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Abstract
During the twentieth century, the earth’s surface warmed by about 1.4 °F. There are a variety of
potential causes for global climate change, including both natural and human-induced
mechanisms. Science has made great strides recently in determining which potential causes are
actually responsible for the climate change that occurred during the twentieth century, providing
strong evidence that greenhouse gases released to the atmosphere by human activities are one of
the main causes of contemporary global warming. This paper deliberates to deal with some of
the others as well.
Keywords: Global Warming, climate, climate change, global surface temperature, climatic
variations
______________________________________________________________________________
INTRODUCTION
Recent decades have seen record-high average global surface temperatures. Thermometer
readings sufficient to provide reliable global averages are available back to 1850 (Brohan et al.
2006). In the past century, global surface temperature increased by about 1.4 °F (Figure 1). In
the past quarter-century, according to satellite measurements, the lower atmosphere warmed by
0.22- 0.34 °F per decade, equivalent to 2-3 °F per century (Christy and Spencer 2005; Mears and
Wentz 2005). The past 20 years include the 18 warmest years on record (Hadley Centre 2005).
This well-documented warming trend could result from several factors that influence the earth’s
climate, some of which are natural, such as changes in solar radiation and volcanic activity.
Others, particularly the release of certain gases to the atmosphere and land-cover changes, are
anthropogenic.
Global climate varies over time in response to climate forcings—physical factors external to the
climate system that force a net increase (positive forcing) or net decrease (negative forcing) of
heat in the climate system as a whole (Hansen, Sato et al. 2005). This type of change is distinct
from internal climate variability, in which heat is transported by winds or ocean currents between
different components of the climate system with no net change in the total heat within the
system. The El Niño–Southern Oscillation is a well-known example of internal climate
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variability. Because the observed climate change over the twentieth century results from a net
increase of heat in the entire climate system, it can only be explained by external forcing
(Hansen, Nazarenko et al. 2005). Hence, the task for climate change scientists is to identify one
or more external forcing(s), natural or man-made that can explain the observed warming.

Figure1. Average global surface temperature based on instrumental measurements.
Temperature rise during the twentieth century is much larger than the uncertainty range.
(Adapted from Brohan et al. 2006; © Crown copyright 2006, data supplied by the Met Office).

Defining weather and climate
Weather is the state of the atmosphere at a specific time in a specific place. Temperature,
cloudiness, humidity, precipitation, and winds are examples of weather elements.
Thunderstorms, tornadoes, and monsoons are also part of the weather of some places during
some seasons. Climate is defined as long-term weather patterns that describe a region. For
example, the New York metropolitan region’s climate is temperate, with rain evenly distributed
throughout the year, cold winters, and hot summers.
Causes of climate change

Figure 2: Factors that influence the Earth's climate
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Climate variability and climate change
Climate variability refers to variations in the prevailing state of the climate on all temporal and
spatial scales beyond that of individual weather events. Variability may be due to natural internal
processes within the climate system, or to variations in natural or anthropogenic (human-driven)
external forcing. Global climate change indicates a change in either the mean state of the climate
or in its variability, persisting for several decades or longer. This includes changes in average
weather conditions on earth, such as a change in average global temperature, as well as changes
in how frequently regions experience heat waves, droughts, floods, storms, and other extreme
weather. It is important to note that changes in individual weather events will potentially
contribute substantially to changes in climate variability. Climate change could occur naturally
as a result of a change in the sun’s energy or Earth’s orbital cycle (natural climate forcing), or it
could occur as a result of persistent anthropogenic forcing, such as the addition of greenhouse
gases, sulphate aerosols, or black carbon to the atmosphere, or through land-use change.
Figure 2 illustrates the basic components that influence the state of the Earth's climatic system.
Changes in the state of this system can occur externally (from extraterrestrial systems) or
internally (from ocean, atmosphere and land systems) through any one of the described
components. For example, an external change may involve a variation in the Sun's output which
would externally vary the amount of solar radiation received by the Earth's atmosphere and
surface. Internal variations in the Earth's climatic system may be caused by changes in the
concentrations of atmospheric gases, mountain building, volcanic activity, and changes in
surface or atmospheric albedo.
The work of climatologists has found evidence to suggest that only a limited number of factors
are primarily responsible for most of the past episodes of climate change on the Earth. These
factors include:
• Variations in the Earth's orbital characteristics
• Atmospheric carbon dioxide variations
• Volcanic eruptions
• Variations in solar output.
Variations in the Earth's Orbital Characteristics
The Milankovitch theory suggests that normal cyclical variations in three of the Earth's orbital
characteristics is probably responsible for some past climatic change. The basic idea behind this
theory assumes that over time these three cyclic events vary the amount of solar radiation that is
received on the Earth's surface.
The first cyclical variation, known as eccentricity, controls the shape of the Earth's orbit around
the Sun. The orbit gradually changes from being elliptical to being nearly circular and then back
to elliptical in a period of about 100,000 years. The greater the eccentricity of the orbit (i.e., the
more elliptical it is), the greater the variation in solar energy received at the top of the
atmosphere between the Earth's closest (perihelion) and farthest (aphelion) approach to the Sun.
Currently, the Earth is experiencing a period of low eccentricity. The difference in the Earth's
distance from the Sun between perihelion and aphelion (which is only about 3%) is responsible
for approximately a 7% variation in the amount of solar energy received at the top of the
atmosphere. When the difference in this distance is at its maximum (9%), the difference in solar
energy received is about 20%.
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The second cyclical variation results from the fact that, as the Earth rotates on its polar axis, it
wobbles like a spinning top changing the orbital timing of the equinoxes and solstices (Figure 3).
This effect is known as the precession of the equinox. The precession of the equinox has a cycle
of approximately 26,000 years. According to illustration A, the Earth is closer to the Sun in
January (perihelion) and farther away in July (aphelion) at the present time. Because of
precession, the reverse will be true in 13,000 years and the Earth will then be closer to the Sun in
July (illustration B). This means, of course, that if everything else remains constant, 13,000 years
from now seasonal variations in the Northern Hemisphere should be greater than at present
(colder winters and warmer summers) because of the closer proximity of the Earth to the Sun.
The third cyclical variation is related to the changes in the tilt (obliquity) of the Earth's axis of
rotation over a 41,000 year period. During the 41,000 year cycle the tilt can deviate from
approximately 22.5 to 24.5°. At the present time, the tilt of the Earth's axis is 23.5°. When the tilt
is small, there is less climatic variation between the summer and winter seasons in the middle
and high latitudes. Winters tend to be milder and summers cooler. Warmer winters allow for
more snow to fall in the high latitude regions. When the atmosphere is warmer it has a greater
ability to hold water vapour and therefore more snow is produced at areas of frontal or
orographic uplift. Cooler summers cause snow and ice to accumulate on the Earth's surface
because less of this frozen water is melted. Thus, the net effect of a smaller tilt would be more
extensive formation of glaciers in the polar latitudes.
Periods of a larger tilt result in greater seasonal climatic variation in the middle and high
latitudes. At these times, winters tend to be colder and summers warmer. Colder winters produce
less snow because of lower atmospheric temperatures. As a result, less snow and ice accumulates
on the ground surface. Moreover, the warmer summers produced by the larger tilt provide
additional energy to melt and evaporate the snow that fell and accumulated during the winter
months. In conclusion, glaciers in the polar-regions should be generally receding, with other
contributing factors constant, during this part of the obliquity cycle.
Computer models and historical evidence suggest that the Milankovitch cycles exert their
greatest cooling and warming influence when the troughs and peaks of all three cycles coincide
with each other.
Atmospheric Carbon Dioxide Variations
Studies of long term climate change have discovered a connection between the concentrations of
carbon dioxide in the atmosphere and mean global temperature. Carbon dioxide is one of the
more important gases responsible for the greenhouse effect. Certain atmospheric gases, like
carbon dioxide, water vapour and methane, are able to alter the energy balance of the Earth by
being able to absorb longwave radiation emitted from the Earth's surface. The net result of this
process and the re-emission of longwave back to the Earth's surface increases the quantity of heat
energy in the Earth's climatic system. Without the greenhouse effect, the average global
temperature of the Earth would be a cold -18° Celsius rather than the present 15° Celsius.
Researchers of the 1970’s CLIMAP project found strong evidence in deep-ocean sediments of
variations in the Earth's global temperature during the past several hundred thousand years of the
Earth's history. Other subsequent studies have confirmed these findings and have discovered that
these temperature variations were closely correlated to the concentration of carbon dioxide in the
atmosphere and variations in solar radiation received by the planet as controlled by the
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Milankovitch cycles. Measurements indicated that atmospheric carbon dioxide levels were about
30% lower during colder glacial periods.

Figure 3: Modification of the timing of aphelion and perihelion over time (A = today; B =
13,000 years into the future)
It was also theorized that the oceans were a major store of carbon dioxide and that they
controlled the movement of this gas to and from the atmosphere. The amount of carbon dioxide
that can be held in oceans is a function of temperature. Carbon dioxide is released from the
oceans when global temperatures become warmer and diffuses into the ocean when temperatures
are cooler. Initial changes in global temperature were triggered by changes in received solar
radiation by the Earth through the Milankovitch cycles. The increase in carbon dioxide then
amplified the global warming by enhancing the greenhouse effect.
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Over the past three centuries, the concentration of carbon dioxide has been increasing in the
Earth's atmosphere because of human influences (Figure 4). Human activities like the burning of
fossil fuels, conversion of natural prairie to farmland, and deforestation have caused the release
of carbon dioxide into the atmosphere. From the early 1700s, carbon dioxide has increased from
280 parts per million to 380 parts per million in 2005. Many scientists believe that higher
concentrations of carbon dioxide in the atmosphere will enhance the greenhouse effect making
the planet warmer. Scientists believe we are already experiencing global warming due to an
enhancement of the greenhouse effect. Most computer climate models suggest that the globe will
warm up by 1.5 - 4.5° Celsius if carbon dioxide reaches the predicted level of 600 parts per
million by the year 2050.
Volcanic Eruptions
For many years, climatologists have noticed a connection between large explosive volcanic
eruptions and short term climatic change. For example, one of the coldest years in the last two
centuries occurred the year following the Tambora volcanic eruption in 1815. Accounts of very
cold weather were documented in the year following this eruption in a number of regions across
the planet. Several other major volcanic events also show a pattern of cooler global temperatures
lasting 1 to 3 years after their eruption. At first, scientists thought that the dust emitted into the
atmosphere from large volcanic eruptions was responsible for the cooling by partially blocking
the transmission of solar radiation to the Earth's surface.

Figure 4: The above graph illustrates the rise in atmospheric carbon dioxide from 1744 to
2005. Note that the increase in carbon dioxide's concentration in the atmosphere has been
exponential during the period examined. An extrapolation into the immediate future would
suggest continued increases
(Source: Neftel, A., H. Friedli, E. Moore, H. Lotscher, H. Oeschger, U. Siegenthaler, and B. Stauffer. 1994.)

However, measurements indicate that most of the dust thrown in the atmosphere returned to the
Earth's surface within six months. Recent stratospheric data suggests that large explosive
volcanic eruptions also eject large quantities of sulphur dioxide gas which remains in the
atmosphere for as long as three years. Atmospheric chemists have determined that the ejected
sulphur dioxide gas reacts with water vapour commonly found in the stratosphere to form a
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dense optically bright haze layer that reduces the atmospheric transmission of some of the Sun's
incoming radiation.
In the last century, two significant climate modifying eruptions have occurred. El Chichon in
Mexico erupted in April of 1982, and Mount Pinatubo went off in the Philippines during June,
1991. Of these two volcanic events, Mount Pinatubo had a greater effect on the Earth's climate
and ejected about 20 million tons of sulphur dioxide into the stratosphere. Researchers believe
that the Pinatubo eruption was primarily responsible for the 0.8 degree Celsius drop in global
average air temperature in 1992. The global climatic effects of the eruption of Mount Pinatubo
are believed to have peaked in late 1993. Satellite data confirmed the connection between the
Mount Pinatubo eruption and the global temperature decrease in 1992 and 1993. The satellite
data indicated that the sulphur dioxide plume from the eruption caused a several percent increase
in the amount of sunlight reflected by the Earth's atmosphere back to space causing the surface of
the planet to cool.
Variations in Solar Output
Until recently, many scientists thought that the Sun's output of radiation only varied by a fraction
of a percent over many years. However, measurements made by satellites equipped with
radiometers in the 1980s and 1990s suggested that the Sun's energy output may be more variable
than was once thought. Measurements made during the early 1980s showed a decrease of 0.1
percent in the total amount of solar energy reaching the Earth over just an 18 month time period.
If this trend were to extend over several decades, it could influence global climate. Numerical
climatic models predict that a change in solar output of only 1 percent per century would alter
the Earth's average temperature by between 0.5 to 1.0° Celsius. Scientists have long tried to also
link sunspots to climatic change. Sunspots are huge magnetic storms that are seen as dark
(cooler) areas on the Sun's surface. The number and size of sunspots show cyclical patterns,
reaching a maximum about every 11, 90, and 180 years. The decrease in solar energy observed
in the early 1980s correspond to a period of maximum sunspot activity based on the 11 year
cycle. In addition, measurements made with a solar telescope from 1976 to 1980 showed that
during this period, as the number and size of sunspots increased, the Sun's surface cooled by
about 6° Celsius. Apparently, the sunspots prevented some of the Sun's energy from leaving its
surface. However, these findings tend to contradict observations made on longer times scales.
Observations of the Sun during the middle of the Little Ice Age (1650 to 1750) indicated that
very little sunspot activity was occurring on the Sun's surface. The Little Ice Age was a time of a
much cooler global climate and some scientists correlate this occurrence with a reduction in solar
activity over a period of 90 or 180 years. Measurements have shown that these 90 and 180 year
cycles influence the amplitude of the 11 year sunspot cycle. It is hypothesized that during times
of low amplitude, like the Maunder Minimum, the Sun's output of radiation is reduced.
Observations by astronomers during this period (1645 to 1715) noticed very little sunspot
activity occurring on the Sun. During periods of maximum sunspot activity, the Sun's magnetic
field is strong. When sunspot activity is low, the Sun's magnetic field weakens. The magnetic
field of the Sun also reverses every 22 years, during a sunspot minimum. Some scientists believe
that the periodic droughts on the Great Plains of the United States are in some way correlated
with this 22 year cycle.
Effects of climate change today
Over 100 years ago, people worldwide began burning more coal and oil for homes, factories, and
transportation. Burning these fossil fuels releases carbon dioxide and other greenhouse gases into
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the atmosphere. These added greenhouses gases have caused Earth to warm more quickly than it
has in the past.
How much warming has happened? Scientists from around the world with the Intergovernmental
Panel on Climate Change (IPCC) tell us that during the past 100 years, the world's surface air
temperature increased an average of 0.6° Celsius (1.1°F). This may not sound like very much
change, but even one degree can affect the Earth. Below are some effects of climate change that
we see happening now.
a. Sea level is rising: During the 20th century, sea level rose about 15 cm (6 inches) due to

melting glacier ice and expansion of warmer seawater. Models predict that sea level may rise as
much as 59 cm (23 inches) during the 21st Century, threatening coastal communities, wetlands,
and coral reefs.
b. Arctic sea ice is melting: The summer thickness of sea ice is about half of what it was in 1950.
Melting ice may lead to changes in ocean circulation. Plus melting sea ice is speeding up
warming in the Arctic.
c. Glaciers and permafrost are melting: Over the past 100 years, mountain glaciers in all areas
of the world have decreased in size and so has the amount of permafrost in the Arctic.
Greenland's ice sheet is melting faster too.
d. Sea-surface temperatures are warming: Warmer waters in the shallow oceans have
contributed to the death of about a quarter of the world's coral reefs in the last few decades.
Many of the coral animals died after weakened by bleaching, a process tied to warmed waters.
e. Heavier rainfall cause flooding in many regions: Warmer temperatures have led to more
intense rainfall events in some areas. This can cause flooding.
f. Extreme drought is increasing: Higher temperatures cause a higher rate of evaporation and
more drought in some areas of the world.
g. Ecosystems are changing. As temperatures warm, species may either move to a cooler habitat

or die. Species that are particularly vulnerable include endangered species, coral reefs, and polar
animals. Warming has also caused changes in the timing of spring events and the length of the
growing season.
h. Hurricanes have changed in frequency and strength: There is evidence that the number of
intense hurricanes has increased in the Atlantic since 1970. Scientists continue to study whether
climate is the cause.
i. More frequent heat waves. It is likely that heat waves have become more common in more
areas of the world.
j. Warmer temperatures affect human health: There have been more deaths due to heat waves
and more allergy attacks as the pollen season grows longer. There have also been some changes
in the ranges of animals that carry disease like mosquitoes.
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k. Seawater is becoming more acidic: Carbon dioxide dissolving into the oceans, is making
seawater more acidic. There could be impacts on coral reefs and other marine life.
CONCLUSION
Scientific understanding of the causes of climate change has progressed dramatically in the past
few years. Natural internal variability is an inherent feature of the climate system, but it cannot
account for the net gain of energy that has been detected within the climate system as a whole.
Based on physical principles, the modern increase in the heat content of the global ocean
demonstrates that positive external forcing of the climate is underway. Changes in natural
external forcings cannot explain the observed global warming of recent decades.
Records of observed climate change at the earth’s surface, in the global ocean, and in the
atmosphere, bear the fingerprint of the enhanced greenhouse effect, which is caused by human
activities associated with fossil fuel burning and land use. Recent progress in understanding this
scientific framework led the 2007 assessment report of the Intergovernmental Panel on Climate
Change to conclude:
Most of the observed increase in globally averaged temperatures since the mid-20th century is
very likely [i.e. greater than 90% certainty] due to the observed increase in anthropogenic
greenhouse gas concentrations. This is an advance since the [2001 IPCC report] conclusion that
“most of the observed warming over the last 50 years is likely to have been due to the increase in
greenhouse gas concentrations”. Discernible human influences now extend to other aspects of
climate, including ocean warming, continental-average temperatures, temperature extremes and
wind patterns. (IPCC 2007)
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