate. A number of Anthropogenic sources of N20 have also been identified. These include fossil fuel combustion and biomass burning. Furthermore, the application of mineral nitrogen fertilizers and conversion of natural land to agri​cultural land enhances the biogenic flux of N20 from soils, thereby increasing net emissions. 

Increases are predominantly due to the growth in fossil fuel burning, fertilizer consumption and in the area of cultivated land. Data indicate that levels of N20 have increased by around 4 per cent over the 14‑year time span 1975‑1988. This corresponds to an average rate of increase of 0.3 per cent per year which is in agreement with results from other monitoring networks.

Chlorofluorocarbons
The presence of a number of chlorofluorocarbons (CFCs) in the atmosphere has caused considerable concern in re​cent years in view of their contribution to both the greenhouse effect and to ozone layer depletion. Many CFCs are inert towards chemical and physical removal processes operating in the atmosphere and consequently have long atmospheric lifetimes.

 Once in the stratosphere, how​ever. CFCs are photo-decomposed by ultraviolet radiation releasing active chlorine (Cl~ which in turn can participate in O3‑depleting catalytic cycles (see O3 section).

   Production of CFCs, for use as solvents, foam‑blowing agents, refrigerants and aerosol propellants began in the 1940s. 

Other Gases

Carbon Monoxide
Carbon Monoxide (CO)

 - product of incomplete combustion

- has direct effects on human health

- restricts the blood's ability to absorb oxygen, can cause angina, impaired vision, and poor coordination

- carbon monoxide comes from several sources

- greatest single source in incomplete combustion of fossil fuels by the automobile (in most cities, over 90%), also from tobacco smoke

- some countries have been successful in reducing CO emissions, U.S., Japan, and West Germany have all reduced emissions within the last 15 years, primarily by the use of the catalytic converter

Carbon monoxide (CO) has an indirect, but nevertheless very important, influence on atmospheric chemistry. Reaction with CO is a major sink for hydroxyl radicals,  which in turn remove numerous trace gases from the at​mosphere including many halocarbons and almost all hydrocarbons. Increases in CO concentrations, resulting in OH depletion, may therefore accelerate the accumulation of Anthropogenic trace gases such as methane (CH4) and the chlorofluorocarbons CFCs) in the atmosphere.

  Carbon monoxide is emitted from a number of land-​based combustion sources as well as from the oxidation of CH4 and other hydrocarbons. Emissions from the majority of sources are difficult to quantify and are therefore highly uncertain. However, it is likely that man‑made sources have increased significantly since pre‑industrial times.  

  At the present time there is relatively little evidence for increases in CO concentrations on a global scale. This is partly due to the lack of systematic measurements of CO at remote sites prior to the l980s and partly due to the large spatial and temporal (e.g., seasonal) variations in CO concentrations which tend to mask the small, longer term trends.

Ozone
Concentrations of ozone O3 in the atmosphere only ever reach a few parts per million but nevertheless this gas plays a critical role in determining the radiation budget of the earth. Most atmospheric O3 (about 90 per cent) is found in the stratosphere, with maximum concentrations occurring at altitudes of 25 km over the equator and 15 km near the poles. Ozone is a strong absorber of ultraviolet (UV) radia​tion at wavelengths between 210 nm and 293 nm, thereby protecting the earth's surface from harmful UV radiation. Moreover, UV absorption by O3 provides a major heat source for the stratosphere, and is the cause of the atmos​pheric temperature inversion that occurs between altitudes of 15 and 50 km.

  The concentration of stratospheric O3 is maintained by a balance of chemical reactions which generate and de​stroy it. In the 1970s however, a number of processes which caused a net destruction of O3 were identified. These involve free‑radical catalytic chain reactions in which the free‑radical is regenerated. The most important catalytic species include Cl~ NO, and HO. The chemically inert CFCs and N20 have been identified as potential sources of single Cl atoms and NO radicals respectively. Increases in emissions and atmospheric concentrations of these O~ depleting chemicals due to human activities in recent decades have thus given rise to considerable con​cern for the stability of the O3 layer. Consequently, the monitoring of stratospheric O3 concentrations has become a priority activity.

Sulfur Dioxide
Colorless gas which is formed when sulfur burns in air - dissolves in water to give sulfuric acid

As one of the most prevalent atmospheric pollutants in industrialized countries, the impact of sulfur dioxide SO2 on the environment has received considerable attention. SO2 is a principal precursor of acidic deposition and acts as a potent respiratory tract irritant.

- comes from both natural and Anthropogenic sources 

- natural sources include volcanoes, decaying organic matter and sea spray

- human sources include combustion of sulfur containing coal and petroleum products and smelting of nonferrous ores

- the burning of coal to generate electricity is the single biggest source of SO2

Fossil fuel combustion accounts for 90% of global man‑made SO2 emissions, currently estimated to be 160‑180 million ton's per year.  The remaining 10 per cent originate from various industrial processes, including the smelting of sulphidic or~ (copper, lead and zinc ores) and sulfuric acid production.

- global output of SO2 has increased sixfold since 1900

- most industrial nations lowered SO2 levels by 20 to 60 % between 1975 and 1984 and several countries have continued to reduce SO2 pollution in urban areas, especially by shifting away from heavy industry and imposing stricter emissions standards

- Of the 54 cities monitored worldwide for SO2 pollution levels in the early 1980's most were within the safe range specified by the World Health Organization, however, average SO2 levels were above the safe range in at least 14 cities and around the homes of more than 625 million people

- perspective on SO2 has changed since the opening of the Eastern Bloc and the Soviet Union.

The regional distribution of S02 emissions is very uneven with the northern hemisphere accounting for approximately 90 per cent of Anthropogenic emissions. Asia emissions, largely in China, are estimated to be almost a high as those from North America. Emissions of SO2 from Europe, however, are almost twice that found on any other continent.

  Globally, natural emissions of sulfur from soils and plants (mainly as hydrogen sulfide (H2S)~, burning of biomass and, episodically, from volcanoes are estimated to be only slightly less than man‑made emissions. In tropical regions, however, natural emissions may dominate (Delmas and Servant, 1988).

 The data, however, do indicate that in many industrialized western nations, emissions of SO2 have steadily declined since the mid‑ to late‑1970s as a result of the implementa​tion of varied emissions control strategies.

Nitrogen Oxides (NOx)
- NOx comes from both natural and human sources

- natural sources include lightning and decomposing organic matter

- 1/2 of human sources come from motor vehicles and about 1/3 by power plants - the rest comes from industrial operations

- during the 1970's NOx emissions rose in several countries and then leveled off

- NOx has not declined as rapidly as SO2, because a large part of NOx emissions comes from motor vehicles - difficult to control, while most SO2 is released by a relatively small number of coal burning power plants from which emissions can be controlled

Hydrocarbons
Hydrocarbons- organic compounds that contain only carbon and hydrogen in the molecule

- also referred to as volatile organic compounds (VOC's)

- are also caused by the incomplete combustion of fossil fuels

- are known or suspected to cause cancer, mutations and birth defects

Lead

in high concentrations, lead can damage human health and the environment

- in humans and animals, it can affect the neurological system and cause kidney disease

- in plants, it can impair photosynthesis as well as block the decomposition of microorganisms

- once lead enters and ecosystem, it stays there permanently

- most lead enters the environment from human sources

- the primary human source, in terms of air pollution, has been the use of lead as an additive for gasoline

- in the 1970's, the U.S. began to phase out lead as an additive and as a result between 1970 and 1985 lead emissions in the United States dropped 90 percent

- other countries have followed our example - 99 percent of the gasoline sold in Japan is now lead free, and in Western Europe, the amount of allowable lead in gasoline has recently been reduced

Particulates

types of particles



-dust - soils



-soot from grass and forest fires



-pollen



-microorganisms



-ash - volcanoes, fossil fuel combustion

- particulates affect human health - large particulates reduce visibility while smaller ones can cause eye and lung damage

- the Office of Technology Assessment estimates that the current level of particulates and sulfates (sulfuric acid salts) may cause the premature death of 50,000 Americans every year, accounting for 2% of annual mortality

Results of these chemical changes in the atmosphere?
Regional Air Quality

Air quality issues have been on the forefront of environmental news for the past several decades. Of particular concern are pollutants such as carbon monoxide (CO), sulfur dioxide (SO2),  nitrogen oxides (NOx), tropospheric ozone (O3), volatile organic compounds (VOCs) or hydrocarbons such as benzene, heavy metals such as lead and suspended particulate matter such as smoke and soot. These pollutants affect regional air quality, visibility and human health in cities around the world.

- estimated in 1980 that human activities released 110 million tons of sulphur oxides, 69 million tons of nitrogen oxides, 193 million tons of carbon monoxide, 57 million tons of hydrocarbons, and 59 million tons of particulates

- the 24 industrial nations belonging to the Organization for Economic Cooperation and Development (OECD) account for about half of these pollutants

- in the lower atmosphere, sunlight causes hydrocarbons to combine with other gases, such as NO2, oxygen, and CO to form smog which can cause damage to vegetation and human health

- ozone - O3 not directly emitted from human activities, but is formed when volatile organic hydrocarbons and nitrogen oxides react with oxygen in the presence of sunlight

- between 1977 to 1986, average ground level ozone concentrations dropped from .16 ppm to .12 ppm

- yet over 150 million Americans lived in areas where EPA's maximum safe level for ozone was exceeded at least once during the year

- ozone concentrations in most of the developed world, Europe and Japan regularly exceed the levels considered safe by the World Health Organization


Air pollution technologies, for the most part, either remove particulates or gaseous emissions or convert them to a less polluting form before discharge into the atmosphere. A number of different processes are used including absorption, adsorption, separation, condensation, combustion, filtration, scrubbing, catalytic reduction, conditioning, and recovery. Technologies utilized to accomplish these processes include filters, gravity settlers, cyclones, electrostatic precipitators, mechanical collectors, bag houses, and scrubbers. Auxiliary technologies include fans, hoods, ducts, stacks, as well as handling and storage equipment. In addition, there are a number of technologies designed to monitor, detect, measure, sample and 

analyze both gaseous and particulate pollutants.

Indoor Air Quality
Localized Air Pollution

There are numerous toxic trace pollutants which are emitted from specific industries and thus present an air quality problem in the vicinity of these industries. These pollutants include heavy metals such as beryllium, cadmium, and mercury, organic compounds such as aldehydes and furans and radioactive particles and gases. Occasionally, large scale toxic emissions from industrial facilities, such as the industrial accident in 1984 in Bhopal, India, pose severely deleterious effects on human health. Other localized air quality concerns include noxious odors from either industrial facilities, landfills and sewage treatment facilities.


A number of processes are used to control local air pollutants and odors. Of particular importance is detection as many of these compounds are highly toxic to humans. Other processes include distillation, extraction, incineration, control, biofiltration, and removal. Technologies used include toxic gas analyzers, monitors and detectors, hoods, exhaust systems, chemicals and scrubbers.

Acid Rain

Emissions of sulfur dioxide and nitrogen oxide along with other compounds involved in acid-base chemistry, such as ammonia and alkaline dust particles are responsible for the phenomenon known as acidic deposition or more popularly as acid rain. The effects of acid rain are generally classified into three categories: aquatic, terrestrial, and materials. 

- has become one of the most damaging and controversial forms of air pollution in the industrialized world

- can take several forms, including rain, sleet, snow, fog, and dry particles

- the primary sources of acid deposition are sulfur and nitrogen oxides released from electrical power plants, industrial boilers, mineral smelting plants, and motor vehicles that burn fossil fuels

- sulfur and nitrogen oxides combine with moisture in the atmosphere and return to earth as sulfuric and nitric acids

- acidity is measured on the ph scale, which ranges from 0 to 14

- important to remember that the ph scale is logarithmic, so that a change in one unit represents a tenfold change in acidity, thus a solution of ph4 is 10 times as acidic as one with ph5 and 100 times as acidic as ph 6

- natural rainfall is slightly acidic - has a ph of between 5 and 6

- in some of the heavily industrialized regions of the world, the ph of precipitation averages around 4

- in 1987, in Norway, rainfall was found to be as acidic as lemon juice with a ph level of around 2

- currently ph of the rain falling in Kuwait is 1.9

- Wheeling, West Virginia once reported rain nearly as acidic as battery acid with a ph of 1

- acidic deposition does not affect all ecosystems in the same way, soil and water types vary a great deal

- the American Midwest, for example, has naturally alkaline soils that can buffer acid fallout

- likewise, some lakes lie on limestone, sandstone, or other alkaline formations that help neutralize the acid

- on the other hand, some regions where lakes and soils lie on granite or glacial tills have low ph values to begin with and thus are greatly affected by acid rain

- damage from acidic deposition is worst in Scandinavia, Central Europe, and eastern North America - occurs mostly in developed, heavily industrialized countries, but is now beginning to appear in developing countries as well

- rainfall in San Paolo in Brazil now has an average ph level of 4.5, while precipitation in Guiyang, China averages 4.02

- the Taj Mahal in India in now being damaged by airborne acids from local oil refineries

- in industrialized countries, it is estimated that acidic deposition has damaged an estimated 31 million hectares of forest, an area the size of New Mexico

- European Nations have been especially hard hit by acidic deposition

- In Sweden, fish have completely disappeared from 4,000 lakes, while another 20,000 lakes have been damaged

- in Norway, 80% of the lakes have been declared technically "dead" or placed on the critical list

- in the central alpine region of Switzerland, 43% of the conifers are already dead or seriously damaged and 52% of all the trees in West Germany suffer from damage due to acid deposition

- the situation is even worse in Eastern Europe, where there have been no emissions controls on smokestacks and where they burn large quantities of high sulfur coal

- in Poland, the situation is so bad that acid deposition is beginning to erode railroad tracks

- in North America, also is damage

- in the Canadian province of Ontario, sulfur and nitrogen oxides from International Nickel's Sudbury plant have killed all vegetation and resulted in extensive soil erosion in a 20 mile area east of Sudbury

-over 300 lakes in Ontario have ph levels below 5.0, while in Nova Scotia, nine rivers have ph levels below 4.7, making them incapable of supporting salmon and trout reproduction

- in the U.S., thousands of lakes on the eastern seaboard have high acidic content

- in the Adirondack region of central New York, 10% of the lakes have a ph below 5.0

- acid rain has been implicated in tree damage reaching all the way down to the Appalachian mountains in Georgia

- ironically, one of the reasons why acidic deposition has become such a problem is because of earlier pollution control efforts

- in recent decades, smokestacks from industries and power stations have been made much taller to reduce the local effects of pollution - as a result winds now carry pollutants over large areas

- SO2 emissions can travel up to 2,000 kilometers in a few days

- as result acidic deposition has become a significant transboundary issue

- Sweden claims that 80% of the SO2 it receives comes from other countries, while Norway claims that 90% of its emissions comes from other countries


A range of specific control technologies exist for both sulfur dioxide and nitrogen oxides. Since sulfur dioxide is produced primarily from the combustion of coal, there are a number of technologies designed to burn coal more cleanly. These include more efficient boilers, cleaning technologies, and fluidized combustion beds. Other technologies designed to reduce SO2 and NOx emissions include limestone injection burners, reburners, flue gas desulpurizes, in-duct sprayers, and low NOx burners.


In addition, technologies exist for both wet and dry deposition, monitoring and measurement as well as materials protection. Monitoring and measurement technologies include rain gauges and ph analyzers. Materials protection technologies include waxes, special coatings, and paints.

Ozone Depletion

Ozone depletion is caused by the interaction of stratospheric ozone molecules (O3) with chlorine based compounds such as chlorofluorocarbons (CFCs) and halons released from human activity. These compounds, which are chemically inert and have a long atmospheric lifetime, are used in a variety of industrial and consumer applications including refrigeration, air conditioning, foam production, aerosol propellants, and circuit board cleaning. 

- air pollution and acid rain are not the only problems occurring in the atmosphere

- is growing evidence that a gradual depletion of the ozone layer in the stratosphere is beginning to occur on a global scale

- ozone forms in the upper atmosphere when oxygen molecules (O2) are split by ultraviolet radiation

- the two free oxygen atoms quickly combine with other oxygen molecules to form O3

- is a naturally occurring ongoing process

- problem is that Anthropogenic chemicals, most notable chlorofluorocarbons and halons, can break down ozone molecules

- in fact a single chlorine molecule can eliminate 100,000 ozone molecules

- result is a thinning of the ozone layer

- over the past 20 years, ozone levels above the Antarctic have dropped by almost 40%

- result is the famous Antarctic ozone hole

- are now also beginning to see a hole developing over the North Pole as well

- also in mid latitudes, a 1988 study showed that since 1969, ozone levels have declined 2% worldwide and as much as 3% over urban areas of North America and Europe, and more than three percent over parts of South America, Australia and New Zealand

- a 1% drop in ozone accounts for a 2% increase in ultraviolet radiation

- CFCs are used in several applications, air conditioners, foam blowing agents, solvents to clean circuit boards

- problem is not only that CFC destroy ozone but that they are extremely long lived and stable chemicals

- they can remain intact for as long as 100 years, continuing to destroy the ozone layer, even if their production is ceased immediately

- really don't know what the long term implications of the CFC that are in the atmosphere will be

The Montreal Protocol, adopted in 1987, requires nations to freeze production levels of CFCs. Additional agreements enacted since 1987 have accelerated the CFC phase out timetables as well as provide guidelines for technology transfer. In addition, the U.S.E.P.A. is working with industry, the military, and foreign governments to reduce CFC and halon usage and accelerate technology transfer.

Industry itself has responded in a precedent setting way in dealing with the CFC phase out. The International Consortium on Ozone Layer Protection (ICOOLP) which is composed of some

*find out….has helped to spur technological innovation.


For just about every use of CFCs, there are a number of alternative processes and technologies which have been developed over the past five years. These include CFC recovery and recycling equipment, alternative solvents, propellants and refrigerants, aqueous and citrus based cleaners, and CFC incinerators. In addition, there has also been tremendous innovation in the area of ultraviolet radiation monitoring and measurement devices. 

Chapter 3  Atmospheric energy and Global Temperatures
Atmosphere to Climate 3/3PRIVATE 

Energy Balance

Short wave radiation inputs and long wave radiation outputs…a balance of input and output.

Albedo - the reflectivity of a surface

Reflection - the amount of returned energy

See page 78 , figure 3-3  different surfaces reflect or absorb energy

Scattering (diffuse reflection)  - redirection of insolation by atmosphere,  the shorter the wavelength the greater the scattering…shorter wavelengths (blues and whites) are scattered more in lower atmosphere…hence blue sky

Cloud cover -  type, height and density of cloud cover…most variable factor in radiation budget…about 50% of earth is cloud covered any time…reflect incoming insolation and insulates or help retain outgoing long wave radiation…moisture in clouds retains heat and releases heat during condensation…in general earth temperature is believed to be slightly lower because of cloud cover

Land-water heating differences -
Greater amounts of evaporation over water -m energy is absorbed converting water to vapor

Light penetrates water (up to 60m, 200 ft) distribution of heat over larger area (since it doesn't penetrate the ground at all)

Specific heat -specific heat of water higher, that is it requires much more heat to raise the temperature of water than it does soil or rock and water retains heat longer

Movement - land is rigid whereas water mixes, develops currents etc. further distributing heat

Global Warming


Global warming is caused by the release of several gases including carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), and CFCs act. The buildup of these gases over time is thought to be altering the heat absorption capacity of the earth's atmosphere and warming global surface and sea temperatures. The combustion of fossil fuels, along with other human economic activities including forestry and agriculture are largely responsible for the over concentration of greenhouse gases in the atmosphere. Since many of the activities responsible for greenhouse gas emissions are central to urbanized, industrialized societies, reducing emissions is a challenging task.

- last but not least climate change


A. Greenhouse Effect


B. Climate Change


C. Global Warming

Carbon dioxide CO2
CO2 is emitted from the burning of fossil fuels - carbon dioxide is released into the atmosphere

how much CO2 is being released?

Prior to the Industrial Revolution, the concentration of CO2 in the earth's atmosphere was 275 to 285 ppm.  Since then, humans have burned vast quantities of fossil fuels ‑‑ coal, oil and natural gas ‑‑ releasing carbon gases and other emissions.  As a result, atmospheric CO2 concentration is now 25 percent higher than before the Industrial Revolution, and increasing rapidly. In the last 30 years, the CO2 level has risen from 316 ppm to about 350 ppm, the highest concentration in the past 160,000 years. Data from ice cores and ocean sediments show a clear link between atmospheric carbon dioxide and global temperatures over this period; higher CO2 concentrations have coincided with higher temperatures.

In the last two decades measurements of carbon dioxide taken at Mauna Loa Observatory - Hawaii   9% increase in CO2 in atmosphere

In 1988, at least 6 billion tons of carbon were added to the atmosphere‑‑about 5.5 billion tons from fossil fuel combustion and between 0.4 and 2.5 billion tons from burning or clearing forests, primarily in tropical areas.  Of the portion attributed to fossil fuel use, the United States contributes about 24 percent of total emissions, the Soviet Union 20 percent, and Western Europe 15 percent.  The United States, the Soviet Union and Europe together produce two‑thirds of all carbon emissions from fossil fuels.  Of the carbon emissions from deforestation, in 1980 Brazil accounted for roughly 20 percent.65

Thus "global warming" is beginning to raise the average global temperature.   Although a recent study indicates that in the United States (which only covers two percent of the Earth's surface), temperatures have not increased during the last 100 years, many researchers agree that the global average air temperature at the Earth's surface has risen about 0.5 degree Celsius (nearly 1 degree Fahrenheit) over the last century.  There is evidence that the increase in air temperature may be accelerating; the five warmest years in recorded history occurred in the 1980s, 1990,1991 were both records ,1992 Pennetuba

In addition to the data indicating that surface air temperatures are rising, a recent analysis of sea surface temperatures monitored by satellite concluded that between 1982 and 1988, ocean temperatures increased about 0.1 degree Celsius per year, providing additional evidence that global warming is under way.

If no action is taken to slow carbon emissions, continued population, economic, and energy growth could result in global warming of 1.6 to 4.7 degrees C (4 to 9 degrees Fahrenheit) above pre‑industrial temperatures by the year 2030. 

other Greenhouse Gases.  Gases such as methane (CH4), chlorofluorocarbons (CFCs), ozone, and nitrous oxide also contribute to global warming.  Although trace gases make up only a small percentage of the total atmosphere, some trap heat a thousand times more effectively than CO2.  Their effect is compounded because they absorb different wavelengths of infrared radiation.

The concentration of trace gases in the atmosphere is increasing even faster than that of CO2, and will cause about half of the additional greenhouse effect in the 1990s.  There is considerable uncertainty about the relative contributions of the various greenhouse gases to global warming, but estimates are available. During the past decade, methane has probably accounted for about 16 percent of global warming, with much of the methane coming from rice and cattle production, decomposition of organic wastes, and the burning of fossil fuels and forests. The release of CFCs and other halocarbons, the same gases that are destroying the ozone layer, may account for about 20 percent of greenhouse warming.69 (See Table 4.) 

Table 4   Greenhouse Gases: Sources and Estimated Relative 

Contributions to Greenhouse Warming

 Percent   Gas                    Major Sources                 Contribution                                     Carbon dioxide       Fossil fuels, deforestation          50      

Chlorofluorocarbons, Refrigeration, solvents,             20    

other halocarbons, insulation, foams, aerosol 

                     propellants, other industrial 

                    and commercial uses

Methane         Rice paddies, swamps, bogs,          16

                     cattle and other livestock,

                     termites, fossil fuels,

                     wood burning, landfills

Tropospheric ozone   Fossil fuels                          8

Nitrous oxide        Fossil fuels, fertilizers,            6

                     soils, burning of wood and            

                     crop residues

What's the effect of increased global temperature? 

some possible scenarios

1. climatic change


- wetter subtropical monsoon rain belts


- longer growing seasons in high latitudes


- wetter spring times in high and mid latitudes


- dry midsummer conditions in some mid and high mid latitude regions

2.sea level rise - why - ice caps melts


recent evidence suggests a rise in sea level of about 1/10th of a meter due to the .5(C warming

3. Threats to Plants and Animals.  In the past, organisms have adapted to climate change by migrating and evolving, but the speed of the expected warming will make adaptation difficult.

Forests.  Tree species are sensitive to climate variation; many species can survive only within a narrow band of temperature and moisture. A warming of only 1 degree C (1.8 degrees F) could shift some forest zones by more than 200 kilometers (125 miles). 

Agriculture.  Crops are also climate‑sensitive.  The hotter, drier conditions predicted for the interior of North America would lower yields of Midwestern corn and wheat.

Higher levels of carbon dioxide will benefit plants by accelerating the process of photosynthesis, although some plant species will adapt better than others.  Weedy plants would thrive in a carbon‑rich atmosphere, crowding out food crops and other plants and depriving them of nutrients.

Global warming will favor warm‑weather insect species with short life spans that can adapt and evolve quickly. Insect pests, parasites, and pathogens are expected to flourish under rapid warming conditions.

Wildlife.  Animal species that can migrate quickly will face obstacles that did not exist during previous climate changes. As global warming progresses, wildlife may become "civilization locked" in refuges and wilderness areas that are no longer suitable habitats. Cities, roads, farmland, and other human barriers will make migration difficult. To preserve animal life, it may become necessary to create networks of "migration corridors" or to undertake vast relocation efforts.88


Nonetheless there are literally hundreds of processes and technologies which could be used to reduce greenhouse gas emissions either by controlling them or preventing the creation of the gases.******

Chp 4 Atmospheric and Oceanic Circulation

Wind-

What is wind?  Produced by different pressures air flows from areas of high pressure to areas of low pressure….named for the directional from which they originate

Air pressure - the weight of air…air is compressed by gravity, more dense at earth's surface …density decreases as elevation increases

Wind effected by:

· Gravitational force-

· Pressure gradient force - air flows from high pressure to low pressure.  Pressure gradient is the difference  in pressure form one area to another.  Isobars show pressure gradient like contour lines on topographic map.  Pressure acts on right angles to isobars.  As air cools and descends in a high pressure area it pushes air out as it falls…high pressure as warm ascends it creates a low pressure condition

· Coriolis force - deflective force, deflects ant object from a straight path to  the right in the northern and to the left in the southern hemisphere (spin of the earth)  In fact the direction of the object only appears to shift as it goes straight the earth continues to turn so that it appears to curve relative to the earth's surface. - because of the Coriolis force wind moving from high pressure to low pressure does not flow directly but rather appears to flow across the gradient, parallel to the isobars

· Friction force - drag on surfaces decreases with distance for the surface…surface friction reduces the effect of the Coriolis force and causes wind to move more in the direction across the isobars spiraling out of a high pressure in a clockwise movement (anticyclone)into a low pressure in a counterclockwise movement (cyclone)…in the southern hemisphere these are reversed.

In each hemisphere there are 2 pressure areas stimulated by thermal factors: the equatorial low-pressure and the weak polar high pressure.  The two other areas are formed by dynamic factors: the subtropical high pressure cells and the sub polar low pressure cells

equatorial low-pressure - nearly girdles the earth, high sun heats up air causing air to rise (low pressure)  winds converge into low pressure area.  Converging air is often moist and warm, clouds pile up often into tropopause, severe weather…trade winds

sub polar low pressure cells - dominant in winter 

the weak polar high pressure - 
Ocean Currents -

