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ABSTRACT

In this paper, the effect of the increase of the temperature of the earth's atmosphere as a
consequence of the increase in the COi and other trace gas content has been reviewed. The results
of various model studies have been included. There is the frightening prediction that global mean
temperature will rise by several degrees with the consequent rise of mean sea level. Model com-
putations also show that in the tropics rainfall will increase whereas in the subtropics and southern
mid latitude, rainfall will decrease. If this happens, mankind will be faced with a major disaster in
history. Agreement between theory and observations has been discussed.
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INTRODUCTION

Much of the solar radiation which is in the shorter wavelengths can pass through the
earth's atmosphere without being absorbed. On the other hand, minor atmospheric constituents
like water vapour and carbon dioxide absorb strongly the infrared radiation emitted by the earth.
The radiation is re-emitted in all directions and a substantial part is intercepted and absorbed by
the earth's surface. So the surface of the earth is heated not only by direct sunlight but also by
infrared radiation emitted by the atmosphere. Hence the earth's surface can have a temperature
that exceeds its effective temperature. This phenomenon in which the surface temperature of the
earth is increased because its atmosphere is translucent to solar radiation but opaque to infrared
radiation emitted by it popularly known as the greenhouse effect [1]. In the absence of the normal
greenhouse effect, the surface of our planet earth would have been 33 °K colder.

The name greenhouse effect has its origin because it was thought that glass covering a
greenhouse transmits shortwave solar radiation but absorbs the longwave radiation emitted by the
plants and the earth inside the greenhouse. But high temperatures in greenhouse are not due to the
absorption of long wave radiation by the glass. Greenhouses reach much higher temperatures than
the surrounding air because the glass cover of the greenhouse prevents the warm air from rising
and removing heat from the greenhouse. Trapping of radiation by the atmosphere is typical of the
atmosphere effect [2] rather than the greenhouse effect. However, the term greenhouse effect has
widely been accepted and has come to stay in the literature.

EARTH'S CLIMATE

The earth's climate which is defined as the sum-total of the weather experienced at a
place in the course of the year and over the years is always variable [3], However, as civilization has
progressed, man has now entered as a factor in producing climatic changes. Through his activities
man is now in a position to influence climate not only locally but also globally in a drastic and
possibly irreversible way. In addition, the constantly increasing population pressure and limited
environmental and food resources further increase the vulnerability of society to climatic changes.

Climatic changes in the past could have been responsible for annihilating the mighty di-
nosaurs. The powerful Mesopotcmian and Indus Valley civilizations might have been crumbled
as a result of some drastic adverse climatic changes. An adverse climatic change can trigger se-
vere economic, social and political dislocations. Hence the impact of climatic changes has already
entered into serious consideration for various economic activities. Agronomists use crop models
to predict changes in productivity for given changes in temperature, precipitation and radiation.
Economists have been experimenting with models that attempt to forecast the costs and benefits
of specified climatic change on certain economic sectors. Anthropologists have been studying the
effects of climate on patterns of migration and settlement.

This paper will make a presentation of our present state of knowledge regarding the threat
to our climate from man-made activities specially from the release of CO2 and other trace gases
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and its impact on human affairs.

PAST CLIMATE OF THE EARTH

To understand the changes being brought about by human activity to our climate, a review
of the past climate of the earth will be helpful. It is estimated that the age of the earth is about 5000
million years, whereas man has been living on this planet for a few million years only as revealed
from fossil records. PaJeoclimatic study has shown that the past climate of the earth has changed
many times significantly - much before the birth of man on this planet and so the earth's climate is
subject to change due to natural causes also [3].

In most of the countries adequate recorded climatic data do not exist even for 100 years.
In advanced countries some recorded data for some hundred years exist but they are not adequate
for a thorough climatic assessment. For climatic study, data for thousands and millions of years
are necessary and to meet this demand, a subject known as paleoclimatology has emerged. Data
on past climates arc obtained from fossil remains, sediment study, pollen analysis, radioactivity of
rocks etc. Age is determined largely through the dating of radioactive carbon, potassium-argon
and other radioisotopes.

During the 5000 million years history of the earth, its climate had undergone a lot of
changes. In fact, considering the entire history of the earth, the present climatic phase constitutes a
type which occurs rather rarely. During its entire history, the earth has been much wanner than the
present, without any ice anywhere on its surface most of the time. Paleoclimatic study has shown
that the earth has experienced present ice age conditions previously around B.P. (Before Present)
250-300 m.y. (million years). 41CM70 m.y., 600-650 m.y., 750-800 m.y., 950 m.y. Thus a major
ice age occurs after a few hundred million years and during the interval between two ice ages, the
earth is completely ice free. An ice age again consists of a relatively colder phase known as glacials
and a relatively warmer phase called intergiacials. The present ice age is often known as Quaternary
whose age is about 2-3 million years. This approximately coincides with the age of man on this
planet and is also called the anthropogene. It is estimated that during the maximum phase of the
last glacial, about 27% of the earth's land surface was covered with glacial ice compared to about
10% today.

Before the start of the present ice age, the earth was completely ice free during the period
100-200 m.y. B.P. the decline of the temperature started around 50-60 m.y. ago and the Quaternary
started around 2-3 m.y. ago. In the ice age itself, there had been many cycles of glacials and
intergiacials, There is a difference of opinion regarding the exact number of glaciaU-interglacial
cycles and the estimates vary from four to twenty. It is estimated that the last glacial lasted for
about 60,000 years and the maximum glaciation occurred around 18,000 years B.P. Thereafter
the glaciation started decreasing and the glacial phase ended about 10,000 years ago. The warm
period on the interglacial starting from 10,000 years ago is called the Holocene. The period of the
Quaternary before Holocene is called the Pleistocene. Thus Quaternary consists of the Pleistocene
and the Holocene.

Even the interglacial consists of relatively cooler and warmer and sub-periods. During
the present interglacial, there has been four relatively cooler periods known as the little ice ages
separated by a period of 2600 yean. The last little ice age lasted from around 1400 A.D. to around
1890 A.D. From around 1900 A.D. the earth's temperature started rising and this trend contin-
ued until 1940. The average temperature of the northern hemisphere during 1940-1978 showed a
falling (rend but the southern hemisphere temperature showed a rising trend. Global temperature
fluctuations during little ice age is of the order of 2°C whereas during glacials it is of the order of
5°C. The global temperature fluctuation between the pre-Quaternary period and the Quarternary is
perhaps more than 10°C. Of course, temperature fluctuation is more in the polar region and less in
the equatorial region.

CAUSES OF NATURAL CLIMATIC CHANGE

We see that the climate of the earth has undergone frequent changes due to natural causes
with irregular periodicities of various magnitudes. The repetition period of major ice ages is of the
order of a few hundred million years which is of the same order of magnitude as the time period
of solar motion around the galactic centre. Passage of the solar system through a dense interstellar
cloud during its orbit through the spiral arm of the galaxy could change the earth's environment
and hazard an ice-age. The glacial-interglacial cycle in an ice age has a periodicity of the order of
100,000 years and this has the same order of magnitude as the changes in the orbital parameters of
the earth. The orbit of the earth around the sun is an ellipse and its eccentricity varies with a period
of 96,000 years. The angular inclination of the plane of the earth's orbital motion and the equator
(obliquity of the ecliptic) varies and it has a periodicity of about 40,000 years. The earth's axis of
rotation also shifts its position in space and makes a complete revolution about a line perpendicular
to the plane of the earth's orbit (called precession of the equinoxes) in about 26,000 years. These
variations in the orbital parameter of the earth change the amount of solar radiation reaching the
earth's surface. A good accuracy has been obtained in the order of magnitude of period of climatic
changes of the time period of 100,000 years from these astronomical considerations [4].

The sun is the life giver of the earth's climate. If it ceases to shine, the earth will freeze in
a matter of days and all life on this planet will come to an end. A change of solar radiation by 1 %
can cause a temperature change of the earth's surface by 1.5"C. Besides the solar variability, several
other causes of climatic change have been suggested. It has been observed that there is a decrease
in the earth's temperature after large scale volcanic eruption. The volcanic dust can screen out a
pan of the solar radiation reaching the earth's surface and consequently the earth's temperature may
fall. Geological activities like continental drift, sea-floor spreading and mountain building could
also effect the climate though these processes would be very slow.

THE MAN-MADE GREENHOUSE EFFECT

Man through his activities has stoned acting as an agent of climatic change and with
the passage of time this has rather reached an alarming stage. The change that would have taken



thousands of years due to natural causes would now lake place over a much shorter time scale due to

human interference of the climate. Described below is the effect of the man-made carbon dioxide

and other trace gases.

Carbon Dioxide: Of the human activities affecting climatic change, most important is the

increase of carbon dioxide concentration in the atmosphere. This has continuously been observed

for the last few decades. The causes of this increase are the burning of fossil fuels like coal, oil,

gas and so on and other activities like deforestation on a large scale, cement production, oxidation

of soil organic matter, gas flaring etc. Carbon dioxide is a colourless and tasteless gas, is breathed

out by humans and animals during respiration and is absorbed by plants during photosynthesis for

producing biomass. Its global concentration in the atmosphere is about 340 parts per million parts

of air by volume, which comes out only 0.040% by volume. As such it does not pose any danger to

the health of mankind. But its increased concentration in the atmosphere could contribute warming

of the earth's surface with disastrous consequences for mankind. It is estimated by analysis of

air trapped in glacier ice that during the pre-industiial time of around 1850, its concentration was

275ppm and by the middle of the next centry it will reach 600ppm |5]. Burning of fossil fuels

contributes 5 billion tC/year, whereas contribution from natural causes is only 0.5 billion tC/year

showing that man-made contribution of CO2 in the atmosphere is ten times more than the natural

contribution. Deforestation and soil decomposition contribute another 2 billion tons of CVyear.

Thus the human contribution in COi released in the atmosphere comes out to be equivalent to 7

billion tons of C/year. It can be assumed that about 50% (though individual estimates vary from

38 to 67%) of this is absorbed in the ocean. That the anthropogenic (man-made) contribution

to COi production will increase in future can be seen from the projection of future global energy

consumption for different energy sources as shown in Table 1 as compiled by International Institute

of Applied System Analysis [5] (in units of TW yr/yr). Projected energy consumption by major

regions of the world is shown in Table 2 (in TW), Contribution from deforestation is shown in

Table 3.

Table 1

Sources

Oil
Gas
Coal
Nuclear
Others
Total
% 1975

1975

3.83
1.51
2.26
0.12
0.50
8.22
100

High Consumption
2000

5.89
3.1!
4.94
1.74
1.15
16.83
205

2030

6.83
5.97
11.98
8.08
2.76

35.63
435

Low Consumption
2000

4.75
2.53
3.92
!.29
1.09

13.58
166

2030

5.02
3.47
6.45
5.17
2.28

22.39
273

Table 2

Region

United Slates
North America (less U.S.)

Western Europe
USSR
Eastern Europe
Japan
Other Non Communist Asia
Communist Asia
Africa
Latin America
Oceania
Total World

1980

2.44
0.22
1.62
1.42
0.57
0.51
0.57
0.60
0.16
0.41
0.10
8.62

2000

3.90
0.41
2.70
3.23
1.36
1.05
1.84
1.27
0.63
1.30
0.22
17.91

2025

6.56
0.63
4.12
8.15
2.57
2.28
5.52
2.47
2.60
3.81
0.51
39.42

The above two tables show that though the developed countries contribute mostly to the
release of CCh due to fossil fuels, in future, contributions from the developing countries will also
become significant.

Table 3

Region

USSR
Europe
North America
Japan, Australia, New Zealand
Sub Total (Developed Countries)

Latin America
Africa
Asia and Pacific (Developing Countries)
Sub Total (Developing Countries)

Total (World)

Closed Forest
(millions of hectares)
1978

785
140
470
69

1464

550
188
361

1099

2563

2000

775
150
464
68

1457

329
150
181

660

2117

Growing Stock
billions
1978

79
15
58
4

156

94
39
38

171

327

cu m)
2000

77
13
55
4

149

54
31
19

104

253
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This shows that in the developed countries forest resources will remain almost constant
while in the developing countries it will deplete by the year 2000 by about 40%.

OTHER TRACE GASES DAMAGING THE CLIMATE

Other trace gases which could adversely affect the earth's climate are nitrous oxide (AT2 O),
methane {CHt) chlorocarbons and some other gases, a list of which is given in Table 4. Current
tropospheric concentrations of methane is about 1.7ppm, measurements indicating that this is in-
creasing at the rate of 1-2% a year. CHt appears to be biological in origin, production from rice
paddies appear to be a major CHt source. Among other trace gases, chlorocarbons seem to be
the most important ones in their capacity to destroy the protective zone layer of the earth and also
contribute to greenhouse warming. Methane concentrations are only about 0.5% of those of CO?,
but methane is 25 times as effective as an absorber of terrestrial radiation, whilst chlorccarbons
are only one millionth as abundant but ten thousand times more effective than carbon dioxide in
producing greenhouse warming [6].

Table 4

Trace gasses which could adversely affect the earth's climate.

Name

Carbon dioxide
Stratospheric ozone
Tropospheric ozone
Methane
Carbon Monoxide
Chlorocarbons

Hydrocarbons
Nitrons oxide
Nitrogen oxide
Sulphur Compounds

Composition

COi
CMstral.)
Oi(trop-)
CH,
CO
CFCh
CFiCh
CHiCe3
CFC- 113
CCU etc.
Caff* etc.
NiO
NOx(.NO,NOi)
OCS
CS2

SOi

Recent growth rate
% per year

0.4
decreasing

-
1-2
-

5-8
5-8
5-8

15-20
1-3
-

0.2
-
-
-
-

PREDICTIONS ON GREENHOUSE WARMING

The trend set for the increase of COi, unless checked will double the atmospheric con-
centration of COi by the middle of next century. A lot of modelling work has been carried out to
find the effect of the increased amount of COi and other trace gases on the climate. The simplest
model is a global mean energy balance model where the surface temperature is determined from
energy balance between the outgoing thermal radiation and the absorbed solar radiation. Another
kind of model is the radiative convecu've model in which the vertical temperature distribution is
calculated based on the energy balance between radiation and vertical heat transport. The most
comprehensive of the models are the three dimensional General Circulation Models (GCM) which
compute wind, temperature, moisture and pressure fields by solving the fundamental equations of
mass, momentum and the first law of thermodynamics [7], Despite the wide disparity of results
from various climate models, there is a widespread agreement that a general warming of the earth
will take place if the atmospheric CCh and other trace gases level rise occurs as predicted.

CLOUD FEEDBACK PROCESS

Climate models are very sensitive to different physical processes and in particular to the
parameterization of clouds. Clouds can generate a feedback which is either positive or negative.
Thus a relative increase in high cloud which has a relatively low albedo and emissivity tends to
warm the atmosphere, whereas a relative increase in low cloud with its higher albedo and larger
emission of radiation to space will have a cooling effect. Thus in the U.K. Met office Model,
greenhouse warming due to a possible doubling of COi has come down from 5.2°K to 1.9°K
after the feedback from low level cloud has been taken into consideration [6]. On the other hand,
Hi O greenhouse feedback amplifies the air temperature warming by a factor of 1.5 and the surface
warming by a factor of 3 [81. Prediction of global temperature rise due to doubling of COi as
obtained in various models are shown in Table 5 [6|.

Stratospheric Water Vapour ff2 O (Stratosphere)

7



Table 5

Change in surface temperature in various models.

Model

Goddard Institute of
space studies

NCAR

GFDL

Met office, U.K.

Met office, U.K. with revised
cloud feedback scheme

Change in surface temperature °K

4.2

4.0

4.0

5.2

1.9

Values in Table 5 refer to the global mean surface temperature change. The corresponding
changes at higher latitudes are 3-5 times larger. Climate model calculations further suggest that
on the lime scale of decades, while the climatic influence of individual trace gases is likely to be
smaller than the COi effect, the combined effects of other trace gases like NiO. C!U, CfC's
could be as large as those estimated for the expected increase in COi concentration. This is shown
in Table 6 [9],

Table 6

Trace gas

CCh
COi

o3tf20(Stratosphere)
NZO

CFCh + CFiCh
ecu = CHiCe

(carbon tetrachloride
+ monochloromcthane)

NHi
Ch H* (ethylene)
SO2

Initial
Concentration

320ppm
320ppm
0.34cm
3.0/jg/g
0.28ppm
1.6ppm
0.2ppb
0.6ppb

6.0ppb
0.2ppb
2.0ppb

Increase in %

+100
+20
-25

+100
+100
+100

factor of 20
+100

+ 100
+ 100
+100

Increase in
Surface Temp. "C

3.2
0.8
-0.5
1.0
0.7
0.3
0.5

0.02

0.12
0.01
0.03

OBSERVATIONAL EVIDENCE OF GREENHOUSE EFFECT

There has been a rise of average global surface temperature by about 0.5°K during the
last one hundred years. However, doubts exist whether this is due to greenhouse warming for the
following reasons:

(1) It has been found that the sea has wanned more than the land during this period, which is
contrary to the greenhouse warming theory.

(2) Between 1900 and 1940, when COi was inaeasing at only 0.1% per annum, the temperature
rose by O.3-O.5°K, whereas current rate of CO2 increase is 0.5% per annum and the temperature
rise has not been considerably higher.

(3) Between 1940-1978, northern hemesphere temperature showed a marked fall even though
COi concentration was steadily increasing.

(4) Despite some rise of global mean temperature, the higher latitude has not shown higher rise
of temperature as calculated in various models.

Satellite observations have shown that there is an increase of water vapour and clouds in
the tropics [10|.
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SEA LEVEL RISE

There was fear that as a result of greenhouse effect, sea level would rise substantially
because of the possible melting of amartic and greenland icesheets. However, if atmospheric and
surface temperatures increase due to greenhouse warming, the snowfall over Antartica and Green-
land will certainly increase and this has indeed been found to be the case f I')- Thus changes in
Amartic and Greenland may largely cancel, the actual rises being due to the melting of glaciers and
thermal expansion of sea water. The present position with regard to sea level rise stands as follows:

Table 7

Table 8

Thermal expansion
Small glaciers
Greenland ice sheet
Antartic ice sheet

Rise of Sea Level

0.2 ± 0 . 1 mm/yr
0.5 ± 0 . 3 mm/yr

-(0.45 ± 0 . 2 5 mm/yr)
-(0.75 ± 0 . 2 5 mm/y)

overall rise 0-0.7 m during the next fifty years.

OCEAN CONTROL OF THE GREENHOUSE EFFECT

A correlation has been found between atmospheric COi content and temperature change
in the past climatic history of the earth [12]. This is shown in Table 8. It is even suspected that the
ocean may delay the expected rise in global temperature due lo the greenhouse effect by several
decades.

Warm phases

Early mediaeval optimum
1000 A.D,

Holocenc optimum
6000 B.P.

Eem intergtacial
120,000 B.P.

Late tertiary
12 ~2.5m£yrsB.P.

AT-
"K

+1.0

+ 1.5

+(+2.0)
2.5

+4

Equivalent/virtual
COi content

ppm

455 ± 8 %

525 ± 1 0 %

600 ± 12%
675 ± 1 3 %

965 ± 1 9 %

Equivalent real
COz content

ppm

408 ± 6 %

455 ± 8%

508 ± 9 %
555 ± 10%

755 ± 1 7 %

EFFECT ON SOCIETY

The effects of the earth's surface temperature rise as a result of the greenhouse effect can
be summarized as follows:

(1) Rise of sea level: It i s not yet certain how much sea level would rise as a result of the green-
house effect. The current estimate is that it could be between 0-0.7 m. Even this could be disastrous
for m any low lying countries. For 1 m rise of sea level it has been estim ated that 5% of the G DP of
Bangladesh could be effected [13].

(2) Food Production:
be effected very badly.

If much of the fertile area goes under the sea, world food production will

(3) Water Resources: Salinity will increase in some places. Model prediction is that there will
be an increase of rainfall in the tropics whereas in the subtropics and the southern mid latitudes,
rainfall will decrease. This may mean that there will be increased flooding in the tropics and dry-
ing up or increase of desertification in the subtropics and southern mid latitudes. This will also
affect the world agriculture and forestry. Deforestation will have adverse affect on rainfall as well
[14, 15],

(4) Fisheries: The general circulation of the atmosphere and the ocean will change and this will
have an impact on fish population dynamics and consequently on fish yields.
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(5) Health, comfort and disease: If some of the settled areas are tost to the sea, human beings
will have to adjust to lesser area for themselves. Then if climatic zones are shifted, man has to
adjust to new conditions. Many types of diseases may break out.

(6) Population settlements: Severe alterations in human settlement pattern have to be made as
a result of the warming of the earth's surface and consequent shift of deserts and rainfall patterns
and rise of sea level.

CONCLUSION

The agreement between greenhouse theory and observations has not been very satisfac-
tory so far, which stands in the way of definite action programme being undertaken. Therefore both
theory and observation programmes need to be strengthened. Satellites may provide help in this
respect [16J. Instead of long term predictions, it is desirable lo predict climate year by year and
evaluate the observations accordingly.
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