PHYSICAL GEOGRAPHY: WEATHER AND THE FACTORS THAT INFLUENCE CLIMATE

Mr. Naumann

Weather and climate have great impacts on the lives of people and the societies in which they live.  Weather Influences people in the short run; whereas, climate influences them in the long run.  Climate and weather may limit or complicate the performance of a variety of tasks people may wish to complete.  An understanding of weather and climate may help people comprehend the choices that societies have made in different places on the earth.

What is weather?  Weather is the daily state or condition of the atmosphere.  In what ways do we actually describe weather?  We describe the temperature, absence or presence of precipitation, kind of precipitation if it is present, atmospheric pressure, and direction and intensity of winds.  Weather is a very temporary condition.  Put quite simply, weather is what hits you in the face when you walk outside.
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What then is climate?  Climate is the average yearly pattern of weather conditions.  The key word in the definition is average.  Climate is usually described in terms of annual precipitation patterns and amounts and annual temperature patterns of highs and lows.  Climate cannot be experienced by walking outside.  To experience climate, one must live in a location for more than a year.  Every locality has experienced many years when the pattern of weather conditions was not the same as the average pattern.  In fact, it might be surprising to find that a particular location has never had a year that fit the average pattern for that location.  People who have lived in a location for twenty or more years have a good idea of what the average conditions are for their location.  They can tell if a particular year seems to be considerably different from the average; whereas, a newcomer to that location during the extremely unusual year might erroneously assume that it is a typical year.  In the winter of 1997-98, El Niño caused the precipitation amounts to be much greater than usual in Southern California and many other places.  For the winter of 1998-99, meteorologists predicted a La Niña year which would cause Southern California and the other places that were extremely wet the year before to be drier than usual.

Some localities seem to experience cycles of several years of drier than average weather followed by several years of wetter than average weather.  The usual statistics given to describe a particular type of climate reflect the averages that were established over a long period of time.  One must always remember that averages often disguise the extremes.  For example, if the average yearly temperature of a location is reported as 50 degrees, it could mean that the average high is 100 degrees and the average low is zero degrees, or it could mean that the average high is 52 degrees and the average low is 48 degrees.

What factors influence climates and cause differences in them?  The factors that influence climate are:

1. pressure and wind

2. ocean currents

3. mountain barriers

4. latitude

5. altitude

6. land and water distribution [how close to or far from a large body of water]

7. storms.
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It will be difficult to study one of these factors without referring to one or more of the other factors since they often operate in combination. Each place on earth is influenced by a unique matrix of these factors at any one time.  It is possible that one factor might influence a place to one climatic extreme and that another factor might influence it toward the opposite condition.  The result may be a moderated condition between the two extremes.  An example would be the climates of Ireland and Great Britain.  Their latitude would incline them toward very cold temperatures, particularly in the winter.  These are islands in a vary large body of water, there is a large, warm ocean current which flows to the west of the islands, and the prevailing winds are from the west.  These winds are warmed by the warm ocean current and bring warmer than would be expected temperatures to these islands which are located at fairly high latitudes.  The combination of water, ocean current, and winds counteracts the influence of latitude.  That explains why the Pilgrims were not prepared for their first winter in Massachusetts.  They knew that they would be sailing to a more southern location in America, so they expected winters to be milder there than they were in England.  They didn’t know that the matrix of climatic factors which produce the weather and climate of that location cause much colder winters than they were used to in England.
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Winds influence climate by being the vehicle which beings moist or dry air to an area.  Winds may bring either warmer or cooler temperatures, depending on the direction from which the wind blows.  What is wind, and what causes it?  Winds result partly from the fact that some parts of the world become hotter than others.   Hotter areas are called low pressure areas because as air is heated, it expands and, therefore, becomes lighter and rises.  As air loses heat [cools], it contracts or shrinks and becomes heavier (it contains more gas molecules per unit of volume than warmer air) and, therefore, it moves downward in the atmosphere.  Wind, then, is defined as the horizontal movement of air at the earth’s surface from areas of high pressure to areas of low pressure where the air is rising.  [See diagram #1.]
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A generalized system of wind belts tries to establish itself on the earth.  The distribution of land and water on the earth, and the resulting variances in temperatures and pressures somewhat disrupts the idealized system of wind belts.  Because the sun’s energy is received in its most concentrated form near the equator, the sun generated a tremendous low pressure belt in the tropics.  This low pressure belt triggers a system of winds around the world.  The system moves north and south through the year because the earth’s axis is tilted 23½ degrees from the perpendicular.  This will be illustrated later when earth-sun relations are discussed. [See diagram #2 to see the wind belts.]
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Since land heats and cools faster and to a greater extent than water and land and water are not evenly distributed all over the surface of the earth, the high and low pressure areas do not exist in neat belts like those shown on diagram #2.  The diagram shows what would exist if the surface of the earth were perfectly uniform.  Land heats and cools faster and to a greater extent than water; therefore, in winter the land becomes cooler (high pressure) than the adjacent water (low pressure) and the winds move from the land to the water.  In the summer, the land becomes relatively hotter than the nearby water, the low pressure occurs over the land, the high pressure occurs over the water, and the winds tend to move from the water to the land.  The differential heating and cooling of land and water accounts for the non-idealized pattern of wind and pressure systems.

Where the seasonal shifting of the prevailing wind direction occurs, the land receives more precipitation in the season when the wind blows from the water to the land.  Seasonal reversals in wind direction such as this are referred to by the term monsoon.  Monsoon is derived from an Arabic word which means a change in the wind.  Often reference is made to the wet monsoon and the dry monsoon since in one season there is more precipitation and in the other season there may be considerably less [image: image6.png]Rays From
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precipitation.  [Diagram #3 illustrates the monsoons]
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In the summer, moisture bearing winds from the cooler Arabian Sea and Bay of Bengal being rains to the land.  Parts of India may receive from 50 to 100 inches of rain in one month.  In the Winter, the land has cooled faster and to a lower temperature than the sea, so the high pressure usually forms over the land and the dry winds from the interior move to the sea.  There is little rain in India during these months, hence the term dry monsoon.

What causes the ocean currents?  Since water is a liquid, it can move when disturbed.  The rotation of the earth on its axis causes the waters of the earth, particularly the oceans, to move.  This movement forms a circulating system. The terms warm current and cold current are relative terms.  Some of the currents of water in the ocean are warmer than the adjacent waters, and others are cooler than the adjacent waters.  The cold currents, particularly those in the tropical and middle latitudes, result from water welling up from the depths of the ocean.  
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Winds blowing across warm currents onto the land are warmed and are able to absorb water vapor [warm air can hold more water vapor than cold air].  These warmed winds warm the lands onto which they blow and bring a good chance of precipitation falling on these lands.  Winds blowing across cool ocean currents, cause the climate of the land to be cooler and reduce the chance of precipitation.  Deserts are often found inland from coastlines along which cold ocean currents flow, e.g., the Namib Desert, Baja California, and the Atacama Desert. [Diagram #4 shows the general pattern of ocean currents.]
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Mountain barriers affect climate by forcing moisture-bearing winds to rise and release precipitation on the windward side of the mountain [the side the wind actually strikes – the side where the wind ascends].  The leeward side of mountain barriers usually has an arid climate.  The descending air on the leeward side is being compressed and, therefore, is becoming warmer.  [The discussion of the influence of altitude will also show how altitude is related to air temperature.]  This condition of the air becoming warmer causes the air to be more receptive to absorbing moisture rather than releasing it as precipitation – the likelihood of precipitation is increased when air is cooled, not when it is warmed.  [Diagram #5 shows how mountain barriers cause orographic precipitation]

Latitude acts as a climatic control because the vertical rays of the sun, which are the most intense and most heat producing, strike only in the tropics.  North and south of the tropical zone, less intense insolation, energy received from the sun, is received per unit of earth surface.  This causes temperatures to be cooler and more seasonal as one approaches the poles from the tropics.  Another way of saying this is that in the latitudes near the poles, the same amount of heat energy from the sun has to heat a larger areas of land than in areas near the equator. 

The reason the vertical rays produce greater insolation than non-vertical rays is shown in diagram #6.  Three shafts of light having the same diameter are seen to reach the earth at three different latitudes.  Shaft “C” strikes the earth vertically [at a 90° angle], while the other two shafts do not.  All three shafts of solar radiation carry the same amount of energy, but the energy received from shafts “A” and “B” must spread over a larger area than shaft “C.”  It is similar to having a room that is heated to a comfortable temperature by a small heater.  If a room twice as large were to be heated with the same type of heater, the temperature would be significantly cooler, and people might have to wear sweaters to be comfortable.  One might think of the area heated by shaft “B” being a room 50 percent bigger than shaft “C” and shaft “A” being 100 percent bigger than shaft “C.”  The diagram is intended to show why temperatures vary at [image: image11.png]


different latitudes on the earth’s surface with the warmest temperatures near the equator and the coldest ones near the poles.  Other factors, such as cold or warm ocean currents, may introduce other influences on temperature.  Recall the earlier discussion of the [image: image12.png]


Pilgrims not being prepared for such a cold winter in Massachusetts, which has a latitude closer to the equator.

Storms are sometimes listed as a climatic control factor.  There are certain types of storms which are typically encountered in certain parts of the world rather than in other places.  The types of storms common to an area are part of that area’s climatic pattern – making a significant contribution to the precipitation amounts and annual pattern.  An example is the rainfall statistics in Florida.  The frequent hurricanes that pass over or near Florida certainly increase the annual precipitation total and account for the months of the “hurricane season” having larger totals than the other months.  If the southeastern part of the United States were not subject to hurricanes, the precipitation statistics would be significantly different there.

TYPES OF PRECIPITATION

While precipitation has been mentioned numerous times before this, little has been said about the three classifications of precipitation which are based on the mechanics of the process. Diagram #4 does illustrate orographic precipitation which was explained in relation to  the influence of mountain barriers.  The two other types, however, have not bee explained or illustrated.  The remaining types of precipitation are cyclonic precipitation (also known as frontal precipitation) and convectional precipitation. Any of these types of precipitation may produce any of the forms of precipitation: rain, sleet, hail, snow, etc.  All precipitation results from air cooling to that point at which it will contain more water vapor [water in its gaseous form] than it can hold.  That temperature is called the dew point.  The result is precipitation in liquid or solid (ice crystals) form.

Cyclonic precipitation [frontal precipitation] is produced when a mass of warm air meets a mass of cold air.  The warm air usually rises above the cold air [somewhat like orographic precipitation, except that here it is rising above a “mountain” of cold air rather than a mountain of rock].  As the air rises, it cools.  Condensation of water vapor takes [image: image13.png]


place around microscopic dust particles or other tiny pollutants when the dew point is [image: image14.png]


reached resulting in the formation of clouds.  If there is enough moisture in the cloud, it rains, snows, sleets, etc.  In cyclonic precipitation, the place where the two masses of air meet is called a front.  [See diagram #7] This type of precipitation is the type usually experienced in the winter in mid-latitude areas like St. Louis.  The conditions usually associated with this type of weather system are several cloudy days, with or without precipitation, as the front passes through the area.  Once the front has passed, the area may experience sunny days with clear skies.  During these clear days, the temperatures may be warmer than average if a mass of warm air moved into the area behind the front, pushing the colder mass of air back to higher latitudes.  The temperatures may be cooler than average if it was a northern mass of cold air that moved south and forced itself under a mass of warm air, pushing the warm air mass farther toward the tropics.

The mechanism causing convectional precipitation is different from both orographic and cyclonic precipitation.  Diagram #8 illustrates the stages in the development of a convectional system which may produce precipitation.  Convectional precipitation is associated with low pressure systems.  A low pressure system develops where the insolation received from the sun warms a part of the earth more than the surrounding areas.  This results in a low pressure system – a place where warmed air, which is relatively warmer than the surrounding air, is rising in the atmosphere.  As the column of warmed air rises with its load of water vapor, it gradually cools at a rate of 3.6° Fahrenheit per 1000 feet of increased altitude.  It may cool enough to reach the dew point, and clouds may form.  Once water vapor has condensed, precipitation as rain or hail may result.  This is the type of precipitation often found in the tropics where a massive low-pressure belt generates the wind belts and produces abundant precipitation.  During the rainy season in the tropics, an afternoon convectional thunderstorm can be expected daily.  In mid-latitude areas like St. Louis, Missouri, this type of rainfall is frequently experienced in the summer.

New Factors

In the 20th century, a new factor which influences climate might be added to the traditional list.  That factor is pollution of the atmosphere, particularly industrial pollution.  The increase in particulate pollution [tiny particles in the air] provides more nuclei around which water vapor may condense.  This could result in larger amounts of precipitation downwind from urban areas where large amounts of pollution are added to the atmosphere.  Weather data collected in the last fifty years seems to indicate that higher amounts of precipitation are being experienced downwind from major cities.  This pollution often forms the 20th century problem of “acid rain.”  Acid rain may accelerate some weathering processes, influence the soil-forming processes, and affect some plants and animals negatively and others positively.  This phenomenon may influence much more than the climate component in the web of life on earth.

Another related topic which has received much attention in the media in the last twenty years of the 20th century is the possibility of global warming.  The cause of this may be the increase in “greenhouse gasses.”  These are gasses which help to hold heat energy in the earth’s atmosphere.  The major one seems to be carbon dioxide, which has increased as a result of increased burning of fossil fuels which began with the industrial revolution and has continually increased.  The consensus among scientists is that the probability of climatic changes makes it necessary for the nations of the world to take steps to reduce the release of these gases into the atmosphere.  Politicians from some countries are not yet convinced that these steps must be taken.  Politicians want to avoid dealing with the short-term economic problems that may result from serious efforts to curb the amounts of the gases being released each year.  In some places, the long-term economic problems may be far greater than the short-term ones, but politicians run for reelection in the short-term.  This may be a topic about which responsible citizens in democracies must become knowledgeable so they can vote intelligently.  If climates change, so will vegetation and soils.  Areas that are well –suited for agriculture may become less so; whereas, areas that aren’t well suited to agriculture may become better suited for agriculture.

Temperature and Precipitation Patterns

In the tropics, the seasons are based on rainfall.  The temperatures there are warm all year long, but the amount of rainfall received has a seasonal pattern.  North of the tropics, there is a seasonal temperature pattern and a precipitation pattern.  The main reason for these seasonal variations in temperature is the tilt of the earth’s axis.  This is illustrated in diagram #9.

Review of Basic Earth-Sun Relationships

The earth is tilted on its axis 23½° from the perpendicular.  This is observable at the December Solstice part of diagram #9.  The earth rotates on its axis in a counterclockwise direction which causes night and day.  It takes 24 hours to complete one rotation.  The earth makes one complete revolution around the sun in a counterclockwise direction in 365¼ to complete one year.  

At the December Solstice, the direct rays of the sun strike the earth at the Tropic of Capricorn which is 23½° south latitude.  The northern hemisphere has the shortest daylight period of the year, and the southern hemisphere has its longest daylight period of the year.  The mid-latitudes of the northern hemisphere are experiencing cool to cold temperatures.  At the June Solstice, the reverse occurs.  The direct rays of the sun strike at the Tropic of Cancer in the northern hemisphere.  It must be remembered that in the mid-latitudes, winter begins in December in the northern hemisphere and summer begins in the southern hemisphere.  This is reversed in June.

At the March Equinox, the direct rays of the sun strike the earth at the equator and all parts of the earth experience equal periods of daylight and darkness.  This occurs again at the September Equinox.  In the mid-latitudes, the seasons called spring and fall are experienced.  It must be remembered that the southern hemisphere experiences spring in September and fall in March.


A BRIEF DESCRIPTION OF THE MAJOR CLIMATE TYPES AND ASSOCIATED VEGETATION

Among the unique matrices of the causative factors of climate experienced in various locations, climatologists have identified a number of general annual patterns of temperatures and associated patterns and amounts of precipitation.  One of the systems most commonly used or adapted is the one created by Wladimir F. Köppen, and updated by his students R. Geiger and W. Pohl in 1935.  Each type of climate is identified by an alphabetic code.  Each letter stands for temperature or precipitation quantities or seasonal characteristics.  A physical geography textbook will provide a more detailed description than the one which follows.  The names given to these climatic types may vary from one textbook to another.  Some use terms which reflect the vegetation typically found associated with each type of climate.

THE TROPICAL FAMILY OF CLIMATES

There are three types of tropical climates – sometimes referred to as humid equatorial climates:  Tropical Rainforest, Tropical Monsoon, and Tropical Savanna.  Tropical climates are characterized by constant high temperatures.  The diurnal (daily high to low) temperature range is usually greater than the annual (warmest month average to the coldest month average) temperature range.  This characteristic is more nearly true near the Equator.  All months have monthly mean temperatures above 64.4° Fahrenheit.  It is the amount of precipitation and its seasonal distribution that differentiates among the three types of tropical climate.

Tropical Rainforest [Rainy Tropical] – The Köppen alphabetic code is Af.  The temperatures and precipitation are sufficient to support the growth of forests composed of high-trunked trees.  The precipitation is relatively evenly distributed among the months of the year – there is no drought season.  Tropical broadleaf evergreen rainforest, or selva, is the characteristic natural vegetation.  The trees are very tall and with the two lower levels of vegetation block out all sunlight.  As a result, there is very little underbrush in three-tiered selva forests.  Humans and animals have little trouble walking through the selva.  Jungle vegetation [the kind in old Tarzan movies] is found only near clearings in the selva where sunlight can penetrate to reach the ground.  The thick underbrush of the Jungle makes walking through this part of the forest difficult.  Jungle vegetation grows along the banks of wide rivers, on steep hillsides, and areas where trees have been cut down or have died leaving the vegetative canopy broken.  Humans may find or cultivate the following plants in this type of climate area: rubber, banana, cacao, rice, and tropical woods.  The Af type climate is found in the Amazon and Congo river basins and much of Malaysia and Indonesia.

Tropical Monsoon – The Köppen alphabetic code is Am.  In this type, there is a short period of drought.  There is sufficient precipitation to maintain the growth of a tropical rainforest, but there are some deciduous plant species in the forest.  The canopy of the forest may not be as thick and continuous as in the selva.  Some underbrush may grow here.  In some monsoon areas, the total annual amount of rainfall may exceed that of the Af climate areas – the wettest month may be extremely wet.  Typical agricultural products for this type of climate area are millet in the dry season and rice in the wet season.  The Am type of climate is found in Central America, the Amazon and Congo basins, and Southeast Asia.

Tropical Savanna [Semiarid Tropical] – The Köppen alphabetic code for this climate type is Aw.  In this climate, there is a longer dry season or drought than in the Tropical Monsoon climate.  This dry season is long enough to prevent the growth of a forest.  The “w” also indicates that the drought occurs in the winter season for that hemisphere.  The typical vegetation is savanna – a grassland of tall grasses with scattered trees.  A strip of forest may grow along the banks of rivers passing through the area because the water table is close enough to the surface for the trees to get sufficient moisture all year long.  Agricultural activities in this type of climate area may include the growing of millet and sorghum and the nomadic grazing of livestock.  The Aw climate type is found in central Brazil, Africa north and south of the Congo Basin, India, and Southeast Asia.

THE FAMILY OF DRY CLIMATES

Dry climates are characterized by a great range of diurnal temperatures and little, unreliable precipitation.  The amount of precipitation does not equal the potential evapotranspirtation [loss of water by evaporation from land and water surfaces and by transpiration from the pores of plant leaves].  Dry climates are often found in the rain shadow of mountain barriers [the leeward side]; on the mid-latitude coastal regions where cold ocean currents parallel the coast; in the interior of continents; and in the high pressure belt that is found in tropical areas between the latitudes 18° and 30°.  The Köppen alphabet letter for dry climates is “B.”  The second letter in the code describes the amount of precipitation: “S” indicates semiarid, and “W” indicates arid conditions.  A third letter may be used to indicate temperatures.  The letter “h” indicates hot temperatures with an annual mean temperature above 64.6° Fahrenheit.  The letter “k” indicates cool to cold temperatures with an annual mean temperature below 64.4° Fahrenheit.

Semiarid – Semi arid areas usually have short grass (steppe) or bunch grass vegetation.  The BSh climate type is often called Tropical Steppe or Semiarid Tropical.  The BSk climate type is often called Steppe or Semiarid.  Steppe grass is a short grass that forms a sod, covering the ground without leaving bare spots.  Bunch grass grows in clumps with bare earth between the clumps.  Agriculture consists of grazing and nomadic herding of livestock and farming where there is water for irrigation.  The BSh type is found in the southernmost part of Texas and a belt south of the Sahara Desert.  The BSk type is found in the northern Great Plains of the US and Canada and the wheat producing belt of Russia called the Steppe.  In the wetter years of the climatic cycle, grain crops may be grown relying only on precipitation, but these crops will fail during the dry years of the cycle without additional water.  The Great Dust Bowl in the 1920s in the US resulted partly from farmers who had planted crops in unreliable areas of BSk climate during the wet years of the climatic cycle.  When the dry years came, their crops failed.  The soil blew away because farmers had removed the natural sod covering when they had plowed the ground.  With the soil’s natural protective cover gone, the soil blew away and the “Okies” moved away.

Arid – The BWh type climate is known as Tropical Desert or Arid Tropical.  The BWk type climate may be known as Desert, Arid, Dry Subtropical, and Dry Continental.  Desert areas are characterized by patches of bare earth and vegetation types that can withstand drought by becoming dormant for long periods or that can conserve water.  These types of plants are called xerophytic plants.  Agriculture consists of some grazing and nomadic herding and farming where irrigation is possible.  The BWh type is found in northern Mexico, the Sahara, Saudi Arabia, and central Australia.  The BWk type is found between the Rocky Mountains and Sierra Nevada in the US and in Soviet Central Asia and Northwestern China.

THE MID-LATITUDE OR HUMID TEMPERATE CLIMATE FAMILY
One common characteristic of this group of climates is that they all experience a recognizable, though mild, winter season.  Four seasons based on temperature differences occurs in these climates.  This causes much of the plant life to be deciduous, becoming dormant for part of each year.  The often colorful fall season with the dropping of leaves and winter season with the stark bareness of much of the perennial vegetation are the visual signs of these cooler seasons in the yearly pattern.  These temperature seasons affect animals as well as plants.  Some animals hibernated and others have a change in the color of their fur, usually turning white in the winter.  The first letter in the Köppen alphabetic classification system is “C” which indicates that the temperatures are warm:  the mean temperature of the coldest month is between 64.4° and 26.6° Fahrenheit.  The “C” also indicates that three is sufficient precipitation to support the growth of forest vegetation.  The second letter indicates the precipitation pattern:  “f” indicates no dry season, “w” indicates a dry winter, and “s” indicates a dry summer.  The third letter indicates the dominant temperature characteristic: “a” indicates a hot summer, “b” indicates a cool summer, and “c” indicates a short, cool summer.  Seven alphabetic codes appear on many Köppen-Geiger climate maps, but the three most frequently described are described below: Cfa, Csa, and Cfb.  Other types shown on detailed climate maps are Cwa, Csb, Cfc, Cwb.  

Humid Subtropical – The alphabetic code for this type is Cfa.  This is the climate of the southeastern part of the United States.  St. Louis, Missouri is often included in this area, and often shown at the border between Cfa and Dfa, which is described in the next climate family.  This climate is characterized by a long, hot summer and a relatively even distribution of precipitation.  This type is often found along the east coasts of continents.  The natural vegetation is usually forest: coniferous, deciduous, or mixed coniferous and deciduous forest.  Typical trees are live oak, gum, magnolia, yellow pine, cypress, and holly.  Agriculture may consist of growing cotton, tobacco, some rice and sugar cane, and livestock.  In the mildest areas, citrus fruits are grown.  A great variety of crops can be grown in this climate type.  A country which has a large area of this type of climate may consider itself to be blessed.  In addition to the southeastern US, this climate is found in China, southern Japan, eastern Australia, Argentina and southern Brazil, and the east coast of the Republic of South Africa.  The Cwa type is often found adjacent to the Cfa.  It is quite similar except that they winter period is drier.

Mediterranean [Mediterranean Subtropical] – This type of climate has the Köppen alphabetic code of Csa.  It is characterized by hot, dry summers and cool moist winters.  This type of climate is usually found on West coasts, poleward of the dry climates.  The natural vegetation is generally a shrub [dwarfed] form of broadleaf evergreen plants.  This type of vegetation is called sclerophyll vegetation.  Sclerophyll plants may have deep roots, heavy bark, and leathery leaves – the cork oak is an example.  These plants adapt to the dry summer, but not to the extent that xerophytic plants do.  This type of vegetation is often referred to  as chaparral or maquis.  Summer crops must often be irrigated.  Barley and wheat are winter crops.  Other typical Mediterranean crops are citrus fruits, olives, grapes, and figs.  This is the climate of the Mediterranean coastlands and the Central Valley of California.  It is also found  near Cape Town,  South Africa, The southern lobes of Australia, and Central Chile.  Some areas referred to as Mediterranean climate receive the Köppen classification of Csb (also used to describe areas sometimes labeled Marine West Coast climate.) which indicates a cool summer rather than a hot one (Csa).

Marine West Coast [West Coast Marine or Temperate Marine] – This type of climate receives the Köppen code of Cfb.  As the name suggests, it is found along west coasts.  Since the dominant wind direction in the mid-latitudes is usually from the west, this climate type is characterized by temperatures moderated by the influence of a warm ocean current in the ocean offshore.  The differential heating and cooling of land and water accounts for the moderating influence of the ocean – the western winds are relatively warm in the winter and cool in the summer.  There is ample precipitation for the growth of forest.  In some areas, like the Olympic Peninsula of Washington, a mid-latitude rainforest may be found.  The natural vegetation is mixed forest, heather, shrubs, and grasses.  The forests support a major lumbering industry.  A variety of crops can be grown, and dairy farming is often practiced.  This climate is found in the Pacific Northwest from Washington north and along the southern coast of Alaska, much of Western Europe, and southern Chile.  Sometimes the code Cfc and the name Polar Marine is given to the cooler areas of this climate type and Csb occupies a transitional area and is divided between Marine West Coast and Mediterranean classifications.

The climate type Cwa is found adjacent to Cfa climate areas in northern India, China and Southeast Asia, and in southern Brazil.  The difference being a drier winter season than the Cfa climate.

THE HUMID COLD FAMILY OF CLIMATES

Compared to the mid-latitude, humid, temperate climates, these climates are characterized by colder, longer, and more continuous winters and a greater range of temperatures from season to season.  The severity of the winter increases as one moves poleward and toward continental interiors.  These climates are caused mainly by the differential heating of land and water.  Since land heats and cools faster and to a greater degree than does water, the interiors of continents usually exhibit temperature extremes – the interiors are too far from water bodies to be influenced by them.  These climates are only found in the northern hemisphere because there are no large land masses in the southern hemisphere at the corresponding latitudes.  

The first letter of the Köppen code for these climates is “D”.  It indicates that the mean temperature of the warmest month is over 50° Fahrenheit and the mean for the coldest month is below 26.6° Fahrenheit.  The second letter refers to the precipitation pattern:  “f” indicates that there is no dry season, and “w” indicates a dry winter.  The third letter refers to temperatures for particular seasons: “a” indicates a hot summer, “b” indicates a cool summer, and “c” indicates a short, cool summer, and “d” indicates a very cold winter.  The Dw varieties only occur in northwestern Asia.

Humid Continental Long Summer –This climate receives the Köppen code of Dfa.  It is characterized by a long hot summer which is moist.  Northern Missouri is often placed in the southern part of the Dfa climate in the US.  The natural vegetation is hardwood forest: oak, ash, maple, hickory, etc.  In some areas there are prairie grasslands.  Many geographers argue that prairie grasslands are cultural features caused by human actions which have eliminated the natural tree vegetation, but agreement is not universal.  Agricultural products from these areas are grains, wheat and corn, and livestock.  This is the climate of some of the Corn Belt in the US.  It is also found in Eastern Europe and the western part of the former Soviet Union extending eastward into Siberia.

Humid Continental Short Summer – This climate type has the Köppen classification of Dfb.  It is characterized by warm summers and more severe winters.  The natural vegetation is mixed hardwood and coniferous evergreen forest: pine, fir, and spruce trees.  Economic activities related to this climate are dairying, growing hay and small grains, and lumbering.  This is the climate of the area from Minnesota to New England In the US and Canada and of much of Siberia in Russia.

Subarctic [Polar Continental] – The Köppen classification of Dfc is given to this climate type.  It has longer, more severe winters, cooler summers, and less precipitation than the humid continental climate types.  The spring and fall seasons are so short that they barely exist in this climate type.  The natural vegetation is a stunted coniferous forest.  Typical trees found here are spruce, larch, fir, tamarack, and birch.  Climate-related economic activities are hunting, trapping, and fishing.  Agriculture is not possible except at a subsistence level, and then only in favored areas along the milder margins of the climate area.  This type is found in northern Canada, central Alaska, and much of Siberia


THE POLAR CLIMATE FAMILY

Polar climates are somewhat the reverse of tropical climates: they have no summers, whereas the tropical climates have no winters.  The first letter of the Köppen classification is “E” which stands for the warmest month having mean temperature of under 50° Fahrenheit.  There are two types in this climate family:  ET and EF.

Polar Tundra [Polar Marine] – The polar tundra climate type, ET, has a warmest month with a mean temperature below 50° but above 32° Fahrenheit.  The natural vegetation is called tundra.  The tundra plants are herbaceous plants, mosses, lichens, and occasionally dwarfed willows.  Climate-related economic activities are hunting, trapping, and fishing.  The ecology is very delicate and easily put out of balance.  This climate type is found along the northern edges of North America and Asia, and there is a tiny area at the southern tip of South America.

Polar Icecap – This climate type, EF, is found where the average temperature of the warmest month is below 30° Fahrenheit.  This is found in interior Greenland and Antarctica.  There is no vegetation.  Economic activities are made extremely difficult and extremely costly by the climate.  There are no permanent human inhabitants or settlements unless for military or scientific reasons.

UNDIFFERENTIATED HIGHLANDS [MOUNTAINS]

Mountainous areas have climates that are very complex and change in relatively short distances, so it is impossible to label them in any way other than to just refer to them as mountain areas.  The climates in mountains are often arranged in altitudinal zones which reflect the changes in temperature that occur with the changes in altitude.  Exposure to sun and winds also affect both temperatures and precipitation patterns: the zones on the leeward side may vary considerably from those on the windward side of the mountains.

El Niño – El Niño is the name given to the unusually warm water off the coast of Peru, Ecuador and Chile.  Approximately 14 times a century the waters in this area of the Pacific become unusually warmer in the winter month.  This change affects weather in many parts of the world.  Heavy rains might be experienced in the usually dry coast of Peru and in usually dry Southern California.  In a La Niña year, the unusually warm waters appear in the Atlantic Ocean and the weather may be unusual but in the reverse of the La Niña year pattern.
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In this climogram of the Tropical Rainforest climate, geographers show the average monthly temperatures on the line graph at the top with the solid line and the average monthly precipitation with the bar graph at the bottom.  This presents a graphic picture of the temperature and precipitation amounts and patterns for Iquitos, Peru.





Nomadic herding on savanna grasslands.





Desert oasis agriculture.





Paddy rice growing in China in an area of humid subtropical climate
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