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Introduction 
 

Greenhouse Effect 

The Earth’s temperature is maintained at a level where it can sustain life by a balance 

between heat from the sun, and cooling from reflecting some of the heat by the 

Earth’s warm surface and atmosphere back to space (Agarwal, 2001). Greenhouse 

gases effectively absorb thermal infrared radiation, emitted by the Earth’s surface, by 

the atmosphere itself due to the same gases, and by clouds. Atmospheric radiation is 

emitted to all sides, including downward to the Earth’s surface.  Thus, greenhouse 

gases trap heat within the surface-troposphere system. This is called the greenhouse 

effect. Thermal infrared radiation in the troposphere is strongly coupled to the 

temperature of the atmosphere at the altitude at which it is emitted. In the 

troposphere, the temperature generally decreases with height. Effectively, infrared 

radiation emitted to space originates from an altitude with a temperature of, on 

average, –19°C, in balance with the net incoming solar radiation, whereas the Earth’s 

surface is kept at a much higher temperature of, on average, +14°C. An increase in 

the concentration of greenhouse gases leads to an increased infrared opacity of the 

atmosphere, and therefore to an effective radiation into space from a higher altitude 

at a lower temperature. This causes a radiative forcing that leads to an enhancement 

of the greenhouse effect, the so-called enhanced greenhouse effect (Solomon et al., 

2007). 
 

Greenhouse gases, CO2 and Global Warming 

CO2 (77%), N2O (8%), and CH4 (14%) are the three main GHGs (Fig-1) that trap the 

infrared radiation and contribute to climate change (Scherr and Sthapit, 2009). 

Atmospheric CO2 concentration is one of the most important factors likely to 

determine the climate of the twenty-first century (Houghton et al., 2001). Among the 

major and minor GHGs CO2 is most important having a contribution of more than 

50% of the total warming in the Earth’s atmosphere (Goel et al., 2008). 
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fuels, and many natural causes like volcanoes, death and decomposition of organic 

matter etc. So the factors can be put under two categories: (1) natural causes; and (2) 

anthropogenic causes.  

 

Natural Causes 

Microbes, plants, animals and humans, in fact all living forms contribute naturally to 

global warming. They contribute to CO2 emissions by respiration and through their 

death and decomposition. The plants on defoliation cannot absorb the available CO2 

and contribute to CO2 emissions from the respiring branches. A significant part of 

the earth’s climate variability is also caused by changes in the solar radiations 

(Tiwari and Ramesh, 2007). Various causes that govern climatic variability at 

different time-scale have been identified, which can be mainly grouped into internal 

and external causes. Internal causes involve; i) oscillations in ocean-atmosphere 

system (eg. Thermohaline circulation changes that redistribute heat between the 

tropics and polar regions), ii) volcanic eruptions (The 1991 volcanic eruption of 

Mount Pinatubo in Philippines released 20 million tons of SO2 into the atmosphere 

cooling the Earth by 1°F (0.33°C) (Agarwal, 2001), iii) changes in Earth’s 

atmospheric concentration of GHGs (CO2, CH4, NO2, CFCs, O3 that absorb the 

outgoing long-wave radiation), iv) water vapour and low altitude clouds that form an 

important feedback mechanisms and v) ice cover and vegetation extent (that control 

the albedo). The external causes include i) variations in the incoming solar radiation 

due to change in the sun-earth geometry (Melankovitch cycles) and ii) variation in  

the incoming solar irradiance at various wavelengths due to changes in the solar 

activity itself is thought to affect the earth’s climate on decadal to millennial time 

scales (Tiwari and Ramesh, 2007). 

 
Anthropogenic Causes 
The human activities (Fig-2) resulting in climate change includes. 
i. Industrialization: The concentration of CO2 has increased from pre-industrial 

concentration of 270 ppm to 392 ppm in 2010. 19.4% of the total GHGs are emitted 

from industrialization (Scherr and Sthapit, 2009; McKeon and Gardner, 2009) 



 

ii. Defor

million a

2009). D

the total 

and is be

and airpl

iii. Tran

populatio

independ

13.1% (3

2009; Mc

 

 

iv. Urba

the urban

emission

v. Agric

increase 

Climate C

restation: Th

acres of fore

Deforestation

GHGs emis

eing released

lanes.  

nsportation:

on in India

dence to 40 

30 billion ton

cKeon and G

Figure-2: S

anization: It

n heat island

n (Scherr and

ultural pra

in the use 

Change Imp

he world for

ests-the size

n accounts fo

ssions (Sche

d into the atm

: The vehicu

a has incre

billion vehi

ns of CO2/ye

Gardner, 200

Sectoral GH

t is also expa

d effect (UH

d Sthapit, 20

actices: The 

of chemical

pacts: Veget

rests are dest

e of New Y

or about 20%

err and Sthap

mosphere pe

ular populat

eased from 

icles today. 

ear) of the to

09). 

HG emission 

anding fast a

HE) and is r

09). 

modernizati

l fertilizers 

tation And P

troying at an

York are des

% of all the C

pit, 2009) w

er year whic

tion is incre

a mere 35

The transpo

otal GHGs em

(McKeon a

as the popul

responsible 

ion of the ag

(nitrogenous

Plant Respo

n alarming ra

stroyed ever

CO2 emissio

which is 5.9 

h is more th

asing. For e

50 million 

ortation sect

missions (Sc

and Gardne

ation is incr

for 7.9% of

gricultural p

s) along wit

onses In Guj

ate. More tha

ry year (Foe

ons and 17.4

± 2.9 Pg CO

han from veh

eg., the vehi

at the tim

tor contribut

cherr and Sth

er, 2009) 

reasing leadi

f the total G

practices wit

th the incre

jarat 

6 

an 37 

erstel, 

4% of 

O2-eq 

hicles 

icular 

me of 

tes to 

hapit, 

 

ing to 

GHGs 

th the 

asing 



Climate Change Impacts: Vegetation And Plant Responses In Gujarat 

7 
 

livestocks, manure production and storage causes methane (CH4) and nitrous oxide 

(N2O) to be released, hence causing global warming. The agriculture contributes 

about 13.5% in the total emission of the GHGs from which it contributes to about 

40% of the total CH4 emissions and 60% of the total N2O emissions (Smith et al, 

2007). 

vi. Energy supply: This sector is the major contributor of GHGs to the atmosphere 

contributing to 25.9% of the total emissions as a result of power generation by coal 

burning (Scherr and Sthapit, 2009; McKeon and Gardner, 2009). 

vii. Waste: This sector contributes to around (2.8%) of the total GHG emissions 

(McKeon and Gardner, 2009).  

Scientific models and observations for the past 1000 years provide evidence that 

global warming is due to anthropogenic increase in greenhouse gases (GHGs) 

(Pandey, 2002). 

 
Climate Change Policies 

To deal with the climate change by reducing GHGs emissions a global framework 

convention on climate change (UNFCCC) was signed under the auspices of the UN 

in 1992 (Agarwal, 2001). 
The UN Conference on Environment and Development (UNCED) in 1992 at Rio de 

Janeiro led to FCCC (Framework Convention on Climate Change), which laid the 

framework for the eventual stabilization of greenhouse gases in the atmosphere, 

recognizing the common but differentiated responsibilities and respective 

capabilities and social and economic conditions. The Convention came into force in 

1994. Subsequently, the 1997 Kyoto protocol, which came into force in 2005, 

reasserted the importance of stabilizing greenhouse gas concentrations in the 

atmosphere and adhering to sustainable development principles. The Protocol laid 

out guidelines and rules regarding the extent to which a participating industrialized 

country should reduce its emissions of six greenhouse gases – carbon dioxide, 

methane, nitrous oxide, chlorofluorocarbon, hydrofluorocarbons and 

perfluorocarbons. It requires industrialized countries (Annex B countries) to reduce 

their greenhouse gas emissions by a weighted average of 5.2%, based on the 1990 
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greenhouse gas emissions. The reduction is to be achieved by the end of the five-year 

period, 2008 to 2012. The Kyoto Protocol does not require the developing countries 

to reduce their greenhouse gas emissions (Sathaye et al., 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


