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CLIMATE CHANGE
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FIG. 32.1. Patterns of surface temperatures of the last 18

change from the current global temperature. e

The global climate experienced warming effect after the cooling spell associated with
the Younger Dryas. By 7,000 years ago only the remnants of ice remaned. The warm period
peaked about 5,500 yeas ago, and most ice disappeared leaving only the Greenland Ice
sheet and the Arctic Ice that we have today. At this time the mean atmosphere temperature
of the mid-latitudes was about 2.5°C above that of the present. This is called climatic
Optimum—a term originally applied to Scandinavia when temperatures were warm
enough to favour more varied flora and fauna.

The Last 1,000 years. The time extending from about 950 to 1250 A.D. is called the Little
Climate Optimum when Greenland was settled by Vikings due to better living conditions
caused by rise in temperature (Fig. 32.2). Between 1250 and 1450 A.D., climate deteriorated
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over vast areas and Iceland's population declined. Conditions continued to worser, ang y}
duration of time from 1450 to 1880A.D. is known as Little Ice Age. During (his Perig
Alpine graciers enlarged and rivers and lakes were frozen. North America also experje,,
similar conditions and the year 1816 is described as “the year without a summey" But |
the end of the 19th century, the climate again started improving,

Causes of Climate Change

Climate undergoes changes due (o natural as well as man made causes. Exper, J
climate have put forward a number of theories and concepts about climate change, 5,
of them are briefly described as under :

1. Variation in Solar Irradiation. Sun is the main source of energy and the oy put of
energy from the sun is assumed to be constant. However, a fluctuation of less than 1 Per
cent in output from the sun could explain all the climate changes that have occurred on
earth. The solar energy received at the earth’s surface undergoes changes because amgyy,
of energy given off by the sun changes with the transparency of the atmosphere, or change
in distance between the earth and the sun. The average temperature at the surface of (g
sun is about 6000°C. However, it varies slightly and hence the energy output varies. The
actual variation in solar irradiation is small and difficult to measure. But measuremenys
made since the beginning of January, 1977 show that the temperature of the sun's surface
fell 11°C in a single year. This measurement was made by Kitt Peak National Observatory
near Tuscon, Arizon in the U.S.A.

According to measurements made by satellites outside the earth’s atmosphere, the
irradiance of the sun declined by 0.07 per cent from 1981 to 1984. A small change of 0.1 per
cent for a decade or more might change the earth’s climate in a measurable fashion.
Computer models show that a 1 to 2 per cent drop in solar radiation would bring about
conditions similar to those of Little Ice Age. A decline of 2 per cent for 50 years would be
enough to cause renewed glaciation. A drop of 5 per cent should be adequate to bring aboul
glaciation on the earth.

2. Sunspots. Scientists believe that sunspots are responsible for changes in weather
patterns and climatic cycles. Detailed studies of sun’s outer surface, i.e., photospheres
show dark circular areas known as sunspots. These are areas where temperature is about
1400°C lower than the surrounding areas. The number of sunspots occurring at any one
time varies from as few as 5 or 6 as many as 100.

Sunspots follow an 11 year cycle and multiples of that cycle appear at intervals of 22
and 33 years. Still other cycles appear at periods as short as 5.5 years and as long as 90.4
years. The key to sunspot cycles is that magnetic fields on the surface of the sun revers
their magnetic polarity every 22 years—an interval twice the apparent sunspot cycle.

3. Earth-Sun Relations. Earth sun relations are not constant and keep on changing

some of them rather periodically. Some of the important variations in the earth-suf
relations are briefly discussed as under :
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earth’s axis is incline o
is not cunstan’i.lclltm:;i:; E:gizgeﬂfgsﬁ, on the plane of its orpiy found the sun. This angle
Figure 32.3(b), three cas 7 0 25° during the cycle of 4 ggg years (Fig 32 3(a)]. 1
and 54° are shjom Tl'us.::s h:;e s bo':.m where the presen: angle of inélination. ;'.e.,+23 5"‘ Ul-:
Cancerand . : ge r.l.ngs about (fhan‘ges in the position of equator. T i

r and Tropic of Capricorn and will result in climate change 3 Ppreciably e

Dliquity of the eciiptic. (A) The amount of tilt of the earth's axis changes be :
_ ' , ODU-yﬂar pedod The present value is 23.5° (from Waamse,m. ?Qﬂz.m’:
licatic dmmmmwamwmmm):m)mmmmmsm
The top diagram shows the present position and the middle and lower diagrams
represent hypqtheﬁcal cases. An obliquity of 0° would result in equal duration of day and
night all over the globe and there would be no seasonal changes. However, climatic zones
will be well defined. The lower diagram shows an extreme obliquity of 54° which will lead to
great extremes in the lengths of summer and winter days and nights. For example, in
December solitic position shown in the figure, much of the northern hemisphere would
have 24 hours of darkness. Extreme summer and winter temperature differences would be
noticed. Although, the actual changes in the angle of obliquity are not likely to be as large as
cited in these examples, they are sufficient enough to cause large scale changes in earth’s
climates.

(if) Earth’s Orbital Eccentricity. The earth moves around the sun in an elliptical orbit,
the ec '_I_I icity of which is derived by comparing it with a circular path. This eccentricity
changes with time. The earth’s orbit undergoes a change of shape during a cycle of 90,000
to 1,00,000 years. Sometimes the orbit forms a longer ellipse and then it returns to more or
less a circular shape. At the time of greater eccentricity of the earth’s orbit, the amount of
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GREENHOUSE EFFECTY

Literally speaking greenhouse is the name given to a glass house which, . Used
protecting delicate and rare plants that require warmth. The glass panels of the Erf‘frnh{,u:r
allow short wave heat radiations from the sun to pass through them into the El'(‘[r'nh”u:.
but obstruct the long wave terrestrial radiations reflected from the earth's sy, H-.ﬁ
process makes the house warmer and protects the plants from cold conditigg, - ,“;
phenomenon which helps tropical plants to grow even in cold conditions is | NOWT gz
greenhouse effect.

The earth’s atmosphere behaves the same way as the glass panels of greenn,, |
behaves differently with the different wavelengths of radiations. While the atmospp,,,
absorbs only about 20 per cent of the incoming short wave radiations. certain gag,,
particularly carbon and water vapour, absorb more than 90 per cent of the outgoing long
wave terrestrial radiation. Thus the terrestrial radiation is the most important source
heating the earth’s atmosphere. In this respect the atmosphere acts somewhat like the pja,
in a greenhouse or automobile, letting through much of the incoming solar radiation by,
absorbing most of the outgoing long-wave radiation. This is called greenhouse effect.

If you park your car in the sun with the windows of the car closed, you will find hy
after sometime, say after about two hours, the temperature inside the car is much higher

e

GREENHOUSE EFFECT
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than that prevailing outside. Greenhouse effect
winter. This effect has been gainfully used 1o
in Ladakh where normal atmospheric tempe

can be used 10 grow summer vegetables in
Brow vegetables in cold region at high altitude

heat which leaves it. Without natural “greenhouse effect” the earth w
moon and no life could be possible on the earth. The greenhouse
atmosphere act as blanket and if these gases are taken out of the at
climate would have been 33°C cooler than what it is today.

F ""_’"; g

ould be as cold as the

Global warming is the slow increase in world temperature caused by the greenhouse
effect. Global warming is taking place due to the presence of Greenhouse gases (GHGs) in
the atmosphere. The main greenhouse gases that c;use global warming are carbon dioxide
(CO), chlorofluorocarbons (CFCs), methane (CH,), nitrous oxide (N,0) and ozone (Os).
Some other gases such as nitric oxide (NO) and carbon monoxide (CO) easily react with
GHGs and affect their concentration in the atmosphere.

Figure 32.6 shows that among all the greenhouse gases, carbon dioxide is the most
important and causes more than half the greenhouse effect. About 35 to 40 per cent
greenhouse effect is caused by methane and CFCs.

The sources of greenhouse gases

Low-allitude |

Who Is responsible for greenhouse effect and global warming ?

Although greenhouse effect and global warming are world-wide problems, yet ad.vanced
mﬁnuies are more responsible for such sad state of affairs as compared to developing and

underdeveloped countries.
In Asia, most of the countries are at the developing stage and contribute only smalllgcrl
cent of the total carbon dioxide emissions of the world. Industrial growth is at its ir]: ua‘
stage in molt countries of Africa and South America and these countries are en:d
ruponilb]o for the preunl problem. Australia is an exception. Although this is an advanc
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e total carbon dioxide ¢y, i

for only 1.1 per cent of th ion g,

country, yet it is responsible

world. !
Table 32.3 shows that China has overtaken the U.S.A. with respect (o carby,, mi

However, the U.S.A. is still the top emitter when per capita carbon emission i ;. aken

Sl

1h;

consideration. TABLE 32.3
Word s top carbon emitted in 2018
Country - j W!'"'W Per capita emissio,, M (tons
| ((iltion tons of CO, per person peryearj
1. China 9.8 O
2 USA 5.3 162
3. European Union (28 countries) 3.5 Y, —
4. India 18 ..
5. Russia 1.7 118 "
6. Japan 1.2 195
Global Total 37.1 48
|

Source : Giobal Carbon Project.
The effectiveness of any given greenhouse gas molecule depends on the magniy,

of the increase in its concentration, its life time in the atmosphere and the wavelengy,

radiation that it absorbs. Some of the greenhouse gases are briefly described as unde;

Carbon dioxide. Of all the greenhouse 700 —
| == Observed p
gases, the largest concentration is that of | ——— — — Predicled J
carbon dioxide. With rapid industriali- 800 —
zation and urbanization, the fossil fuels _ ss0|— L 4 o
like coal, petroleum and natural gas are so0 18 |
e ey

used at an accelerated rate. This has
resulted in unprecedented increase in
carbon dioxide in the atmosphere. Under
the pre-industrial conditions of recent
centuries, Le. before 1780, the atmosphere
content of carbon dioxide was maintained
at a reasonably low level. In 1880-1890 the - —
carbon dioxide content was about 290 50— —
parts per million (ppm). It rose to about 1
315 ppm in 1980, 340 ppm in 1990 13008:0 19700 ;o 40 su e:o 201){:_*; 40
400 ppm in 2000 and 418 in 2018, This YEAR :

means that proportion of carbon dioxide FIG. 32.7. Observed and Predicted Atmospherc

had increased by 9 percent by 1950 and Carbon Dioxide
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CARBON DIOXIDE in ppm
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CLIMATE CHANGE
maﬂy 17 per cent by 1990, The rate of ine
. F - WTeane hs ¥ .
decade, ase has become will weater during last one

Assuming that the annual rate of ncrease of fossil fuels is
carbon dioxide will be doubled by the year 2030, Howeyer
until about 2050 with fuel combustion rate redyced 10 half of

about 4 per cent, the leevel of
doubling time can be delayed
the present valye

The above mentioned facts about increase in carbon dioxide content in its
are only rough estimates and different agencies have made differen: Hllnmh':-
given by World Resource Report are reproduced in table 32.3.

alrnosphere
Ihe Nigures

TABLE 32.4
Lower Atmospheric Concentration of Co,

Years O . IL : ﬂ Concentration PP !
1825 | 0.021 i 210
1885 0.028 260 - !
1985 0,035 e
2000 0.036 B %0
2018 0,0418 418

2050 (Projected) 0.045 | 450

There has been a considerable increase in methane concentration also. During past 100
years the concentration of methane has more than doubled (from 7.0 1077 10 15.5 = 1077
and carbon dioxide has increased by 20 per cent (from 2.90 » 104 10 3.49 x 104).

Global warming and environment pollution takes place in several other ways.,
According to some estimates, rice cultivation in the world is responsible for 20 per cent
methane being added to atmosphere, and the coal mining accounts for 6 per cent of
methane. The deforestation is responsible for 20 per cent of the carbon dioxide gas being
added to the atmosphere. Similarly, industrialization is adding 25 per cent of
chlorofluorocarbon to the aerosol of the atmosphere. Consequently, global temperature
increase is by about 1.5°C.

Chlorofluorocarbons (CFCs) are products of human activity. Ozone occurs in the
stratosphere where ultra-violet rays convert oxygen into ozone. Thus, uitra-violet rays do
not reach the earth's surface. The CFCs which drift into the stratosphere destroy the ozone.
Large depletion of ozone occurs over Antarctica. The depletion of ozane concentration in
the stratosphere is called the ozone hole. This allows the ultra-violet rays to pass through
the troposphere.

Increase in atmospheric carbon dioxide and other greenhouse gases increases the
capacity of the atmosphere to absorb the outgoing terrestrial long-wave radiation which
results in the rise of atmospheric temperature. The overall rise in the atmospheric
temperature is called global warming. In 1979 a group of scientists convened by the
National Academy of Sciences came to the conclusion that a doubling of atmospheric
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10.

Why concentration of carbon dioxide in the atmosphere s Increasing rapidly 7

Which was the warmest year of the world In the recorded has history of climatology ?
In which part of Antarctica, Ice is melling very fast ?

What was the position of sea level about 18 thousand years before present 7

What is Inter-Tropical Convergence Zone (ITCZ) ?

How many Bangladeshis are expected to migrate to India due 1o rise |n sea level ?
Which ocean current transports a lot of heat towards North-west European coast 7
Name any two diseases which can spread to more areas as a result of global warming.

-
1. Sunspots are dark circular areas on the sun's 6. 82 melres below the prosent lavel,
surface. 7. Itis low pressure bell on t
b h
2. Carbon Dioxide. mnvnnlisl:‘:urr-nlu. A g g
3. Duo to large scale burning of fossil fuels like | 8, 75 millon.
y ?::s and petroleum. 9. Gulf Stream.
s (oo Shell and Antarctic Pen 10. Malaria and Cholera. )

(Answers > i x

Il. SHORT-ANSWER TYPE QUESTIONS

1. Write short notes on the following :
() Younger Dryas
(i) Climatic Optimum
(/i) Little lce Age
(iv) Sunspots
2. Explain how continental drift is associated with climate change.
3. How does volcanic dust cause cooling on the earth's surface ?
4. Give major evidences for climate change.
5. Establish the relationship between global warming and spread of deserts.
6. What is impact of global warming on tourism ?
IIl. LONG-ANSWER TYPE QUESTIONS
1. Explain how obliquity of the Ecliptic and earth's Orbital Eccentricity affect climate on the earth.
2. What is meant by Greenhouse Effect ? Mention the Greenhouse gases and explain how it
causes Global warming.
3. Explain the effect of Global Warming on the ice cover and sea level on the earth.
4. How global warming is responsible for spreading tropical diseases ? Give examples. |
5. Climate change can have serious consequences with respect to agricultural production and

food supply.” lllustrate the statement with examples.
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