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Preface

Intensified economic activities are very much responsible for rapid
consumption of fossil fuels, thereby leading to a rise in Green House Gas (GHG)
emissions. These GHGs interact with energy flows in the atmosphere and influence
the earth’s climate. Climate change—the phenomenon of great concern to everyone—is
going to influence human life and ecosystem in the near future if GHG emissions
continue to grow without abatement. The primary socio-economic concerns
pertaining to global climate change are economic, health and safety, food production,
and security-related activities of human society. It is necessary to take serious actions
to reduce the build-up of GHGs so as to lower the magnitude and the rate of climate
change. Many policies and programs have been framed to reduce GHGs, mitigate
climate change and develop adaptation-related strategies. Accordingly, this
publication is an attempt to compile, edit and disseminate the most relevant
information about GHGs and climate change.

The Environmental Council, Environmental and Water Resources Institute
(EWRI) of ASCE, has identified GHG Emissions and Climate Change as the globally
preeminent issue. This is why the ASCE-EWRI has made an effort to work with the
contributors to put this book together in the context of a) basic science and
vulnerability assessment (see Chapters 2—7); b) modeling/predicting (see Chapters 8—
17); and 3) reducing and adapting (Chapters 18-25). This structure reflects the fact
that thousands of studies related to GHGs and Climate Change are focused on these
issues.

This book is intended to be of interest to students, scientists, engineers,
government officers, policy makers and researchers. This book provides state-of-the-
art reviews and research/technology developments with respect to basic scientific
approaches, the past and current status of GHG emissions and climate change,
mitigation measures and corresponding challenges and opportunities.

We gratefully appreciate the hard work and patience of all contributing
authors of this book. We thank Pralhad Walvekar for his help in preparation of this
book. The views and opinions expressed in each chapter of this book are those of the
authors and should not be interpreted as opinions of their affiliated organizations.

—RYS, TCZ, CSPO, BRG, RDT, CMK

X1
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CHAPTER 1

Introduction

R.Y. Surampalli, B.R. Gurjar, T.C. Zhang and C.S.P. Ojha

The present book deals with one of the most important challenges of our
times, i.e., Greenhouse Gas (GHG) Emissions and Climate Change. The book is
divided in three parts. The first part deals with the basic science and vulnerability
assessment related to GHG emissions and climate change. The second part focuses on
the application of various techniques in climate change studies. It also covers the
impact of climate change in certain spheres of life. The last part of the book deals
with approaches to mitigate the impact of climate change. An outline of different
chapters is given below.

To start with GHG emissions and climate change, chapter 2, by Gurjar et al.,
presents an overview of GHG emissions and climate change. The chapter explains
GHGs, their global trends and possible roles in climate change. This chapter also
discusses the challenges and opportunities in GHG emission control and climate
change mitigation along with the policies and programs to reduce GHG emissions.
Since the emissions of GHGs can be understood fairly within the broader
socioeconomic context, this aspect of GHG emissions and climate change has been
addressed in this chapter.

Chapter 3, by Dhillon et al., looks into the contribution of GHGs to climate
change. This chapter deals with a detailed description of the GHGs, their current
scenario and factors (both natural and anthropogenic) responsible for increasing
concentrations. The authors also shed light on causes, effects and impacts of climate
change. Various government initiatives such as The Montreal Protocol (1987,
Canada), The Kyoto Protocol (1997, Japan), the Underwater Meeting of Maldives
Cabinet and Climate Change Summit Copenhagen, Denmark (December 2009) have
also been discussed. The chapter also put forth the challenges of Limiting Global
Warming to 2°C. To address the challenge of climate change destabilization, it is
necessary to decrease dependence on fossil fuel consumption, which needs
government initiatives and mass movements for the reduction of GHGs in the
environment in order to maintain the inhabitable nature of the planet.

The decision makers need to know clearly the GHGs emission picture so as to
put in place the emission control policies. In chapter 4 by Gurjar et al., contributions
of various sources of direct and indirect GHGs emissions are presented. Authors
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provide an overall picture of GHG emissions and trends from various sources like
energy, industries, other product use, agriculture, forestry, other land use,
transportation, and residential areas. The role of each sector in GHGs emissions can
be understood through this chapter.

Next, chapter 5, by Zhang and Surampalli, focuses principally on the impact
of GHGs emissions and climate change. Each of the impacts is studied in detail such
as higher temperatures, changing landscapes, rising seas, increased risks of natural
disasters, threats to human health, biodiversity and wildlife at risk, and
social/economic impacts. A framework has been suggested so as to combat climate
change with the efforts of the entire society.

GHG emissions and corresponding concentrations need to be reduced and/or
stabilized so as to mitigate the climate change. Chapter 6, by Demirbas and Demirbas,
sheds light on GHG emissions, concentrations and economics of their stabilization.
The authors of this chapter show that future stabilization pathways are dependent on
assumptions about energy intensity. It is also stated that in case insufficient action is
taken now to reduce emissions, stabilization will become more difficult in the longer
term due to the speed of the transition required and the consequent costs of
mitigation. Stabilization of GHG concentrations will require deep emission cuts of at
least 25% by 2050, and ultimately less than one-fifth of today’s levels.

Chapter 7, by Kundu and Saraswati, overviews the indices that have been
proposed in recent years to measure different aspects of climate change including the
causal factors like GHG emissions and their impact on vulnerability within the
framework of human development. Thus, it addresses the critical issues pertaining to
the assessment of the impact of climate linked factors on socio-spatial development
and vice versa. The chapter is also helpful in evolving a methodology for
environmental accounting and computation of green income, often used as the basis
for restructuring growth strategies for mitigating depletion of non-renewable
resources and ensuring their use without compromising sustainability of development.
The chapter mainly focuses on conceptual issues underlying the tools of
measurement, examination of their implications for the empirical realities of the
region and proposing modifications for better capturing the ground situation.

Impacts of climate change on hydrology have been widely studied in recent
literature. Of large relevance in hydrology is the quantification of uncertainties
involved in hydrologic projections. It is also acknowledged that hydrologic analyses
and designs using assumptions of stationarity are no longer valid because of non-
stationarities introduced by climate change. In chapter 8, by Raje et al., a broad
overview of uncertainty modeling and methodologies for uncertainty quantification in
assessment of hydrologic impacts of climate change is provided. Various sources of
uncertainties arising in the impact assessment process are presented. Case studies of
quantification, combination and propagation of uncertainty in impact assessment are
discussed.
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Chapter 9, by Goyal et al., looks into statistical downscaling which has
become a powerful means of utilizing outputs on the basis of General Circulation
Models (GCMs) to locally observed hydrologic and meteorological variables. The
work uses some simplified approaches, such as regression and Artificial Neural
Networks (ANN) to establish the linkage between GCM based outputs to locally
available variables, such as temperature, precipitation and evaporation. Many a time,
input variables to the model may be also correlated, and a rational approach under
these situations is to derive another set of variables, also known as principal
components. Using these principal components, one can also fit in various models for
downscaling. While developing relationships for precipitation, it was observed that
use of principal components as variables did not lead to any distinct improvement
over the use of raw GCM variables.

Global climate change is one of the key factors that affects the hydrological
cycle. In Chapter 10, Pandey et al. aims at presenting the current level of
comprehension on relevance of climate change with floods and droughts in different
climatic regions; they also enhance understanding and the ability to cope with adverse
impacts of floods and droughts on the society. This chapter deals with evidences of
increase in extreme events and the complete methodology to estimate flood frequency
and the impact of climate change. Two case studies are also included in the chapter to
know about the evaluation of impact of climate change on floods of various return
periods and probable maximum flood. In the end, authors strongly recommend that
the relations presented in this Chapter can be used as a sensible tool for prediction of
regional drought characteristics and the planning of appropriate drought management
strategies for different climatic regions.

Despite the immense progress in impacts modeling, the range of uncertainties
inherent in assessments continues to cause divisions among practitioners deciding
how best to incorporate future climate change in the planning process. In chapter 11,
by Adeloye et al., through a series of case studies, the major challenges facing the
water planner responsible for providing protection against the threat of flooding and
drought are discussed along with details on the future implications for planners of
continued progress in climate science understanding. In particular, authors focus on
the implications of very high resolution climate modeling and probabilistic climate
change scenarios.

Chapter 12, by Anandhi et al., deals with Malaprabha River Basin in India. In
this chapter, the Support Vector Machine based methodology is suggested for
downscaling precipitation and temperature in the river basin. Possible consequences
on hydrology of the river basin are also discussed. Furthermore, some of the
conceptual and philosophical issues concerning the use of downscaling models are
provided in the chapter.

Chapter 13, by Sharma et al., presents an application of a methodology to
simulate daily rainfall at 45 locations near Sydney, Australia, using future simulations
for three emission scenarios from the CSIRO Mk3.0 Climate Model. Significant
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improvements are noted in the downscaled rainfall sequences compared to the case
where simpler downscaling formulations are used, especially with respect to the
ability to simulate sustained droughts and periods of heavy rain.

Chapter 14, by Rai et al., looks into time series modeling of hydro-climatic
variables. Authors deal with various statistical tests and demonstrate their approach
with data from Yamuna River basin. The chapter uncovers various statistical methods
of short- and long-term dependence, trend analysis and periodicity in detail. The
application of the methodology for dependence, trend and periodicity is demonstrated
using the hydro-climatic data of the Yamuna River basin. The authors conclude that
short term dependence is very important for small water resources projects, which
requires a shorter period of hydrologic data. Similar to the short term dependence,
when a water resources project is planned based on the longer series it is required to
test the long term dependence or persistence. Once the persistence test is over, the
series is subject to trend analysis.

As developing countries like India are more vulnerable in view of the high
population depending on agriculture and excessive pressure on natural resources,
Venkateswarlu and Rao have discussed climate change and its impact specifically on
Indian agriculture in chapter 15. This chapter covers various trends in key weather
parameters, roles of GHGs and their emissions from specific Indian agriculture.
Authors have described the impact of climate change on agriculture, livestock,
poultry, fisheries, crop water requirements and water resources. Although research on
adaptation and mitigation is at the nascent stage in India, authors did not forget to
mention the crop based and resource management based strategies. Along with socio-
economic and policy issues, this chapter also sheds light on India's first National
Action Plan (NAP) on climate change released on June 30, 2008. According to
Venkateswarlu and Rao, state agricultural universities and regional research centers
will have to play a major role in adaptation research which is more region and
location specific while national level efforts are required to come up with cost
effective mitigation options, new policy initiatives and global cooperation.

The relationship between agriculture and climatic change is an important issue
because the food production resources are under pressure due to a rapid increase in
population. Keeping this as a key research area into mind, Kao et al. explained
various crop models like EPCI model, ORYZA2000, ORYZA1, SIMRIW and
CERES-Rice in chapter 16. The modeling aspects of various crops (e.g., rice, wheat,
potatoes, maize, barley, sugarcane and soybean) have been detailed in this chapter.
Authors highlighted that the multi-ensembles approach, with varying climate models,
emissions scenarios, crop models, and downscaling techniques would enable a move
towards a more complete sampling of uncertainty in crop yield projections.

Through an illustration of the application of Self Organizing Map (SOM)
analysis to meteorological studies, chapter 17, by Nishiyama, explains 1) the pattern
recognition of high-dimensional weather situations using the SOM, 2) the
construction of visualized relationships on the two-dimensional SOM space between
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formed patterns and independent local variable (heavy rainfall frequency in the
example) observed in a specific target area, and 3) the features of the local variable
frequency identified for each synoptic pattern. For the last decade, unlike the EOF
linear conventional analysis, non-linear pattern recognition technique called a self-
organizing map (SOM) has also been applied to meteorological studies. This is a kind
of unsupervised ANNs technique that provides useful information for visually
interpreting high-dimensional complicated climate and weather data. This chapter
also recommends some other usages of the SOM methodology.

Chapter 18, by Ciumasu et al., is a limited introduction to the complex issue
of climate change and its varying effects of various scales. This deals with
particularly those aspects that require distinct, albeit related, understanding of climate
changes and elaboration of appropriate policies at local, national, continental and
global scales. Authors present the details of techniques and people’s perceptions for
mitigating climate change, education, training and outreach change and also related
challenges and controversies. The chapter ends with the conclusion that the next
technological-economic cycle of development will probably be tailored according to
the type and degree of success in achieving eco-innovation: capacity to both mitigate
and adapt to environmental impacts of past human activities.

Recent climate changes are likely to accelerate as human activities continue to
perturb the climate system, and many reviews have made predictions of serious
consequences for ecosystems and for supplies and security. As plants take carbon
from the atmosphere and store it in their biomass and in soils, land use and land
management are important tools in mitigating climate change. With this as a key
subject area, Kao et al. in chapter 19, magnifies on enhancing verdurization for
mitigating climate change. From the basics of plant biology and photosynthesis, the
authors discussed the impact of climate change on plant growth, biodiversity and
plant diseases as well as also presented how to mitigate climate change by
verdurizing forests and wetland systems.

While there are options like increasing energy efficiency or switching to less
carbon-intensive sources of energy, chapter 20 focuses on Carbon Capture and
Storage (CCS) because the CCS option is very compatible with the large energy
production and delivery infrastructure being in place. To provide the background for
CCS, Zhang and Surampalli have described and discussed issues related to carbon
cycle, sources of CO, and targeted CO; sources for CCS and historical evaluation of
CCS. Carbon capture technologies, transport of CO, and long-term storage means of
CO, such as geological, mineral and ocean storage are explained in detail in this
chapter. The authors also discussed major concerns, constraints and future
perspectives of CCS. Accordingly, it is imperative to overcome the technical,
regulatory, financial and social barriers of CCS.

Zhang et al. presented the estimation of GHGs emissions during wastewater
treatment processes. The strategies of the emission reduction are discussed in chapter
21. Sludge management, including treatment and disposal, is a significant contributor
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of GHG emissions in wastewater treatment; hence, the emissions are described
followed by discussions on reduction and key control strategies. A case study
assessing the impacts of changes in treatment technology on energy production and
GHG emissions is presented. The authors strongly believe that the adoption of key
strategies for reducing GHG emissions in wastewater treatment could significantly
reduce the average carbon footprint of citizens and prevent adverse climate change
before it affects future generations.

In chapter 22, Hettiaratchi et al. provide a brief review of literature related to
landfill methane generation and methods available to quantify bio gas generation
within landfills. A short description is followed then after of innovative landfill
technologies available to minimize GHG escape, concentrating primarily on landfill
bioreactor technology. There is also a detailed description of soil methanotrophy and
the technologies that utilize methanotrophy to mitigate GHG emissions from landfills.

With a short description about causes, impacts and overall mitigation options
for climate change, Chandran et al. highlighted recycling as an effective option for
mitigating climate change in chapter 23. As waste recycling is a growing field of
activity, recycling can reduce the use of virgin raw materials and energy, and thus the
GHG emissions as well. Chandran et al. clearly mentioned recycling of paper wastes,
plastic, textile wastes and organic wastes as an effective strategy for reduction of
GHGs. However, authors also make us aware that there are challenges to increasing
material recycling, such as market demand of the recycled products, and processes for
achieving high quality recycled materials.

Chapter 24, by Dhillon et al., discusses the use of different energy sources in a
world scenario as green energy sources to combat growing greenhouse gases
emissions. Various climate change mitigation initiates are presented in this chapter,
starting with The Montreal Protocol in 1987 to the Climate change summit at
Copenhagen, Denmark held in 2009. The authors explained in detail the emerging
developments in renewable as well as various international bodies involved in
promoting ocean energy, e.g., The European Commission, The International Energy
Agency (IEA) and The European Marine Energy Centre (EMEC). Thus, development
of green fuels is an important step towards reduction of GHGs emissions and
mitigates climate change.

As natural systems pronounce a great amount of GHGs emissions, which is
around 4800 Tg CO, equivalent per year, Zhang et al., in chapter 25, describe the
mechanisms of GHG emissions from natural systems including wetlands, oceans,
freshwaters, and so on, and additionally, discuss the strategies to control the
emissions. Natural systems that cause GHG emissions include wetlands, oceans and
freshwaters, permafrost, termites, ruminant animals, geologic emissions, and
wildfires. The biggest GHG emission contributor is wetlands, followed by oceans and
freshwaters, permafrost, and geologic emissions, while termites, ruminant animals,
and wildfires give a very small amount of emissions. Authors in the end ensures the
reduction of global GHG emissions provided current life styles should be changed;
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education on consequences of GHG emissions should be popularized; and regulation
on limitation of fossil fuel waste should be set.

As briefly described above, the book presents a comprehensive treatise on
GHG emissions and climate change incorporating all aspects from causes through
processes, impacts and mitigation strategies.
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CHAPTER 2

Greenhouse Gas Emissions and Climate Change:
An Overview

B.R. Gurjar, C.S.P. Ojha, R.Y. Surampalli, P.P. Walvekar, and
V. Tyagi

2.1 Introduction

Although initially it was not accepted by many that climate change is real,
attention of the world was urgently drawn towards climate change in 1990 when the
First Assessment Report of Intergovernmental Panel on Climate Change (IPCC) was
published (Prabhakar and Shaw 2008). The IPCC is the leading scientific body for the
assessment of climate change, established by the United Nations Environment
Programme (UNEP) and the World Meteorological Organization (WMO) to provide
the world with a clear scientific view on the current state of climate change and its
potential environmental and socio-economic consequences. IPCC reviews and
assesses the most recent scientific, technical and socio-economic information
produced worldwide and relevant to the understanding of climate change. Thousands
of scientists all over the world contribute to the work of IPCC on a voluntary basis as
authors, contributors and reviewers. In its report in 2007, IPCC asserted that quite
significant climate changes are about to happen, which are linked to increasing
concentration of greenhouse gases (GHGs) in the atmosphere. (IPCC 2007a, b).

The increasing GHG emissions from the consumption of fossil fuels are
linked to the economic development of a country. The economic activities are further
intensified because of globalization and liberalization policies of governments
(Ramachandra and Shwetmala 2009).If present GHG emissions are controlled and
associated climate risks are coped up better, then there is a possibility of reducing
impacts of future climate change (Thomalla et al. 2006). So, it is essential to know
about GHG emissions and climate change thoroughly.

2.1.1 Greenhouse Gases
There exists a balanced natural system, known as greenhouse effect that

regulates temperature on the earth. The anthropogenic activities can upset this
balanced natural system by releasing heat trapping GHGs in the atmosphere.

10
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Thehuman induced enhanced greenhouse effect causes environmental concern in
terms of global warming and climate change (IPCC 2007a).

The energy balance of the climate system is significantly altered because of
change in atmospheric concentrations of GHGs (IPCC 2007a). The major sources of
these gases include industrial processes, fossil fuel combustion for power generation,
transportation, burning of the forests, agricultural activities, changes in land use, etc.
All forms of burning results into ultimate emission of carbon dioxide (CO,) gas,
which has a high potential GHG. The partial combustion of burning also emits certain
gases such as, oxides of nitrogen (NOy) and carbon monoxide (CO) which can react
with other gases in atmosphere to form ozone—another GHG. Water vapor, CO,,
methane (CHy),nitrous oxide (N,O)and ozone are considered to be direct GHGs while
CO, Fluorocarbons (CFCs, HFCs, SF; etc.),oxides of sulphur (SOy), hydrocarbons
and NOy as indirect GHGs (IPCC 2007b).Although water vapor is the most important
GHG, its concentration is not influenced extensively by direct anthropogenic
emissions. However, water vapor intensifies warming of the atmosphere as
atmosphere holds more water vapor while warming (Smith 1993). But, water vapor is
of natural origin and human activities do not affect its concentrations directly.

COscontributes the highest proportion of greenhouse effect mainly because of
its higher concentration in the atmosphere. Followed by CO,, Chlorofluorocarbons
(CFCs), although present in low concentrations, are very strong greenhouse gases.
Anthropogenic emissions of CO,, CH4, CFCs and N,O are the key contributors to the
enhanced greenhouse effect. When complex photochemical reactions occur among
several pollutants, it leads to formation of tropospheric ozone, which may be a
significant GHG, but not quantified globally at present. These GHGs also have direct
negative impacts on human health and the ecosystem. The increase in CO,
concentration in the atmosphere has a major share (over half) of the enhanced
greenhouse effect. The rest of the share is contributed mainly by increase in
concentrations of halocarbons and CHy4 (Smith 1993). Annual emissions of CO, have
grown from 21 to 38 GT during 1970 to 2004 (Figure 2.1). It represents 77% of total
anthropogenic GHG emissions in 2004. As indicated in Figure 2.1, the rate of growth
of CO; equivalent emissions was much higher in the recent decade of 1995-2004
than the previous period of 1970-1994. The contribution of non-CO, gases to total
emissions can be estimated by expressing the emissions of all the gases in CO,-
equivalent units. Most of the observed increase in global average temperatures since
the mid-20th century is very likely due to the observed increase in anthropogenic
GHG concentrations (IPCC 2007b). Anthropogenic warming over the last three
decades has likely had a discernible influence at the global scale on observed changes
in many physical and biological systems (IEA 2006).

2.1.2 Role of GHGs in Climate Change

The entire climate system, atmospheric chemistry and life on earth are driven
mainly by incident solar radiation. While 30% solar radiation reflected back to the
space, the remaining 70% is absorbed by the surface atmosphere system which leads
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to heating effect of the atmosphere. When the surface and atmosphere become warm,
the infrared radiation is emitted. It is also called as long wave radiation. The process
of net incoming solar energy (i.e., downward solar energy less the reflected) and
outgoing heat radiation from the warmer planet which escapes to space will continue
until the two energy components are in balance. This energy balance of radiation
provides a strong constraint on the global average temperature of the planet. GHGs
absorb and emit long wave radiation, while aerosols absorb and scatter solar
radiation. Large size aerosols also absorb and emit long wave radiation, but this
process is not significant for the smaller human induced aerosols.
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Figure 2.1. Global anthropogenic GHG emissions (Adapted from IPCC 2007b)

As shown in Figure 2.2, trapping of long wave radiation can be explained well
by principles of quantum mechanics (Ramanathan and Feng 2009). The oxygen
atoms vibrate with carbon atom in centre. The frequency of this vibration matches
with some of the long wave radiations from the earth surface and the atmosphere,
resulting in absorption of radiation by GHGs. These gases colloid with other air
molecules and trapped radiation is converted into heat which is given back to the
Earth’s surface. As the concentration of GHGs increases in the atmosphere, the
infrared layer also becomes thicker resulting in an accumulation of excess energy on
the planet. The planetary system gets rid of this excess energy by warming and
emitting excess infrared radiations until the surface atmosphere system is in balance.

When variations in components of the climatic system take place, it results in
climate change (Smith 1993). The climatic system has five components coupled with
each other, namely, atmosphere, land, ocean, ice and biosphere. Atmospheric
processes strongly interact with other components of the climate system giving rise to
climate change. Particularly, energy from the Sun is the driving force in the climatic
system. Greenhouse effect causes significant changes in other components of the
climatic system, resulting in climate change. Accordingly, climate change refers to
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the undermining impact on climate and weather patterns. Increased severe weather
conditions like draughts, storms, floods, change in the ecosystem, loss of animal and
plant species, stresses to human health, and alterations in regional agricultural
productivity are accompanied with very small changes in average atmospheric
temperatures (PLANYC 2007). Hence, it is very important to establish a good link
between GHGs and climate change to make value judgements for limiting the effects.

()
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Figure 2.2. GHGs and climate change through global warming

2.2 Trends of GHG Emissions (Change in Climatic Parameters)

The global trend in total GHG emissions is dominated by fossil-fuels
emissions. Between 1970 and 2004, global anthropogenic CH, emissions increased
by almost 40%, N,O by 50% and the F-gases by almost 400%. F-gas emissions
doubled in the 1990-2004 period. If weighted by their Global Warming Potential
(GWP), total emissions of all GHGs increased by over 75% since 1970 (IEA 2006).

As illustrated in Figure 2.3, the concentrations of gases such as CO,, N,O, and
CH, are presently increasing in the atmosphere. The stagnation phase was observed
of CH4 a few years ago, but it is now increasing again. The production of CFC-11
(CFCl3) and CFC-12 (CF:Cly) have been completely stopped and banned for use
because these are the two main culprits for ozone depletion. While the atmospheric
CFCs and other greenhouse gases are showing a slow decreasing trend, they will
remain in the atmosphere for the next few decades due to their long lifetimes (Lal
2010).

The details of mixing ratios of some of the GHGs in ppm by volume or ppb
by volume during pre-industrial time, present time, annual increase rates and GWP of
these gases are shown in Table 2.1. GWP is a measure of a given mass of GHG that is
estimated to contribute to global warming. It is a relative scale which compares a
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particular gas to that of the same mass of CO, whose GWP is 1. A GWP is calculated
over a specific time interval as the lifetimes of these gases differ considerably.
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Figure 2.3. Average concentrations of GHGs for the last three decades (Adapted
from Lal, 2010)

Table 2.1. Mixing ratios of some of the GHGs during pre-industrial time and present
day along with other parameters (adapted from IPCC 2001; Lal 2010)

Concentration GWP
i 1
GHG (Pre-industrial Concentration :Annual Lifetime ( 0,0 s
. (Present day) increase rate horizon)
time)
CO, 280 ppmv 387 ppmv 1.8 ppmv 5-200 yrs* 1
CH, 700 ppbv 1.74 ppmv 1.7ppbv 12 yrs 25
N,O 270 ppbv 320 ppbv 0.7 ppbv 150 yrs 298
Tropospheric Few days
ozone 10-20 ppbv 35-50 ppbv 0.12 ppbv to months 1200-2000

*No single lifetime can be defined for CO, because of the different rates of uptake by
different removal processes.

Global warming will be increased if GHG emissions are continued at or above
current rates, causing significant changes in the global climate system during the 21*
century. These changes will very likely be larger than those observed during the 20™
century (IPCC 2007b). Emissions of the GHGs covered by the Kyoto Protocol
increased by about 70% from1970-2004 (by 24% from 1990-2004), with CO, being
the largest source, having grown by about 80%. The largest growth in CO, emissions
has come from power generation and road transport. CH, emissions rose by about
40% from 1970, with an 85% increase from the combustion and use of fossil fuels.
Agriculture, however, is the largest source of CH4 emissions. N,O emissions grew by
about 50%, due mainly to increased use of fertilizer and the growth of agriculture.
Atmospheric CO, concentrations have increased by almost100 ppm since their pre-
industrial level, reaching 379 ppm in2005, with mean annual growth rates during
2000-2005 higher than in the 1990s. The total COj-equivalent (COs-eq)
concentration of all long-lived GHGs is now about 455 ppmCO;-eq.incorporating the
cooling effect of aerosols, other air pollutants and gases released from land-use



CLIMATE CHANGE MODELING, MITIGATION, AND ADAPTATION 15

change into the equivalent concentration, leads to an effective 311-435 ppm CO»-eq
concentration.

The global GHGs will continue to grow over next few decades if there is no
significant change in current climate change mitigation policies and related
sustainable development practices (IPCC 2007b).For 2030, projections of total GHG
emissions consistently show an increase of 25-90% compared with 2000,with more
recent projections higher than earlier ones (IPCC 2007c¢).

2.3 Impacts of Climate Change at Different Scales

The rising emissions of GHGs and the greenhouse effect are responsible for
the overall warming of the Earth’s climate, leading to global warming, although the
condition varies with the regions, as either cooling or wetter weather can be
experienced at various regions; while on average the temperature of the planet is
rising. There are so many evidences of increases in global average air and ocean
temperatures, widespread snow and ice melting and rise in global average sea level.
These observations prove that climate change is now an indisputable matter. Climate
change has widespread impacts on ecosystems, biodiversity, human health,
hydrology, and water resources. It may even give rise to certain extreme events
disturbing the balance in the components of the climatic system. Based on respective
sensitivity, adaptive capacity and vulnerability, different regions and sectors are
impacted by climate change. The adverse impacts of climate change are beard by less
developed and poor societies. Many developing countries have not even tuned their
policies to the existing climate variability. These countries are more vulnerable to
climate change impacts such as high damage to assets and life as compared to
developed countries (Shukla et al. 2003).

A study in the US suggests that a warming climate could increase the severity
of summertime pollution episodes in the north-eastern and mid-western United
States. The decrease in frequency of surface cyclones tracking across southern
Canada is the cause of concern for the increased severity of summer time pollution
episodes in north-eastern and mid-western United States (Mickley et al. 2004).With
reference to conditions in central Europe, it is estimated based on model calculations
that there will be an increase in heat load days in summer; on the contrary, the
number of days with cold load in winter will decrease. The power consumption will
probably fall in cities where the winter is the determining factor (Kuttler 2001).

The World Health Organisation estimates that the warming and precipitation
trends due to anthropogenic climate change of the past 30 years claim more than
150,000 lives per year (WHO 2002). Many prevalent human diseases are correlated
to climate fluctuations, such as cardiovascular mortality, respiratory illnesses due to
heat waves, altered transmission of infectious diseases and undernourishment from
crop failures. Potentially vulnerable regions include the temperate latitudes, which are
projected to warm disproportionately. The regions around the Pacific and Indian
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oceans are currently subjected to large rainfall variations due to expansive cities
where the urban heat island effect could intensify extreme climatic events.
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Figure 2.4. Summer Arctic Sea ice decline (Source: NASA 2005)

The rates of warming and sea level rise accelerated during the 20™ century
and more intense precipitation, drought and, to some extent, tropical cyclones
occurred. Eleven of the last twelve years rank among the twelve hottest years on
record. Mountain glaciers and snow cover have declined, on the whole, in both the
northern and southern hemispheres. Average Arctic sea extent ice has shrunk by 20%
at its summer-time minimum since satellite observations began in 1978 (Figure 2.4).
Th