CLIMATE FOR SECONDARY STUDENTS

NOTE:
The purpose of this booklet is to enhance knowledge on Climate for students from
Grades 9-11. The material relies heavily on content from Britannica Kids.
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Climate
The aggregate, long-term (30 years) weather or state of the atmosphere of any place
is known as its climate. For example, a description of weather might be “It rained
yesterday in Georgetown,” while “Georgetown gets only 10 inches of rain per year”
would be a statement about climate. Descriptions of climate include such weather
elements as temperature, precipitation, humidity, wind, cloudiness, and snow cover.
The study of climate is known as climatology.

Classification of Climate
No two locations have precisely the same climate, but there are many useful schemes
for classifying climates. The ancient Greeks devised a simple scheme. Noting the
relationship between temperature and latitude, they divided Earth into five broad
east-west zones, or klima: two frigid polar zones, two temperate midlatitude zones,
and a torrid tropical zone. One frigid zone lay in the Northern Hemisphere within
the Arctic Circle, the other in the Southern Hemisphere within the Antarctic Circle.
One temperate zone lay in the Northern Hemisphere between the Arctic Circle and
the Tropic of Cancer, the other in the Southern Hemisphere between the Antarctic
Circle and the Tropic of Capricorn. The torrid zone straddles the Equator between
the two tropics.
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The classification systems most widely used today are based on the one introduced
in 1900 by the Russian-German climatologist Wladimir Köppen. Köppen divided
Earth’s surface into climatic regions that generally coincided with world patterns of
vegetation and soils. The boundaries of these climatic regions were defined by using
precise temperature and precipitation averages. A unique letter system identified five
major climate groups—tropical rainy climates (A), dry climates (B), humid
moderate-temperature climates (C), humid low-temperature climates (D), and polar,
snow climates (E). The climates were further subdivided by additional letters that
referred to seasonal variations and extremes of precipitation and temperature.
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A classification of climates introduced by the United States climatologist C. Warren
Thornthwaite in 1931 divided the world into five vegetation-humidity zones—wet
rainforest, humid forest, sub humid grassland, semiarid steppe, and arid desert—and
into six vegetation-temperature zones—tropical, moderate temperature, low
temperature, taiga, tundra, and frost. This booklet uses a modification of Köppen’s
classification, dividing the world into low-latitude, middle-latitude, and highlatitude climates, or into tropical, subtropical, cyclonic, polar, and highland
climates. Oceanic climates are also discussed.
Each climate classification takes into account the relationship between temperature
and precipitation effectiveness, in which the total amount of evaporation is
subtracted to determine the amount of precipitation actually available to support
plant growth. In order to be classed as humid, for example, a region with high
temperatures must have more precipitation than a region with low temperatures
because its evaporation rates are greater. Thus a 10-inch (25-centimeter) average
annual precipitation might well support a forest of coniferous trees (such as the
evergreens spruce, fir, and pine) in a cool climate but only desert shrubs in a warm
one.

Tropical Climate
The tropical climates lie in the low latitudes and are dominated by tropical and
equatorial air masses. They are warm all year with at most a minor cool season. In
areas with rainy tropical, or tropical rainforest climates, precipitation is heavy,
usually averaging more than 80 inches (200 centimeters) per year. Humidity is high.
Thunderstorms occur almost every day. Every month has a mean temperature close
to 80° F (27° C). Temperature variations are small, so that many such locations
never experience high temperatures over 100° F (38° C) or lows below 60° F (16°
C). Vegetation consists of dense rainforests of broad-leaved evergreen trees. Poorly
drained areas have mangrove swamps. Where tree cover is thin and sunlight reaches
the ground, there is dense undergrowth known as jungle.
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Rainy tropical climates generally occur in the equatorial lowlands and along
mountainous tropical coasts exposed to the moist easterly trade winds. The Amazon
Basin in South America and the Congo Basin in Africa are the largest continuous
areas that have a rainy tropical climate. Other areas are in the islands of Southeast
Asia, the eastern coast of Madagascar, and the windward coasts of Central America.
On the poleward side of the rainy tropics, generally between about 5° and 20°
latitude, lie the wet-and-dry tropics, which have a tropical savanna climate.
Precipitation is not as heavy as in the tropics, and there is a long dry season, mainly
in “winter” when the Sun is lower in the sky. As a result, the vegetation is typically
tall grasses and scattered trees. The highest mean monthly temperatures, usually just
before the rainy season, may be in the 90s F (30s C). Principal areas with a tropical
savanna climate are in Central America, South America, Africa, India, Southeast
Asia, and Australia.
The dry season is longer, and the wet season is shorter toward the poleward edges
of the tropical savanna, where it merges with the tropical steppe, which has a
semiarid tropical climate. Farther poleward, generally between 15° and 30° latitude,
the steppe merges with the tropical desert, which has an arid tropical climate.
Average annual precipitation generally is less than 30 inches (76 centimeters) in the
tropical steppe and less than 10 inches (25 centimeters) in the tropical desert. In both
these regions, mean monthly temperatures in the summer may reach well into the
90s F (30s C). Temperatures in the tropical deserts are the highest in the world, with
extreme afternoon highs of more than 130° F (54° C). Only short grasses and desert
shrubs survive there.
The principal tropical deserts are the Sahara and the Kalahari in Africa, the Sonoran
in northern Mexico and the southwestern United States, those of Australia, and those
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of Arabia, Iran, and Pakistan in southwestern Asia. The tropical deserts on
continental western coasts result from the influence of the cool ocean currents and
dry winds on the eastern sides of the oceanic subtropical high-pressure centers.
Examples are the Namib in southwestern Africa, the Atacama in Chile, and those
along the coasts of Baja California and Morocco.

Subtropical Climate
The area between 20° and 40° latitude is considered subtropical and can be further
distinguished by the level of humidity typically found. The dry subtropical and socalled Mediterranean climates are generally found poleward from the dry tropics.
The Mediterranean climate is distinguished by warm to hot, dry summers and cool
to mild, fairly wet winters. Areas with this climate generally lie on west-facing coasts
at latitudes between about 30° and 40°. There are Mediterranean climates on the
coasts of southern California and central Chile, on the Mediterranean coasts of
southern Europe and northern Africa, and along parts of the southern coasts of Africa
and Australia. Summers typically have mean temperatures near 80° F (27° C), and
winters average around 50° F (10° C), with occasional freezing temperatures.
Average annual precipitation ranges from less than 15 inches (38 centimeters) on the
equatorial side, where the Mediterranean climate region merges with dry regions, to
35 to 40 inches (89 to 101 centimeters) on the poleward side.

Dry subtropical climates exist in such places as central Spain, the Middle East, South
Africa, and the interior of eastern Australia. Temperatures are slightly warmer than
those of the Mediterranean climate, and winter rains are reduced, often by the greater
distance from water.
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The humid subtropical climate is generally located between 25° and 35° latitude on
the east sides of continents. It is primarily influenced by the warm maritime tropical
air masses on the west sides of the subtropical oceanic high-pressure centers.
Precipitation, from thunderstorms in summer and cyclonic storms in winter, is
moderate and year-round. It averages between 30 and 60 inches (76 and 152
centimeters) per year, enough for the growth of forests. Winters are short and mild,
with mean temperatures in the 40s or 50s F (5° to 15° C), but temperatures fall below
freezing during occasional invasions of polar air. The summer months have mean
temperatures in the low 80s F (about 28° C). Humid subtropical climates are found
in the southeastern United States, southeastern China and southern Japan, in the
southern Brazil–Uruguay–northeastern Argentina area, and along the southeastern
coasts of Africa and Australia.
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Cyclonic Climates
Dominated by the conflict between cold polar and warm tropical air masses and by
the movement of frontal cyclones, the cyclonic climate regions lie in a broad belt
between 35° and 70° latitude. Cyclonic climates, at least as experienced on land, are
overwhelmingly confined to the Northern Hemisphere, where the landmasses are
much larger and extend much farther into the middle and upper latitudes than they
do in the Southern Hemisphere. The cyclonic climates can be subdivided into humid
continental; subarctic, or taiga; dry continental; and maritime continental.
Humid continental cyclonic climates are found in the northeastern and northcentral United States and southeastern Canada; northeastern China; northern Japan;
Azerbaijan, Armenia, and Georgia; parts of Central Asia and Russia; and eastern and
central Europe. Summers are longest and warmest toward the Equator, while winters
are longest and coldest toward the poles. Mean monthly temperatures in the north
range from the upper 60s F (about 20° C) in the summer to below 0° F (−18° C) in
the winter. In the south they range between the upper 70s F (about 26° C) in the
summer and the lower 30s F (around 0° C) in the winter.
Precipitation, from both thunderstorms and cyclonic storms, occurs year-round but
usually with a summer maximum. The annual average varies between 25 and 60
inches (63 and 152 centimeters). Snow is common, especially in the north. Native
vegetation varies among tall prairie grasses in the drier margins to forests of
deciduous trees (trees that lose their leaves each fall) in the south and of coniferous
trees in the north.
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The subarctic cyclonic climate region, or taiga, lies to the north of the humid
continental climate regions, between 50° and 70° N. latitude. It covers much of
Alaska and northern Canada in North America and much of Scandinavia, Russia, the
Baltic countries, Belarus, and Manchuria in Eurasia. In these areas are the source
regions of the cold continental polar air masses.
Summers are short and cool—only three months of the year average more than 50°
F (10° C). During summer there are occasional nighttime frosts, though temperatures
rise into the 70s F (20s C) during daylight. Winters are long and bitterly cold, with
mean January temperatures far below 0° F (− 18° C). In northeastern Siberia,
minimum temperatures of − 90° F (− 67° C) have been recorded. The ranges
between the January and July mean temperatures reach more than 100° F (56° C),
greater than anywhere else in the world.
Precipitation usually averages less than 20 inches (50 centimeters) per year. It is
mostly from year-round cyclonic storms, with a maximum during the summer rains.
Winter snowfalls are only a small portion of the total precipitation, but snow covers
the ground for most of the year. There are large areas of permanently frozen subsoil,
or permafrost. The subarctic climate generally coincides with a broad belt of
coniferous trees known as the boreal forest or taiga.

The dry continental cyclonic climates occur between 35° and 50° latitude, lying
either in the lee of mountains or far inland. The three main areas of dry continental
climate are the Great Plains and Great Basin of North America; Mongolia,
northwestern China, and parts of Central Asia; and northwestern and southern
Argentina in South America. Toward the Equator, they merge with the dry
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subtropical and arid tropical regions, differing mainly in having lower winter
temperatures. Summers are hot, with mean temperatures in some places rising above
80° F (27° C). Precipitation is low and variable, especially in the areas with the dry
continental–arid (desert) climate. Annual precipitation in midlatitude deserts such as
Death Valley in California and the Taklimakan, the Gobi, and the area around the
Aral Sea in Asia averages less than 5 inches (13 centimeters). The semiarid steppes
around these deserts average up to 20 inches (50 centimeters) or more.

The maritime continental cyclonic climate occurs on the western coasts of the
continents between about 35° and 60° latitude. It is also often referred to as the
temperate maritime or marine west coast climate. On the equatorial side it merges
with the Mediterranean climate. Areas with maritime continental climate are on the
Pacific coast of North America from southeastern Alaska to northern California; on
the Pacific coast of South America in southern Chile; in northwestern Europe, from
Norway and Iceland to Portugal; and in New Zealand and southeastern Australia.
Temperatures are moderated by the prevailing westerly winds moving onshore from
the oceanic high-pressure centers. Winters are mild, with mean temperatures in the
40s or 50s F (5° to 15° C). Summers also are mild, with means in the 60s F (10s C).
Temperatures seldom fall below 20° F (− 7° C) in winter or rise above 85° F (30°
C) in summer. Average annual precipitation varies from 20 or 30 inches (50 to 76
centimeters) in low-lying areas and at the equatorial margins to more than 100 inches
(250 inches) on windward mountain slopes. Precipitation occurs year-round but is
much greater in winter, when cyclonic storm activity increases. Winter fog is
common. Where precipitation is heavy, there often are dense forests of coniferous
trees.
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Polar Climates
The polar tundra climate is found just poleward of the subarctic climate, mainly
beyond the Arctic Circle on the northern fringes of North America and Eurasia.
Winters in the tundra, as in the subarctic, are long and bitterly cold, with
temperatures often dropping to − 70° F (− 57° C). There is no true summer.
Temperatures seldom rise above 60° F (15° C), and usually only two or three months
have mean temperatures above freezing. Annual precipitation, mostly from cyclonic
summer storms, usually averages less than 15 inches (38 centimeters). There are no
trees, and permafrost underlies the soil.
The polar ice cap climate has no month with a mean temperature above freezing.
Almost all of Antarctica and all but the coast of Greenland have this coldest of all
climates. These areas are covered by permanent snow and ice and some bare rock.
There is no vegetation. Winter temperatures are most extreme in the interior of
Antarctica, reaching world record lows of less than − 125° F (− 87° C)—partly from
the high altitude of the ice cap, which reaches elevations of over 11,000 feet (3,350
meters) in some spots. Even in the summer months temperatures barely rise above
freezing and often drop far below 0° F (− 18° C). Average annual precipitation—
mostly snow—is usually less than 5 inches (13 centimeters).
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Oceanic Climates
People living on small islands or traveling by ship experience climates dominated
by the strong moderating influence of large bodies of water. Mean annual
temperatures are often similar to those at the same latitude over continents, but the
range of temperature is much smaller. For example, the Azores islands, at 39° N.
latitude in the eastern Atlantic, have a mean temperature in the coldest months
(February and March) of about 57° F (14° C), yet the warmest month (August) is not
much warmer, averaging 71° F (22° C).
Rain falls on the oceans, with less obvious effects than on land. Subtropical areas
generally get less rain than equatorial or midlatitude places. Some oceanic areas are
quite stormy. The seas surrounding Antarctica have frequent cyclonic storms with
strong winds and large waves. Tropical oceans often experience tropical storms and
tropical cyclones (also called hurricanes or typhoons) in that hemisphere’s late
summer and autumn. Such storms often strike land, with potentially devastating
results.
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Climate and Humans
As part of the natural environment, climate greatly affects human activities. Climate
is economically most significant in its effect on agriculture. Climatic factors such as
the length of growing season, the total amount and seasonal distribution of
precipitation, and the daily and seasonal ranges of temperature restrict the kinds of
crops and the types of livestock that can be raised.
People have reduced and even overcome climatic restrictions by the use
of irrigation in dry climates, drainage in wet climates, and greenhouses in cold
climates. New breeds of plants and animals, able to thrive under otherwise adverse
climatic conditions, have been developed also. The grazing of livestock, however,
still is largely limited to areas where forage crops can be profitably grown. Openrange grazing is particularly sensitive to climate, requiring relatively mild
temperatures and adequate water supplies.
Climatic conditions also affect transportation. In areas of frequent storms and
recurring fog, transportation movements are frequently slowed or interrupted. Water
transportation in many areas is halted by winter ice. Land transportation may be
blocked by heavy snowfalls. Air travel especially is affected by stormy climatic
conditions.
The major concentrations of population in the world are in the humid middle
latitudes and subtropics, where the development of agriculture has been least
restricted by adverse climatic conditions. Areas with very dry, very wet, or very cold
climates tend to be sparsely populated. However, with technological developments
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such as refrigeration, air conditioning, and central heating, human settlement has
been less and less confined to so-called favorable climates.
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