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INTRODUCTION

The environment is very important to people because it directly influences their
lives. People depend largely on the environment for survival. The environment
comprises the relationship between people, animals, plants, and even non-living
things. It is important to study the environment and learn how to conserve it
especially now that technology is beginning to ruin the natural resources and the
ecosystem.

Awareness about global issues is now being spread through international
conferences so that immediate solutions can be applied. The issues may range
from dynamite fishing to global warming, and forest denudation to mining. With
rapid urbanization and technological advancement, there is a need to study each
step that may alter the environment so that the natural ecosystem may still be
protected or replaced by a better one.

This book, Environmental Studies, has been designed keeping in mind the
self-instruction mode (SIM) format and follows a simple pattern, wherein each
unit of the book begins with the Introduction followed by the Unit Objectives for
the topic. The content is then presented in a simple and easy-to-understand manner,
and is interspersed with Check Your Progress questions to reinforce the student’s
understanding of the topic. A list of Self-Assessment Questions and Exercises is
also provided at the end of each unit. The Summary and Key Terms further act as
useful tools for students and are meant for effective recapitulation of the text.
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UNIT 1 STUDY OF ENVIRONMENT AND
ECOLOGY

Structure
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1.0 INTRODUCTION

In order to study the environment, one needs knowledge inputs from various
disciplines. At present, we are confronted with two conflicting scenarios. On the
one hand, there are possibilities of a bright future with press button living, space
shuttles, information technology, genetic engineering and such other advances in
science and technology; on the other hand, a grim scenario is looming large with
burgeoning population, lack of resources and pollution. Faced with such imminent
threats, there is a growing realization that rational utilization of environmental
endowments of life support systems like water, air and soil is a must for sustainable
development.

Academic disciplines are created to help us understand the universe better.
While nature can be understood using the disciplines, it is not ‘divided’ into
disciplines. For instance, a certain phenomenon may be referred to as a chemical
change while another as a physical one. But these categories are only perceptions.
‘Environmental studies’ is about the environment. Not the environment from the
point of view of any one particular discipline, but a study and understanding of the
interlinkages—the complex ways in which one phenomenon, one action, is
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connected to another, how the same thing can be understood from different
perspectives, perspectives that are often rooted in different disciplines.

The problems of pollution and wanton degradation of environmental
resources cannot be solved without proper understanding of their causes and effects
and this is why environmental studies is so important. In this unit, we will study
environment and ecology in detail.

1.1 OBJECTIVES

After going through this unit, you will be able to:

 Understand the meaning and need of environmental studies

 Describe the concept of ecology in detail

 Discuss the concept of ecosystem with its structure and components

 Describe the role of public participation and public awareness

1.2 DEFINITION AND SCOPE

Environmental science, in its broadest sense, is the science of complex interactions
that occur among the terrestrial, atmospheric, living and anthropological
environments. It includes all the disciplines such as chemistry, biology, sociology
and government that affect or describe these interactions.

In the broadest sense, environmental science may be defined as the study
of earth, air, water and living environments and the effects of technology thereupon.
To a significant degree, environmental science has evolved from investigations of
the ways by which, and place in which living organisms carry out their life cycles.
This is the discipline of natural history, which in recent times has evolved into
ecology, the study of environmental factors that affect organisms and how organisms
interact with these factors and with each other.

Environmental science is divided into the study of the atmosphere, the
hydrosphere, the geosphere and the biosphere.

Environmental science is now a mature and viable discipline. The past three
decades have witnessed a growing awareness of the affects of human activity
upon earth’s resources and during this period, environmental study has emerged
as a multidisciplinary field of study to examine the interaction of people with the
environment.

Environmental Science and Chemistry

It may be defined as the study of the sources, reactions, transport, effects and
fates of chemical species in water, soil, and air environments and the effects of
technology thereon.

One of environmental chemistry’s major challenges is the determination of
the nature and quantity of specific pollutants in the environment.
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Environmental Science and Biology

The ultimate environmental concern is that of life itself. The discipline that deals
specifically with the effects of environmental chemical species on life is environmental
biochemistry.

Biological processes are not only profoundly influenced by chemical species
in the environment, they largely determine the nature of these species, their
degradation, and even their syntheses, particularly in the aquatic and soil
environments. The study of such phenomena forms the basis of environmental
biochemistry.

Environment and Economics

Economic environment refers to all those factors or forces which contribute to the
economic impact on the man, his activities and his region. Resources, industrial
production, population, agriculture, infrastructure and the various stages in the
economic development like economic conditions, economic policies, economic
planning, economic philosophy, economic system and trade cycle are major internal
and external factors which make up the total economic environment.

Availability of resources and the technology to exploit them plays the most
significant role in the economic development or economic environment of a region.
As the distribution of natural resources due to geographical factor is uneven, the
resources have become concentrated in some specific regions only. These gifted
regions have exploited these resources for their economic development and have
come to be known as developed countries. Examples of such countries are USA,
France and UK. Whereas, the other regions which had poor resource concentration
and which are still in the developing stage have come to be known as developing
countries. Thus, it is the economic environment of a region or country that decides
its status, that is, developed or developing.

Population factor has its own say as regards to economic environment of a
region, as more resources are needed to feed more mouths. This requires more
exploitation of resources which not only hampers the resource reserves, but also
affects the ecosystem of that region.

However, a stable economic environment does not always help the mankind.
The main disadvantage of it is its impact on the physical environment. It could be
said that both economic and political are interdependent on each other. Erstwhile
East Germany and West Germany serve as a good example of interdependence
of political and economic environment. East Germany with their poor economic
environment was left with no other alternative other than merging with West
Germany, which had strong and stable economic environment.

Every human activity necessary for economic development affects the local,
regional or global environment. The effects may be short-term or long-term in
nature. In the present situation, problems like deforestation, extinction of rare
species of flora and fauna, global warming, epidemics such as Katrina, Rita cyclones
in USA, earthquakes in Jammu and Kashmir, heavy rainfalls and floods are some
of the major environmental problems the world is facing on various levels today.
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Rapid industrialization, agricultural development, extraction of various energy and
other resources, which contribute to the economic environment of the region, are
some of the main factors responsible for deteriorating the quality of the physical
environment. Economic stability and awareness about environmental pollution play
a very important role in sustainable development. Environmental taxes in the form
of penalties have its role in safeguarding the environment from getting too polluted.
Taxes are generally based on the concept that those who create the pollution must
also pay for them. Vehicular pollution and industrial pollution in air and water can
be controlled through environmental legislation and penalties.

Cultural environment

It is the manmade environment or manmade landscape. It may also be called as
humanized landscape. The cultural environment is the imprint of man’s activities,
his occupation and utilization of the physical resources for his own benefit. All
manmade features such as buildings, settlements, roads and plantation are called
cultural features. We may call this cultural environment as a social environment or
socio-cultural environment or even social heritage. As per the passage of time,
man has acquired technical and scientific knowledge. Through this powerful tool
he is changing fast the physical environment into a cultural landscape. Cultural
environment have their tools in the natural environment and in the cultural level of
the different human groups. As the natural environment differs from place to place,
cultural environment also should differ accordingly, hence, human activities and
achievements depend not only upon natural environment, but also upon manmade
environment. Culture develops on nature; it means it has its roots in nature. Cultural
environment is only the human adaptation and adjustment to natural or physical
environment. In other words, man as per his knowledge and capacity superimposes
culture on nature. It goes on piling one after another, and grows in size and
importance. Sometimes, it becomes difficult to trace back the link with the physical
base. As an example, we have changes in many villages in India. Cultural environment
is simple and more directly connected with physical base in the early stages, but
becomes more complex and indirect as the human society grows in knowledge
and size. At this stage, the natural environment quality starts degrading and the
question of ecological disorders and natural imbalance crops up. Ecological disorder
is the direct result of human action, partly through his numbers and partly through
his skills. All actions of men are not wise or far-sighted, and hence, it leads to
environmental crises. The various ecosystems show signs of progressive
deterioration because of man’s hasty, negligent, unplanned actions which ultimately
leads to environmental degradation. Environmental degradation is greater in
advanced rather than in primitive societies, more in the industrial and urban than
rural, agricultural or pastoral interiors.

Population and environment

Population plays a major role in the socio-economic environment of a country,
especially the size or density of the population. It has its impact on the natural
environment also. Majority of the population being poor causes more environmental
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damage due to mutually reinforcing effect between poverty and environmental
damage. The poor being both the victim and the agent of environmental damage.

The world population, which is growing at the rate of 1.7 per cent per year,
is highly alarming. If this trend continues, there will be addition of another 3.7
billion (1 billion = 1000 million) or more to the present population level in another
three to four decades. This rapid growth will affect both economic and physical
environments at regional as well as global level. Traditional land and resources will
be subjected to more and more overuse. Even the government will not be in a
position to keep up with the infrastructural and human needs of the growing
population.

Environment and political set-up

Political environment refers to the influence exerted by the three main political
institutions, viz. legislature, executive and judiciary. It helps to shape, direct, develop
and control many of the human activities including the business antipollution laws.
The executives, also called government, implements whatever is decided by
legislature and the executive, function in public interest and within the boundaries
of the constitution. A stable and dynamic political environment is a must for the
development of mankind.

The type of government plays a significant role in the political environment
of a country as it is guided by certain firm policies of its own. The form of government
may be democratic, communist, dictatorial and monarchy. Any change in the form
may be counterproductive and may affect the nation from several angles, that is,
economic, business, socio-cultural and physical as all these segments are
interdependent.

1.2.1 Scope of Environmental Studies

A study of environmental science is getting a lot of attention not only in the field of
pollution control, but also to sustain the life and nature.

It helps us to understand the nature of environment and its components, the
nature of disturbing factors and the various methods to overcome these disturbing
factors which affect sustainability and natural living.

The scope of environmental science and its management has increased from
manufacturing pollution control equipment, sewage and effluent treatment plants,
biomedical waste treatment and fly ash management.

The subject is multidisciplinary in nature. It unfolds environmental issues for
those who are directly or indirectly concerned with this discipline. Corporate leaders,
students of universities and colleges and student-managers realize that environmental
protection and resource conservation have to be considered as a normal part of
conducting business and understanding nature. Similarly, environmental concern
has to be a part of the policies of the various governmental organizations. The
same is true for public leaders whose sensitization is vital in this regard. Issues of
environmental protection and ‘Right to Clean Environment’ have already trickled
down from educated and affluent people to the general public. Those who are not
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economically well off are equally affected, if not more, due to environmental
problems. Thus, environmental concerns have to be on the agenda of all
organizations.

In India, we have been witnessing significant environmental degradation
during the last few decades. Increasing industrialization, high-intensity agriculture,
(use of fertilizers and pesticides) deforestation, soil erosion, urbanization,
transportation and population growth are the major environmental problems and
these are likely to increase. If the desire to attain higher living standards also
increases, then the problem would be too acute to be manageable.

Industry has a significant role in environmental protection. More and more
business executives have now identified environment as an issue that affect their
companies.

It is believed by scientists and leaders in the industry that if we do not come
to terms with environmental issues, irreversible processes would set in, which
would ultimately lead to human suffering not only of in the countries of the South,
but also the North. Most environmental problems are well known though we may
not have found solutions for all. The problems are both global and national and all
these pose serious challenges not only to our planet, but also to our way of life.
Human beings are not a separate entity, they are a part of the surrounding, our
ecosystem—air, water, land—not only that, but one cannot think of human survival
if the services provided by the environment do not become available. Without a
suitable habitat, neither animals nor plants and humans can survive. If the habitat is
degraded/damaged, life will be adversely affected. Since the environment provides
all the resources that are used in the process of production of goods or services,
the responsibility of the industry is of paramount consideration. Industry not only
has to consider issues like profit, quality standards, legislation and regulatory
controls, but has to go a step beyond.

Our natural resources are either renewable or non-renewable, the latter
have to be conserved and the use of the former judicious. Besides the issue of
resources, our living style, rate of consumption and disposal of waste have created
problems for the management of landfills for wastes, air quality, water table and
many other environmental problems.

In short, the scope of environmental studies is broad-based and it
encompasses a large number of areas and aspects, listed as follows:

 Natural resources—their conservation and management

 Ecology and biodiversity

 Environmental pollution and control

 Social issues in relation to development and environment

 Human population and environment

1.2.2 Importance of Environmental Studies

There is a proverb, ‘If you plan for one year, plant rice, if you plan for ten years,
plant trees and if you plan for 100 years, educate people.’ If we wish to manage
our planet earth, we have to make all the persons environmentally educated.
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The study of environmental science makes us understand the scientific basis
for establishing a standard which can be considered acceptably safe, clean and
healthy for man and ecosystem.

Most environmental scientists agree that if pollution and other environmental
deterrents continue at their present rates, the result will be irreversible damage to
the ecological cycles and balances in nature upon which all life depends.
Environmental scientists warn that fundamental, and perhaps drastic changes in
human behaviour will be required to avert an ecological crisis.

To safeguard a healthy environment that is essential to life, humans must
learn that Earth does not have infinite resources. Earth’s limited resources must be
conserved and, where possible, reused. Furthermore, humans must devise new
strategies that combine environmental progress with economic growth. The future
growth of developing nations depends upon the development of sustainable
conservation methods that protect the environment, while also meeting the basic
needs of citizens.

Environmental study is the subject in which we examine important issues
related to the environment. It is an exploratory description of issues. Each issue
can be probed more deeply.

Environmental studies is an important but neglected body of knowledge. It
concerns itself with life support system and is closely related with development
and economic growth. Many a time, both development and economic growth are
not easily reconciled. We have to choose between environment and development.

It is a reality that industrialized countries have a high level of development
and decent standard of living at the expense of the environment and depletion of
natural resources. The real question is how long is Mother Earth likely to suffer
and how long will this be sustainable? Developing countries, on the other hand,
are still struggling to achieve a minimum standard of living though they are also
equally contributing to the environmental damage.

Both, industrialized and underdeveloped or developing countries damage,
deplete and pollute the environment. Developing countries want accelerated growth
to fulfil their basic needs and the real question is should they follow in the footsteps
of their big brothers, that is, the developed countries? It is a fact that both the
consumption and the lifestyle of people have a direct relation to environmental
problems. Therefore, living habits and attitudinal and ethical questions have now
cropped up which are the main concerns for environmental studies, and deep
study is required to understand the environmental problems.

The most important questions that bother every developing country is what
should be the ideal combination of pattern of growth and development, which
model of development as well as of business should be followed so that we do not
ignore the principle that underlie sustainability. For this, we need changes at the
local, national, regional and global levels, together with an economic and social
transformation at the level of individuals and communities.

This forms a part of the business environment. Business environment is
divided into two categories, namely, external and internal environment. External
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environment includes political, economic, social, legal, technological, international
and natural environment. On the other hand, internal environment includes people,
culture, work ethics and attitudes.

The government and their agencies, the non-governmental organizations,
the judiciary and now the corporate sector also expresses a great concern on
matters relating to natural environment and ecosystem.

There are several environmental problems which have been solved by using
environmental studies. Some of these are: (a) global warming (b) population
problems (c) depletion of ozone layer d) habitat destruction and species extinction
(e) energy production (f) groundwater depletion and contamination.

The importance of environmental studies and proper awareness about
safeguarding the environment from pollution is so much that it can be made a
mandatory requirement in industrial project clearance, environmental impact
assessment and green funding.

1.3 PUBLIC PARTICIPATION AND PUBLIC
AWARENESS

The role of every individual in preventing pollution is of paramount importance,
because if every individual contributes substantially the effect will be visible not
only at the community, city, state or national level, but also at the global level as
environment has no boundaries.

It is the responsibility of the human race which has occupied a commanding
position on this earth to protect the earth and provide conducive environment for
itself, and innumerable other species which are on this earth. A small effort made
by each individual at his own place will have pronounced effect at the global level.
It is appropriately said ‘Think globally, act locally.’

Each individual should change his or her lifestyle in such a way so as to
reduce environmental pollution. It can be done through the following suggestions:

 Help more in pollution prevention than pollution control.

 Use eco-friendly products.

 Cut down the use of CFCs as they destroy the ozone layer. Do not use
polystyrene cups that have CFC molecules in them, they destroy ozone
layer.

 Use the chemicals derived from peaches and plums to clean computer
chips and circuit boards, instead of CFCs.

 Use CFC free refrigerators.

The manufacture and operation of such devices should be encouraged that
do not pollute the environment.

Air pollution can be prevented by using clean fuel, that is, hydrogen fuel.
Hydrogen for that matter, should not be produced by passing current in water, in
the is case the environment will be polluted. So, solar hydrogen fuel is the need of
the hour.
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The following are the practical hints for an individual to prevent pollution:

 Reduce your dependency on fossil fuel, especially coal or oil.

 Save electricity by not wasting it when not required, because electricity
saved is electricity generated without polluting the environment.

 Adopt and popularize renewable energy sources.

 Improve energy efficiency. This will reduce the amount of waste energy.

 Promote reuse and recycling whenever possible and reduce the
production of wastes.

 Use mass transport system. For short visits, use bicycle or go on foot.

 Decrease the use of automobiles.

 Use pesticides only when absolutely necessary, that too in right amounts.

 Use rechargeable batteries, it will reduce metal pollution.

 Use less hazardous chemicals wherever possible.

 The solid waste generated during one manufacturing process can be
used as a raw material for some other processes.

 Do not put pesticides, paints, solvents, oils or other harmful chemicals
into the drain or ground water.

 Use only the minimum and required quantity of water for various activities.

 Plant more trees, as trees can absorb many toxic gases and can purify
the air.

 Check population growth so that demand of materials is under control.

Everybody should be aware of what is happening around them. Awareness
regarding the state of affected environment is a must for every human being living
on this planet. Already, the world is affected by several environmental problems,
the effect of which is directly felt by its inhabitants. Nobody can escape the wrath
if fallen, may it be the people of developing countries or the developed ones.

Looking at the present pathetic state of the environment and the knowledge
people have about it, it has become evident for every country to educate their
masses, so that they can start understanding the problems that they are facing at
present and would face in the future.

In fact, almost all nations of the world have geared up in creating awareness
among their people. Media is playing a leading role in this process. Several means
are being employed to educate the masses. Various advertisements, documentaries,
feature films, etc., are being made. Newspapers and other magazines are publishing
a lot of articles on this subject as well.

Government with its separate ministry—Ministry of Environment and
Forest—has also launched many campaigns like displaying several hoardings and
posters throughout the country. The state ministries are also playing important
roles in generating awareness among the masses. Plantation of trees on various
occasions, especially on World Environment Day which falls on 5 June every year,
is undertaken on a large scale.
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The issue of Enron Power Project (Dabhol Power Project), now called
Ratnagiri Power Project, in Konkan area of Maharashtra was much politicized
and the environmental issues were put forth as political propaganda. There is
always a need to have awareness of the issues and knowledge as to how
environmental ailments are to be avoided and a balance is struck between growth
and environment.

Check Your Progress

1. What do you mean by environmental study?

2. Define environmental science.

3. What are the problems that are being solved by using environmental studies?

1.4 ECOLOGY: AN INTRODUCTION

It is essential to first grasp the fundamentals of ecology in order to understand the
environment. The word, ‘ecology’ comes from the Greek word, Oikos, meaning
a house or place to live. Taken literally, ecology refers to the study of organisms in
their natural habitat. Ecology is concerned with the study of organisms in various
habitats, namely, land, oceans, fresh water and air. Ecology can also be defined as
the study of the structure and functions of nature. Ecologists try to predict what
will happen to organisms, population, or communities under a particular set of
habitat.

For practical purposes, we can consider ecology as the study of organisms
and their environment. In other words, it is the study of the interrelations between
living organisms and their environment. Ecology proceeds at three levels: (1) the
individual organism (2) the population (consisting of individuals of the same species)
and (3) the community (consisting of number of populations).

At the level of the organism, ecology deals with how individuals affect the
ecosystem and vice versa. For example, the greenhouse effect is a real danger,
and the implications on human life as the earth heats up further are dangerous. At
the level of population, ecology deals with the presence or absence of a particular
species and with trends and fluctuations in their numbers. To understand population
fluctuation, the changes that are happening to individuals making up the population
are analysed. Community ecology deals with the composition or structure of
communities, and the natural resources affected by them. Communities are not
constant but are continually changing because of interactions among the population
and because of disturbances caused by climatic and geological events as well as
human activities.

Ecology is a branch of science that deals with the inter-relationship between
biotic (living) and abiotic (non-living) components of nature as well as with the
relationship among the individuals, population and community of the biotic
components.
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Ecology has been defined in a number of ways. According to Woodbury
(1954), ‘Ecology is a science which investigates organisms in relation to their
environment’. E.P. Odum (1969) defined ecology as ‘the study of structure and
function of nature’. The most acceptable definition of ecology was proposed by
Charles Krebs (1985) that is Ecology is the scientific study of the interaction that
determines the distribution and abundance of organisms.

In ecology, the term ‘habitat’ is used to denote the place where an organism’s
or species’ population lives, for example pond. A pond is the habitat of zooplankton
and fish. ‘Niche’ is the fundamental unit of an organism’s or species’ population in
the community. Whereas ‘habitat’ is the place where an organism lives, ‘niche’ is
the activity (functional) aspect of the organism. ‘Population’ is used to denote
groups of individuals of any one kind of organism and ‘community’ or biotic
community includes all the populations of a given area, called habitat.

Ecology plays a significant role in our day-to-day life. It is concerned with
agriculture, horticulture, conservation of soil, forest, wildlife, water resources, etc.

1.5 CONCEPT OF ECOSYSTEM

An organism is a form of life. A wide range and variety of organisms are present on
earth from the single-celled amoeba to huge sharks, from microscopic blue-green
algae to massive banyan trees. It includes all plants and animals. Different concepts
included in ecosystem are:

 Species: Group of organisms that resemble one another in appearance,
behaviour, chemistry and genetic structure form a species. Organisms of
the same species can breed with one another and produce fertile offspring
under natural conditions. For instance, all human beings (Homo sapiens)
resemble one another in their body structure, body systems and they all
have similar genetic structure. They are thus grouped together under the
species and sapiens.

 Population: Population is a group of individuals of the same species
occupying a given area at a given time. For example, the Asiatic lions in the
Gir National Park, Gujarat, make a population. Group of individual
organisms of the same species living within an area is called population.

 Communities: Groups of various species occupying a particular area and
interacting with each other make up a community. For instance, when we
say ‘the community of the Gir National Park’, we refer to the lion population,
the deer population, the cattle population, the grass population and
populations of all kinds of life forms present there. Thus, community
comprises several species interacting with each other.

Any assemblage of populations living in a prescribed area or physical habitat
that has characteristics in addition to its individual and population components
can be called a community.

 Cycles: The circulation of the chemical elements in the biosphere, from the
environment to organisms and back to the environment, is called cycle.
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 Food chain: The transfer of food energy from its source in plants through a
series of organisms where eating and being eaten is repeated a number of
times is called food chain.

 Carrying capacity: The maximum population of a particular species that a
given habitat can support over a given period of time is known as the carrying
capacity of the habitat.

1.5.1 Ecosystem and its Types

An ecosystem is a community of organisms involved in a dynamic network of
biological, chemical and physical interactions between themselves and with the
non-living components. Such interactions sustain the system and allow it to respond
to changing conditions. Thus, an ecosystem includes the communities, the non-
living components and their interactions. The Gir ecosystem will thus include the
various life forms found in the park (the community) and also the non-living
components of the park like the soil, rocks and water and even the solar energy
that is captured by the plants.

The sum total of all the ecosystems on planet Earth is called the biosphere,
which includes all living organisms on earth, interacting with the physical environment
as a whole, to maintain a steady-state ecosystem.

The community of organisms and populations that are interacting with one
another and with the chemical and physical components of their environment is
called ‘ecosystem’.

The term ecosystem was first proposed by A.G. Tansley (1935) who defined
ecosystem as a ‘self-sustained community of plants and animals existing in its own
environment.’

Odum (1971) defined ecosystem as any unit that includes all the organisms
in a given area interacting with the physical environment, so that a flow of energy
gives rise to a clearly defined tropic structure, biotic diversity and material cycles
within the system.

Michael Allaby (1983) defined ecosystem as a community of interdependent
organisms together with the environment.

The term ecosystem is made up of two words: eco and system. Eco means
ecological sphere or a region of space where living things can exist, while system
mean interacting organisms living in a particular habitat (living space). Thus, the
system resulting from the integration of all the living and non-living factors is called
ecosystem.

An ecosystem may be defined as a dynamic entity composed of a
biological community and its associated abiotic environment. Often, the dynamic
interactions that occur within an ecosystem are numerous and complex.
Ecosystems are always undergoing alterations in their biotic and abiotic
components. Some of these alterations first begin with a change in the state of
one component of the ecosystem, which then cascades and sometimes, amplifies
into other components because of relationships.
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Thermodynamically, a system is any part of the universe separated from the
rest by a well-defined boundary. Likewise, a living organism has a boundary, the
skin.

Thermodynamically, systems can be of three types:

 Isolated system: There is neither an exchange of energy nor matter
with the environment.

 Closed system: There is an exchange of energy but not matter.

 Open system: There is an exchange of both energy and matter.

Open systems are not in thermodynamic equilibrium but in a dynamic steady
state. Living systems are considered to be open.

In case of an ecosystem, the boundary is not rigidly defined. The ecological
system or ecosystem is defined as a system where the biotic community (living
organisms) and the non-biotic (non-living organisms) environment function together
as one complete unit. Thus, an ecosystem includes both the living organisms and
their non-living counterparts, the environment, each influencing the characteristics
of the other and both are necessary for the survival and maintenance of life. An
ecosystem has both structure and function. The structure tells about the diversity
of species, as function involves the flow of energy and cycling of materials through
the structural components. The earth as a whole, is thus a vast ecosystem and the
portion of the earth in which the biotic components, that is, the living matters are
present is called ‘biosphere’ or ‘ecosphere’. Relative to the volume of the earth,
the biosphere is only a very thin surface layer that extends from 11,000 metres
below sea level to 15,000 metres above.

Types of Ecosystem

Ecosystem is of two types:

 Natural ecosystems: Ecosystems like ponds, lakes, oceans, forests,
grasslands and deserts, which are self-regulating systems, without much
direct human interferences or manipulations are called natural ecosystems.
The natural ecosystem is thus, of two types: (a) terrestrial ecosystem (land
based ecosystem) (b) aquatic ecosystem (water-based ecosystem).

 Artificial ecosystems: The town, city and agricultural ecosystems are man-
made ecosystems and are therefore, called artificial ecosystems.

1.5.2 Ecosystem Resources

For many years, Indian villagers have been dependent on forests for fuel-wood to
cook food. Deforestation was not vehement when the population was less.
However, with growing needs of the ever-increasing population, the situation has
changed over the last few decades. Forests and the animals they sheltered have
disappeared. The disruption of this ecosystem has negatively affected the social
system. Increase in the human population, deforestation, fuel shortage, decreased
food production have adversely affected our ecosystem. Several human activities
have impacted the ecosystems and its components in a way that achieving
sustainability has become a distant reality.
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Development is conventionally reconciled with the economists’ view of
maximizing wealth for better quality of life for the people. The notion of economic
development was challenged when the ill effects of overexploitation surfaced and
paved way for sustainable development as a cherished goal that rests on mutually
reinforcing relationship between ecology, economic development and social justice.
Sustainable development can be defined as meeting present needs without
compromising the ability of future generations to meet their needs. It is about
leaving a cleaner earth for the future generations. Ecologically sustainable
development is about keeping ecosystems healthy. It is about interacting with
ecosystems in ways that allow them to maintain sufficient functional integrity to
continue providing humans and all other creatures in the ecosystem the food, water,
shelter and other resources that they need.

The sustainability of our planet depends on the respect we show to the
ecological systems. On this rests the well-being of all organisms including the human
race. Of late, ecosystems have been affected by: climate change; large-scale shifts
in the ranges of species, timing of the seasons and animal migration; deeply stressed
coastal areas; threat to certain important benefits provided by ecosystems;
frequency and aggressiveness of disasters like tsunami.  Natural ecosystems benefit
humans by providing clean drinking water, and processes that help decompose
dead plants and animals.

1. Land

The delineable part of the earth not covered by water is known as land. Land
resources provide various functions or services including provisioning, regulating
and supporting. However, the quality of the services reached its threshold as
communities started exploiting land resources in the name of meeting their own
needs. It is important to note that the renewal of land resources is a slow process.
The rate of degradation of land is much faster than the natural rate of generation.
This means that land that is lost due to degradation will not be naturally replaced
within a human time frame. This will lead to a loss of opportunities for the future
generations. Deforestation, farming, damming of rivers, industrialization, mining,
urbanization, etc. have seriously stressed land resources.

Recent studies conducted worldwide show that land resources have been
overexploited by man. The traditional land resource management is no longer
appropriate and technology is not always available or affordable. Figure 1.1
provides a snapshot of the causes of land resource degradation of the world.
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Fig. 1.1  Causes of Land Resource Degradation

Source: http://www.env.go.jp/en/wpaper/1996/eae250008000002.gif

Degradation of land resources has resulted in serious variance in the energy
balance. The aftermath of this has been made evident through the erratic change in
the climate patterns and has posed an alarming threat of food insecurity for the
growing population. The need of the hour is to promote the role of ecosystem
facilitators rather than exploiters, charged with the responsibility of safeguarding
the rights of unborn generations and of conserving land as the basis of the global
ecosystem.

2. Water

After air, no other ecosystem resource holds greater significance than water. Water
is a fundamental resource for development and is vital for the survival, health and
dignity of human population. About 97.5 per cent of global water resource is
saline in nature and found in the seas and oceans. The other 2.5 per cent of water
resources provide fresh water to support 86 per cent of the world’s population
through glaciers, groundwater, permafrost and surface and atmospheric water.
Figure 1.2 provides a comparison of worldwide water resource availability over a
range of thirty years.
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Fig. 1.2 Comparison of Water Availability

Source: http://www.mlit.go.jp/english/2006/c_l_and_w_bureau/01_worldwater/images/
c_001_2_zu.gif
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The freshwater reserves throughout the world are rapidly declining. An
estimated 3 billion people will be living in water poverty by 2025. Urbanization,
overpopulation and wastage of groundwater, contribute towards an increase in
per capita domestic consumption.  As a result, India, China, Africa and Europe
will face acute shortage of freshwater by 2025. India will face acute scarcity of
water by 2050.

Sustainability of water resources in India is fast becoming a necessity. The
increasing population and the high rate of development have led to an increase in
pollution, over-exploitation and degradation of the environment. Weak government
policies and economic incentives have led to inappropriate use of water resources
in the last few years. Management of water resources should be carried out using
a holistic approach that addresses the pressures arising from various sources such
as the agricultural, industrial and domestic sectors.

3. Air

Understanding the relationship between air pollution and ecosystem services is
vital for achieving sustainable development of the communities. Air is a precious
resource that supplies us with oxygen, which is essential for us. Air quality primarily
influences the atmosphere in which people live and breathe.

Several researches conducted globally on air pollution suggest that
developing nations are the most affected by it. Air pollutants such as nitrogen
oxides (NO

x
), ammonia (NH

3
) and sulphur dioxide (SO

2
) have major effect on

the ecosystem services. These range from substantial reductions in food provisioning
due to crop yield impacts (O

3
) to changes in the ecosystem functioning. It is likely

that these impacts represent a barrier to providing sufficient crop growth to reduce
hunger and maintaining diverse natural ecosystems.

4. Energy

Understanding the links between energy, poverty and ecosystem services is
important for attaining sustainable development. Increased access to energy for
the poorest part of the world’s population will help in holistic, sustainable
development. The current energy use of the poor is neither sufficient to attain the
sustainable development nor is it sustainable in terms of maintaining important
ecosystem services that can facilitate a transition out of poverty. Meeting the basic
energy needs of the poor with minimized impacts on the ecosystem services needed
for other aspects of sustainable development attainment such as food production
and livelihood support is thus vital.

5. Other resources

Another important ecosystem resource which is important to discuss in the present
scenario is biodiversity. Biodiversity provides both tangible and intangible benefits
like food, fodder, fiber, fuel, climate regulation, flood and drought control, nutrient
recycling, cultural and recreational benefits.
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Development processes like industrialization and urbanization have brought
about loss and degradation of biodiversity throughout the world. Today, several
species of organisms, plants and animals are at the threshold of extinction and their
conservation is the need of the hour. Identifying the importance of biodiversity,
attempts are being made through following various approaches and different
strategies, to conserve it. One of the prominent organizations in this area is
International Union for Conservation of Nature (IUCN) which has been doing
remarkable work in conservation of endangered species.

1.5.3 Human–Ecosystem Interactions

Ecosystems are strongly affected by human activities which are a simple
manifestation of society where human beings live. In a simple human–ecosystem
interaction, the ecosystem provides services to the human social system by the
way of moving materials, energy and information to meet people’s needs. The
ecosystem resources, both natural and artificial, play a very vital role in the discharge
of ecosystem services of provisioning, regulating, supporting and recreating. Like
ecosystems, human social system affects the ecosystem through use of ecosystem
resources for their survival needs. This relationship has been displayed in
Figure 1.3.

SOCIAL SYSTEM ECOSYSTEM
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Fig. 1.3 Human–Ecosystem Interaction

Source: http://www.gerrymarten.com/human-ecology/images/01-1-english.jpg

Human-ecosystem interaction may be explained through the concepts of
common property resources, coexistence and adaptive development.

Common property resources

Common Property Resources (CPR) include all such resources which are meant
for common use of the villagers but not for individual possession. These resources
are an indispensable aspect of the social and institutional arrangements made to
meet the everyday requirements of village communities. They are particularly important
to the landless, the agricultural labours and rural artisans. Usually, common property
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resources are identified by three factors—access, common use and communal
purpose. These two characteristics distinguish it from a private good, which is subject
to exclusive use and possession by individuals.  These resources are community
pastures and forests, wastelands, common dumping and threshing grounds,
watershed drainages, village ponds, rivers and other common pool water bodies.

CPRs perform a major role as a life support system. In developing countries
like India, CPRs are an important component of the resource base of both the
rural as well as urban communities. They contribute to the production and
consumption needs of the people in these communities, as well as beyond. When
properly managed, CPRs ensure the sustainability of agro-ecological systems
providing basic needs and sustenance for the poor.

Nearly everywhere, common property resources have been steadily reduced
in extent and importance in modern times. Activities like encroachment as well as
privatization and government appropriation are the main processes that have taken
resources out of communal control. Increasing pressures on what is left have
generally led to its progressive degradation, encouraging further expropriation.
The need of the hour is therefore to resort to a more successful common property
resources management that has:

 Social groups with rights to a clearly defined resource.

 Ability to exclude others from using the resource.

 Set of use rules that limit the seasonality, extent, or ways in which the
resource is extracted by individuals.

 Capacity to monitor use and enforce rules.

Coexistence

Coexistence is a common architectural feature of ecosystems where autotrophs
and heterotrophs exist together in a mutually interdependent, compulsory
relationship that ensures the flow of energy and the constant recycling of vital
chemical nutrients through the ecosystem. Constant energy and nutrient flows are
important if the system has to carry on as a self-sustaining collection of components
and relationships within a certain physical environment.

Coexistence in relation to human–ecosystem interaction could be used to
explain the respectful and non-violent relationship between human beings and
different species living in a given place at any given time. The example that follows
is that of coexistence of urban ecosystem in chaparral of southern California.

Adaptive development

Understanding the concept of adaptive development paves way for understanding
the notion of resilience and its relationship with sustainable development.

The capability of an ecosystem to endure disturbances like storms, fire and
pollution, without changing its form, is known as ecosystem resilience. If a resilient
ecosystem is damaged, it has the ability to repair itself. In a resilient ecosystem,
the procedure of repairing facilitates renewal and innovation. Without resilience,
ecosystems become more prone to the effects of disturbances, which could have
previously been absorbed.
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Clean and clear lakes can turn into dirty, oxygen-depleted pools; grasslands
can be converted into shrub-deserts, and coral reefs into algae-covered rubble.
All these are a result of a combination of disturbance patterns caused by human
alteration in nature, and due to reduced social and ecological resilience of
ecosystems. Coral reefs, mangrove forests and other coastal wetlands shelter human
settlements from coastal storms. Forests and wetlands help in absorbing
floodwaters. Sadly, our activities have depleted resilience in many natural systems
to such an extent that their ability to protect us from disturbances has declined.
Furthermore, the resilience of many social systems to natural calamities has been
decreased as the increase in the human population growth has forced people to
settle down and conduct economic activities in vulnerable areas.

1.5.4 Ecological Balance or Ecosystem Stability

Ecological balance or ecosystem stability implies a balance between the production
and consumption of each component in the ecosystem.

According to T.D. Brock, an American microbiologist, ‘Steady state
condition in nature ecosystem is a time independent condition in which production
and consumption of each constituent in the system is exactly balanced, the
concentration of all constituents within the system remains constant, even though
there occurs a continual change’.

There are a number of theories, mechanisms and models to explain the
stability of ecosystem. The important ones are as follows:

(i) Theory of diversity or stability

If there is diversity of food webs, it will lead to an increase in the number of links
in the food web and if community succession operates in an ecosystem, the stability
will increase.

(ii) Homeostatic mechanism

Inbuilt, self-regulating mechanism is known as homeostatic mechanism. If within
an ecosystem the population of a species increases significantly, the result will be
scarcity of food, leading to competition for food. Most species will die of starvation
and the species population will be brought back to its original value and the stability
will be restored.

(iii) Models

The equilibrium, as well as non-equilibrium model can explain stability. Thus, if the
ecosystem is disturbed by external factors, it may quickly return to its original state
by some adjustments, restoring the stability. However, if it does not return to its
original state, the disordered arrangement might lead to cross-relationships and
make the system stable.

Ecological instability

When an ecosystem is unable to adjust to the environmental changes, it is said to
be unstable. The instability occurs due to a number of natural and anthropogenic
activities such as destruction of natural vegetation and animal species, partly or
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completely or by replacing them by other vegetations and animals, introduction of
toxic substances like insecticides and pesticides and toxic gases like SO

2
 and

NO
2
.

Importance of Ecology

During the past decades, due to rapid increase in technology and population,
humans have far more influenced their own environment than any other ecosystem.

Some quoted examples of ecological crisis are as follows:

 Permian: Triassic extinction over 25 million years ago.

 Cretaceous: Tertiary extinction over 65 million years ago.

 Global warming related to greenhouse effect could involve flooding of
the Asian deltas, multiplication of extreme weather phenomena and
changes in the nature and quality of the food resources.

 Ozone layer hole issue.

 Deforestation and desertification, resulting in disappearance of many
species.

 The nuclear meltdown at Chernobyl in 1986, caused the death of many
people and animals due to cancer and caused mutation in large number
of people and animals.

The study of ecology helps us to understand the various primitive factors
responsible for the existence of life on earth. The survival and well-being depend
entirely on the ecological relationships. Although, ecology is considered a branch
of biology, ecology deals with many other branches of science, such as chemistry,
physics, geology, geography, meteorology, pedology, etc. Thus, the study of ecology
gives a reactive insight into the universe and helps to take proper care of the
environment for overall survival.

1.5.5 Structure and Function

A system is an arrangement of matter related to form a whole (unit). The living
organisms (biotic community) of an area and their non-living environment function
together as one unit called ecological system or ecosystem. The term ecosystem
was first introduced in 1935. In the ecosystem, the living organisms and its
environment each influences the properties of the other and both are necessary for
the survival and maintenance of life. Some examples of natural ecosystems are
ponds, lakes, oceans, grasslands, forests, deserts, and so on. The largest ecosystem
of the earth is the biosphere, which is self sufficient and balanced. Each ecosystem
has two components, that is, biotic and abiotic substances. In short, ecosystem
can be described as ‘Life Support System’.

Components of ecosystem

Before we move on to define an ecosystem, we must understand some concepts
related to it.

 Biosphere—The biosphere is the biological component of earth systems.
It consists of all the living organisms on earth, along with the dead organic
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matter produced by them. The concept was introduced by geologist Eduard
Suess in 1875 and is central to many significant disciplines.  According to
him it meant ‘the place on Earth’s surface where life dwells’.

 Biome—Another important concept that finds place in this context is that
of a biome. A biome is nothing but a large area comprising similar flora,
fauna and microorganisms. Biomes categorize the biological communities
on the earth according to similarities found in the dominant vegetation,
climate, geographic location and various other characteristics. Each of these
categories contains species, which have adapted to varying conditions of
water, heat and soil. A biome consists of many similar ecosystems throughout
the world grouped together. Ecologists have identified at least five major
categories of biomes namely, aquatic, desert, forests, grasslands and tundra.
A biome is characterized by a unique set of abiotic factors, particularly
climate, and encompasses an ecological community.

An ecosystem is much smaller than a biome and can be of varying sizes.
The term ecosystem comprises two words—‘eco’ which means ‘habitat’ and
‘system’ referring to a set of connected things or parts which link together to make
the system work. An ecosystem comprises the biological community, which is
found in some locale, as well as the physical and chemical factors that make up its
non-living or abiotic environment. It can be defined as a dynamic complex of
plants, animals, microbes, and physical environmental features that interact with
one another. Regional ecosystems are referred as biomes, while the largest of all
the possible ecosystems is called a biosphere. Figure 1.4 provides the levels of
organization in ecology.

Fig. 1.4 Levels of Organization in Ecology

Source: http://www.ux1.eiu.edu/~cfruf/images/bio3002/els_le2.jpg
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Structure of an ecosystem

However, all ecosystems consist of components that can be categorized into two
main types, namely, abiotic components, consisting of chemical substances and
physical conditions that support life in the ecosystem, and biotic components,
which include all living organisms. There is also some source of energy and
interaction that takes place in all ecosystems.  Figure 1.5 illustrates the components
of an ecosystem.

1. Abiotic components: Abiotic components that are responsible for creating
the physical environment of an ecosystem consist mainly of elements like
energy, inorganic elements and compounds, dead organic matter and climate.

2. Biotic components: The biotic components of an ecosystem include plants,
animals and microbes, i.e., the complete living community. The biotic
components can be further classified to include autotrophs or producers,
heterotrophs or consumers and saptotrophs or reducers. Heterotrophs or
consumers obtain energy and nutrients by feeding directly or indirectly on
the autotrophs. Animals are the primary heterotrophs.  Plants and animals
provide organic matter to the soil by shedding skins as well as through
death. Saprotrophs or decomposers are those organisms that consume  this
organic matter, which is called detritus. The organic matter that is consumed
by these organisms ultimately transforms back into inorganic nutrients in the
soil. The plants can utilize these nutrients to produce organic compounds.

The two types of biotic components are:

 Autotrophs: Green plants are generally considered as the autotrophs.

(auto means ‘self’, trophic means ‘nourishing’)

Ecosystem
Components

Biotic
Components

Abiotic
Components

Climatic
Factors Edafic Factors Producers Consumers Decomposers

Fig. 1.5 Components of an Ecosystem

The autotrophic components include green plants, photosynthetic bacteria,
chemosynthetic microbes, etc. The autotrophic components are known as
producers. The main function of these is to absorb energy from non-living organisms
and make it available to all living organisms. The main producers are, of course
green plants. These plants possess a green pigment called ‘chlorophyll’, which
transduces solar energy. Such producers absorb solar energy through the light
trapping pigments, chlorophylls and convert it to chemical energy with the help of
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inorganic substances such as water and carbon dioxide, as well as organic
substances such as enzymes. Such a process is known as ‘photosynthesis’, carbon
assimilation or primary biological productivity. These autotrophs are known as
‘photo-autotrophs’, as they utilize light energy. The biochemical formula that
describes photosynthesis is:

6CO2   +   6H2O   +   Solar Energy Chlorophyll  C6H12O6  +  6O2
 Lower Energy                    Higher Energy

The oxygen thus evolved, is used for respiration by the living organisms.

The other type of autotrophs called ‘chemo-autotrophs’, use the energy
generated in an oxidation–reduction process. The microorganisms like beggiatoa
and sulphur bacteria are some examples of chemo-autotrophs. However, the
importance of chemo-autotrophs as producers is minimal in an eco-system.

 Heterotrops

(Hetero means ‘different’, trophic means ‘nourishing’)

Heterotrophic components are the living organisms that are unable to prepare
their own food like autotrophs, but consume or decompose the complex food
material prepared by the autotrophs or producers. Heterotrophs, are thus of two
types:

o Consumers
o Decomposers and transformers

o Consumers

Consumers are the living organisms that consume food prepared by producers.
On the basis of dependency on food habits, consumers can be of four types:
(i) Primary consumers, (ii) Secondary consumers, (iii) Tertiary consumers, (iv)
Decomposes and transformers.

(i) Primary consumers: Those that feed directly on green plants and are purely
herbivorous animals, for example, cow, dove, buffalo, deer, elephants, and
insects like butterfly.

(ii) Secondary consumers: Those that feed on primary consumers and can be
purely carnivorous (flesh eating) as well as omnivorous (plants and flesh
eating), for example, small birds, toad, lizard, small fish.

(iii) Tertiary consumers: Those that feed on secondary consumers and are the
top carnivores. They can feed on primary consumers also. Thus, the tertiary
consumers feed on other carnivores, omnivorous as well as herbivorous
animals, for example, lion, tiger, hawk, vulture, snake, peacock, large fish,
etc.

o Decomposers and transformers

Decomposers are also heterotrophic organisms, but they depend upon dead
organisms for their food. They are chiefly microorganisms like bacteria, fungi, etc.
Some invertebrate animals like protozoa (amoeba, entamoeba, euglena), as well
as earthworms, decompose dead organisms to derive food from them and can
therefore, be classified as decomposers. The decomposers attack the dead bodies
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of producers and consumers, degrading the complex organic substances like
cellulose, semi-cellulose, proteins and fats into simple substances. The transformers
then convert these simple organic substances into the inorganic form, suitable for
reuse by the producers. The decomposers and transformers are very important
microorganisms which maintain the dynamic equilibrium in the eco-system.

Functions of an ecosystem

An ecosystem performs two main functions, which are (1) Productive, and
(2) Distributive. In its productive function, it produces energy, which in its distributive
function is further passed on to the members in the ecosystem. Autotrophs
(producer) produce energy through chlorophyll by trapping solar energy through
a process called photosynthesis. These autotrophs are then consumed by
heterotrophs (consumer) and hence energy is passed on from producer to consumer.

1.5.6 Energy Flow in the Ecosystem

The transformation of energy between the different components of an ecosystem
is known as ‘energy flow’. This is very important, as it determines the density and
diversity of organisms as well as their development and functional status. The
energy flow in an ecosystem is always uni-directional in nature.

To prepare food and to store it in the form of chemical energy, green plants,
with the help of their green pigments known as ‘chlorophyll’, trap solar energy and
convert carbon dioxide (CO

2
) and water (H

2
O) into complex food materials with

the help of other nutrients. This is done through the process of photosynthesis and
is referred to as primary production.

The total amount of solar energy converted into chemical energy by green
plants is called Gross Primary Production (GPP). Some part of the gross primary
production (GPP) is utilized by plants for their various metabolic activities, (mainly
respiration [M

A
]) and the remainder is called the Net Primary Production (NPP).

Thus,

GPP = NPP + M
A

When,   (i) GPP = M
A
, there is no change in energy content (NPP = 0).

(ii) GPP < M
A
, NPP becomes negative that is, bio-mass undergoes

degradation.

(iii) GPP > M
A
, NPP becomes positive that is, accumulation of biomass.

The grains, straws and roots, harvested after a growing season, comprise
the NPP. Primary production is of special importance in ecology, since it is the
energy fixed by plants by converting solar energy into chemical energy of food
stuff that support life in other trophic levels.

When herbivores consume autotrophic plants as food, part of the food is
assimilated and the rest is ingested. Some parts of the assimilated food, the potential
energy stored as chemical energy of food, get oxidized through respiration, the
carbon-carbon bonds are broken and carbon combines with oxygen to form carbon
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dioxide, releasing kinetic energy. Some parts of the energy is used by the organism
to do work and the rest dissipates as heat.

C
6
H

12
O

6
 + O

2
  CO

2
 + H

2
O + Kinetic energy

The efficiency of energy utilization varies from organism to organism and
within similar organisms it varies with the physical structure of the organism and its
age. The remaining part of the assimilated food (energy) is stored in somatic and
reproductive tissues for growth and reproduction.

The production of organic matter by heterotrophic organisms is known as
‘Secondary Production’. The total quantity of plant material ingested and stored
(assimilated) in the body of heterotrophic organisms (herbivore) is known as
‘Gross Secondary Production’ and the remaining part of the assimilated food
(energy) after metabolic processes (mainly respiration), is known as ‘Net
Secondary Production’.

When herbivores are consumed by carnivores (secondary consumers),
further degradation of energy occurs.

Similarly, when carnivores (secondary consumers) are consumed by top
carnivores (tertiary consumers) again, energy is degraded further. Thus, at each
level of the system there is degradation of energy.

The decomposers ultimately, get food and energy by decomposing the dead
organisms of all the trophic levels.

The energy flow through various components of ecosystem can be depicted
through Figures 1.6 and 1.7.

Sun (solar energy)

   Autotrophs 
(green plants)

Heterotrophs (big)

Heterotrophs (bigger)

Decomposer

Water

Sand/mud

Heterotrophs (vast)
Pond

Heterotrophs (small)

Fig. 1.6 Passage of Energy in Ecosystem
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Organism
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Fig. 1.7 Energy Flow Chart

1.5.7 Ecological Succession

Ecological succession is the gradual process by which ecosystems change over
time. Habitats are constantly changing. To give you an example, a bare patch of
ground will not stay bare for long. It will be quickly colonized by a variety of
plants, ants, pests and other living creatures. In the process of succession, the
species present in an area will gradually change. Succession occurs because the
environmental conditions prevalent in a particular place change over time. Each
species is adapted to thrive and compete best against other species under a very
specific set of environmental conditions. If these conditions change, then the existing
species will be replaced by a new set of species which are better adapted to the
new conditions.

Ecological succession is the observed process of modification in the species
structure of an ecological community over time. Within a community, some species
may become less abundant over time, or they may even disappear from the
ecosystem altogether. Similarly, other species within the community may become
more abundant, or new species may invade to the community from adjacent
ecosystems.

There are specific environmental conditions under which species will grow
and reproduce most optimally. Given an ecosystem’s set of environmental conditions,
those species that can best survive and grow and produce the most viable offspring
will, in all probability, become the most abundant living things. As long as the
ecosystem’s set of environmental conditions remains unchanged, the species that
are most suited to those conditions will flourish. The cause behind changes in an
ecosystem is the impact that species have upon the environment. In the process of
living, organisms alter their environment over a period of time. While the original
environment may have been ideal for a certain species of plant or animal, the new
environment is often optimal for some other species. Under the modified conditions,
the erstwhile dominant species are likely to dwindle and another species may become
ascendant.
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Ecological successions can be short-term, usually due to changes in season.
For instance in summer, the open ground in your locality is dry and may be home
to rodents, ants and other small insects. But in the rainy season, it gets filled with
water and becomes home to another set of plants and animals—algae, mosquitoes,
small fish and so on. Once the rains end, the ground may again turn dry and the
original species may return to their habitat. Ecological succession may also take
place when conditions of an environment are altered suddenly and drastically.
Floods, forest fires, wind storms and human activities like agriculture all greatly
modify the conditions of an environment. These devastating forces may also
eradicate some species and thus introduce non-reversible changes in the dynamics
of the community, kick-starting a struggle for dominance among the species that
have survived.

1.5.8 Food Chains, Food Webs and Ecological Pyramid

Let us discuss food chains, food webs and ecological pyramid in detail here.

Food chain

A food chain shows the movement of food energy through an ecosystem. The
organisms belonging to each category of autotrophs, heterotrophs and saprotrophs
are related to each other in terms of food. For example, green plants are consumed
by herbivores, which are eaten by carnivores. This simply forms a food chain
through the eater and eaten relationship. Within any ecosystem, two major types
of food chains can be distinguished. They are the grazing food chains and detritus
food chains. Figure 1.8 illustrates a simple grazing food chain.

Fig. 1.8 A Grazing Food Chain

Source: http://www.bcgrasslands.org/SiteCM/i/upload/4D9BB688B89B4092F9D10BDA
EF83EC41E762FBDB.jpg

Grazing food chains are sequential. They begin with the green plants as
major sources of energy for primary consumers, that is, herbivores. The herbivores
are then eaten by carnivores. Detritus food chains start from the dead and decaying
organic matter of animal and plant bodies known as detritus. This acts as the
source of energy for the primary consumers, in this case known as detritus
consumers.
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The green plants (autotrophs) convert solar energy to chemical energy with
the help of inorganic substances such as water, carbon dioxide, as well as other
nutrients, and store it as food material. This is utilized by the plants for their survival,
which are then consumed by herbivores. The herbivores are consumed by
carnivores and carnivores by top carnivores. Through this process, one form of
life is supported by another. Thus, food from one trophic level reaches the other
trophic level and a chain is established which is known as ‘food chain’.

In other words, the transfer of food energy from the producers, through a
series of organisms (herbivores, carnivores and decomposers) with repeated eating
and being eaten, is known as food chain.

The arrangement in a food chain can be depicted as:

Plant  Herbivore  Carnivore  Top Carnivore
                                         (carnivore 1)         (carnivore 2)

For example: Grasshopper grazes grass, but in turn is eaten by toads, which are
eaten by snakes.

Grass  Grasshopper  Toad  Snake

Examples of the food chain of different ecosystems can be: grassland
ecosystem, forest ecosystem and pond ecosystem.

Grassland ecosystem

Grass Grasshopper  Bird  Man  Tiger

Grass  Goat  Man  Lion

Forest ecosystem

Plant  Deer  Lion

Plant  Goat  Tiger

Pond ecosystem

Phytoplankton  Zooplankton  Small fish  Big fish  Crocodile

It is estimated that only about 10 per cent of the potential energy of the
previous trophic level is made available to the next trophic level. The efficiency of
the food chain is therefore, dependent upon the number of trophic levels or their
links present. Thus, shorter the food chain more is the available energy.

Types of Food Chain

Food chains are of four types:

(i) Predator food chain: Such type of food chain starts from producer and
ends with higher consumer level. In every trophic level, the size of the
organism increases while its number decreases.

(1) Grass  Grasshopper  Toad  Snake
(2) Grass  Grasshopper  Small fish  Big fish  Crocodile

(ii) Parasitic food chain: This type of food chain starts from big hosts and
ends with the parasitic organisms.

Cow  Worm  Protozoa
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(iii) Saprophytic food chain: This type of food chain starts from dead organisms
and ends with decomposers such as bacteria. It is, however, less efficient
as major portion of the energy is lost to the environment without being used
properly.

Dead organism (plant/animal)  Fungi  Bacteria

(iv) Detritus food chain: Detritus food chain begins with dead organic matter
into microorganisms and subsequently to organisms feeding on detritus
(detrivores) and their predators.

Such food chains are not much dependent on solar energy, but on the influx
of organic matter produced in other systems.

Detritus food chains are prominent in mangrove ecosystems. Some part of
the leaves of mangrove trees are consumed by grazing insects and the rest fall into
warm, shallow water and are decomposed by saprotrophs like bacteria, fungi,
protozoa and colonized algae and subsequently eaten and re-eaten by some small
animals. The animals include nematods, amphipods, crabs, insect larvae (detritus
consumer).

These animals are in turn consumed by some small fish, minnows which
becomes the source of large fish and fish eating birds.

Food web

Simple food chains rarely exist in nature. The sharing of food by consumers in
natural ecosystems leads to food chains being interconnected with one another
forming a network. The resulting complex network of interlinked food chains is
referred to as a food web. Figure 1.9 illustrates a sample food web.

Foxes

Hawks and owls

Snakes

Toads

Insectivorous
birds

Spiders

Plants

Rabbits Squirrels Mice Seed-eating
birds

Herbivorous
insects

Predaceous
insects

Fig. 1.9 A Food Web

Source: http://www.kirksville.k12.mo.us/khs/teacher_web/alternative/Foodweb2.gif
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In nature, food chain relationships are very complex. They never operate as
isolated sequences, as one organism may form the food source of many organisms
and so on. Thus, instead of a food chain, a number of food chains are interconnected
with each other and form a web-like structure known as ‘food web’.

For example, grass may be grazed by grasshoppers as well as cattle, rabbits
and each of these may be eaten by different type of carnivores, such as birds,
toads, snakes, foxes, depending on their food habit. Thus, a particular organism
may not occupy the same trophic level in every food chain, it may simultaneously
behave as secondary, tertiary or a top consumer.

Organisms, whose food is obtained from plants by the same number of
steps are said to belong to the same trophic level. Thus, green plants occupy the
first trophic level or the producer level. The plant grazers occupy the second trophic
level or primary consumer or herbivore level (all plant-grazing insects, cattle, deer,
rabbits, etc.). Flesh-eaters, that eat herbivores, form the third trophic level or the
secondary consumer or carnivore level-1 (frogs and small fish). The third trophic
level is the tertiary consumer or carnivore level-2, which eats the flesh of herbivores
and secondary consumers. In a similar fashion, trophic levels can be expanded
based on the food habits of organisms.

Charles Elton, a British ecologist, however, concluded that the number of
links in a food chain rarely exceeds five, because in the process of energy transfer
there is always the loss of energy to the environment. It is the energy transfer
mechanism which determines the number of links in a food chain.

Man and many other animals who are omnivores occupy different trophic
levels in food chains in relation to pure carnivores.

The food web maintains the stability of the ecosystem. For example, green
land can be grazed by different organisms like insects, rabbits, rodents, etc. The
insects then can be eaten by frogs which can be eaten by snakes. Snakes can
either be eaten by hawks or can take rodents or rabbits as their preys which only
consume grass. Thus, nature has sufficient alternatives and greater the number of
alternative pathways, the more stable will be the community of living things.

 Snake Hawk

Rabbit

Toad

Grass Grasshopper Birds

Fig. 1.10 Food Web
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Examples of some food webs in a grassland ecosystem can be:

(1) Grass  Grasshopper  Toad  Snake  Hawk

(2) Grass  Mouse  Snake  Hawk

(3) Grass  Mouse  Hawk

Significance of food chains and food webs

Food chain studies help us to understand the feeding relationships and the interaction
between organisms in any ecosystem. They help us to understand the energy flow
mechanism and matter circulation, such as circulation of toxic substances in the
ecosystem and the problem of biological magnification.

Biological magnification is the tendency of pollutants to get concentrated in
successive trophic levels. Large concentration of pollutants could be detrimental;
if they are toxic.

Bio-magnification occurs when organisms at the bottom of the food chain
accumulate the toxic materials greater than that available in the environment around
it. As DDT, heavy metals and other toxic metals resemble essential inorganic
nutrients these will also be taken up by plants along with the essential nutrients. If
there is a shortage of essential nutrients, accumulation of these toxic materials will
be more and more. This is the first step of bio-magnification and is known as ‘bio-
accumulation’.

The second step of bio-magnification occurs when the producers are eaten
by consumers. It is known, that energy availability decreases from one trophic
level to the other. Thus, successive trophic levels consume more and more biomass
and accumulate more and more toxic materials. Since, these toxic substances are
not broken down in the body or excreted easily, they quickly get accumulated in
the tissues. The case is severe for toxic materials soluble in fat such as DDT. When
producers containing DDT get digested by the consumers, the DDT solubilizes in
fat and gets stored. When this consumer is eaten by another consumer, its fat is
digested and the pollutants move to the fat of the new consumer. In this way, the
toxic substances are built up in fatty tissues of consumers. For water-soluble toxic
materials, bio-magnification however, cannot occur as they are dissolved in the
body fluids of consumers and get excreted easily. Since, man is an omnivore and
has access to all trophic levels for food, he receives the toxic substances in his
body in large amounts. Secondary and tertiary consumers located on top of the
food chain also accumulate toxic materials in their body.

The bio-magnification of pollutants can be estimated with the help of
Biological Concentration Factor (BCF).

Concentration of toxic material in organism
BCF = 

Concentration of toxic material in environment
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Ecological pyramids

The concept of ecological pyramid was developed by Charles Elton in 1972.

Ecological pyramids are the diagrammatic representations of data of each
trophic level in an ecosystem. In pyramids, the producer level forms the base and
successive levels form the tiers, which make up the apex. The higher the steps in
the ecological pyramid the lower the number of individuals and larger their size.

Ecological pyramids are of three types:

 Pyramid of number

 Pyramid of biomass

 Pyramid of energy

1. Pyramid of number

It depicts the relationship between the producers and different orders of consumers
at successive trophic levels in terms of their number. The shape of the pyramid
varies from one ecosystem to another. There are two types of pyramid of numbers
— upright and inverted.

In aquatic and grassland ecosystems, the pyramid is always upright, but in
case of parasitic food chain the pyramid is always inverted.

In a grassland ecosystem, the producers are large number of tiny grasses
(tiny autotrophs). The number then, decreases towards the apex as the primary
consumers (herbivore) like grasshopper, rabbits and rodents are lesser in number
than the grasses. The secondary consumers like snakes, lizards are lesser in number
than the primary consumers. Finally, the tertiary consumers (top in the trophic
level) like birds, hawks are least in number. Hence, the pyramid becomes upright.

 
Hawk

(Tertiary 
Consumer)

Snake
(Secondary 
Consumer)

Rabbit
(Primary 

Consumer)

Grasses
(Producers)

Fig. 1.11 Upright Pyramid
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In parasitic food chain, inverted pyramid structure is observed. In this case,
one primary producer may support numerous tiny parasites, which in turn may
support many more hyper-parasites.

Hyper Parasite 
(bacteria, virus, fungi) 

Parasite 
(lice, bugs) 

Producer 
(Birds) 

Fig. 1.12 Inverted Pyramid

2. Pyramid of biomass

Biomass is the total living material (dry weight) of an organism. The pyramid of
biomass describes the qualitative relationship between the producers and consumers.
There is a gradual decrease of biomass from one trophic level to the next. The total
biomass of the producer is more than that of the primary consumer (herbivore),
which in turn is more than that of the secondary consumer (carnivore), and so on.

Small Fish
(Secondary Consumer)

Zooplankton 
(Primary Consumer)

Phytoplankton
(Producer)

Large
Fish

(Tertiary
Consumer)

Fig. 1.13 Pyramid of Biomass

3. Pyramid of energy

Pyramid of energy describes the energy utilization by successive trophic levels.
Since, the energy passes from lower trophic level (producers) to higher trophic
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level (consumer), only about 10 per cent of the potential energy gets transferred
and the rest is lost as heat. Energy pyramid in any ecosystem will always be upright.

Secondary Consumer
50 k Cal

Primary Consumer
500 k Cal

Producer
5,000 k Cal

Tertiary
Consumer

5 k Cal

Fig. 1.14 Pyramid of Energy

Two important conclusions can be drawn from the pyramid of energy:

 Energy flow is unidirectional and irreversible.

 There is a gradual decrease of energy in successive trophic levels, due to
energy dissipation as heat released in metabolic activities.

Forest ecosystems: Structure and function

Forests are community of plants structurally defined by its trees, shrubs, climbers
and ground cover. Forests occupy about 40 per cent of land and in India, it is
about one tenth of the total land area. The forest ecosystems consist of two
components: the abiotic component and biotic component.

1. Abiotic component: The type of forests depends upon the abiotic conditions
at the site. The type of forests depending on the abiotic factors such as
climate and soil characteristics can be coniferous forests, evergreen forests,
deciduous forests, mangrove forests, etc. The abiotic components are both
inorganic as well as organic substances present in the soil and in the
atmosphere. The inorganic substances are CO

2
, water, oxygen, nitrogen

and inorganic salts of calcium and magnesium such as their phosphates,
sulphates and nitrates. There are trace elements like iron, cobalt, copper,
molybdenum, etc. present in the soil; the organic components are the
carbohydrates, proteins, lipids found in the dead organic debris which form
a part of the soil. The physical components are sunlight, heat, rainfall, pH of
the soil, etc.

2. Biotic component: The living organism or the biotic components are
(i) producers (ii) consumers and (iii) decomposers.

(i) Producers: They are mainly trees which show much species diversity
and greater degree of stratification especially in tropical moist deciduous
forests. The diversity of tree depends upon the climatic condition of
the site. Besides trees there are shrubs, climbers, epiphytes and ground
vegetation. In India, the coniferous forests grow in the Himalayan
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Mountain Region where temperature is low. The trees have needle
like leaves and downward sloping branches. The evergreen forests
grow in the high rainfall regions. The trees overlap with each other and
form continuous canopy. The forests are rich in orchids and ferns.
Deciduous forests are found in regions with a moderate amount of
seasonal rainfall. These forests have a thick undergrowth as light
penetrates easily. Thorn forests are found in the semi-arid regions.
Thorny plants called xerophytic species are found here. The mangrove
forests grow along the coast especially in the river deltas.

(ii) Consumers: Consumers are of three types:

(a) Primary consumers: These are herbivores such as ants, flies,
bugs feeding on tree leaves, larger animals grazing on shoots
and fruits of producers, such as elephant, nilgai, deer, squirrel,
flying fox, mongoose, etc.

(b) Secondary consumers: These are carnivores freeding on
herbivores. Some common examples are snakes, birds, frogs,
lizards, etc.

(c) Tertiary consumers: These are top carnivores like lion, tiger,
hyaena, etc.

(iii) Decomposers: These are wide variety of microorganisms including
fungi (species of coprinus, polyporus, fusarium, etc.) bacteria (species
of bacillus, clostridium, angiococcus, etc.) and actinomytes like species
of streptomyces. These microorganisms actively participate in bio-
geo-chemcial nutrients cycling.

Functions of Forest Ecosystem

The functions of the forest ecosystem are very crucial to life on earth. Let us have
a look at the important functions served by the forests.

The biggest utility of forests for the environment is its function as a lifeline.
Forests induced life into lifeless rock. The new area of land is first colonized by a
few plants which were very strong and could live on bare rock. Slowly other
plants and animals followed. Then the trees and forest develop.

The forests ecosystem has a very important function in the production of
the soil. The soil on the land is nothing but the remains of the old broken-down
rock mixed with the dead plants of the forest. The resultant soil supports many life
forms including many small animals and bacteria and plants. Not only do forests
aid the production of soil but also protects the soil though its roots. If heavy rains
come and there are no trees, soil erosion will take place as the soil will get muddy
and wash away, polluting streams, rivers and the sea.

The forest shelters the gardens against erosions. When strong winds and
heavy rains come the trees protect the gardens by acting like an anchor. Strong
winds can hurt crops and dry out the soil. Near the coast, salt spray can poison
the soil or harm the crops without the shelter of trees. The forests also help protect
homes and villages from strong winds by acting as a natural boundary.
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The forest holds water. This storage function is beneficial in times of little or
no rain. The forest controls the flow of water over the land too by trapping the
water in the soil during heavy rains. They hold water in their branches, trunks,
roots and leaves. The greenery of the forests helps in preventing the land from
going dry and barren.

When the wind blows over the land it moves through the trees and the
interaction between the wind and the trees help in the release of water into the
wind. When the wind goes through the trees, the trees also put excess heat from
the sun into the wind. The heated, wet air then lifts up because hot air rises. When
the hot, wet air hits the cooler wind above the land, it becomes clouds. Thereby,
helping in further regulating the temperature.

The forest also helps in providing material benefits through products like
wood for construction of homes, creation of tools, boats, carvings and wood as a
fuel for cooking. The forest also houses many plants which are of great economic
value. Not just trees, forests also are important for products like foods, spices and
medicines.

The forests have universal as well as local value, they form a part of the
heritage for local people. They provide plenty of benefits for humans and we must
do the same by protecting it.

Check Your Progress

4. Where has the word ecology been derived from?

5. Name the two types of ecosystem.

6. Define Common Property Resources (CPR).

7. State the significance of homeostatic mechanism.

8. Name the abiotic components of an ecosystem.

9. What is Gross Primary Production (GPP)?

10. List the major ecosystems.

1.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Environmental study is the subject in which we examine important issues
related to the environment. It is an exploratory description of issues. Each
issue can be probed more deeply.

2. Environmental science may be defined as the study of the earth, air, water
and living environments and the effects of technology thereon. This discipline
of natural history in recent times has evolved into ecology, the study of
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environmental factors that affect organisms and how organisms interact with
these factors and with each other.

3. Global warming, population problems, depletion of ozone layer, habitat
destruction and species extinction, energy production, groundwater depletion
and contamination, are the problems that are being solved by using
environmental studies.

4. The word ecology comes from the Greek word, Oikos, meaning house or
place to live.

5. The two types of ecosystems are:
 Natural
 Artificial

6. Common Property Resources (CPR) include all such resources which are
meant for common use of the villagers but not for individual possession.
These resources are an indispensable aspect of the social and institutional
arrangements made to meet the everyday requirements of village
communities.

7. Inbuilt, self-regulating mechanism is known as homeostatic mechanism. If
within an ecosystem the population of species increases significantly, the
result will be scarcity of food, leading to competition for food. Most species
will die of starvation and the species population will be brought back to its
original value and the stability will be restored.

8. Abiotic components of an ecosystem consist of energy, inorganic elements
and compounds dead organize matter and climate.

9. The total amount of solar energy converted into chemical energy by green
plants is called Gross Primary Production (GPP).

10. The major ecosystems are: terrestrial–grassland ecosystem, forest
ecosystem, desert ecosystem and aquatic–estuarine ecosystem, marine
ecosystem.

1.7 SUMMARY

 Environmental science, in its broadest sense, is the science of complex
interactions that occur among the terrestrial, atmospheric, living and
anthropological environments.

 Economic environment refers to all those factors or forces which contribute
to the economic impact on the man, his activities and his region.

 The cultural environment is the imprint of man’s activities, his occupation
and utilization of the physical resources for his own benefit. All manmade
features such as buildings, settlements, roads and plantation are called cultural
features.

 Political environment refers to the influence exerted by the three main political
institutions, viz. legislature, executive and judiciary. It helps to shape, direct,
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develop and control many of the human activities including the business
antipollution laws.

 The scope of environmental science and its management has increased from
manufacturing pollution control equipment, sewage and effluent treatment
plants, biomedical waste treatment and fly ash management.

 To safeguard a healthy environment that is essential to life, humans must
learn that Earth does not have infinite resources. Earth’s limited resources
must be conserved and, where possible, reused. Furthermore, humans must
devise new strategies that combine environmental progress with economic
growth.

 Environmental studies is an important but neglected body of knowledge. It
concerns itself with life support system and is closely related with development
and economic growth.

 The word ecology comes from Greek word, Oikos, meaning house or place
to live. Ecology is concerned with the study of organisms in various habitats,
for example, land, ocean, fresh water and air.

 The term ecosystem was first proposed by A.G. Tansley (1935), who defined
ecosystem as ‘a self-sustained community of plants and animals existing in
its own environment.’

 The term ecosystem is made up of two words: eco and system. ‘Eco’ means
ecological sphere or a region of space where living things can exist, while
‘system’ means interacting organisms living in a particular habitat.

 In the ecosystem, the living organisms and their environment each influence
the properties of the other and both are necessary for the survival and
maintenance of life. Thus, in short, ecosystem can be described as the ‘life
support system’.

 Group of organisms that resemble one another in appearance, behaviour,
chemistry and genetic structure form a species. Organisms of the same
species can breed with one another and produce fertile offspring under
natural conditions.

 The sum total of all the ecosystems on planet Earth is called the biosphere,
which includes all living organisms on earth, interacting with the physical
environment as a whole, to maintain a steady-state ecosystem.

 The biosphere is the biological component of earth systems. It consists of
all the living organisms on earth, along with the dead organic matter produced
by them. The concept was introduced by geologist Eduard Suess in 1875
and is central to many significant disciplines. According to him it meant ‘the
place on Earth’s surface where life dwells’.

 A biome is nothing but a large area comprising similar flora, fauna and
microorganisms. Biomes categorize the biological communities on the earth
according to similarities found in the dominant vegetation, climate, geographic
location and various other characteristics.
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 The delineable part of the earth not covered by water is known as land.
Land resources provide various functions or services including provisioning,
regulating and supporting. However, the quality of the services reached its
threshold as communities started exploiting land resources in the name of
meeting their own needs.

 Ecosystems are strongly affected by human activities which are a simple
manifestation of society where human beings live. In a simple human–
ecosystem interaction, the ecosystem provides services to the human social
system by way of moving materials, energy and information to meet people’s
needs.

1.8 KEY TERMS

 Environment: It is the sum total of water, air and land, the inter-relationships
among them and also with human beings, other living organisms and property.

 Environmental science: In its broadest sense, it is the science of complex
interactions that occurs among the terrestrial, atmospheric, living and
anthropological environments. It includes all the disciplines such as chemistry,
biology, sociology and government that affect or describe these interactions.

 Environmental chemistry: It may be defined as the study of the sources,
reactions, transport, effects and fates of chemical species in water, soil, and
air environments and the effects of technology thereon.

 Economic environment: It refers to all those factors or forces which
contribute to the economic impact on the man, his activities and his region.
Resources, industrial production, population, agriculture, infrastructure and
the various stages in the economic development like economic conditions,
economic policies, economic planning, economic philosophy, economic
system and trade cycle are major internal and external factors which make
up the total economic environment.

 Political environment: It refers to the influence exerted by the three main
political institutions, viz. legislature, executive and judiciary. It helps to shape,
direct, develop and control many of the human activities including the
business antipollution laws.

 Biotic component: It includes all living organisms of the environment.

1.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. ‘If you plan for one year, plant rice; if you plan for ten years, plant trees; and
if you plan for 100 years, educate people.’ Comment on this statement.

2. What do you understand by adaptive development?
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3. State the reasons for the degradation of land resources.

4. Highlight the role of abiotic and biotic components in a grassland ecosystem.

5. What are different types of food chain?

Long-Answer Questions

1. Explain the need for studying environment issues.

2. Analyse the role of biotic and abiotic components in maintaining the ecological
balance.

3. Discuss the important theories of ecological balance or ecosystem stability.

4. Describe the various aspects of human-ecosystem interactions.

5. Evaluate the structure and function of ecosystem in detail.
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UNIT 2 ENVIRONMENTAL POLLUTION
AND POPULATION
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2.0 INTRODUCTION

According to the Environment Protection Act, 1986, environment includes water,
air, land and their interrelationship with human beings, other living creatures, plants
and micro-organisms. Pollution refers to the presence of substances in air, water
and land, whether they result from human activity or occur naturally, which has
adverse effects on human-life and on the environment. The atmosphere is polluted
by the discharge of emissions originating from industrial plants, domestic sources,
vehicles and thermal power plants. Both in the developed and developing countries,
the urban areas in particular are exposed to such high levels of atmospheric pollution
that causes serious hazard to public health. The presence of sulphur oxides, nitrogen
oxides, carbon monoxide, hydrocarbons and toxic particulate substances in the
atmosphere cause harmful influence on man and other living things. In this unit, you
will learn about such environmental pollutants as mentioned above, along with the
contribution of human beings towards environmental pollution. The unit will also
explain the relationship between environment and human health.
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2.1 OBJECTIVES

After going through this unit, you will be able to:

 Understand the concept of environment pollution and its causes and
prevention

 Describe population growth and population explosion

 Discuss the relationship between environment and human health

 Explain the process of cleanliness and disposal of domestic waste

2.2 ENVIRONMENTAL POLLUTION

In their book, Environmental Management (2017), Iyyanki V. Muralikrishna
and Valli Manickam defined environmental pollution as ‘the contamination of the
physical and biological components of the earth/atmosphere system to such an
extent that normal environmental processes are adversely affected’. Pollution,
without any doubt, is one of the most daunting problem being faced by us today.
Pollutants can include all sorts of substances from natural to man-made. Naturally
occurring substances are considered contaminants, when they exceed their natural
benign levels. We can say that use of natural resources at a rate higher than nature’s
capacity to restore itself can lead to pollution of air, water, and land.

In this section, we will discuss the various types of environmental pollution.
They are mentioned as below:

2.2.1 Air Pollution

The Air (Prevention and Control of Pollution) Act, 1981 defines ‘air pollutant’ and
with reference to them defines air pollution. ‘Air pollutant’ means any solid, liquid
or gaseous substance (including noise) present in the atmosphere in such
concentration as may be or tend to be injurious to human beings or other living
creatures or plants or property or environment. Air pollution means the presence
of any air pollutant in the atmosphere. In this connection, the definition of ‘emission’
is also relevant. ‘Emission’ means any solid, liquid or gaseous substance coming
out of any chimney, duct or any other outlet. There are ‘standards’ and legislation
that exist for emissions.

Approximately 95 per cent of earth’s air occurs in the lower levels, the
troposphere. In the natural state, air contains 78 per cent nitrogen, 21 per cent
oxygen, 0.4 per cent carbon dioxide plus small amounts of other gases and water
vapour. The remaining 0.5 per cent of the planet air occurs in the upper levels, the
stratosphere together with gases like ozone.

Air pollutants can be primary or secondary. Primary pollutants are carbon
dioxide, nitrogen oxides, sulphur dioxide, carbon monoxide (all formed from the
combustion of fossil fuels), CFC and particulate matter. Secondary pollutants are
acid rain and ozone. Sulphur dioxide and nitrogen dioxide combine with water in
the atmosphere and react with sunlight forming acid droplets. These acid droplets
constitute acid rain.
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Sources of Air Pollution

The sources of air pollution are both natural and man-made (anthropogenic).

 Natural sources: The natural sources of air pollution are volcanic eruptions,
forest fires, sea salt sprays, biological decay, photochemical oxidation,
extraterrestrial bodies, pollen grains of flowers, etc. Radioactive minerals
present in the earth crust are the sources of radioactivity in the atmosphere.

 Man-made: Man-made sources include thermal power plants, industrial
units, vehicular emissions, burning of fossil fuel, agricultural activities, etc.
Thermal power plants have become the major sources for generating
electricity in India. The main pollutants emitted are fly ash and SO

2
.

Metallurgical plants also consume coal and produce similar pollutants.
Fertilizer plants, smelters, textile mills, chemical industries, paper and pulp
mills are other sources of air pollution.

Automobile exhaust is another major source of air pollution.

Indoor air pollution

The most important indoor air pollutant is radon gas. This is responsible for a large
number of lung cancer deaths each year. These could be emitted from building
materials like bricks, concrete and tiles. Many houses in the underdeveloped
countries including India, use fuels like coal, dung-cakes, wood and kerosene in
their kitchens. Complete combustion of fuel produces carbon dioxide which may
be toxic; however, incomplete combustion produces the toxic gas, carbon
monoxide.

Effects of Air Pollution

Some of the effects of air pollution:

 Effects on human health: Years of exposure to air pollutants including
cigarette smoke adversely affect the natural defenses of the body and can
result in lung cancer, asthma, chronic bronchitis, etc. Many other pollutants
may have toxic metals which can cause mutations, reproductive problems
or even cancer.

 Effects on plants: Air pollutants affect plants by entering the cells through
stomata. The damage results in the death of the plant.

 Effects on aquatic life: Air pollutants mixing up with rain can cause high
acidity in fresh water lakes, which affects aquatic life especially fish. Some
of the freshwater lakes have experienced total death of fishes.

 Effects on materials: Because of their corrosiveness, particulates can cause
damage to exposed surfaces.

Control and prevention of air pollution

Air pollution can be minimized by the following methods:

 Setting up of industries after proper environmental impact assessment studies.

 Using low sulphur coal in industries.
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 Removing sulphur from coal (by washing or with the help of bacteria).

 Removing NOx during the combustion process.

 Removing particulate from stack exhaust gases by employing electrostatic
precipitators, bag-house filters, cyclone separators, scrubbers, etc.

 Vehicular pollution can be checked by regular tune-up of engines, converters,
by engine modification to have fuel effective (lean) mixtures to reduce CO
and hydrocarbon emissions and slow and cooler burning of fuels to reduce
NOx emission (Honda Technology).

 Using mass transport system, bicycles, etc.

 Shifting to less polluting fuels (hydrogen gas).

 Using non-conventional sources of energy.

 Using biological filters and bio-scrubbers.

 Planting more trees.

 Through the Air Pollution Control Act

2.2.2 Noise Pollution

We hear various types of sounds everyday. Sound is a form of mechanical energy
emitted from a vibrating source. A type of sound may be pleasant to someone and
at the same time unpleasant to others. The unpleasant and unwanted sound is
called noise.

The CPCB (Central Pollution Control Board) has recommended permissible
noise levels for different locations.

Effects of noise

The effects of noise are:

1. Interferes with man’s communication: In a noisy area, communication
is severely affected.

2. Hearing damage: Noise can cause temporary or permanent hearing loss.
It depends on the intensity and duration of sound level. Auditory sensitivity
is reduced with noise levels over 90 dB in the mid-high frequency, for more
than a few minutes.

3. Physiological and psychological changes: Continuous exposure to noise
affects the functioning of various systems of the body. It may result in
hypertension, insomnia (sleeplessness), gastro-intestinal and digestive
disorders, etc.

Control and prevention of noise pollution

Noise pollution can be controlled by:

1. Reduction in the sources of noise.

2. Noise making machines should be kept in containers with sound absorbing
media. The noise path will be interrupted and will not reach the workers.

3. Proper oiling will reduce the noise from machinery.
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4. Use of sound absorbing silencers. Silencers can reduce noise by absorbing
sound. For this purpose, various types of fibrous material can be used.

5. Planting more trees that have broad leaves.

6. Through Law. Legislation can ensure that sound production is minimized at
various social functions. Unnecessary blowing of horn should be restricted
especially, in vehicle-congested areas.

2.2.3 Water Pollution

Water pollution can be defined as an alteration in the physical, chemical or biological
characteristics of water, making it unsuitable for the designated use in its natural
state.

Sources of Water Pollution

Water is an essential commodity for survival. We need water for drinking, cooking,
bathing, washing, irrigation and for all industrial operations. Water has the property
to dissolve many substances in it. Therefore, it can easily get polluted. Pollution of
water can be caused by point sources or non-point sources. Major point sources
of water pollution are industries, power plants, underground coal mines, offshore
oil wells, etc.

Groundwater pollution

Groundwater forms about 6.2 per cent of the total water available on planet earth,
and is about thirty times more than surface water that is, streams, lakes and estuaries.
Septic tanks, industry (textile, chemical, tanneries), deep-well injection, mining,
etc., are mainly responsible for ground water pollution which is irreversible. Ground
water pollution with arsenic, fluoride and nitrate pose serious health hazards.

Surface water pollution

The major sources of surface water pollution are as follows:

1. Sewage
2. Industrial effluents
3. Synthetic detergents
4. Agrochemicals
5. Oil
6. Waste heat

Effects of water pollution

The following are some of the important effects of various types of water pollutants:

1. Oxygen-demanding wastes
2. Nitrogen and phosphorus compounds (nutrients)
3. Pathogens
4. Toxic compounds
5. Waterborne diseases
6. Reduction in dissolved oxygen in water resources
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Pesticides in drinking water ultimately reach humans and are known to cause
various health problems. DDT, aldrin, dieldrin, etc., have therefore, been banned.
Recently, in Andhra Pradesh, people suffered from various abnormalities due to
the consumption of endosulphan contaminated cashew nuts.

Control and prevention of water pollution

It is easy to reduce water pollution from point sources by legislation. However,
due to the absence of any defined strategies it becomes difficult to prevent water
pollution from non-point sources. The following points may help to reduce water
pollution from non-point sources:

1. Judicious use of agrochemicals like pesticides and fertilizers which will reduce
their surface run-off and leaching. Avoid the use of these on sloped lands.

2. Use of nitrogen-fixing plants to supplement the use of fertilizers.

3. Adopting integrated pest management to reduce reliance on pesticides.

4. Prevent run-off of manure. Divert such run-offs to basin for settlement. The
nutrient rich water can be used as fertilizer in the fields.

5. Separate drainage of sewage and rain water should be provided.

6. Plantation of trees would reduce pollution and will also prevent soil erosion.

7. Industrial affluents to be allowed only after treatment.

Case Example 2.1: Pollution in the Rio
Grande (Rio Grande)

In 1965, Mexico initiated the Border Industrialization Programme, now widely as
the maquiladora programme. Under this programme, foreign companies (primarily
from the US and Asia) could construct factories in Mexico and import parts and
materials to those factories duty-free. With the growth of this system, however,
the potential for water pollution has increased. Several factors have contributed
to pollution on the Rio Grande. These include inadequate sewage treatment in
many communities on both sides of the border, oxygen-demanding substances
and pathogenic micro-organisms and pesticide contamination from farming
regions around the Rio Grande valley. Finally, there is a threat of toxic chemical
contamination due to the operation of the maquiladoras and other industries
located on both sides of the border.

In February 1992, the United States and Mexico issued the Integrated
Environmental Plan for the Mexican-US Border Area (First Stage, 1992–94). The
plan calls for the two countries to work together to solve environmental problems
in the border area, specifically, to identify areas where any trans-boundary water
source or potential trans-boundary water source is contaminated or where there
is an identifiable threat of contamination.

The North American Free Trade Agreement (NAFTA), signed in 1993 between
the two countries, has also contributed to greater environmental awareness.
Part of the public debate surrounding NAFTA centred on the environment,
especially the implications of increased US-Mexico economic integration for the
border environment. To address these concerns, NAFTA was accompanied by
environmental ‘side agreements’ setting up new binational and trinational
agencies to deal with environmental issues. These included: (i) the lack of waste
water treatment and drinking water systems; (ii) problems tracking and accounting



Environmental Pollution
and Population

NOTES

Self - Learning
Material 49

for hazardous waste generated by maquiladora plants and (iii) concerns about
industrial air and water pollution associated with maquiladora plants.

To deal with these issues more effectively, both the US Environmental Protection
Agency (EPA) and the Texas Natural Resource Conservation Commission
(TNRCC), in conjunction with their Mexican counterparts, have strengthened
their border-related operations. The Rio Grande begins in the San Juan Mountains
of southern Colorado and follows a 1,885-mile course before it empties into the
Gulf of Mexico. Along the way the river and its tributaries drain a land area more
than twice the size of California. This drainage area, or basin, covers widely
varied landscape in the US and Mexico including mountains, forests, and deserts.
The basin is home to diverse native plants and wildlife as well as some 10 million
people. For approximately two-thirds of its course, the river also serves as the
boundary between the countries.

The river is an important natural resource for industry, agriculture, domestic
water supply, recreation and aesthetic enjoyment, and wildlife and aquatic habitat.
Most of the major tributaries, and some of the lesser ones, are also of significance
in these respects. Substantial agricultural areas are irrigated by the waters of the
Rio Grande. The river is the primary source of drinking water for up to 98 per cent
of the population in both countries.

NAFTA has brought with it not only the potential for greater economic growth
but also a larger population and increased industrialization on the border, and
according to a biennial report authorized by the Texas Clean Rivers Act (1991),
increased population and industrialization creates greater risk to the quality and
quantity of the water that is available.

Population growth has occurred on both sides of the border in the last ten years.
NAFTA and the previous Border Industrialization programme have facilitated
this growth. The increased population has not only brought with it increased
job opportunities, it has also created greater environmental hazards in the form
of inadequate sewage treatment, pesticide contamination and chemical
contamination.

With respect to waste water treatment, greater priority will be given to projects
that deal with water pollution, wastewater treatment and municipal solid waste.
A study found that the cost of constructing wastewater treatment plants for
Mexican border towns would be about $ 2 billion, but this funding could be the
single most important factor in the effort for improved water quality in the basin.

Second, in order to better track waste movements across the border and to
conduct monitoring of air and water quality in the region, in 1993 the Texas
Natural Resource Conservation Commission established an office of Border
Affairs and Environmental Equity. This office coordinates the Texas Natural
Resource Conservation Commission’s efforts and tracks federal activities with
respect to border environmental issues and works with state environmental
departments in the four Mexican states that border Texas.

Finally, to address the problem of pollution caused by the Maquiladora system
more effectively, the biennial report from the Texas Clean Rivers Act suggests
utilizing local steering committees to encourage public input about the specific
problems or concerns they have regarding their communities. Examples of this
include the Dia del Rio, a citizen-led event organized by the Rio Grand/Rio Bravo
Basin in October 1995 and the Clean Rivers Program Water Quality Issues Meeting
in January 1996.

Source: Adapted from Patrick Sanders, ‘Pollution in the Rio Grande’, TED Case
Studies No. 382, 18 December 96.
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2.2.4 Thermal Heat Pollution

Thermal pollution can be defined as the presence of excessive heat in the water
which can cause undesirable changes in the natural environment.

Heat producing industries like thermal power plants, nuclear power plants,
refineries and steel mills are the major sources of thermal pollution.

Effects of thermal pollution

The effects of thermal pollution are:

1. The dissolved oxygen content of water is decreased as the solubility of
oxygen in water is decreased at high temperature.

2. High temperature becomes a barrier for oxygen penetration into deep cold
waters.

3. Toxicity of pesticides, detergents and chemicals in the effluents increases
with the increase in temperature.

4. The composition of flora and fauna changes because the species which are
sensitive to increased temperature due to thermal shock, will be replaced
by temperature tolerant species.

5. Metabolic activities of aquatic organisms increase at high temperatures and
require more oxygen.

6. Discharge of hot water near the shores can disturb spawning and can even
kill young fishes.

7. Fish migrations are affected due to the formation of various thermal zones.

Control and prevention of thermal pollution

The following methods can be employed for the control of thermal pollution:

1. Cooling ponds

2. Spray ponds

3. Cooling towers

2.2.5 Marine Pollution

The main sources of marine pollution are: 1) rivers, which bring pollutants from
their drainage basins 2) catchment areas, and, coastlines where human settlements
in the form of hotels, industry, agricultural practices have been established and 3)
oil drilling and shipping.

Most of the rivers join the ocean. The pollutants which these rivers carry,
from their drainage basins, are finally poured into the sea. These include sewage
sludge, industrial effluents, synthetic detergents, agrochemicals, solid wastes,
plastics, metals and waste heat released by industries.

In the sea, the pollutants get diluted and the organic matter is further broken
down as in river water. Still, many pollutants, especially the recalcitrant ones,
remain unchanged or are partially degraded causing marine pollution.
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Tankers and other shipping means, industries like petroleum, refinery,
lubrication oil using industry, metal industry and paint industry, automotive wastes
refineries, ship-accidents and offshore production add to marine pollution.

Oil in sea water can spread over a large area of the sea and remain dispersed
or get adsorbed by sediments. It can cause adverse effects on marine life.

Control and prevention of marine pollution

Marine pollution can be controlled by:

1. Toxic pollutants from industries and sewage treatment plants should not be
discharged in coastal waters.

2. Run-offs from non-point sources should be prevented from reaching coastal
areas.

3. Sewer overflows should be prevented by keeping separate sewer and rain
water pipes.

4. Dumping of toxic, hazardous wastes and sewage sludge should be banned.

5. Developmental activities on coastal areas should be minimized.

6. Oil and grease from service stations should be processed for reuse.

7. Oil from ballasts should not be dumped into the sea.

8. Ecologically sensitive coastal areas should be protected by not allowing
any drilling.

2.2.6 Soil Pollution

Soil is the upper layer of the earth’s crust which is formed by weathering of rocks.
Organic matter in the soil makes it suitable for living organisms to thrive. Dumping
of various types of materials, especially domestic and industrial wastes, causes
soil pollution.

Domestic wastes include garbage, rubbish material like glass, plastics, metallic
cans, paper, fibres, cloth rags, containers and paint varnishes. Leachates from
dumping sites and sewage tanks are harmful and toxic which pollute the soil.

Thermal power plants generate a large quantity of ‘fly ash’. Huge quantities
of these wastes are dumped on soil, thus contaminating them.

Industrial wastes also contain some organic and inorganic compounds that
are refractory and non-biodegradable.

Soil also receives excreta from animals and humans. The sewage sludge
contains many pathogenic organisms, bacteria, viruses and intestinal worms which
cause pollution in the soil.

Effects of soil pollution

Sewage and industrial effluents which pollute the soil ultimately affect human health.
Various types of chemicals like acids, alkalis, pesticides and insecticides found in
the industrial discharges affect soil fertility by causing changes in its physical, chemical
and biological properties.
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Some of the persistent toxic chemicals accumulate in the food chain and
ultimately affect human health. Sewage sludge has many types of bacteria, viruses
and intestinal worms which may cause various types of diseases.

Control and prevention of soil pollution

Soil pollution can be controlled by:

1. Effluents should be properly treated before discharging them into the soil.

2. Solid wastes should be properly collected and disposed off by appropriate
methods.

3. From the wastes, useful products should be recovered.

4. Biodegradable organic waste should be used for the generation of biogas.

5. Cattle dung should be used for methane generation. Night soil can also be
used in the biogas plant to produce methane gas.

6. Microbial degradation of biodegradable substances is also one of the
scientific approaches for reducing soil pollution.

2.2.7 Nuclear Pollution

Radioactive substances are present in nature. They undergo natural radioactive
decay, in which unstable isotopes spontaneously give out fast moving particles,
high energy radiations or both, at a fixed rate, until a new stable isotope is formed.

These particles and rays pass through paper and wood but can be stopped by
concrete wall, lead slabs or water. Damage caused by the different types of radiations
depends on the penetration power and the presence of the source inside or outside
the body.

Control and prevention of nuclear pollution

Nuclear pollution can be controlled by:

 Setting up of nuclear power plants should be carefully done after studying
both long-term and short-term effects.

 Proper disposal of wastes from laboratories using radioisotopes should be
done.

Check Your Progress

1. What is pollution?

2. Name some primary pollutants.

3. Define acid rain.

4. What are the major sources of surface water pollution?
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2.3 POPULATION GROWTH

There are two aspects that affect environment: a) Population growth and b)
economic development. The interaction between population growth, resource
depletion/environmental damage has been debated. High population growth causes
stress on the environment, and there are thinkers, who feel that the blame has to
be on economic development, industrial growth and unsustainable economic
development.

It can be expressed by the following equation:

I = P × A × T

where I = Impact of environment

P = Population

A = Affluence (consumption)

T = Technology coefficient

More people means more pressure on resources, more consumption of
energy, more production of wastes including greenhouse gases – all have adverse
effects on the environment. India’s population has crossed the hundred crores
mark. The question is whether we have devised adequate developmental
programmes that can match the increase in population. If not, population factor
itself would be a sufficient contribution toward degradation of environment and
resource depletion.

Sustainable development is about integrational equity. But, if the future equity
is of great concern, it is not legitimate to ignore the equity occurring in the present
populations in different parts of the globe. Sustainability should reflect equity,
environmental concerns and social responsibilities vis-à-vis population regardless
of time or location.

Limits to growth

We will need to change attitudes, consumption patterns, manufacturing and
marketing practices and get into a technological world that is less intensive in its
use of materials and energy, to be able to manage the environmental crisis.
Improvement of efficiency alone is not going to be enough. Growth has been
treated as an infinite variable. This is not a correct assumption. ‘Earth’s carrying
capacity’ is not seriously thought about. And such a world has to desperately try
to keep pace with the environmental problems because of such incorrect
assumptions.

For example, climate change (global warming), can be combated only if the
world transits to a non-carbon energy economy, only after that, the limitations of
the environmental concerns posed by a carbon energy economy would get lessened.
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The world needs an international mechanism that not only provides incentives to
all nations to live within their entitled norms (amounts), but also helps to promote
a rapid transition to a non-carbon energy economy.

There is considerable scope for dematerialization and de-energization without
a decrease in the living standards. This will be possible only if it is promoted
through changes in the fiscal system, which supports appropriate technological
improvements. This can happen if the principle of sufficiency is ignored. We will
need to set a level of sufficiency that is, this much and not beyond it.

Sufficiency will be possible only if one day the world is prepared to reach
an international agreement on limits to growth and to say, that we have fixed our
level of greed and no more. Global agreement is still a distant possibility.

For sustainable use of global common systems, a separate set of policies
will have to be adopted. It has to be a system that provides for the establishment
of equitable entitlements or property rights to provide economic incentives to those
who use this environment space in a sustainable manner and disincentives to those
who use it in an unsustainable manner.

The world faces an enormous challenge in the coming years.

2.3.1 Disparities Between Countries

The world’s population continues to grow, albeit at a slower pace than at any time
since 1950 (Figure 2.1). The world’s population reached 7.7 billion in mid 2019,
having added one billion people since 2007 and two billion since 1994. The growth
rate of the world’s population peaked in 1965-1970, when it was increasing by
2.1 per cent per year, on average. Since then, the pace of global population growth
has slowed by half, falling below 1.1 per cent per year in 2015-2020, and it is
projected to continue to slow through the end of this century.

The global population is expected to reach 8.5 billion in 2030, 9.7 billion in
2050 and 10.9 billion in 2100, according to the medium-variant projection, which
assumes a decline of fertility for countries where large families are still prevalent, a
slight increase of fertility in several countries where women have fewer than two
live births on average over a lifetime, and continued reductions in mortality at all
ages.

There is inherent uncertainty in population projections. At the global level
that uncertainty depends on the range of plausible future trends in fertility, mortality
and international migration, which have been assessed for each country or area
using demographic and statistical methods. This analysis concludes that, with a
certainty of 95 per cent, the size of the global population will stand between 8.5
and 8.6 billion in 2030, between 9.4 and 10.1 billion in 2050, and between 9.4
and 12.7 billion in 2100.
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Thus, the size of the world’s population is virtually certain to rise over the
next few decades. Later in the century, although a continued increase of the global
population is considered the most likely outcome, there is roughly a 27 per cent
chance that the world’s population could stabilize or even begin to decrease
sometime before 2100.

Fig. 2.1 Population Size and Annual Growth Rate for the World: Estimates, 1950-2020,
and Medium-Variant Projection with 95 per cent Prediction Intervals, 2020-2100

Source: United Nations, Department of Economic and Social Affairs, Population Division
(2019). World Population Prospects 2019.

Sub-Saharan Africa will account for most of the growth of the world’s
population over the coming decades, while several other regions will begin to
experience decreasing population numbers.

Of the additional 2.0 billion people who may be added to the global
population between 2019 and 2050, 1.05 billion (52 per cent) could be added in
countries of sub-Saharan Africa. Another 25 per cent of global population growth
is expected to be concentrated in Central and Southern Asia, which is projected
to add 505 million people between 2019 and 2050.

Sub-Saharan Africa is projected to become the most populous of the
eight geographic regions (hereafter ‘regions’ or ‘SDG regions’) around 2062,
surpassing both Eastern and South-Eastern Asia and Central and Southern Asia
in size (Figure 2.2).
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Fig. 2.2 Population by SDG Region: Estimates, 1950-2020, and Medium-Variant
Projection with 95 per cent Prediction Intervals, 2020-2100

Source: United Nations, Department of Economic and Social Affairs, Population Division
(2019). World Population Prospects 2019. * Excluding Australia and New Zealand

While population growth in Northern Africa and Western Asia has been
slower than in sub-Saharan Africa over recent decades, the region is also projected
to continue to grow through the end of this century, adding 237 million people
between 2019 and 2050 and another 170 million people between 2050 and 2100.

The world’s two most populous regions in 2019 are Eastern and South-
Eastern Asia, with 2.3 billion people, representing 30 per cent of the global
population, and Central and Southern Asia, with 2.0 billion (26 per cent). Both
regions, which experienced rapid population growth since the mid-twentieth century,
are expected to reach their peak population size in the coming decades. Eastern
and South-Eastern Asia is projected to reach a maximum population size of 2.4
billion around 2038 and Central and Southern Asia is projected to peak some 27
years later at under 2.6 billion around 2065.
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Table 2.1 Population of the World, SDG Regions and Selected Groups of Countries,
2019, 2030, 2050 and 2100, According to the Medium-Variant Projection

Source: United Nations, Department of Economic and Social Affairs, Population Division
(2019). World Population Prospects 2019. * Excluding Australia and New Zealand

The combined population of Europe and Northern America is stabilizing,
having reached 1.11 billion in 2019 and, according to the medium variant, projected
to grow slowly to just under 1.14 billion around 2042 and decline thereafter to
about 1.12 billion at the end of the century.

The population of Latin America and the Caribbean, which more than tripled
in size between 1950 and 2019, is projected to peak at just below 768 million
around 2058 and decline thereafter to about 680 million in 2100.

The population of Oceania is projected to continue to grow through the end
of the century. The total population of the region, excluding Australia and New
Zealand, is expected to increase from just over 12 million in 2019 to 19 million in
2050 and 26 million in 2100. Australia and New Zealand, which are home to 30
million people in 2019, could see their population grow to 38 million in 2050 and
49 million in 2100, according to the medium-variant projection.

2.4 POPULATION EXPLOSION

The social, economic and political factors within and outside a region greatly affect
the decrease or increase in population growth. Population patterns can be traced
back to 10,000 BC, before which humans were sparsely scattered across the
earth. It has been estimated that from 8,000 BC up to the beginning of the Christian
era, the population of the world increased at the rate of 0.06 per cent per annum.

By 1300, the world population increased to 400 million and from 1300 to
1650, there was a very small addition to this, only 1 million people. In the next fifty
years, however, 1 million more people were added to the global population. It
grew by yet another million during the period 1700 to 1750. From 1750, however,
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population increased by 2 million in the first fifty years and by 3 and 4 million
respectively during the next fifty years. Therefore, we find that prior to 1650; the
population growth was very slow, while after 1650, it increased rapidly.

In the 20th century, global population increased rapidly except for the period
between 1940 and 1950. During 1900–1950, the average annual growth rate
was 0.8 per cent. In 1920, the United Nations prepared an estimated population
report of major regions of the world. The estimates given by Walter F. Wilcox and
A.M. Carr Saunders for 1650–1920 are considered to be the most authoritative
region-wise estimates of world population. During 1950–1970, the rate of
population rose to 1.9 per cent. During the next twenty years however, the growth
of population was very fast, registering an average annual growth of 2.22 per cent.

According to the US Census Bureau, recent years have seen some downturn
in population growth. According to the Bureau’s study funded by the Agency for
International Development, since 1970, the world’s population has gone up by
1.9 per cent annually.

Samuel Baum, the Bureau’s Chief of International Demographic Statistics,
said in the mid-1970s, ‘We didn’t expect a downturn in the rate of increase until
the early 1980s but its happening a decade earlier and it’s very significant. The
difference of a tenth of a percentage point is not a tremendous decline. But it is
important because the numbers are so high and it represents a change in direction,
which is more important’. He added that, ‘The encouraging thing is that the direction
has shifted in all regions of the world except Africa and even there a number of
countries—Tunisia, South Africa, Mauritius and Reunion—have had substantial
decline’. Baum noted that more people are being added to the world and predicted
that a growth rate of zero will not be reached, at earliest until the years 2020 to
2025.

Baum said two trends account for the reduced rate of growth: a rapid decline
in fertility and not-so-rapid decline in mortality. According to him, ‘People are
being born at a slower rate and deaths are not going down as rapidly.’ According
to the census report of 1966, the population growth rate declined in less developed
and developed nations. It cited Sri Lanka, where in 1966 population growth rate
was 2.3 per cent and it declined to 1.5 per cent in 1976. Thailand, Philippines and
the Republic of Korea each witnessed a decline of 0.7 per cent; Colombia 0.6
per cent, South Africa 0.4 per cent and Turkey and China 0.3 per cent.

China’s population was estimated to be 982.5 million, 23 per cent of the
world’s figure in 1976 and 1977. In India, the growth rate of population was 2.2
per cent in the same years.

In 1977, Asia alone accounted for 58 per cent (2.5 billion) of the world’s
total population. Because of the sheer size of its base population, its population
growth accounted for two-third of the world’s increase.  In 1976 and 1977, the
United State had a growth rate of 0.8 per cent compared to 1.1 per cent in the
year 1966 and 1967. The annual growth rate of Africa’s population was 2.8 per
cent between 1975 and 1977.

According to the US Census Bureau, the actual annual growth in the number
of humans fell from its peak of 88.0 million in 1989, to a low of 73.9 million in
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2003, after which it rose again to 75.2 million in 2006. Since then, annual growth
has declined. In 2009, the human population increased by 74.6 million, and it is
projected to fall steadily to about 41 million per annum in 2050, at which time the
population will have increased to about 9.2 billion. Every region of the globe has
seen great reduction in growth rate in recent decades, though growth rates remained
above 2 per cent in some countries of the Middle East and sub-Saharan Africa
South Asia, Southeast Asia and Latin America.

According to the United Nations, some countries experienced negative
population growth, especially in Eastern Europe (mainly due to low fertility rates
and emigration). In Southern Africa, growth is slowing down due to the high number
of HIV-related deaths. Some Western Europe countries, might also encounter
negative population growth. Japan’s population began to decline in 2005.

There are two main reasons for growth in the world population. The first is
the continued positive growth rate itself leading to an upward growth curve. The
second reason is that the growth rate increases as a result of a decline in the
mortality rate. The annual growth rate doubled in the three centuries between
1650 and 1950. Although, the growth rate of the world population started to
decline after the mid-1960s from 2.0 per cent per annum in the period 1965–
1970 to 1.7 per cent per annum in the period 1990–1995, it is still higher than at
any time before 1950.

Thus, the people of the world are experiencing unprecedented demographic
change. World population today stands at 6.7 billion, 3 billion more than 1960.
Another 3 billion will likely be added by 2050. According to the United Nations,
despite substantial past declines in childbearing rates, world population size is
projected to grow to 7.9 billion in 2025 and to 9.3 billion in 2050. Nearly, all of
this future growth will occur in the developing countries where four-fifth of the
world population lives.

Table 2.2 Estimates for 2000 and Projection in 2025 of Population by Region

Source: United Nations (1999, 2000, and 2001).

2.4.1 Population Growth in India

India is the world’s second most populated country after China. India possesses
2.4 per cent of the total land area of the world, but at the same time also supports
about 17 per cent of the total world population. This is still increasing and it has
been estimated that by 2040 the country is expected to be the most populous.

According to the theory of demographic transition, every country passes
through three stages of demographic transition. In the first stage, both birth and
death rates are high. Hence, the population remains more or less stable. Even if
there is some increase in the population because the birth rate is somewhat higher
than the death rate, it does not pose any serious problems. This happens mostly in



Environmental Pollution
and Population

NOTES

Self - Learning
60 Material

backward economies where agriculture is the main mode of living and per capita
incomes are low. This inevitably results in low standard of living. The mass
population in these countries is deprived of basic necessities.

Rapid growth of population happens in the second stage of demographic
transition. In this stage, despite extensive reduction in the rate of mortality, there is
no equivalent decline in the rate of birth as a result of which there is a population
explosion. This is found in countries where the economy is not adequate to its
population size and a certain percentage of the population always remains below
the poverty line. This kind of situation is mostly found in developing countries. For
instance, India has been experiencing a rapid growth of population since the last
six decades. It has been found that every year, India adds more people to the
world than any other country.

From Table 2.3 one can visualize the trend of population growth in India.
Population figures have been taken right from 1901 to see how India’s population
grew over the years. Except for a slight fall in the total population in the early years
of the decade, India’s population has been growing steadily over the years. The
growth rate has been very high after 1951.

Table 2.3 Growth Rate of India’s Population
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The density of population per square kilometre increased from seventy-
seven in 1901 to 221 in 1981. The sex-ratio has been generally adverse to women.
The number of women per thousand men has deteriorated and is still deteriorating.
The percentage of urban population has also increased with time. It was 11 per
cent in 1901 which rose to 24 per cent in 1981.

In terms of birth and death rate, there has been a rapid decline in the crude
death rate in the past five decades. In 1951, the crude death rate was 25.1 per
cent which decreased to 9.8 per cent in 1991. This trend of decline was also seen
in crude birth rate. In 1951, it was 40.8 per cent which decreased to 29.5 per
cent in 1991. During the 1990s, the annual population growth rate had fallen
below 2 per cent. In terms of age and sex, India mostly has a young population
which is mostly male.

The trend of population in India differs with respect to region. In Kerala,
the mortality and fertility rates are similar to those of developed countries. On the
other hand, in Uttar Pradesh, Bihar, Madhya Pradesh and Rajasthan, there is a
high rate of infant mortality and high rate of fertility. As a result of this imbalance,
the rate of population growth in these regions is also very high.

Birth & Death Rate in India 1901 to 2001
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Fig. 2.3 Birth and Death Rate in India between 1901 and 2001

Source: Registrar General of India

Today, it has been estimated that one sixth of the world’s population lives in
India. This trend is expected to increase further, as estimated that by 2025 India
will be the most populated nation surpassing China.

Factors Influencing population growth in India

India’s population has tripled since its independence in 1947. In the past, India’s
population grew slowly. It reached about 211 million by the first decennial census
in 1871 and by 1921 the population reached 251 million. In each subsequent
intercensal decade the scale of population addition rose, from 28 million during
1921–31 to 180 million during 1991–2001. This rapid increase in population has
greatly affected the social and economic life of people in India. India’s population
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has always been connoted with socio-economic travails such as poverty,
employment, economic backwardness, low per capita income, environmental
pollution, over-crowding and indebtedness, to name a few.

There are various factors that influence population growth in India. They
are described as follows:

1. Decreased mortality rate

Decreased level of mortality is one of the major factors that influence the growth
of population in India. According to 1995 estimates, the average Indian male born
in the 1990s can expect to live 58.5 years and women can expect to live 59.6
years, which is slightly longer than the male. Till the first part of the 20th century,
men enjoyed a slightly longer life expectancy compared to women. It was by
1990 that women had slightly surpassed men.

The death rate declined from 48.6 per 1,000 in the 1910-1920 period to
15 per 1,000 in the 1970s and improved thereafter, reaching 10 per 1,000 by
1990, a rate that held steady through the mid-1990s. The infant mortality rate in
India was estimated to exceed seventy-six per 1,000 live births in 1995. 30 per
cent of infants had low birth weight, and the death rate for children aged one to
four years was around 10 per 1,000 of the population.

According to a 1989 National Nutrition Monitoring Bureau report, less
than 15 per cent of the population was adequately nourished, although 96 per
cent received an adequate number of calories per day. In 1986, the daily average
intake was 2,238 calories as compared to 2,630 calories in China.

According to the findings by the United Nations, it has been seen that in
India in 1989 the per day calorie intake fell to 2,229. According to some experts,
it has been witnessed that the yearly nutritional standard statistics cannot be utilized
to illustrate whether the ratio of poverty has actually fallen.

Fig. 2.4 Factors of Population Growth in India
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2. Conquest on diseases

The biggest factor that influences the growth of population in India is advances in
medical science and eradication of diseases. This, in fact, is the biggest story of
population growth in the last hundred years. The most helpful equipments for
scientists in the conquest of disease are improved knowledge about vaccination,
nutrition, improved public health practices and the advancement in medicines.
Better knowledge of nutrition and good food habits make life healthier and longer.
In many places of the world, people use traditional knowledge about better nutrition
and food habits to stay healthy whereas in other places, due to the lack of such
knowledge, people face high rates of infant and maternal mortality.

Another important factor in population growth is the provision of vaccination,
which have reduced infections of smallpox, polio, influenza and rubella.

Improved public health practice is the third most significant factor that affects
the growth of population. According to Louis Pasteur’s Germ Theory of Disease,
the health of a person is also important to a community. This thought led to the
development of public health.

Today, in India, several health measures like treatment of wastes, purification
of water, nutritional education as well as vaccination are considered to be of great
importance. In addition, the nation also has expertise in modern medicine. With
these advancements, the country’s death toll has decreased and rate of birth has
increased which together has led to population explosion in India.

3. Communicable and non-communicable diseases

In India, a large number of endemic communicable diseases create a serious health
problem among all age groups. To overcome this, the government has taken several
efficient measures and has formulated a variety of national programmes over the
years. All these efforts are mainly aimed at eradicating and controlling diseases,
especially cholera, trachoma, diarrhoea, respiratory infections, sexually transmitted
diseases and goiter.

In India, malaria is a persistent problem, although rate of infection has
decreased. In the year 1975, India was declared free from smallpox.

In 1995, the National Filaria Control Programme was established to control
and eliminate the filarial larvae in urban areas. In 1955, the National Leprosy
Control Programme was established to control leprosy. The programme was slow
when it was launched but received great priority after 1980. In 1982, it was
redesigned and termed as the National Leprosy Eradication Programme.

The Indian Government has also taken steps to control several other forms
of diseases such as tuberculosis, goiter, diarrheal disease, etc. This control has led
to an increase in birth rate and decrease in death rate. The life expectancy of the
average Indian has increased. As a result of this, the rate of population growth has
tended to increase.
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4. Migration

The population of a country also grows as a result of net migration, i.e., the number
of people entering geographic areas and those leaving the geographic area. It has
been found that in 2000; nearly 6,271,000 migrants were living in India, including
170,900 as refugees. This number is increasing fairly regularly. Most of them are
from Sri Lanka, Bangladesh, Pakistan, Nepal and other neighbouring regions.

5. Poverty

Poverty is another important factor that influences the growth of population in
India. In 2005, the World Bank estimated that about 42 per cent of India’s
population falls below the international poverty line of US$ 1.25 a day.

Need and measures of population control in India

According to the 2011 census, the total population of India was 1,210,193,422,
making India the second-most populated country in the world. It is expected that
by 2025, India will become the most populated nation in the world, surpassing
China. As a result, India faces an intense socio-economic and natural resource
crisis. India is rich with resources, but has a number of poor people and the
population growth is adversely affecting the growth and development of the country
and its people. Therefore, it is essential to keep a check on population growth in
India. The need for population control is necessary because that will enable the
people of India to have a better standard of living and economic growth.

The Government of India has been making determined efforts through a
series of planned programmes to control the population in India. The Planning
Commission of India took a two-pronged approach.

 Department of Family Welfare under the Ministry of Health was created
at the centre with counterparts in states for the task of educating Indian
couples to adopt family welfare methods. Demographic and Action
Research Centres were given financial assistance to carry on research
on promotion of family planning practices.

 The working group on Vital and Health Statistics of the Planning
Commission in its first meeting in March 1958 examined the question of
obtaining reliable estimates of the natural rate of population growth since
the rate, as obtained from the use of census data by actuaries, was
considered to be less reliable. It recommended that the National Sample
Survey obtain a reliable estimate of population increase rate in future
years.

2.4.2 Family Welfare Programme

The programme of educating couples to practice family planning methods, as
adopted by the Department of Health and Family Welfare in the 1960s and 1970s,
did not reach the vast rural population who were mostly illiterate and were not
exposed to the medical programme. In order to overcome this, the Government
of India sought the advice of D.V. Glass of the London School of Economics and
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Political Science. He advised collection of live statistics through household sample
surveys for identifying social variables which were significant for control of population
growth.

In addition, the Indian Government also incorporated the goal of population
control in the Five Year Plans. As part of this process, the government has
formulated various agencies such as Family Planning Association of India and the
New Population Plan.

 Family Planning Association: The main aim of the Family Planning
Association is to encourage family planning and to take it as a basic
human right. The Family Planning Association believes in the norm of a
two-child concept. The association believes that families with two children
will be able to maintain the balance between the population size and the
resources that are available to the family.

The main role of the Family Planning Association is to make people
become responsible regarding attitudes towards human sexuality and
also provide other services and education in family planning methods to
young people. The various family planning methods offered by the Family
Planning Associations are conventional contraceptives such as condoms,
diaphragms, jelly/cream tubes, foam tablets as well as tubectomy, IUD,
oral pills and vasectomy. Besides this, the other family planning method
available in the programme is induced abortion. This process is
recognized by the government and is available free of charge in many
institutions.

 New Population Plan: The main aim of the New Population Plan (NPP)
is to improve and develop the reproductive health of the people of the
country. To achieve this goal, the NPP allows general access to
contraceptives and provides contraceptive education among locals. It
also provides training programmes to people regarding safety aid at
birth. In terms of certain legal aspects, the plan also stated that a formal
registration of a birth of a child and marriage registration of a couple is
very essential. It also maintains that the minimum age of marriage of a
girl should be eighteen. Since, women play a significant role in the
determination of family size, Attention needs to be diverted to the need
to educate women. Participation in social and economic activities may
help to promote small family size by meeting the necessary conditions of
emotional and social fulfilment of women outside the family context.
Adequate education for women in rural as well as urban areas can clarify
choices to childbearing and facilitate women to understand the need for
and use of contraception. Employment opportunities improve women’s
decision making power related to family through the acquirement of an
alternative social and economic role, which may assist them to adopt
birth control practices, space their children, and limit family size. Regarding
abortion, the Medical Termination of Pregnancy (MTP) Act was passed
by the Indian Government in 1971, under which pregnancy can be ended
or aborted.
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Check Your Progress

5. Which region is projected to become the most populous of the eight
geographic regions around 2062?

6. What are the two main reasons for growth in the world population?

7. Why is population control a necessity in India?

8. What is the main aim of the Family Planning Association?

2.5 ENVIRONMENT AND HUMAN HEALTH

Environmental health comprises those aspects of human health including quality of
life that are determined by physical, biological, social and psychological factors in
the environment. The relationship between the environment and its impact on human
health is highly complex. Each of the effects is associated with a variety of aspects
of economic and social development. Moreover, there is no single best way of
organizing and viewing the development-environment-health relationship that
reveals all important interactions and possible entry points for public health
interventions. Human beings are exposed to a variety of chemicals including
industrial chemicals, pesticides, air pollutants, natural and man-made toxicants
etc. in the environment through the skin, respiratory system and gastrointestinal
tract that can affect vital body systems such as pulmonary, reproductive and nervous
and immune system. Dysfunction of these systems could have far-reaching
consequences, which affect individuals and even their progeny from serious health
ailments. To investigate possible effects of environmental pollutants on human health
it is of prime importance that accurate exposure assessment techniques and validated
biomarkers are available. It is, therefore, essential to have full-fledged and accurate
Environmental Health Impact Assessment procedures in place, undertake
application-oriented research such as occupational and environmental cohort studies
to define single or mixture of pollutants and their impacts on health. This would
help the implementing agencies to revise the environmental and industry specific
actions. It is also very important to have collaborative approach among the industries
and various technical/research centers together with the implementing agencies of
the pollution control so as to deal with the Environment and Health issues properly.

2.5.1 Human Rights and Environment

The Universal Declaration of Human Rights (UDHR) is a milestone document in
the history of human rights. Drafted by representatives with different legal and
cultural backgrounds from all regions of the world, the Declaration was proclaimed
by the United Nations General Assembly in Paris on 10 December 1948 (General
Assembly resolution 217 A) as a common standard of achievements for all peoples
and all nations. It sets out, for the first time, fundamental human rights to be
universally protected and it has been translated into over 500 languages.
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More than 2 million annual deaths and billions of cases of diseases are
attributed to pollution. All over the world, people experience the negative effects
of environmental degradation ecosystems decline, including water shortage, fisheries
depletion, natural disasters due to deforestation and unsafe management and disposal
of toxic and dangerous wastes and products. Indigenous peoples suffer directly
from the degradation of the ecosystems that they rely upon for their livelihoods.
Climate change is exacerbating many of these negative effects of environmental
degradation on human health and wellbeing and is also causing new ones, including
an increase in extreme weather events and an increase in spread of malaria and
other vector borne diseases. These facts clearly show the close linkages between
the environment and the enjoyment of human rights, and justify an integrated
approach to environment and human rights. 

The Stockholm Declaration, and to a lesser extent the Rio Declaration,
show how the link between human rights and dignity and the environment was
very prominent in the early stages of United Nations efforts to address
environmental problems. That focus has to some extent faded away in the ensuing
efforts by the international community to tackle specific environmental problems,
with more focus being placed on developing policy and legal instruments, both at
the international and national levels, targeted at the environmental problems that
were emerging, through a series of MEAs and other mechanisms. Although the
foundation of developing such mechanisms laid on the considerations made at the
time of the Stockholm Conference, the human rights dimension is not made explicit
in most of these instruments.

The UN reform process also calls for the integration of human rights in all of
the organization’s work.

In a series of resolutions, the former United Nations Commission on Human
Rights and the United Nations Human Rights Council have drawn attention to the
relationship between a safe and healthy environment and the enjoyment of human
rights. Most recently, the Human Rights Council in its resolution 7/23 of March
2008 and resolution 10/4 of March 2009 focused specifically on human rights
and climate change, noting that climate change-related effects have a range of
direct and indirect implications for the effective enjoyment of human rights. These
resolutions have raised awareness of how fundamental the environment is as a
prerequisite to the enjoyment of human rights.

Human rights and HIV/AIDS

HIV/AIDS is one of a number of killer diseases, such as, malaria, tuberculosis,
cancer and heart disease. What is different about HIV/AIDS is that it impacts not
only the physical health of individuals, but also their social identity and condition.
The stigma and discrimination surrounding HIV/AIDS can be as destructive as the
disease itself. Lack of recognition of human rights not only causes unnecessary
personal suffering and loss of dignity for people living with HIV or AIDS but it also
contributes directly to the spread of the epidemic since it hinders the response…
For example, when human rights are not respected, people are less likely to seek
counselling, testing, treatment and support because it means facing discrimination,
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lack of confidentiality or other negative consequences. It also appears that the
spread of HIV/AIDS is disproportionately high among groups that already suffer
from a lack of human rights protection, and from social and economic discrimination,
or that are marginalised by their legal status.

Women and child welfare

The overall condition of a nation can be found out by observing the status of
women and children and the focus of the state on this section of our society. It is
generally seen that the country on whose priority are women and children, are
generally more developed than others. Women are the first link of education and
development in a family, so an investment on women will indirectly transfer onto
the betterment of the family.

Significance of Women and Child Care
(i) The whole domestic sphere in our Indian society is looked after by

the women, who work hard for long hours without any pay.
(ii) Due to the hardship involved in the cooking and other household work,

women subject themselves to long hours of work in dangerous
environment of burning bio mass fuel.

(iii) Women are more influenced by environmental degradation than men.
(iv) Women, also require special provisions for sanitation and hygiene,

which affects many other factors.
(v) Child labour is also rampant in our country. They are exposed to

dangerous work environment and hazardous activities for money.

Objectives of Women and Child Welfare
(i) To focus on the improvement of overall status of women and children

including the social, economic, health and nutritional status.
(ii) To provide for the physical, emotional and mental care of children.
(iii) To ensure that the women and children are provided constitutional

protection and appropriate rights.
(iv) To aim for generating awareness about various government initiatives

among the rural populace

Important developmental programmes for women and child welfare

The government has initiated various programmes for the welfare of women and
children in the society. These include training cum employment programmes in a
variety of sector to increase employability attractiveness, financial and technical
support through women development corporations, and government programmes,
creating awareness of self-help groups, gender sensitization, advocacy; providing
benefits through various government acts like Maternity Benefit Act, Dowry
Prevention Act etc.; legal and constitutional protection through National Commission
for Women and holistic development through head planning government wings
like the Department for Women and Child Development.
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2.5.2 Cleanliness and Disposal of Domestic Waste

Higher standard of living of ever increasing population has resulted in an increase
in the quantity and variety of waste generated. It is now realized that if waste
generation continues indiscriminately, then very soon it would be beyond
rectification.

Management of solid waste has, therefore, become very important in order
to minimize the adverse effects of solid wastes. Solid waste (waste other than
liquid or gaseous) can be classified as municipal, industrial, agricultural, medical,
mining waste and sewage sludge.

Sources of urban and industrial wastes

These wastes consist of medical waste from hospitals, municipal solid waste from
homes, offices, markets (commercial waste) small cottage units, and horticulture
waste from parks, gardens and orchards.

The urban solid waste materials that can be degraded by micro-organisms
are called biodegradable wastes. For example, vegetable wastes, stale food, tea
leaves, egg shells, peanut shells, dry leaves, etc. are solid wastes.

Wastes that cannot be degraded by micro-organisms are called non-
biodegradable wastes, for example, polyethylene bags, scrap metal, glass bottles,
etc.

Industrial waste consists of a large number of materials, including factory
rubbish, packaging material, organic waste and acids. There are large quantities
of hazardous and toxic materials which are also produced during industrial
processing.

Effects of solid wastes

Municipal solid waste heap up on the roads due to improper disposal system.
People clean their own houses and litter their immediate surroundings which affect
the community including themselves. This type of dumping allows biodegradable
materials to decompose under uncontrolled and unhygienic conditions. This
produces foul smell and breeds various types of insects and infectious organisms,
besides spoiling the aesthetics of the site.

Industrial solid wastes are sources of toxic metals and hazardous wastes,
which may spread on land and can cause changes in the physicochemical and the
biological characteristics, thereby affecting the productivity of soils. Toxic
substances may leach or percolate and contaminate the ground water.

Management of solid waste

For waste management we must focus on three ‘Rs’- Reduce, Reuse and Recycle
before destruction and safe storage of wastes.

1. Reduction in the use of raw materials

2. Reuse of waste materials

3. Recycling of materials
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Fig. 2.5 The Three Rs of Solid Waste Management

For discarding wastes, the following methods could be used:

 Sanitary landfill

 Composting

 Incineration

Check Your Progress

9. What is environmental health?

10. When and where was the Universal Declaration of Human Rights
proclaimed?

11. Which methods can be used for discarding wastes?

2.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Pollution refers to the presence of substances in air, water and land, whether
they result from human activity or occur naturally, which has adverse effects
on human-life and on the environment.

2. Primary pollutants are carbon dioxide, nitrogen oxides, sulphur dioxide,
carbon monoxide (all formed from the combustion of fossil fuels), CFC
and particulate matter.

3. Sulphur dioxide and nitrogen dioxide combine with water in the atmosphere
and react with sunlight forming acid droplets. These acid droplets constitute
acid rain.

4. The major sources of surface water pollution are as follows:
 Sewage
 Industrial effluents
 Synthetic detergents
 Agrochemicals
 Oil
 Waste heat
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5. Sub-Saharan Africa is projected to become the most populous of the eight
geographic regions around 2062, surpassing both Eastern and South-Eastern
Asia and Central and Southern Asia in size.

6. There are two main reasons for growth in the world population. The first is
the continued positive growth rate itself leading to an upward growth curve.
The second reason is that the growth rate increases as a result of a decline
in the mortality rate.

7. The need for population control is necessary in India because that will enable
the people of India to have a better standard of living and economic growth.

8. The main aim of the Family Planning Association is to encourage family
planning and to take it as a basic human right.

9. Environmental health comprises those aspects of human health including
quality of life that are determined by physical, biological, social and
psychological factors in the environment.

10. The Universal Declaration of Human Rights (UDHR) was proclaimed by
the United Nations General Assembly in Paris on 10 December 1948
(General Assembly resolution 217 A).

11. For discarding wastes, the following methods could be used:
 Sanitary landfill
 Composting
 Incineration

2.7 SUMMARY

 Air pollution means the presence of any air pollutant in the atmosphere. Air
pollutants can be primary or secondary. Primary pollutants are carbon
dioxide, nitrogen oxides, sulphur dioxide, carbon monoxide (all formed from
the combustion of fossil fuels), CFC and particulate matter. Secondary
pollutants are acid rain and ozone.

 Water pollution can be defined as an alteration in physical, chemical or
biological characteristics of water, making it unsuitable for the designated
use in its natural state.

 Thermal pollution can be defined as the presence of excessive heat in the
water which can cause undesirable changes in the natural environment.

 The main sources of marine pollution are: 1) rivers, which bring pollutants
from their drainage basins, 2) catchment areas, and, coastlines where human
settlements in the form of hotels, industry, agricultural practices have been
established and 3) oil drilling and shipping.

 Population is the biggest asset of a country. The social, economic and political
factors within and outside a region greatly affect the decrease or increase in
population growth.
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 Sub-Saharan Africa will account for most of the growth of the world’s
population over the coming decades, while several other regions will begin
to experience decreasing population numbers.

 While population growth in Northern Africa and Western Asia has been
slower than in sub-Saharan Africa over recent decades, the region is also
projected to continue to grow through the end of this century, adding 237
million people between 2019 and 2050 and another 170 million people
between 2050 and 2100.

 Eastern and South-Eastern Asia is projected to reach a maximum population
size of 2.4 billion around 2038 and Central and Southern Asia is projected
to peak some 27 years later at under 2.6 billion around 2065.

 There are two main reasons for growth in the world population. The first is
the continued positive growth rate itself leading to an upward growth curve.
The second reason is that the growth rate increases as a result of a decline
in the mortality rate.

 India is the world’s second most populated country after China. India
possesses 2.4 per cent of the total land area of the world, but at the same
time also supports about 17 per cent of the total world population.

 India’s population has always been connoted with socio-economic travails
such as poverty, employment, economic backwardness, low per capita
income, environmental pollution, over-crowding and indebtedness, to name
a few.

 Environmental health comprises those aspects of human health including
quality of life that are determined by physical, biological, social and
psychological factors in the environment.

 The overall condition of a nation can be found out by observing the status
of women and children and the focus of the state on this section of our
society. It is generally seen that the country on whose priority are women
and children, are generally more developed than others.

 Higher standard of living of ever increasing population has resulted in an
increase in the quantity and variety of waste generated. It is now realized
that if waste generation continues indiscriminately, then very soon it would
be beyond rectification.

 Management of solid waste has, therefore, become very important in order
to minimize the adverse effects of solid wastes. Solid waste can be classified
as municipal, industrial, agricultural, medical, mining waste and sewage
sludge.
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2.8 KEY TERMS

 Acid rain: Sulphur dioxide and nitrogen dioxide combine with water in the
atmosphere and reacts with sunlight forming acid droplets. These acid droplets
constitute acid rain.

 Mortality rate: It is the number of deaths in a given area or period, or
from a particular cause.

 Human migration: Human migration is the movement by people from one
place to another with the intentions of settling temporarily or permanently in
the new location.

2.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. What are the effects of thermal pollution?

2. Write a short note on Family Planning Association and New Population
Plan.

3. Briefly explain the disparity among countries in terms of population.

Long-Answer Questions

1. Discuss the causes, effects and prevention of air pollution.

2. Explain the various factors that influence population growth in India.

3. Describe the relationship between environment and human health.

2.10 FURTHER READING

Jacobson, Mark Z. 2002. Atmospheric Pollution—History, Science and
Regulation. UK: Cambridge University Press.

Khopkar, S. M. 2004. Environmental Pollution Monitoring and Control. New
Delhi: New Age International.

Harrison, Roy M. 2001. Pollution: Causes, Effects and Control. UK: Royal
Society of Chemistry.

Easton, Thomas. 2008. Classic Edition Sources: Environmental Studies, Third
Edition. Ohio: McGraw-Hill/Dushkin.



Environmental Pollution
and Population

NOTES

Self - Learning
74 Material

Cunningham, William and Mary Cunningham, 2009. Environmental Science: A
Global Concern. Ohio: McGraw-Hill.

Rangarajan, Mahesh. 2010. Environmental Issues in India: A Reader. New
Delhi: Pearson.

Websites

http://indiabiodiversity.org

http://www.moef.nic.in

http://wwf.panda.org

http://edugreen.teri.res.in

https://www.cbd.int

http://iefworld.org

https://population.un.org



Natural Resources,
Problems and Conservation

NOTES

Self - Learning
Material 75

UNIT 3 NATURAL RESOURCES,
PROBLEMS AND
CONSERVATION
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3.5 Key Terms
3.6 Self-Assessment Questions and Exercises
3.7 Further Reading

3.0 INTRODUCTION

A natural resource is defined as a form of energy and/or matter which is essential
for the functioning of organisms, populations and ecosystems. In the case of humans,
natural resource, refers to any form of energy or matter essential for the fulfilment
of physiological, socio-economic and cultural needs, both at the individual level
and that of the community.

Examples of natural resources are water, air, soil, minerals, coal, forests,
crops and wild life. This unit will describe the various natural resources and the
process of their conservation in detail.

3.1 OBJECTIVES

After going through this unit, you will be able to:

 Understand the concept of natural resources

 Describe the problems associated with different types of natural resources

 Discuss the conservation of different types of natural resources

3.2 NATURAL RESOURCES

The basic ecological variables—energy, space, time and diversity are sometimes
together called natural resources. These natural resources maintain the ecological
balance among themselves. Man is the only organism who has disrupted this delicate
balance.
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3.2.1 Renewable and Non-renewable Resources

There are many different classifications of natural resources.

Odum’s classification

According to Odum (1971), natural resources can be divided into two categories,
1. Renewable and 2. Non-renewable resources.

1. Renewable resources: Resources that can be replenished through rapid
natural cycles are known as renewable resources. These resources are
able to increase their abundance through reproduction and utilization of
simple substances. Examples of renewable resources are plants (crops and
forests), and animals who are able to reproduce and maintain life cycles.
Some examples of renewable resources which do not have a life cycle, but
can be recycled are wood and wood-products, pulp products, natural rubber,
fibres (e.g., cotton, jute, animal wool, silk and synthetic fibres) and leather.
In addition to these resources, water and soil are also classified as renewable
resources. Water is no longer referred to as a renewable resource. However,
water is sometimes no longer referred to as such. This is because of its loss
in natural replenishment due to global warming, increased deforestation and
resulting disturbances in the hydrological cycle. Water's status of infinity is
severely under threat.

As a special case, solar energy although having a finite life, is considered as
a renewable resource in as much as solar energy stocks are inexhaustible
on the human scale.

2. Non-renewable resources: The resources that cannot be replenished
through natural processes are known as non-renewable resources. These
are available in limited amounts, which cannot be increased. These resources
include fossil fuels (petrol and coal), metals (iron, copper, gold, silver, lead
and zinc), minerals and salts (carbonates, phosphates and nitrates). Once a
non-renewable resource is consumed, it is gone forever. Then we have to
find a substitute for it or do without it.

Non-renewable resources can further be divided into two categories, namely,
(a) recyclable and (b) non-recyclable.

(a) Recyclable: These are non-renewable resources which can be
collected after they are used and can be recycled. These are mainly
the non-energy mineral resources which occur in the earth’s crust (e.g.,
ores of aluminium, copper and mercury) and deposits of fertilizer
nutrients (e.g., phosphate stock and potassium and minerals used in
their natural state (asbestos, clay and mica)

(b) Non-recyclable: These are non-renewable resources which cannot
be recycled in any way. Examples of these are fossil fuels and uranium,
which provide 90 per cent of our energy requirements.
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Biotic and Abiotic resources

Some authors prefer to classify resources into biotic and abiotic resources.

(a) Biotic resources: These are living resources (e.g., forest, agriculture, fish
and wild life) that are able to reproduce or replace them.

(b) Abiotic resources: These are non-living resources (e.g. petrol, land and
minerals) that are not able to replace themselves or do so at such a slow
rate that it is not useful to consider them in terms of the human life times.

Inexhaustible and Exhaustible resources

Natural resources can also be classified as 1. inexhaustible and 2. exhaustible
resources.

1. Inexhaustible resources: Resources which are not changed or exhausted
by man’s activities and are abundantly available are said to be inexhaustible.
Examples are solar energy, atomic energy, wind power, power from tides,
etc. Most of the renewable resources are classified as inexhaustible. But if
not maintained properly, they become extinct. For example, ground water
is renewable only if water continues to percolate in the soil at a rate at which
it is removed.

2. Exhaustible resources: These resources are limited in nature and they are
non-maintainable, e.g., coal, petrol and some minerals. Hence, they come
under the non-renewable category.

Even our renewable resources can become non-renewable if we exploit
them to such extent that their rate of consumption exceeds their rate of regeneration.
For example, if a species is exploited so much that its population size declines
below the threshold level, then it is not able to sustain itself and gradually the
species becomes endangered or extinct.

It is very important to protect and conserve our natural resources and use
them in a judicious manner so that we do not exhaust them. It does not mean that
we should stop using most of the natural resources. Rather, we should use the
resources in such a way that we always save enough of them for our future
generations.

The following are some of the major natural resources:
 Forest resources
 Water resources
 Mineral resources
 Food resources
 Energy resources
 Land resources

3.2.2 Problems Associated with the Conservation of
Natural Resources

In this section, we will discuss the various problems associated with the conservation
of natural resources.
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1. Forest resources

Forest resource is the dense growth of trees, together with other plants, covering
a large area of land. Forests are one of the most natural resources found on earth.
Covering earth like a green blanket, these forests not only produce innumerable
material goods, but also provide several environmental services which are essential
for life.

About one-third of the world’s land area  is forested, which includes closed
as well as open forests. Former USSR accounts for about one-fifth of the world’s
forests, Brazil for about one-seventh and Canada and USA each has 6–7 per
cent. However, it is a matter of concern that almost everywhere the cover of the
natural forests has declined over the years. The greatest loss occurred in tropical
Asia, where one-third of the forest resources have been destroyed.

Uses of forests

 Commercial use: Forests provide us a large number of commercial goods
which include timber, firewood, pulpwood, food items, gum, resins, non-
edible oils, rubber, fibres, lac, bamboo canes, fodder, medicine, drugs and
many more items, the total of which is estimated to cost more than $300
billion per year.

Half of the timber that is cut each year is used as fuel for heating and cooking.
One-third of the wood harvest is used for building materials as lumber,
plywood and hardwood, particle board and chipboard. One sixth of the
wood harvest is converted into pulp and used for paper industry. Many
forest lands are used for mining, agriculture, grazing, and recreation and for
development of dams.

 Ecological use: While a typical tree produces commercial goods worth
about $590, it provides environmental services worth nearly $196 to $250.

The ecological services provided by forests may be summed up as follows:
1. Production of oxygen: Trees produce oxygen by photosynthesis

which is so vital for life on this earth. They are rightly called earth’s
lungs.

2. Reducing global warming: The main greenhouse gas, carbon dioxide
(CO

2
), is absorbed by the forests as a raw material for photosynthesis.

Thus, forest canopy acts as a sink for CO
2
, thereby reducing the

problem of global warming caused by greenhouse gases such as CO
2
.

3. Wild life habitat: Forests are the homes of millions of wild animals
and plants. About 7 million species are found in the tropical forests
alone.

4. Regulation of hydrological cycle: Forested watersheds act like giant
sponges, absorbing the rainfall, slowing down the run-off and slowly
releasing the water for recharging of the springs. About 50-80 per
cent of the moisture in the air above tropical forests comes from their
transpiration, which helps in bringing rains.
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5. Soil conservation: Forests bind the soil particles tightly in their roots
and prevent soil erosion. They also act as windbreaks.

6. Pollution moderators: Forests can absorb many toxic gases and can
help in keeping the air pure and clean. They have also been reported
to absorb noise and thus, help in preventing air and noise pollution.

Case Example 3.1: Forest Management

The management of forest resources in India has been one of the most challenging
environmental issues in South Asia. Since 1951, degraded lands in India have
doubled in size, reaching 174 million hectares by 1990. According to recent
estimates, demand for fuel wood and fodder will triple within the next ten years.
Large-scale reforestation and watershed management programmes conducted
by the Indian government have largely failed. Community-based forest
management has proved to be a feasible alternative and as of 1994, fifteen of
India’s twenty-eight states have formally initiated joint forest management (JFM)
programmes.

Local communities in Orissa now manage 1,200 patches of forest, covering a
total area of 186,900 hectares, through the efforts of 1,180 User Group
Organizations (UGO). In the 360-hectare Binjgiri Protected Forest, for instance,
environmental protection has been the driving force for improved forest
management practices. Surrounded by rural villages, the forest was almost
completely denuded by the late 1960s. Streams dried up, pond sedimentation
increased, and fuelwood grew acutely scarce. Following the initiative of a former
resident of Kesharpur, a movement to protect the Binjgiri Hill was initiated. The
villagers of Kesharpur soon realized that the regenerating forest would be
endangered if the other villages surrounding Binjgiri were not involved in its
protection. This led to the creation of the ‘Brikshya O’Jeevar Bandhu Parishad’
(BOJBP; Friends of Trees and Living Beings), a grass-roots organization that
provided essential leadership for community involvement in forest conservation.

Thanks to BOJBP’s strong cultural links with the villagers of the region and to
environmental awareness activities, traditional village councils established rules
for using the Binjgiri forest. Forest cutting and animal rearing were restricted.
Families were assigned responsibility for taking turns patrolling the forest. The
payoff was encouraging; water filled up in the streams that had dried out and
water flowed for months after the rainy season ended. In addition, fish population
grew more abundant as the pond water quality improved.

The community-based forest management systems in Orissa and elsewhere in
India vary, depending on the condition and diversity of the local resources. In
Puri district, where the Binjgiri forest is located, the great scarcity of natural
resources led to the creation of BOJBP. The rules for forest use were well defined
and moral sanctions such as requesting the violators to apologize in public were
the rule. In other communities where resources were moderately scarce, as in
Dhenkanal district, the villagers’ lack of emotional attachment to the forest made
fines and other more formal sanctions necessary. When resources were less
scarce, user-group organizations were often organized more loosely, as happened
in the Phulbani district.

Community-based forest management systems succeed because they rely on
the autonomy of villagers: regulatory measures for forest use are based on
traditional community directives and norms. Government agencies should act
as agile facilitators and legitimators, providing a supportive framework for
community organization and supplying technical assistance. The state
government in Orissa has realized that decentralization, or sharing of power with
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the communities, is fundamental to assuring long-term sustainability in the use
of forest resources. This realization not only benefits local communities, but
also the state and the nation.

Source: World Resources Institute; prepared with the assistance of Owen Lynch.

Overexploitation of forests

Since time immemorial, humans have depended heavily on forests for food,
medicine, shelter, wood and fuel. With growing civilizations, the demands for raw
materials like timber, pulp, minerals and fuel wood shooted up resulting in large-
scale logging, mining, road-building and clearing of forests. Our forests contribute
substantially to the national economy. The international timber trade alone is worth
over US $40 billion per year. Excessive use of fuel wood and charcoal, expansion
of urban, agricultural and industrial areas and overgrazing have together led to
overexploitation of our forests leading to their rapid degradation.

Deforestation

According to the World Bank, the total forest area of the world in 2000 was
estimated to be 40737562 Sq km, which was reduced to 40204180 in 2010.
Deforestation rate is relatively less in temperate countries, but it is very alarming in
tropical countries, where it is as high as 40-50 per cent; at the present rate, it is
estimated that in the next sixty years we would lose more than 90 per cent of our
tropical forests.

According to the India State of Forest Report (ISFR), 2015, the total forest
and tree cover is 79.42 million hectare, which is 24.16 per cent of the total
geographical area.  India’s forest and tree cover has increased by 5, 081 sq km.
While the total forest cover of the country has increased by 3, 775 sq km, the tree
cover has gone up by 1, 306 sq km. The report states that the majority of the
increase in forest cover has been observed in open forest category mainly outside
forest areas, followed by Very Dense Forest. While Open Forest area has increased
by 4, 744 sq km, which is 9.14 per cent of the geographical area, the area under
Very Dense Forest has increased by 2, 404 sq kms, which is 2.61 per cent of the
geographical area. About 40 per cent forest cover is in 9 big patches of 10, 000
sq km and more. The increase in total forest cover also includes an increase in the
mangrove cover. 

However, we are still far behind the target of achieving 33 per cent forest
area.

Major causes of deforestation

Major causes of deforestation are:

1. Shifting cultivation: There are an estimated 300 million people living as
shifting cultivators who practice slash and burn agriculture. In India, we
have this practice in the north-east and to some extent in Andhra Pradesh,
Bihar and MP, which contribute to nearly half of the forest clearing annually.

2. Fuel requirements: Increasing demands for fuel wood by the growing
population in India alone has shooted up to 300-500 million tonnes in 2001
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as compared to just 65 million tonnes during independence, thereby
increasing the pressure on forests.

3. Raw materials for industrial use: Wood for making boxes, furniture,
railway-sleepers, plywood, match boxes, pulp for paper industry, etc., have
exerted tremendous pressure on forests. Plywood is in great demand for
packing tea, while fir tree wood is exploited greatly for packing apples.

4. Development projects: Massive destruction of forests occur for various
development projects like hydroelectric projects, big dams, road construction
and mining.

5. Growing food needs: In developing countries, this is the main reason for
deforestation. To meet the demands of a rapidly growing population,
agricultural lands and settlements are created permanently by clearing forests.

6. Overgrazing: The poor in the tropics mainly rely on wood as a source of
fuel leading to loss of tree cover and the cleared lands are turned into grazing
lands. Overgrazing by cattle leads to further degradation of these lands.

Major consequences of deforestation

Deforestation has far reaching consequences, which may be detailed as follows:

1. It threatens the existence of many wild life species due to destruction of
their natural habitat.

2. Biodiversity is lost and along with that genetic diversity is eroded.

3. Hydrological cycle gets affected, thereby influencing rainfall.

4. Problems of soil erosion and loss of soil fertility increase.

5. In hilly areas, it often leads to landslides.

6. The effects of global warming may aggravate due to loss of oxygen generation
and increase in the level of carbon dioxide in the air.

Case Example 3.2: Chipko Indian Movement

Deforestation is a severe problem in northern India and local people have banded
together to prevent commercial timber harvesting. These people have adopted a
unique strategy in recognizing trees as valuable, living beings. The Chipko
Movement adherents are known literally as ‘tree huggers’.

Historically, the Indian Himalayan region has been under the control of expatriates
(particularly Germans) since 1855 in order to produce lumber for the railroads.
The government nationalized one-fifth of the forest area and enacted the Indian
Forest Act of 1878, which gave peasants access to those areas of the forests
which were not commercially profitable.

Although there is no one particular person who can take credit for starting the
movement, one name that seems to emerge as leader is that of Sunderlal
Bahuguna. The protestors, consisting of mostly women and children, were called
on by their leader to stop the usurpations of trees from Uttarakhand. The enduring
nature of Chipko has raised several questions.

Environmental awareness increased dramatically in the 1990s in India and so did
the number of organized lobbies to champion the cause of a cleaner environment.
As a result, New Delhi introduced legislation aimed at curbing pollution, but the
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enforcement mechanism has been [lacking].  As early as August 1994, Chipko
huggers wanted to stop the construction of the dam at Tehri because the
protestors claimed it would uproot trees and cause floods. Today, most of the
state legislators respect the peasants and their habitats.  Nonetheless, to prevent
future clearings, the Chipko ‘tree huggers’ are still very active.

Agriculture to feed the indigenous families of the hills is dependent on dense
forest coverage. The peasants of India’s hills depend on the forests for fuel,
fodder, agricultural implements, building material, medicines and in times of dearth,
food. Subsistence agriculture provide women the necessary nutrients needed
to feed their families. In most cases, the surplus is sold.

India is caught in the vortex of a market economy and faced with multiple
environmental hazards. The economy of hill societies is continuously
deteriorating. Those most affected by the deforestation are the women of the
villages as they must travel long distances to get firewood and fodder.

The debate is two-fold. The state and the means of survival are dependant on
the Himalayas for this commercially profitable resource as well as its scientific
richness. Most environmentalists associated with the Chipko Movement claim
that this is a scheme or euphemism for economic exploitation. Recent research
by Indian ecologists, ironically enough, commissioned by the Forest Department,
clearly demonstrates that a huge gap exists between the theory of sustained
yield and actual timber harvesting. It has been observed that output of logged
material often exceeds the increase of forest stock.

Commercial Viability

Commercial timber operations received a boost when laboratory trials at the
Forest Research Institute showed that the utilization of chir waste (the material
after the conversion of logs to railway sleepers) for making paper was a viable
proposition, and when further research at the FRI established that ash and
hornbeam could be used for the manufacture of sports goods. As a result,
thousands of tonnes of timber were sold annually to a paper mill in Saharanpur
and a sport goods manufacturer in Allahabad. During World Wars I and II, huge
quantities of sleepers, mostly of chir pine, were exported from Kumaun and
supplied to the railways.

When the government needed to tighten controls, it gave the Forest Department
control over the panchayats. Under the new mandate, the panchayats could
only fell trees marked by the Department. Local sale of slate and resin were
allowed only by permission. According to Yugvani, in a Hindi weekly published
from Dehradun, the villagers could only retain a fixed share (40 per cent) of any
royalty on the sale of produce from their forests.

In 1958, a committee was formed to investigate the grievances of the people of
Uttarakhand concerning forest management.  The Dasholi Gram Swarajya Sangh
(DGSS), an organization based in Chamoli district and organized in the mid 1960s,
combated obstacles to maintain their small resin and turpentine units. The Chipko
Movement began in 1973 in Mandal village in the upper Alakananda valley.
DGSS was refused permission to fell ash trees to be converted into agricultural
implements.  After DGSS did all they could to protest, a leading activist, Chandi
Prasad Bhatt, suddenly thought of embracing the trees. Women took their children
to the forests and formed a circle around the trees to prevent the felling of trees.

The success of Chipko has saved some 100,000 trees from being cut down, and
there is an active fight for the survival of 70–80 per cent of saplings. This
survival is credited mostly to the women of the peasant economy.
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The Chipko women’s defense is that they are truly concerned about the
preservation of forest area but at a higher level, it is the preservation of a little
community and its values. On one hand, the Chipko women are seeking to
escape from the commercial economy and the centralizing state; at yet another
level they are assertive and aggressive, actively challenging the ruling-class
vision of a homogenizing urban-industrial culture.

Discourse and Status

The Chipko people and the state regulating boards are somewhat in agreement,
although no treaty exists to hold the two parties in any binding obligation. Even
though the Chipko Movement has not officially had  ‘their day in court’,  they
have presided over other litigations. The stage of the case towards conflict
resolution seems to be moderate. In March 1987, the Himalayan battle forced the
government to impose a fifteen-year ban on commercial felling of green trees in
the hills of northern Uttar Pradesh.

By reversing the laws of the indigenous people, many loggers, landowners,
corporations, plywood manufacturers, mining companies, consumers of cheap
products, undiscerning tropical timbers buyers, developers of dams, political
candidates, and scientific ecological seekers would be adversely affected.

Legal Standing

The local laws more times than not are incongruent with national laws. Because
the peasants of the hills allot a certain amount of trees to be felled, their laws
work for them; however, when the government tries to enforce their laws, more
trees are excavated than the peasants desire. This makes it extremely difficult to
keep an accurate count. No official treaties exist.

The Cultural Aspect

The Chipko people believe that the trees are living and breathing carbon dioxide,
in essence, trees should be respected. The extensive forests were central to the
successful practice of agriculture and animal husbandry. In addition, medicinal
herbs were used for their healing powers. The hill people believed that the
jungle of fruit, vegetables or roots were used as aids in the times of scarity.  The
dependence of the hill peasant on forest resources was institutionalized through
a variety of social and cultural mechanisms. Through religion, folklore and oral
tradition, the forests were protected by rings of love. Hilltops were dedicated to
local deities and the trees around the spot regarded with great respect.

The Chipko Movement and Human Rights

Cultural relativism is defined as the position according to which local cultural
traditions (including religious, political and legal practices) determine the scope
of political and civil rights enjoyed by the people of a given community. Relativists
claim that substantive human rights standards vary among different cultures
and necessarily reflect national idiosyncrasies. What may be seen as a human
rights violation in one country, may be seen as a natural course of action in
another. The Chipko people fervently believe that the ‘tree hugging’, and tying
rakhis around trees are based on cultural traditions. The cutting down of trees is
a seen as violations of socioeconomic rights—second generation rights.  This
is seen as a direct violation of customary international law or the sovereign
borders of the indigeous sector.

Source: Adapted from Charisse Espy, ‘Chipko Indian Movement’, TED Case
Studies, Vol. 5, No. 1, January 1996, http://www.american.edu/TED/class/all.htm;
accessed on 27 February 2008.



NOTES

Natural Resources,
Problems and Conservation

Self - Learning
84 Material

Major activities in forests

The major activities in forests involve:

 Timber extraction: Logging for valuable timber such as Teak and Mahogany
not only involves a few large trees per hectare, but about a dozen more
trees since they are strongly interlocked with each other by vines and
construction of roads in forest causes further damage to the forests.

 Mining: Mining operations for extracting minerals and fossil fuels like coal
often involve vast forest areas. Mining from shallow deposits is done by
surface mining, while that from deep deposits is done by sub-surface mining.
More than 80,000 ha of land in this country is presently under the stress of
mining activities. Mining and its associated activities require removal of
vegetation along with the underlying soil mantle and overlying rock masses.
This results in defacing the topography and destruction of the landscape in
the area.

Large-scale deforestation has been reported in Mussorie and Dehradun
valley due to indiscriminate mining of various minerals over a length of about
forty kilometres. The forested area has declined at an average rate of 33
per cent and the increase in non-forest area due to mining activities has
resulted in relatively unstable zones, leading to landslides.

Indiscriminate mining in forests of Goa since 1961 has destroyed more than
50,000 ha of forest land. Coal mining in Jharia, Raniganj and Singrauli areas
have caused extensive deforestation in Jharkhand. Mining of magnesite and
soap-stones have destroyed 14 ha of forest in hill slopes of Khirakot, Kosi
valley, Almora. Mining of radioactive minerals in Kerala, Tamilnadu and
Karnataka are posing similar threats of deforestation. The rich forests of
Western Ghats are also facing the same threat due to mining projects for
excavation of copper, chromite, bauxite and magnetite.

 Mining engineerng: Mining engineering is a field that involves many of the
other engineering disciplines as applied to extracting and processing minerals
from a naturally occurring environment.

The need for mineral extraction and production is an essential activity of
any technically proficient society. As minerals are produced from within a naturally
occurring environment, disturbance of the environment as a result of mineral
production is a given. Modern mining engineers must therefore be concerned not
only with the production and processing of mineral commodities, but also with the
mitigation of damage or changes to an environment as a result of that production
and processing.

The two primary types of mine are underground mines and open-pit mines.
Minerals that exist relatively deep underground (eg. some coal seams, gold and
some metalliferous ores) are generally recovered using underground mining methods.
Minerals like iron ore, shallow coal seams and bauxite are usually recovered from
the surface by openpit mining.
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Dams and their effects on forests and people

Big dams and rivers valley projects have multi-purpose uses and Pandit Jawaharlal
Nehru used to refer to these dams and valley projects as ‘Temples of modern
India’. However, these dams are also responsible for the destruction of vast areas
of forests. India has more than 1550 large dams, the maximum being in the state of
Maharashtra (more than 600), followed by Gujarat (more than 250) and Madhya
Pradesh (130). The highest one is Tehri dam, on river Bhagirathi in Uttarakhand
and the largest in terms of capacity is Bhakra dam on river Satluj in Himachal
Pradesh.

Big dams have been in sharp focus of various environmental groups all over
the world, because of several ecological problems including deforestation and
socio-economic problems related to tribal or native people associated with them.

The Silent Valley Hydro-Electric Project was one of the first such projects
situated in the tropical rain forest area of Western Ghats, which attracted much
concern of the people.

The crusade against the ecological damage and deforestation caused due to
Tehri dam was led by Shri Sunderlal Bahaguna, the leader of Chipko Movement.
The cause of Sardar Sarovar Dam related issues taken up by the environmental
activitist Medha Patkar, joined by Arundhati Roy and Baba Amte.

For building big dams, large-scale devastation of forests takes place which
breaks the natural ecological balance of the region. Floods, droughts and landslides
become more prevalent in such areas.

Forests are the repositories of invaluable gifts of nature in the form of
biodiversity and by destroying them (particularly, the tropical rain forests), we are
going to lose these species even before knowing them. These species could have
marvelous economic or medicinal value and deforestation results in loss of this
storehouse of species which have evolved over millions of years.

2. Water resources

Water is an indispensable natural resource on this earth on which all life depends.
About 97 per cent of the earth’s surface is covered by water and most of the
animals and plants have 60-65 per cent water in their body.

Water is characterized by certain unique features which make it a marvelous
resource. These are as follows:

 It exists as a liquid over a wide range of temperature, i.e., from 0 to
100ºC.

 It has the highest specific heat, due to which it warms up and cools
down very slowly without causing fluctuations in temperature, thereby
protecting the aquatic life.

 It has high latent heat of vapourization. Hence, it takes huge amount of
energy for getting vapourized. That is why it produces a cooling effect
as it evaporates.
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 It is an excellent solvent for several nutrients. Thus, it can serve as a
very good carrier of nutrients, including oxygen, which are essential for
life. It can also easily dissolve various pollutants and become a carrier
of pathogenic micro-organisms.

 Due to high surface tension and cohesion, it can easily rise through great
heights, through tree trunks even in the tallest of the trees like Sequoia.

 It has an anamolous expansion behaviour, i.e., as it freezes it expands
instead of contracting and thus becomes lighter. It is because of this
property that even in extreme cold, lakes freeze only on the surface.
Being lighter, the ice keeps floating, whereas the bottom water remains
at a higher temperature and therefore, can sustain aquatic organisms
even in extreme cold.

The water we use keeps on cycling endlessly through the environment. This
is known as the hydrological cycle. We have enormous resources of water on
earth amounting to 1404 million km³. The water from various moist surfaces
evaporates and again falls on the earth in the form of rain or snow and passes
through living organisms and ultimately returns to the ocean. Every year about 1.4
inch thick layer of water evaporates from the oceans, more than 90 per cent of
which returns to the oceans through the hydrological cycle. Solar energy drives
the water cycle by evaporating it from various bodies, which subsequently return
through rainfall or snow. Plants too play a very vital role by absorbing the
groundwater from the soil and releasing it into the atmosphere by the process of
transpiration.

Global distribution of water resources is quite uneven depending upon several
geographic factors. Tropical rain forest areas receive maximum rainfall, while the
major world deserts occur in zones of dry, descending air (20-40° N and S) and
receive very little rainfall.

Water use and overexploitation

Due to its unique properties, water has multiple uses for all living organisms. Water
is absolutely essential for life. Most of the life processes take place in water contained
in the body. Uptake of nutrients, their distribution in the body, regulation of
temperature, and removal of wastes are all mediated through water.

Water is used by humans in the two following ways:

1. Water withdrawal: This involves taking water from groundwater or
surface water resource.

2. Water consumption: Here, the water which is taken up is not returned
for reuse.

Water: A precious natural resource

Although water is very abundant on earth, yet it is very precious. Out of the total
water reserves of the world, about 97 per cent is salt water (marine) and only 3
per cent is fresh water. Even this small fraction of fresh water is not available to us;
most of it is locked up in the polar ice caps and just 0.003 per cent is readily
available to us in the form of groundwater and surface water.
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Overuse of groundwater for drinking, irrigation and domestic purposes has
resulted in rapid depletion of groundwater in various regions leading to lowering of
water table and drying of wells. Pollution of many of the groundwater aquifers has
resulted in making these wells unfit for consumption.

Rivers and streams have long been used for discharging of wastes. Most of
the civilizations have grown and flourished on the banks of rivers, but unfortunately,
growth in turn has been responsible for pollution of the rivers.

 Groundwater: About 9.86 per cent of the total fresh water resources
is in the form of groundwater and it is about 35-50 times that of surface
water supplies.

Effects of groundwater usage: 1. Subsidence 2. Lowering of water table
and 3. Waterlogging

 Surface water: When the water formed through precipitation (rainfall,
snow) does not percolate down into the ground or does not return to
the atmosphere through evaporation or transpiration loss, it assumes the
form of streams, lakes, ponds, wetlands or artificial reservoirs known
as surface water. The surface water is largely used for irrigation, industrial
use, public water supply and navigation. As you know, a country’s
economy is largely dependent upon its rivers.

The problems arising out of water resources are floods and droughts. Apart
from these, there are conflicts over water. Indispensability of water and its unequal
distribution has often led to inter-state or international disputes. Issues related to
sharing of river water have been largely affecting our farmers and also shaking our
governments. Some major water conflicts are: a) Water conflict in the Middle
East- countries involved are Sudan, Egypt, Turkey—it also affects countries who
are water starved namely, Saudi Arabia, Kuwait, Syria, Israel and Jordan, b) The
Indus Water treaty is dispute between India and Pakistan, c) The Cauvery water
dispute- involves two major southern states of India, viz. Tamilnadu and Karnataka.
Similarly, the Satluj-Yamuna Link canal dispute also involves two northern states,
viz. Punjab and Haryana. Affected states include UP, Rajasthan as well as Delhi.

In traditional water management, innovative arrangements ensure equitable
distribution of water. The ‘gram sabhas’ approve these plans publicly. While water
disputes between states and nations often resume battle-like situations, our traditional
water managers in villages prove to be quite effective.

Big dams: Benefits and problems

The benefits and problems of big dams are mentioned below:

Benefits

River valley projects with big dams have usually been considered to play a key
role in the developmental process due to their multiple uses. India has the distinction
of having the largest number of river valley projects. These dams are often regarded
as a symbol of national development. Such projects result in providing employment,
raising the standard of living and improving the quality of life. Such projects have
tremendous potential for economic upliftment and growth. It can check floods and
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famines, generate electricity and reduce water and power shortages, provide
irrigation water to lower areas, provide drinking water in remote areas and bring
about overall development of the region.

Environmental problems

The environmental impact of big dams are also too many, due to which very often,
big dams become an issue of controversy. The impacts can be at the upstream as
well as the downstream levels.

Upstream problems are:

 Displacement of tribal people

 Loss of forests, flora and fauna

 Changes in fisheries and the spawning grounds
 Siltation and sedimentation of reservoirs
 Loss of non-forest land
 Stagnation and waterlogging near reservoir
 Breeding of vectors and spread of vector-borne diseases
 Reservoir induced seismicity (RIS) causing earthquakes
 Growth of aquatic weeds
 Microclimatic changes

Downstream impacts are:

 Waterlogging and salinity due to overirrigation
 Micro-climatic changes
 Reduced water flow and silt deposition in rivers
 Flash floods
 Salt water intrusion at river mouths
 Loss of land fertility along the river since the sediments carrying nutrients

get deposited in the reservoir
 Outbreak of vector-borne diseases like malaria

Thus, dams are built to serve the society with multiple uses, but it has several
serious side-effects. That it why, now there is a shift towards construction of small
dams or mini-hydel projects.

3. Mineral resources

Minerals are naturally occurring, inorganic, crystalline solids having definite chemical
composition and characteristic physical properties. There are thousands of minerals
occurring in different parts of the world. However, most of the rocks we see
everyday are just composed of few common minerals like quartz, feldspar and
biotite. These minerals, in turn, are composed of some elements like silicon, oxygen
and iron.

Minerals are generally used for the development of industrial plants,
generation of energy, construction, equipment and armament for defence,
transportation, medical system, communication, jewellery–gold and silver.
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Environmental impacts of mineral extraction are devegetation and defacing
of landscape, subsidence of land, groundwater contamination, surface water
pollution, air pollution and occupational health hazards.

Environmental effects of extracting and using mineral resources

Much of the impact of mining and quarrying is obvious. The disruption of land
otherwise suitable for agricultural, urban or recreational use; the deterioration of
the immediate environment through noise and airborne dust; and the creation of
ore of the most dangerous environments for workers and potentially hazardous
for the public are all environmental problems associated with mining.

Water passing through the mines or dumps becomes acidified, later finding
its way into rivers, streams or the local groundwater system. Many streams can be
affected by abandoned mine works.

Remedial measures include adoption of eco-friendly technology, microbial
leaching technique, restoration of mined areas by re-vegetating them with appropriate
plant species, stabilization of the mined lands and gradual restoration of flora.

Case Example 3.3: Tracking Health and Well-being
in Goa’s Mining Belt

New tools promote the sustainable development of mining

The Indian state of Goa is better known for its beaches and as a mecca for
backpackers than as the backbone of India’s iron ore industry. Yet, the mining
belt that stretches across the middle of this tiny state, accounts for 60 per cent of
the nation’s iron ore exports. The contrast between the picture-perfect beaches
of the coast and the pockmarked landscape of the interior is stark. Open pit
mining operations have left an indelible mark on the region: hills have been
flattened, forests razed, and fields blanketed in silt run-off from waste sites and
processing plants. Look beyond the fractured landscape, however, and you will
see that jobs have been created, health and education standards have improved,
and money spent locally has brought a measure of material wealth.

Goa’s story is one that has been repeated in mineral-rich regions the world over,
where economic imperatives have pushed environmental concerns aside. Where
this story differs, though, is in the steps being taken to change the narrative.

The search for balance

‘Closing the mines because of their environmental impact is not an option for
Goa,’ says Dr Ligia Noronha of the Western Regional Centre of the Tata Energy
Research Institute (TERI). ’But there is a need to bring about some balance
between the economic gains and the environmental losses to ensure greater
sustainability for the region and local communities….’

Building local trust

‘Early on, we understood that we needed a broad perspective for understanding
well-being and its determinants, as well as a means of addressing the various
realities of the people living and working in mining areas,’ says Dr Noronha. ‘We
chose an ecosystem approach because it places an equal emphasis on concerns
related to the environment, the economy, and the community in assessing the
significance of an economic activity to human well-being. For us, it seemed the
best way to go….’
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The common set of core issues to emerge from this process were:

 Land: its availability for mining operations and issues of compensation to
farmers

 Environmental quality: concerns about the degradation of air, water, lands,
and forests

 Post mine-closure: issues of unemployment, income potential, migration
rates, alcoholism, and environmental cleanup

 Human and physical investment in the region: education, basic amenities,
rent-sharing with locals, training opportunities, and health care facilities

 Social and community relations: nongovernmental organizations’ interference,
political interference, media under-reporting of problems, cosmetic attention
to problems, and consultation

 Effective administration: rule enforcement, goals achieved, and accountability
Working from this core set of issues, the TERI researchers developed three
tools for measuring the impact of mining activities and their effect on well-being:
(i) a set of environmental and social performance indicators to measure the
economic, environmental, and social costs of mining; (ii) a ‘quality of life’
instrument to assess the well-being of people in mining areas over time; and (iii)
an income-accounting tool to gauge the long-term economic viability of mining
activities.

Assessing change

The purpose of environmental and social performance indicators is to measure
trends. … The TERI team developed indicators for each of the stakeholder
groups. For mining companies, for example, whether wastewater was treated
and tailings water was recycled served as indicators of environmental
performance. In villages, water levels in wells and rivers served as indicators of
environmental quality. Because monitoring was done by government agencies,
they also served as indicators of good environmental governance….

Monitoring quality of life

In developing the quality of life (QOL) instrument, the TERI team worked with
focus groups of ten to twelve people who represented a cross-section of the
community and included members of the three stakeholder groups. …

… In Goa, the QOL instrument will provide stakeholders with a snapshot of how
quality of life changes over time and at different levels of economic activity
depending on whether mining is new to the area, well established, or in the
process of closing down. This panoramic picture of changes over time can
‘suggest policies and promote improved industry and government practices
that will lead to improved health and well-being of people’, says Dr Noronha.

Promoting sustainable development

The role of mining in sustainable development is one issue that decision makers
and resource managers have wrestled with for decades. With the development
of their income-accounting tool, the TERI researchers have attempted to show
how mining activities, which have a finite life span, can be integrated with social
and environmental concerns in a way that promotes long-term community
development.

The approach adopted by the TERI team places a monetary value on the effects
of mining, such as air and water pollution, loss of forests, groundwater depletion,
mineral resource use, and reduced agricultural productivity. It also takes into
account the direct and indirect benefits to society. In the case of forests, for
example, this would include the economic benefits gained from the generation of
marketable products and the indirect benefits from watershed protection and
other services. These environmental costs can be seen as an additional amount
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that should be contributed by the mining company to finance environmental
rehabilitation using the ‘polluter pays’ principle.

The team used similar accounting practices to place values on the health and
social costs of mining. To ensure the economic viability of communities after the
resource has been exhausted, money would be set aside to finance human and
community development. This could help offset one of the main problems
associated with mine closures: the lack of skills and resources for alternate
economic development.

A step forward

The tools, the TERI team have developed are not a panacea. For one thing they
do not address the skewed power relationship so common in mining areas. ‘In
Goa, mining is big business and mine owners are politically powerful,’ says Dr
Noronha. ‘Mining is causing serious environmental problems, but few questions
are asked.’

She sees the development of these tools as a step forward in redressing this
imbalance. ‘Mining companies are now aware and, more importantly, acknowledge
that they have to act responsibly, that their activities are being monitored and
assessed,’ states Dr Noronha. ‘Communities have information, both positive
and negative, about the activity and its impact in relation to certain societal
goals or standards, if they want to act toward improved conditions for themselves.
And government officials know there is access to information if they want to use
it to improve governance in mining regions.’

This, she believes, can promote increased accountability and transparency in
resource development.

Source: Adapted from the Case Study written by Kevin Conway, a writer in
Canada’s International Development Research Centre’s (IDRC) Communications
Division.

4. Food resources

There are thousands of edible plants and animals in the world over, yet only about
three dozen types constitute the major food of humans. The main food resources
include wheat, rice, maize, potato, barley and oats and about twenty or so common
fruits and vegetables, milk, meat, fish and seafood.

World food problems

Every year food problem is killing as many people as were killed by the atomic
bomb dropped on Hiroshima during World War II. This shows that there is a
drastic need to increase food production, equitably distribute it and also to control
population growth. Although, India is the third largest producer of staple crops, an
estimated 300 million Indians are still undernourished. India has only half as much
land as USA, but it has nearly three times the population to feed. Our food problems
are directly related to population.

Because of overgrazing, the agricultural land gets affected as follows:

 Land degradation

 Soil erosion

 Loss of useful species
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Agriculture also makes an impact on the usage of land as follows:

 Deforestation

 Soil erosion

 Depletion of nutrients

The impact of modern agriculture is as follows:

 Impact related to high yielding varieties (HYV).

 Fertilizers related problems include micronutrient imbalance, nitrite
pollution and eutrophication.

 Pesticide-related problems include creating resistance in pests and
producing new pests, death of non-target organisms, biological
magnification.

 Some other problems include waterlogging and salinity problems.

Food resources: Water logging and salinity

‘Waterlogging’ is defined as the state of land in which the subsoil water table is
located at or near the surface with the result that the yield of crops commonly
grown on it is reduced well below for the land, or, if the land is not cultivated, it
cannot be put to its normal use because of the high subsoil water table.

‘Salinity control’ is defined as the physical control, management, and use of
water and related land resources in such a way as to maintain or reduce salt
loading and concentrations of salt in water supplies. Drainage of irrigated land is
required to reduce waterlogging and soil salinization that inevitably accompanies
waterlogging in arid zones. At present, about 20-30 million hectares of irrigated
land are seriously affected by salinity.

Case Example 3.4: Statement by the Advisory Group on
Nutrition on The World Food Problem,

Hunger and Malnutrition

In the two decades since the World Food Conference of 1974, the questions of
how much food the world grows and how that food is distributed have rightly
remained at the centre of international debate and concern. For most of that time,
the main emphasis has been on access to food and on distribution, rather than
on supply. We believe that emphasis was correct. It directed discussion to
questions of food entitlement, household and individual food security and matters
related to the quality and safety of food for human consumption. These concerns
have been prominent in international statements, most recently the International
Conference on Nutrition in 1992. International policy commitments have in turn
been associated with modest increases in resource flows to nutrition and related
fields, not just to save lives in famines, but also to help achieve food and nutrition
goals in the longer term.

Recently, an alternative set of concerns has re-emerged, which has begun to
direct attention back to food supply. Rising population, increasing urbanization,
doubts about the sustainability of intensive farming and irrigation systems and
an apparent slow-down in the rate of increase of yields of the major food staples,
are factors which have led some observers to argue for a higher priority to be
given to agricultural research and to investments designed to increase agricultural
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productivity and production. The case is said to be strengthened by structural
changes in the world economy, including the changes in Eastern Europe and the
former Soviet Union and the effect of the GATT agreement on world food trade.

Our continuing concern about under nutrition and household food security
leads us to conclude that agricultural research and investment will have their
greatest impact on reducing hunger if they are planned specifically to take account
of the changing geographical and socio-economic characteristics of hunger in
the world, and of poor people’s perceptions of their malnutrition-related problems.
In the immediate future, this will mean increased attention to the production
potential of poor people living in resource-poor areas, to the promotion of secure
and sustainable livelihoods in Africa, to the needs of female-headed households
and semi-urban populations and to measures which will mitigate the appalling
effects of severe drought and conflict on food supply, food prices and the
command over food by poor people.

Because it is imperative to assure a sustainable and sufficient world food supply,
it is necessary to keep under review investments in agricultural research,
agriculture and other components affecting supply. We believe that increased
investments in these areas are entirely in concert with the massive programmes
of action required to achieve the goals set by the International Conference on
Nutrition. At the same time, and in a world where aid resources are increasingly
scarce, the additional resources required to address issues related to world food
supply should not be sought at the expense of those needed to strengthen the
effective demand of the deprived for food, health and household care. In our
analysis of the world food problem, household access to food remains one of
the most urgent food problems for the foreseeable future.

Source: Report on the Twenty-First Session of the Sub-Committee on Nutrition, UNICEF,
New York, 7–11 March 1994.

5. Energy resources

Energy consumption of a nation is usually considered as an index of its development.
This is because almost all the development activities are directly or indirectly
dependent upon energy. There are wide disparities in per capita energy use between
the developed and the developing nations.

The original form of energy based technology probably was fire, which
produced heat and the early man used it for cooking and heating purposes. Wind
and hydropower has also been used. Invention of steam engines replaced the
burning of wood by coal and coal was further replaced by oil.

Energy resources are primarily divided into two categories, viz. renewable
and non-renewable sources.

Renewable energy resources must be preferred over the non-renewable
resources. This will seek to end the energy crisis which the world is facing today.
It is inevitable truth that now there is an urgent need of thinking in an terms of
alternative sources of energy, which are also termed as non-conventional energy
sources. These include: 1. solar energy,  2. wind energy 3. hydropower, tidal
energy, ocean thermal energy, geothermal energy, biomass, biogas and biofuels.
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The non-renewable energy sources include coal, petroleum, natural gas
and nuclear energy.

6. Land resources

Land is a finite and valuable resource upon which we depend for our food, fibre
and fuel wood—the basic amenities of life. Soil is also a valuable resource. Because
of increase in population, the demands for arable land for producing food and fuel
wood is also increasing. Hence, there is more and more pressure on the limited
land resources which are being depleted due to overexploitation. Soil erosion,
waterlogging, salinization and contamination of the soil with industrial wastes like
fly ash, press mud or heavy metals all cause degradation of land.

Soil erosion

Soil erosion means displacement of upper layer of soil. It is defined as the movement
of soil components, especially surface-litter and top soil from one place to another.
It results in the loss of fertility.

It is basically of two types, viz, normal erosion or geological erosion and
accelerated erosion. The agents that cause such erosions are climatic agents and
biotic agents. Wind is also responsible for land erosion through saltation, suspension
and surface creep.

In order to prevent soil erosion and conserve the soil, the following
conservation practices are employed:

 Conservational till farming

 Contour farming

 Terracing

 Strip cropping

 Alley cropping

 Wind breaks or shelterbelts

 Waterlogging

Man-induced erosions

In order to provide food and shelter, man has cut down forests indiscriminately,
allowed grazing of grasses excessively and ploughed the land and exposed it to
nature with the result that erosion of soil has been faster than it was formed.

This is man-made erosion and is a result of bad land management. The
worst form of cultivation is shifting cultivation. The practice is common with tribal
communties. They fell the forest and burn all vegetation and cultivate the cleared
areas for two to three years and then abandon them for some years. This accelerates
erosion and many good hill slopes have been denuded of vegetation and top soil,
making them barren.
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 Landslides: Various anthropogenic activities like hydroelectric projects,
large dams, reservoirs, construction of roads and railway lines,
construction of buildings and mining are responsible for clearing of large
forested areas.

 Desertification: It is a process whereby the productive potential of
arid or semiarid lands falls by ten per cent or more. Desertification is
characterized by devegetation and loss of vegetal cover, depletion of
groundwater, salinization and severe soil erosion. The causes of
desertification are deforestation, overgrazing and mining and quarrying.

3.2.3 Role of an Individual in Conservation of Natural
Resources

Different natural resources like forests, water, soil, food, mineral and energy
resources play a vital role in the development of a nation. With our small individual
efforts we can help in conserving our natural resources to a large extent. The
following are some of the ways:

Conserve water

We can conserve water by following these steps:

1. Do not keep water taps running while brushing, shaving, washing or bathing.

2. In washing machines, fill the machine only to the level required for your
clothes.

3. Install water-saving toilets that use not more than six litres per flush.

4. Check for water leaks in pipes and toilets and repair them promptly.

5. Reuse the soapy water of washing from clothes for gardening, driveways,
etc.

6. Water the plants and the lawns in the evening when evaporation losses are
minimum. Never water the plants in mid-day.

7. Install a system to capture rain water.

Conserve energy

Energy can be conserved through following steps:

1. Turn off lights, fans and other appliances, when not in use.

2. Obtain as much heat as possible from natural sources. Dry the clothes in
sun instead of using dryers.

3. Use solar cooker for cooking which will make the food more nutritious and
will save your LPG expenses.

4. Build your house with provision for sunspace which will keep your house
warmer and will provide more light.

5. Drive less, make fewer trips and use public transportations whenever
possible. Share a car-pool, if possible.
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6. Control the use of air conditioners.

7. Recycle and reuse glass, metals and paper.

8. Use bicycle or just walk down small distances instead of using an automobile.

Protect the soil

We can protect soil by following steps:

1. Grow different types of ornamental plants, herbs and trees in your garden.
Grow grass in the open areas which will bind the soil and prevent its erosion.

2. Make compost from your kitchen waste and use it for your kitchen-garden.

3. Do not irrigate the plants using a strong flow of water as it would wash off
the soil.

4. Better use sprinkling irrigation.

Promote sustainable agriculture

Sustainable agriculture can be promoted through following steps:

1. Do not waste food; Take only as much as you can eat.

2. Reduce the use of pesticides.

3. Fertilize your crops with organic fertilizers.

4. Use drip irrigation.

5. Eat local and seasonal vegetables.

6. Control pests.

Check Your Progress

1. Define natural resources.

2. Enlist the categories of natural resources.

3. What are the ecological benefits of forests?

4. What is our role as an individual in the conservation of water?

5. ‘The rich have gone richer and the poor have become poorer’. Can there
be a balanced distribution of resources and wealth?

3.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Natural resources are defined as a form of energy which is essential for the
functioning of organisms, populations and ecosystems.

2. Forest resources, water resources, mineral resources, food resources, energy
resources and land resources are the categories of natural resources.

3. The ecological benefits of forests are: Trees produce oxygen by
photosynthesis which is so vital for life on earth. The greenhouse gas carbon
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dioxide is absorbed by the forest as a raw material for photosynthesis,
thereby reducing the problem of global warming caused by CO2. It provides
shelter to wild animals and helps in binding soil particles tightly to their roots
and prevents soil erosion. Forests can absorb many toxic gases and can
help in keeping the air pure and clean.

4. Our small individual efforts can together help in conserving the natural
resources. Some of the ways to conserve natural resources are as follows:

 Do not keep water taps running while brushing, shaving, washing or
bathing.

 In washing machines, fill water only to the level required for our clothes.

 Install water-saving toilets that use not more than six litres per flush.

 Check for water leaks in pipes and toilets and repair them promptly.

5. Yes, there can be a balanced distribution of resources and wealth. Rich
countries will have to lower their consumption levels and the minimum needs
of the poor must be satisfied by providing them resources. Fair sharing of
resources between the rich and the poor will bring about sustainable
development for all.

3.4 SUMMARY

 The basic ecological variables—energy, space, time and diversity are
sometimes together called natural resources. These natural resources maintain
the ecological balance among themselves. Man is the only organism who
has disrupted this delicate balance.

 Resources that can be replenished through rapid natural cycles are known
as renewable resources.

 The resources that cannot be replenished through natural processes are
known as non-renewable resources.

 Resources which are not changed or exhausted by man’s activities and are
abundantly available are said to be inexhaustible.

 These resources are limited in nature and they are non-maintainable, e.g.,
coal, petrol and some minerals.

 About one-third of the world’s land area is forested, which includes closed
as well as open forests.

 The forested area in India seems to have stabilized since 1982 with about
0.04 per cent decline in deforestation annually between 1982 and 1990.

 Mining Engineering is a field that involves many of the other engineering
disciplines as applied to extracting and processing minerals from a naturally
occurring environment.
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 For building big dams, large-scale devastation of forests takes place which
breaks the natural ecological balance of the region. Floods, droughts and
landslides become more prevalent in such areas.

 Water is an indispensable natural resource on this earth on which all life
depends.

 Although water is very abundant on earth, yet it is very precious. Out of the
total water reserves of the world, about 97 per cent is salt water (marine)
and only 3 per cent is fresh water.

 Minerals are naturally occurring, inorganic, crystalline solids having definite
chemical composition and characteristic physical properties. There are
thousands of minerals occurring in different parts of the world.

 There are thousands of edible plants and animals the world over, yet only
about three dozen types constitute the major food of humans. The main
food resources include wheat, rice, maize, potato, barley and oats and
about twenty or so common fruits and vegetables, milk, meat, fish and
seafood.

 Energy consumption of a nation is usually considered as an index of its
development. This is because almost all the development activities are directly
or indirectly dependent upon energy.

 Energy resources are primarily divided into two categories, viz. renewable
and non-renewable sources.

 Land is a finite and valuable resource upon which we depend for our food,
fibre and fuel wood—the basic amenities of life. Soil is also a valuable
resource.

 Because of increase in population, the demands for arable land for producing
food and fuel wood is also increasing.

 Soil erosion means displacement of upper layer of soil. It is defined as the
movement of soil components, especially surface-litter and top soil from
one place to another. It results in the loss of fertility.

3.5 KEY TERMS

 Energy resources: Energy resources are all forms of fuels used in the
modern world, either for heating, generation of electrical energy, or for other
forms of energy conversion processes.

 Mining engineering: It is an engineering discipline that involves the science,
technology and application of extracting and processing minerals from a
natural environment.
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 Ecological variables: Ecological variables are complex processes involving
change and interaction, such as dominance, competition, flow of energy,
equilibrium.

3.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. What are renewable and non-renewable resources? Give examples.

2. What are the major environmental impacts of mineral extraction?

3. What are the major causes and consequences of deforestation?

Long-Answer Questions

1. Discuss the major uses of forests. How would you justify that ecological

uses of forest surpass its commercial uses?

2. Explain the role of an individual in the conservation of natural resources.

3. What are the major causes for conflicts over water? Discuss one international

and one interstate water conflict.
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4.0 INTRODUCTION

If we divide the whole earth into 10 billion parts, it is only one part where life exists
and the 50 million species are all restricted to just about a kilometre-thick layer of
soil, water and air. It is indeed wonderful to see that so much diversity has been
created by nature on this earth from so little physical matter. Biodiversity refers to
the variety and variability among all groups of living organisms and the ecosystem
complexes in which they occur.

In the Convention of Biological Diversity, 1992, biodiversity has been defined
as the variability among living organisms from all sources including inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are a part of. In this unit, we will discuss the concept of biodiversity in
detail, along with its importance and conservation.

4.1 OBJECTIVES

After going through this unit, you will be able to:

 Understand the concept of biodiversity

 Describe the importance of biodiversity

 Discuss the threats to biodiversity
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4.2 INTRODUCTION TO BIODIVERSITY

Biodiversity, the variety and variability of living organisms constitutes the biological
wealth. Biodiversity is at three levels that is, genetic, species and ecosystem
biodiversity.

1. Genetic biodiversity

It is the basic source of biodiversity. Genes found in organisms can form enormous
number of combinations, each of which gives rise to some variability. Genes are
the basic units of hereditary information, transmitted from one generation to other.
When the genes within the same species show different versions, due to new
combinations, it is called genetic variability. For example, all rice varieties belong
to the species Oryza sativa, but there are thousands of wild and cultivated varieties
of rice which show variations at the genetic level and differ in their colour, size,
shape, aroma and nutrient content of the grain. This is genetic diversity of rice.

Genetic biodiversity means the variation of genes within a species. In a
species, each variety has its own genes or genetic make-up. Diversity of genes
within a species increases its ability to adapt to disease, pollution and other changes
in environment. When a variety of a species is destroyed, genetic diversity gets
diminished.

2. Species biodiversity

This is the variability found within the population of a species or between different
species of a community. It represents broadly the species richness and their
abundance in a community.

Till now, only about 1.5 million living and 300000 fossil species have been
actually described and given scientific names. It is quite likely that a large fraction
of these species may have become extinct even before they were discovered and
enlisted.

Species biodiversity means a variety of species within a region. Such diversity
can be measured on the basis of species in a region. More the species biodiversity
means more the biological wealth.

3. Ecosystem biodiversity

This is the diversity of ecological complexity showing variations in ecological niches,
tropic structure, food webs, nutrient cycling, etc. Ecosystems also show variations
with respect to physical parameters like moisture, temperature, altitude and
precipitation. Thus, there occurs tremendous diversity within the ecosystems, along
these gradients.

We mainly consider diversity in forest ecosystem, which is supposed to have
a dominance of trees. But, while considering a tropical rainforest, a tropical deciduous
forest, a temperate deciduous forest and a boreal forest, the variations observed are
too many and they are mainly due to variations in these physical factors.

Ecosystem diversity is of great value that must be kept intact. This diversity
has developed over millions of years of evolution. If we destroy this diversity, it
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would disrupt the ecological balance. We cannot replace the diversity of one
ecosystem with that of another. Coniferous trees of boreal forests cannot take up
the function of the trees of tropical deciduous forest lands and vice versa, because
ecosystem diversity has evolved with respect to the prevailing environmental
conditions with well regulated ecological balance.

Ecosystem biodiversity refers to the variety of ecosystem in a particular
region or zone, for example, various ecosystems include forests, wetlands, arid
zones and deserts. All these have their own fauna and flora (biodiversity).

4.2.1 Biogeographical Classification of India

India has different types of climate and topography in different parts of the country
and these variations have induced enormous variability in flora and fauna. India
has a rich heritage of biological diversity and occupies the tenth position among
the plant rich nations of the world.

It is very important to study the distribution, evolution, dispersal and
environmental relationship of plants and animals in time and space. There are ten
different bio-geographic habitats in India.

 Trans-Himalayan – Upper regions
 Himalayan – North-West Himalayas, West, Central and East Himalayas
 Desert – Kutch, Thar and Ladakh
 Semi-Arid – Central India, Gujarat-Rajwara
 Western Ghats – Malabar Coast, Western Ghat Mountains
 Deccan Peninsula – Deccan Plateau South, Central, Eastern, Chhota Nagpur
 Gangetic Plain – Upper Gangetic Plain, Lower Gangetic Plain
 North-East India – Brahmaputra Valley, North Eastern Hills
 Islands – Andaman Islands, Nicobar Islands, Laskhadweep, etc.
 Coasts – West Coast and East Coast

4.3 VALUE OF BIODIVERSITY

Biodiversity in terms of its commercial utility, ecological service, social and aesthetic
value has enormous importance. We are benefited by other organisms in
innumerable ways. Sometimes, we come to know and appreciate the value of an
organism only after it is lost from this earth. Very small, insignificant, useless looking
organism may play a crucial role in the ecological balance of the ecosystem or may
be a potential source of some invaluable drug for dreaded diseases like cancer or
AIDS. The multiple uses of biodiversity are classified as follows:

1. Consumptive use value

Consumptive use value includes direct use values where the biodiversity product
can be harvested and consumed directly, e.g., fuel, food, drugs and fibre.

 Food: A large number of wild plants and shrubs are consumed by human
beings as food. About 80,000 edible plants species have been reported
from the wild. About 90 per cent of present day food crops have been
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domesticated from wild tropical plants. Even now, our agricultural scientists
make use of the existing wild species of plants that are closely related to our
crop plants for developing new hardy strains. Wild relatives usually possess
better tolerance and hardiness. A large number of wild animals are also our
sources of food.

 Drugs and medicines: About 75 per cent of the world’s population depends
upon plants or plant extracts for medicines. The wonder drug penicillin
used as an antibiotic is derived from a fungus called penicillium. Likewise,
we get tetracyclin from a bacterium. Quinine, the cure for malaria is obtained
from the bark of cinchona tree, while digitalin is obtained from foxglove
(digitalis) which is an effective cure for heart ailments. Recently, vinblastin
and vincristine, two anti-cancer drugs, have been obtained from periwinkle
(catharanthus) plant, which possesses anti-cancer alkaloids. A large number
of marine animals are supposed to possess anti-cancer properties which
are yet to be explored systematically.

 Fuel: Our forests have been used since ages for fuel wood. The fossil fuels
coal, petroleum and natural gas are also products of fossilized biodiversity.
Firewood collected by individuals are not normally marketed, but are directly
used by tribals and local villagers; hence, falls under constructive value.

2. Productive use values

These are the commercially usable values, where the product is marketed and
sold. It may include lumber or wild gene resources that can be traded for use by
scientists for introducing desirable traits in the crops and domesticated animals.
These may also include animal products like tusks of elephants, musk from musk
deer, silk from silkworm, wool from sheep, fur of many animals and lac from lac
insects, all of which are traded in the market. Many industries are dependent upon
the productive use of values of biodiversity, e.g., paper and pulp industry, plywood
industry, railway sleeper industry, silk industry, textile industry, ivory-works, leather
industry, pearl industry, etc.

Despite international ban on trade in products from endangered species,
fur, hide, horns, tusks, live specimen, etc., worth millions of dollars are being sold
every year. Developing countries in Asia, Africa and Latin America are the richest
biodiversity centres and wildlife products are smuggled and marketed in large
quantities to some rich western countries and also to China and Hong Kong,
where export of animal skins and snake skins is a booming business.

3. Social value

These are the values associated with the social life, customs, religion and psycho-
spiritual aspects of the people. Many of the plants are considered holy and sacred
in our country like tulsi(holy basil), peepal, mango, lotus and bael. The leaves,
fruits or flowers of these plants are used in worship or the plant itself is worshipped.
The tribal people are closely linked with the wildlife in the forest. Their social life,
songs, dances and customs are closely woven around the wildlife. Many animals
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like cow, snake, bull, peacock and owl, also have significant place in our psycho-
spiritual arena and thus, hold special social importance. Thus, biodiversity has
distinct social value, attached with different societies.

4. Ethical or moral value

It is also sometimes known as existence value. It involves ethical issues like ‘all life
must be preserved’. It is based on the concept of ‘live and let live’. If we want our
human race to survive, then we must protect all biodiversity, because biodiversity
is valuable.

Ethical value means that we may or may not use a species, but knowing the
fact that these species exists in nature gives us pleasure. We all feel sorry when we
learn that ‘passenger pigeon’ or ‘dodo’ is extinct. We are not deriving anything
directly from the kangaroo, zebra or giraffe, but we all strongly feel that these
species should exist in nature. This means, there is an ethical value or existence
value attached to each species.

5. Aesthetic value

Great aesthetic value is attached to biodiversity. None of us would like to visit vast
stretches of barren lands with no signs of visible life. People from far and wide
spend a lot of time and money to visit wilderness areas, where they can enjoy the
aesthetic value of biodiversity and this type of tourism is now known as ecotourism.
The ‘willingness to pay’ concept on such ecotourism gives us even a monetary
estimate for aesthetic value of biodiversity. Ecotourism is estimated to generate
about 12 billion dollars of revenue annually, this roughly gives the aesthetic value
of biodiversity.

6. Option value

These values include the potential of biodiversity that are presently unknown and
need to be explored. There is a possibility that we may have some potential cure
for AIDS or cancer existing within the depths of a marine ecosystem or a tropical
rainforest.

Thus, option value is the knowledge that there are biological resources existing
on this biosphere that may one day prove to be an effective option for something
important in the future. Thus, the option value of biodiversity suggests that any
species may prove to be a miracle species someday. Biodiversity is like precious
gifts of nature presented to us. We should not commit the folly of losing these gifts
even before unwrapping them.

Option value also includes the values, in terms of the option to visit areas
where a variety of flora and fauna, or specifically some endemic, rare or endangered
species exist.

7. Ecosystem service value

Recently, a non-consumptive use value related to self maintenance of the ecosystem
and various important ecosystem services has been recognized. It refers to the
services provided by the ecosystems like prevention of soil erosion, prevention of
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floods, maintenance of soil fertility, cycling of nutrients, fixation of nitrogen, cycling
of water, their role as carbon sinks, pollutant absorption and reduction of the
threat of global warming, etc.

Different categories of biodiversity value clearly indicate that ecosystem,
species and genetic diversity all have enormous potential, and a decline in
biodiversity will lead to huge economic, ecological and socio-cultural losses.

Check Your Progress

1. Define genes.

2. What do you understand by ecosystem biodiversity?

3. Name any two semi-arid regions of India.

4. What are consumptive use values?

4.4 INDIA AS BIODIVERSITY CENTER

The United Nations Conference on Environment and Development at Rio in 1992,
put biological diversity on the international agenda by signing the Convention on
Biological Diversity (CBD). This convention addresses many issues ranging from
forests, agriculture to Intellectual Property Rights (IPRs).

India is a signatory to CBD and ratified it in 1993. The Government of India
has finalized the National Policy and Action Strategy for Biodiversity. A legislation
was finalized and the Indian Parliament passed the Biodiversity Bill in 2002.

The objective of the convention was ‘the conservation of biological diversity,
the sustainable use of its components and equitable sharing of benefits arising out
of the utilization of genetic resources.’ It also covered the ecological, economic
and social aspects of biodiversity.

The success of the convention can be evaluated in two main ways: By
analysing the changes in biodiversity components (that is, species and ecosystems)
and by measuring the effectiveness of the measures taken to implement the
convention.

According to the Worldwide Fund for Nature, scientists have identified
about 1.4 million species. Of these, around 1.03 million are animals and 2,48,000
are higher plants. But, human knowledge of the world’s biodiversity is still not
complete. Higher plants have also been fairly well studied, but it is possible that 15
per cent more may still be discovered. Numerous insects, invertebrates, lower
plants and micro-organisms exist, but have yet to be identified and described.
One recent estimate put this figure as high as 30 million.

Human impact on nature has reached such high proportions that the world
is today witnessing an extraordinary rate in loss of species. Many thousands of
species will disappear even before they are found and described by biologists. In
1988, the International Union for Conservation of Nature (IUCN) listed 4,589
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threatened animals. Scientists at the Kew Gardens in Britain listed around 20,000
plant species as threatened. According to an estimate by the IUCN’s Threatened
Plants Unit, by the year 2050 upto 60,000 plant species will become extinct or
threatened. These estimates show that the current rate of extinction is at least
25,000 times greater than the extinction that took place during evolutionary times.
The rate of extinction of mammals alone has risen from one species every five
years in the seventeenth century to one every two years in the twentieth century.

4.4.1 Biodiversity at National Level

Every country is characterized by its own biodiversity depending mainly on its
climate. India has a rich biological diversity of flora and fauna. Overall six percent
of the global species are found in India. It is estimated that India ranks tenth among
the plant rich countries of the world, eleventh in terms of the number of endemic
species of higher vertebrates and sixth among the centres of diversity and origin of
agricultural crops.

The total number of living species identified in our country is 1,50,000. Out
of the total twenty-five biodiversity hot spots in the world, India possesses two,
one in the north-east region and one in the Western Ghats. Indian is also one of the
twelve mega-biodiversity countries in the world.

4.4.2 India as a Mega Biodiversity Country

India is one of the twelve mega-diversity countries in the world. The Ministry of
Environment and Forests, Govt. of India (2000) records 47,000 species of plants
and 81,000 species of animals which is about 7 per cent and 6.5 per cent
respectively of global flora and fauna. These major groups of species include
endemism, centre of origin, marine diversity, etc.

A large proportion of the Indian biodiversity is still unexplored. There are
about ninety-three major wet lands, coral reefs and mangroves which need to be
studied in detail. Indian forests cover 64.01 million hectares which has rich
biodiversity of plants in the Trans-Himalayan, north-west, west, central and eastern
Himalayan forests, Western Ghats, coasts, deserts, Gangetic Plains, Deccan Plateau
and the Andaman, Nicobar and Lakshadweep islands. Due to its diverse climatic
conditions, there is a complete spectrum of biodiversity in our country.

4.4.3 Biodiversity at Local Level

Areas which exhibit high species richness as well as high species endemism are
termed as hot spots of biodiversity. Species which are restricted only to particular
areas are known as endemic. India shows a good number of endemic species.
About 62 per cent of amphibians and 50 per cent of lizards are endemic to India.
Western Ghats are the site of maximum endemism. The term ‘Hot spots’ was
introduced by Myers (1988). There are twenty-five such hot spots of biodiversity
on a global level, out of which two are present in India, namely the Eastern
Himalayas and the Western Ghats.

These hot spots covering less than 2 per cent of the world’s land area are
found to have about 50 per cent of the terrestrial biodiversity. According to Myers,
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an area is designated as a hot spot when it contains at least 0.5 per cent of the
plant species as endemics.

(a) Eastern Himalayas: They display an ultra-varied topography that
fosters species diversity and endemism. Recent studies have shown
that North East India along with its contiguous regions of Burma and
Chinese provinces of Yunnan and Schezwan is an active centre of
organic evolution and is considered to be the cradle of flowering plants.
Out of the world’s recorded flora, 30 per cent are endemic to India of
which 35000 are in the Himalayas.

(b) Western Ghats: It extends along a 17,000 km² strip of forests in
Maharashtra, Karnataka, Tamilnadu and Kerala and has 40 per cent
of the the total endemic plant species. The major centres of diversity
are Agastyamalai Hills and Silent Valley– the new Amambalam Reserve
Basin. It is reported that only 6.8 per cent of the original forests are
existing today, while the rest have been deforested or degraded, which
raises a serious cause of alarm, because it means we have already lost
a huge proportion of the biodiversity.

4.5 THREATS TO BIODIVERSITY

Extinction or elimination of a species is a natural process of evolution. In the geologic
period, earth has experienced mass extinctions. During evolution, species have
died and have been replaced by others. However, the rate of loss of species in the
geologic past has been a slow process, keeping in view the vast span of time going
back to 444 million years. The process of extinction has become particularly fast
in the recent years of civilization. In the recent times, the human impact has been
so severe that thousands of species and varieties are becoming extinct annually.
One of the estimates puts the figure of extinction at 10,000 species per year or 27
per day. These figures raise an alarm regarding the serious threat to biodiversity.
Over the last 150 years, the rate of extinction has escalated more dramatically. If
the present trend continues, we would lose one-third to two-third of our current
biodiversity by the middle of the twenty-first century.

The following are the major causes and issues related to threats to biodiversity.

4.5.1 Loss of Habitat

Destruction and loss of natural habitat is the single largest cause of losing own
biodiversity. Billions of hectares of forests and grasslands have been cleared over
the past 10,000 years for conversion into agricultural lands, pastures, settlement
areas or development projects. These forests and grasslands were the homes of
thousands of species, which perished due to loss of their natural habitat. Severe
damage has been caused to wetlands, thinking them to be useless ecosystems.
The unique and rich biodiversity of the wetlands, estuaries and mangroves are
under serious threat today. The wetlands are destroyed due to draining, filling and
pollution, thereby causing huge loss of biodiversity.
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The habitat is divided into small and scattered patches, so that the complete
loss of habitat can be put at bay.  This phenomenon known as habitat fragmentation.
There are many wildlife species such as bears and large cats that require large
territories to subsist. They are threatened as they breed only in the interiors of the
forests. Due to habitat fragmentation, many song birds are becoming extinct.

There has been a rapid disappearance of tropical forests in our country, at
the rate of about 0.6 per cent per year. With the current rate of loss of forest
habitat, it is estimated that 20-25 per cent of the global flora would be lost within
a few years. Marine diversity is also under serious threat due to large-scale
destruction of the fragile breeding and feeding grounds of fish and other species.

4.5.2 Poaching of Wildlife

Illegal trade of wildlife products by killing prohibited endangered animals, that is,
poaching is another threat to wildlife. Despite international ban on trade in products
from endangered species, smuggling of wildlife items like furs, hides, horns, tusks,
live specimens and herbal products worth millions of dollars per year, continues.
The developing nations in Asia, Latin America and Africa are the richest source of
biodiversity and have enormous wealth of wildlife. The rich countries in Europe
and North America and some affluent countries in Asia like Japan, Taiwan and
Hong Kong are the major importers of wildlife products or wildlife itself.

The trading of such wildlife products is highly profitable for the poachers
who smuggle them to other countries mediated through mafia. The worst part is
that for every live animal that actually gets into the market, about fifty additional
animals are caught and killed.

If you are fond of rare fishes or birds, please make sure that you are not
going to harm the endangered species or wild-caught species. Doing so will help
in checking further decline of these species. Also, do not purchase fur coat, purse
or bag, or items made of crocodile skin or python skin. You will certainly help in
preserving biodiversity by doing so.

4.5.3 Man-Wildlife Conflicts

We have discussed the need to preserve and protect wildlife. However, sometimes
we come across conflicting situations when wildlife starts causing immense damage
and danger to man and under such conditions it becomes very difficult for the
forest department to pacify the affected villages and gain local support for wildlife
conservation.

Instances of man-animal conflicts keep on coming to limelight from several
states in our country. In Sambalpur, Orissa, 195 humans were killed in the recent
past by elephants. In retaliation, the villagers killed ninety-five elephants in the
border region of Kote-Chamarajanagar belt in Mysore. The man-elephant conflict
in this region has arisen because of massive damage done by the elephants to the
cotton and sugarcane crops. The villagers electrocute the elephants and sometimes,
hide explosives in the sugarcane fields, which explode as the elephants intrude into
their fields. In fact, more killings are done by locals than by poachers. In early
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2004, a man-eating tiger was reported to have killed sixteen Nepalese people
and a four year old child inside the Royal Chitwan National Park, 240 km South-
west of Kathmandu. The park renowned for its wildlife conservation effort has
become a zone of terror for the locals. Similar incidents were reported near Sanjay
Gandhi National Park, Borivali, Mumbai where similar incidents of human killings,
especially of small children was reported. At times, such conflicting situations have
been reported from the border regions of Corbett, Dudhwa, Palamau and
Ranthambore National Parks in our country as well.

In June 2004, two men were killed by leopards in Powai, Mumbai. A total
of fourteen people were killed during nineteen attacks since January by the leopards
from the Sanjay Gandhi National Park, Mumbai which has triggered a panic among
the local residents.

Causes of man-animal conflicts

The causes of man-animal conflicts are:

1. Dwindling habitats of tigers, elephants, rhinos and bears due to shrinking forests
cover are compelled to move outside the forests. Human encroachment into
the forest areas has rendered all forest living animals to trespass the borders
of human civilizations. This is because the conflicts between man and the
wildlife have increased since it is an issue of survival of both.

2. Usually the ill, weak and injured animals have a tendency to attack man.
Also, the female tigress attacks the human if she feels that her newborn
cubs are in danger. But, the biggest problem is that if human-flesh is tasted
once, then the tiger does not eat any other animal. At the same time, it is
very difficult to trace and cull the man-eating tiger and in the process many
innocent tigers are also killed.

3. Earlier, the forest department used to cultivate paddy, sugarcane, etc. within
the sanctuaries, when the favourite staple food of elephants, i.e., bamboo
leaves were not available. Now, due to lack of such practices the animals
tends to move out of the forest in search of food. It may be noted that, one
adult elephant needs 2 quintals of green fodder and 150 kg of clean water
daily and if it is not available, the animal strays out.

4. Very often, the villagers put electric wiring around their ripe crop fields. The
elephants get injured, suffer in pain and turn violent.

5. Earlier, there used to be wildlife corridors through which the wild animals
used to migrate seasonally in groups to other areas. Due to development of
human settlements in these corridors, the path of wildlife has been disrupted
and the animals attack the settlements.

6. The cash compensation paid by the government in lieu of the damage caused
to the farmers’ crop is not enough. In Mysore, a farmer gets compensation
of  400 per quintal of expected yield, while the market price is  2,400 per
quintal. The agonized farmer, therefore, gets revengeful and kills the wild
animals.
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Remedial measures to curb the conflict

Some of the measures to curb the conflict are:

1. Tiger Conservation Project (TCP) has made provisions for making available,
vehicles, tranquillizer guns, binoculars and radio sets, etc. to tactfully deal
with any imminent danger.

2. Adequate crop compensation and cattle compensation schemes should be
introduced, along with substantial cash compensation for loss of human life.

3. Solar-powered fencing should be provided along with electric current proof
trenches to prevent the animals from straying into fields.

4. Cropping pattern should be changed near the forest borders and adequate
fodder, fruit and water should be made available for the elephants within
forest zones.

5. Wildlife corridors should be provided for mass migration of big animals
during unfavourable periods. About 300 km² area is required for elephant
corridors for their seasonal migration.

6. In Similipal Sanctuary, Orissa, there is a ritual of wild animal hunting during
the month of April-May for which the forest is burnt to flush out the animals.
Due to massive hunting by people, there is a decline in the prey of tigers and
they start coming out of the forest in search of prey. Now, there is WWF-
TCP initiative to curb this ritual of ‘Akhand Shikar’ in Orissa.

4.5.4 Conservation of Biodiversity

Due to the tremendous importance of biodiversity it is considered an asset of a
region or a nation. Due to its multiple advantages of commercial value, consumption
value, medicinal value, social, cultural, religious and optional values, biodiversity
needs to be conserved. The need for its protection and conservation has become
more important due to overexploitation and the subsequent depletion. There are
two types of methods of conservation of biodiversity:

1. Ex-situ

2. In situ

Ex-situ conservation means off-site protection of biodiversity. It is the process
of protecting an endangered species of plant or animal by removing it from an
unsafe or threatened habitat and placing it under human care.

While Ex-situ conservation comprises some of the oldest and best-known
techniques known to and created by man; it also involves newer techniques like
laboratory method.

Methods of ex-situ conservation

Creation of zoos, botanical gardens, culture collection centres are the most
conventional and traditional methods of ex-situ conservation, all of which house
and protect specimens for breeding and reproduction of wild life animals and
plants. Endangered plants may also be preserved in part in such botanical garden
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through seed banks and germplasm banks. Endangered animals are preserved
using similar techniques through preservation in gene bank.

In the gene banks, which consist of cryogenic facilities, live sperms, eggs or
embryos can be stored. Some countries have established frozen zoos to store
such samples from more than 366 species, which consist of mammals, reptiles
and birds.

Ex-situ conservation although is helpful to man’s effort to sustain and protect
biodiversity, is rarely enough to save a species from extinction. It can be used as a
last resort or as a supplement to in-situ conservation. It cannot re-create a habitat.
Furthermore, ex-situ conservation techniques are often costly natural.

In-situ conservation

In-situ conservation means to conserve the biodiversity within the habitat and on
site. It is a process of protecting an endangered species of plant or animal in its
natural habitat, either by protecting or preventing the habitat itself from being
depleted.

The benefit of in situ conservation is that it maintains the natural surroundings
of the population of the animals or plant in its natural distinctive property.

Let’s discuss some of the important in-situ conservation methods like Biosphere
Reserves, National Parks and Wild Life Sanctuaries.

Biosphere Reserves

As mentioned on ENVIS Centre on Wildlife & Protected Areas, ‘Biosphere
reserves are sites established by countries and recognized under UNESCO’s Man
and the Biosphere (MAB) Programme to promote sustainable development based
on local community efforts and sound science.The programme of Biosphere Reserve
was initiated by UNESCO in 1971. The purpose of the formation of the biosphere
reserve is to conserve in situ all forms of life, along with its support system, in its
totality, so that it could serve as a referral system for monitoring and evaluating
changes in natural ecosystems. The first biosphere reserve of the world was
established in 1979, since then the network of biosphere reserves has increased
to 631 in 119 countries across the world.’

As mentioned on Ministry of Environment, Forest and Climate Change’s
Annual Report 2019-20, ‘The Ministry through the Centrally Sponsored Scheme
of ‘Biosphere Reserve’ provides grant-in-aid to states on 60:40 sharing basis in
case of States other than NER and on 90:10 basis in case of NER States for
conservation and management of the designated Biosphere Reserves. Rs.16 Crore
allocated at BE Stage in the F/Y 2019-20 and an amount of Rs. 10.05 crore have
been released to States for implementation of Management Action Plans. The
Indian National Man and Biosphere (MAB) Committee identifies and recommends
potential sites for designation as Biosphere Reserves, following the UNESCO’s
guidelines and criteria.’

The report further mentions the following objectives of Biosphere Reserves:

• To reduce loss of biodiversity by conserving the diversity and integrity
of plant and animals within the natural ecosystems;
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• To provide facilities for education training and multi-faceted research
and monitoring;

• To improve livelihood of local people and enhance social, economic
and cultural condition for environmental sustainability’

Presently, there are 18 notified biosphere reserves in India.

List of Biosphere Reserves: 

1. Cold Desert, Himachal Pradesh 

2. Nanda Devi, Uttrakhand 

3. Khangchendzonga, Sikkim 

4. Dehang-Debang, Arunachal Pradesh 

5. Manas, Assam 

6. Dibru-Saikhowa, Assam 

7. Nokrek, Meghalaya 

8. Panna, Madhya Pradesh 

9. Pachmarhi, Madhya Pradesh 

10. Achanakmar-Amarkantak, Madhya Pradesh-Chattisgarh 

11. Kachchh, Gujarat 

12. Similipal, Odisha

13. Sundarban, West Bengal 

14. Seshachalam, Andhra Pradesh 

15. Agasthyamala, Karnataka-Tamil Nadu-Kerala 

16. Nilgiri, Tamil Nadu-Kerala 

17. Gulf of Mannar, Tamil Nadu 

18. Great Nicobar, Andaman & Nicobar Island 

National Park

As mentioned on ENVIS Centre on Wildlife & Protected Areas, ‘An area, whether
within a sanctuary or not, can be notified by the state government to be constituted
as a National Park, by reason of its ecological, faunal, floral, geomorphological, or
zoological association or importance, needed to for the purpose of protecting &
propagating or developing wildlife therein or its environment. No human activity is
permitted inside the national park except for the ones permitted by the Chief Wildlife
Warden of the state under the conditions given in CHAPTER IV, WPA 1972.

 There are 101 existing national parks in India covering an area of 40,564.00
km2, which is 1.23% of the geographical area of the country (National Wildlife
Database, December, 2019).’

Wild Life Sanctuaries

As mentioned on ENVIS Centre on Wildlife & Protected Areas, ‘Any area other
than area comprised with any reserve forest or the territorial waters can be notified
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by the State Government to constitute as a sanctuary if such area is of adequate
ecological, faunal, floral, geomorphological, natural. or zoological significance, for
the purpose of protecting, propagating or developing wildlife or its environment.
Some restricted human activities are allowed inside the Sanctuary area details of
which are given in CHAPTER IV, WPA 1972.’

There are 553 existing wildlife sanctuaries in India covering an area
of 119776.00 km2, which is 3.64 % of the geographical area of the country
(National Wildlife Database, December, 2019.

Table 4.1 Differences between Biosphere Reserves, National Parks and Wildlife Sanctuaries

Biosphere Reserves National Parks Wildlife Sanctuaries 
   
Established by 
government 

Notified areas by 
Government 

Owned by Government 
or Private Agencies 

For the protection of the 
whole of environment or 
biodiversity of the area. 

For the protection of 
landscape, flora, fauna, 
historical objects, etc. 

For the protection of 
certain species of birds, 
animals, reptiles and 
insects. 

These are recognized by 
Man and Biosphere 
Programme under 
UNESCO on 
nominations by 
governments. 

These are category II of 
the protected areas by 
the International Union 
for Conservation of 
Nature and its World 
Commission. 

These are category IV of 
the protected areas by 
the International Union 
for Conservation of 
Nature and its World 
Commission. 

These are divided into 
core, buffer and 
manipulation zones 
where human activities 
are totally restricted, 
limited and certain 
activities are allowed 
respectively. 

These are highly 
restricted and not open 
to general public 
randomly. 

It is open to general 
public and has very less 
restrictions. 

 
In situ conservation should be preferred to ex situ conservation, the latter

opted only in case where in situ conservation is either too difficult or impossible.
Wildlife conservation is mostly based on in situ conservation through protection
and recreation of the wildlife habitat.

Climate change and global warming

Let us discuss the concept of climate change and global warming in the following
section.

Climate change

Climate is the average weather of an area. It is the general weather conditions,
seasonal variations and extremes of weather in a region. Such conditions which
average over a long period, for at least thirty years is called climate.

The Intergovernmental Panel On Climate Change (IPCC) in 1990 and 1992
published the best available evidence about past climate changes, the greenhouse
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effect and recent changes in global temperature. It was observed that earth’s
temperature has changed considerably during the geological times. It has
experienced several glacial and interglacial periods. However, during the past
10,000 years of the current interglacial period, the mean average temperature has
fluctuated by 0.51°C over the 100 to 200 year period. We have relatively stable
climate for thousands of years due to which we have practised agriculture and
increased population. Even small changes in the climatic conditions may disturb
agriculture that would lead to migration of animals including humans.

Anthropogenic activities are upsetting the delicate balance that has been
established between various components of the environment. Greenhouse gases
have increased in the atmosphere resulting in the increase in the average global
temperature.

This may upset the hydrological cycle, resulting in floods and droughts in
different regions of the world, causing sea level to rise, changes in agricultural
productivity, famines and death of humans as well as livestock.

Global warming

Troposphere, the lower most layer of the atmosphere, traps heat by natural
processes due to the presence of certain gases. This effect is called greenhouse
effect, as it is similar to the warming effect observed in the horticultural greenhouse
made of glass.

The amount of heat trapped in the atmosphere depends mostly upon the
concentration of heat trapping or greenhouse gases and the length of time they
stay in the atmosphere. The major greenhouse gases are carbon dioxide, ozone,
methane, nitrous oxide, and water vapour.

The average global temperature is 15°C. In the absence of greenhouse
gases, this temperature would have been 18°C. Therefore, greenhouse effect
contributes to a temperature rise to the tune of 33°C.

Heat trapped by greenhouse gases in the atmosphere keeps the planet warm
enough to allow us and other species to exist. The two predominant greenhouse
gases are water vapour which is controlled by the hydrological cycle and carbon
dioxide which is controlled mostly by the global carbon cycle. While the levels of
water vapour in the troposphere have relatively remained constant, the levels of
carbon dioxide have increased.

Other gases whose levels have increased due to human activities are methane
and nitrous oxide. Deforestation has further resulted in elevated levels of carbon
dioxide due to the non-removal of carbon dioxide by plants through photosynthesis.
Warming or cooling by more than 2°C over the past few decades may prove to be
disastrous for various ecosystems on the earth, including humans as it would alter
the conditions faster than some species could adapt or migrate. Some areas will
become inhabitable because of droughts or floods following the rise in the average
sea level.
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Greenhouse gases

The phenomenon that worries the environmental scientists is that due to
anthropogenic activities, there is an increase in the concentration of the greenhouse
gases in the air that absorbs infra-red light containing heat and results in the re-
radiation of much of the outgoing thermal infra-red energy, thereby increasing the
average surface temperature beyond 15°C. The phenomenon is referred to as the
enhanced greenhouse effect to distinguish its effect from the one that has been
operating naturally for millennia.

The greenhouse gases include carbon dioxide, chlorofluorocarbons, methane
and nitrous oxide. These are the greenhouse gases present in the troposphere
which result in an increase in the temperature of air and earth.

Rain and wasteland reclamation

Oxides of sulphur and nitrogen originating from industrial operations and fossil fuel
combustion are the major sources of acid forming gases. Acid forming gases are
oxidized over several days by which time they travel several thousand kilometres. In
the atmosphere, these gases are ultimately converted into sulphuric and nitric acids.
Hydrogen chloride emission forms hydrochloric acid. These acids cause acidic rain.

Acid rain is only one component of acidic deposition. Acidic decomposition
is the total wet acidic deposition (acid rain) and dry deposition.

Rainwater turns acidic when its pH falls below 5.6. In fact, clean or natural
rainwater has a pH of 5.6 at 20°C because of formation of carbonic acid due to
the dissolution of CO

2
 in water.

In the absence of rain, dry deposition of acid may occur. Acid forming
gases like oxides of sulphur and nitrogen and acid aerosols get deposited on the
surface of water bodies, vegetation, soil and other materials. On moist surfaces or
in liquids, these acid forming gases can dissolve and form acids similar to that
formed in acid rain.

Effects of acid rain

Acid rain causes a number of harmful effects below pH 5.1. The effects are visible
even at pH less than 5.5.

1. It causes deterioration of buildings, especially made of marble for example,
monuments like Taj Mahal. Crystals of calcium and magnesium sulphate
are formed as a result of corrosion caused by acid rain.

2. It damages stone statues. Priceless stone statues in Greece and Italy have
been partially dissolved by acid rain.

3. It damages metals and car finishes.

4. Aquatic life especially fish are badly affected by lake acidification.

5. Aquatic animals suffer from toxicity of metals such as aluminium, mercury,
manganese, zinc and lead which leak from the surrounding rocks due to
acid rain.
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6. It results in reproductive failure, and killing of fish.

7. It damages foliage and weakens trees.

8. It makes trees more susceptible to stresses like cold temperature, drought,
etc. Many insects and fungi are more tolerant to acidic conditions, and
hence, they can attack the susceptible trees and cause diseases.

Control of Acid Rain

Acid rain can be controlled by:

1. Emission of SO
2
 and NO

2
 from industries and power plants should be

reduced by using pollution control equipment.

2. Liming of lakes and soils should be done to correct the adverse effects of
acid rain.

3. A coating of protective layer of inert polymer should be given in the interior
of water pipes.

Wasteland reclamation

Economically unproductive lands suffering from environmental deterioration are
known as wastelands. The wastelands include salt-affected lands, sandy areas,
gullied areas, undulating uplands, barren hill-ridges, etc. Snow covered areas,
glacial areas and areas rendered barren after Jhum cultivation are also included in
wastelands. More than half of our country’s geographical area (about 175 million
ha) is estimated to be wasteland, thus indicating the seriousness of the problem for
a country like ours which has to support one-sixth of the world’s population.

Maximum wasteland areas in our country lie in Rajasthan (36 million ha)
followed by Madhya Pradesh  and Andhra Pradesh. In Harayana, the wastelands
cover about 8.4 per cent of the total land area and most of it comprises saline,
sodic or sandy land areas.

Wastelands are formed by natural processes, which include undulating
uplands, snow-covered lands, coastal saline areas and sandy areas or by
anthropogenic (man-made) activities leading to eroded, saline or waterlogged lands.

Wasteland reclamation practices

Wasteland reclamation and development in our country falls under the purview of
Wasteland Development Board, which works to fulfil the following objectives:

1. To improve the physical structure and quality of marginal soils

2. To improve the availability of good quality water for irrigating these lands

3. To prevent soil erosion, flooding and landslides

4. To conserve the biological resources of land for sustainable use
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Check Your Progress

5. What does the Convention on Biological Diversity (CBD) address?

6. State the definition of hot spots of biodiversity.

7. What are the two major threats to biodiversity?

8. What are the provisions of Tiger Conservation Project (TCP)?

9. What is the main drawback of ex-situ conservation?

4.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Genes are the basic units of hereditary information, transmitted from one
generation to other.

2. Ecosystem biodiversity refers to the variety of ecosystem in a particular
region or zone, for example, various ecosystems include forests, wetlands,
arid zones and deserts. All these have their own fauna and flora (biodiversity).

3. Two semi-arid regions of India are Central India and Gujarat Rajwara.

4. Consumptive use values include direct use values where the biodiversity
product can be harvested and consumed directly, e.g., fuel, food, drugs
and fibre.

5. The Convention on Biological Diversity (CBD) addresses many issues
ranging from forests, agriculture to Intellectual Property Rights (IPRs).

6. Areas which exhibit high species richness as well as high species endemism
are termed as hot spots of biodiversity.

7. Two major threats to biodiversity are poaching and loss of habitat.

8. Tiger Conservation Project (TCP) has made provisions for making available,
vehicles, tranquillizer guns, binoculars and radio sets, etc. to tactfully deal
with any imminent danger.

9. Ex-situ conservation although is helpful to man’s effort to sustain and protect
biodiversity, is rarely enough to save a species from extinction. It can be
used as a last resort or as a supplement to in-situ conservation.

4.7 SUMMARY

 Genetic biodiversity is the basic source of biodiversity. Genes found in
organisms can form enormous number of combinations, each of which gives
rise to some variability.

 Species biodiversity is the variability found within the population of a species
or between different species of a community.
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 Ecosystem biodiversity is the diversity of ecological complexity showing
variations in ecological niches, tropic structure, food webs, nutrient cycling,
etc.

 India has different types of climate and topography in different parts of the
country and these variations have induced enormous variability in flora and
fauna.

 Destruction and loss of natural habitat is the single largest cause of losing
own biodiversity.

 Billions of hectares of forests and grasslands have been cleared over the
past 10,000 years for conversion into agricultural lands, pastures, settlement
areas or development projects.

 Areas which exhibit high species richness as well as high species endemism
are termed as hot spots of biodiversity.

 The term “hot spots” was introduced by Myers (1988). There are twenty-
five such hot spots of biodiversity on a global level, out of which two are
present in India, namely the Eastern Himalayas and the Western Ghats.

 Species which are restricted only to particular areas are known as endemic.

 Illegal trade of wildlife products by killing prohibited endangered animals,
i.e., poaching is another threat to wildlife.

 Instances of man-animal conflicts keep on coming to limelight from several
states in our country. In Sambalpur, Orissa, 195 humans were killed in the
recent past by elephants.

 Tiger Conservation Project (TCP) has made provisions for making available,
vehicles, tranquillizer guns, binoculars and radio sets, etc., to tactfully deal
with any imminent danger.

 Due to the tremendous importance of biodiversity it is considered an asset
of a region or a nation.

 Creation of zoos, botanical gardens, culture collection centres are the most
conventional and traditional methods of ex-situ conservation, all of which
house and protect specimens for breeding and reproduction of wild life
animals and plants.

 Climate is the average weather of an area. It is the general weather conditions,
seasonal variations and extremes of weather in a region.

 Troposphere, the lower most layer of the atmosphere, traps heat by natural
processes due to the presence of certain gases. This effect is called
greenhouse effect, as it is similar to the warming effect observed in the
horticultural greenhouses made of glass.

 The enhanced greenhouse effect will not only cause global warming, but
will also affect various other climatic and natural processes.



NOTES

Bio-Diversity
and its Protection

Self - Learning
120 Material

 Rainwater harvesting is a technique of increasing the recharge of groundwater
by capturing and storing rainwater. This is done by constructing special
water-harvesting structures like dug wells, percolation pits, lagoons and
check dams.

 The land area drained by a river is known as the river basin. Watershed is
defined as the land area from which water drains under gravity to a common
drainage channel. Watersheds are very often found to be degraded due to
uncontrolled, unplanned and unscientific land-use activities.

 Watershed management in the Himalayan region is of vital importance since
most of the watersheds of our country lie there. Several anthropogenic
activities accelerate its slope instability which needs to be prevented and
efforts should be made to protect the watershed by preventing overgrazing,
terracing and contour farming to check run-offs and erosion.

 Vermicomposting is a managed process of worms digesting organic matter
to transform the material into a beneficial soil amendment.

4.8 KEY TERMS

 Biodiversity: It refers to the variety and variability among all groups of
living organisms and the ecosystem complexes in which they occur.

 Ecosystem biodiversity: This is the diversity of ecological complexity
showing variations in ecological niches, tropic structure, food webs, nutrient
cycling, etc.

 Genetic biodiversity: When the genes within the same species show
different versions, due to new combinations, it is called genetic variability.

 Species biodiversity: This is the variability found within the population of
a species or between different species of a community. It represents broadly
the species, richness and their abundance in a community.

4.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. Define biodiversity. Briefly explain genetic, species and ecosystem diversity.

2. What are the major threats to biodiversity?

3. What are the hot spots of biodiversity? Which are the hot spots found in
India?

4. What are the ten bio-geographic habitats in India?

Long-Answer Questions

1. Explain consumptive use value, productive use value, social value, ethical
value and option value of biodiversity?
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2. What are the main causes of man-wildlife conflicts? Discuss the remedial
steps that can curb the conflicts.

3. Write a detailed note on global biodiversity.

4. Describe the effects of greenhouse gases.
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APPENDIX
THE BIOLOGICAL DIVERSITY ACT, 2002

Preliminary

1. (1) This Act may be called the Biological Diversity Act, 2002.
(2) It extends to the whole of India.
(3) It shall come into force on such date as the Central Government may,

by notification in the Official Gazette, appoint:
Provided that different dates may be appointed for different provisions
of this Act and any reference in any such provision to the commencement
of this Act shall be construed as a reference to the coming into force of
that provision.

2. In this Act, unless the context otherwise requires,-
(a) “benefit claimers” means the conservers of biological resources, their

by-products, creators and holders of knowledge and information relating
to the use of such biological resources, innovations and practices
associated with such use and application;

(b) “biological diversity” means the variability among living organisms from
all sources and the ecological complexes of which they are part and
includes diversity within species or between species and of eco-systems;

(c) “biological resources” means plants, animals and micro-organisms or
parts thereof, their genetic material and by-products (excluding value
added products) with actual or potential use or value, but does not include
human genetic material;

(d) “bio-survey and bio-utilization” means survey or collection of species,
subspecies, genes, components and extracts of biological resource for
any purpose and includes characterisation, inventorisation and bioassay;

(e) “Chairperson” means the Chairperson of the National Biodiversity
Authority or, as the case may be, of the State Biodiversity Board;

(f) “commercial utilization” means end uses of biological resources for
commercial utilization such as drugs, industrial enzymes, food flavours,
fragrance, cosmetics, emulsifiers, oleoresins, colours, extracts and genes
used for improving crops and livestock through genetic intervention, but
does not include conventional breeding or traditional practices in use in
any agriculture, horticulture, poultry, dairy farming, animal husbandry or
bee keeping;

(g) “fair and equitable benefit sharing” means sharing of benefits as
determined by the National Biodiversity Authority under section 21;

(h) “local bodies” means Panchayats and Municipalities, by whatever name
called, within the meaning of clause (1) of article 243B and clause (1)
of article 243Q of the Constitution and in the absence of any Panchayats
or Municipalities, institutions of self-government constituted under any
other provision of the Constitution or any Central Act or State Act;

(i) “member” means a member of the National Biodiversity Authority or a
State Biodiversity Board and includes the Chairperson;

(j) “National Biodiversity Authority” means the National Biodiversity
Authority established under section 8;
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(k) “prescribed” means prescribed by rules made under this Act;
(l) “regulations” means regulations made under this Act;

(m) “research” means study or systematic investigation of any biological
resource or technological application, that uses biological systems, living
organisms or derivatives thereof to make or modify products or
processes for any use;

(n) “State Biodiversity Board” means the State Biodiversity Board
established under section 22;

(o) “sustainable use” means the use of components of biological diversity
in such manner and at such rate that does not lead to the long-term
decline of the biological diversity thereby maintaining its potential to
meet the needs and aspirations of present and future generations;

(p) “value added products” means products which may contain portions or
extracts of plants and animals in unrecognizable and physically
inseparable form.

Regulation of Access to Biological Diversity

3. (1) No person referred to in sub-section (2) shall, without previous approval
of the National Biodiversity Authority, obtain any biological resource occurring
in India or knowledge associated thereto for research or for commercial
utilization or for bio-survey and bio-utilization.

(2) The persons who shall be required to take the approval of the National
Biodiversity Authority under sub-section (1) are the following, namely:-

(a) a person who is not a citizen of India;
(b) a citizen of India, who is a non-resident as defined in clause (30) of

section 2 of the Income-tax Act, 1961 ;
(c) a body corporate, association or organization

(i) not incorporated or registered in India; or

(ii) incorporated or registered in India under any law for the time
being in force which has any non-lndian participation in its share
capital or management.

4. No person shall, without the previous approval of the National Biodiversity
Authority, transfer the results of any research relating to any biological
resources occurring in, or obtained from, India for monetary consideration or
otherwise to any person who is not a citizen of India or citizen of India who is
non-resident as defined in clause (30) of section 2 of the Income-tax Act,
1961 or a body corporate or organisation which is not registered or incorporated
in India or which has any non-lndian participation in its share capital or
management.

Explanation - For the purposes of this section, “transfer” does not include
publication of research papers or dissemination of knowledge in any seminar
or workshop, if such publication is as per the guidelines issued by the Central
Government.

5. (1) The provisions of sections 3 and 4 shall not apply to collaborative research
projects involving transfer or exchange of biological resources or information
relating thereto between institutions, including Government sponsored
institutions of India, and such institutions in other countries, if such collaborative
research projects satisfy the conditions specified in sub-section (3).
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(2) All collaborative research projects, other than those referred to in sub-
section (1) which are based on agreements concluded before the
commencement of this Act and in force shall, to the extent the provisions of
agreement are inconsistent with the provisions of this Act or any guidelines
issued under clause (a) of sub-section (3), be void.

(3) For the purposes of sub-section (1), collaborative research projects shall
(a) conform to the policy guidelines issued by the Central Government in this
behalf; (b) be approved by the Central Government.

6. (1) No person shall apply for any intellectual property right, by whatever
name called, in or outside India for any invention based on any research or
information on a biological resource obtained from India without obtaining the
previous approval of the National Biodiversity Authority before making such
application.

Provided that if a person applies for a patent, permission of the National
Biodiversity Authority may be obtained after the acceptance of the patent but
before the sealing of the patent by the patent authority concerned:

Provided further that the National Biodiversity Authority shall dispose of the
application for permission made to it within a period of ninety days from the
date of receipt thereof.

(2) The National Biodiversity Authority may, while granting the approval under
this section, impose benefit sharing fee or royalty or both or impose conditions
including the sharing of financial benefits arising out of the commercial utilisation
of such rights.

(3) The provisions of this section shall not apply to any person making an
application for any right under any law relating to protection of plant varieties
enacted by Parliament.

(4) Where any right is granted under law referred to in sub-section (3), the
concerned authority granting such right shall endorse a copy of such document
granting the right to the National Biodiversity Authority.

7. No person, who is a citizen of India or a body corporate, association or
organisation which is registered in India, shall obtain any biological resource
for commercial utilisation, or bio-survey and bio-utilisation for commercial
utilisation except after giving prior intimation to the State Biodiversity Board
concerned:

Provided that the provisions of this section shall not apply to the local people
and communities of the area, including growers and cultivators of biodiversity,
and vaids and hakims, who have been practising indigenous medicine.

National Biodiversity Authority

8. (1) With effect from such date as the Central Government may, by notification
in the Official Gazette, appoint, there shall be established by the Central
Government for the purposes of this Act, a body to be called the National
Biodiversity Authority

(2) The National Biodiversity Authority shall be a body corporate by the
name aforesaid, having perpetual succession and a common seal, with power
to acquire, hold and dispose of property, both movable and immovable, and to
contract, and shall by the said name sue and be sued.
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 (3) The head office of the National Biodiversity Authority shall be at Chennai
and the National Biodiversity Authority may, with the previous approval of
the Central Government, establish offices at other places in India.

(4) The National Biodiversity Authority shall consist of the following members,
namely:-

(a) a Chairperson, who shall be an eminent person having adequate
knowledge and experience in the conservation and sustainable use of
biological diversity and in matters relating to equitable sharing of benefits,
to be appointed by the Central Government;

(b) three ex officio members to be appointed by the Central Government,
one representing the Ministry dealing with Tribal Affairs and two
representing the Ministry dealing with Environment and Forests of whom
one shall be the Additional Director General of Forests or the Director
General of Forests;

(c) seven ex officio members to be appointed by the Central Government
to represent respectively the Ministries of the Central Government
dealing with –

(i) Agricultural Research and Education;

(ii) Biotechnology;

(iii) Ocean Development;

(iv) Agriculture and Cooperation;

(v) Indian Systems of Medicine and Homeopathy;

(vi) Science and Technology;

(vii) Scientific and Industrial Research;

(d) five non-official members to be appointed from amongst specialists and
scientists having special knowledge of, or experience in, matters relating to
conservation of biological diversity, sustainable use of biological resources
and equitable sharing of benefits arising out of the use of biological resources,
representatives of industry, conservers, creators and knowledge-holders of
biological resources.

9. The term of office and conditions of service of the Chairperson and the other
members other than ex officio members of the National Biodiversity Authority
shall be such as may be prescribed by the Central Government.

10. The Chairperson shall be the Chief Executive of the National Biodiversity
Authority and shall exercise such powers and perform such duties, as may
be prescribed.

11. The Central Government may remove from the National Biodiversity Authority
any member who, in its opinion, has:

(a) been adjudged as an insolvent; or
(b) been convicted of an offence which involves moral turpitude; or
(c) become physically or mentally incapable of acting as a member; or
(d) so abused his position as to render his continuance in office detrimental

to the public interest; or
(e) acquired such financial or other interest as is likely to affect prejudicially

his functions as a member.
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12. (1) The National Biodiversity Authority shall meet at such time and place and
shall observe such rules of procedure in regard to the transaction of business
at its meetings (including the quorum at its meetings) as may be prescribed.

(2) The Chairperson of the National Biodiversity Authority shall preside at
the meetings of the National Biodiversity Authority.

(3) If for any reason the Chairperson is unable to attend any meeting of the
National Biodiversity Authority, any member of the National Biodiversity
Authority chosen by the members present at the meeting shall preside at the
meeting.

(4) All questions which come before any meeting of the National Biodiversity
Authority shall be decided by a majority of votes of the members present and
voting and in the event of equality of votes, the Chairperson or, in his absence,
the person presiding, shall have and exercise a second or casting vote.

(5) Every member who is in any way, whether directly, indirectly or personally,
concerned or interested in a matter to be decided at the meeting shall disclose
the nature of his concern or interest and after such disclosure, the member
concerned or interested shall not attend that meeting.

(6) No act or proceeding of the National Biodiversity Authority shall be
invalidated merely by reason of :-

(a) any vacancy in, or any defect in the constitution of, the National
Biodiversity Authority; or

(b) any defect in the appointment of a person acting as a member; or
(c) any irregularity in the procedure of the National Biodiversity Authority

not affecting the merits of the case.

13. (1) The National Biodiversity Authority may constitute a committee to deal
with agro-biodiversity. Explanation: For the purposes of this subsection, “agro-
biodiversity” means biological diversity of agriculture related species and their
wild relatives.

(2) Without prejudice to the provisions of sub-section ( 1 ), the National
Biodiversity Authority may constitute such number of committees as it deems
fit for the efficient discharge of its duties and performance of its functions
under this Act.

(3) A committee constituted under this section shall co-opt such number of
persons, who are not the members of the National Biodiversity Authority, as
it may think fit and the persons so co-opted shall have the right to attend the
meetings of the committee and take part in its proceedings but shall not have
the right to vote.

(4) The persons appointed as members of the committee under sub-section
(2) shall be entitled to receive such allowances or fees for attending the
meetings of the committee as may be fixed by the Central Government.

14. (1) The National Biodiversity Authority may appoint such officers and other
employees as it considers necessary for the efficient discharge of its functions
under this Act. (2) The terms and conditions of service of such officers and
other employees of the National Biodiversity Authority shall be such as may
be specified by regulations.
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15. All orders and decisions of the National Biodiversity Authority shall be
authenticated by the signature of the Chairperson or any other member
authorized by the National Biodiversity Authority in this behalf and all other
instruments executed by the National Biodiversity Authority shall be
authenticated by the signature of an officer of the National Biodiversity
Authority authorized by it in this behalf.

16. The National Biodiversity Authority may, by general or special order in writing,
delegate to any member, officer of the National Biodiversity Authority or any
other person subject to such conditions, if any, as may be specified in the
order, such of the powers and functions under this Act (except the power to
prefer an appeal under section 50 and the power to make regulations under
section 64) as it may deem necessary.

17. The salaries and allowances payable to the members and the administrative
expenses of the National Biodiversity Authority including salaries, allowances
and pension payable to, or in respect of, the officers and other employees of
the National Biodiversity Authority shall be defrayed out of the Consolidated
Fund of India.

Functions and Powers of The National Biodiversity Authority

18. (1) It shall be the duty of the National Biodiversity Authority to regulate
activities referred to in sections 3, 4 and 6 and by regulations issue guidelines
for access to biological resources and for fair and equitable benefit sharing.

(2) The National Biodiversity Authority may grant approval for undertaking
any activity referred to in sections 3, 4 and 6.

(3) The National Biodiversity Authority may
(a) advise the Central Government on matters relating to the conservation

of biodiversity, sustainable use of its components and equitable sharing
of benefits arising out of the utilization of biological resources;

(b) advise the State Governments in the selection of areas of biodiversity
importance to be notified under sub-section (1) of section 37 as heritage
sites and measures for the management of such heritage sites;

(c) perform such other functions as may be necessary to carry out the
provisions of this Act.

(4) The National Biodiversity Authority may, on behalf of the Central
Government, take any measures necessary to oppose the grant of intellectual
property rights in any country outside India on any biological resource obtained
from India or knowledge associated with such biological resource which is
derived from India.

Approval by The National Biodiversity Authority

19. (1) Any person referred. to in sub-section (2) of section 3 who intends to
obtain any biological resource occurring in India or knowledge associated
thereto for research or for commercial utilization or for biosurvey and bio-
utilization or transfer the results of any research relating to biological resources
occurring in, or obtained from, India, shall make application in such form and
payment of such fees as may be prescribed, to the National Biodiversity
Authority.
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 (2) Any person who intends to apply for a patent or any other form of
intellectual property protection whether in India or outside India referred to in
subsection (1) of section 6, may make an application in such form and in such
manner as may be prescribed to the National Biodiversity Authority.

(3) On receipt of an application under subsection (1) or sub-section (2), the
National Biodiversity Authority may, after making such enquiries as it may
deem fit and if necessary after consulting an expert committee constituted
for this purpose, by order, grant approval subject to any regulations made in
this behalf and subject to such terms and conditions as it may deem fit, including
the imposition of charges by way of royalty or for reasons to be recorded in
writing, reject the application: Provided that no such order for rejection shall
be made without giving an opportunity of being heard to the person affected.

(4) The National Biodiversity Authority shall give public notice of every
approval granted by it under this section.

20. (1) No person who has been granted approval under section 19 shall transfer
any biological resource or knowledge associated thereto which is the subject
matter of the said approval except with the permission of the National
Biodiversity Authority.

(2) Any person who intends to transfer any biological resource or knowledge
associated thereto referred to in sub-section (1) shall make an application in
such form and in such manner as may be prescribed to the National Biodiversity
Authority.

 (3) On receipt of an application under subsection (2), the National Biodiversity
Authority may, after making such enquiries as it may deem fit and if necessary
after consulting an expert committee constituted for this purpose, by order,
grant approval subject to such terms and conditions as it may deem fit, including
the imposition of charges by way of royalty or for reasons to be recorded in
writing, reject the application:

Provided that no such order for rejection shall be made without giving an
opportunity of being heard to the person affected.

(4) The National Biodiversity Authority shall give public notice of every
approval granted by it under this section.

21. (1) The National Biodiversity Authority shall while granting approvals under
section 19 or section 20 ensure that the terms and conditions subject to which
approval is granted secures equitable sharing of benefits arising out of the
use of accessed biological resources, their by-products, innovations and
practices associated with their use and applications and knowledge relating
thereto in accordance with mutually agreed terms and conditions between
the person applying for such approval, local bodies concerned and the benefit
claimers.

(2) The National Biodiversity Authority shall, subject to any regulations made
in this behalf, determine the benefit sharing which shall be given effect in all
or any of the following manner, namely:

(a) grant of joint ownership of intellectual property rights to the National
Biodiversity Authority, or where benefit claimers are identified, to such
benefit claimers;

(b) transfer of technology;
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(c) location of production, research and development units in such areas
which will facilitate better living standards to the benefit claimers;

(d) association of Indian scientists, benefit claimers and the local people
with research and development in biological resources and bio-survey
and bio-utilization;

(e) setting up of venture capital fund for aiding the cause of benefit claimers;
 (f) payment of monetary compensation and other non-monetary benefits

to the benefit claimers as the National Biodiversity Authority may deem
fit.

(3) Where any amount of money is ordered by way of benefit sharing, the
National Biodiversity Authority may direct the amount to be deposited in the
National Biodiversity Fund:

Provided that where biological resource or knowledge was a result of access
from specific individual or group of individuals or organisations, the National
Biodiversity Authority may direct that the amount shall be paid directly to
such individual or group of individuals or organisations in accordance with the
terms of any agreement and in such manner as it deems fit.

(4) For the purposes of this section, the National Biodiversity Authority shall,
in consultation with the Central Government, by regulations, frame guidelines.

State Biodiversity Board

22. (1) With effect from such date as the State Government may, by notification
in the Official Gazette, appoint in this behalf, there shall be established by that
Government for the purposes of this Act, a Board for the State to be known
as the ____________ (name of the State) Biodiversity Board.

(2) Notwithstanding anything contained in this section, no State Biodiversity
Board shall be constituted for a Union territory and in relation to a Union
territory, the National Biodiversity Authority shall exercise the powers and
perform the functions of a State Biodiversity Board for that Union territory:

Provided that in relation to any Union territory, the National Biodiversity
Authority may delegate all or any of its powers or functions under this sub-
section to such person or group of persons as the Central Government may
specify.

(3) The Board shall be a body corporate by the name aforesaid, having
perpetual succession and a common seal, with power to acquire, hold and
dispose of property, both movable and immovable, and to contract, and shall
by the said name sue and be sued.

(4) The Board shall consist of the following members, namely:-
(a) a Chairperson who shall be an eminent person having adequate

knowledge and experience in the conservation and sustainable use of
biological diversity and in matters relating to equitable sharing of benefits,
to be appointed by the State Government;

(b) not more than five ex officio members to be appointed by the State
Government to represent the concerned Departments of the State
Government;

(c) not more than five members to be appointed from amongst experts in
matters relating to conservation of biological diversity, sustainable use
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of biological resources and equitable sharing of benefits arising out of
the use of biological resources.

(5) The head office of the State Biodiversity Board shall be at such place as
the State Government may, by notification in the Official Gazette, specify.

23. The functions of the State Biodiversity Board shall be to
(a) advise the State Government, subject to any guidelines issued by the

Central Government, on matters relating to the conservation of
biodiversity, sustainable use of its components and equitable sharing of
the benefits arising out of the utilisation of biological resources;

(b) regulate by granting of approvals or otherwise requests for commercial
utilization or bio-survey and bio-utilization of any biological resource
by Indians;

(c) perform such other functions as may be necessary to carry out the
provisions of this Act or as may be prescribed by the State Government.

24. (1) Any citizen of India or a body corporate, organization or association
registered in India intending to undertake any activity referred to in section 7
shall give prior intimation in such form as may be prescribed by the State
Government to the State Biodiversity Board.

(2) On receipt of an intimation under sub-section (1), the State Biodiversity
Board may, in consultation with the local bodies concerned and after making
such enquires as it may deem fit, by order, prohibit or restrict any such
activity if it is of opinion that such activity is detrimental or contrary to the
objectives of conservation and sustainable use of biodiversity or equitable
sharing of benefits arising out of such activity: Provided that no such order
shall be made without giving an opportunity of being heard to the person
affected.

(3) Any information given in the form referred to in sub-section (1) for prior
intimation shall be kept confidential and shall not be disclosed, either
intentionally or unintentionally, to any person not concerned thereto

25. The provisions of sections 9 to 17 shall apply to a State Biodiversity Board
and shall have effect subject to the following modifications, namely:

(a) references to the Central Government shall be construed as references
to the State Government; (b) references to the National Biodiversity
Authority shall be construed as references to the State Biodiversity
Board;

(c) reference to the Consolidated Fund of India shall be construed as
reference to the Consolidated Fund of the State.

Biodiversity Management Committees

 Every local body shall constitute a Biodiversity Management Committee
within its area for the purpose of promoting conservation, sustainable use
and documentation of biological diversity including preservation of habitats,
conservation of land races, folk varieties and cultivars, domesticated stocks
and breeds of animals and microorganisms and chronicling of knowledge
relating to biological diversity. Explanation.- For the purposes of this sub-
section,-

o “cultivar” means a variety of plant that has originated and persisted under
cultivation or was specifically bred for the purpose of cultivation;
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o “folk variety” means a cultivated variety of plant that was developed,
grown and exchanged informally among farmers;

o “landrace” means primitive cultivar that was grown by ancient farmers
and their successors.

 The National Biodiversity Authority and the State Biodiversity Boards shall
consult the Biodiversity

 Management Committees while taking any decision relating to the use of
biological resources and knowledge associated with such resources occurring
within the territorial jurisdiction of the Biodiversity Management Committee.

 The Biodiversity Management Committees may levy charges by way of
collection fees from any person for accessing or collecting any biological
resource for commercial purposes from areas falling within its territorial
jurisdiction.





Disaster Management and
Environmental Laws

NOTES

Self - Learning
Material 133
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5.0 INTRODUCTION

Disasters can arise from both natural and human causes. They cannot be predicted,
and once they occur, they need to be dealt with in a mature, tactful and responsible
manner. A lot of on-the-spot decisions need to be taken and relief activities need
to be organized and coordinated. The impact of disasters, as you will learn in this
unit, is more in areas where the population is high. When the disaster impacts a
wider geographical area, the need for disaster management becomes stronger
than ever.

This unit will explain the importance of disaster management. It will also
explain different natural disasters as well as the mitigation efforts. The unit also
discusses some of the environmental conservation laws.

5.1 OBJECTIVES

After going through this unit, you will be able to:

 Understand the concept of disaster management

 Describe the various environmental conservation laws

 Discuss the role of information technology in protecting environment
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5.2 DISASTER MANAGEMENT

With the growing climatic changes and unstable landforms all over the world,
human beings are becoming more vulnerable to disasters and hazards. The drastic
changes in the weather patterns have also led to the number of occurrences of
disasters. Technological advancements and the growing population density have
also contributed to the world becoming increasingly unsafe. These hazards or
disasters can be classified into two categories, that of natural and anthropogenic
disasters. They have been discussed in detail as follows:

1. Natural disasters

A natural disaster is the result of a natural calamity like a flood, tornado, volcanic
eruption, earthquake, etc. that has an effect on the environment and also causes
losses that are financial, environmental and human in nature. Natural hazards can
also have a ripple effect, causing even more loss as calamities of nature are related,
like earthquakes can result in tsunamis and droughts can lead directly to famines
and diseases. Hazards are consequently relating to a future occurrence and disasters
to past or current occurrences.

Natural disasters can be of various kinds, the most prominent of which
have been listed as follows:

1. Land-movement disasters: These kinds of disasters can further be
classified into the following:

 Avalanches

 Earthquakes

 Landslides and mudflows

 Volcanic eruptions
2. Water disasters: The various water disasters are:

 Floods

 Limnic eruptions

 Tsunamis
3. Weather disasters: The disasters caused by weather disturbances

are:

 Blizzards

 Cyclonic storms

 Droughts

 Hailstorms

 Tornadoes
4. Natural fires (like forest fire)
5. Health and diseases: The hazards that can be caused due to health

problems are as follows:

 Epidemic

 Famine
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2. Anthropogenic disasters

Anthropogenic disasters are threats that have an element of human intent, negligence
or error or have witnessed failure of a man-made system. They are also known as
man-made disasters since they are the result of a failing or error on the part of
humans.

Anthropogenic disasters can be classified into the following categories:

 Sociological hazards: The disasters that are caused due to sociological
factors are:
 Crime
 Arson
 Civil disorder
 Terrorism
 War

 Technological hazards: Technological advancements can lead to the
following disasters:
 Industrial hazards
 Structural collapse
 Power outage
 Fire

 Hazardous materials: The chemical substances that can cause disasters
are as follows:
 Radiation contamination
 CBRNs or Chemical, Biological, Radiological and Nuclear

5.2.1 Principles of Disaster Management

Disaster management is the branch of knowledge that deals with and tries to
effectively avoid possible risks in the future. It entails responding to a natural or an
anthropogenic disaster after it has occurred and attempting to rebuild the society
and support the people it has affected. It is the continuous process by which
people manage disasters in an effort to avoid or ameliorate the impact of the
hazards. Actions taken depend in part on perceptions of risk of those exposed.
For activities of disaster management to be effective, there is a need for thorough
integration of emergency plans in all realms of government and non-government
involvement.

According to Matthews and Eden, ‘Disaster management encompasses
broader management issues such as finance, risk assessment and training. Using
the term also emphasizes that it ought to be treated as a key area of library
management and afforded due attention by senior management within the library
and any parent organization.’

Recent years have witnessed phenomenal increase in knowledge and
research on disaster risk mitigation and management across several disciplines
and subjects ranging from earth sciences to atmospheric, environmental, engineering,
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agricultural, medical, social, behavioral and management sciences, remote sensing,
information and communication technologies etc. Research and knowledge creation
in these arenas are occurring rapidly in universities, research and development
organizations, training institutions, government agencies, corporate sectors,
community organizations and sometimes entirely on individual initiatives, but often
in an isolated and segmented manner, without much link among the related subjects.

While the nature of knowledge and research in certain disciplines are such
that it conforms to specific disciplines, increased interaction and interface among
the disciplines would serve the cause of disaster risk mitigation in several ways.
First, research in a single discipline would be more convenient using information
from related fields – it would validate, complement, and sometimes even rectify
the findings. Secondly, the perspectives of research in specific disciplines would
be broadened and provide a holistic framework for research. Moreover, this would
help in creating a community of scholars, researchers and practitioners on disaster
risk reduction.

The National Institute of Disaster Management (NIDM) is  assimilates
organizations and individuals in various disciplines and sectors and in assembling,
synthesizing, managing and further spreading knowledge on disaster management
in various sectors.

All these organizations and individuals have felt it necessary to create a
platform where researchers and practitioners shall assmeble at least once a
year, present their research papers, debate on the issues, challenges, shortcomings
and opportunities and  enter into discussion related to the areas of mutual
cooperation and road maps. Thus, the India Disaster Management Congress
has been conceived.

Even though it is not possible to fully recover the damage caused by the
disasters, disaster management may help in the following ways:

 It can minimize the potential hazards by creating early warning strategies.

 It may prepare and put developmental plans into practice to provide
resilience to such disasters.

 It may mobilize resources including communication and tele-medicinal
services

 It can aid rehabilitation and post-disaster reconstruction processes.

Economic and social factors also influence the nature of management. The
studies done by experts in the area of disaster relief, (such as Fred Cuny), have
shown that, in a sense the only real disasters are economic. They have concluded
that disaster management needs to be inclusive of long-term work on infrastructure,
public awareness and other related issues.

Disaster management involves four stages of work (Figure 5.1), which are,
mitigation, preparedness, response and recovery.
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Disaster

Preparedness Response

RecoveryMitigation

Fig. 5.1 A Graphic Representation of the Four Phases in Disaster Management

1. Mitigation

Mitigation efforts attempt to prevent hazards from developing into disasters
altogether, or to reduce the effects of disasters when they occur. The mitigation
phase differs from the other phases because it focuses on long-term measures for
reducing or eliminating risk. The implementation of mitigation strategies can be
considered a part of the recovery process if applied after a disaster occurs.
Mitigative measures can be structural or non-structural. Structural measures use
technological solutions, like flood levees. Non-structural measures include legislation,
land-use planning (e.g. the designation of nonessential land like parks to be used
as flood zones), and insurance. Mitigation is the most cost-efficient method for
reducing the impact of the disasters, though there is the possibility that it may not
always be suitable. Mitigation includes providing regulations regarding evacuation,
sanctions against those who refuse to obey the regulations (such as mandatory
evacuations) and communication of potential risks to the public. Some structural
mitigation measures may have adverse effects on the ecosystem.

A precursor activity to the mitigation is the identification of risks.

2. Preparedness

In the preparedness phase, emergency managers develop plans of action to handle
situations of catastrophe. Common preparedness measures include the following:

 Communication plans with easily understandable terminology and methods

 Proper maintenance and training of emergency services, including mass
human resources such as community emergency response teams

 Development and exercise of emergency population warning methods
combined with emergency shelters and evacuation plans

 Stockpiling, inventory, and maintain disaster supplies and equipment

 Develop organizations of trained volunteers among civilian populations



NOTES

Disaster Management and
Environmental Laws

Self - Learning
138 Material

Another aspect of preparedness is prediction of casualty, that is, the study
of how many deaths or injuries to expect for a given event. As a result, planners
get an idea of the resources that need to be in place to respond to a certain kind of
event.

3. Response

The response phase is featured by the mobilization of the necessary emergency
services and first responders in the disaster area. This likely includes a first wave
of primary emergency services, such as firefighters, police and ambulance crews.
A number of secondary emergency services, such as specialist rescue teams, may
support them.

A well-rehearsed emergency plan developed as part of the preparedness
phase enables efficient coordination of rescue where required; search and rescue
efforts take place at an initial stage.

4. Recovery

The recovery phase aims at restoring the affected area to its previous state. It is
different from the response phase in terms of its focus; recovery efforts concern
issues and decisions to be made after immediate needs are attended to. Recovery
efforts primarily concern actions involving reconstructing demolished  or destroyed
property, re-employment and the repair of other essential infrastructure.

5.2.2 Overview of Disaster Manager’s Tasks

Emergency managers are trained in a wide variety of disciplines that support them
through out the emergency life-cycle. Professional emergency managers can focus
on government and community preparedness or private business preparedness.
Training is provided by local, state, federal and private organizations and ranges
from public information and media relations to high-level incident command and
tactical skills.

In the past, the field of emergency management has been populated mostly
by people with a military or first responder background. Currently, the population
in the field has become more diverse, with many experts coming from a variety of
backgrounds without military or first responder history. Educational opportunities
are increasing for those seeking undergraduate and graduate degrees in emergency
management or a related field.

Emergency managers in the planning phase, should be flexible and all
encompassing, carefully recognizing the risks and exposures of their respective
regions and employing unconventional, and atypical means of support. Depending
on the region, municipal or private sector emergency services, can rapidly be
depleted and heavily taxed. Non-governmental organizations that offer the desired
resources, that is, transportation of displaced homeowners to be conducted by
local school district buses, evacuation of flood victims to be performed by mutual
aide agreements between fire departments and rescue squads, should be identified
early in planning stages and practiced with regularity.
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International Association of Emergency Managers (IAEM)

The International Association of Emergency Managers (IAEM) is a non-profit
educational organization dedicated to promoting the goals of saving lives and
protecting property during emergencies and disasters. The mission of IAEM is to
serve its members by providing information, networking and professional
opportunities and to advance the emergency management profession.

5.2.3 Managing Activities During Various Disasters

Natural disasters are extreme, sudden events caused by environmental factors
that can harm or kill people and destroy property. Earthquakes, windstorms, floods,
and disease can strike anywhere on earth, often without warning. A natural disaster
is the effect of a natural hazard (for example, flood, tornado volcano eruption,
earthquake, or landslide) that affects the environment, and leads to financial,
environmental and human losses. The resulting loss depends on the intensity of the
disaster, the capacity of the population to support or resist the disaster, and their
resilience.  This understanding is concentrated in the formulation: ‘Disasters occur
when hazards meet vulnerability.’ A natural hazard will hence never result in a
natural disaster in areas without vulnerability, e.g. strong earthquakes in uninhabited
areas. The term natural has consequently been disputed because the events simply
are not hazards or disasters without human involvement, in most cases.

Most of these natural disasters result from natural phenomena related to the
atmospheric perturbations and earth movements on geological faults respectively.
Man has practically no control on these phenomena; hence these hazards are
called ‘natural’. These hazard occurrences become disasters when they impact
the man-made structures and systems which are not strong enough to resist their
onslaught. The results are that many of the societal developments like buildings
and related infrastructure on the one hand and the means of agricultural and industrial
production and transportation on the other hand get destroyed. In large events,
large number of people are adversely affected in terms of loss of lives, loss of
belongings, and the means of livelihood.

One cannot attain complete and total sustainable development unless disaster
prevention plays an important role in it, and disaster prevention is such an aspect
that cannot be separated from development.

Fast-growing nations are the first among the lot to end up with disasters.
According to a report by the United Nations, every year countries lose
approximately US$2 billion due to disasters, many of them preventable. For
instance, China has lost approximately a thousand workers in accidents in coal
mines and a billion dollars in one year. In Rajasthan, India, there have been three
major fires since 2000, and the state has lost more than  1000 crore and many
lives. The financial and human losses caused in the Krishna and Tungabhadra
floods in Andhra Pradesh and Karnataka, respectively, reportedly caused less by
natural phenomenon and more by greedy land sharks, was reported by the two
states as approximately at  28,500 crore. The fire in the oil depot in Jaipur,
Rajasthan, India, has revealed the absolute disregard for industrial safety and security
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standards by Indian Oil. No lessons were learnt either from the ammunition depot
incident in 2000 and the fire at the army range in 2001, both in Bharatpur.

Oil fires are a considerable hazard, and the resultant negligence has cost the
country’s buffers to the tune of several lives and  300 crore, with losses of  150
crore in petroleum products and another  150 crore in the related infrastructure,
apart from the  cost of recreating the infrastructure, the grievous damage to ecology
and the resultant health problems.

To say the least, India has one of the worst records of industrial safety and
security. At many small units, there is absolutely no record maintained of the disasters
and neither are workers provided for by the Employees State Insurance Scheme
(ESIC). The data of some industrial townships are also not properly compiled. At
present, according to National Institute of Disaster Management (NIDM), there
are more than 1,949 major accident hazards units in India apart  from several
small- and medium-sized industries all across the nation and new industries are
also coming up at a rapid rate.

Absence of safety measures, technical snags, human errors and natural
disasters such as floods, landslides and earthquakes lead to chemical accidents.
This is because most units do not make provisions for preventive safety
arrangements; law enforcement is minimal and is interrupted by corrupt political
leaders. Toxic materials may be released in the environment in case of accidents
during manufacture, storage, handling, transport, use or disposal of hazardous
materials. Apart from that, there are examples of chemical outbreaks that occur
because of failures of tailing dams, dykes, ash ponds, waste facilities and
contamination in manufacturing, electronic, metallurgical and other industries. Grave
risks are involved in hydro-power plants and the mining industry. The latter is
known for hazards during mining operations, ore processing, transport and storage
that are in the form of fires, gas leaks, explosions and floods.

The Kosi floods are an example of natural disasters that occur because of
mismanagement and non-maintenance of man-made sites. The policy is that the
flow of water changes at different times and in different dams and the embankments
are supposed to be built keeping in mind the worst-case scenarios. Although the
river Kosi had all these features kept in mind but nobody had cared to maintain it
for years. In recent years, the floods in Andhra Pradesh and Karnataka would not
have happened had the sluice gates of the reservoirs opened on time. It cost
Andhra Pradesh  16,500 crore and Karnataka  12,000 crore, apart from the
cost of hardship borne by the inhabitants.

According to the reports prepared by the United Nations, 33 per cent of
the world’s GDP is lost to floods and 2 per cent of the world GDP’s is lost to
other disasters. In an effort to not remain oblivious to the problems, in 2005, the
Disaster Management Act was enacted. In 2007, the national guidelines on chemical
disaster management was released by the National Disaster Management Authority
(NDMA). The burden on the NDMA is tremendous, and experts are not hopeful
that they would be able to take apt measures because the bureaucracy considers
the suggestions as costly and unwieldy.
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Reducing vulnerabilities and averting disasters are important issues. The
society’s vulnerability to disasters is a function of human behaviour and action.
Social vulnerability describes the degree to which a socioeconomic system is
susceptible/resilient or reacts to the effects of natural disasters. It is governed by
the interplay of combination of several factors such as hazard awareness, conditions
of human settlements and infrastructure, public policy and administration, wealth
of a society and organized abilities in all aspects of disaster and risk management.

The scale of risk in relation to natural disasters is governed by the levels of
vulnerability, and the probability of the occurrence of a natural hazard (floods,
droughts, landslides, earthquakes, volcanic eruptions, storms and cyclones) and
the level and intensity of such a hazard. Risk reduction refers to activities taken to
reduce both vulnerable conditions and, when possible, the source of the hazard,
especially in relation to degradation of land, droughts, floods and landslides.

Response to disasters and humanitarian aid have taken up considerable
amounts of resources. If this practice were to persist, coping capacities of societies
in both the developed and developing countries are likely to be overwhelmed.

5.2.4 Natural and Man-Made Disasters

Let us discuss the different natural and non-made disasters.

1. Tornadoes

Tornadoes are one of nature’s most violent storms. Tornadoes come in all shapes
and sizes and can occur at any time of the year. For instance, in the southern states
of the United States, the peak tornado season is March through May, while the
peak months in the northern states of the United States are during the summer.

Being prepared for tornadoes

Stay tuned for storm watches and warnings. A tornado warning is issued when a
tornado funnel is sighted or indicated by weather radar. You should take shelter
immediately.

Important measures to take when it comes to tornadoes are:

 Take a few minutes with your family to develop a tornado emergency plan.
Sketch a floor plan of where you live or walk through each room and discuss
where and how to seek shelter.

 Conduct drills and ask questions to make sure your family remembers
information on tornado safety, particularly how to recognize hazardous
weather conditions and how to take shelter.

Measures for people with special needs include: Write down their specific needs,
limitations, capabilities and medications. Keep this list handy.

Drugs and medications

Important medical information and most prescriptions can be stored in the
refrigerator, which provides excellent protection from fires. Store your first-aid
supplies in a strong box so they will be easy to carry and be protected from water.
Inspect the kit regularly and keep it freshly stocked.
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Tornado warnings are broadcast on radio and television, which can be
monitored in the security operations centre. If warnings are issued in advance,
preparations can be made to include securing or moving objects such as rubbish
bins, planters, signs, furniture and vehicles that may cause damage to people or
property. Occupants should clear all objects from desks and exposed paperwork
should be stored in closed cabinets. Valuable equipment and documents should
be moved from outer offices to interior rooms.

2. Heat waves

A heat wave refers to prolonged period of tremendously hot weather, which may
be featured by high humidity. Temperatures that are normal according to people
from a hotter climate can be termed as a a heat wave in a cooler area in case they
are outside the normal climate pattern of that area. The term is applied to routine
weather variations as well as extraordinary heat that may occur only once in a
century. Severe heat waves have led  to devastating crop failures, innumerable
deaths from hyperthermia and ubiquitous power outages as a result of a rise in the
use of air conditioning.

The definition recommended by the World Meteorological Organization is
when the daily maximum temperature of more than 5 consecutive days exceeds
the average maximum temperature by 5°C (9°C), the normal period being 1961–
1990. A formal, peer-reviewed definition from the Glossary of Meteorology is a
period of abnormally and uncomfortably hot and usually humid weather. To be a
heat wave, such a period should last at least 1 day, but conventionally it lasts from
several days to several weeks. In 1900, A. T. Burrows more rigidly defined a ‘hot
wave’ as a spell of 3 or more days on each of which the maximum shade temperature
reaches or exceeds 90°F (32°C). More realistically, the comfort criteria for any
one region are dependent upon the normal conditions of that region.

In addition to physical stress, excessive heat causes psychological stress, to
a degree that affects performance and is also associated with an increase in violent
crime.

Incidence

Some regions across the globe are more prone to heat waves compared to others,
typically inland deserts, semideserts and Mediterranean-type climates. According
to climatologist David Jones, heat waves are likely to increase witn global warming.

In summer in warm climates, an area of high pressure with little or no rain or
clouds, the air and ground become excessively heated. A static high-pressure area
can cause a sustained heat wave.

The position of the jet stream allows air on one side to be considerably
warmer than the other side. Heat waves are much more common and severe on
the warm side and sometimes an unusual position of the jet stream places unusual
warmth in an unusual place for hot weather, and imposes a heat wave. El Niño and
La Niña (opposite reaction to El Niño) can severely disrupt the positions of the jet
streams.
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Large desert zones and dry areas are more likely to get extreme heat because
there is rarely any high cloud cover with very low humidity.

Winds from hot deserts typically push hot, dry air towards areas normally
cooler than during a heat wave. During the summer an area devoid of geographic
features that might cool winds originating in the hot deserts get little mitigation,
especially near the summer solstice when long days and a high sun would create
warm conditions even without the transport of hot air from other locations.  Hot
air mass travelling above a large body of water, as a sirocco of Saharan origin
crossing the Mediterranean sea, likely collects water vapour with a decline in
temperature but much higher humidity that makes the original desert air little less
moderate as demonstrated in a high heat index. Heat waves originate from air
over tropical seas going far into the middle latitudes, as commonly observed in the
eastern United States and southeastern Canada. The heat island effects of large
cities only increase heat in large cities that tolerate heat waves owing to the weakness
of night-time cooling.

Mortality

Intense perspiration can be a sign of excess heat exposure. Heat waves are the
most lethal type of weather phenomenon, overall. The 1995 Chicago Heat Wave,
one of the worst in American history, led to approximately 600 heat-related deaths
over a period of 5 days. Despite the dangers, Scott Sheridan, professor of
geography at Kent State University, found that less than half of people age 65 and
older abide by heat-emergency recommendations like drinking lots of water. In
his study of heat-wave behavior, focusing particularly on seniors in Philadelphia,
Phoenix, Toronto and Dayton, Ohio, he found that people over 65 do not consider
themselves as seniors.

Underreporting and ‘harvesting’ effect

The number of heat fatalities is likely highly underreported due to lack of resources
and misreports. Part of the mortality observed during a heat wave, however, can
be attributed to a so-called harvesting effect, a term for a short-term forward
mortality displacement. It has been observed that for some heat waves, there is a
compensatory decrease in overall mortality during the subsequent weeks after a
heat wave.

Impact of heat waves

Impact of heat wave include:

 Power outage: Heat waves frequently lead to electricity spikes because of
increased air-conditioning use, which can create power outages, intensifying
the problem. During the 2006 North American heat wave, several homes
and businesses went without power, especially in California. In Los Angeles,
electrical transformers failed, leaving several without power fora stretch of
5 days. The heat wave in Melbourne, Australia, also led to severe power
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disruptions leaving over half a million people without power as the heat
wave blew transformers and overloaded the power grid.

 Wildfires: In case there is a heat wave during a drought, which dries out
vegetation, it can lead to bushfires and wildfires. During the disastrous heat
wave that struck Europe in 2003, fires raged through Portugal, destroying
over 3,010 square kilometres (7,40,000 acres) of forest and 440 square
kilometres (1,10,000 acres) of agricultural land and causing an estimated
€1 billion worth of damage. High-end farmlands have irrigation systems to
back up crops with.

 Physical damage: Heat waves can and do cause roads, highways to buckle,
water lines to burst and power transformers to detonate, causing fires.

Preparedness for heat waves

The measures one needs to take for preparing for heat waves are as follows:

 As a starting measure, one should set up an emergency kit and prepare a
family communication arrangement.

 Secure fitting of air conditioners should be carried out; all key areas should
have proper insulations (where required).

 Ensure that air-conditioning channels are suitably insulated.

 Fix provisional window reflectors (to operate between windowpanes and
long curtains), like cardboards having a layer of aluminum foil on them, to
mirror the heat back outside.

 Weather-strip doors and sills to keep cool air in.

 Protect windows through which sunlight streams through, during mornings
or afternoons, with curtains, shades, blinds, or canopies. (Outside canopies
or blinds can lessen the heat that comes into a home by approximately 80
per cent.)

 Keep external windows all year round.

 Be updated with the latest regional weather forecasts and stay attentive of
imminent temperature fluctuations.

 Be acquainted with people living around you, who are old, young, ill or
overweight. They are more vulnerable to be victimized by extreme
temperature variations and are likely to need support.

 Recorgnize the fact that people living in cities and towns are more vulnerable
to the effects of a long-drawn-out heat wave, as compared to people living
in villages.

 Receive a proper training in first aid to gain skill in treating heat-related
crisis .

Is heat wave a result of global warming?

Some facts related to heat waves and global warming are as follows:

 The Earth is heating up by 1.4°F since 1920.

 The ice caps are melting and the level of sea is rising.
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 The last 10 of the past 12 years were the hottest since 1850.

 The first 6 months of 2006 were the hottest since records were maintained
in 1890.

The heat wave and the resultant extreme occurrences being witnessed in
these recent years are consistent with what is seen as caused by global warming,
even though there is no definite correlation. Until now, approximately several high-
temperature records have been broken. However, scientists are researching to
ensure if the global heat wave constitutes part of a longer and more intense pattern
of heat waves before considering it as a part of the larger global warming picture.
The movement to bring down greenhouse gas emissions is gaining international
attention.

In the recent conference on climate change in Copenhagen, the deadline
was determined for adopting ‘green’ policies and saving the planet from global
warming.

It was decided that if drastic cuts are not made in the pollution levels by
2020, it would cost the planet up to £150 million per year, and we would not have
virtually any chance of reducing the temperature.

It was decided that geo-engineering and radical solutions would be adopted
such as covering the planet with artificial trees or by reflecting sunlight back into
space with mirrors. Global leaders meeting in Copenhagen are using rise in
temperature issue as their target for the climate deal, which will see billions of
pounds being handed down to developing countries to slow down climate change.

It is being said that a cut of 5 per cent in global emissions is the utmost
possible for even the most ambitious campaigner.

This means drastic changes in power generation, use of renewable energy
like wind farms and solar energy, nuclear power, use of biofuels and driving electric
cars.

Deforestation would have to be brought down and use of fossil fuel reduced
drastically.

Global Warming

The average temperature of the planet has increased more than 1 degree Fahrenheit
since 1900 and the speed of warming has been almost threefold since 1970. This
increase in the planet’s average temperature is called global warming.

According to the scientists of the National Oceanic and Atmospheric
Administration, years 1998 through 2007 rank among the topmost 25 hottest
years for the United States. We are considering the example of United States,
because the US and China are the two biggest polluters in the world and have
gained negative attention for their dumping policies. The planet could heat by an
additional 7.2°F during this century if we do not reduce emissions from fossil fuels
such as coal and oil. This rise in the average temperature will have wide-reaching
effects on the earth’s climate patterns and on all living things, and many of these
changes have already begun.
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Consequences of global warming on weather patterns

Increase in temperatures could lead to increased droughts and wildfires, heavier
rainfall and a greater number of intense hurricanes. Warmer water in the oceans
pumps more energy into tropical storms, making them stronger and potentially
more destructive. The warning signs prevalent today are as follows: The number
of intense storms has greatly increased over the past years, in addition to ocean
temperature.

 The Atlantic hurricane season in 2005 was the most active in recorded
history, with 27 named storms, of which 15 became hurricanes. Seven of
the hurricanes strengthened into major storms, five became intense hurricanes
and four became very intense hurricanes.

 In August 2005, Hurricane Katrina was the costliest and deadliest hurricanes
in American history.

 Warmer temperatures have increased the possibility of droughts. Increased
evaporation could increase drought conditions and increase the risk of
wildfires.

 Expenditures incurred in firefighting have consistently gone up by $1 billion
per year.

 Warmer temperatures have increased the energy of the climatic system and
have increased the possibility of heavier rainfall in some areas.

 The national annual precipitation has surged between 5 and 10 per cent
since the early 20th century, largely due to heavy downpours.

 According to the Intergovernmental Panel on Climate Change, intense rain
events have increased in frequency during the last 50 years and human-
induced global warming most likely contributed to the trend.

 According to the National Oceanic and Atmospheric Administration, the
northeast region of the US has had its wettest summer on record in 2006,
exceeding the previous record by more than 1 inch.

Consequences of global warming on health

Hotter weather enables mosquitoes to travel greater distances. Carbon dioxide in
the air aggravates asthma and allergies. More frequent and severe heat waves will
result in a greater number of heat-related deaths. The warning signs prevalent
today are as follows:

 In 2003, very intense heat waves killed approximately 70,000 people in
Europe. In France alone, about 15,000 people died during 2 weeks of
increasing temperatures that reached as high as 104 degrees Fahrenheit.

 Most areas of North America underwent a severe heat wave in July 2006,
which led to the deaths of over 140 people, including some working air
conditioner owners.

 In the 1995 heat wave in Chicago, 739 heat-related deaths had occurred
within a week.
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 Global warming could lead to an increase in smog pollution in some areas
and intensify pollen allergies and asthma. It could also increase local air
quality problems.

 Research shows that a higher level of carbon dioxide spurts the increase in
the growth of ragweed, whose pollen leads to allergies and worsens asthma.

 The number of sufferers of pollen allergy and asthma has increased worldwide
over the last several decades. It has been suggested that this could be an
early impact of human-caused climate change.

 Diesel exhaust particles can also mix with pollen and deliver it deeper into
the lungs.

 The rise in temperatures can increase ground-level ozone smog production,
which is a grave threat to asthmatics.

 The number of mosquitoes and disease outbreaks, such as dengue and
malaria, increase as the climate allows them to survive in formerly inhospitable
areas.

 Higher outdoor temperatures can also lead to more outbreaks of
foodborne illnesses such as food poisoning caused by salmonella, which
reproduces rapidly in warm temperatures.

Consequences of global warming on wildlife

Rising temperatures have destroyed coral reefs and melted the habitats of polar
bears and penguins. Increasing global temperatures have disrupted ecosystems
and pushed to extinction species that have not been able to adapt. A comprehensive
assessment of the extinction risk from global warming found that more than 1
million species could be extinct by 2050 if the current trend continues. The warning
signs prevalent today are as follows:

 A recent analysis of about 2000 plant and animal species discovered
movement towards the poles at an average rate of 3.8 miles per decade.

 The latest Intergovernmental Panel on Climate Change report found that
approximately 20 to 30 per cent of plant and animal species assessed are
likely to be extinct if global average temperature increases by more than
2.7 to 4.5°F.

 The US Geological Survey has predicted that two-thirds of the world’s
polar bear sub-populations will be extinct by mid-century because of melting
of the Arctic ice cap.

 In Washington’s Olympic Mountains, the sub-alpine forest has invaded higher
elevation alpine meadows.

 The mangrove forests in Bermuda are disappearing.

 Over the past years, some Antarctic penguin populations have reduced by
33 per cent due to decline in winter sea-ice habitat.

 The ocean has become more acidic due to carbon dioxide emissions, because
of which species with hard calcium carbonate shells are vulnerable.
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 Scientists predict that an increase by 3.6°F in temperature would wipe out
97 per cent of the world’s coral reefs.

Consequences of global warming on glaciers and sea levels

It is being predicted that the polar regions could be devoid of ice by 2040 and the
sea levels could rise by 23 inches by 2100 if the current warming patterns continue.
Rising global temperatures will speed the melting of glaciers and ice caps and
cause ice to thaw early. The warning signs prevalent today are as follows:

 The northern section of the Larsen B ice shelf in Antarctica, a section larger
than the state of Rhode Island in the US, collapsed between January and
March 2002 and disintegrated at a rate that astonished scientists.

 According to NASA, the polar ice cap is melting at a rate of 9 per cent per
decade. Arctic ice thickness has decreased 40 per cent since the 1960s.

 Over the past three decades, more than a million square miles of perennial
sea ice, an area the size of Norway, Denmark and Sweden combined, has
disappeared.

Warning signs

According to scientists at the University of Oxford, England, and the Hadley Centre
for Climate Research and Prediction in Exeter, England, global warming caused
by human activity has increased the possibility that Europe will witness extreme
summer heat waves. It is also estimated that by the middle of this century, every
second European summer will get warmer.

According to Kevin Trenberth, head of the climate analysis section at the
National Center for Atmospheric Research in Boulder, Colorado, ‘the link between
the current heat waves and global warming is a little complex’. According to him,
‘the immediate cause of heat waves is a weather pattern known as an anticyclone,
or a high-pressure ridge. Anticyclones lead to dry conditions’. This means all the
heat is getting to raise temperatures rather than evaporate moisture. For instance,
if the ground is wet that usually acts somewhat as an air conditioner. However, the
art lies in differentiating between climate change signals from natural variability.

According to climate experts, other signs of global warming are as follows:

 Spring is arriving by February in New England.

 Glacier ice is reducing throughout the world, from the European Alps to
Kenya’s Mount Kilimanjaro to Glacier National Park in Montana, United
States.

 The warm climate zone has shifted higher in the mountains of Central
America. Several species of animals have nowhere left to move and are
rapidly going extinct.

 The National Oceanic and Atmospheric Administration recently said
the first half of 2006 was the warmest ever for the US.

Almost all specialists examining the climate patterns of the earth opine that
human actions, mainly  releasing greenhouse gases from vehicles, industries and
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burning forests, are the leading cause of global warming. The gases released permit
sunlight in, but stop some of the ensuing heat from radiating back to space, leading
to a greenhouse effect.

Global warming causes

 The major cause of global warming is the emission of greenhouse gases like
carbon dioxide, methane and nitrous oxide into the atmosphere. Power
plants are one of the major sources of carbon dioxide. These power plants
produce carbon dioxide by burning of fossil fuels for the purpose of electricity
generation. Burning gasoline in vehicles contributes about 20 per cent of
carbon dioxide emitted in the atmosphere.

 Both commercial and residential buildings represent a larger source of global
warming pollution. Constructing these requires a lot of fuel to be burnt which
emits a large amount of carbon dioxide in the atmosphere.

 Methane is 20 times more effectual than carbon dioxide at trapping heat in
the atmosphere. It is obtained from rice paddies, bovine flatulence, bacteria
in bogs and fossil fuel manufacture. When fields are flooded, anaerobic
bacteria build up and the organic matter in the soil decays, releasing methane
to the atmosphere.

 Cars with catalytic converters, using fertilizers in agriculture and burning
organic matter releases nitrous oxide that includes nylon and nitric acid
production.

 Deforestation caused by cutting and burning of forests for the purpose of
residence and industrialization is also a cause of global warming.

Fighting global warming

Many steps are being taken by various nations to decrease the rate of global
warming. One such effort is the Kyoto agreement made between various nations
to reduce the emissions of various greenhouse gases. Also, many not-for-profit
organizations are working on the same cause. Al Gore has been one of the foremost
American politicians to raise the alarm about the hazards of global warming. He
has produced a significantly acclaimed documentary movie called An Inconvenient
Truth, and written a book that archives his advice that the planet is rushing towards
an immensely warm future. He has given also speeches to raise awareness about
global warming and warned people about the ill effects of global warming and its
remedies.

However, at the micro level, people do not consider global warming as an
issue that is worth any attention! Skeptics think that global warming is not an
ecological problem. According to them, the recent increase in the earth’s average
temperature is not a reason for alarm and the coastlines and polar ice caps are not
at a risk of vanishing. They have also declared that the weather models used to
establish global warming and forecast the impacts are distorted. They are laying
stress on the fact that climatic conditions vary because of volcanism, the obliquity
cycle, changes in solar output and internal variability. Also the warming could be
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due to the variation in cloud cover and cosmic ray flux that is modulated by the
solar magnetic cycles.

Economics of global warming

The economics of global warming refers to the economic costs and benefits of
global warming, and to the economic impacts of actions aimed at the mitigation of
and adaptation to global warming. Estimates come from a variety of sources,
including integrated assessment models, which seek to combine socio-economic
and biophysical assessments of climate change. At an Intergovernmental Panel on
Climate Change (IPCC) conference in April 2007, delegates from 120 nations
discussed the specific economic and societal costs of mitigating global warming,
and eventually approved  Assessment Report. The IPCC Fourth Assessment
Report, published in 2007, focussed on the aggregate economic impacts of climate
change:

Effects of climate change are quite likely (more than 90 per cent probability)
to impose net annual costs, which will increase in due course of time with an
increase in global temperatures. Peer-reviewed estimates of the social cost of
carbon (net economic costs of damages from climate change aggregated across
the globe and discounted to the specified year) in 2005 average US$ 12 per
tonne of carbon dioxide, but the range from 100 estimates is large (-$3 to $95/t
carbon dioxide). This is largely due to variations in assumptions with regard to
climate sensitivity, response lags, the treatment of risk and equity, economic and
non-economic impacts, the inclusion of disastrous losses and discount rates.
Aggregate estimates of costs conceal vital differences in impacts across sectors,
regions and populations and quite likely underestimate damage costs because
they cannot include many non-quantifiable impacts.

Aggregate impacts have also been quantified in other metrics: for instance,
climate change over the next century will most probably negatively affect millions
of people through a rise in coastal flooding, reductions in water supplies, increased
malnutrition and increased health consequences.

According to the IPCC Report, ‘aggregate market sector impacts of 2°C
global mean temperature increase, above the 1990 level, will be plus or minus a
few percent of global GDP, with most people in the world negatively affected.
Studies of aggregate economic impacts found net damages beyond temperature
increases of 2 to 3°C above 1990 levels, with increasing damages at higher
magnitudes of climate change.’ The report adds that ‘On balance, the current
generation of aggregate estimates in the literature is more likely than not to understate
the actual costs of climate change.’

In 2005, the UK House of Lords Economic Affairs Select Committee
produced a report on the economics of climate change that notes the complexities
associated with forecasting climate change mitigation costs. The Report refers to
the 2001 IPCC report for an estimate of the costs of stabilizing atmospheric CO2-
equivalent at 550 ppm. The annual mitigation cost for this stabilization target is
given as being between $78 billion and $1141 billion. This amounts to 0.2 per cent
to 3.2 per cent of world GDP in 2005. Costs are estimated to range between 0.3
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per cent and 4.5 per cent of GDP if borne only by the wealthiest nations. As per
this estimate, world income is assumed to be increasing. With 2 per cent growth
per annum, the worst case level of costs (assuming all costs to be spread over 20
years, from 2005—2025) is estimated to decline to 2.3 per cent of world income
in 2035. If the costs are spread across 50 years (2005—2055), the fraction
decreases to 1.3 per cent of world income. In terms of world costs per tonne of
carbon, the range is estimated to lie between $18 and $80 for a 550 ppm CO2-
equivalent target. This figure is based on calculations using the MERGE and FUND
integrated assessment models.

The Copenhagen Consensus

The 2004 Copenhagen Consensus assessed the problem of climate change
compared to other issues such as control of diseases and malnutrition. Projects
were proposed to focus on these inconveniences, with each project judged by a
panel of eight economists. The panel looked at three proposals, including the Kyoto
Protocol, for dealing with climate change by reducing emissions of carbon. The
expert panel considered all three proposals as having costs likely to surpass the
benefits. The panel recognized the importance of addressing the issue of global
warming, but agreed that approaches based on a sudden shift toward lower
emissions of carbon are unnecessarily expensive. Drawing from an opponent parer,
the experts expressed an interest in an alternative that envisaged a carbon tax
much lower in the first few years of implementation than the figures called for in the
challenge paper,  gradually rising in later years. However, such a proposal was not
evaluated in detail in the presentations put to the panel, and thus was not ranked.
The panel encouraged increased funding for research into more reasonable carbon-
abatement technologies. The three climate change proposals were rated ‘bad’
and finished bottom in a ranking of all projects. In the 2008 Copenhagen
Consensus, out of the 30 projects evaluated, climate change projects were ranked
at number 14 (R&D in low-carbon energy technologies), 29, (R&D and mitigation)
and 30 (mitigation only).

The Stern Review

In the Stern Review, a 2006 report by the former Chief Economist and Senior
Vice-President of the World Bank, Nicholas Stern predicts the devastating
consequences of climate change  on economic growth without mitigation. The
report suggests that an investment of 1 per cent of global GDP is required to
mitigate the effects of climate change, with failure to do so risking a recession
worth up to 20 per cent of global GDP. In the Stern Review, net monetized cost
estimates of climate change were negative (i.e., net damages) for all global mean
temperature rises. Some economists have criticized the Review, saying that Stern
did not consider costs more than 2200 and used an incorrect discount rate in his
calculations and that stopping or considerably slowing climate change will require
deep emission cuts throughout. Some economists have been in favour of Stern’s
approach, or argued that Stern’s estimates are reasonable, despite the method by
which he reached them being open to criticism. Research by Weitzman has
suggested that structural uncertainty and low-probability high-impact risks are
very crusial.
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The Kyoto Protocol

Primarily industrialized countries who sanctioned the Kyoto Protocol ensured targets
that require reducing their national greenhouse gas emissions to a particular level
relative to their actual 1990 emissions. According to the IPCC report, noteworthy
achievements of the Kyoto Protocol include:

 Setting up a global response to the climate problem

 Stimulation of a gamut of national policies

 Creation of an international carbon market

 Establishment of novel institutional mechanisms that may provide the
foundation for future mitigation efforts

Different countries meet their Kyoto commitments differently.  Collectively,
industrial countries who ratified the treaty will probably meet their 2010 emission
limitation targets. The Kyoto Protocol was the first international agreement to set
mandatory limits on greenhouse gas emissions. Kyoto’s emission reduction targets
have been criticized, with some saying they are too weak and others saying they
are too strong. The IPCC report describes Kyoto’s emission reduction targets as
being modest. It was calculated that the present value cost of the Kyoto Protocol
would be $800 billion to $1,500 billion if implemented as efficiently as possible.
Some economists view Kyoto as a useful first step in responding to climate change.
Climate scientists O’Neill and Oppenheimer support Kyoto’s targets, arguing that
they are consistent with atmospheric carbon dioxide stabilization at 450 ppm. A
450 ppm target could forestall the disintegration of the West Antarctic Ice Sheet,
but this is by no means certain, because additional warming would occur beyond
2100.

Cost distribution

The costs and benefits of global warming are distributed quite unequally.

 Low-lying countries’ risk of floods

 Many countries subject to increased drought are poor African countries

 Ability of poor countries to mitigate/adapt (margin)

 GW increases variability of weather, which implies greater capital
requirements for water storage systems, flood defenses, etc as well as
individual requirements to cope with wider variation in weather patterns.

The costs of mitigation may also be distributed unequally, both within and
between countries.

3. Forest fires

The most common hazard in forests is forests fire. Forests fires are as old as the
forests themselves. They pose a threat not only to the forest wealth but also to the
entire region and fauna and flora, seriously disturbing the bio-diversity and the
ecology and environment of a region. During summer, when there is no rain for
months, the forests become littered with dry senescent leaves and twigs, which
could burst into flames when ignited by the slightest spark. The Himalayan forests,
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particularly, Garhwal Himalayas, have been burning regularly during the last few
summers, with colossal loss of vegetation cover in that region.

Causes of forest fire

Forest fires are caused by natural causes and manmade causes.

 Natural causes: Many forest fires start from natural causes such as lightning
which set trees on fire. However, rain extinguishes such fires without causing
much damage. High atmospheric temperatures and dryness (low humidity)
offer favourable circumstance for a fire to start.

 Manmade causes: Fire is caused when a source of fire like naked flame,
cigarette or bidi, electric spark or any source of ignition comes into contact
with inflammable material.

Classification of forest fire

Forest fire can broadly be classified into three categories:

 Natural or controlled forest fire

 Forest fires caused by heat generated in the litter and other biomes in summer
through carelessness of people (human neglect)

 Forest fires purposely caused by local inhabitants

Types of forest fire

There are two types of forest fire (i) surface fire and (ii) crown fire.

(i) Surface fire: A forest fire may burn primarily as a surface fire, spreading
along the ground as the surface litter (senescent leaves and twigs and dry
grasses) on the forest floor and is engulfed by the spreading flames.

(ii) Crown fire: The other type of forest fire is a crown fire in which the crown
of trees and shrubs burn, often sustained by a surface fire. A crown fire is
particularly very dangerous in a coniferous forest because resinous material
given off burning logs burn furiously. On hill slopes, if the fire starts downhill,
it spreads up fast as heated air adjacent to a slope tends to flow up the
slope spreading flames along with it. If the fire starts uphill, there is less
likelihood of it spreading downwards.

Vulnerability

The youngest mountain ranges of Himalayas are the most vulnerable stretches of
the world susceptible to forest fires. The forests of Western Himalayas are more
frequently vulnerable to forest fires as compared to those in Eastern Himalayas.
This is because forests of Eastern Himalayas grow in high rain density. With large
scale expansion of pine forests in many areas of the Himalayas, the frequency and
intensity of forest fires has increased.

Preparedness and mitigation measures

Forest fires are usually seasonal. They usually start in the dry season and can be
prevented by adequate precautions. Successive Five-Year Plans have provided
funds for forests fighting. During the British period, fire was prevented in the summer
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through removal of forest litter all along the forest boundary. This was called ‘Forest
Fire Line’. This line used to prevent fire breaking into the forest from one
compartment to another. The collected litter was burnt in isolation. Generally, the
fire spreads only if there is continuous supply of fuel (dry vegetation) along its
path. The best way to control a forest fire is therefore, to prevent it from spreading,
which can be done by creating firebreaks in the shape of small clearings of ditches
in the forests.

Precautions

The followings are the important precautions against fire:

 To keep the source of fire or source of ignition separated from combustible
and inflammable material

 To keep the source of fire under watch and control

 Not allow combustible or inflammable material to pile up unnecessarily and
to stock the same as per procedure recommended for safe storage of such
combustible or inflammable material

 To adopt safe practices in areas near forests, namely factories, coal mines,
oil stores, chemical plants and even in household kitchens

 To incorporate fire reducing and fire fighting techniques and equipment while
planning a building or coal mining operation

 In case of forest fires, the volunteer teams are essential not only for fire
fighting but also to keep watch on the start of forest and sound an alert

 To arrange fire fighting drills frequently

Impact of forest fires on biological environment

Forest fires also pose serious health hazards by producing smoke and noxious
gases, as the events in Indonesia after the forest fires on the islands of Sumatra
and Borneo in 1977 have shown. The burning of vegetation gives off not only
carbon dioxide but also a host of other, noxious gases (greenhouse gases) such as
carbon monoxide, methane, hydrocarbons, nitric oxide and nitrous oxide, that
lead to global warming and ozone layer depletion. Consequently, thousands of
people suffered from serious respiratory problems due to these toxic gases. Burning
forests and grasslands also add to already serious threat of global warming. Recent
measurement suggest that biomass burning may be a significant global source of
methyl bromide, which is an ozone-depleting chemical.

Policy on forest fire (rehabilitation and response)

Every year, one-third of all forests is affected by forest fire. Therefore, an effective
policy on forest fire prevention and control is extremely important. It was in this
context that the modern Forest Control Project was taken up in five districts of
Uttar Pradesh viz. Pithoragarh, Rampur, Nainital, plights and Almora since 1985.
The area proposed to be covered was 372,693 hectares. The recommendations
of this project are listed out:

 Development and demonstration of modern fire control techniques.

 Preparation of division wise fire management plans.
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 Estimation of forest fires.

 Development and application of a forest danger rating system.

 Training of personnel.

 Full fire protection of timber depots.

 Manufacture of fire finders and hand tools with in the country and
standardization of fire control equipment.

Wildfire prevention

Wildfire prevention implies the preemptive methods of reducing the risk of fires at
the same time reducing  its seriousness and extent. Effective prevention techniques
permit supervising agencies to manage air quality, maintain ecological balances,
protect resources and to limit the effects of future uncontrolled fires. North
American firefighting policies may allow naturally caused fires to burn to sustain
their ecological role, as long as the risks of spreading to high-value areas are
avoided. However, prevention policies must consider the role played by humans
in the case of wildfires, since, for example, only 5 per cent of forest fires in Europe
are not related to human involvement. Sources of human-caused fire may comprise
arson, accidental ignition or the uncontrolled use of fire in land-clearing and
agriculture such as the slash-and-burn farming in Southeast Asia. Landholders
with flammable investments such as orchards and tree crops may encourage
neighbouring landowners to reduce fire risks.

Wildfires are triggered by a conglomeration of factors such as topography,
fuels, and weather. Besides reducing human infractions, only fuels may be changed
to affect future fire risk and behaviour. Wildfire prevention programmes globally
may use techniques such as wildland fire use and prescribed or controlled
burns. Wildland fire use refers to any fire caused naturally and is monitored but
allowed to burn. Controlled burns refer to fires ignited by government agencies
under less hazardious weather conditions. Vegetation may be burned at regular
intervals for the purpose of maintaining high species diversity, and frequent
burning of surface fuels restricts accumulation of fuel , thus lowering the risk of
crown fires. Using strategic cuts of trees, fuels may also be removed by handcrews
in order to clean and clear the forest, prevent fuel build-up, and create access
into forested areas. Chain saws and large equipment can be used to thin out
ladder fuels and shred trees and vegetation to a mulch. Multiple fuel treatments
are often required to influence future fire risks, and wildfire models may be used
to predict and compare the benefits of different fuel treatments on future wildfire
spread. Building codes in areas susceptible to fire typically require that structures
be constructed of flame-resistant materials and a defensible space be maintained
by clearing combustible materials within a prescribed distance from the edifice.
Communities in the Philippines also maintain fire lines 5 to 10 metres (16 to 33
ft) wide between the forest and their village, and patrol these lines during
summer months or seasons of dry weather.
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Wildfires can impact on climate and weather and greatly influence regional
and global pollution. Wildfire emissions contain greenhouse gases and a number
of criteria pollutants that can have a substantial impact on human health and welfare.
Forest fires in Indonesia in 1997 were estimated to have released between 0.81
and 2.57 gigatonnes (0.89 and 2.83 billion short tones) of CO2 into the atmosphere,
which is between 13 per cent and 40 per cent of the annual carbon dioxide emissions
from burning fossil fuels. As per atmospheric models, these concentrations of sooty
particles could enhance absorption of incoming solar radiation during winter by as
much as 15 per cent.

The ongoing 2019 Amazon rainforest wildfires have by now burned 906,000
hectares of forests. Wildfires are also taking place in Australia and California.

4. Oil fires and oil slicks

The raging oil tank fires in Jaipur in 2009 have highlighted the condition of disaster
preparedness and response mechanisms in India. It is frightening to note that several
such oil depots are probably spread across the country with hardly any regulatory
body and low levels of awareness about the magnitude of storage, risks and
vulnerabilities amongst the residents around the area.

Oil well fires can cause the loss of millions of barrels of crude oil per day.
Combined with the ecological problems caused by the large amounts of smoke
and unburnt petroleum falling back to earth, oil well fires such as those seen in
Kuwait can cause enormous economic losses. Smoke from burnt crude oil contains
many chemicals, including sulfur dioxide, carbon monoxide, soot, benzopyrene,
poly aromatic hydrocarbons and dioxins. Exposure to oil well fires is commonly
cited as a cause of the Gulf War Syndrome, however, studies have indicated that
the firemen who capped the wells did not report any of the symptoms suffered by
the soldiers.

Gulf War oil spill

The Gulf War oil spill is considered as the most devastating oil spill in history,
triggered by actions taken during the Gulf War in 1991 by the Iraq military. It
caused severe damage to wildlife in the Persian Gulf especially in areas engulfing
Kuwait and Iraq. Estimates on the volume spilled range from 42 to 462 million
gallons; the slick reached a maximum size of 101 by 42 miles and was 5 inches
thick. In spite of the uncertainty surrounding the size of the spill, figures place it 5
to 27 times the size (in gallons spilled) of the Exxon Valdez oil spill, and more than
twice the size of the 1979 Ixtoc I blow-out in the Gulf of Mexico.

According to a study sponsored by UNESCO, Bahrain, Iran, Iraq, Kuwait,
Oman, Qatar, Saudi Arabia, the United Arab Emirates and the United States, the
spill did little long-term damage. About half the oil evaporated, a million barrels
were recovered and 2 million to 3 million barrels washed ashore, mainly in Saudi
Arabia. On 21 January 1991, Iraqi forces opened valves at the Sea Island oil
terminal and dumped oil from several tankers into the Persian Gulf. The apparent
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strategic objective was to foil a potential landing by US Marines. The oil moved
southward, ending up on the north coast of Saudi Arabia, endangering the fragile
intertidal zones and mangrove forests and destroying wildlife habitats. According
to the immediate reports from Baghdad,  American air strikes had caused a discharge
of oil from two tankers. Coalition forces determined the chief source of oil to be
the Sea Island terminal in Kuwait. American airstrikes on 26 January destroyed
pipelines to prevent further spillage into the Persian Gulf. Several other sources of
oil were found to be active: tankers and a damaged Kuwaiti oil refinery near Mina
Al Ahmadi, tankers near Bubiyan Island, and Iraq’s Mina Al Bakr terminal.

The largest oil stick was seen in the Gulf of Mexico in the year 2010.

Remedies

Clearing remedies and revival from an oil spill is not easy and depends upon a
large number of aspects, inclusive of the category of oil spilled, the temperature of
the water (having an impact on vaporization and biodegradation) and the nature of
shores and coasts involved.

Methods for cleaning up include:

 Bioremediation

This is a process of getting micro organisms or biological agents to neutralize or
removing oil.

 Bioremediation Accelerator

This is a oleophilic and hydrophobic substance that has no bacteria, which chemically
and physically binds with both, solvable and unsolvable hydrocarbons. A
bioremediation accelerator functions like a driving agent in water and on the outside,
floating molecules to the surface of the water, together with solvents like phenols
and BTEX, taking the shape of gel-like clusters. Untraceable levels of hydrocarbons
can be achieved in created and convenient water columns. By spraying sheen with
bioremediation accelerator, sheen is done away with within minutes. Whether used
on ground or on water, the nutrient-rich mixture creates a flush of local, original,
pre-existing, hydrocarbon-consuming bacteria. These precise bacteria convert
the hydrocarbons into water and carbon dioxide, with EPA tests demonstrating
98 per cent of alkanes biodegraded in 28 days; and aromatics being biodegraded
200 times sooner than in natural conditions, they also occasionally use the hydro
fire boom to clean the oil up by taking it away and burning it.

Controlled burning can successfully lessen the quantity of oil in water, if
done properly. However, it can only be done in low wind and can cause air pollution.

Dispersants can be used to scatter oil slicks. A dispersant may either be a
non-surface dynamic polymer or a surface-active material blended with a
suspension, typically a colloid, to progress the disjointing of particles and avert
settling or clustering. They may briskly diffuse huge amounts of specific oil types
from the sea surface by transferring it into the water column. They will result in
breaking up of the oil slick and creation of water-soluble micelles that are quickly
diluted. The oil is then easily distributed all through the larger volume of water than
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being limited to the surface from where it was dispersed. They can also defer the
development of unrelenting oil-in-water emulsions. Nevertheless, laboratory tests
illustrated that dispersants augmented poisonous hydrocarbon levels in fish by a
factor of up to 100 and were likely to exterminate fish eggs. Dispersed drops of
oil permeate into deeper waters and can fatally pollute coral. Research shows that
a few dispersants are lethal to corals. A 2012 analysis found that Corexit dispersant
had raiseed the toxicity of oil by up to 52 times.

In a few of the cases, natural reduction of oil may be most suitable, due to
the enveloping nature of facilitated techniques of remediation, mainly in ecologically
susceptible regions like wetlands.

 Dredging: For oils scattered with cleaners and other oils, thicker than water.
 Skimming: Works on calm waters at any time during the process.
 Solidifying: Solidifiers are comprised of dry hydrophobic polymers that

do both, adsorb and absorb. They tidy oil spills by altering the physical
state of spilled oil from liquid to a semi-solid or a rubber-like substance
that drifts on water. Solidifiers are unsolvable in water, hence the taking
away of solidified oil is simple and the oil will not seep out. It has been
proved that solidifiers are fairly non-toxic to marine and wild life and
have been known to restrain dangerous fumes usually linked with
hydrocarbons like Benzene, Xylene, Methyl Ethyl, Acetone and
Naphtha. The reaction time for solidification of oil is controlled by the
wave area or size of the polymer along with the thickness of the oil. A
few solidifier product manufacturers maintain that solidified oil can be
disposed of in landfills, recycled as a stabilizer in asphalt or rubber goods,
or burned as a low ash fuel. A solidifier called C.I. Agent (produced by
C.I. Agent Solutions of Louisville, Kentucky) is being used by BP (the
world-famous oil company) in the form of granules, as well as in Marine
and Sheen Booms at Dauphin Island and Fort Morgan, Alabama, to aid
in the Deepwater Horizon oil spill cleanup.

 Vacuum and centrifuge: Oil can be sucked in with the water and then
a centrifuge can be used to separate the two liquids - facilitating a tanker
to be filled with pure oil. By and large, the water is sent back into the
ocean, making the process more efficient. However, this process also
lets small quantities of oil to slip in as well. This problem has hindered
the functioning of centrifuges due to a US ruling, restricting the quantity
of oil in water sent back to the sea.

The apparatus used includes:

 Booms: large suspended barriers that collect oil and scoop up the oil
from the water

 Skimmers: skim the oil

 Sorbents: large absorbents that soak up oil

 Chemical and biological agents: helps to break down the oil

 Vacuums: remove oil from beaches and water surface

 Shovels and other road equipment: typically used for cleaning oil on
beaches
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5. Accidents in coal mines

Coal is an important mineral in India, because it is the main source of fuel in power
plants and is used in household cooking throughout the country. The coal industry
employs more than 6,00,000 miners and other workers. Thus, safety in the Indian
coal mines becomes a very important issue. However, there has been no significant
statistical analysis of the safety records of Indian coal mines.

Trends of fatal and serious accidents in coal mines in India

The trends of coal mine accidents in India are shown as follows in Table 5.1.

Table 5.1 Coal Mine Accidents in India

Fatal accidents Serious accidents Year 

Accidents Fatalities Accidents Injuries 

1972 200 217 1534 1616 

1975 222 664 2135 2211 

1985 176 204 1007 1060 

1993 156 176 854 903 

1994 156 241 717 775 

1995 137 219 757 813 

1996 131 146 677 723 

1997 143 165 677 725 

1998 128 146 523 560 

1999 127 138 595 650 

2000 117 144 661 707 

2001 106 141 667 720 

2002 81 97 629 650 

2003 83 113 563 578 

2004 90 99 599 608 

2005 
(up to 12.05.05) 

34 35 340 344 
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Note: (i) Lignite is included in coal. (ii) Figures for 2004 & 2005 are provisional.

Source: http://www.ismenvis.nic.in/fatal_accident_coal.htm

Rajasthan, one of the highest mineral producing states in the country, accounted for 48
deaths (20 in 2015, 5 in 2016 and 23 in 2017).

Causes of coal mine accidents

The causes of accidents comprise of 13 broad categories. These are:

 Roof/side fall: accidental fall of roof or side at the time of excavation

 Winding: accident in the course of raising or lowering coal or  man in shaft

 Haulage: accident in the course of raising or lowering coal by  tubs

 Dumper: accidents associated with dumper–wheeled vehicles for carrying
coal with tipper mechanism

 Conveyor: accident in the use of belt or chain conveyors

 Other transport machinery: accident associated with trucks and wagons

 Other machinery: accident associated with non-transport machinery like
loading machinery, crusher etc.

 Explosives: accident in the course of using explosives

 Electricity: accidents resulting out of the use of electricity

 Dust/gas: accidents due to explosions of noxious gases, due to absence of
oxygen, due to explosion of coal dust etc.

 Fall of object/person: accidents occurring due to sudden fall of an object
or  a person

 Inundation: accidents due to sudden rushing in of water

 Miscellaneous: other causes of accidents, such as gas leaks

Remedial actions for coal mine accidents

Here, we focus on the safety policies and measures taken by Bharat Coking Coal
Limited (BCCL)

Safety Policy of BCCL

Safety policy of BCCL include:

1. Operations and systems will be planned and designed to eliminate or
materially reduce mining hazards;

2. Implement statutory rules and regulations and strenuous efforts made for
achieving superior standards of safety;

3. To bring about improvement in working conditions by suitable changes in
technology;

4. Provide material and monetary resources needed for the smooth and efficient
execution of safety plans;

5. Deploy safety personnel wholly for accident prevention work;
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6. Organize appropriate forums with employees’ representatives for Joint
consultations on safety matters and secure their motivation and commitment
in safety management;

7. Prepare annual safety plan and long term safety plan at beginning of every
calendar year, unit-wise and for the company, to effect improved safety in
operations as per respective geo-mining needs to prepare the units for onset
of monsoon, to fulfill implementation of decisions by Committee on Safety
in Mines and Safety Conferences and to take measures for overcoming
accident proneness as may be reflected through study of accident analysis,
keeping priority in sensitive areas of roof-falls, haulage, explosives, machinery
etc.

8. Set up a framework for execution of the safety policy and plans through the
general managers of areas, agents, managers and other safety personnel of
the units;

9. Multi-level monitoring of the implementation of the safety plans through
internal safety organization at the company headquarters and area safety
officers at area level;

10. All senior executives at all levels of management will continue to inculcate a
safety consciousness and develop involvement in practicing safety towards
accident prevention in their functioning;

11. Institute continuous education, training and retraining all employees with the
accent placed on development of safety oriented skills;

12. Continue efforts to better the living conditions and health of all the employees
both in and outside the mines;

13. Ensure that every one in the organization is aware of the safe working
methods and follow them in day-to-day work;

14. Develop the skills of employees as a skilled worker can only be a safe
worker;

15. Constantly evaluate the personal protective equipments available, in the
market and supply them to our employees and train them in their proper
use;

16. Ensure Pre-entry (IME) and periodical medical examination for all workers;

17. Improve the working environment and to minimize air and water pollution;

Steps taken/being taken to improve safety in BCCL mines

In order to Control Roof and Side Fall Accidents

 Roof bolting support system has been standardized and activated in all
underground mines except few.

 Action taken for procurement and supply of adequate number of roof bolts
and bearing plates.

 Action taken for procurement and supply of adequate quantity of cement
capsules required for full column grouting
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 Action taken for procurement and supply of adequate nos. of lightweight
anchorage testing machines used for monitoring of anchorage strength of
roof bolts.

 66 pneumatic roof drilling machines and 40 somna drills are in use for  roof
bolting in the mines. Action taken for purchasing 25 UDM’s & 25 hydraulic
face drilling and roof bolting machine with dust suppression system and
hydraulic power pack.

 Video cassettes / CD ‘On Safe Practice of Roof Bolting’ prepared and
supplied to each mine for viewing the same to the mine workers

 Number of  Hindi/English flex poster on roof bolting activity were prepared
and circulated among the mines for improving the work culture

 Services of Scientific Institutions like NIRM, CIMFR & ISMU are being
taken up for scientific investigation and studies in different mines on strata
management

 Efforts are made to inculcate safety awareness among all workmen including
tramming personnel so that they would keep away from resorting to set-
riding

 Safety seminars have been conducted to minimize Haulage accidents.

 Traveling roadways are being made in in-take and distance being made
shorter to the best possible limit for motivating workmen  to travel through
traveling road.

In order to control accidents in open cast mines

 Stress has been given to improve the overall lighting in open cast mines

 Separate roads have been/being provided for light vehicles and pedestrians
in OCP

 SOP (Safe Operating Procedure) has been provided to all dumper operators,
shovel operators, drill operators, light vehicle operators, dozer operators
and blasting crew,

 Safety slogans and traffic rules have been displayed in all open cast mines at
conspicuous places.

 Fire extinguishers have been provided in all HEMMs and other vulnerable
places.

 Only muffled blasting is allowed in open cast mines and blasting done as per
approval from DGMS.

General Safety Precautions

General safety precautions include:

 In every mine, daily safety pledge is being administered by all workmen at
the beginning of each shift.

 Safety talk is delivered by the mine officials and safety committee members
daily at pit top before starting of the shift.
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 Training and re-training of all workmen including supervisors are being taken
up.

 Inspection of all mines is done by bipartite inspection team of BCCL consisting
of top management representatives of company and trade union
representative of company level as per schedule.

 Safety audit  of all mines of BCCL is done by mining experts  at  regular
interval to know the possible dangers at the mines.

 Escape routes other than the normal travelling roadways have been prepared
and maintained at such mines, where there is likely possibility of danger
from Inundation, gas, fire etc., so that workers can come out safely during
the mishap, if any.

 Latest technique of ground penetration radar to determine the barrier
thickness where one side is unapproachable has been used through NIRM
at three mines Pootkee, Phularitand and Madhuband in the year 2004.

 Senior officers of company HQ are inspecting mines from time to time in
back shift to improve the supervision in back shift.

 Mock rehearsal is being conducted every year before onset of monsoon.

Role of Safety Department

Role of safety department involve:

1. Developing safety activities / practices and continuously reviewing, improving
and updating them as and when the changed circumstances demand

2. Ensuring that everyone in the organization is aware of the safe working
methods and follow them in day-to-day work

3. Developing the skills of employees as a safe worker

4. Evaluating the personnel protective equipment available in the market and
supply them to our employees and train them in their proper usage

5. Conducting safety audit of each mine with a view to know the inherent
dangers of the mines and to suggest remedial measures.

6. Investigation of accidents, identification of the causes of accidents,
suggestions on prevention of similar ones in future and follow up on the
suggestions.

7. Control to reduce the accident rates to the barest minimum and to achieve
zero accident being the ultimate aim

8. For the health and prevention fatigue among the employees working at the
mines and departments, the following safety measures are to be developed

(i) Pre-entry and periodical medical examination
(ii) Survey of mine dust evolution and dust control techniques
(iii) Supply of filtered and wholesome drinking water at the mines and

colonies
(iv) Provision of man-riding facility at the mines where long and arduous

travel problem exists
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(v) Improving working environment at the mines
(vi) Minimizing air and water pollution in general environment.

6. Avalanches

An avalanche refers to a rapid flow of snow down a slope, caused either by
natural triggers or human activity. Typically occurring in mountainous terrain, an
avalanche can blend air and water with the falling snow. Powerful avalanches are
capable of entraining ice, rocks, trees, and other material on the slope; however,
avalanches always originate in snow, are primarily composed of flowing snow,
and are distinct from mudslides, rock slides, rock avalanches, and serac collapses
from an icefall. In mountainous terrain, avalanches are among the most serious
objective dangers to life and property, with their destructive capability resulting
from their potential to carry a huge mass of snow rapidly over large distances.

Avalanches are classified according to their morphological characteristics,
and are rated by either their destructive potential, or the mass of the downward
flowing snow. Some of the morphological features used to categorize avalanches
include the type of snow involved, the nature of the failure, the sliding surface, the
propagation mechanism of the failure, the trigger of the avalanche, the slope angle,
direction, and elevation. Avalanche size, mass, and destructive potential are rated
on logarithmic magnitude scales, typically made up of 4 to 7 categories, with the
accuracy of definition of the categories depending on the observation system or
forecast region.

Classification and terminology

The nature of  the snow pack’s falure is used for morphological classification of
the avalanche. Slab avalanches are caused in case an extra load leads to a brittle
failure of a slab bridging a weak snow layer. This failure is propagated through
fracture formation in the bridging slab.   A stress causing a shear failure in a weak
interface, either within the snow pack, or at the base generates loose snow, point
release, and isothermal avalanches. Full depth avalanches are generated when the
failure takes place at the base. When wind-lifted snow is funneled into a steep
drainage from above the drainage it causes spin drift avalanches.

Loose snow avalanches take place in fresh snow characterized by a lower
density and are most common on steeper terrain.  The release in fresh, loose snow
usually occurs at a point and then the avalanche gradually widens down the slope
as more snow is entrained, usually taking the form of a teardrop. This is in contrast
to slab avalanches.

 Around 90% of avalanche-related fatalities are caused by slab avalanches
when there is a robust, cohesive layer of snow known as a slab. When falling
snow gets deposited by the wind on a lee slope, or when loose ground snow gets
transported somwhere else it generates slab avalanches. In the case of a failure in
a weak layer, a fracture quickly propagates so that a large area, that may range
across hundreds of metres in length and several metres thick, begins to move
almost instantly.
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 A wet snow avalanche or isothermal avalanche is a third starting type that is
generated when the snow pack becomes saturated by water. These also have a
tendency to start and spread out from a point. When the percentage of water is
very high they are known as slush flows and can move on very shallow slopes.

Terrain

Terrain affects avalanche occurrence and development by means of three factors:
First, terrain affects the evolution of the snow pack by determining the meteorological
exposure of the snow pack. Second, it affects the stability of the snow pack,
through the geometry and ground composition of the slope. Third, the down slope
feature of the terrain affects the path and effectsof a flowing avalanche.

Weather

Avalanches can only occur in a standing snow pack. Typically, winter and high
altitudes have upredictable weather cold enough for precipitated snow to come
together into a snow pack. The evolution of the snow pack is sensitive to small
alterations within the narrow range of meteorological conditions allowing for the
collection of snow into a snow pack.  heating by the sun, radiational cooling,
vertical temperature gradients in standing snow, snowfall amounts and snow types
are critical factors controlling snow pack evolution. Usually, mild winter weather
promotes the settlement and stabilization of the snow pack; and on the contrary
very cold, windy, or hot weather weakens it.

At temperatures almost touching the freezing point of water, or in times of
moderate solar radiation, a gentle freeze-thaw cycle occurs. Melting and refreezing
of water in the snow strengthens the snow pack during the freezing phase and
weakens it during the thawing phase. A quick rise in temperature, to a point
considerably above the freezing point of water, may generate a slope to avalanche,
especially in spring.

Persistent cold temperatures can either prevent the snow from stabilizing or
destabilize a snow pack. Cold air temperatures on the surface of the snow yield a
temperature gradient in it, because the ground temperature at the base of the snow
pack is near freezing; unless the snow pack is standing on glaciated terrain, in which
case the temperature at the base of the snow pack can be considerably below
freezing point. A temperature gradient exceeding 10°C change per vertical metre of
snow persistent for more than a day leads to a depth hoar in the snow pack, by
means of thermal transport of moisture away from the depth hoar along the temperature
gradient, from bottom to top.  The depth hoar layer becomes a sustained weakness
in the snow pack, featured by faceted grains formation either above or below crusts
and slabs. A slab on top of this weakness carries a force above the tensile and
ductile strength of the slab and the shear strength of the persistent weak layer, which
leads the persistent weak layer to fail and trigger an avalanche.

Triggers

Avalanches are not random or spontaneous events, but are always generated by
an external force on the snow pack.  Additional precipitation, radiative and
convective heating, rock fall, ice fall, and other sudden impacts are natural triggers
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of avalanches; however, even a snow pack held at a constant temperature, pressure,
and humidity will evolve over time and develop stresses, often from the downslope
creep of the snow pack.  Skiers, snowmobiles, and controlled explosive work are
human stimulants of avalanches. The stimulating stress load can be either localized
to the failure point, or remote. Point releases from solar-heated rocks are
responsible for localized triggers of avalanches.  A tensile stress wave transmitted
through the slab to the start zone causes remotely triggered avalanches. Once the
stress wave reaches the start zone the failure is initiated and propagated by a
fracture. On an exceptional note, avalanches can not only entrain additional snow
within the failing slab, but, considering the adequate accumulation of overburden
caused by an avalanche that is lower in magnitude, can also step down and cause
more intense slab instabilities more resilient against stresses of lower intensity.

Prevention

There are several ways to prevent avalanches and lessen their power and destruction.

1. Active techniques involve the artificial triggering of smaller avalanches which
are expected to be less harmful. Small avalanches may be triggered manually
by disturbing snow up the possible avalanche path. However the most
common method is the use of explosives. Explosives may be delivered
manually, by bombing or by shelling with a small howitzer or recoilless rifle.

2. Passive techniques amount to slowing down, stopping and diverting the
moving snow and preventing it from moving, either completely or from moving
in big masses. Passive techniques involve building various structures and
some other approaches.

Search and rescue equipment

The equipment required to prevent and in extreme cases, rescue victims of
avalanches are as follows:

 Avalanche cords: Using an avalanche cord is the oldest form of equipment
— mainly used before beacons became available. The principle is simple.
An approximately 10 metre long red cord  is attached to the belt of the
person concerned. In the process of skiing, snowboarding, or walking, the
cord is dragged along behind the person. In case the person gets covered
by an avalanche, the light cord remains on top of the snow that makes it
easily visible for rescue personnel. Typically, the cord bears iron markings
every one metre that indicate the direction and length to the victim.

Thus, avalanche cord is not generally used or accepted as an appropriate
safety measure. No documented records exist for any live recoveries using
the cord method.

 Beacons: They are also known as ‘beepers’, peeps, avalanche transceivers
or various other trade names, are important for every member of the party.
They emit a ‘beep’ via radio signals in normal use but may be switched to
receive mode to locate a buried victim up to 80 meters away. Analog receivers
provide audible beeps that rescuers interpret to estimate distance to a victim.
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Recent digital models also attempt to give visual indications of direction and
distance to victims and require less practice to be useful. There are also
passive transponder devices that can be inserted into equipment, but they
require specialized search equipment that might only be found near an
organized sports area.

 Probes: Portable (collapsible) probes can be extended to probe into the
snow to locate the exact location of a victim at several yards / metres in
depth. In the case of multiple victims being buried, probes ought to be used
to determine the order of rescue, with the ones buried in the shallowest
level being rescued first due to their higher  chance of survival. Probing can
be a very time-consuming process if a thorough search is undertaken for a
victim without a beacon. Probes should be used immediately after a visual
search for surface clues, in coordination with the beacon search.

 Shovels: The deceleration associated with ceasing of an avalanche generally
compresses the snow to a hard mass. As the snow deposit is often too
dense, shovels are required for digging through it and rescsuing the perons
trapped uder the snow. A large scoop and sturdy handle are essential.
Shovels are also effective in digging snow pits as part of carrying out an
evaluation of the snow pack for unforeseen hazards, such as weak layers
supporting large loads.

 Witnesses as rescuers: Periodic winter avalanches on an 800 m high
slope transport woody debris to the flat in the foreground.

The victim has less chance of survival in case he/she is buried. Victims must
be searched for immediately; there have been several cases of death due to delay
in search.

Anyone planning to visit an avalanche area should discuss and be aware of
the locations prone to an avalanche. Once the avalanche has ceased and the danger
of secondary slides has passed, witnesses should mark these points with objects
for reference. Then, survivors should take a headcount to determine who may
possibly be lost. If the area is safe to enter, the searchers should visually scan
along a downslope path from the marked points last observed. Victims partially
buried or buried at a shallow level can often be spotted quickly through a visual
scan of the avalanche debris and pulling out clothing or equipment attached to
someone buried. Once buried victims are found and their heads are freed, first aid
oguht to be provided (airway, breathing, circulation/pulse, arterial bleeding, spinal
injuries, fractures, shock, hypothermia, internal injuries, etc.), according to local
law and custom.

Safety in avalanche terrain

Safety in avalanche prone areas involves:

 Terrain management: Terrain management includes lowering the exposure
of an individual to the risks of travelling in avalanche terrain by carefully
choosing the areas of slopes to travel on.
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 Group management: Group management involves lowering the risk of
having a member of a group, or a whole group involved in an avalanche.
Reduce the number of people on the slope, and make sure that they are
positioned separate from each other. Ideally, one person should pass over
the slope into an area protected from the danger associated wth an  hazard
before the next one leaves protective cover. Choice of route should be
made in accordance with  the dangers lying above and below the route, and
the ramafications of an avalanche that is unforeseen (i.e., unlikely to occur,
but deadly in case it does). Halt or camp only in safe locations. Wear warm
gear to delay hypothermia if buried. Plan escape routes.

 Risk factor awareness: Risk factor awareness in avalanche safety requires
gathering and accounting for a wide range of information such as the
meteorological history of the area, the current weather and snow conditions
and the social and physical indicators of the group.

 Leadership: Leadership in avalanche terrain requires well-defined decision-
making protocols that use the observed risk factors.

Avalanches in the Indian context

In India, the responsibility of dealing with the different aspects of avalanches rests
with the Snow and Avalanche Study Establishment (SASE). The Border Roads
Organization (BRO), with a vast network of roads in the high altitude snow-bound
areas of Leh in Jammu and Kashmir, Sikkim, Arunachal Pradesh, Himachal
Pradesh, and Uttarakhand, plays a major role in the operation of snow-avalanche
clearance. The BRO strives to keep vital lines of communication open in these
snow-bound regions through a slew of measures like the use of modern snow
cutting equipment/snow cutters/snow sweepers, conventional dozers, experienced
work-force, total station survey instruments, etc. Summer snow clearance is carried
out every year on a 50 km stretch across the Zojilla-Pass on the Srinagar-Leh
road (the approximate road length that remains closed to traffic from mid-November
to mid-May every year) and on a 100 km stretch on the Manali- Leh road across
the Rohtang Pass and Baralachla Pass. These two routes have many avalanche
prone zones, which are cleared with the utmost caution. In addition, it clears the
Khardungla Pass 17 at an altitude of 18,300 ft in the Ladakh region, the Nathula
Pass in Sikkim, and numerous other passes in the Great Himalayas. Moreover the
BRO keeps a record of these avalanche zones and appraises the SASE about the
fresh occurrence of avalanches. The SASE and BRO will be responsible for the
identification and monitoring of snow avalanches. The SASE will be responsible
for the zonation of avalanche prone areas and the forecasting of snow avalanches.
Central and state governments in association with the BRO will be responsible for
implementing clearance and control strategies against identified snow avalanches.

7. Earthquakes

Earthquakes are caused by a sudden shift or movement deep under ground in the
Earth’s tectonic plates, causing the Earth’s crust to shake violently, with the vibrations
varying in magnitude. On the surface, we see this as the shaking of the ground,
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causing damage to poorly built structures.   Earthquakes occur unpredictably along
fault lines, capable of killing thousands of people.

The most powerful earthquakes can destroy even the best built structures.
Earthquakes can also cause other disasters including tsunamis and volcanic
eruptions. Seismometers can detect the strength of an earthquake.  It gives a
number on the Richter scale devised by Charles Richter.

The earthquake has point of origin underground called the ‘focus’. The
point directly above the focus on the surface is called the ‘epicentre’. Earthquakes
by themselves rarely kill people or wildlife. It is usually the secondary events that
they trigger, such as building collapse, fires, tsunamis (seismic sea waves) and
volcanoes. Many of the disasters related to an earthquake are actually human
disasters and could be avoided by better construction, safety systems, early warning
and evacuation planning, the term unnatural disaster is not unwarranted.

8. Landslides

Landslides occur more frequently than any other geological event. Landslides
occur when masses of rock, earth, or debris move down a slope, caused by
disturbances in the natural stability of a slope.  They are defined as downslide
of soil and rock, which happen due to natural phenomena or man made actions.
There are various kinds of movements like falls, slides, topples, lateral spreads,
and flows. Landslides generally occur in hilly terrains. In India, they usually
occur in the Himalayan terrains. The Himalaya being geologically young and
susceptible to earthquakes and intensive soil erosion is highly prone to occurrences
of landslides. Landslides also occur in the Western Ghats, Eastern Ghats and
Nilgiri hills with lesser frequency and intensity. Over the years, due to increasing
cultural activity, the incidences of landslides have shown a disturbing tend of
occurrence with higher damage to life and property.

Landslides take place when there are disturbances in the natural stability of
a slope. They can accompany heavy rains or follow droughts, earthquakes, or
volcanic eruptions. Mudslides develop when water rapidly accumulates in the
ground and results in a surge of water-saturated rock, earth, and debris. Mudslides
usually start on steep slopes and can be activated by natural disasters. Areas
where wildfires or human modification of the land have destroyed vegetation on
slopes are particularly vulnerable to landslides during and after heavy rains.

Landslides are often secondary effects of heavy storms, volcanic eruptions
and earthquakes. They cause high mortality, killing many thousands by burying
villages and hillside houses, by sweeping vehicles off the road into ravines. Death
mostly results from trauma and suffocation by entrapment under debris. Significant
damage to property is also caused like a breakdown in the water systems,
constructions, and lines of communication, and damaged crops.

Factors that cause landslides are often man made factors like, Intense
deforestation, soil erosion; Construction of human settlement in landslide prone
areas;  Roads or communication lines in mountain areas;  Building with weak
foundations; Buried pipelines; Lack of understanding of landslide hazards, and
lack of warning system, among others.
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Apart from landslides we also have:

 Mudslides:  Debris flows, also known as mudslides, are a common
type of fast-moving landslide that tends to flow in channels.

 Lahars: A lahar is a volcanic mudflow or landslide. The 1953 Tangiwai
disaster was caused by a lahar, as was the 1985 Armero tragedy, in
which the town of Armero was buried and an estimated 23,000 people
were killed.

Following is a list of the deadliest landslides that took place in India:

Date Place Name/Article Lat. Long. Volume Casualties Comments 
18 
September 
1948 

Assam, 
India 

Guwahati 
landslide 

   ~500 Triggered by heavy 
rain 

3–5 
October 
1968 

Darjeeling, 
India 

    'thousands' Floods caused by 
rainfall of 500–
1000 mm, triggered 
many landslides, a 
60 km long highway 
was cut in 92 places 

9 
November 
2001 

Amboori, 
Kerala, 
India 

    40 dead Supposedly worst 
landslide in Kerala 
state's history. 

18 
September 
1948 

Assam, 
India 

Guwahati 
landslide 

   ~500 Triggered by heavy 
rain 

Water Disasters

Water is the ultimate giver of life but in some cases can be a destructive force,
washing away people, homes and belongings. Devastating floods occur in many
places across the globe, and tsunamis ravish coastlines too fast to be anticipated
in some cases, while ice storms can leave people frozen alive.  With global warming,
melting glaciers and rising sea levels, we are living under an increasing threat of
such water related disasters, with occurrences of floods and tsunamis to rise in the
near future.

9. Floods

Floods are caused by too much rain or water in a location, caused by excess
water surpassing the limits of its confines. Generally, occurrences of floods are
more frequent in low-lying land.  Some plains may periodically flood; known as a
flood plain.  Ancient Egypt relied on these floods for agriculture. Floods present a
significant danger with enough force to sweep away massive objects such as houses,
cars and trees.

Many reasons could lead to a flood, including prolonged rainfall from a
storm, thunderstorms, rapid melting of snow, overflowing rivers from excess
rain, bursting of man-made dams or levees. Monsoon rainfalls can also cause
floods, such as in Bangladesh due to extended periods of rainfall. There is a
growing feeling that the incidence and intensity of floods has grown alarmingly
over the years. A major cause is the increased encroachment of flood plains
because of development and population pressure. The damage caused by floods
can at best be minimized and not altogether eliminated or in other words, there
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can really be no such thing as ‘full proof protection’ or ‘absolute flood control’
for all magnitudes of floods. The concept of flood management, therefore, aims
for such planned measures which ensure profitable and economic utilization of
the flood plains for the benefit of mankind and at the same time emphasizing that
during high floods, there is no severe damage to the extent possible. An essential
part of a disaster preparedness plan is the education for those who may be
threatened by disaster.

Types of floods

There are three types of floods:

1. Flash local floods: If extremely heavy rainfall occurs for some time and
the ground loses its absorbing capacity then this type of flood is generally
found to occur. These types of floods last for a short duration, with a relatively
high peak discharge.

2. River floods: If due to heavy rain the water level of river flows much
above the danger mark, this type of flood occurs.

3. Storm surge: Low-pressure storm associated with strong wind causes the
sea level to rise suddenly. If strong winds are directed towards the shore,
they drive the seawater onto the land. The storm that produces the surge
can also give rise to heavy rainfall, resulting in the coastal areas being
subjected simultaneously to flooding to due to incessant rains and seawater.

Factors that cause floods

Factors that cause floods are:

 Rivers in spate due to heavy and continuous rain for a long period such as
few days or weeks

 Flowing of water much above its danger level due to inadequate capacity
within the banks of the river to contain high flows

 The breaching of embankments
 The breaching of water reservoir
 Storm surges
 Snowmelt
 River bank erosion and silting of riverbeds
 Landslides leading to obstruction of flow and change in the river course
 Poor natural drainage
 Flow retardation due to tidal and backwater effects
 Deforestation
 Cyclone
 The resistance to the flow of water due to various reasons

Among all the natural disasters afflicting the India frequently river floods are
the most devastating, which cause maximum damages of life and property. Total
flood prone areas in India are 40 million hectares. Out of which 9.4 per cent falls
in Assam. Besides draught about 90 per cent damages are only due to flood. The
Table below shows the average annual loss due to floods.
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Following is a list of ten worst floods in the history of India:

  2013 Uttarakhand Floods

The 9 districts of Uttarakhand received massive landslides and heavy rainfall. The
Kedarnath temple was almost completely distroyed.

 2008 Bihar Flood

Considered as one of the worst and the most disastrous floods in History of Bihar,
a state over populated and densely occupied. Due to Koshi river break near
Indo-Nepal border, the entire area was flooded on 18th August 2008. Affecting
almost more than 2 million people, only in Northern Bihar with a total causality of
434 (the total bodies which were recovered till date.). The flooded and affected
areas were Supaul, Araria, Madhepura, Saharsa, Champaran and Purnea.

 2009 Indian Flood (Entire India)

This was not a heavy causality causing flood but since its impact was nationwide,
so being considered a national disaster, it took areas of Karnataka, Orrisa, Kerala,
Andhra Pradesh, Maharashtra under its control. At least 299 casualties were
assumed to have taken place. Number of relief centres were opened. But despite
that that there was a heavy loss of money and property.

 2004 Bihar Flood

Being considered as a flood prone area, Bihar is again in the list because of 2004
flood which it suffered. It was stated that a total of 883 people lost their lives and
more than 3000 animals were killed. One of the most horrifying disaster caused
almost a loss of  1,03,049.60. Rivers, primarily, Gandak, Kosi, Mahananda,
Bagmati, Budhi had already crossed the red mark while on the other hand Ganga
first time in its history crossed the red mark in Farrakka Barrage.

 2005 Maharashtra flood

This was the major and the most devastating disaster occurred in Maharashtra,
mainly engulfing areas of Mumbai, Chiplun, Khed, Kalyan, Ratnagiri and Raigad.
The  main problem arose with the people on the road and which caused a traffic
jam and with it came the loss of people. A total of 5000 people were reported in
the death toll. The date 26 July 2005 has been marked as a black day in the
history of Mumbai. Moreover, this flood is significant because a Movie was also
made on it name as “Tum Mile” featuring Imran Hashmi and Soha Ali khan.

 Morvi Dam Failure

The Dam Failure occurred on 11 August 1979 near Machchu-Machchu dam and
this flooding brought disaster along with it for the Rajkot District in Gujrat. Not an
exact toll of total killed people was estimated but a fixed poll of 1800 to 15000
people were reported to be missing and dead altogether. The main reason behind
the failure was the destruction of walls of dams for almost more than four kilo-
meter. It has been listed in to the Guinness Book of Records as the worst dam
failure in the history.
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 1987 Bihar Flood

Yet another entry to the list is Bihar flood 1987. It was a black day in the history
when Koshi was flooded and this is why Koshi is also known as “Sorrow of
Bihar” (Biahr ka shok). A total of 1400 people were dead and more than 5000
animals were reported dead. A total of 67,881+680.86 (public+agricultural)
lakh INR was the damage to the state. More than 29 million people were
affected.

 2007 South Asian Floods

It was a serial flood occurrences in South India. It lasted for more than 15 days in
a row. Starting its wrath on 3 July 2007, the flood continued to destroy South
India, and including nepal, Bhutan, Pakistan and Bangladesh. More than 2000
people were dead. 30 million came under its effect and a damage of 50 crores
INR was reported. UNICEF described it to be the worst flooding of South India
in living memory.

 2010 Ladakh Floods

It was 6th August 2010, when the series of natural disasters started to take place
in Ladakh, a regional part of J&K (Jammu and Kashmir). It was accompanied
with cloudburst, debris flows and Flash floods from Himalayan. Causality was
less than 300 but a  great loss of property was reported. Areas of Leh were also
affected and it caused a loss of total  133 crores INR.

 2012 Brahmaputra floods

This was another sorrow caused to Assam in recent years. In July 2012,
Brahmaputra and its tributaries showed its wrath and since it was natural but it
grabs a spot at number 2 and eye-catching event because the main area which
was affected included Kaziranga National Park, a park which is the natural habitat
of Rhinos. It cause a death of 540 animals including 13 Rhinos. The main reasons
behind this calamity is the deforestation in the area of passing by of Brahmaputra.

 Gujarat Floods – 2005

This is considered to be the worst floods in the Indian history because it accounted
for a loss of more than  8000 crore which cause a great financial and economical
loss to the nation as well. This disaster took place in a row of days from 30th June
to July 11. More than 123 deaths were polled and total of 250k people were
evacuated. Many lost their families, home, places and took shelter under the open
sky. Train services,Road Operations, Communications were all stopped due to
such a high flooding. It was this great loss that Govt. of India deferred the deadline
for filling of Income Tax returns. It was referred as a “ BLACK DAY” in Indian
History.

Preventive measures for floods

 Embankments

Embankments have been greatly used for protection against floods of significant
towns and lands. However, embankments are now the best means of
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communication in areas susceptible to floods and are being extensively utilized
for transporting goods by tractors and other heavy vehicles. During floods,
people shift to the embankments for temporary shelter and often settle down
there for good. Thus, embankments and their slopes become permanent
settlements to flood victims and their livestock. It disrupts proper maintenance,
and embankments become prone to breaches during floods.  Lapses in
maintenance lead the protected areas to be exposed to hazardous flood .

 Water shed management

Timely cleaning, de-silting and deepening of natural water reservoir and drainage
channels (both urban and rural) must be done.

 Reservoirs

The entire place for natural water storage ought to be cleaned regularly.
Encroachments on tanks and ponds or natural drainage channel share to be
removed well before the onset of monsoon.

 Natural water retention

o Basins: Construction and protection of all the flood protection
embankments, ring bunds and other bunds. Dams and levees can also be
constructed that can be utilized as temporary storing space that lowers the
probability of lower plains getting flooded.

 Buildings on elevated area

The buildings in  areas susceptible to floods must be constructed on an elevated
area and if required on stilts and platform. However, complete flood control in
terms of structural methods of flood protection are neither economically viable
nor are they environment friendly. Therefore, non-structural methods are becoming
popular in mitigating flood disaster.

10. Tsunamis

A tsunami is a series of huge waves, generated in the sea or ocean that can cause
great devastation and loss of life when they strike a coast. Tsunamis have devastated
coastlines, causing tremendous damage to property and life. Tsunamis are also
called ‘seismic sea waves’, because they’re similar to seismic waves but travel
through the ocean instead of land. Most tsunamis are caused by underwater
earthquakes, but not all underwater earthquakes cause tsunamis as an earthquake
has to exceed a magnitude of 6.75 on the Richter scale for it to cause a tsunami.
About 90 per cent of all tsunamis occur in the Pacific Ocean. Fortunately for us,
Tsunamis are very rare with approximately only six major tsunamis occurring each
century.

A tsunami can travel at speeds exceeding 970 kph (600 mph) in the open
ocean, which makes is as fast as a jet. It can take only a few hours for a tsunami to
travel across an entire ocean.Tsunamis have very long wavelengths (wavelength is
the distance between the crest (top) of one wave and the crest of the next wave)
can be up to several hundred miles long. The time between two successive waves
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is also quite long, around an hour in deep water. In the deep sea, a tsunami’s height
is generally about 1 m (3 feet) tall, which makes it difficult to detect them when
they are in deep sea. At landfall, a tsunami wave can be well over hundreds of
meters tall. Steeper shorelines generate higher tsunami waves.

Factors that cause floods are:

 Earthquakes

 Landslides

 Volcanic eruptions

 Explosions

 Impact of cosmic bodies, such as meteorites

Fortunately, now with the use of modern technology, including seismographs
(which are used to detect earthquakes), computerized offshore buoys that can
measure changes in wave height, and a system of sirens on the beach to alert
people of potential tsunami danger, many tsunamis can be detected before they hit
land, and people can be warned in time to prevent the loss of life.

Some of the most disastrous Tsunamis occurring in recent history are:

 The tsunami which occurred in the Indian Ocean, on the December 26,
2004, due to an Earthquake near Ao Nang, in Thailand.

 The tsunami which occurred in Lituya Bay, Alaska (1953), due to
landslides, which is the largest ever recorded tsunami.

Tsunami warning systems

Tsunami warning systems have been set up in many places around the world.
While scientists continuously monitor seismic activity (earthquakes), buoys are set
off the coast to monitor changes in sea level. However, as most tsunamis are not
very tall in height when they occur in deep sea, detection is difficult, leading to
many false alarms. However, they should not be ignored!

You should also be self-vigilant. If you happen to see the water recede
rapidly and suddenly away from a beach (this is called drawback), you should run
towards higher ground or inland, as there may be a tsunami coming. Similarly, in
case you feel the tremors caused by an earthquake, while close to a coast, a
tsunami might follow and it is safe to run toward higher ground or inland. Remember
that the first wave in a tsunami is often not the largest, so never make the mistake
of taking things lightly; much larger waves could be following it soon.

Tsunamis in India

The 2004 Indian Ocean tsunami was among the deadliest natural disasters in human
history with over 230,000 people killed in 14 countries bordering the Indian Ocean.
The 2004 Indian Ocean earthquake is a recent example of powerful mega thrust
earthquakes that generated a tsunami (known as teletsunami) that crossed all oceans.
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Cyclonic Storms

A tropical cyclone is a storm system characterized by a large low-pressure centre
and numerous thunderstorms that produce strong winds and heavy rain. Tropical
cyclones feed on heat released when moist air rises, resulting in condensation of
water vapour contained in the moist air. They are fuelled by a different heat
mechanism than other cyclonic windstorms such as nor’easters, European
windstorms, and polar lows, leading to their classification as ‘warm core’ storm
systems. Tropical cyclones originate in the doldrums near the equator, about 10°
away from it.

The term ‘tropical’ refers to both the geographic origin of these systems,
which form almost exclusively in tropical regions of the globe, and their formation
in maritime tropical air masses. The term ‘cyclone’ refers to such storms’ cyclonic
in nature, with counterclockwise rotation in the Northern Hemisphere and
clockwise rotation in the Southern Hemisphere. Depending on its location and
strength, a tropical cyclone is referred to by names such as hurricane, typhoon,
tropical storm, cyclonic storm, tropical depression, and simply cyclone.

Cyclones occur because:

 When warm air rises from the earth and condenses to form clouds, a
great amount of heat is released. The combination of this heat and
moisture often leads to thunderstorms, from which a tropical storm can
develop.

 The trigger for most Atlantic hurricanes is an easterly wave, a band of
low pressure moving westwards, which may have begun as an African
thunderstorm.

 Typhoons in the Far East and Cyclones in the Indian Ocean often develop
from a thunderstorm in the equatorial trough. During the hurricane season,
the Coriolis effect of the Earth’s rotation starts the winds in the
thunderstorm spinning in a circular motion.

Effects

While tropical cyclones are capable of producing extremely strong winds and
torrential rain, they also have the potential to produce high waves and damaging
storm surge as well as spawning tornadoes. They develop over large bodies of
warm water, and lose their strength if they move over land. As a result, coastal
regions can be significantly damaged from a tropical cyclone, while inland regions
are comparatively safe from being hit by strong winds. Heavy rains, however,
can produce significant flooding inland, and storm surges can produce extensive
coastal flooding up to 40 kilometres from the coastline. Despite their possible
devastating effects on human population, tropical cyclones can also relieve
drought conditions. They also carry heat and energy away from the tropics and
transport then toward temperate latitudes, which make them significant to the
global atmospheric circulation mechanism. Thus, tropical cyclones help in
maintaining stability in the Earth’s troposphere and a comparatively stable and
warm global  temperature .
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Tropical cyclones out at sea create large waves, heavy rain, and high winds,
disrupting international shipping and, at times, causing shipwrecks. Tropical cyclones
stir up water, leaving the air behind cooler behind them, which causes the region to
be less favourable for subsequent tropical cyclones. On land, strong winds can
damage or destroy vehicles, buildings, bridges, and other outside objects, turning
loose debris into deadly flying objects. The storm surge, or the increase in sea
level because of the cyclone, is typically the worst effect from tropical cyclones,
historically resulting in 90 per cent of tropical cyclone deaths. The broad rotation
of a tropical cyclone, and vertical wind shear at its periphery, spawns tornadoes.

Over the past two centuries,  1.9 million people worldwide have died as
victims of tropical cyclones. Large areas of stagnant water caused by flooding
lead to infection, as well as contributing to mosquito-borne diseases. Crowded
evacuees in shelters enhance the risk of disease propagation.  Tropical cyclones
interrupt infrastructure, leading to power outages, bridge destruction, and the
hampering of reconstruction efforts.

12. Droughts

A drought is an extended period of months or years when a region notes a deficiency
in its water supply. Although droughts can persist for several years, even a short,
intense drought can cause significant damage and harm the local economy.

Causes

Generally, this occurs when a region receives consistently below average
precipitation. It can considerably affect the ecosystem and agriculture of the affected
region. This global phenomenon has a ubiquitous effect on agriculture. Usually,
rainfall is related to the amount of water vapour in the atmosphere, in combination
with the upward forcing of the air mass containing that water vapour. If either of
these are lowered, drought occurs. This can be caused by an above-average
prevalence of high-pressure systems, winds carrying continental, rather than oceanic
air masses (ie. reduced water content), and ridges of high-pressure areas form
with behaviours which prevent or limit the developing of thunderstorm activity or
rainfall over a certain region. Oceanic and atmospheric weather cycles such as the
El Niño-Southern Oscillation (ENSO) make drought a regular recurring feature
of the Americas along the Pacific coast and Australia.

Human activity can directly stimulate enhancing factors like over-farming,
excessive irrigation, deforestation, and erosion that negatively affect the ability of
the land to trap and store water. While these tend to be comparatively isolated in
their scope, activities resulting in global climate change are expected to lead to
droughts with a substantial impact on agriculture globally, particularly in developing
nations. Overall, global warming will increase world rainfall. Along with drought in
certain areas, flooding and erosion will increase in others. Paradoxically, some
proposed solutions to global warming that concentrate on more active techniques,
solar radiation management through the use of a space sunshade for one, may also
be associated with greater possibilities of drought.
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Consequences

Drought periods may be featured by  environmental, agricultural, health, economic
and social ramifications. The effect varies in accordance with vulnerability. For
instance, subsistence farmers are more likely to migrate during drought as they do
not have alternative food sources. Areas with populations dependent on subsistence
farming as a major food source are more vulnerable to drought-triggered famine.
Drought is rarely the only cause of famine; socio-political factors such as extreme
widespread poverty play a significantrole. Drought can also lower water quality,
because lower water flows decrease dilution of pollutants and enhance
contamination of the rest of the water sources. A few common effects of drought
are as follows:

 Reduced crop growth or yield productions and carrying capacity for
livestock;

 Dust bowls, themselves a sign of erosion, which further erode the landscape;

 Dust storms, when drought attacks an area suffering from desertification
and erosion;

 Famine owing to lack of water for irrigation;

 Habitat damage, affecting terrestrial as well as aquatic wildlife.

 Malnutrition, dehydration and related illnesses;

 Mass migration, resulting in internal displacement and international refugees;

 Decreased electricity production as a result of insufficient available coolant
for power stations and decreased water flow through hydroelectric dams.

 Shortages of water for industrial users

 Social unrest

 War over natural resources, including water and food

 Wildfires, such as Australian bushfires, are more common during times of
drought

Famine

A famine often follows a prolonged drought. A famine is a widespread scarcity of
food, usually accompanied by regional malnutrition, starvation, epidemic, and
increased mortality. Food shortages in a population are caused either by a lack of
food or by difficulties in food distribution; it may be worsened by natural climate
fluctuations and by extreme political conditions such as tyrannical government or
warfare.

Many famines are caused by imbalance of food production compared to
the large populations of countries whose population exceeds the regional carrying
capacity. Historically, famines have occurred from agricultural problems such as
drought, crop failure, or pestilence.

In modern times, famine has hit Sub-Saharan Africa the hardest, although
the number of victims of modern famines is much smaller than the number of people
killed by the Asian famines of the 20th century.
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13. Epidemics

An epidemic occurs when new cases of a certain disease, in a given human
population, and during a given period, substantially exceed what is ‘expected,’
based on recent experience. The number of new cases in the population during a
specified period of time is called the ‘incidence rate’. Epidemics are commonly
thought to involve outbreaks of acute infectious disease, such as measles, polio,
small pox, streptococcal sore throat, and in more recent times, AIDS, avian bird
flu and  swine flu.  Not so recent examples would include the infamous Black
Plague of the middle ages.

A pandemic is quite similar to an epidemic, the difference being that the
problem spreads over a significantly larger geographic area.

In recent years two new epidemics the avian bird flu and or the swine flu has
created a world wide scare, and the swine flu epidemic still continues unabated.

Causes

Disease and epidemics happen due to a combination of factors like the interaction
between the agent, host, and environment. Agents create the problem, hosts are
susceptible to it, and environmental conditions allow or facilitate host exposure to
the agent. A good understanding of the relationship between agent, host, and
environment is critical for the development of the best approach for the prevention
or control the outbreak of an epidemic.

Modes of spreading the infection usually involve direct physical contact
between the infected host and the new host, or airborne spread, such as coughing
or sneezing. Indirect transmission can take place through contaminated water,
food, or intravenous fluids; and commonly shared objects like bed linen, clothes,
or surgical instruments; or even mosquitoes or flea.

Severe Acute Respiratory Syndrome (SARS)

SARS,  also known as ‘bird flu’, is a respiratory disease in humans which is
caused by the SARS coronavirus (SARS-CoV).  There has been one near
pandemic to date, between the months of November 2002 and July 2003, with
8,096 known infected cases and 774 deaths (a case-fatality rate of 9.6%)
worldwide being listed in the World Health Organization’s (WHO) 21 April 2004
concluding report.  Within a matter of weeks in early 2003, SARS spread from
the Guangdong province of China to rapidly infect individuals in some 37 countries
around the world.

Influenza A virus subtype H5N1 is a subtype of the Influenza A virus, which
can cause illness in humans and many other animal species. A bird-adapted strain
of H5N1, called HPAI A (H5N1) for ‘highly pathogenic avian influenza virus of
type A of subtype H5N1’, is the causative agent of H5N1 flu, commonly known
as ‘avian influenza’ or ‘bird flu’. It is enzootic to many bird populations, especially
in Southeast Asia. One strain of HPAI A (H5N1) is spreading globally after first
appearing in Asia. It is epizootic (an epidemic in nonhumans) and panzootic
(affecting animals of many species, especially over a wide area), killing tens of
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millions of birds and spurring the culling of hundreds of millions of others to stem
its spread. Most references to ‘bird flu’ and H5N1 in the popular media to refer to
this strain.

Swine Flu

Swine influenza (also called Pig influenza, swine flu, hog flu and pig flu) is an
infection by any one of several types of swine influenza virus. Swine influenza virus
(SIV) or S-OIV (swine-origin influenza virus) is any strain of the influenza family
of viruses that is endemic in pigs. As of 2009, the known SIV strains include
influenza C and the subtypes of influenza A known as H1N1, H1N2, H3N1,
H3N2, and H2N3.

Swine influenza virus is common throughout pig populations worldwide.
Transmission of the virus from pigs to humans is not common and does not always
lead to human influenza, often resulting only in the production of antibodies in the
blood. If transmission does cause human influenza, it is called zoonotic swine flu.
People with regular exposure to pigs are at increased risk of swine flu infection.
The meat of an infected animal poses no risk of infection when properly cooked.

Symptoms of zoonotic swine flu in humans are similar to those of influenza
and of influenza-like illness in general, namely chills, fever, sore throat, muscle
pains, severe headache, coughing, weakness and general discomfort.

Swine influenza was first identified as a disease related to human influenza
during the 1918 flu pandemic, when pigs became sick at the same time as humans.
The first identification of an influenza virus as a cause of disease in pigs occurred
about ten years later, in 1930. For the following 60 years, swine influenza strains
were almost exclusively H1N1. Then, between 1997 and 2002, new strains of
three different subtypes and five different genotypes emerged as causes of influenza
among pigs in North America. In 1997–1998, H3N2 strains emerged. These
strains, which include genes derived by re-assortment from human, swine and
avian viruses, have become a major cause of swine influenza in North America.
Re-assortment between H1N1 and H3N2 produced H1N2. In 1999 in Canada,
a strain of H4N6 crossed the species barrier from birds to pigs, but was contained
on a single farm.

The H1N1 viral strain implicated in the 2009 flu pandemic among humans
often is called ‘swine flu’ because initial testing showed many of the genes in the
virus were similar to influenza viruses normally occurring in North American swine.
The 2009 swine flu has been compared to other similar types of influenza virus in
terms of mortality: ‘in the US it appears that for every 1000 people who get
infected, about 40 people need admission to hospital and about one person dies.’

There are fears that swine flu will become a major global pandemic at the
end of the year (coinciding with the Northern Hemisphere winter months), with
many countries planning major vaccination campaigns.

14. Technological disasters

Technological disasters result from man-made infrastructure and are usually purely
accidental. However, increasing terrorist activities have led to awareness regarding
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the possibility of calamities brought about on purpose. These could be biological,
chemical, radiological or nuclear in nature. Technological disasters could also be
in the form of bombings, bioterrorism as well as nuclear accidents.

The degree of damage or its severity is dependent on the density of population
in the area, the extent to which the community is prepared, the level of education
and the responsiveness at the initial signs of danger.

These accidents result in traumatised victims who need counselling and
psychological support in addition to the medical assistance.

There are plenty of examples of technological disasters in the world. Besides
those accidents that took a heavy toll in terms of human lives and environmental
damage, such as Minamata, Japan (1953), Seveso, Italy (1976), Three Mile Island
(1979), Chernobyl (1986), and AZF, France (2001), other accidents resulting
from pure negligence are reported off and on in the newspapers.

Technological disasters can take place as a result of military action also.
This will affect biodiversity. Back in 2006, the Lebanese coast was badly polluted
by 15,000 tons of oil slicks following the bombing of an oil reserve by Israel, in the
southern part of Beirut. Many rare species of birds, turtles and seals have completely
disappeared as a result.

In 1986, the first and one of the worst nuclear power plant disasters took
place at the Chernobyl Nuclear Power Plant in Ukraine. As a result of this disaster,
many deaths occurred due to radiation poisoning resulting from the radioactive
release into the atmosphere, which spread over a large geographical area. The
massive power excursion destroyed the reactor. The fallout was said to have been
four hundred times more than what was released by the atomic bombing of
Hiroshima. Some nuclear rain fell even as far away as Ireland. The contamination
affected large areas in Russia, Ukraine and Belarus. For many years thereafter,
the expansion of the nuclear power industry slowed down considerably. Russia,
Ukraine and Belarus have been bearing the expenses of decontamination over the
years.

A similar tragedy took place in India, at Bhopal when the Union Carbide
pesticide plant released a lot of toxins and methyl isocanate into the atmosphere.
Not only were lakhs of human lives lost, but generations after generations are
suffering from its effects. Even now, children are being born with defects and
growing up suffering from various fatal diseases and physical malformations. Even
after 25 years, hundreds of tonnes of toxic chemicals abandoned at the plant
continue to leak and pollute the region’s ground water, which has affected thousands
of residents.

Following the Bhopal Gas Tragedy, the Disaster Management Institute was
established by the MP Government to offer training to people. The Institute also
conducts research and provides consultancy services on the prevention, mitigation
and management of disasters.  The Institute organizes training sessions for working
managers and government officials in the areas of management of natural disasters.
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The most challenging task of the post-Chernobyl recovery was the integrated
radiological and socio-economic rehabilitation of the affected areas, that is, areas
that were contaminated. The chief objective being rehabilitation and economic
recovery and sustainable development of the affected areas – requires new
approaches, scientifically justified decision-making, considerable financial resources,
and, consequently, financial and technical engagement of the international community.

Development and implementation of the State strategy in the field of
overcoming the Chernobyl accident consequences is done under direct participation
of the President of the Republic of Belarus. The President and his Administration
strictly control the implementation of the State Program for overcoming the
Chernobyl accident consequences in accordance with the Chernobyl legislation.
The system of control includes  visits of the President to regions contaminated by
radionuclides and making on site decisions on the most urgent problems affecting
the concerned population.

Under the primary countermeasures of radiation protection, it has been
possible to completely resettle the inhabitants from the most contaminated areas.
The country successfully operates the radiation control and monitoring measures.
All the affected people are covered by a system of social protection which has
been implemented successfully and medical care is being provided to those residing
in the regions contaminated by radionuclides.

The system being followed for radiation protection of the population includes
development of legislative documents dealing with rules pertaining to radiation
safety, sanitary regulations for radiation safety, permissible levels of radiocesium
and radiostrontium concentration in foodstuff, agricultural products, water, etc.  
Liming of acidic soils, application of  phosphate and potassium fertilizer to the
whole contaminated region of agricultural land, improvement of pastures and
grassland for private and state farms is being strictly followed. A number of new
techniques of agricultural production were worked out.  Thanks to these measures
practically all agricultural materials and foodstuff produced on contaminated
Belarusian territories correspond to standards of radionuclide concentration.

Agricultural facilities have been re-oreinted. The modified facilities ensure
that there is lesser accumulation of radionuclides in the resulting products. An
effective system of radiation-ecological monitoring and radiation control has also
been set up with environmental monitoring units spread across the country.
Radiation-ecological monitoring and research activity are being conducted to
prevent the spread of radio radionuclides to less contaminated territories.

5.2.5 Mitigation

Human beings, along with other life forms, have always been at the receiving end
of environmental upheavals over which they have no control. There are numerous
natural hazards and environmental disasters that we have encountered —volcanic
eruptions, cyclones, famines, floods, earthquakes, droughts, tsunamis, and many
others. Drought, Floods, Cyclones, landslides and Earthquake are some of the
most frequently occurring disaster phenomena occurring across the world.  The
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incidences of natural, as well as related environmental disasters have increased in
the 1990s. In 1999 alone, there were more than 700 disasters with widespread
economic and social damage leading to the death of approximately 100,000 people.
When disasters strike, the poor and socially disadvantaged suffer the most, and
are least equipped to cope with the impact. There is a direct link between
environmental management and risk reduction, disaster preparedness, mitigation
and recovery, as natural disasters have a long-lasting adverse impact on the
environment.

The past decade has witnessed a steep rise in the severity of natural disasters.
In 2008 alone numerous destructive disasters occurred worldwide. With the
increase in the population, it is but likely that the socio-economic costs of disasters
will rise steeply every year. The need to minimize property damage, disaster costs,
injury and deaths is growing as it is likely that in the next 15 years more people will
live and work in regions which are susceptible to natural disaster risks.

However, a natural hazard can be often prevented from escalating into a
natural disaster. Protective, preventive action is achievable, particularly when prior
understanding of the nature and occurrence of such events is accessible to us.
With the pre-determined and anticipated disaster programs, communities can
organize themselves and recuperate faster.  Nevertheless, we should remember
the expected severity of each disaster and be suitably equipped for all of them.

Disaster preparedness is a constant process. It needs intensive and concerted
efforts. Both the general public and the government need to be well prepared for
coping with these.

However, a natural hazard can be often prevented from escalating into a
natural disaster. Protective, preventive action is achievable, particularly when prior
understanding of the nature and occurrence of such events is accessible to us.

The approach towards coping with the effects of natural disasters has
included pre-disaster forecasting, warning and evacuation, and post-disaster
management involving many problems like law and order, communications, search
and rescue, fire fighting, medical and psychiatric assistance, provision of relief in
sheltering etc. After the initial trauma of the natural disaster occurrence is over
within the first few days or weeks, the phase of reconstruction and economic
rehabilitation of the affected population is taken up by the people themselves and
by the government authorities.

One of the important observations from the past natural disasters, namely,
earthquakes, floods, and cyclones is that most lives are lost due to the collapse of
the buildings except where people have in the past being swept away due to storm
surges after cyclones. It is, therefore, often said, ‘disasters don’t kill people,
buildings do’. Realising the importance of protection of buildings and related
infrastructure for saving lives in future disasters, Governments all over the world
have realised that early disaster prevention is the best option and involves a number
of important steps listed as follows:

(i) Monitoring of hazards
(ii) Hazard mapping
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(iii) Vulnerability assessment
(iv) Disaster risk assessment and mapping
(v) Prediction and forecasting
(vi) Preparation of building codes and
(vii)  Retrofitting of existing unsafe structures and buildings
(viii) Preparation of Vulnerability Atlas
(ix) To prepare disaster scenarios using the data in the Vulnerability Atlas

for hypothetical recurrence of extreme earthquake, flood and cyclone
events.

(x) To develop guidelines for design and construction of buildings to fill
the gap in this respect.

Mitigation efforts are carried out at two levels. By the Government and
related agencies and by the general public. To arrive at clear understanding of the
mitigation efforts required for each phenomenon or event let us divide it into three
categories.

 What to do before the event

 What to do during the event

 What to do after the event

Theory of mitigation for disasters

The Indian subcontinent has a highly diversified range of natural features. The
Himalayas, which are the young fold mountain and where the phenomena of stress
release is very common together with the uncertain monsoon winds make the
region highly prone to natural disasters. The region being the most populous in the
world further adds to the damage caused by the natural disasters.

The theory behind disaster mitigation is a simple one: by making an
investment of time, money and planning prior to the occurrence of natural disasters,
tremendous savings can be made from reducing the impact of natural disasters
when they inevitably occur.

Mitigation efforts for Floods

For effective functioning of all the physical measures taken, it is Necessary that
pre- and post- monsoon checks must be made and special repairs must be carried
out prior to flood period.

What to do before the event

Responsibilities of the Administration include:

Structural:

 Regular maintenance of embankments of rivers, canals, distributors etc.
and regular check of the canals and siphons and clearing them form silt.

 Clearing of storm water and sewerage drains in towns before monsoon.

 Constitution of committees comprising of heads of all emergency services,
medical, police, transportation and the district administration to ensure
proper co-ordination during the crisis
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 Channel improvement

 Drainage improvement

 Diversion of floodwater

Non-structural:

The non-structural measures, on the other hand, aim at modifying the susceptibility
to flood damage as well as modifying the loss burden. The various non-structural
measures being implemented in the country are:

 Identification of the flood affected areas.

 Review of contingency plan.

 ‘Pre Monsoon Inspection’ of all railway tracks, canals and drains by
respective departments, which could include silt and details clearance from
the seasonal rivulets.

 Flood plain management

 Flood proofing including disaster preparedness, and response planning and

 Flood forecasting and warning

 Watershed management.

Preventive steps for people include:

 Know your area

 Contact the local flood control department and identify the possibility of
flood in your area.

 Ask the elderly people in your area to share their experience about floods
that occurred in that area as well as the effects.

 In a situation of occurrence of flood, know about the possible safe places
where you can go along with your baggage.

 Ask every member of your family to be prepared for any situation.

What to do during the event

Responsibilities of the Administration are:

 Disaster relief management

 Flood fighting including Public Health Measures

 High Powered Committee on Disaster

Steps for people are:

 Put off the switch of all the electric and electronic instruments available in
your home.

 Move immediately to a high place. If you are inside a room, into which
floodwaters start entering, go to the roof of your house.

 Be alert from the poisonous animals, such as snakes.

 Use only purified water for drinking. Your food should not be contaminated.

 If you are outside your house, then move to high and safe place.
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 If you are already in floodwater, which is flowing at the height of your loins,
then stop moving. Stay there, and look for an alternative way of escape.

 Generally, most of the flood related accidents are found when one tries to
swim or play in floodwater flowing with a high current.

 When you are on drive, if you notice that the level of floodwater is rising
gradually, then immediately change your route. Don’t try to cross the
floodwater against its current.

 When there is heavy rain, keep yourself away from pool, embankment as
well from rivers.

What to do after the event

Steps one can follow after the event are:

 Go away from the disaster prone areas as your presence may cause
problems to the relief operations. Moreover, it will help you to keep yourself
safe from the diseases.

 Keep away from the buildings in flood-affected areas as due to flood the
possibility of building collapse becomes high.

 Cover your food, and drink only purified water.

 Help in the relief operation of the children, elderly and other physically
disable people around you.

 Help the local authorities and social workers in the relief and rescue
operations

 Shift the flood victims to safe places

 Organise relief camps

 Arrange places for food relief for the victims.

 Make arrangement of milk and medical treatment for the babies and children.

 Make arrangement of emergency medicines for the victims and the animals.

 Arrangement of vaccination for the animals

 Arrangement of purified water for the flood victims

 Arrangement of life jackets and motor boats for the relief operation

 Take steps for closing schools, different offices to be used as relief camps.

 Cleanse deep wells, ponds.

 Arrange medical camps for supply of anti- Cholera, Gastroenteritis, Typhoid,
Snake bite medicines and other relief measures

 Continuously monitor the anti-social person who tries to take the advantage
of flood situation and keep the law and order with the help of Police
department.

 Arrange information centre, which will help people in finding out their lost
ones and about the dead bodies.

 Make close cooperation with the different levels of officials.
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 Making necessary arrangements for air dropping of food packets in the
marooned villages through helicopters

 Establish alternate communication links to have effective communication
with marooned areas.

 Take the help of N.S.S. /N.C.C. and NGOs to supply the relief materials
to the victims.

 Grant of emergency relief to the all affected people

Mitigation efforts for cyclones

Tropical cyclones can produce extremely powerful winds and torrential rains, killing
many and leaving many homeless.  They are also able to produce high waves and
damaging storm surge as well as spawning tornadoes.

What to do before the event

 Plan an evacuation route and learn safe routes inland

 Keep disaster supplies ready

 Develop an emergency communication plan in case of separation

 Ask an out-of-state relative to serve as the family contact

 Train family members when and how to turn off gas and electricity

 Trim back dead or weak branches from trees

 Check into flood insurance

 Teach children when and whom to call

 Trim back dead or weak branches from trees

 Check into flood insurance

 Teach children when and how to call 9-1-1

 Make arrangements for family pets because some emergency shelters may
not allow pets

What to do during the event

 Be updated on latest happenings

 Fuel your car

 Bring in outdoor objects

 Secure buildings by closing and boarding up windows

 Remove outside antennas

 Turn refrigerator and freezer to coldest settings

 Store drinking water in clean bathtubs, jugs, and bottles

 Moor boat securely or move to a designated safe place; anchor trailer to
ground

 Assess evacuation plan

 Listen to radio for instructions
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 Tie down mobile home and evacuate immediately

 Store valuables in waterproof container

 Avoid elevators

If at home:

 Stay inside, away from anything glass

 Keep a supply of batteries and flashlights

 Avoid open flames as a source of light

 If power is lost, turn off major appliances to reduce power surge.

 If evacuation is necessary: leave ASAP, avoiding flooded roads and washed-
out bridges

 Secure home by unplugging appliances and turning off electricity and the
main water valve

 If time permits, elevate furniture to protect it from flooding

 Bring pre-assembled emergency supplies and warm clothing

 Take blankets and sleeping bags to a shelter and leave immediately

What to do after the event

Stay tuned to radio for information, returning home only when authorities advise it
is safe to do so

 Help injured or trapped persons and give first aid where appropriate

 Avoid loose or dangling power lines and report them to the power company
or fire department

 Beware of snakes, insects, and animals driven to higher ground by flood
water

 Open windows and doors to ventilate and dry your home

 Check refrigerated foods for spoilage

 Take pictures of the damage for insurance claims

 Drive only if necessary and avoid flooded roads and washed-out bridges

 Use telephones only for emergency calls.

Mitigation efforts required for earthquakes

Mitigation efforts required for earthquakes involve:

What to do before the event

 Check for hazardous places in the house

 Locate safe places in each room

 Locate safe places outside

 Make sure everyone in the family; including children knows how to respond
after an earthquake
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 Keep  disaster supplies like flashlight, extra batteries, portable battery-
operated radio, first aid kit, emergency food and water, etc. handy

 Prepare a communication plan that can be used in case of separation during
the earthquake

 Ask a relative or friend to serve as the family contact in case of emergency

What to do during the event

 If inside home, take cover under a piece of heavy furniture or against an
inside wall and stay inside

 If outside home, move into the open, but stay away from buildings, street
lights, and utility wires

 If in a moving vehicle, stop quickly and stay in vehicle.

What to do after the event

 Be prepared for after-shocks

 If possible, give first aid to injured or trapped persons

 Tune in to a battery operated radio for emergency information

 Stay out of damaged buildings and return home only when authorities say it
is safe

Mitigation efforts required for landslides & mudflows

Mitigation efforts for landslides are:

What to do before the event
 Get a ground assessment done for your property
 Try to minimize hazards at home by adopting measures like planting

ground cover on slopes, building retaining walls, and/or building
channels or deflection walls to direct flow around buildings.

 Learn to recognize landslide warning signals like jamming of doors/
windows, appearance of cracks in plaster or foundations, walls or stairs
getting pulled away from buildings, breaking up of underground utility
lines, downward sloping of ground in one direction and gradually
shifting in that direction, and occurrence of a faint rumbling sound that
gradually increases in volume

 Develop evacuation plans, include at least two routes taking into
consideration blocked roads as well

 Prepare a communication plan that can be used in case of separation
during the disaster

 Ask a relative or friend to serve as the family contact in case of
emergency

 Buy flood insurance

What to do during the event

 If inside home, take cover under a piece of heavy furniture or against an
inside wall and stay inside
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 If outside home, try to get out of path of mudflow/debris,  run to nearest
high ground in a direction away from path

 If escape is not possible, curl into a tight ball and protect your head.

 Be cautious of sinkholes that occur when groundwater dissolves a vulnerable
land surface, causing the land surface to collapse from lack of support.

What to do after the event

 Stay out of the area and do not return until authorities say it is safe to do so

 If possible, give first aid to injured or trapped persons

 Tune in to a battery operated radio for emergency information

 As flooding may occur after a mudflow or landslide, be alert

 Report to utility companies for damaged utility lines

 Replant damaged ground as soon as possible since erosion caused by loss
of ground cover can lead to flash flooding.

Mitigation efforts required for Tsunamis

Mitigation efforts required for tsunamis are:

What to do before the event

 Know the height of your street above sea level and find out if your house is
in danger level or not

 Learn to recognize warning signs like earthquakes, ground rumbling, and/
or rapid rise and fall of coastal waters

 Make sure everyone in the family; including children knows how to respond
after the disaster

 Develop evacuation plans, include at least two routes and pick an elevated
inland location

 Keep  disaster supplies like flashlight, extra batteries, portable battery-
operated radio, first aid kit, emergency food and water, etc. handy

 Prepare a communication plan that can be used in case of separation during
the earthquake

 Ask a relative or friend to serve as the family contact in case of emergency

What to do during the event

 Tune in to radio for emergency and evacuation information

 As soon as warning of a tsunami is released, climb to higher ground

 In case of a warning, stay away from the beach and do not assume that one
wave means the danger is over, the next wave may be larger than the first

 Stay out of the area and do not return until authorities say it is safe to do so

What to do after the event

 Tune in to a battery operated radio for emergency information

 If possible, give first aid to injured or trapped persons



Disaster Management and
Environmental Laws

NOTES

Self - Learning
Material 191

 Stay away from damaged buildings

 Do not use appliances or lights until properly checked by an electrician

 Open windows and doors, shovel mud to help dry the building

 Throw away all food that may have got contaminated

 Get tap water tested by local health department.

While governments all over the world are to prevent and also minimize the
effects of disasters, remember that the community at large can play a significant
role in alleviating the suffering and pain that follows in the immediate aftermaths of
natural disasters. Food, water, medicine and emergency shelter often dominate
the urgent needs of the affected communities and this is where the general public
can step in to ease the widespread suffering, collection and dissemination of the
relief materials.

On a personal level, we can follow simple steps when we are able to sense
an impending disaster.  Regardless of how much time you have to react to a disaster,
you can do things well in advance to prepare. A little advance planning could save
your life.

To prepare for any kind of disaster, pack a survival kit that includes:

 Water in non-breakable containers

 A first-aid kit

 Any necessary prescription medications

 Portable radio and flashlight with fresh batteries

 A portable cooking device

 Extra clothing

 Blankets

 A tool kit, including heavy work gloves and nails

Check Your Progress

1. What is a natural disaster?

2. State the four phases in disaster management

3. What is a heat wave? Why are they disastrous?

4. State the morphological characteristics on the basis of which the avalanches
are classified.

5. Mention any three non-structural responsibilities of the administration when
it comes to floods.

6. Define focus and epicentre.
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5.3 WILDLIFE CONSERVATION LAWS

India is the first country in the world to have made provisions for the protection
and conservation of environment in its constitution. On 5 June 1972, environment
was first discussed as an item of international agenda in the UN Conference on
Human Environment in Stockholm and thereafter, 5 June is celebrated all over the
world as the World Environment Day. Soon after the conference, our country
took substantive legislative steps for environmental protection. The Wildlife
(Protection) Act was passed in 1972, followed by the Water (Prevention and
Control of Pollution) Act, 1974, the Forest (Conservation) Act, 1980, Air
(Prevention and Control of Pollution) Act, 1981 and subsequently the Environment
(Protection) Act, 1986.

5.3.1 Constitutional Provisions
The provisions for environmental protection in the constitution were made through
the forty-second amendment as follows:

Article 48A of the constitution provides: ‘The state shall endeavour to protect
and improve the environment and to safeguard forests and wildlife of the country.’

Article 51A (g) provides: ‘It shall be the duty of the every citizen of India to
protect and improve the natural environment including forests, lakes, rivers and
wildlife and to have compassion for living creatures.’

Thus, our constitution includes environmental protection and conservation
as one of our fundamental duties.

Some of the important Acts passed by the Government of India are discussed
as follows:

Wildlife (Protection) Act, 1972

The major activities and provisions in the Act can be summed up as follows:

1. It defines the wildlife related terminology.

2. It provides for the appointment of wildlife advisory board, wildlife warden,
their powers, duties, etc.

3. Under the Act, comprehensive listing of endangered wildlife species was
done for the first time and prohibition of hunting of the endangered species
was mentioned.

4. Protection to some endangered plants.

5. The Act provides for setting up of national parks, wildlife sanctuaries, etc.

6. The Act provides for the constitution of central zoo authority.

7. There is provision for trade and commerce in some wildlife species with
license for sale, possession, transfer, etc.
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8. The Act imposes a ban on the trade or commerce in scheduled animals.

9. It provides for legal powers to officers and punishment to offenders.

10. It provides for captive breeding programme for endangered species.

Several conservation projects for individual endangered species like Lion
(1972), Tiger (1973), Crocodile (1974) and Brown antlered Deer (1981) were
stated under this Act. The Act is adopted by all states in India except J & K, which
has it own Act.

Some of the major drawbacks of the Act include mild penalty to offenders,
illegal wildlife trade in J & K, personal ownership certificate for animal articles like
tiger and leopard skins, no coverage of foreign endangered wildlife, pitiable
condition of wildlife in mobile zoos and little emphasis on protection of plant genetic
resources.

Forest (Conservation) Act, 1980

This Act deals with the conservation of forests and related aspects. Except for J &
K, the Act is adopted all over India. The Act covers under it, all types of forests
including reserved forests, protected forests or any forested land irrespective of
its ownership.

The salient features of the Act are as follows:

1. The state government has been empowered under this Act to use the
forests only for forestry purposes. If at all it wants to use it in any other
way, it has to take prior approval of the Central Government, after which
it can pass orders for declaring some part of reserve forest for non-
forest purposes (e.g. mining) or for clearing some naturally growing trees
and replacing them by economically important trees (reforestation).

2. It makes provision for conservation of all types of forests and for this
purpose there is an advisory committee which recommends funding for
it, to the Central Government.

3. Any illegal non-forest activity within a forest area can be immediately
stopped under this Act.

Non-forest activities include clearing of forest land for cultivation of any
type of plants/crops or any other purpose (except re-afforestation). However,
some construction work in the forest for wildlife or forest management is exempted
from non-forest activities (e.g. fencing, making water-holes, trench, pipelines,
check-posts, wireless communication, etc.) Penalties include a fine of up to  500
per offence and imprisonment of up to six months.

1992 Amendment in the Forest Act

1. In 1992, some amendment was made in the Act which made provisions for
allowing some non-forest activities in forests, without cutting trees or limited
cutting with prior approval of the Central Government, These activities are
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the setting of transmission lines, seismic surveys, exploration, drilling and
hydroelectric projects. The last activity involves large-scale destruction of
forests, for which prior approval of the Centre is necessary.

2. Wildlife sanctuaries, national parks, etc., are totally prohibited for any
exploration or survey under this Act without prior approval of the Central
Government, even if no tree-felling is involved.

3. Cultivation of tea, coffee, spices, rubber and plants which are cash-crops,
are included under non-forestry activity and not allowed in reserve forests.

4. Even cultivation of fruit-bearing trees, oil-yielding plants or plants of medicinal
value in forest area need to be first approved by the Central Government.
This is because newly introduced species in the forest area may cause an
imbalance in the ecology of the forest. If the species to be planted is a
native species, then no prior clearance is required.

5. Tusser cultivation (a type of silk-yielding insect) in forest areas by tribals as
a means of their livelihood is treated as a forestry activity as long as it does
not involve some specific host tree like Asan or Arjun. This is done in
order to discourage monoculture practices in the forests which are otherwise
rich in biodiversity.

6. Plantation of mulberry for rearing silkworm is considered a non-forest activity.
The reason is the same as described earlier.

7. Mining is a non-forestry activity and prior approval of the Central
Government is mandatory. The Supreme Court in a case T.N.Godavarman
Thirumulkpad Vs. Union of India (1997) directed all on-going mining
activities to be ceased immediately in any forest area of India, if it has not
obtained prior approval of the Central Government.

8. Removal of stones, bajri, boulder, etc., from riverbeds located within the
forest area fall under non-forest activity.

9. Any proposal sent to the Central Government for non-forest activity must
have a cost-benefit analysis and Environmental Impact Statement (EIS) of
the proposed activity with reference to its ecological and socio-economic
impacts.

Thus, the Forests (Conservation) Act has made ample provisions for
conservation and protection of forests and preventing deforestation.

Water (Prevention and Control of Pollution) Act, 1974

It provides for maintaining and restoring the wholesomeness of water by preventing
and controlling its pollution. Pollution is defined as such contamination of water, or
such alteration of the physical, chemical or biological properties of water or such
discharge as is likely to cause a nuisance or render the water harmful or injurious
to public health and safety or harmful for any other use or to aquatic plants and
other organisms or animal life.

The definition of water pollution has thus encompassed the entire probable
agents in water that may cause any harm or have a potential to harm any kind of in
any way.
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The salient features and provisions of the Act are summed up as follows:

1. It provides for maintenance and restoration of the quality of all types
of surface and groundwater.

2. It provides for the establishment of Central and State Boards for
pollution control.

3. It confers them with powers and functions to control pollution.

The Central and State Pollution Control Boards are widely represented
and are given comprehensive powers to advise, coordinate and provide
technical assistance for prevention and control of pollution of water.

4. The Act has provisions for funds, budgets, accounts and audit of the
Central and State Pollution Control Boards.

5. The Act makes provisions for various penalties for the defaulters and
procedure for the same.

The main regulatory bodies are the Pollution Control Boards, which have
been conferred the following duties and powers:

Central Pollution Control Board (CPCB)

The board is supposed to:

1. Advize the Central Government in matters related to the prevention and
control of water pollution.

2. Coordinate the activities of State Pollution Control Boards and provides
them technical assistance and guidance.

3. Organize training programmes for prevention and control of pollution.

4. Organize comprehensive programmes on pollution-related issues through
mass media.

5. Collect, compile and publish technical and statistical data related to pollution.

6. Prepare manuals for treatment and disposal of sewage and trade effluents.

7. Lay down standards for water quality parameters.

8. Plan nation-wide programmes for prevention, control or abatement of
pollution.

9. Establish and recognize laboratories for analysis of water, sewage or trade
effluent sample.

The State Pollution Control Boards also have similar functions to be executed at
the state level and are governed by the directions of CPCB.

1. The board advises the state government with respect to the location of any
industry that might pollute a stream or a well.

2. It lays down standards for effluents and is empowered to take samples
from any stream, well or trade effluent or sewage passing through an industry.

3. The State Board is empowered to take legal samples of trade effluent in
accordance with the procedure laid down in the Act. The sample taken in
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the presence of the occupier or his agent is divided into two parts, sealed,
signed by both the parties and sent for analysis to some recognized lab. If
the samples do not conform to the prescribed water quality standards
(crossing maximum permissible limits), then ‘consent’ is refused to the unit.

4. Every industry has to obtain consent from the Board (granted for a fixed
duration) by applying on a prescribed proforma providing all technical details,
along with a prescribed fee, following which analysis of the effluent is carried
out.

5. The Board suggests efficient methods of utilization, treatment and disposal
of trade effluents.

The Act has made detailed provisions regarding the power of the Boards to
obtain information, take trade samples, restrict new outlets, restrict expansion,
enter and inspect the units and sanction or refuse consent to the industry after
effluent analysis.

While development is necessary, it is all the more important to prevent
pollution which can jeopardize the lives of people. Installation and proper functioning
of effluent treatment plants in all polluting industries is a must for checking the
pollution of water and land. Despite certain weaknesses in the Act, the Water Act
has ample provisions for preventing and controlling water pollution through legal
measures.

Penalties include a fine of up to  5000 a day for first offence and/or
imprisonment from one to six years. On repeated offence, the penalty goes up to
 10000 a day and/or imprisonment from one to six years.

The Air (Prevention and Control of Pollution) Act, 1981

The salient features of the act are as follows:

1. It provides for prevention control and abatement of air pollution.

2. Air pollution has been defined as the presence of any solid, liquid or gaseous
substance (including noise) in the atmosphere in such concentration as may
be or tend to be harmful to human beings or any other living creatures or
plants or property or environment.

3. Noise pollution has been inserted as pollution in the Act in 1987.

4. Pollution control boards at the central or state level have the regulatory
authority to implement the Air Act. Just parallel to the functions related to
the Water (Prevention and control of pollution) Act, the boards perform
similar functions related to the improvement of air quality.

The boards have to check whether or not the industry strictly follows the
norms or standards laid down by the board under Section 17 regarding the
discharge of emission of any air pollutant. Based upon analysis report, consent
is granted or refused to the industry.
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5. Just like the Water Act, the Air Act has provisions for defining the constitution,
power and function of pollution control boards, funds, accounts, audit,
penalties and procedures.

6. Section 20 of the Act has provision for insuring emission standards for
automobiles. Based upon it, the state government is empowered to issue
instructions to the authorities in charge of registration of motor vehicles (under
Motor Vehicle Act, 1939) that is bound to comply with such instructions.

7. As per section 19, in consultation with the state pollution control board, the
state government may declare an area within the state as ‘Air Pollution
Control Area’ and can prohibit the use of any fuel other than the approved
fuel in the area causing air pollution. No person shall without prior consent
of the State Board operate or establish any industrial unit in the ‘Air Pollution
Control Area’.

The Water and Air Acts have also made special provisions for appeals.
Under Section 28 of the Water Act and Section 31 of the Air Act, a provision for
appeals has been made. An appellate authority consisting of a single person or
three persons appointed by the head of the state, the Governor is constituted to
hear such appeals as filed by some aggrieved parties due to some order made by
the state board within thirty days of passing the orders.

The appellate authority, after giving the appellant and the state board, an
opportunity of being heard, disposes off the appeal as expeditiously as possible.

Penalties include a fine of up to  5000 a day and/or imprisonment for up to
one and a half to six years for first offence and fine of  10000 a day and
imprisonment of one and a half to six years.

The Environment (Protection) Act, 1986

The Act came into force on 19 November, 1986. The Act extends to the whole of
India. Some terms related to environment have been described as follows in the
Act:

1. Environment includes water, air and land and the interrelationship that exist
among and between them and human beings, all other living organisms and
property.

2. Environmental pollution means the presence of any solid, liquid or gaseous
substance present in such concentration as may be or tend to be injurious
to the environment.

3. Hazardous substance means any substance or preparation which by its
physico-chemical properties or handling is liable to cause harm to human
beings, other living organisms, property or environment.

The Act has given powers to the Central Government to take measures to
protect and improve environment, while the state government coordinate the
actions. The most important function of Central Government under this act includes:
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Setting up of:

a. The standards of quality of air, water or soil for various areas and
purposes.

b. The maximum permissible limits of concentration of various
environmental pollutants for different areas.

c. The procedures and safeguards for the handling of hazardous
substances.

d. The prohibition and restrictions on the handling of hazardous substances
in different areas.

e. The prohibition and restriction on the location of the industries and to
carry on processes and operations in different areas.

f. The procedures and safeguards for the prevention of accidents which
may cause environmental pollution and providing for remedial measures
for such accidents.

The power of entry and inspection, power to take samples, etc., under this
Act lies with the Central Government or any officer empowered by it.

For the purpose of protecting and improving the quality of the environment
and preventing and abating pollution, standards have been specified under Schedule
I-IV of Environment (Protection) Rules, 1986, for emission of gaseous pollutants
and discharge of effluents/waste water from industries.

These standard vary from industry to industry and also vary with the medium
into which the effluent is discharged or the area of emission.

5.3.2 Enforcement of Environmental Legislation:
Major Issues

We have seen that there are a number of important environmental laws in the form
of Acts for safeguarding our environmental quality. But in spite of these acts, we
find that we are not able to achieve the target of bringing 33 per cent of our land
cover under forests. Still we are losing our wildlife. The rivers have been turned
into open sewers in many places and the air in our big cities is badly polluted. The
status of our environment shows that there are drawbacks in environmental
legislations and problems in their effective implementation.

Public environmental awareness

Public awareness about environment is at the stage of infancy. Of late, some
awareness has taken place related to environmental degradation, pollution, etc.,
but incomplete knowledge and ignorance about many aspects has often led to
misconceptions.

Development has paved the path for rise in the levels or standards of living,
but it has simultaneously led to serious environmental disasters. Issues related to
environment have been often branded as antidevelopment. The wisdom lies in
maintaining a balance between our needs and supplies so that the delicate ecological
balance is not disrupted.
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Some of the main reasons responsible for widespread environmental
ignorance can be detailed as follows:

1. Our courses in science, technology, economics, etc., have so far failed
to integrate the knowledge in environmental aspects as an essential
component of the curriculum.

2. Our planners, decision-makers, politicians and administrators have not
been trained so as to consider the environmental aspects associated
with their plans.

3. In a zeal to go ahead with some ambitious development projects, quite
often, there is a purposeful concealment of information about
environmental aspects.

4. There is greater consideration of economic gains and issues related to
eliminating poverty by providing employment that overshadows the basic
environmental issues.

Methods to propagate environmental awareness

There is immense need for environmental awareness. It is to be created through
formal and informal education to all sections of the society. Everyone needs to
understand it because ‘environment belongs to all’ and ‘every individual matters’
when it comes to conservation and protection of environment.

The various stages and methods that can be useful for raising environmental
awareness in different sections of the society are given as follows:

1. Among students through education: Such education should be
imparted to the students right from childhood. These studies are now
being incorporated at all stages in schools and colleges as per the
directives of the Supreme Court.

2. Among the masses through mass-media: Media can play an
important role to educate the masses through articles, rallies, campaigns,
street plays, TV serials, etc. This will appeal all age groups at the same
time.

3. Among the planners, decision-makers and leaders: It is very
important to give these classes of people necessary orientation and
training through specially organized workshops and training programmes.

Role of Non-government Organizations (NGOs)

Voluntary organizations can help by advising the government about some local
environmental issues and at the same time interacting at the grass-root levels.
They can act as effective and viable link between the two. They can act both as an
action group or a pressure group. They can be very effective in organizing public
movements for the protection of environment, through creating awareness.

The Chipko Movement for conservation of trees by Dasholi Gram Swarajya
Mandal in Gopeshwar or the Narmada Bachao Andolan organized by Kalpvariksh
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are some of the instances where NGOs have played a landmark role in the society
for the conservation of environment.

The Bombay Natural History Society (BNHS), the World Wide Fund for
Nature-India (WWF-India), Kerala Sastra Sahitya Parishad, Center for Science
and Environment (CSE) and many others are playing a significant role in creating
environmental awareness through research as well as extension work. The recent
report by CSE on more than permissible limits of pesticides in the cola drinks
sensitized the people all over the country.

Before we all take up the task of environmental protection and conservation,
we have to be environmentally educated and aware. It can therefore said ‘If you
want to act green, first think green.’

5.3.3 Role of Information Technology in Protecting
Environment and Health

Information Technology or IT plays an important role when it comes to
environmental education and human health. The latest trends in technology have
lead to internet services and facilities, geographic information system or GIS, and
the data that gets transmitted through satellites, etc. which have led to higher affluence
of the updated information on several aspects of the environment as well as health.
There are a number of software available in the market, which are especially
created to cater to health and environmental studies. There are also some legit
databases available online.

Database refers to a collection of connected data on some subjects. It
comes in a computerized form, and one can retrieve the data 24*7. Some of the
more comprehensive databases cover areas such as wildlife database, forest cover
database, conservation database, etc. They also include some diseases like malaria,
fluorosis, HIV/AIDS, etc.

 Environmental information system (ENVIS).

 National management information system (NMIS).

 Geographical information system (GIS).

 The World Wide Web (WWW).

 Remote sensing and geographical information system (GIS).

Check Your Progress

7. When is the world environment day celebrated?

8. What does the Article 48A of the Constitution provide?

9. Give one example in which NGOs played an important role in environment
conservation.

10. How can environmental awareness be raised?
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5.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. A natural disaster results from a natural calamity like a flood, tornado, volcanic
eruption, earthquake, etc., which affects the environment and also results in
loss in terms of lives and finances.

2. The four phases in disaster management are:
a) Preparedness
b) Response
c) Recovery
d) Mitigation

3. A heat wave is a prolonged period of excessively hot weather accompanied
by extreme humidity in most case. Severe heat waves can lead to catastrophic
crop failures and deaths due to hyperthermia.

4. Avalanches are classified on the basis of:
a) The type of snow involved
b) The nature of the failure
c) The sliding surface
d) The propagation mechanism of the failure
e) The trigger of the avalanche
f) The slope angle
g) The direction and elevation

5. The non-structural responsibilities of the administration when it comes to
floods are:

a) Identification of the flood affected areas.
b) Review of contingency plan.
c) Flood plain management

6. The earthquake has point of origin underground called the ‘focus’. The
point directly above the focus on the surface is called the ‘epicenter’.

7. The world environment day is celebrated on 5th June.

8. Article 48A of the constitution provides that ‘The state shall endeavour to
protect and improve the environment and to safeguard forests and wildlife
of the country.’

9. One example in which NGOs played an important role in environment
conservation is the Chipko movement for conservation of trees.

10. Environmental awareness can be raised through education and mass-media.

5.5 SUMMARY

 With growing populations and climatic changes people are becoming more
and more vulnerable to disasters and hazards.
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 Natural disasters can be related to land movement, water, weather, forest
fires and diseases.

 Anthropogenic disasters are threats with an element of human intent,
negligence or error or have witnessed failure of a man-made system.

 Anthropogenic disasters can be classified into sociological, technological
and hazardous materials.

 Disaster management is a branch of knowledge dealing with and effectively
avoiding possible risks in the future. It is a continuous process by which
people manage disasters in an effort to avoid or ameliorate the impact of
the hazards.

 Rising temperatures have destroyed coral reefs and melted the habitats of
polar bears and penguins.

 The 2004 Copenhagen Consensus assessed the problem of climate change
compared to other issues such as control of diseases and malnutrition.

 Floods can be caused by earthquakes, landslides, volcanic eruptions,
explosions and the impact of cosmic bodies, such as meteorites.

 Disease and epidemics occur due to a combination of factors like the
interaction between the agent, host and environment.

 Technological disasters occur in the form of bombings, bioterrorism and
nuclear accidents.

 India is the first country in the world to have made provisions for the
protection and conservation of environment in its constitution.

 Public awareness about environment is at the stage of infancy. Of late, some
awareness has taken place related to environmental degradation, pollution,
etc., but incomplete knowledge and ignorance about many aspects has
often led to misconceptions.

5.6 KEY TERMS

 Disaster management: The branch of knowledge dealing with the effective
prevention of possible risks, managing disasters and ameliorating the impact
of hazards.

 Global warming: The increase in the average temperature of the planet.

 Famine: Widespread scarcity of food accompanied by malnutrition,
starvation, epidemic and increased mortality.

 Technological disasters: Accidental disasters resulting from failure in man-
made infrastructure and occurring in the form of bombings, bioterrorism
and nuclear accidents.
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5.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short-Answer Questions

1. What are disasters? State their dimensions.

2. State the principles of disaster management.

3. Write a short note on the role of Information Technology in protecting

environment and health.

4. State the role of a disaster manager.

5. What are the causes of global warming?

Long-Answer Questions

1. Discuss how activities can be managed effectively during floods and

earthquakes.

2. Discuss the mitigation efforts during floods and cyclones.

3. Explain the role of disaster management in controlling disasters.

4. Describe the salient features of various environmental legislations.

5. Discuss the problem of oil fires and oil slicks.
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