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Introduction

INTRODUCTION

Theenvironment isvery important to people becauseit directly influencestheir
lives. People depend largely on the environment for survival. The environment
comprisestherelationship between people, animals, plants, and even non-living things.
Itisimportant to study the environment and learn how to conserveit especialy now
that technol ogy isbeginning to ruin the natural resources and the ecosystem.

NOTES

Awareness about global issuesisnow being spread through international
conferences so that immediate sol utions can be applied. Theissuesmay rangefrom
dynamitefishing to global warming, and forest denudation to mining. With rapid
urbanization and technol ogica advancement, thereisaneed to study each step that
may alter the environment so that the natural ecosystem may still be protected or
replaced by abetter one.

Thisbook, Environmental Sudies, has been designed keeping in mind the
self-instruction mode (SIM) format and followsasimple pattern, wherein each unit
of the book beginswith the Introduction followed by the Unit Objectivesfor the
topic. The content i sthen presented in asimpl e and easy-to-understand manner, and
is interspersed with Check Your Progress questions to reinforce the student’s
understanding of thetopic. A list of Questionsand Exercisesisalso provided at the
end of each unit. The Summary and Key Terms further act as useful tools for
studentsand are meant for effective recapitulation of thetext.

Self-Instructional Material 1






UNIT 1 NATURE OF
ENVIRONMENTAL STUDIES
AND NATURAL RESOURCES

Sructure

1.0 Introduction
1.1 Unit Objectives
1.2 Environmental Studies: Definition, Scope and Importance
121 Scopeof Environmental Studies
122 Importance of Environmental Studies
123 Need for Awareness
1.3 Natural Resource
131 Renewable and Non-Renewable Resources
132 ProblemsAssociated with the Conservation of Natural Resources
133 Roleof anIndividual in Conservation of Natural Resources
1.4 Summary
15 Key Terms
1.6 Answers to ‘Check your Progress’
1.7 Questions and Exercises
1.8 Further Readings

1.0 INTRODUCTION

Environment isthetotal of water, air and land, theinterrel ationshipsamong them
and a so with human beings, other living organismsand property. In order to study
environment, one needsknowledgeinputsfrom variousdisciplines.

At present, we are confronted with two conflicting scenarios. On the one
hand, thereare possibilitiesof abright futurewith pressbutton living, space shuittles,
information technol ogy, genetic engineering and such other advancesin scienceand
technol ogy. On the other hand, agrim scenario islooming large with burgeoning
population, starved of resourcesand choked by pollution. Faced with such imminent
threats, there isa growing realization that rational utilization of environmental
endowmentsof life support systemslikewater, air and soil isamust for sustainable
development.

Academic disciplinesare created to hel p usunderstand the universe better.
While nature can be understood using the disciplines, it is not ‘divided” into disciplines.
For instance, a certain phenomenon may bereferred to asachemical changewhile
another asaphysical one. But these categoriesare only perceptions.

‘Environmental studies’ is about the environment. Not the environment from
the point of view of any one particular discipline, but astudy 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, perspectivesthat are often rooted in different disciplines.

The problemsof pollution and wanton degradation of environmental resources
cannot be solved without proper understanding of their causesand effectsand this
iswhy the environmental studiesissoimportant.

1.1 UNIT OBJECTIVES

After going through thisunit, youwill beableto:
- Explainthenature of the subject environmental studies
- Ascertain the need and scope of environmenta studies
- Anaysehow environmental studiesisaninterdisciplinary subject
- Learnthe need to create awarenessfor environmental issues
- Discussthe concept of natural resources
- Distinguish between renewabl e and non-renewabl eresources

- Describe the important natural resources such asforest, water, minerals,
food, energy and land resources

1.2 ENVIRONMENTAL STUDIES: DEFINITION,
SCOPE AND IMPORTANCE

Environmental science, initsbroadest sense, isthe science of complex interactions
that occur amongtheterrestria, amospheric, living and anthropol ogica environments.
Itincludesall the disciplines such aschemistry, biology, sociology and government
that affect or describetheseinteractions.

Inthe broadest sense, environmental science may be defined asthe study of
earth, air, water and living environmentsand the effects of technology thereupon.
To asignificant degree, environmental science hasevolved from investigations of
theways by which, and placein whichliving organismscarry out their life cycles.
Thisisthedisciplineof natura history, whichin recent timeshasevolvedinto ecol ogy,
thestudy of environmental factorsthat affect organismsand how organismsinteract
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 scienceisnow amatureand viablediscipline. The past three
decades have witnessed agrowing awareness of the affectsof 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 Chemisty

Thisrelationisknown asenvironmenta chemistry. It may be defined asthe study of
the sources, reactions, transport, effectsand fates of chemical speciesinwater, soil,
and air environmentsand the effects of technol ogy thereon.

One of environmental chemistry’s major challenges is the determination of
thenature and quantity of specific pollutantsin the environment.

Environmental Science and Biology

The ultimate environmental concernisthat of lifeitself. Thedisciplinethat deals
specifically withtheeffectsof environmental chemica specieson lifeisenvironmental
biochemidry.

Biological processesarenot only profoundly influenced by chemical species
in the environment, they largely determine the nature of these species, their
degradation, and eventher syntheses, particularly inthe aguatic and soil environments.
The study of such phenomenaformsthe basisof environmental biochemistry.

Environment and Economics

Economic environment refersto all those factorsor forceswhich contributeto the
economicimpact onthe man, hisactivitiesand hisregion. Resources, industrial
production, population, agriculture, infrastructure and the various stages in the
economic devel opment like economic conditions, economic policies, economic
planning, economic philosophy, economic system and trade cycleare major internal
and external factorswhich make up thetotal economic environment.

Availability of resources and the technol ogy to exploit them playsthe most
significant rolein the economic devel opment or economic environment of aregion.
Asthedistribution of natural resourcesdueto geographical factor isuneven, the
resources have become concentrated in some specific regionsonly. These gifted
regions have expl oited these resourcesfor their economic devel opment and have
cometo be known asdevel oped countries. Examples of such countriesare USA,
Franceand UK. Whereas, the other regionswhich had poor resource concentration
and which are gtill in the devel oping stage have come to be known as devel oping
countries. Thus, itisthe economic environment of aregion or country that decides
itsgtatus, i.e., devel oped or devel oping.

Population factor hasitsown say asregardsto economic environment of a
region, as more resources are needed to feed more mouths. This requires more
exploitation of resourceswhich not only hampersthe resource reserves, but also
affectsthe ecosystem of that region.

However, astable economic environment doesnot awayshel p the mankind.
Themain disadvantage of it isitsimpact on the physical environment. It could be
said that both economic and political areinterdependent on each other. Erstwhile
East Germany and West Germany serve asagood exampl e of interdependence of
political and economic environment. East Germany with their poor economic
environment wasl eft with no other alternative other than merging with West Germany,
which had strong and stable economic environment.
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Every human activity necessary for economic devel opment affectsthelocal,
regional or global environment. Theeffectsmay be short-term or long-termin nature.
Inthe present situation, problems|ike deforestation, extinction of rare speciesof
floraand fauna, global warming, epidemicssuch asKatrina, Ritacyclonesin USA,
earthquakesin Jammu and Kashmir, heavy rainfalls and floods are some of the
major environmental problemstheworld isfacing on various|evelstoday. Rapid
industrialization, agricultural devel opment, extraction of various energy and other
resources, which contributeto the economic environment of theregion, are some of
themain factorsrespons blefor deteriorating the quaity of the physica environment.
Economic stability and awarenessabout environmenta pollution play avery important
rolein sustai nable devel opment. Environmental taxesin theform of penaltieshave
itsrolein safeguarding the environment from getting too polluted. Taxesaregenerally
based on the concept that those who create the pollution must also pay for them.
Vehicular pollutionandindustrial pollutioninair and water can be controlled through
environmental legidation and penalties.

Cultural Environment

It isthe 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 resourcesfor hisown benefit. All manmade
features such as buildings, settlements, roads and plantation are called cultural

features. We may call thiscultural environment asasocial environment or socio-
cultural environment or even socia heritage. Asper the passage of time, man has
acquired technical and scientific knowledge. Through thispowerful tool heischanging
fast the physical environment into acultural landscape. Cultura environment have
their toolsinthe natural environment andinthe cultural level of thedifferent human
groups. Asthenatura environment differsfrom placeto place, cultura environment
also should differ accordingly, hence, human activities and achievementsdepend not
only upon natural environment, but & so upon manmadeenvironment. Culturedevel ops
on nature; it meansit hasitsrootsin nature. Cultural environment isonly the human
adaptation and adjustment to natural or physical environment. In other words, man
asper hisknowledge and capacity superimposes culture on nature. It goeson piling
oneafter another, and growsin sizeand importance. Sometimes, it becomesdifficult
to trace back the link with the physical base. Asan example, we have changesin
many villagesinIndia Cultural environment issmpleand moredirectly connected
with physical baseinthe early stages, but becomes more complex and indirect as
the human soci ety growsin knowledgeand size. At thisstage, thenatura environment
quality startsdegrading and the question of ecol ogical disordersand natural imbalance
cropsup. Ecological disorder isthedirect result of human action, partly through his
numbersand partly through hisskills. All actionsof men arenot wise or far-sighted,
and hence, it leadsto environmental crises. The various ecosystems show signs of
progressive deterioration because of man’s hasty, negligent, unplanned actions which

ultimately leadsto environmental degradation. Environmental degradationisgreater
inadvanced rather than in primitive societies, morein theindustrial and urban than
rural, agricultural or pastoral interiors.



Population and Environment

Population plays amajor role in the socio-economic environment of a country,
especially the size or density of the population. It has itsimpact on the natural
environment also. Mg ority of the popul ation being poor causesmore environmental
damage due to mutually reinforcing effect between poverty and environmental
damage. The poor being both the victim and the agent of environmental damage.

Theworld population, whichisgrowing at therate of 1.7 per cent per year, is
highly larming. If thistrend continues, therewill be addition of another 3.7 billion (1
billion=1000 million) or moreto the present popul ation level inanother threeto four
decades. Thisrapid growthwill affect both economic and physical environmentsat
regional aswell asglobal level. Traditional land and resourceswill be subjected to
more and more overuse. Even the government will not bein aposition to keep up
with theinfrastructural and human needs of the growing population.

Environment and Political set-up

Political environment refersto the influence exerted by the three main political

ingtitutions, viz. legidature, executiveand judiciary. It helpsto shape, direct, develop
and control many of the human activitiesincluding the bus nessantipollution | aws.
Theexecutives, dso called government, implementswhatever isdecided by legidature
and the executive, function in public interest and within the boundaries of the
condtitution. A stableand dynamic politica environmentisamust for the devel opment
of mankind.

Thetypeof government playsasignificant roleinthe political environment of
acountry asit isguided by certain firm policiesof itsown. Theform of government
may be democratic, communigt, dictatorial and monarchy. Any changeintheform
may be counterproductive and may affect the nation from several angles, i.e.,
economic, business, socio-cultural and physical as all these segments are
interdependent.

1.2.1 Scope of Environmental Studies

A study of environmental scienceisgetting alot of attention not only inthefield of
pollution control, but also to sustainthelife and nature.

It hel psusto understand the nature of environment and its components, the
nature of disturbing factorsand the various methodsto overcomethese disturbing
factorswhich affect sustainability and natural living.

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

Thesubject ismultidisciplinary in nature. It unfolds environmental issuesfor
thosewho aredirectly or indirectly concerned with thisdiscipline. Corporateleaders,
sudentsof universitiesand collegesand student-managersrealizethat environmental
protection and resource conservation have to be considered as a normal part of
conducting bus nessand understanding nature. Similarly, environmental concern has
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to beapart of the policiesof thevariousgovernmental organizations. Thesameis
truefor publicleaderswhosesengtizationisvitd inthisregard. Issuesof environmenta
protectionand ‘Right to Clean Environment” have already trickled down from educated
and affluent peopleto the general public. Thosewho are not economically well off
areequally affected, if not more, dueto environmental problems. Thus, environmental
concernshaveto be on the agendaof all organizations.

InIndia, wehave been witness ng sgnificant environmenta degradation during
thelast few decades. I ncreasingindustridization, high-intensity agriculture, (use of
fertilizersand pedticides) deforestation, soil erosion, urbanization, transportation and
popul ation growth are the major environmental problemsand thesearelikely to
increase. If thededireto attain higher living standardsa so increases, then the problem
would betoo acute to be manageable.

Industry hasasignificant rolein environmental protection. Moreand more
business executives have now identified environment asan issue that affect their
companies.

Itisbelieved by scientistsand leadersin theindustry that if we do not come
totermswith environmental issues, irreversible processeswould set in, whichwould
ultimately lead to human suffering not only of inthe countries of the South, but a so
theNorth. Most environmental problemsarewell known though we may not have
found solutionsfor al. The problemsare both global and nationa and all these pose
seriouschallenges 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 asuitabl e habitat,
neither anima snor plantsnor humanscan survive. If the habitat isdegraded/damaged,
lifewill be adversely affected. Sincethe environment providesall theresourcesthat
areused in the process of production of goodsor services, theresponsibility of the
industry isof paramount consideration. Industry not only hasto consider issueslike
profit, quality standards, legislation and regulatory controls, but hasto go astep
beyond.

Our natural resourcesare either renewabl e or non-renewable, thelatter have
to be conserved and the use of the former judicious. Besidestheissue of resources,
our living style, rate of consumption and disposal of waste have created problems
for the management of landfillsfor wastes, air quality, water table and many other
environmenta problems.

Inshort, thescope of environmental studiesisbroad-based and it encompasses
alarge number of areasand aspects, listed asfollows:
Natural resources—their conservation and management
Ecology and biodiversity
Environmenta pollution and control
Social issuesinrelation to development and environment
Human population and environment



1.2.2 Importance of Environmental Sudies Nature of Emvironmental

Studies and Natural
There is a proverb, ‘If you plan for one year, plant rice, if you plan for ten years, Resources
plant trees and if you plan for 100 years, educate people.’ If we wish to manage our
planet earth, we haveto makeall the personsenvironmentally educated. NOTES

The study of environmental science makesusunderstand the scientificbasi's
for establishing a standard which can be considered acceptably safe, clean and
healthy for man and ecosystem.

Most environmental scientistsagreethat if pollution and other environmental
deterrents continue at their present rates, theresult will beirreversible damageto
theecologica cydesand baancesin natureuponwhichall lifedepends. Environmenta
scientistswarn that fundamental, and perhaps drasti c changesin human behaviour
will berequiredto 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
strategi esthat combine environmental progresswith economic growth. Thefuture
growth of developing nations depends upon the development of sustainable
conservation methodsthat protect the environment, while al so meeting the basic
needsof citizens.

Environmental study isthe subject in which we examineimportant issues
related to theenvironment. It isan exploratory description of issues. Eachissuecan
be probed more deeply.

Environmental studiesisanimportant but neglected body of knowledge. It
concernsitself with lifesupport system and isclosely related with devel opment and
economic growth. Many atime, both development and economic growth are not
ead |y reconciled. We have to choose between environment and devel opment.

Itisareality that industrialized countrieshave ahighlevel of development
and decent standard of living at the expense of the environment and depl etion of
natural resources. Thereal questionishow longisMother Earth likely to suffer and
how long will thisbe sustainable? Devel oping countries, onthe other hand, are till
struggling to achieve aminimum standard of living though they arealso equally
contributing to the environmental damage.

Both, industrialized and underdevel oped or devel oping countries damage,
deplete and pollute the environment. Devel oping countrieswant accel erated growth
tofulfil their basic needsand therea question isshould they follow inthefootsteps
of their bigbrothers, i.e., thedevel oped countries? It isafact that both the consumption
andthelifestyleof peoplehaveadirect relation to environmenta problems Therefore,
living habitsand attitudinal and ethical questionshave now cropped up which arethe
main concernsfor environmental studies, and deep study isrequired to understand
theenvironmenta problems.

Themost important questionsthat bother every devel oping country iswhat
should betheideal combination of pattern of growth and devel opment, which model

Self-Instructional Material 9
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of development aswell asof business should befollowed 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 thelevel of individuasand communities.

Thisformsapart of the bus nessenvironment. Businessenvironment isdivided
into two categories, viz., external and internal environment. External environment
includes political, economic, social, legal, technological, international and natural
environment. Ontheother hand, interna environment includes peopl e, culture, work
ethicsand attitudes.

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

Therearesevera environmental problemswhich have been solved by using
environmental studies. Someof theseare: (a) globa warming (b) population problems
(c) depletion of ozonelayer d) habitat destruction and speciesextinction (€) 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.

1.2.3 Need for Awareness

Everybody should be aware of what ishappening around them. Awarenessregarding
the state of affected environment isamust for every human being living on this
planet. Already, theworld isaffected by several environmental problems, the effect
of whichisdirectly felt by itsinhabitants. Nobody can escapethewrathif fallen,
may it bethe people of devel oping countriesor the developed ones.

Looking at the present pathetic state of the environment and the knowledge
peoplehaveabout it, it hasbecome evident for every country to educate their masses,
so that they can start understanding the problemsthat they arefacing at present and
wouldfaceinthefuture.

Infact, amost al nationsof theworld have geared up in creating awareness
among their people. Mediaisplaying aleading rolein thisprocess. Several means
are being employed to educate the masses. Various advertisements, documentaries,
featurefilms, etc., are being made. Newspapersand other magazinesare publishing
alot of articleson thissubject aswell.

Government with its separate ministry—Muinistry of Environment and Forest—
has al so launched many campaigns|like displaying several hoardingsand posters
throughout the country. The state ministries are also playing important rolesin
generating awareness among the masses. Plantation of trees on variousoccasions,
especialy onWorld Environment Day which falson 5 Juneevery year, isundertaken
onalargescale.



The issue of Enron Power Project (Dabhol Power Project), now called
Ratnagiri Power Project, in Konkan areaof Maharashtrawas much politicized and
the environmental issueswere put forth aspolitical propaganda. Thereisalwaysa
need to have awareness of the issues and knowledge as to how environmental
allmentsareto beavoided and aba anceisstruck between growth and environment.

CHECK Y OUR PROGRESS

1. What comprises ‘environment’?

2. Defineenvironmental science.

3. What doesanatural ecosystem include?

4. What arethe problemsthat are being solved by using environmenta sudies?
5. How ismediaplaying amajor rolein creating awareness among peopl e?

1.3 NATURAL RESOURCE

According to Ramade (1984), anatura resourceisdefined asaform of energy and/
or matter which is essential for the functioning of organisms, populations and
ecosystems. Inthe case of humans, natural resource, refersto any form of energy
or matter essential for thefulfilment of physiological, socio-economic and cultural
needs, both at theindividua level and that of the community.

Examples of natural resources are water, air, soil, minerals, coal, forests,
cropsandwildlife.

The basic ecological variables—energy, space, time and diversity are sometimes
together called natural resources. These natural resources maintain the ecological
bal ance among themsel ves. Man isthe only organismwho hasdisrupted thisdelicate
balance.

1.3.1 Renewable and Non-renewable Resour ces
Thereare many different classificationsof natural resources.

Odum’s Classification

According to Odum (1971), natural resources can be divided into two categories,
1. renewableand 2. non-renewabl e resources.

1. Renewableresour ces. Resources that can be replenished through rapid
natural cyclesare known asrenewableresources. Theseresourcesare able
toincreasetheir abundance through reproduction and utilization of smple
substances. Examples of renewabl e resourcesare plants (crops and forests),
and anima swho areabletoreproduceand maintain lifecycles. Someexamples
of renewabl e resourceswhich do not havealife cycle, but can berecycled
arewood and wood-products, pul p products, natura rubber, fibres(e.g., cotton,
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jute, animal wool, silk and synthetic fibres) and leather. In additionto these
resources, water and soil are al so classified asrenewabl e resources. Water
isnolonger referred to asarenewabl eresource. However, water issometimes
no longer referred to assuch. Thisisbecauseof itslossin natura replenishment
dueto globa warming, increased deforestation and resulting disturbancesin
the hydrological cycle. Water's status of infinity isseverely under threat.

Asaspecia case, solar energy athough having afinitelife, isconsidered as
arenewableresourcein asmuch assolar energy stocksareinexhaustibleon
the human scale.

2. Non-renewableresour ces: Theresourcesthat cannot be replenished through
natural processesare known asnon-renewableresources. Theseareavailable
inlimited amounts, which cannot beincreased. Theseresourcesincludefossl
fuels(petrol and cod), metals(iron, copper, gold, slver, lead and zinc), mineras
and salts (carbonates, phosphates and nitrates). Once a non-renewable
resourceisconsumed, itisgoneforever. Then we haveto find asubstitute
for it or dowithout it.

Non-renewabl e resources can further bedivided into two categories, viz. ()
recyclableand (b) non-recyclable.

(@) Recyclable: These are non-renewable resources which can be
collected after they are used and can berecycled. Thesearemainly the
non-energy mineral resources which occur in the earth’s crust (e.g.,
oresof auminium, copper and mercury) and depositsof fertilizer nutrients
(e.g., phosphate stock and potassium and mineralsused intheir natural
state (asbestos, clay and mica)

(b) Non-recyclable: These are non-renewabl e resources which cannot
berecycledinany way. Examplesof thesearefossi| fuel sand uranium,
which provide 90 per cent of our energy requirements.

Biotic and Abiotic Resources
Some authors prefer to classify resourcesinto biotic and abiotic resources.

(a) Bioticresources. Thesearelivingresources(e.g., forest, agriculture, fish
and wild life) that are ableto reproduce or replace them.

(b) Abiotic resources: These are non-living resources (e.g. petrol, land and
minerals) that are not ableto replacethemselvesor do so at such adow rate
that itisnot useful to consider them in termsof the human lifetimes.

| nexhaustible and Exhaustible Resour ces

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

1. Inexhaustibleresour ces: Resourceswhich are not changed or exhausted
by man’s activities and are abundantly available are said to be inexhaustible.
Examplesare solar energy, atomic energy, wind power, power from tides,
etc. Most of the renewableresourcesare classified asinexhaustible. But if
not maintained properly, they becomeextinct. For example, ground water is



renewable only if water continuesto percolatein the soil at arateat whichit
isremoved.

2. Exhaustibleresour ces. Theseresourcesare limited in nature and they are
non-maintainable, e.g., coal, petrol and some minerals. Hence, they come
under the non-renewabl e category.

Even our renewabl e resources can become non-renewableif weexploit them
to such extent that their rate of consumption exceedstheir rate of regeneration. For
example, if agpeciesisexploited so much that its popul ation size declinesbelow the
threshold level, thenitisnot ableto sustainitself and gradual ly the speciesbecomes
endangered or extinct.

It isvery important to protect and conserve our natural resources and use
them in ajudiciousmanner so that we do not exhaust them. 1t doesnot mean that we
should stop using most of the natural resources. Rather, we should use theresources
insuch away that we always save enough of them for our future generations.

Thefollowing are some of themajor natural resources:

1. Forest resources
2. Water resources
3. Mineral resources
4. Food resources

5. Energy resources
6. Land resources

1.3.2 Problems Associated with the Conservation of Natural
Resour ces

Inthissection, wewill discussthevarious problemsassociated with the conservation
asnatural resources.

1. Forest Resources

Forest resourceisthe dense growth of trees, together with other plants, coveringa
large area of land. Forests are one of the most natural resources found on earth.
Covering earth like agreen blanket, these forests not only produce innumerable
material goods, but also provide severa environmental serviceswhich are essential
forlife.

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, itisamatter of concern that amost everywhere the cover of the natural
forests has declined over the years. The greatest loss occurred in tropical Asia,
where one-third of theforest resources have been destroyed.

Uses of Forests

Commer cial uses. Forests provide usalarge number of commercia goodswhich
includetimber, firewood, pulpwood, food items, gum, resins, non-edibleils, rubber,
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fibres, lac, bamboo canes, fodder, medicine, drugsand many moreitems, thetotal of
whichisestimated to cost more than $300 billion per year.

Half of thetimber that iscut each year isused asfuel for heating and cooking.
One-third of thewood harvest isused for building materia saslumber, plywood and
hardwood, particleboard and chipboard. One sixth of thewood harvest isconverted
into pulp and used for paper industry. Many forest landsareused for mining, agriculture,
grazing, and recreation and for devel opment of dams.

Ecological uses: While atypical tree produces commercia goods worth about
$590, it provides environmental servicesworth nearly $196 to $250.

Theecological services provided by forests may be summed up asfollows:
1. Production of oxygen: Treesproduce oxygen by photosynthesiswhich
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,), isabsorbed by theforestsasaraw material for photosynthes's.
Thus, forest canopy actsasasink for CO,, thereby reducing the problem
of global warming caused by greenhouse gases such as CO.,,.

3. Wdlife habitat: Forestsarethehomesof millionsof wild animasand
plants. About 7 million speciesarefound in thetropical forestsalone.

4. Regulation of hydrological cycle: Forested watersheds act like giant
sponges, absorbing therainfall, d owing down the run-off and dowly
releasing thewater for recharging of the springs. About 50-80 per cent
of the moisture in the air above tropical forests comes from their
transpiration, which helpsinbringingrains.

5. Soil conservation: Forestsbind the soil particlestightly intheir roots
and prevent soil erosion. They also act aswindbreaks.

6. Pollution moderators. Forests can absorb many toxic gases and can
helpinkeeping theair pure and clean. They have a so been reported to
absorb noiseand thus, helpin preventing air and noise pollution.

Case Example: Forest Management

The management of forest resourcesin Indiahasbeen 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 triplewithin 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). Inthe 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 theinitiative of aformer Nature of Environmental
resident of K esharpur, amovement to protect the Binjgiri Hill wasinitiated. The Studies and Natural

villagers of Kesharpur soon realized that the regenerating forest would be Resources
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’ NOTES

(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, traditiona village council s 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|ed to the creation of BOJBP. Therulesfor forest usewerewell defined
and moral sanctions such as requesting the violatorsto apologizein public were
the rule. In other communities where resources were moderately scarce, asin
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 organi zationswere often organized moreloosely, 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 directivesand norms. Government agenciesshould act as
agile facilitators and legitimators, providing a supportive framework for
community organization and supplying technical assistance. The state
government in Orissa hasrealized that decentralization, or sharing of power with
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 I nstitute; prepared with the assistance of Owen Lynch.
Notes:

1 Agarwal, Anil and Sunita Narain, Towards Green Villages. New Delhi:
Centrefor Science and Environment, 1989.

2 Poffenberger, Mark, Joint Management for Forest Lands: Experiences
from South Asia. Ford Foundation, January 1990.

3 Anexampleof thiseffective strategy isillustrated by thisepisode: after Mr
Jognath Sahu, BOJBP’s secretary, failed to persuade villagers to plant
seedlings in a denuded piece of hill land, he stood with hisfamily and few
volunteers at a roadside and, as villagers passed, they touched their feet,
asking them to plant a few seedlings. Thanks to this emotional appeal,
BOJBP successfully attained its objective.

4.  Kant, Sashi, Neera M. Singh and Kundan K. Singh, Community Based
Forest Management Systems: Case SudiesfromOrissa. New Delhi: Indian
Institute of Forest Management, April 1991, pp.42-43.
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Overexploitation of Forests

Sincetimeimmemorial, humanshave depended heavily onforestsfor food, medicine,
shelter, wood and fuel. With growing civilizations, the demandsfor raw materials
liketimber, pul p, mineralsand fuel wood shooted up resulting inlarge-scalelogging,
mining, road-building and clearing of forests. Our forests contribute substantially to
the national economy. Theinternationa timber trade aloneisworth over US$40
billion per year. Excessive use of fuel wood and charcoal, expansion of urban,
agricultural and industrid areasand overgrazing havetogether ledto overexploitation
of our forestsleading to their rapid degradation.

Defor estation

AccordingtotheWorld Bank, Thetota forest areaof theworldin 2000 wasestimated
to be 40737562 Sg km, whichwasreduced to 40204180in 2010. Deforedtationrate
isrelatively lessin temperate countries, but itisvery darmingintropical countries,
whereitisashigh as40-50 per cent; at the present rate, it isestimated that in the
next sixty yearswewould lose morethan 90 per cent of our tropical forests.

Accordingto the India State of Forest Report (ISFR), 2015, thetotal forest
andtreecover is79.42 million hectare, whichis24.16 per cent of thetotal geographical
area. India’s forest and tree cover has increased by 5, 081 sq km. While the total
forest cover of the country hasincreased by 3, 775 sq km, the tree cover hasgone
up by 1, 306 sq km. Thereport statesthat the majority of theincreasein forest cover
has been observed in open forest category mainly outside forest areas, followed by
Very Dense Forest. While Open Forest areahasincreased by 4, 744 sq km, which
i$9.14 per cent of the geographical area, the area under Very Dense Forest has
increased by 2, 404 sq kms, whichis2.61 per cent of the geographical area. About
40 per cent forest cover isin 9 big patches of 10, 000 sg kmand more. Theincrease
intotal forest cover aso includesanincreasein the mangrove cover.

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

Major causesof deforestation

1. Shifting cultivation: There are an estimated 300 million peopleliving as
shifting cultivatorswho practice dash and burn agriculture. InIndia, wehave
thispracticein the north-east and to some extent in Andhra Pradesh, Bihar
and MP, which contributeto nearly half of theforest clearing annudly.

2. Fuel requirements: Increasing demands for fuel wood by the growing
population in Indiaal one has shooted up to 300-500 million tonnesin 2001 as
compared tojust 65 million tonnesduring independence, thereby increasing
the pressure onforests.

3. Rawmaterialsfor industrial use: Wood for making boxes, furniture, railway-
deepers, plywood, match boxes, pulp for paper industry, etc., have exerted
tremendous pressureon forests. Plywood isin great demand for packing tea,
whilefir treewood isexploited greatly for packing apples.

4. Development projects: Massive destruction of forests occur for various
devel opment projectslike hydroelectric projects, big dams, road construction
andmining.



5. Growing food needs: In developing countries, thisis the main reason for Nature of Environmental

deforestation. To meet the demands of a rapidly growing population, Studiesana haturel
agricultural landsand settlements are created permanently by clearing forests.
6. Overgrazing: Thepoor inthetropicsmainly rely onwood asasource of fuel
NOTES

leading to loss of tree cover and the cleared lands are turned into grazing
lands. Overgrazing by cattleleadsto further degradation of theselands.

Major consequences of deforestation
Deforestation hasfar reaching consequences, which may bedetailed asfollows:

1. Itthreatensthe existence of many wild life speciesdueto destruction of their
natural habitat.

. Biodiversity islost and alongwith that genetic diversity iseroded.
. Hydrological cyclegetsaffected, thereby influencing rainfall.

. Problemsof soil erosion and lossof soil fertility increase.

. Inhilly areas, it often leadsto landdides.

. Theeffectsof global warming may aggravate dueto lossof oxygen generation
andincreaseinthelevel of carbon dioxideintheair.

o O A WD

Case Example: Chipko Indian Movement

Deforestationisasevere probleminnorthern Indiaand 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 I ndian Himalayan region hasbeen under the control of expatriates
(particularly Germans) since 1855 in order to produce lumber for the railroads.
The government nationalized one-fifth of theforest areaand enacted the Indian
Forest Act of 1878, which gave peasants access to those areas of the forests
whichwerenot 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, werecalled
on by their leader to stop the usurpations of treesfrom Uttarakhand. The enduring
nature of Chipko has raised several questions.

Environmenta awarenessincreased dramatically inthe 1990sin Indiaand so did
the number of organized | obbiesto champion the cause of acleaner environment.
Asaresult, New Delhi introduced legislation aimed at curbing pollution, but the
enforcement mechanism has been [lacking]. Asearly asAugust 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, medicinesand intimesof dearth,
food. Subsistence agriculture provide women the necessary nutrients needed to
feed their families. In most cases, the surplusis sold.

Self-Instructional Material 17



Nature of Environmental
Sudies and Natural
Resources

NOTES

18 Self-Instructional Material

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 aswell asits scientific
richness. Most environmentalists associated with the Chipko Movement claim
that thisis 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 actua timber harvesting. It has been observed that output of logged
material often exceeds the increase of forest stock.

Commer cial Viability

Commercial timber operations received a boost when laboratory trials at the
Forest Research I nstitute showed that the utilization of chir waste (the material
after the conversion of logsto railway seepers) for making paper was aviable
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 | and 11, huge
guantities 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 date and resin were
allowed only by permission. According to Yugvani, in aHindi weekly published
from Dehradun, the villagers could only retain afixed 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 beganin 1973in Mandal villageinthe 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 acircle 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.

The Chipko women’s defense is that they are truly concerned about the
preservation of forest area but at a higher level, it isthe preservation of alittle
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.

Discourseand Satus

The Chipko people and the state regulating boards are somewhat in agreement,
although no treaty existsto hold the two partiesin any binding obligation. Even




though the Chipko Movement has not officially had ‘their day in court’, they Nature of Environmental
have presided over other litigations. The stage of the case towards conflict Studies and Natural

resol ution seemsto be moderate. In March 1987, the Himal ayan battle forced the Resources
government to impose afifteen-year ban on commercial felling of greentreesin
the hills of northern Uttar Pradesh.

NOTES

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 Sanding

Thelocal 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 makesit extremely difficult to
keep an accurate count. No official treaties exist.

TheCultural Aspect

The Chipko people believethat thetreesareliving 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
herbswere 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
avariety 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.

TheChipko M ovement and Human Rights

Cultural relativismis defined as the position according to which local cultural
traditions (including religious, political and legal practices) determinethe scope
of political and civil rightsenjoyed by the peopl e of agiven 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
rakhisaround trees are based on cultural traditions. The cutting down of treesis
a seen as violations of socioeconomic rights—second generation rights. This is
seen asadirect violation of customary international law or the sovereign borders
of the indigeous sector.

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

Major Activities in Forests

Timber extraction: Logging for valuabletimber such as Teak and Mahogany not
only involvesafew largetreesper hectare, but about adozen moretreessincethey
arestrongly interlocked with each other by vinesand construction of roadsin forest
causesfurther damageto the forests.

Mining: Mining operationsfor extracting mineralsand fossi| fuelslike coal often
involvevast forest areas. Mining from shallow depositsisdone by surfacemining,
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whilethat from deep depositsis done by sub-surface mining. Morethan 80,000 ha
of landinthiscountry ispresently under the stressof mining activities. Mining and
itsassociated activitiesrequireremoval of vegetation along with the underlying soil
mantle and overlying rock masses. This results in defacing the topography and
destruction of thelandscapeinthe area.

Large-scal e deforestation hasbeen reported in Mussorieand Dehradun valley
duetoindiscriminatemining of variousmineral sover alength of about forty kilometres.
Theforested areahasdeclined at an averagerate of 33 per cent and theincreasein
non-forest areadue to mining activitieshasresulted inrelatively unstable zones,
leadingtolanddides.

Indiscriminate mining in forests of Goasince 1961 has destroyed more than
50,000 haof forest land. Coal mining in Jharia, Raniganj and Singrauli areashave
caused extensive deforestation in Jharkhand. Mining of magnesite and soap-stones
havedestroyed 14 haof forest inhill dopesof Khirakot, Kos valley, AlImora. Mining
of radioactiveminerasin Keraa, Tamilnadu and Karnatakaare posng smilar thregts
of deforestation. Therich forests of Western Ghats are al so facing the same threat
dueto mining projectsfor excavation of copper, chromite, bauxite and magnetite.

Mining Engineer ng: Mining engineeringisafield that involves many of the other
engineering disciplines as applied to extracting and processing mineralsfrom a
naturally occurring environment.

Theneedfor mineral extraction and production isan essentia activity of any
technically proficient society. Asmineralsare produced from within anaturally
occurring environment, disturbance of the environment as a result of mineral
productionisagiven. Modern mining engineers must therefore be concerned not
only with the production and processing of mineral commaodities, but also with the
mitigation of damage or changesto an environment asaresult of that production
and processing.

Thetwo primary types of mine are underground minesand open-pit mines.
Mineralsthat exist relatively deep underground (eg. some coal seams, gold and
somemetalliferousores) aregenerally recovered us ng underground mining methods.
Mineraslikeiron ore, shallow coal seamsand bauxite are usually recovered from
the surface by openpit mining.

Dams and their Effects on Forests and People

Big damsand riversvalley projects have multi-purpose usesand Pandit Jawaharla
Nehru used to refer to these dams and valley projects as “Temples of modern India’.
However, thesedamsare al so responsiblefor the destruction of vast areas of foredts.
Indiahasmorethan 1550 large dams, the maximum beingin the state of Maharashtra
(morethan 600), followed by Gujarat (morethan 250) and M adhya Pradesh (130).
Thehighest oneisTehri dam, onriver Bhagirathi in Uttarakhand and thelargest in
terms of capacity isBhakradam onriver Satluj in Himachal Pradesh.

Big damshave been in sharp focus of variousenvironmental groupsall over
theworld, because of severd ecological problemsincluding deforestation and socio-
economic problemsrelated totribal or native people associated with them.



The Silent Valley Hydro-Electric Project wasone of thefirst such projects ~ Nature of Environmental
situated in the tropical rain forest area of Western Ghats, which attracted much Studiesana haturel
concern of the people.

The crusade against the ecol ogical damage and deforestation caused dueto
Tehri damwasled by Shri Sunderlal Bahaguna, the leader of Chipko Movement. NOTES
The cause of Sardar Sarovar Dam related issues taken up by the environmental
activitist MedhaPatkar, joined by Arundhati Roy and BabaAmte.

For building big dams, large-scal e devastation of foreststakes place which
breaksthe natural ecol ogical balance of the region. Foods, droughtsand landdides
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, thetropical rainforests), weare
going to lose these speci es even before knowing them. These speciescould have
marvel ous economic or medicinal value and deforestation resultsin loss of this
storehouse of specieswhich have evolved over millionsof years.

2. Water Resources

Water isan indispensable natural resource on thisearth onwhich all life depends.
About 97 per cent of the earth’s surface is covered by water and most of the
animalsand plantshave 60-65 per cent water in their body.

Water ischaracterized by certain uniquefeatureswhich make it amarvel ous
resource. Theseareasfollows:

It exists as aliquid over a wide range of temperature, i.e., from 0 to
100°C.

It hasthe highest specific heat, dueto whichit warmsup and coolsdown
very dowly without caus ng fluctuationsin temperature, thereby protecting
theaquaticlife.

It has high latent heat of vapourization. Hence, it takes huge amount of
energy for getting vapourized. That iswhy it producesacooling effect as
it evaporates.

Itisan excellent solvent for several nutrients. Thus, it can serveasavery
good carrier of nutrients, including oxygen, which areessentia for life. It
can aso easily dissolve various pollutants and become a carrier of
pathogenic micro-organisms.

Dueto high surface tension and cohesion, it can easily risethrough great
heights, through treetrunkseven inthetallest of thetreeslike Sequoia.

It has an anamolous expansion behaviour, i.e., asit freezesit 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, theice keepsfloating, whereasthe bottom water remainsat
ahigher temperature and therefore, can sustain aguatic organismseven
inextremecold.
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Thewater we use keeps on cycling endlessly through the environment. This
isknown asthe hydrological cycle. We have enormous resources of water on earth
amounting to 1404 million km3. Thewater from variousmoi st surfaces evaporates
and again fallson the earth in the form of rain or snow and passesthrough living
organismsand ultimately returnsto the ocean. Every year about 1.4 inchthick layer
of water evaporatesfrom the oceans, morethan 90 per cent of which returnsto the
oceans through the hydrological cycle. Solar energy drives the water cycle by
evaporating it from various bodies, which subsequently returnthrough rainfall or
snow. Plantstoo play avery vital role by absorbing the groundwater from the soil
andreleasingit into the atmosphere by the process of trangpiration.

Global digtribution of water resourcesisquite uneven depending upon severa
geographic factors. Tropical rain forest areasreceive maximumrainfall, whilethe
major world deserts occur in zones of dry, descending air (20-40° N and S) and
receivevery littlerainfall.

Water Use and Overexploitation

Duetoitsunique properties, water hasmultipleusesfor al living organisms. Water
isabsolutely essential for life. Most of thelife processestake placein water contained
in the body. Uptake of nutrients, their distribution in the body, regulation of
temperature, and removal of wastesare all mediated through water.

Water isused by humansin thetwo following ways:
1. Water withdrawal: Thisinvolvestaking water from groundwater or
surface water resource.
2. Water consumption: Here, thewater which istaken upisnot returned
for reuse.

Water: A Precious Natural Resource

Although water isvery abundant on earth, yet it isvery precious. Out of thetotal
water reservesof theworld, about 97 per cent issalt water (marine) and only 3 per
cent isfresh water. Even thissmall fraction of fresh water isnot availableto us;
most of itislocked upinthepolar icecapsand just 0.003 per centisreadily available
tousintheform of groundwater and surface water.

Overuse of groundwater for drinking, irrigation and domestic purposes has
resultedin rapid depletion of groundwater in variousregionsleading to lowering of
water tableand drying of wells. Pollution of many of the groundwater aquifershas
resulted in making thesewel Isunfit for consumption.

Riversand streams have long been used for discharging of wastes. Most of
thecivilizations have grown and flourished on the banks of rivers, but unfortunately,
growth in turn hasbeen responsiblefor pollution of therivers.

Groundwater : About 9.86 per cent of thetotal fresh water resourcesisintheform
of groundwater and it isabout 35-50 timesthat of surface water supplies.

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



Surfacewater : When thewater formed through precipitation (rainfall, snow) does ~ Nature of Environmental
not percolate down into the ground or does not return to the atmosphere through Studiesana haturel
evaporation or transpiration loss, it assumes the form of streams, lakes, ponds,

wetlandsor artificial reservoirsknown assurfacewater. The surfacewater islargely

usedfor irrigation, industrial use, public water supply and navigation. Asyou know, NOTES

a country’s economy is largely dependent upon its rivers.

The problemsarising out of water resources are floods and droughts. Apart
from these, there are conflictsover water. Indispensability of water and itsunequal
distribution has often led to inter-state or international disputes. Issuesrelated to
sharing of river water have been largely affecting our farmers and al so shaking our
governments. Some major water conflictsare: a) Water conflictinthe Middle East-
countries involved are Sudan, Egypt, Turkey—it also affects countries who are
water starved, viz., Saudi Arabia, Kuwait, Syria, Israel and Jordan, b) The Indus
Water treaty isdispute between Indiaand Pakistan, ¢) The Cauvery water dispute-
involvestwo major southern statesof India, viz. Tamilnadu and Karnataka. Similarly,
the Satluj-YamunalLink canal dispute aso involvestwo northern states, viz. Punjab
and Haryana. Affected statesinclude UP, Rajasthan aswell asDelhi.

Intraditional water management, innovative arrangements ensure equitable
distribution of water. The ‘gram sabhas’ approve these plans publicly. While water
di sputes between states and nations often resume battle-like situations, our traditional
water managersin villagesproveto be quite effective.

Big Dams: Benefits and Problems

The benefitsand problems of big damsare mentioned bel ow:

Benefits

River valley projectswith big damshave usually been considered to play akey role
inthe developmental processdueto their multiple uses. Indiahasthe distinction of
having thelargest number of river valley projects. These damsare often regarded
asasymbol of nationa development. Such projectsresultin 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 floodsand
famines, generated ectricity and reducewater and power shortages, provideirrigation
water to lower areas, providedrinking water in remote areasand bring about overall
development of theregion.

Environmental problems

Theenvironmental impact of big damsare also too many, dueto which very often,
big dams become an issue of controversy. Theimpacts can be at the upstream as
well asthedownstream levels.

Upstream problems:
- Displacement of tribal people
- Lossof forests, floraand fauna
- Changesin fisheries and the spawning grounds
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- Siitation and sedimentation of reservoirs

- Lossof non-forest land

- Stagnation and waterl ogging near reservoir

- Breeding of vectorsand spread of vector-borne diseases
- Reservoir induced selsmicity (RIS) causing earthquakes
- Growth of aquatic weeds

- Microclimatic changes

Downstreamimpacts:
- Waterlogging and salinity dueto overirrigation
- Micro-climatic changes
- Reduced water flow and silt depositioninrivers
- Hashfloods
- Sdtwater intrusion at river mouths

- Lossof landfertility along theriver since the sedimentscarrying nutrientsget
deposited inthereservoir

- Outbreak of vector-bornediseaseslikemaaria

Thus, damsare built to servethe society with multiple uses, but it has severa
seriousside-effects. That it why, now thereisashift towards construction of small
damsor mini-hydel projects.

3. Mineral Resources

Minerdsarenaturaly occurring, inorganic, crystaline solidshaving definitechemica
composition and characteristic physical properties. Therearethousandsof minerals
occurringindifferent partsof theworld. However, most of therockswe see everyday
arejust composed of few common mineralslike quartz, feldspar and biotite. These
minerals, inturn, are composed of some elementslike silicon, oxygen and iron.

Minerdsaregeneraly used for the devel opment of industria plants, generation
of energy, congtruction, equipment and armament for defence, transportation, medica
system, communication, jewellery—gold and silver.

Environmental impactsof mineral extraction are devegetation and defacing
of landscape, subsi dence of land, groundwater contamination, surfacewater pollution,
air pollution and occupationd health hazards.

Environmental Effects of extracting and using Mineral Resour ces

Much of theimpact of mining and quarrying isobvious. The disruption of land
otherwise suitablefor agricultural, urban or recreationa use; the deterioration of the
immediate environment through noise and airborne dust; and the creation of ore of
the most dangerous environmentsfor workers and potentially hazardousfor the
publicareall environmenta problemsassociated with mining.

Water passing through the minesor dumpsbecomesacidified, later findingits
way into rivers, streamsor the local groundwater system. Many streams can be
affected by abandoned mineworks.
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Case Example: Tracking Health and Well-being NOTES

in Goa’s Mining Belt
New toolspromotethe sustainabledevel opment 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 acrossthe middle of thistiny state, accountsfor 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, forestsrazed, 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 concernsaside. Where
this story differs, though, isin the steps being taken to change the narrative.

Thesearchfor 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....’

Buildinglocal 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....”

The common set of coreissues 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 theregion: education, basic amenities,
rent-sharing with locals, training opportunities, and health care facilities
Social and community relations. nongovernmental organizations’ interference,
political interference, mediaunder-reporting of problems, cosmetic attention
to problems, and consultation
- Effective administration: rule enforcement, goals achieved, and accountability
Working fromthis core set of issues, the TERI researchers devel oped threetools
for measuring theimpact of mining activitiesand their effect onwell-being: (i) a
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set of environmental and social performanceindicatorsto measure the economic,
environmental, and social costs of mining; (ii) a ‘quality of life” instrument to
assess the well-being of peoplein 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 socia performance indicatorsis to measure
trends. ... The TERI team developed indicators for each of the stakeholder
groups. For mining companies, for example, whether wastewater wastreated and
tailings water was recycled served asindicators of environmental performance.
Invillages, water levelsin wellsand rivers served asindicators of environmental
quality. Because monitoring was done by government agencies, they also served
as indicators of good environmental governance....

M onitoring quality of life

In devel oping 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. ...

... InGoa, 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 sustainabledevelopment

Therole of mining in sustainable development isoneissue 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 afinitelife span, can beintegrated with social
and environmental concerns in a way that promotes long-term community
development.

The approach adopted by the TERI team places amonetary value on the effects
of mining, such asair 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, thiswould 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
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 costsof mining. To ensurethe 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 devel opment.

A gepforward

Thetools, the TERI team have devel oped 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
goalsor standards, if they want to act toward improved conditionsfor themselves.
And government officialsknow thereisaccessto 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.

For moreinformation

Dr LigiaNoronha

Western Regional Centre

Tata Energy Research Ingtitute

Sindhur, C-21, LaCitadel Colony, DonaPaula

Goa- 403004, India

Phone: (+91-0832) 2456064/2456053

Fax: (+91-0832) 2456053

Email: ligia@teri.resin

4. Food Resources

Therearethousandsof edible plantsand animalsin theworld over, yet only about
three dozen types constitute the major food of humans. The main food resources
includewhest, rice, maize, potato, barley and oats and about twenty or so common
fruitsand vegetables, milk, meat, fish and seafood.

World food problems: Every year food problemiskillingasmany peopleas
werekilled by the atomic bomb dropped on Hiroshimaduring World War 11. This
showsthat thereisadrastic need to increasefood production, equitably distribute it
and dsoto control population growth. Although, Indiaisthethirdlargest producer of
staplecrops, an estimated 300 million Indiansare till undernourished. Indiahasonly
half asmuch land asUSA, but it hasnearly threetimesthe popul ation to feed. Our
food problemsaredirectly rel ated to popul ation.

Because of overgrazing, the agricultural land gets affected asfollows:

Land degradation
Soil eroson
Lossof useful species
Agriculture also makesan impact on the usage of land asfollows:
Deforestation
Soil eroson
Depletion of nutrients
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Theimpact of modern agricultureisasfollows:
Impact related to highyielding varieties(HY V).
Fertilizersrdaed problemsincludemicronutrientimbal ance, nitritepollution
and eutrophication.
Pesticide-related problems include creating resistance in pests and
producing new pests, death of non-target organisms, biological
meagnification.
Some other problemsincludewaterl ogging and sdinity 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 onitisreduced well below for theland, or, if theland isnot cultivated, it
cannot be put to itsnormal use because of the high subsoil water table.

‘Salinity control’ is defined as the physical control, management, and use of
water and related |and resourcesin such away asto maintain or reduce salt loading
and concentrationsof saltin water supplies. Drainageof irrigated landisrequired to
reduce waterl ogging and soil salinization that inevitably accompanieswaterl ogging
inarid zones. At present, about 20-30 million hectaresof irrigated land are serioudy
affected by salinity.

Case Example: 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 quaity and safety of food for human consumption. These concerns
have been prominent ininternational statements, most recently the International
Conference on Nutritionin 1992. International policy commitmentshaveinturn
been associated with modest increasesin resource flowsto nutrition and related
fields, not just to savelivesin famines, but also to help achieve food and nutrition
goasinthelonger term.

Recently, an aternative 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
givento agricultural research and to investments designed to increase agricultural
productivity and production. The case is said to be strengthened by structural
changesin the world economy, including the changesin 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 Nature of Environmental
of the changing geographical and socio-economic characteristics of hunger in Sudies and Natural
the world, and of poor people’s perceptions of their malnutrition-related problems. Resources
In the immediate future, this will mean increased attention to the production
potential of poor peopleliving in resource-poor aress, to the promotion of secure
and sustainable livelihoodsin Africa, to the needs of female-headed households NOTES
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.

Becauseit isimperative to assure a sustainabl e 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
investmentsin 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 sametime, and in aworld where aid resources areincreasingly
scarce, the additional resources required to addressissues 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 anationisusually considered asan index of itsdevel opment.
Thisis because amost all the development activities are directly or indirectly
dependent upon energy. Therearewidedisparitiesin per capitaenergy use between
the devel oped and the devel oping 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 hasa so been used. Invention of steam enginesreplaced the burning of
wood by coal and coal wasfurther replaced by oil.

Energy resourcesare primarily divided into two categories, viz. renewable
and non-renewabl e sources.

Renewable energy resources must be preferred over the non-renewable
resources. Thiswill seek to end the energy crisiswhichtheworldisfacingtoday. It
isinevitabletruth that now thereisan urgent need of thinkingin antermsof dternative
sourcesof energy, which are a so termed asnon-conventional energy sources. These
include: 1. solar energy, 2. wind energy 3. hydropower, tidal energy, ocean thermal
energy, geothermal energy, biomass, biogasand biofuels.

The non-renewabl e energy sourcesinclude coal, petroleum, natural gasand
nuclear energy.

Self-Instructional Material 29



Nature of Environmental
Sudies and Natural
Resources

NOTES

30 Self-Instructional Material

6. Land Resources

Land as a Resource

Land isafiniteand valuabl e resource upon whichwe depend for our food, fibreand
fuel wood—the basic amenities of life. Soil is also a valuable resource.

Land Degradation

Because of increasein population, the demandsfor arableland for producing food
and fuel wood isalso increasing. Hence, thereismore and more pressure on the
limited |and resourceswhich are being depl eted dueto overexploitation. Soil erosion,
waterlogging, salinization and contamination of thesoil withindustria wasteslikefly
ash, pressmud or heavy metalsall cause degradation of land.

Soil eroson: Soil eroson meanswearing away of soil. Itisdefined asthe movement
of soil components, especialy surface-litter and top soil from one placeto another. It
resultsinthelossof fertility.

It isbasically of two types, viz, normal erosion or geological erosion and
accelerated erosion. The agentsthat cause such erosions are climatic agentsand
biotic agents. Windisal so respons blefor land eros on through saltation, suspension
and surface creep.

Inorder to prevent soil eros onand conservethesoil, thefollowing conservation
practicesare employed:
- Conservationd till farming
Contour farming
Terracing
Stripcropping
Alley cropping
Wind breaksor shelterbelts
Waterlogging

Man-induced Erosions

In order to provide food and shelter, man has cut down forestsindiscriminately,
allowed grazing of grasses excessively and ploughed the land and exposed it to
naturewith theresult that eros on of soil has been faster than it wasformed.

Thisis man - made erosion and is aresult of bad land management. The
worst form of cultivationisshifting cultivation. Thepracticeiscommonwith tribal
communties. They fell theforest and burn all vegetation and cultivatethe cleared
areasfor twoto three yearsand then abandon them for someyears. Thisaccelerates
erosion and many good hill lopes have been denuded of vegetation and top soil,
making them barren.

L anddides: Variousanthropogenic activitieslike hydroel ectric projects, large dams,
reservoirs, construction of roads and railway lines, construction of buildingsand
mining areresponsiblefor clearing of large forested aress.



Desertification: Itisaprocesswhereby the productive potential of arid or semiarid
landsfallsby ten per cent or more. Desertification ischaracterized by devegetation
and loss of vegetal cover, depletion of groundwater, salinization and severe soil
erosion. Thecausesof desertification are deforestation, overgrazing and mining and

quarrying.
1.3.3 Roleof an Individual in Conservation of Natural Resources

Different natural resourceslikeforests, water, soil, food, mineral and energy resources
play avital rolein the development of anation. With our small individual effortswe
can help in conserving our natural resourcesto alarge extent. Thefollowing are
some of theways:

Conserve Water

1
2.

7.

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

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

. Install water-saving toiletsthat use not morethan six litres per flush.
. Check for water leaksin pipesand toiletsand repair them promptly.
. Reuse the soapy water of washing from clothesfor gardening, driveways,

etc.

. Water the plantsand the lawnsin the evening when evaporation losses are

minimum. Never water the plantsin mid-day.
Install asystemto capturerain water.

Conserve Energy

1
2.

6.
7.
8.

Turn off lights, fansand other appliances, when notin use.

Obtain asmuch hesat as possiblefrom natural sources. Dry the clothesin sun
instead of using dryers.

. Usesolar cooker for cooking which will make the food more nutritiousand

will saveyour L PG expenses.

. Build your house with provision for sunspace which will keep your house

warmer and will providemorelight.

. Driveless makefewer tripsand use public transportationswhenever possible.

Shareacar-pooal, if possible.

Control theuseof air conditioners.

Recycle and reuse glass, metalsand paper.

Usebicycleor just walk down small distancesinstead of using an automabile.

Protect the Sail

1

Grow different typesof ornamental plants, herbsand treesin your garden.
Grow grassinthe open areaswhichwill bind the soil and prevent itserosion.
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2. Make compost from your kitchen wasteand useit for your kitchen-garden.

3. Donot irrigate the plantsusing astrong flow of water asit would wash of f

thesoil.

4. Better usesprinklingirrigation.

Promote Sustainable Agriculture

1
2
3
4

. Do not waste food; Take only as much asyou can eat.
. Reducetheuse of pesticides.

. Fertilizeyour cropswith organic fertilizers.

. Usedripirrigation.

. Eat local and seasonal vegetables.

. Control pests.

© 0 N O

10.

CHEcK YOUR PROGRESS

. Definenatural resources.

. Enlist the categories of natural resources.

. What arethe ecol ogical benefits of forests?

. What isour roleasanindividual inthe conservation of water?

Therich have gonericher and the poor have become poorer. Cantherebe
abalanced distribution of resourcesand wealth?

1.4

SUMMARY

- Environmental science, in its broadest sense, is the science of complex

interactions that occur among the terrestrial, atmospheric, living and
anthropol ogical environments.

- Economic environment refersto all those factors or forceswhich contribute

to the economic impact on the man, hisactivitiesand hisregion.

- Thecultural environment istheimprint of man’s activities, his occupation and

utilization of the physical resourcesfor hisown benefit. All manmadefeatures
suchashuildings, settlements, roadsand plantation arecalled cultural features.

- Political environment refersto theinfluence exerted by thethreemain political

ingitutions, viz. legidature, executiveand judiciary. It hel psto shape, direct,
develop and control many of the human activities including the business
antipollutionlaws.

- Thescopeof environmental scienceand itsmanagement hasincreased 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 strategiesthat combine environmental progresswith economic
growth.

- Environmental studiesisanimportant but neglected body of knowledge. It
concernsitsalf withlife support sysem andisclosely related with devel opment
and economic growth.

- 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 isthe only organism who has
disrupted thisdelicate balance.

- Resourcesthat can be replenished through rapid natural cyclesare known as
renewableresources.

- Theresourcesthat cannot be repleni shed through natural processesareknown
asnon-renewabl e resources,

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

- Theseresourcesarelimitedin nature and they are non-maintainable, e.q.,
coal, petrol and someminerals.

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

- Theforested areain Indiaseemsto have stabilized since 1982 with about
0.04 per cent declinein deforestation annual ly between 1982-90.

- Mining Engineeringisafield that involves many of the other engineering
disciplinesas applied to extracting and processing mineral sfrom anaturally
occurring environment.

- For building big dams, large-scal e devastation of foreststakesplacewhich
breaksthe natural ecological balance of the region. Floods, droughts and
landdlidesbecome moreprevaent in such areas.

- Water is an indispensable natural resource on this earth on which al life
depends.
- Although water isvery abundant on earth, yet it isvery precious. Out of the

total water reservesof theworld, about 97 per cent issalt water (marine) and
only 3 per cent isfresh water.

- Minerdsarenaturally occurring, inorganic, crystalline solidshaving definite
chemical composition and characteristic physical properties. There are
thousandsof mineralsoccurringin different partsof theworld.

- There arethousands of edible plants and animalsthe world over, yet only
about three dozen types constitute the major food of humans. Themainfood
resourcesincludewhest, rice, maize, potato, barley and oatsand about twenty
or so common fruitsand vegetables, milk, meat, fish and seafood.
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- Energy consumption of a nation is usually considered as an index of its

development. Thisisbecauseamogt dl the devel opment activitiesaredirectly
or indirectly dependent upon energy.

- Energy resourcesare primarily divided into two categories, viz. renewable

and non-renewabl e sources.

- Landisafiniteand valuable resource upon which we depend for our food,

fibre and fuel wood—the basic amenities of life. Soil is also a valuable resource.

- Becauseof increasein popul ation, the demandsfor arableland for producing

food and fuel woodisa soincreasing.

- Soil eroson meanswearing away of soil. It isdefined asthe movement of soil

components, especially surface-litter and top soil from one placeto another.
It resultsinthelossof fertility.

1.5 KEY TERMS

- Environment: Itisthesumtotal of water, air and land, theinter-rel ationships

among them and also with human beings, other living organismsand property.

- Environmental Sudies: It isthestudy of 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, isconnected to another, how the samething can be
understood from different perspectives, perspectivesthat are often rootedin
different disciplines.

- Environmental Science: Initsbroadest sense, it isthe science of complex

interactions that occurs among the terrestrial, atmospheric, living and
anthropol ogica environments. Itincludesal the disciplinessuch aschemidry,
bi ol ogy, sociol ogy and government that affect or describetheseinteractions.

- Environmental Chemistry: It may be defined asthe study of the sources,

reactions, transport, effectsand fates of chemical speciesinwater, soil, and
air environmentsand the effects of technol ogy thereon.

- Economic Environment: It refers to al those factors or forces which

contribute to the economic impact onthe man, hisactivitiesand hisregion.
Resources, industrial production, popul ation, agriculture, infrastructure and
the various stagesin the economic devel opment like economic conditions,
economic policies, economic planning, economic philosophy, economic system
and trade cycle aremgjor internal and external factorswhich make up the
total economic environment.

- Political Environment: It refersto theinfluence exerted by thethreemain

political indtitutions, viz. legidature, executiveandjudiciary. It helpsto shape,
direct, devel op and control many of the human activitiesincluding thebusiness
antipollutionlaws.



Nature of Environmental

1.6 ANSWERS TO ‘CHECK YOUR PROGRESS’ Studies and Natural

Resources

1. Environment isthesum total of water, air and land with an inter-relationship
among human beings, other living organismsand property. NOTES

2. Environmental science may be defined asthe study of the earth, air, water
and living environments and the effects of technol ogy thereon. Thisdiscipline
of natural history in recent times has evolved into ecology, the study of
environmental factorsthat effect organismsand how organismsinteract with
thesefactorsand with each other.

3. Natural ecosystemincludesboth physical and natural resources.

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

5. Mediais playing a major role in creating awareness among people by
tel ecasting Vari ous advertisements, documentaries, featurefilms, etc. Also
newspaper and other magazines are publishing a lot of articles on the
environment to create awareness.

6. Natural resourcesaredefined asaform of energy whichisessential for the
functioning of organisms, popul ationsand ecosystems.

7. Forest resources, water resources, mineral resources, food resources, energy
resources and land resources arethe categories of natural resources.

8. Theecological benefitsof forestsare asfollows: Trees produce oxygen by
photosynthesswhichissovital for life on earth. The greenhouse gascarbon
dioxideisabsorbed by theforest asaraw material for photosynthesis, thereby
reducing the problem of global warming caused by CO,.

It providesshelter to wild animalsand helpsin binding soil particlestightly to
thelir roots and prevents soil erosion. Forests can absorb many toxic gases
and can helpin keepingtheair pureand clean.
9. Our small individual efforts can together help in conserving the natural
resources. Some of the waysto conserve natural resources are asfollows:
Do not keep water taps running while brushing, shaving, washing or
bathing.
Inwashing machines, fill water only tothelevel required for our clothes.
Install water-saving toiletsthat use not morethan six litres per flush.
Check for water leaksin pipesand toiletsand repair them promptly.
10. Yes, there can be a balanced distribution of resources and wealth. Rich
countrieswill havetolower their consumption levelsand 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 al.
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1.7 QUESTIONS AND EXERCISES

Short-Answer Questions

1. “Ifyou 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. Do you agree that both underdeveloped and developing countries and
devel oped countries create damages, depletion and pollution? Give reasons
for your answer.

3. What isthe major challenge faced by environmental chemistry?
4. What are renewable and non-renewabl e resources? Give exampl es.

Long-Answer Questions
1. What isthe need for studying environment i ssues?
2. What isthe scope of environmental education?
3. How would environmental awarenesshelp to protect our environment?
4

. Discussthe mgjor usesof forests. How would you justify that ecological uses
of forest surpassitscommercial uses?

6]

. What are the major causes and consequences of deforestation?

. What are major causesfor conflictsover water? Discuss oneinternational
and oneinterstate water conflict.

(o))

7. What are the uses of varioustypes of minerals?
8. What arethemajor environmental impactsof mineral extraction?
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2.0 INTRODUCTION

Itisessentid to first grasp the fundamental sof ecology in order to understand the
environment. The word ecology comes from the Greek word Oikos, meaning a
house or placeto live. Taken literally, ecology refersto the study of organismsin
their natural habitat. Ecology isconcerned with the study of organismsin various
habitats, viz. land, oceans, fresh water and air. Ecology can also be defined asthe
study of the structure and functions of nature. Ecologiststry to predict what will
happen to organisms, popul ation, or communitiesunder aparticul ar set of habitat.

For practical purposes, we can consider ecology asthe study of organisms
and their environment. In other words, it isthe study of theinterrel ations between
living organismsand their environment. Ecology proceedsat threelevels. (1) the
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individual organism (2) the population (cons sting of individual sof the same species)
and (3) thecommunity (consisting of number of popul ations).

At thelevel of the organism, ecology deal swith how individuals affect the
ecosystem and vice versa. For example, the greenhouse effect isareal danger, and
theimplicationson human life asthe earth heatsup further are dangerous. At the
level of popul ation, ecol ogy deal swith the presence or absence of aparticular species
andwithtrendsand fluctuationsintheir numbers. To understand popul ation fluctuation,
the changesthat are happening to individual s making up the popul ation are anal ysed.
Community ecol ogy deal swith the composition or structure of communities, and the
natural resources affected by them. Communitiesare not constant but are continually
changing because of interactionsamong the popul ation and because of disturbances
caused by climatic and geol ogical eventsaswell ashuman activities.

Ecology isabranch of sciencethat deal swith theinter-rel ationship between
biotic (living) and abiotic (non-living) components of nature aswell aswith the
relationshipamong theindividuas, popul ation and community of the biotic components.

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), 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
includesall the popul ationsof agiven area, called habitat.

Ecology playsasignificant rolein our day-to-day life. It isconcerned with
agriculture, horticulture, conservation of soil, forest, wildlife, water resources, etc.

Thisunit will aso talk about the concept of biodiversity. If we divide the
wholeearthinto 10 billion parts, itisonly one part wherelifeexistsand the 50 million
speciesareall restricted tojust about akilometre-thick layer of soil, water and air. It
isindeed wonderful to seethat so much diversity hasbeen created by natureonthis
earth from solittle physical matter.

Biodiversity refersto the variety and variability among all groupsof living
organismsand the ecosystem complexesin which they occur.

Inthe Convention of Biological Diversity, 1992, biodiversity hasbeen defined
asthevariability amongliving organismsfromal sourcesincludinginter dia, terredtrid,
marine and other aquatic ecosystemsand the ecological complexes of whichthey
areapart of.

Biodiversity means the variety and variability of al living organisms.
Biodiversity congtitutesthebiological wedlth. Biodiversity isat threelevelsgenetic
diversity, speciesdiversity and ecosystem diversity.



2.1 UNIT OBJECTIVES

After going through thisunit, you will beableto:
- Discussthe concept of ecosystem
- Describethe structure and functions of an ecosystem
- Identify the energy flow in an ecosystem
- Explainthe concept of ecological succession
- Learnthe concept of biodiversity
- Assessthevarioustypesof biodiversity

2.2 CONCEPT OF AN ECOSYSTEM

Anorganismisaformof life. A widerange and variety of organismsare present on
earth from the single-celled amoebato huge sharks, from microscopic blue-green
algaeto massive banyan trees. Itincludesall plantsand animals.

Species

Group of organismsthat resemble one another in appearance, behaviour, chemistry
and genetic structure form a species. Organisms of the same species can breed
with one another and producefertile offspring under natural conditions. For instance,
all human beings (Homo sapiens) resembleone another intheir body structure, body
systemsand they all have similar genetic structure. They are thus grouped together
under the speciesand sapiens.

Population

Populationisagroup of individual sof the same speciesoccupying agiven areaat a
giventime. For example, theAsaticlionsinthe Gir National Park, Gujarat, makea
population. Group of individua organismsof the same specieslivingwithinan area
iscaled population.

Communities

Groups of various species occupying aparticular areaand 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 popul ations of all kindsof lifeforms present
there. Thus, community comprisesseveral speciesinteracting with each other.

Any assemblage of populationslivingin aprescribed areaor physical habitat
that has characterigticsin addition to itsindividual and population componentscan
be called acommunity.

Cycles

Thecirculation of the chemica e ementsin the biosphere, from the environment to
organismsand back to the environment, iscalled cycle.
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Food Chain

Thetransfer of food energy fromits sourcein plantsthrough aseriesof organisms
where eating and being eaten isrepeated anumber of timesiscalled food chain.

Carrying Capacity

The maximum population of aparticular speciesthat agiven habitat can support
over agiven period of timeisknown asthe carrying capacity of the habitat.

Ecosystem: An ecosystem isacommunity of organismsinvolved in adynamic
network of biological, chemical and physical interactions between themselvesand
withthe non-living components. Suchinteractionssustain thesystemand alow it to
respond to changing conditions. Thus, an ecosystem includesthe communities, the
non-living componentsand their interactions. The Gir ecosystemwill thusinclude
thevariouslifeformsfound in the park (the community) and also the non-living
componentsof the park likethe soil, rocksand water and even the solar energy that
iscaptured by the plants.

Thesumtotal of all the ecosystemson planet Earth is called the biosphere,
whichincludesal livingorganismson earth, interacting with the physical environment
asawhol e, to maintain asteady-state ecosystem.

The community of organismsand popul ationsthat areinteracting with one
another and with the chemical and physical components of their environment is
called “ecosystem’.

Theterm ecosystem wasfirst proposed by A.G Tand ey (1935) who defined
ecosystem as follows: ‘Ecosystem is defined as a self-sustained community of plants
and animals existing in its own environment.’

Odum (1971) defined ecosystem asany unit that includesall the organismsin
agiven areainteracting with the physical environment, so that aflow of energy
givesrisetoaclearly defined tropic structure, biotic diversity and material cycles
withinthe system.

Michael Allaby (1983) defined ecosystem asacommunity of interdependent
organismstogether with the environment.

Theterm ecosystem ismade up of two words: eco and system. ECo means
ecological sphereor aregion of spacewhereliving thingscan exist, while system
mean interacting organismsliving in aparticular habitat (living space). Thus, the
system resulting from theintegration of dl theliving and non-living factorsiscalled
ecosystem.

An ecosystem may be defined as a dynamic entity composed of abiological
community and its associated abiotic environment. Often, the dynamic interactions
that occur within an ecosystem are numerous and complex. Ecosystems are
always undergoing alterationsin their biotic and abiotic components. Some of
these alterations first begin with a change in the state of one component of the
ecosystemn, which then cascades and sometimes, amplifiesinto other components
because of relationships.



Thermodynamically, asystemisany part of the universe separated fromthe
rest by awell-defined boundary. Likewise, aliving organism hasaboundary, the
Kin.

Thermodynamically, systemscan be of threetypes:

- | solated system: Thereisneither an exchange of energy nor matter with
theenvironment.

- Closed system: Thereisan exchange of energy but not matter.
- Open system: Thereisan exchange of both energy and matter.

Open systemsare not i nthermodynamic equilibrium but in adynamic steady
state. Living systemsare considered to be open.

In case of an ecosystem, the boundary isnot rigidly defined. The ecological
system or ecosystem is defined as a system where the biotic community (living
organisms) and the non-bi otic (non-living organi sms) environment function together
asone complete unit. Thus, an ecosystem includes both the living organismsand
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 structuretellsabout the diversity of
species, asfunction involvestheflow of energy and cycling of materia sthrough the
structural components. The earth as awhole, is thus a vast ecosystem and the
portion of the earthinwhichthebiotic components, i.e., theliving mattersare present
is called “‘biosphere’ or ‘ecosphere’. Relative to the volume of the earth, the biosphere
isonly avery thin surfacelayer that extendsfrom 11,000 metresbel ow sealevel to
15,000 metresabove.

Types of Ecosystem
Ecosystemisof two types: (1) Natural ecosystems(2) Artificial ecosystems.

Natur al ecosystems. Ecosystemslike ponds, lakes, oceans, forests, grasslands
and deserts, which are self regulating systems, without much direct human
interferencesor manipulaionsare called natural ecosystems. The natural ecosystem
isthus, of twotypes: (a) terrestrial ecosystem (land based ecosystem) (b) aquatic
ecosystem (water-based ecosystem).

Artificial ecosystems: Thetown, city and agricultural ecosystemsare man-made
ecosystemsand aretherefore, called artificial ecosystems.

2.2.1 Ecosystem Resources

For many years, Indian villagers have been dependent on forestsfor fuel-wood to
cook food. Deforestation wasnot vehement when the popul ation wasless. However,
with growing needs of the ever-increasing popul ation, the situation has changed
over thelast few decades. Forests and the animal sthey sheltered have disappeared.
Thedisruption of thisecosystem has negatively affected the social system. Increase
inthe human popul ation, deforestation, fuel shortage, decreased food production
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have adversely affected our ecosystem. Several human activities have impacted
the ecosystems and itscomponentsin away that achieving sustainability hasbecome
adistant reality.

Development is conventionally reconciled with the economists’ view of
maximizing wealth for better quality of lifefor the people. The notion of economic
development was challenged whentheill effects of overexploitation surfaced and
paved way for sustainabl e devel opment as a cherished goal that restson mutually
reinforcing rel ationship between ecol ogy, economic devel opment and socid justice.
Sustainable development can be defined as meeting present needs without
compromising theahility of futuregenerationsto meet their needs. Itisabout leaving
acleaner earth for thefuture generations. Ecol ogically sustainable development is
about keeping ecosystems healthy. It isabout interacting with ecosystemsin ways
that alow themto maintain sufficient functiond integrity to continue providing humans
and all other creaturesin the ecosystem thefood, water, shelter and other resources
that they need.

The sustainability of our planet depends on the respect we show to the
ecologica systems. Onthisreststhewell-being of al organismsincluding the human
race. Of late, ecosystems have been affected by: climate change; large-scale shifts
intherangesof species, timing of the seasonsand animal migration; deeply stressed
coadtdl areas, threat to certainimportant benefits provided by ecosystems; frequency
and aggressiveness of disastersliketsunami. Natural ecosystemsbenefit humans
by providing clean drinking water, and processesthat hel p decompose dead plants
andanimals.

Land

The delineable part of the earth not covered by water is known as land. Land
resources provide variousfunctions or servicesincluding provisoning, regulating
and supporting. However, the quality of the services reached its threshold as
communities started exploiting land resourcesin the name of meeting their own
needs. It isimportant to note that the renewal of land resourcesisaslow process.
Therate of degradation of land ismuch faster than the natural rate of generation.
Thismeansthat land that islost dueto degradation will not be naturally replaced
withinahuman timeframe. Thiswill lead to alossof opportunitiesfor thefuture
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 isnot alwaysavailable or affordable. Figure 2.1 provides
asnapshot of the causes of 1and resource degradation of theworld.
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Fig. 2.1 Causes of Land Resource Degradation
Source: http://www.env.go.j p/en/wpaper/1996/eae250008000002.gif

Degradation of land resourceshasresulted in seriousvariancein the energy
balance. The aftermath of thishas been made evident through the erratic changein
the climate patterns and has posed an alarming threat of food insecurity for the
growing population. Theneed of thehour isto promotetherole of ecosysemfacilitators
rather than exploiters, charged with the responsibility of safeguarding the rightsof
unborn generationsand of conserving land asthe basis of the global ecosystem.

Water

After air, no other ecosystem resource holds greater significance than water. Water
isafundamental resourcefor development andisvital for the survival, health and
dignity of human population. About 97.5 per cent of global water resourceissaline
innatureand found inthe seasand 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 2.2 providesa
comparison of worldwide water resource availability over arange of thirty years.
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Fig. 2.2 Comparison of Water Availability

Source: http://www.mlit.go.jp/english/2006/c_|_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 peoplewill beliving in water poverty by 2025. Urbanization,
overpopul ation and wastage of groundwater, contribute towardsan increasein per
capitadomestic consumption. Asaresult, India, China, Africaand Europewill face
acute shortage of freshwater by 2025. Indiawill face acute scarcity of water by
2050.

Sustainability of water resourcesin Indiaisfast becoming anecessity. The
increasing population and the high rate of development haveled to anincreasein
pollution, over-expl oitation and degradation of the environment. Weak government
policiesand economic incentiveshaveled to inappropriate use of water resourcesin
thelast few years. Management of water resources should be carried out using a
holistic approach that addressesthe pressures arising from varioussourcessuch as
theagricultural, industrial and domestic sectors.

Air
Understanding therel ationship between air pollution and ecosystem servicesisvital
for achieving sustainabl e devel opment of the communities. Air isapreciousresource

that suppliesuswith oxygen, whichisessential for us. Air quality primarily influences
the atmospherein which peopleliveand breathe.

Severd researches conducted globally on air pollution suggest that developing
nations are the most affected by it. Air pollutants such as nitrogen oxides (NO ),
ammonia (NH,) and sulphur dioxide (SO,) have major effect on the ecosystem
services. Theserange from substantial reductionsin food provisioning dueto crop
yieldimpacts (O,) to changesin the ecosystem functioning. Itislikely that these
impactsrepresent abarrier to providing sufficient crop growth to reduce hunger and
maintai ning diverse natural ecosystems.

Energy

Understanding thelinksbetween energy, poverty and ecosystem servicesisimportant
for attai ning sustainabl e devel opment. Increased accessto 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
devel opment nor isit sustai nablein termsof maintainingimportant ecosystem services
that can facilitateatransition out of poverty. Meeting the basi c energy needs of the
poor with minimized impactson the ecosystem services needed for other aspects of
sustai nabl e devel opment attainment such asfood production and livelihood support
isthusvital.

Other Resources

Another important ecosystem resource which isimportant to discussin the present
scenarioisbiodiversity. Biodiversity providesboth tangible and intangible benefits
likefood, fodder, fiber, fuel, climate regul ation, flood and drought control, nutrient
recycling, cultural and recreational benefits.



Devel opment processeslikeindustrialization and urbanization have brought
about |ossand degradati on of biodiversity throughout theworld. Today, severa species
of organisms, plants and animals are at the threshold of extinction and their
conservation isthe need of the hour. Identifying the importance of biodiversity,
attemptsare being made through following various gpproachesand different Srategies,
to conserveit. One of the prominent organi zationsin thisareaisInternational Union
for Conservation of Nature (IUCN) which has been doing remarkable work in
conservation of endangered species.

2.2.2 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 ecosystemn provides servicesto the human social system by theway
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 affectsthe ecosystem through use of ecosystem
resources for their survival needs. This relationship has been displayed in
Figure2.3.
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Fig. 2.3 Human-Ecosystem Interaction

Source: http://mww.gerrymarten.com/human-ecol ogy/images/01-1-english.jpg

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

Common Property Resources

Common Property Resources (CPR) include all such resourceswhich are meant
for common use of thevillagersbut not for individual possession. Theseresources
are an indispensabl e aspect of the social and institutional arrangements madeto
meet the everyday requirements of village communities. They are particularly
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important tothelandless, theagricultural |aboursand rural artisans. Usudly, common
property resources are identified by three factors—access, common use and
communal purpose. Thesetwo characterigtics distinguish it from aprivate good,
whichissubject to exclusive use and possession by individuals. Theseresources
arecommunity pastures and forests, wastel ands, common dumping and threshing
grounds, watershed drainages, village ponds, riversand other common pool water
bodies.

CPRsperform amajor roleasalife support system. In developing countries
likelndia, CPRsare animportant component of the resource base of both therural
aswell asurban communities. They contribute to the production and consumption
needsof the peopleinthesecommunities, aswell asbeyond. When properly managed,
CPRsensure the sustai nability of agro-ecological systems providing basic needs
and sustenancefor the poor.

Nearly everywhere, common property resources have been steadily reduced in
extent and importance in modern times. Activitieslike encroachment aswell as
privatization and government appropriation arethe main processesthat havetaken
resourcesout of communal control. Increasing pressuresonwhat isleft havegeneraly
led toits progressive degradation, encouraging further expropriation. The need of
the hour istherefore to resort to a more successful common property resources
management that has:

- Socia groupswithrightsto aclearly defined resource.
- Ability to exclude othersfrom using theresource.

- Set of userulesthat limit the seasonality, extent, or waysin which theresource
isextracted by individuals.

- Capacity to monitor use and enforcerul es.

Coexistence

Coexistenceisacommon architectural feature of ecosystems where autotrophs
and heterotrophsexist together inamutually interdependent, compul sory relationship
that ensurestheflow of energy and the constant recycling of vital chemical nutrients
through the ecosystem. Constant energy and nutrient flows areimportant if the
system hasto carry on asasdl f-sustaining collection of componentsand rel ationships
withinacertain physica environment.

Coexistence in relation to human—ecosystem interaction could be used to
explantherespectful and non-violent rel ationship between human beingsand different
specieslivinginagiven placeat any giventime. Theexamplethat followsisthat of
coexistence of urban ecosystem in chaparral of southern California.

Adaptive Development

Understanding the concept of adaptive devel opment pavesway for understanding
the notion of resilience and itsrel ationship with sustainabl e devel opment.

The capability of an ecosystem to endure disturbanceslike storms, fireand
pollution, without changingitsform, isknown asecosystem resilience. If aresilient



ecosystem isdamaged, it hasthe ability torepair itsalf. In aresilient ecosystem, the
procedure of repairing facilitates renewal and innovation. Without resilience,
ecosystems become more proneto the effects of disturbances, which could have
previousy been absorbed.

Clean and clear lakescan turninto dirty, oxygen-depl eted pools; grasdands
can be converted into shrub-deserts, and coral reefsinto algae-covered rubble. All
thesearearesult of acombination of disturbance patternscaused by human ateration
innature, and due to reduced socia and ecological resilience of ecosystems. Coral
reefs, mangroveforestsand other coastal wetlands shelter human settlementsfrom
coastal storms. Forests and wetlands help in absorbing floodwaters. Sadly, our
activitieshave depleted resiliencein many natural systemsto such an extent that
their ability to protect usfrom disturbances hasdeclined. Furthermore, theresilience
of many socia systemsto natural calamities hasbeen decreased astheincreasein
the human popul ation growth hasforced peopl e to settle down and conduct economic
activitiesinvulnerablearess.

2.2.3 Ecological Balance or Ecosystem Sability

Ecological balance or ecosystemn stability impliesabal ance between the production
and consumption of each component in the ecosystem.

According to T.D. Brock, ‘Steady state condition in nature ecosystem is a
timeindependent condition inwhich production and consumption of each congtituent
inthe system isexactly balanced, the concentration of all constituentswithin the
system remains constant, even though there occurs a continual change’.

Thereareanumber of theories, mechanismsand model sto explain the stability of
ecosystem. Theimportant onesare asfollows:

(i) Theory of Diversity or Sability

If thereisdiversity of food webs, it will lead to an increase in the number of linksin
thefood web and if community success on operatesin an ecosystem, the stability
will increase.

(i) Homeostatic M echanism

Inbuilt, self-regulating mechani sm isknown ashomeostatic mechanism. If withinan
ecosystem the popul ation of aspeciesincreasessgnificantly, theresult will bescarcity
of food, leading to competition for food. M ost specieswill dieof starvation and the
peciespopulation will be brought back toitsorigina value and the stability will be
restored.

(iii) Models

Theequilibrium, aswell asnon-equilibrium model can explain stability. Thus, if the
ecosystemisdisturbed by external factors, it may quickly returntoitsoriginal sate
by some adjustments, restoring the stability. However, if it doesnot returntoits

origina state, the disordered arrangement might lead to cross-rel ationshipsand make
the system stable.
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Ecological Instability

When an ecosystemisunableto adjust to the environmental changes, itissaidtobe
ungtable. Theingtahility occursdueto anumber of natural and anthropogenicactivities
such asdestruction of natural vegetation and animal species, partly or completely or
by replacing them by other vegetationsand animals, introduction of toxic substances
likeinsecticidesand pesticidesand toxic gaseslike SO, and NO,,

I mportance of Ecology

During the past decades, dueto rapidincreasein technology and population, humans
have far moreinfluenced their own environment than any other ecosystem.

Some quoted examplesof ecological crisisareasfollows:
- Permian: Triassic extinction over 25 million yearsago.
- Cretaceous: Tertiary extinction over 65 million yearsago.

- Global warming related to greenhouse effect could involve flooding of the
Asian deltas, multiplication of extremeweather phenomenaand changesin
the nature and quality of the food resources.

- Ozonelayer holeissue.
- Deforestation and desertification, resulting in disappearance of many species.

- Thenuclear meltdown at Chernobyl in 1986, caused the death of many people
and animalsdueto cancer and caused mutation in large number of people
andanimals.

The study of ecology helps usto understand the various primitive factors
responsiblefor the existence of lifeon earth. The survival and well-being depend
entirely ontheecological relationships. Although, ecology isconsidered abranch of
biology, ecology dealswith many other branches of science, such as chemistry,
physics, geol ogy, geography, meteorol ogy, pedol ogy, 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.

Case Exhibit: Natural Resources Being
Depleted at Record Rates

Theannual Vita Signsreport by the WorldWatch I nstitute identified fourty-four
trendsthat indicate that theworld is on a path toward irrevocabl e and damaging
global warming, and that climate change is not the only serious environment
issue confronting the global community. ‘The world is running out of time to
head off catastrophic climate change, and it is essential that Europe and the rest
of the international community bring pressure to bear on U.S. policymakersto
address the climate crisis,” Erik Assadourian, Vital Signs Project Director, said in
a statement made available to the press. ‘The United States must be held
accountablefor its emissions, double the per capitalevel in Europe, and should
follow the EU lead by committing to reducing itstotal greenhouse gasemissions
by 80 per cent by 2050.” The United States accounted for over 21 per cent of
global carbonemissionsfromfossil fuel burning in 2005. Raging firesin Greece,
flooding in England and intense heat waves across southeastern Europe are




early warning signs of climate change that should be headed, the non-profit
group said. Here are some of the facts presented in the report:

More wood was removed from forestsin 2005 than ever before.

Steel production grew 10 per cent to arecord 1.24 billiontonsin 2006, while
primary aluminum output increased to arecord 33 million tons. Aluminum
production accounted for roughly 3 per cent of global electricity use.

Meat production hit arecord 276 million tons (43 kilograms per person) in
2006.

Meat consumption isone of several factorsdriving rising soybean demand.
Rapid expansion of soybean plantations in South America could displace
22 million hectares of tropical forest and savannain the next twenty years.

Therisein global seafood consumption comes even as many fish species
become scarcer: 1n 2004, 156 million tons of seafood was eaten, an average
of three times as much seafood per person than in 1950.

The warming climate is undermining biodiversity by accelerating habitat
loss, atering the timing of animal migrations and plant flowerings, and
shifting some species toward the poles and to higher altitudes.

The oceans have absorbed about half of the carbon dioxide emitted by
humans in the last 200 years. Climate change is altering fish migration
routes, pushing up sea levels, intensifying coastal erosion, raising ocean
acidity, and interfering with currentsthat move vital nutrients upward from
the deep sea.

Source: http://www.thedailygreen.com/environmental -news/l atest/6628

CHEcK Y OUR PROGRESS

1. Wheredid wederivetheword ecology from?

2. What isan ecosystem?

3. Namethetwo types of ecosystem.

4. What do you understand by coexistencein an ecosystem?
5. Define Common Property Resources (CPR).

6. Statethe significance of homeostatic mechanism.

2.3 STRUCTURE AND FUNCTION OF AN
ECOSYSTEM

A system isan arrangement of matter related to form awhole (unit). Theliving
organisms (biotic community) of an areaand their non-living environment function
together asone unit called ecological system or ecosystem. Theterm ecosystem
wasfirg introducedin 1935. Intheecosystem, theliving organismsand itsenvironment
each influencesthe properties of the other and both are necessary for the survival
and maintenance of life. Some exampl es of natural ecosystemsare ponds, lakes,
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oceans, grassands, forests, deserts, and so on. Thelargest ecosystem of theearthis
the biosphere, which is self sufficient and balanced. Each ecosystem has two
components, i.e., biotic and abi otic substances. In short, ecosystem can be described
as ‘Life Support System’.

2.3.1 Components of Ecosystem

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

Biosphere—Thebiosphereisthebiologica component of earth systems. It consists
of all theliving organismson earth, along with the dead organic matter produced by
them. The concept wasintroduced by geologist Eduard Suessin 1875 andiscentra
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 isthat of a
biome. A biome is nothing but a large area comprising similar flora, fauna and
microorganisms. Biomescategorizethebiologica communitiesontheearth according
to similaritiesfound in the dominant vegetation, climate, geographic location and
variousother characteristics. Each of these categories containsspecies, which have
adapted to varying conditions of water, heat and soil. A biome consists of many
smilar ecosystemsthroughout theworld grouped together. Ecologistshaveidentified
at least fivemajor categories of biomesnamely, aquatic, desert, forests, grassands
andtundra. A biomeischaracterized by aunique set of abiotic factors, particularly
climate, and encompassesan 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
isfound in some locale, aswell 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 ecosystemsis called a biosphere. Figure 2.4 providesthe levels
of organization in ecology.
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Fig. 2.4 Levels of Organization in Ecology
Source: http://imww.ux1.eiu.edu/~cfruf/images/bio3002/els |e2.jpg
2.3.2 Sructure of an Ecosystem

However, all ecosystems consist of componentsthat can be categorized into two
main types, namely, abiotic components, consisting of chemical substancesand
physical conditionsthat support lifein the ecosystemn, and biotic components, which
includeall living organisms. Thereisa so some source of energy and interaction that
takesplaceinall ecosystems. Figure 2.5illustratesthe componentsof an ecosystem.

Ecosystem
Components

Biotic
Components

Abiotic
Components
| I
Climatic ) D
ecomposers
Factors Edafic Factors Producers Consumers p
J

Fig. 2.5 Components of an Ecosystem

1. Abiotic components: Abiotic componentsthat are responsiblefor creating
the physical environment of an ecosystem consist mainly of elementslike
energy, inorganic e ementsand compounds, dead organic matter and climate.

Self-Instructional Material 53



Ecosystems and
Biodiversity Conservation

NOTES

54 Self-Instructional Material

2. Bioticcomponents: Thebiotic componentsof an ecosysteminclude plants,
animals and microbes, i.e., the complete living community. The biotic
components can be further classified to include autotr ophsor producers,
heter otr ophsor consumersand saptotr ophsor reducers. Heterotrophsor
consumersobtain energy and nutrientsby feeding directly or indirectly onthe
autotrophs. Animasarethe primary heterotrophs. Plantsand animalsprovide
organic matter to the soil by shedding skins as well as through death.
Saprotrophsor decomposersare those organismsthat consume thisorganic
matter, which is called detritus. The organic matter that is consumed by
these organismsultimately transforms back into inorganic nutrientsin the
s0il. The plantscan utilize these nutrientsto produce organic compounds.

Autotrophs: Green plantsare generally considered asthe autotrophs.
(auto means ‘self’, trophic means ‘nourishing’)

The autotrophic componentsinclude green plants, photosynthetic bacteria,
chemosynthetic microbes, etc. Theautotrophic componentsareknown aspr oducer s.
Themain function of theseisto absorb energy from non-living organismsand make
itavailabletoal living organisms. Themain producersare, 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,
chlorophyllsand convert it to chemical energy with the hel p of inorgani c substances
such aswater and carbon dioxide, aswell asorganic substances such asenzymes.
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. Thebiochemical formulathat describes photosynthesisis:

6CO, + 6H,0 + Solar Energy %:.9!%¥'% CMH,0, + O,
Lower Energy Higher Energy

The oxygen thusevolved, isused for respiration by theliving 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-autotrophsasproducersisminimal in an eco-system.

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

Heterotrophic componentsaretheliving organismsthat are unableto prepare their
own food like autotrophs, but consume or decompose the complex food material
prepared by the autotrophsor producers. Heterotrophs, are thus of two types:

(&) Consumers
(b) Decomposersand transformers
(a) Consumers

Consumersaretheliving organismsthat consumefood prepared by producers. On
the basis of dependency on food habits, consumers can be of four types.



(1) Primary consumers, (ii) Secondary consumers, (iii) Tertiary consumers,
(iv) Decomposes and transformers.

(i) Primary consumers: Thosethat feed directly on green plantsand are
purely herbivorousanimals, e.g., cow, dove, buffalo, deer, elephants,
andinsectslike butterfly.

(i) Secondary consumers: Those that feed on primary consumers and
can be purely carnivorous (flesh eating) aswell asomnivorous (plants
andflesh eating), e.g., small birds, toad, lizard, small fish.

(iii) Tertiary consumers: Thosethat feed on secondary consumersand are
thetop carnivores. They can feed on primary consumersalso. Thus,
thetertiary consumersfeed on other carnivores, omnivorousaswell as
herbivorousanimals, e.g., lion, tiger, hawk, vulture, snake, peacock, large
fish, etc.

(b) Decomposersand Transformers

Decomposersared so 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 organismsto derivefood from them and can therefore,
be classified asdecomposers. The decomposersattack the dead bodies of producers
and consumers, degrading the complex organi c substances like cellul ose, semi-
cellulose, proteinsand fatsinto simple substances. Thetransformersthen convert
these simpl e organic substancesinto theinorganic form, suitablefor reuse by the
producers. The decomposersand transformersare very important microorganisms
which maintain the dynamic equilibriumin the eco-system.

2.3.3 Functions of an Ecosystem

An ecosystem has got two main functions, which are (1) Productive, and
(2) Digributive. Initsproductivefunction, it producesenergy, whichinitsdigtributive
functionisfurther passed on to the membersin the ecosystem. Autotrophs (producer)
produce energy through chlorophyll by trapping solar energy through aprocesscalled
photosynthesis. These autotrophs are then consumed by heterotrophs (consumer)
and hence energy ispassed on from producer to consumer.

Case Exhibit: Groundwater Resource In India,
Depleting At An Alarming Rate, Says World Bank

According to Pawan Kumar Bansal, Minister for Water Resources, extensive
exploitation of India’s groundwater resources without keeping a check on the
regeneration options, isthe main reason for itsdepletion. As per areport published
by the World Bank, called ‘Deep well and prudence: towards pragmatic action
for addressing groundwater overexploitation in India’, in order to preserve
groundwater resources in India, ‘water pricing measures’ like ‘incentives’ should
be adopted.

The report suggests ‘Pricing measures, including volumetric charges, taxes and
user fees, can act as incentives to conservation and more efficient allocation of
water resources, provided they address concerns of equity and affordability to
the poor.”
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Bansal said that the depletion of groundwater is a threat to the long-term
sustai nability of thisimportant resource. The World Bank report wasintroduced
with an aim of determining appropriate strategies for the management and
conservation of the groundwater resource in India. In a statement issued by the
World Bank with the report, said ‘The approach was to look for pragmatic models
that have demonstrated potential for success.’

Bansal also said that due to the predictable effects of climate change and global
warming on the groundwater resource, it has become necessary to reconsider
the methods of managing the groundwater resources.

Asper the World Bank report, the groundwater resources are declining at avery
fast rate. Currently, 29 per cent of thetotal groundwater blocks are semi-critical,
critical or overexploited and the situation is getting even worse, everyday.

In Uttar Pradesh, the government iss owly realizing theintensity of thisproblem.
Members of the Legidative Assembly, recently, expressed their concern over
this matter and appealed to the government to take an action. The government
has admitted that it isan important issue and will be dealt with on apriority basis.
According to the government, alegidation s, at the moment, being considered,
which will keep acheck on the exploitation of groundwater. If thislegidlationis
passed, it will ensure that any intrusion on the water bodies is punished. The
legidlation will also make it compulsory for all the development authorities and
housing corporations to construct water bodies in the new housing societies.

According to ParasNath, Minister for Ground Water in Uttar Pradesh, out of the
total 820 blocksin Uttar Pradesh, 215 arein acritical situation. Out of the 215,
seventy-six devel opment blocks belonging to twenty-five districts, which consist
of Lucknow, Rae Bareli, Agra, JPNagar, Bareilly and Kanpur, are acutely critical.
There has been a drastic reduction in the underground water level, in these
districts. Nath also stated that from the remaining 139 blocks, thirty-two areina
critical condition, while 107 are under the sensitive category, however, these
also need instant action.

The reason for this situation is over-exploitation of the groundwater resources.
Almost 80 per cent of the underground water was used for agricultural purposes,
whiletheremaining 20 per cent wasused for drinking. Itisextremely important to
put an end to the overuse of the groundwater resources. Nath further added that
this can be ensured through a legislation and by creating an awareness among
the people about the depleting groundwater.

About the Bundlekhnad region, Nath said that the government had decided to
boost the number of damsfor water harvesting to 415 thisyear from the 265 last

year. Membersof thelegidative assembly asked Yadav the reason for the decrease
in the underground water level. According to him, the intrusion on the pondsis
one of the main causes of the depleting groundwater resources as these are an
important source for water recharge.

Ambika Chaudhary, the Revenue Minister, intervened at this point and said that
the revenue department will conduct an investigation to find out how many
water bodies have been disturbed and al so find away to bring them back to their
origina shape. Returning back to the report of the World Bank on underground
water depletion, it has forecasted that by the year 2025, approximately 60 per
cent of India’s groundwater blocks will fall under the critical category. It further



added that climate changewill also affect groundwater resources. Sanjay Pahuja,
the lead author of the groundwater resources report as well as the senior Water
Resources specialist of World Bank, said that Andhra Pradesh has shown an
excellent example of the self-regulation of groundwater in areas where there is
drought.

Source: Adapted from http://zeenews.india.com/news/eco-news/india-s-
groundwater-resource-depl etion-al arming-worl d-bank_608895.html and http://
articles.timesofindia.indiatimes.com/2012-06-09/lucknow/32139750_1 water-
bodies-underground-water-excessive-expl oitation

2.3.4 Energy Flow in the Ecosystem

Thetransformation of energy between the different components of an ecosystemis
known as ‘energy flow’. This is very important, as it determines the density and
diverdty of organismsaswell astheir devel opment and functional status. Theenergy
flow in an ecosystemisalwaysuni-directional in nature.

To preparefood and to storeit intheform of chemical energy, green plants,
with the help of their green pigments known as “chlorophyll’, trap solar energy and
convert carbon dioxide (CO,) and water (H,O) into complex food materialswith
the help of other nutrients. Thisisdonethrough the process of photosynthesisandis
referred to asprimary production.

Thetotal amount of solar energy converted into chemical energy by green
plantsiscalled Gross Primary Production (GPP). Some part of the gross primary
production (GPP) isutilized by plantsfor their various metabolic activities, (mainly
respiration [M ]) and the remainder is called the Net Primary Production (NPP).
Thus,

GPP=NPP+M,
When, (i) GPP=M,, thereisno changein energy content (NPP = 0).
(if) GPP<M,, NPPbecomesnegdtive, i.e., bio-massundergoesdegradation.
(iii) GPP>M ,, NPP becomespositive, i.€., accumul ation of biomass.

Thegrains, strawsand roots, harvested after agrowing season, comprisethe
NPP. Primary productionisof special importancein ecology, sinceit isthe energy
fixed by plantsby converting solar energy into chemical energy of food stuff that
support lifeinother trophiclevels.

When herbivores consume autotrophic plants as food, part of thefood is
assmilated and therest isingested. Some parts of the assmilated food, the potential
energy stored aschemica energy of food, get oxidized through respiration, the carbon-
carbon bonds are broken and carbon combineswith oxygen to form carbon dioxide,
releasing kinetic energy. Some parts of the energy is used by the organism to do
work and the rest dissi pates as heat.

CH.,O,+0O,® CO,+H,0O + Kinetic energy

6 12
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Theefficiency of energy utilization variesfrom organism to organism and
within similar organismsit varieswith the physical structure of theorganismandits
age. Theremaining part of the assimilated food (energy) is stored in somatic and
reproductivetissuesfor growth and reproduction.

The production of organic matter by heterotrophic organismsis 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 herbivoresare consumed by carnivores(secondary consumers), further
degradation of energy occurs.

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

The decomposers ultimately, get food and energy by decomposi ng the dead
organismsof al thetrophiclevels.

Theenergy flow through various components of ecosystem can be depicted
through Figures2.6 and 2.7.

“\:f\ h o~ Sun (solar energy)
NN

\ \ Heterotrophs (small)

Autotrophs
(green plants)

Heterotrophs (vast)

Fig. 2.6 Passage of Energy in Ecosystem
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2.3.5 Ecological Succession

Ecological successionisthe gradual process by which ecosystems change over
time. Habitats are constantly changing. To give you an example, abare patch of
ground will not stay barefor long. It will be quickly colonized by avariety of plants,
ants, pests and other living creatures. In the process of succession, the species
presentinanareawill gradually change. Success on occursbecausethe environmental
conditionsprevalent in aparticular place change over time. Each speciesisadapted
to thrive and compete best against other species under a very specific set of
environmental conditions. If these conditions change, then the existing specieswill
bereplaced by anew set of specieswhich are better adapted to the new conditions.

Ecological successionisthe observed process of modification inthe species
structureof an ecological community over time. Within acommunity, Some species
may becomelessabundant over time, or they may even disappear from the ecosystem
atogether. Smilarly, other gpecieswithinthecommunity may becomemoreabundant,
or new species may invade to the community from adjacent ecosystems.

There are specific environmental conditionsunder which speciewill grow and
reproduce most optimally. Given an ecosystem’s set of environmental conditions, those
Speciesthat can best survive and grow and producethe most viable offspring will, in
all probability, become the most abundant living things. As long as the ecosystem’s set
of environmental conditionsremainsunchanged, the speciesthat aremost suited to
those conditionswill flourish. The cause behind changesin an ecosystemistheimpact
that specieshave upon theenvironment. Inthe processof living, organismsalter their
environment over aperiod of time. Whiletheoriginal environment may have been
ided for acertain speciesof plant or animal, the new environment isoften optimal for
someother species. Under themodified conditions, theerstwhile dominant speciesare
likely to dwindle and another speciesmay become ascendant.

Ecological success onscan be short-term, usually dueto changesin season.
For instance in summer, the open ground inyour locality isdry and may behometo
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rodents, antsand other small insects. But intherainy season, it getsfilled with water
and becomes home to another set of plants and animals—algae, mosquitoes, small
fish and so on. Oncetherainsend, the ground may again turn dry and the original
speciesmay returnto their habitat. Ecological succession may alsotake placewhen
conditionsof an environment are altered suddenly and drastically. Floods, forest
fires wind stormsand human activitieslikeagricultured| gresatly modify the conditions
of anenvironment. These devastating forces may also eradicate some speciesand
thusintroduce non-reversible changesin thedynamicsof thecommunity, kick-starting
astruggle for dominance among the speciesthat have survived.

CHECK Y OUR PROGRESS

7. Name the abiotic components of an ecosystem.
8. Define ‘energy flow’.
9. What isGross Primary Production (GPP)?

2.4 FOOD CHAINS, FOOD WEBS AND
ECOLOGICAL PYRAMID

Let usdiscussfood chains, food websand ecological pyramidindetail inthefollowing
section.

Food Chain

A food chain shows the movement of food energy through an ecosystem. The
organisms bel onging to each category of autotrophs, heterotrophsand saprotrophs
arerelated to each other in termsof food. For example, green plantsare consumed
by herbivores, which areeaten by carnivores. Thissmply formsafood 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 2.8 illustratesasimplegrazing food chain.

e oY Food Chain
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Fig. 2.8 A Grazing Food Chain

Source: http://www.bcgrasslands.org/SiteCM/i/upl oad/4D9BB688B89B4092F9D10BDA
EF83ECA41E762FBDB jpg



Grazingfood chainsare sequentia . They begin with thegreen plantsasmajor
sources of energy for primary consumers, i.e., herbivores. Theherbivoresarethen
eaten by carnivores. Detritusfood 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.

The green plants (autotrophs) convert solar energy to chemical energy withthehelp
of inorganic substances such aswater, carbon dioxide, aswell asother nutrients,
and storeit asfood materid. Thisisutilized by the plantsfor their survival, which are
then consumed by herbivores. The herbivores are consumed by carnivores and
carnivores by top carnivores. Through this process, oneform of lifeissupported 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
seriesof organisms (herbivores, carnivoresand decomposers) with repeated eating
and being eaten, isknown asfood chain.

Thearrangement in afood chain can be depicted as:

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

Example: Grasshopper grazesgrass, but in turn iseaten by toads, which are eaten
by snakes.

Grass® Grasshopper ® Toad® Snake

Examples of the food chain of different ecosystems can be: grassiand
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® Bigfish® Crocodile

It is estimated that only about 10 per cent of the potential energy of the
previoustrophic level ismadeavailableto thenext trophicleve. Theefficiency of
thefood chainistherefore, dependent upon the number of trophic levelsor their
linkspresent. Thus, shorter thefood chain moreisthe available energy.
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Types of Food Chain
Food chainsare of four types.

(i) Predator food chain: Such type of food chain starts from producer and
endswith higher consumer level. Inevery trophiclevel, thesizeof theorganism
increaseswhileits number decreases.

(1) Grass® Grasshopper ® Toad® Snake
(2) Grass® Grasshopper ® Small fish® Bigfish® Crocodile

(i1) Paradticfood chain: Thistypeof food chain startsfrom big hostsand ends
with the parasitic organisms.

Cow® Worm® Protozoa

(iii) Saprophyticfood chain: Thistypeof food chain startsfrom dead organisms
and endswith decomposerssuch asbacteria. Itis, however, lessefficient as
major portion of the energy islost to the environment without being used
properly.

Dead organism (plant/animal) ® Fungi ® Bacteria

(iv) Detritusfood chain: Detritusfood chain beginswith dead organic matter
into microorganisms and subsequently to organisms feeding on detritus
(detrivores) and their predators.

Such food chainsare not much dependent on solar energy, but on theinflux of
organic matter produced in other systems.

Detritusfood chains are prominent in mangrove ecosystems. Some part of
theleaves of mangrovetreesare consumed by grazing insectsand therest fall into
warm, shallow water and are decomposed by saprotrophslike bacteria, fungi, protozoa
and colonized algae and subsequently eaten and re-eaten by some small animals.
Theanimalsinclude nematods, amphipods, crabs, insect larvae (detritus consume).

These animals are in turn consumed by some small fish, minnows which
becomesthe source of largefish and fish eating birds.

Food Web

Simple food chainsrarely exist in nature. The sharing of food by consumersin
natural ecosystems leads to food chains being interconnected with one another
forming anetwork. Theresulting complex network of interlinked food chainsis
referredto asafood web. Figure 2.9 illustrates asamplefood web.
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In nature, food chain relationshipsare very complex. They never operate as
isol ated sequences, as one organism may form the food source of many organisms
and so on. Thus, instead of afood chain, anumber of food chainsareinterconnected
with each other and form a web-like structure known as “food web’.

For example, grassmay be grazed by grasshoppersaswel | ascattle, rabbits
and each of these may be eaten by different type of carnivores, such asbirds, toads,
snakes, foxes, depending on their food habit. Thus, aparticul ar organism may not
occupy thesametrophiclevel in every food chain, it may simultaneoudy behave as
secondary, tertiary or atop 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 herbivorelevel (all plant-grazing insects, cattle, deer,
rabbits, etc.). Flesh-eaters, that eat herbivores, form thethird trophic level or the
secondary consumer or carnivorelevel-1 (frogsand small fish). Thethird trophic
level isthetertiary consumer or carnivorelevel-2, which eatstheflesh of herbivores
and secondary consumers. In asimilar fashion, trophic levels can be expanded
based on the food habits of organisms.

CharlesElton, aBritish ecol ogist, however, concluded that the number of
linksinafood chain rarely exceedsfive, becausein the process of energy transfer
there is always the loss of energy to the environment. It is the energy transfer
mechanism which determinesthe number of linksinafood chain.
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Man and many other animalswho are omnivores occupy different trophic
levelsinfood chainsin relation to pure carnivores.

Thefood web maintainsthe stability of the ecosystem. For example, green
land can be grazed by different organismslikeinsects, rabbits, rodents, etc. The
insectsthen can be eaten by frogswhich can be eaten by snakes. Snakes can either
be eaten by hawksor can takerodentsor rabbitsastheir preyswhich only consume
grass. Thus, nature has sufficient alternativesand greater the number of alternative
pathways, the more stablewill be the community of living things.

Snake—— » Hawk

Rabbit

Toad

Grass— Grasshopper — Birds
Fig. 2.10 Food Web

Examplesof somefood websin agrassand 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 studieshel p usto understand the feeding rel ati onshipsand theinteraction
between organismsin any ecosystem. They hel p usto understand the energy flow
mechanism and matter circulation, such ascirculation of toxic substancesin the
ecosystem and the problem of biological magnification.

Biological magnificationisthetendency of pollutantsto get concentratedin
successivetrophic levels. Large concentration of pollutants could be detrimental; if
they aretoxic.

Bio-magnification occurs when organisms at the bottom of the food chain
accumul ate thetoxic material sgreater than that availablein the environment around
it. AsDDT, heavy metal sand other toxic metal sresembleessentia inorganic nutrients
these will also betaken up by plantsaong with the essential nutrients. If thereisa
shortage of essential nutrients, accumul ation of thesetoxic materialswill bemore
and more. This is the first step of bio-magnification and is known as ‘bio-
accumulation’.

The second step of bio-magnification occurswhen the producersare eaten
by consumers. It isknown, that energy availability decreasesfrom onetrophiclevel
to the other. Thus, successivetrophic level sconsume more and more biomassand
accumul ate 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 caseis severefor toxic materials solublein fat suchasDDT. When
producerscontaining DDT get digested by the consumers, the DDT solubilizesin
fat and gets stored. When this consumer is eaten by another consumer, itsfat is
digested and the pollutants moveto the fat of the new consumer. Inthisway, the
toxic substancesare built up in fatty tissues of consumers. For water-solubletoxic
materials, bio-magnification however, cannot occur asthey aredissol vedin the body
fluids of consumers and get excreted easily. Since, man isan omnivore and has
accesstoal trophic levelsfor food, hereceivesthetoxic substancesin hisbody in
large amounts. Secondary and tertiary consumers|ocated on top of thefood chain
also accumulatetoxic materialsin their bodly.

Thebio-magnification of pollutantscan be estimated with thehelp of Biologica
Concentration Factor (BCF).

Concentration of toxic material in organism
Concentration of toxic material in environment
Ecological Pyramids
The concept of ecological pyramid was devel oped by CharlesEltonin 1972.

Ecological pyramids are the diagrammati c representations of data of each
trophic level inan ecosystem. In pyramids, the producer level formsthe baseand
success velevelsform thetiers, which make up the apex. The higher the stepsin
theecologica pyramid thelower the number of individualsand larger their size.

Ecological pyramidsare of threetypes:
1. Pyramid of Number
2. Pyramid of Biomass
3. Pyramid of Energy

Pyramid of Number

It depi ctsthe rel ationship between the producersand different orders of consumers
at successive trophic levelsin terms of their number. The shape of the pyramid
variesfrom one ecosystem to another. There are two typesof pyramid of numbers
— uprightand inverted.

BCF =

In aguatic and grassland ecosystems, the pyramid isalwaysupright, butin
caseof parasitic food chain the pyramid isawaysinverted.

In agrassland 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, rabbitsand rodentsarelesser in number
than the grasses. The secondary consumerslike snakes, lizardsarelesser in number
than the primary consumers. Finaly, thetertiary consumers(top inthetrophiclevel)
like birds, hawksareleast in number. Hence, the pyramid becomesupright.
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Hawk
(Tertiary
Consumer)

Snake
(Secondar
Consumer

Rabbit
(Primary
Consumer)
Grasses
(Producers)

Fig. 2.11 Upright Pyramid

In parasitic food chain, inverted pyramid structureisobserved. Inthiscase,
oneprimary producer may support numeroustiny parasites, whichinturnmay support
many more hyper-parasites.

Hyper Parasite
(bacteria, virus, fungi)

Parasite
(lice, bugs)

Producer
(Birds)

Fig. 2.12 Inverted Pyramid

Pyramid of Biomass

Biomassisthetotal living material (dry weight) of an organism. The pyramid of
bi omass describesthe qualitative rel ationshi p between the producersand consumers.
Thereisagradual decrease of biomassfrom onetrophiclevel tothenext. Thetotal
biomass of the producer is more than that of the primary consumer (herbivore),
whichinturnismorethan that of the secondary consumer (carnivore), and so on.

Large
Fisl
(Tertiary

Consumer)

Small Fish
(Secondary Consumer)

Zooplankton
(Primary Consumer)
Phytoplankton
(Producer)

Fig. 2.13 Pyramid of Biomass




Pyramid of Energy

Pyramid of energy describesthe energy utilization by successivetrophic levels.
Since, the energy passesfrom lower trophiclevel (producers) to higher trophiclevel
(consumer), only about 10 per cent of the potential energy getstransferred and the
rest islost asheat. Energy pyramidin any ecosystem will always be upright.

Secondary Consumer
50 k Cal

Primary Consumer
500 k Cal
Producer

5,000 k Cal

Fig. 2.14 Pyramid of Energy

Two important conclus onscan be drawn from the pyramid of energy:
1. Energy flowisunidirectiona andirreversible.

2. Thereisagradual decrease of energy in successive trophic levels, dueto
energy dissipation as heat released in metabolic activities.

2.4.1 Forest Ecosystems: Sructure and Function

Forestsare community of plants structurally defined by itstrees, shrubs, climbers
and ground cover. Forestsoccupy about 40 per cent of land and in India, it isabout
onetenth of thetotal land area. Theforest ecosystemscons st of two components:
the abi otic component and biotic component.

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,,, water, oxygen, nitrogen and inorganic salts of calcium and
magnesium such as their phosphates, sulphates and nitrates. There are trace
elementslike 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 apart of the soil. The physical components are sunlight, hest,
rainfall, pH of the soil, etc.

Biotic component: Theliving organism or the biotic componentsare (i) producers
(i) consumersand (iii) decomposers.

(i) Producers: They aremainly treeswhich show much speciesdiversity and
greater degree of stratification especialy intropical moist deciduousforests.
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Thediversity of tree dependsupon the climatic condition of thesite. Besides
treesthere are shrubs, climbers, epiphytesand ground vegetation. In India,
the coniferous forests grow in the Himalayan Mountain Region where
temperatureislow. Thetreeshave needlelikeleavesand downward doping
branches. The evergreen forestsgrow inthehighrainfall regions. Thetrees
overlap with each other and form continuous canopy. Theforestsarerichin
orchidsand ferns. Deciduousforestsare found in regionswith amoderate
amount of seasonal rainfall. Theseforests have athick undergrowth aslight
penetrateseasily. Thorn forestsare found in the semi-arid regions. Thorny
plantscalled xerophytic speciesarefound here. The mangroveforestsgrow
alongthe coast especialy intheriver deltas.

(i) Consumers: Consumersare of threetypes:

(a) Primary consumers: These are herbivores such as ants, flies, bugs
feeding on treeleaves, larger animal s grazing on shoots and fruits of
producers, such asel ephant, nilgai, deer, squirre, flying fox, mongoose,
etc.

(b) Secondary consumers. These are carnivoresfreeding on herbivores.
Some common examplesare snakes, birds, frogs, lizards, etc.

(c) Tertiary consumers: These aretop carnivoreslikelion, tiger, hyaena,
etc.

(iii) Decomposer s: Thesearewide variety of microorganismsincluding fungi
(speciesof coprinus, polyporus, fusarium, etc.) bacteria(speciesof bacillus,
clostridium, angiococcus, etc.) and actinomytes|ike speciesof streptomyces.
These microorganisms actively participate in bio-geo-chemcial nutrients

cycling.
Functions of Forest Ecosystem

Thefunctionsof theforest ecosystem arevery crucial to life on earth. Let ushave
alook at theimportant functionsserved by theforests.

Thebiggest utility of forestsfor the environment isitsfunction asalifeline.
Forestsinduced lifeinto lifelessrock. The new areaof land isfirst colonized by a
few plantswhich werevery strong and could live on barerock. Slowly other plants
and animalsfollowed. Thenthe treesand forest devel op.

Theforestsecosystem hasavery important function in the production of the
soil. The soil ontheland isnothing but the remains of the old broken-down rock
mixed with the dead plantsof theforest. Theresultant soil supportsmany lifeforms
including many small animalsand bacteriaand plants. Not only do forestsaid the
production of soil but a so protectsthe soil thoughitsroots. If heavy rainscomeand
therearenotrees, soil erosion will take place asthe soil will get muddy and wash
away, polluting streams, riversand 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 cropsand 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
homesand villagesfrom strong winds by acting asanatural boundary.

Theforest holdswater. Thisstoragefunctionisbeneficia intimesof littleor
norain. Theforest controlsthe flow of water over theland too by trapping the water
inthesoil during heavy rains. They hold water intheir branches, trunks, rootsand
leaves. The greenery of theforestshel psin preventing theland from going dry and
barren.

Whenthewindblowsover thelandit movesthrough thetreesandtheinteraction
between thewind and thetreeshelp in therel ease of water into thewind. When the
wind goes through the trees, the trees also put excess heat from the sun into the
wind. Theheated, wet air then liftsup because hot air rises. When the hot, wet air
hitsthe cooler wind abovetheland, it becomesclouds. Thereby, helpinginfurther
regulating the temperature.

Theforest dso helpsin providing materia benefitsthrough productslikewood
for construction of homes, creation of tools, boats, carvingsand wood asafuel for
cooking. Theforest also houses many plantswhich are of great economic value.
Not just trees, forestsa so areimportant for productslikefoods, spicesand medicines.

The forests have universal aswell aslocal value, they form a part of the
heritagefor local people. They provide plenty of benefitsfor humansand we must
dothesameby protectingit.

2.4.2 Biodiversity: Definition, Genetic, Species and Ecosystem
Diversity

Let usdiscussthe concept of biodiversity in detail inthefollowing section.

Definition of Biodiversity

‘Biological diversity’, as defined by the Convention on Biodiversity, 1992, means
thevariability amongliving organismsfromall sourcesincluding, inter dia, terredtrid,
marine and other aquatic ecosystems and the ecol ogical complexes of which they
arepart; thisincludesdiversity within species, between speciesand of ecosystems.

Biodivergty functionsinthreelevels: genetic biodiversity, soeciesbiodiversty,
and ecosystem biodiversity.

Genetic Biodiversity

Itisthebasic source of biodiversty. Genesfound in organismscan form enormous
number of combinations, each of which givesriseto somevariability. Genesarethe
bas c unitsof hereditary information, transmitted from onegeneration to other. When
thegeneswithin the same species show different versions, dueto new combinations,
itiscalled genetic variability. For example, al rice varietiesbelong to the species
Oryzasativa, but there are thousands of wild and cultivated varietiesof ricewhich
show variationsat the genetic level and differ intheir colour, size, shape, aromaand
nutrient content of thegrain. Thisisgenetic diversity of rice.
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Genetic biodiversity meansthevariation of geneswithin aspecies. Inaspecies,
each variety hasits own genes or genetic make-up. Diversity of geneswithin a
speciesincreasesitsability to adapt to diseases, pollution and other changesinthe
environment. When a variety of a species is destroyed, genetic diversity gets
diminished.
Species Biodiversity

Thisisthevariability found within the popul ation of aspeciesor between different
species of a community. It represents broadly the species richness and their
abundancein acommunity.

Till now, only about 1.5 million living and 300000 fossi| specieshave been
actually described and given scientific names. Itisquitelikely that alargefraction of
these species may have become extinct even before they were discovered and
enlisted.

Specieshiodiversity meansavariety of specieswithinaregion. Such diversity
can be measured on the basi s of speciesin aregion. Morethe speciesbiodiversity
meansmorethebiological wealth.

Ecosystem Biodiversity

Thisisthediversity of ecological complexity showing variationsin ecologica niches,
tropic structure, food webs, nutrient cycling, etc. Ecosystemsal so show variations
with respect to physical parameters like moisture, temperature, altitude and
precipitation. Thus, there occurstremendousdiversity within the ecosystems, along
thesegradients.

Wemainly consider diversity inforest ecosystem, whichissupposed to have
adominance of trees. While considering atropical rainforest, atropical deciduous
forest, atemperate deciduousforest and aboreal forest, the variationsobserved are
too many and they are mainly dueto variationsin these physical factors.

Ecosystem diversity isof great valuethat must be kept intact. Thisdiversity
has devel oped over millions of years of evolution. If we destroy thisdiversity, it
would disrupt the ecological balance. We cannot replace the diversity of one
ecosystem with that of another. Coniferoustrees of boreal forests cannot take up
thefunction of thetreesof tropical deciduousforest landsand vice versa, because
ecosystem diversity has evolved with respect to the prevailing environmental
conditionswith well regul ated ecol ogical balance.

Ecosystem biodiversity refersto the variety of ecosyseminaparticular region
or zone, for example, variousecosystemsincludeforests, wetlands, arid zonesand
deserts. All these havetheir own faunaand flora (biodiversity).
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10. What isafood chain?
What isabiotic component? NOTES
. Listthemajor ecosystems.
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. What are the types of terrestrial ecosystems on the basis of habitat
conditions?

14. How did the Convention of Biological Diversty, 1992 definebiodiversity?
15. What arethethreelevelsof biodiversity?

2.5 VALUE OF BIODIVERSITY

Biodiversity intermsof itscommercid utility, ecologica service, social and aesthetic
va ue hasenormousimportance. Weare benefited by other organismsininnumerable
ways. Sometimes, we come to know and appreci ate the value of an organismonly
afteritislost fromthisearth. Very smal, insignificant, usel esslooking organism may
play acrucial roleintheecological balance of the ecosystem or may be a potential
source of some invaluable drug for dreaded diseases like cancer or AIDS. The
multipleusesof biodiversity isclassfied asfollows:

Consumptive Use Value

Theseinclude direct use valueswhere the biodiversity product can be harvested
and consumed directly, e.g., fuel, food, drugsand fibre.

Food: A largenumber of wild plantsand shrubs are consumed by human beingsas
food. About 80,000 edible plants species have been reported from the wild. About
90 per cent of present day food crops have been domesticated fromwild tropical
plants. Even now, our agricultural scientistsmake use of theexisting wild speciesof
plantsthat are closely related to our crop plantsfor devel oping new hardy strains.
Wild relatives usually possess better tolerance and hardiness. A large number of
wild animal sare also our sourcesof food.

Drugsand medicines: About 75 per cent of the world’s population depends upon
plantsor plant extractsfor medicines. Thewonder drug penicillinused asan antibiotic
isderived from afungus called penicillium. Likewise, we get tetracyclinfrom a
bacterium. Quinine, the curefor malariaisobtained from the bark of cinchonatree,
whiledigitalinisobtained from foxglove (digitalis) which isan effective curefor
heart ailments. Recently, vinblastin and vincristine, two anti-cancer drugs, have been
obtai ned from periwinkle (catharanthus) plant, which possessesanti-cancer dkaloids.
A large number of marine animalsare supposed to possess anti-cancer properties
which areyet to be explored systematically.

Self-Instructional Material 71



Ecosystems and
Biodiversity Conservation

NOTES

72 Self-Instructional Material

Fuel: Our forests have been used since agesfor fuel wood. Thefossil fuelscoal,
petroleum and natural gasare al so products of fossilized biodiversity. Firewood
collected by individual sare not normally marketed, but are directly used by tribals
and local villagers, hence, fallsunder constructive value.

Productive Use Values

These arethe commercialy usable values, where the product ismarketed and sold.
It may includelumber or wild generesourcesthat can betraded for use by scientists
for introducing desirabletraitsin the crops and domesticated animals. These may
asoincludeanimal productsliketusksof e ephants, musk frommusk deer, silk from
silkworm, wool from sheep, fur of many animalsand lac from lac insects, al of
which aretraded inthe market. Many industries are dependent upon the productive
useof valuesof biodiversity, e.g., paper and pul p industry, plywood industry, railway
deeper industry, silk industry, textileindustry, ivory-works, leather industry, pearl
industry, etc.

Despiteinternational ban ontradein productsfrom endangered species, fur,
hide, horns, tusks, live specimen, etc., worth millionsof dollarsare 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
quantitiesto somerich western countries and also to Chinaand Hong Kong, where
export of animal skinsand snake skinsisabooming business.

Social Value

These arethe values associ ated with the social life, customs, religion and psycho-
spiritual aspectsof the people. Many of the plantsare considered holy and sacred in
our country liketulsi(holy basil), peepal, mango, lotusand bael. Theleaves, fruitsor
flowersof these plants are used in worship or the plant itself isworshipped. The
tribal peopleareclosdly linked withthewildlifeintheforest. Their socia life, songs,
dancesand customsare closely woven around thewildlife. Many animalslike cow,
snake, bull, peacock and owl, also have asignificant placein our psycho-spiritual
arenaand thus, hold special socid importance. Thus, biodiversity hasdistinct socia
value, attached with different societies.

Ethical Value

Itis 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 raceto survive, thenwe must protect all biodiversity, becausebiodiversity is
vauable.

Ethical value meansthat we may or may not use aspecies, but knowing the
fact that these speciesexistsin nature givesuspleasure. Weaall feel sorry whenwe
learn that ‘passenger pigeon’ or ‘dodo’ is extinct. We are not deriving anything
directly from the kangaroo, zebra or giraffe, but we al strongly feel that these
speciesshould exist in nature. Thismeans, thereisan ethical value or existence
value attached to each species.



Aesthetic Value

Great aesthetic valueisattached to biodiversity. None of uswould liketovisit vast
stretches of barren lands with no signs of visible life. People from far and wide
spend alot of time and money to visit wilderness areas, where they can enjoy the
aesthetic value of biodiversity and thistype of tourismisnow known asecotourism.
The “willingness to pay’ concept on such ecotourism gives us even a monetary
estimate for aesthetic value of biodiversity. Ecotourism isestimated to generate
about 12 billion dollarsof revenue annualy, thisroughly givesthe aesthetic value of
biodiveraty.

Option Value

These valuesincludethe potential of biodiversity that are presently unknown and
need to be explored. Thereisapossibility that we may have some potential curefor
AIDS or cancer existing within the depths of a marine ecosystem or a tropical
rainforest.

Thus, option va ueistheknowledgethat there arebiol ogical resourcesexisting
on thisbiosphere that may one day proveto be an effective option for something
important in the future. Thus, the option value of biodiversity suggests that any
speciesmay proveto be amiracle species someday. Biodiversity islike precious
giftsof nature presented to us. We should not commit thefolly of losing these gifts
even before unwrapping them.

Option value also includesthe values, in terms of the option to visit areas
whereavariety of floraand fauna, or specifically someendemic, rare or endangered
speciesexist.

Ecosystem Service Value

Recently, anon-consumptive use va uerel ated to self maintenance of the ecosystem
and various important ecosystem services has been recognized. It refersto the
services provided by the ecosystemslike prevention of soil erosion, prevention of
floods, maintenance of soil fertility, cycling of nutrients, fixation of nitrogen, cycling
of water, their role as carbon sinks, pollutant absorption and reduction of thethreat
of global warming, etc.

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

2.5.1 Hotspots of Biodiversity

Areaswhich exhibit high speciesrichnessaswell as high speciesendemism are
termed as hot spots of biodiversity. Specieswhich are restricted only to particular
areas are known as endemic. India shows a good number of endemic species.
About 62 per cent of amphibiansand 50 per cent of lizardsare endemicto India.
Western Ghats are the site of maximum endemism. The term ‘Hot spots’ was
introduced by Myers(1988). There aretwenty-five such hot spotsof biodiversity on
aglobal level, out of which two are present in India, namely the Eastern Himalayas
and the Western Ghats.
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These hot spots covering less than 2 per cent of the world’s land area are
found to have about 50 per cent of theterrestrial biodiversity. Accordingto Myers,
an areaisdesignated asahot spot when it containsat least 0.5 per cent of the plant
speciesasendemics.

(8) Eastern Himalayas: They display an ultra-varied topography that fosters
speciesdiversty and endemism. Recent studieshave shown that North East
Indiaalong withits contiguous regions of Burmaand 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 areendemic to Indiaof which 35000 arein the Himalayas.

(b) Western Ghats: It extendsaonga 17,000 km? gtrip of forestsin Maharashtra,
Karnataka, Tamilnadu and Keralaand has 40 per cent of the thetota endemic
plant species. Themaor centresof diversty areAgastyamalal Hillsand Silent
Valley-the new Amambalam Reserve Basin. It is reported that only 6.8 per
cent of theoriginal forestsareexigting today, whilethe rest have been deforested
or degraded, which raises a serious cause of alarm, because it means we
have aready |ost ahuge proportion of the biodiversity.

CHEcK Y OUR PROGRESS

16. What istheethical value of biodiversity?
17. What arethetwo hot spotsof biodiversity in India?

2.6 THREATS TO BIODIVERSITY AND
CONSERVATION OF BIODIVERSITY

Extinction or elimination of agpeciesisanatura processof evolution. Inthegeologic
period, earth hasexperienced massextinctions. During evol ution, specieshave died
and have been replaced by others. However, the rate of loss of species in the
geol ogic past hasbeen as ow process, keepingin view the vast span of time going
back to 444 millionyears. The processof extinction hasbecomeparticularly fastin
therecent yearsof civilization. Inthe recent times, the human impact hasbeen so
severethat thousands of speciesand varieties are becoming extinct annually. One
of the estimates putsthe figure of extinction at 10,000 species per year or twenty-
seven per day. Thesefiguresraisean darmregarding the seriousthrest to biodiversity.
Over thelast 150 years, therate of extinction has escalated more dramatically. If
the present trend continues, we would |ose one-third to two-third of our current
biodiversity by themiddle of thetwenty-first century.



2.6.1 Threats to Biodiversity o divagf;giff&:’;ﬂ

Thefollowing arethe major causesand issuesrel ated to threatsto biodiversity:

L oss of Habitat

Destruction and loss of natural habitat isthe single largest cause of losing own
biodiversity. Billions of hectares of forestsand grasslands have been cleared over
the past 10,000 yearsfor conversion into agricultural lands, pastures, settlement
areas or development projects. These forests and grasslands were the homes of
thousands of species, which perished dueto loss of their natural habitat. Severe
damage hasbeen caused to wetl ands, thinking them to be usel essecosystems. The
unique and rich biodiversity of the wetlands, estuaries and mangroves are under
seriousthreat today. Thewetlandsare destroyed dueto draining, filling and pollution,
thereby causing hugelossof biodiversity.

Thehabitat isdivided into small and scattered patches, so that the completeloss of
habitat can be put at bay. This phenomenon isknown as habitat fragmentation.
There are many wildlife species such as bears and large cats that require large
territoriesto subsist. They arethreatened asthey breed only intheinteriorsof the
forests. Dueto habitat fragmentation, many song birdsare becoming extinct.

NOTES

There hasbeen arapid disappearance of tropical forestsin our country, at therate
of about 0.6 per cent per year. With the current rate of loss of forest habitat, itis
estimated that 20-25 per cent of the global florawould belost within afew years.
Marinediversity isalso under seriousthreat dueto large-scale destruction of the
fragile breeding and feeding grounds of fish and other species.

Poaching

Illegd tradeof wildlife productshby killing prohibited endangered animals i.e., poaching
isanother threat to wildlife. Despiteinternational ban on tradein productsfrom
endangered species, smuggling of wildlifeitemslike furs, hides, horns, tusks, live
specimensand herbal productsworth millionsof dollars per year, continues. The
developing nations in Asia, Latin America and Africa are the richest source of
biodiversity and have enormousweal th of wildlife. Therich countriesin Europeand
North Americaand some affluent countriesin Asialike Japan, Taiwan and Hong
Kong arethe major importersof wildlife productsor wildlifeitself.

Thetrading of suchwildlife productsishighly profitablefor the poacherswho smuggle
them to other countries medi ated through mafia. Theworst partisthat for every live
animal that actually getsinto the market, about fifty additional animalsare caught
andkilled.

If you arefond of rare fishesor birds, please make surethat you are not going to
harm theendanger ed speciesor wild-caught species. Doing sowill helpin checking
further decline of these species. Also, do not purchase fur coat, purse or bag, or
itemsmade of crocodile skin or python skin. You will certainly helpin preserving
biodiversity by doing so.
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Man and wildlife conflict

Conflict between people and animalsis one of the main threatsto the continued
survival of many speciesin different parts of the world, and isalso asignificant
threat tolocal human populations. If solutionsto conflictsare not adequate, local
support for conservation a so declines.

Ashuman popul ationsexpand and natural habitats shrink, peopleand animals
areincreasingly cominginto conflict over living spaceand food.

Peoplelosetheir crops, livestock, property, and sometimestheir lives. The
animals, many of which are already threatened or endangered, are oftenkilled in
retaliation or to “prevent’ future conflicts.

The solutions are often specific to the species or area concerned, and are
often creativeand smple.

Animportant aspect of thework isthat it benefitsboth theanimalsand local
human communities, and actively involvesthese communities. Thisisabout finding
solutionsthat lead to mutually beneficial co-existence.

Thework hasalso often|ed to people being more enthusiastic and supportive
of conservation, and hasdemonstrated that peoplecan liveaongsidewildlifewhile
developing sustainablelivelihoods.

Endangered, Endemic and Exotic Species of India

Endangered Speciesof India

Critically endangeredisthe highest risk category assigned by the [UCN (International
Unionfor Conservation of Nature) to wild species.

A taxoniscritically endangered when the best available evidence indicates

that it meetsany of thefollowing criteria:
I. Populations have declined or will decrease, by greater than 80 per cent
over thelast ten yearsor three generations.
I1. Havearestricted geographical range.
I11. Small population size of lessthan 250 individual sand continuing decline
at 25 per cent inthree yearsor one generation.
IV. Very smdll or restricted popul ation of fewer than fifty matureindividuas.
V. High probability of extinctioninthewild.

Examples of endangered species in India include birds like Jerdon’s Courser
(Rhinoptilusbitorquatus), Forest Owlet (Heteroglaux blewitti), White-bellied Heron
(Ardeainsgnis) etc.; mammalsinclude Pygmy Hog (Porculasalvania), Andaman
White-toothed Shrew (Crocidura andamanensis), Namdapha Flying Squirrel
(Biswamoyopterushiswvas) etc.; reptileslike Gharia (Gavidisgangeticus), Hawkshill
Turtle (Eretmochelysimbricata) etc.



Endemic Species of India

Endemic speciesrefersto speciesof plantsand animalswhich exist naturally only in
aparticular geographical region. Theregion canbeassmall asanidand or aslarge
asacontinent. They areuniqueand indigenousto their location.

Examplesof endemic speciesin Indiainclude South Indian Tree Shrew, Lion-
tailed Macague, Nilgiri Langur, Nicobar flying fox, Madrashedgehog among others.

Exotic species

Animalsand plant speciesintroduced whether intentionally or accidently from other
countries, which are not otherwisefound locally aretermed exotic species. These
introduced or exotic speciescan adversely affect the ecosystemn by acting asinvasive
species affecting thelocal endemic population.

The biggest problem of exotic species is when they turn into weeds and
multiplyingincredibly fast adversdly affecting theecosystem, for e.g. water hyacinth
and lantana.

Thereason for the growth and spread of exoticsisthat they areinvariably
introduced without their natural enemiesthat should control and balancetheir spread
intheir native land, and hence, unhindered the exotic species grow and flourish,
leaving bad consequencesto theloca ecosystem.

Whiletheexotic speciesare sdl ected specificaly for their quality of adaptability
inthelong run, they commonly outnumber the native species and compete with
them for the resources. Thisis bad for the native species who now because of
additional competition suffer and ultimately declinein numbers.

But the negative or positive effect of theintroduction of an exotic species
differsfrom speciesto species. Examples of exoticsintroduced in Indiainclude
vegetableslike chillie and the onion, which have been brought from South America
and Persia(modern day Iran) respectively.

Some quick growing plant species were brought from Australia for
afforestation programmes such asthe acaciaand the eucalyptus. The demand for
wood in different industriesled to agrowth of forest areaunder these species. the
introduction of these speci es has caused more harm than good to theforestsand the
soil ingeneral.

Someweeds havenot beenintentionally introduced but have comeaccidentdly,

for instance the Mexican weed came along with American wheat that came as
PL480 aid from the USA in the 1960swhen quarantine ruleswere not so strict.

A measureto control the effect of exotic specieson native speciesisthrough
the processof quarantine. All the plantsand seedsthat come from another country
should be quarantined to ensure that no other foreign material has come with it.
Quarantinefacilitiesmust bemadeavailableat al entry and exit points, at theairports,
border crossing onland and the harbours. Thiswill prevent further damage, and the
exigting plantsand animal scan then and should be allowed toflourishintheir natural
surroundingsand habitat.
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2.6.2 Conservation of Biodiversity

Due to the tremendous importance of biodiversity it is considered an asset of a
region or anation. Duetoitsmultiple advantagesof commercid val ue, consumption
value, medicind value, socid, culturd, rdigiousand optiond values, biodiversty needs
to be conserved. The need for its protection and conservation has become more
important dueto overexploitation and the subsequent depletion. Therearetwo types
of methods of conservation of biodiversity:

1. Ex-Stu
2. In-Situ

Ex-dtu conservation meansoff-site protection of biodiversity. Itisthe 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 techniqueslike
[aboratory method.

M ethods 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 houseand
protect specimensfor breeding and reproduction of wild life animalsand plants.
Endangered plantsmay also be preserved in part in such botanical garden through
seed banksand germplasm banks.

Endangered animals are preserved using similar techniques through
preservation in gene bank.

Inthe gene banks, which consist of cryogenicfacilities, live sperms, eggsor
embryos can be stored. Some countries have established frozen zoosto store such
samplesfrom morethan 366 species, which consst of mammals, reptilesand birds.

Drawbacks of ex-situ conservation

Ex-situ conservation although is helpful to man’s effort to sustain and protect
biodiversity, israrely enough to save aspeciesfrom extinction. It can beused asa
last resort or asasupplement to in-situ conservation. It cannot re-create ahabitat.
Furthermore, ex-situ conservation techniques are often costly.

In-situ Conservation

In-situ conservation meansto conserve the biodiversity within the habitat and on
site. It isaprocess of protecting an endangered species of plant or animal in its
natural habitat, either by protecting or preventing the habitat itsaf from being depleted.

Thebenefit of inSitu conservationisthat it maintainsthe natura surroundings
of the population of theanimalsor plantinitsnatural distinctive property.

In situ conservation should be preferred to ex situ conservation, the latter
opted only in casewherein situ conservation iseither too difficult or impossible.



Wildlife conservationismostly based onin situ conservation through protection and
recreation of thewildlife habitat.
Wildlife Protection Act
Themajor activitiesand provisionsin theAct can be summed up asfollows:
1. It definesthewildliferelated terminology.

2. It providesfor the appointment of wildlife advisory board, wildlifewarden,
their powers, duties, etc.

3. Under theAct, comprehensive listing of endangered wildlife specieswas
donefor thefirst timeand prohibition of hunting of the endangered species
was mentioned.

. Protection to some endangered plants.
. TheAct providesfor setting up of national parks, wildlife sanctuaries, etc.
. TheAct providesfor the constitution of central zoo authority.

~N o 0o~

. Thereisprovision for trade and commercein somewildlife specieswith
licensefor sale, possession, transfer, etc.

8. TheActimposesaban onthetrade or commercein scheduled animals.
9. It providesfor legal powersto officersand punishment to offenders.
10. It providesfor captive breeding programmefor endangered species.

Severd consarvation projectsfor individua endangered specieslikeLion (1972),
Tiger (1973), Crocodile (1974) and Brown antlered Deer (1981) were stated under
thisAct. TheAct isadopted by all statesin Indiaexcept J& K, which hasit own
Act.

Some of the major drawbacks of the Act include mild penalty to offenders,
illega wildlifetradeinJ& K, personal ownership certificatefor animal articleslike
tiger and leopard skins, no coverage of foreign endangered wildlife, pitiablecondition
of wildlifein mobilezoosand little emphas son protection of plant genetic resources.

Forest Conservation Act

ThisAct dealswith the conservation of forestsand rel ated aspects. Except for J&
K, theAct isadopted 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 asfollows:

1. Thestate government has been empowered under thisAct to usetheforests
only for forestry purposes. If at all it wantsto useit inany other way, it hasto
take prior approval of the central government, after which it can passorders
for declaring some part of reserveforest for non-forest purposes (e.g. mining)
or for clearing somenaturaly growing treesand repl acing them by economicaly
important trees (reforestation).
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2.

It makes a provision for conservation of all types of forests and for this
purposethereisan advisory committee which recommendsfunding for it, to
the central government.

3. Anyillega non-forest activity within aforest areacan beimmediately stopped

under thisAct.

Non-forest activitiesinclude clearing of forest land for cultivation of any type of
plants/crops or any other purpose (except re-afforestation). However, some
constructionwork intheforest for wildlife or forest management isexempted from
non-forest activities (e.g. fencing, making water-holes, trench, pipelines, check-pogts,
wirelesscommunication, etc.) Penaltiesinclude afine of up to¥ 500 per offence
and imprisonment of up to six months.

The 1992 Amendment in the Forest Act

1

In 1992, some amendment was made in the Act which made provisionsfor
allowing somenon-forest activitiesin forests, without cutting treesor limited
cutting with prior approval of the central government, These activitiesarethe
setting of transmission lines, seismic surveys, exploration, drilling and
hydroel ectric projects. Thelast activity involveslarge-scal e destruction of
forests, for which prior approval of the Centreisnecessary.

. Wildlife sanctuaries, national parks, etc., are totally prohibited for any

exploration or survey under thisAct without prior approval of the central
government, evenif notree-fellingisinvolved.

. Cultivation of tea, coffee, spices, rubber and plantswhich are cash-crops, are

included under non-forestry activity and not allowed inreserveforests.

. Evencultivation of fruit-bearing trees, oil-yielding plantsor plantsof medicind

valueinforest areaneed to befirst approved by the central government. This
isbecause newly introduced speciesintheforest areamay cause animbalance
inthe ecology of theforest. If the speciesto be planted isanative species,
then no prior clearanceisrequired.

. Tusser cultivation (atypeof slk-yieldinginsect) inforest areasby tribalsasa

meansof their livelihood istreated asaforestry activity aslong asit doesnot
involve some specific host tree like Asan or Arjun. Thisisdonein order to
discourage monoculture practicesin the forestswhich are otherwiserichin
biodiversty.

. Plantation of mulberry for rearing slkworm iscons dered anon-forest activity.

Thereason isthe same asdescribed earlier.

. Miningisanon-forestry activity and prior approva of the central government

ismandatory. The Supreme Court inacase T.N.Godavarman Thirumulkpad
Vs. Unionof India(1997) directed al on-going mining activitiesto be ceased
immediately inany forest areaof India, if it hasnot obtained prior approval of
the central government.

. Removal of stones, bajri, boulder, etc., from riverbedslocated within the

forest areafall under non-forest activity.



9. Any proposal sent to the central government for non-forest activity must - Ecosystemsand
have a.cost-benefit analysis and Environmental Impact Statement (EIS) of ~ Biodiversity Conservation
the proposed activity with referenceto its ecol ogical and socio-economic
impacts.

Thus, the Forests (Conservation) Act has made ample provisions for
conservation and protection of forestsand preventing deforestation.

NOTES

CHEcK YOUR PROGRESS

18. What ishabitat fragmentation?
19. Namethetwo typesof methods of conservation of biodiversity.

20. Enligtthefivequantitative criteriato determinewhether ataxoniscritically
endangered.

21. Defineexotic species.

2.7 SUMMARY

- Theword ecology comesfrom Greek word Oikos, meaning house or placeto
live. Ecology isconcerned with the study of organismsin various habitats,
e.g., land, ocean, fresh water and air. Theterm ecosystem wasfirst proposed
by A.G. Tansley (1935) who defined ecosystem as follows: ‘Ecosystem is
defined as a self-sustained community of plantsand animalsexistinginits
own environment.’

- Theterm ecosystem ismade up of two words: eco and system. Eco means
ecological sphereor aregion of space whereliving things can exist, while
system means interacting organisms living in a particular habitat. In the
ecosystem, theliving organisms and their environment each influencethe
propertiesof 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 structureform aspecies. Organismsof 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 intheir body structure, body systemsand they al have smilar genetic
structure. They are thus grouped together under the species, sapiens.

- Populationisagroup of individual s of the same species occupying agiven
areaat agiventime. For example, theAsaticlionsinthe Gir Nationa Park,
Gujarat, makeapopulation. Group of individua organismsof the same species
livingwithinan areaiscalled population.

- Thesumtotal of all the ecosystemson planet Earthis called the biosphere,
whichincludesall living organismson earth, interacting with the physical
environment asawhole, to maintain asteady-state ecosystem.
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- Thebiosphereisthebiological component of earth systems. It consistsof all

theliving organismson earth, along with the dead organic matter produced by
them. The concept wasintroduced by geologist Eduard Suessin 1875andis
central to many significant disciplines. According to him it meant ‘the place
on Earth’s surface where life dwells’.

- Another important concept that finds placein thiscontext isthat of abiome.

A biome is nothing but a large area comprising similar flora, fauna and
microorganisms. Biomes categorize thebiological communitiesontheearth
according to s milaritiesfound in the dominant vegetation, climate, geographic
location and various other characteristics.

- Thedelineable part of the earth not covered by water isknown asland. Land

resources provide various functions or services including provisioning,
regulating and supporting. However, the quality of the servicesreached its
threshold as communities started expl oiting land resourcesin the name of
meeting their own needs. It isimportant to note that the renewal of land
resourcesisaslow process.

- Understanding the rel ationship between air pollution and ecosystem services

isvital for achieving sustainable devel opment of the communities. Airisa
preciousresourcethat suppliesuswith oxygen, whichisessential for us. Air
quality primarily influencesthe atmospherein which peopleliveand breathe.

- Understanding thelinks between energy, poverty and ecosystem servicesis

important for attai ning sustai nable devel opment. Increased accessto energy
for the poorest part of the world’s population will help in holistic, sustainable
devel opment. The current energy use of the poor isneither sufficient to attain
the sustainable development nor isit sustainable in terms of maintaining
important ecosystem servicesthat can facilitate atransition out of poverty.

- Ecosystems are strongly affected by human activitieswhich areasimple

manifestation of society where human beings live. In a simple human—
ecosystem interaction, the ecosystem provides servicesto the human socia
system by way of moving materials, energy and information to meet people’s
needs. The ecosystem resources, both natural and artificial, play avery vital
roleindischarge of ecosystem servicesof provisoning, regulating, supporting
and recreating.

- According to T.D. Brock, ‘Steady state condition in nature ecosystem is a

timeindependent condition in which production and consumption of each
congtituent in the system is exactly balanced, the concentration of all

congtituentswithin the system remains constant, even though there occursa
continual change’.

- Genetic biodiversty meansthevariation of geneswithin aspecies. Inaspecies,

each variety hasitsown genesor genetic make-up. Diversity of geneswithin
aspeciesincreasesitsability to adapt to disease, pollution and other changes
inenvironment.



- About 75 per cent of the world’s population depends upon plants or plant - Ecosystemsand
extractsfor medicines. Thewonder drug penicillin used asan antibioticis B odiversity Conservation
derived fromafunguscaled penicillium.

- Ethical value meansthat we may or may not use aspecies, but knowing the
fact that these speciesexistsin nature gives us pleasure.

- The term “Hot spots’ was introduced by Myers (1988). There are twenty-
five such hot spots of biodiversity on aglobal level, out of whichtwo are
present in India, namely the Eastern Himal ayas and the Western Ghats.

NOTES

- Extinction or elimination of aspeciesisanatural processof evolution. Inthe
geol ogic period, earth has experienced mass extinctions. During evolution,
specieshave died and have been replaced by others.

- Destruction and loss of natural habitat isthe single largest cause of losing
ownbiodiversity.

- Illegal trade of wildlife productsby killing prohibited endangered animals i.e.,
poaching isanother threat to wildlife.

- Dueto thetremendousimportance of biodiversity it isconsidered an asset of
aregion or anation. Dueto its multiple advantages of commercial value,
consumptionvalue, medicind vaue, soad, culturd, religiousand optiond vaues,
biodiversity needsto be conserved.

- Therearetwo types of methodsof conservation of biodiversity:

1. Ex-Stu
2. Ingtu

2.8 KEY TERMS

- Abiotic Component: Non-living components of an ecosystem including all
the physicad and chemicd factorsthat influenceliving organismslikeair, water,
soil and rocks

- Biotic Component: Itincludesall living organismsof the environment

- Ecology: Itisconcerned with the study of organismsin varioushabitats, viz.,
land, oceans, freshwater and air, i..e., the study of the structure and functions
of nature

- Ecosystem: Itisacommunity of organismsinvolved in adynamic network
of biologicd, chemica and physical interactionsbetween themsel vesand with
the non-living components

- Population: It refer toagroup of individual sof the same speciesoccupying
agiven areaat agiventime, for example, theAsaticlionsinthe Gir Nationa
Park, Gujarat, makeapopulation

- Species: It refer to a group of organisms that resemble one another in
appearance, behaviour, chemistry and genetic structure
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- Community: It isthe groupsof various speciesoccupying aparticular area
and interacting with each other

- Cycle: Itisthecirculation of the chemical elementsin the biosphere, from
the environment to organismsand back to the environment

- Food chain: It refersto thetransfer of food energy fromitssourcein plants
through a series of organismswhere eating and being eaten isrepeated a
number of times

- Carrying Capacity: It refersto the maximum population of a particular
speciesthat agiven habitat can support over agiven period of time

- Biodiversity: Biodiversity refersto the variety and variability among all
groupsof living organi smsand the ecosystem complexesin which they occur.

- Ecosystem Biodiversity: Thisisthe diversity of ecological complexity
showing variationsin ecological niches, tropic structure, food webs, nutrient
cycling, etc.

2.9 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Theword ecology comesfrom Greek word Oikos, meaning houseor placeto
live

2. Anecosystemisacommunity of organisminvolved in adynamic network of
biological, chemical and physical interactions between themselvesand with
the non-living components.

3. Thetwo typesof ecosystemsare:
(i) Natura
(ii) Artificid
4. 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 nutrientsthrough the ecosystem. Congtant energy
and nutrient flows are important if the system has to carry on as a self-
sustaining collection of componentsand rel ationshipswithinacertain physica
environment.

5. Common Property Resources (CPR) includeall such resourceswhich are
meant for common useof thevillagersbut not for individua possession. These
resources are an indispensable aspect of the social and institutional
arrangements madeto meet the everyday requirementsof village communities,

6. Inbuilt, self-regulating mechanism isknown as homeostatic mechanism. If
within an ecosystem the population of speciesincreases significantly, the
result will be scarcity of food, |eading to competition for food. M ost species
will dieof starvation and the species popul ation will be brought back toits
origina valueand the stability will berestored.



10.

13.

14.

15.

16.

17.

18.

19.

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

The transformation of energy between the different components of an
ecosystem is known as ‘energy flow’.

Thetotal amount of solar energy converted into chemical energy by green
plantsiscalled Gross Primary Production (GPP).

The transfer of food energy from its source in plants through a series of
organisms, where eating and being eaten isrepeated a number of timesis
known asfood chain.

Biotic component includesal living organismsof theenvironment. Thebiotic
component can be divided into two major groups:. a) Autotrophs (producers)-
food producing organisms, b) Heterotrophs (consumers) -These are the
organisms, mostly animals, that cannot utilize sunlight directly like autotrophs
for their food preparation, becausethey do not have chlorophyll.

. The major ecosystems are: terrestrial — grassland ecosystem, forest ecosystem,

desert ecosystem and aquatic — estuarine ecosystem, marine ecosystem.
Onthebasisof habitat conditions, terrestrial ecosystemscan be:
(a) Grassand ecosystem, (b) Forest ecosystem, (c) Desert ecosystem

Inthe Convention of Biological Diversity, 1992, biodiversity hasbeen defined
asthevariability among living organismsfrom al sourcesincludinginter aia,
terregtrial, marineand other aguatic ecosystemsand the ecol ogical complexes
of which they areapart of.

Biodiversity means the variety and variability of all living organisms.
Biodiversity congtitutesthe biological wealth. Biodiversity isat threelevels
genetic diversity, speciesdiversity and ecosystem diversity.

Itisaso sometimesknown asexistencevalue. It involvesethical issueslike
“all life must be preserved’. It is based on the concept of ‘live and let live’. If
wewant our human raceto survive, then we must protect all biodiversity,
becausebiodiversity isvaluable.

Therearetwenty-five of such hot spots of biodiversity onaglobal level, out
of which two are present in India, namely the Eastern Himalayas and the
Western Ghats.

Thehabitat isdivided into small and scattered patched, so that the complete
loss of habitat can be put at bay. This phenomenon is known as habitat
fragmentation.
Thetwo types of methods of conservation of biodiversity areasfollows:
Ex-gtu
Insitu
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20. A taxoniscritically endangered when the best available evidenceindicates

that it meetsany of thefollowing criteria:

I. Populationshave declined or will decrease, by greater than 80 per cent
over thelast ten yearsor three generations.

I1. Havearestricted geographical range.

I11. Small population size of lessthan 250 individual sand continuing decline
at 25 per cent inthreeyearsor one generation.

IV. Very smdll or restricted population of fewer than fifty matureindividuas.
V. High probability of extinctioninthewild.

21. Animasand plant speciesintroduced whether intentional ly or accidently from

other countries, which are not otherwise found locally are termed exotic
Species.

2.10 QUESTIONS AND EXERCISES

Short-Answer Questions

1
. What are the biotic and abiotic components of an ecosystem?

. What do you understand by adaptive devel opment?

. Statethereasonsfor the degradation of land resources.

. What are different biotic componentsin adesert ecosystem?

. What aredifferent typesof food chain?

. What arethe mgjor threatsto biodiversity?

. What are hot spots of biodiversity? Which are the hot spotsfoundin India?

0O ~NO O WD

Define ecology and ecosystems.

Discusstheir salient features.

Long-Answer Questions

1
2.

What isafood chain? Give examplesand discusstheir significance.
Describe the biotic and abiotic components of an ecosystem. Analysethe
roleof each component in maintaining the ecol ogical balance.

3. Discusstheimportant theoriesof ecological balance or ecosystem stability.
4. Describethe variousaspects of human-ecosystem interactions.

5.
6
7

Explainthe basic features of pond as an ecosystem.

. Highlight therole of abiotic and biotic componentsin agrass and ecosystem.
. What do you mean by consumptive use value, productive usevalue, socia

value, ethical value and option valueof biodiversity?

. What arethe main causes of man-wildlife conflicts? Discusstheremedia

stepsthat can curb the conflicts.

. What ismeant by in-situ and ex-gtu conservation of biodiversity?
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3.0 INTRODUCTION

According to the Environment Protection Act, 1986, environment includeswater,
air, land and their interrel ationship with human beings, other living creatures, plants
and micro-organisms. Pollution refersto the presence of substancesin air, water
and land, whether they result from human activity or occur naturally, which has
adverse effects on human-life and on the environment. Air pollution, isthus, the
state of environment in which the outer atmosphere gets contaminated with gases
and other materialsin concentration, which are harmful to man and environment.
The contamination of air occurs because the contaminants cannot be absorbed by
natural environmental cycles.

The atmosphereis polluted by the discharge of emissionsoriginating from
industrial plants, domestic sources, vehiclesand thermal power plants. Bothinthe
devel oped and devel oping countries, the urban areasin particular are exposed to
such highlevelsof atmospheric pollution that causes serioushazard to public hedlth.
The presence of sulphur oxides, nitrogen oxides, carbon monoxide, hydrocarbons
and toxi c parti cul ate substancesin the atmosphere cause harmful influence on man
and other living things.
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Pollution refersto the substances (pollutants) which are released into the
environment because of anthropogenic (human) activitiesthat can be either deliberate
or accidentd (e.g., Bhopal gasleak or radioactive material rel eased from Chernobyl
nuclear power plant isaccidental). Thereference point of pollutionisthe ambient
quality of the environment which means environment initsnatural state. Human
activities, whether industria production or other like sewage, and their impact on air,
water and land, results in the change in the ambient quality of the latter. In the
production process, certain substances (wastes) are recycled or produced in the
form of emiss ons/effluentsand they impact the environment | eading to damagesto
humansand ecosystem.

It may beworthwhileto notethat there are natural sources of pollution too.
These are substances released from the vol canic eruptions or forest fires. But,
these natura pollutantsdo not stay longin the atmosphere sincethey can berecycled
inthebiologica or chemica cycles. Hence, they pose only ashort-term problem and
that too localized.

Inthisunit, youwill learnabout dl of theseenvironmenta pollution asmentioned
above, with addition to that you will also get to know about the role of the Tripura
Control Board (TSPCB) in managing these environmental pollution.

3.1 UNIT OBJECTIVES

After going through thisunit, youwill beableto:
- Discussthe definition, causes and effects of varioustypesof pollutions
- Evauatethe problem of pollution and understand the variousremedies
- Ascertain the need for disaster management
- Assessthe need for solid management, water resource management, etc.
- Anaysedifferent environmental related actsand regulations.

3.2 ENVIRONMENTAL POLLUTION

Inthissection, wewill discussthe varioustypesof environmental pollution. They
arementioned asbelow:

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 atmospherein such concentration
asmay be or tend to beinjuriousto human beingsor other living creatures or plants
or property or environment. Air pollution meansthe presencein the atmosphere of
any air pollutant. 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 Environmental Degradation
troposphere. In the natural state, air contains 78 per cent nitrogen, 21 per cent and Management
oxygen, 0.4 per cent carbon dioxide plus small amounts of other gases and water
vapour. Theremaining 0.5 per cent of the planet air occursin the upper levels, the
stratosphere together with gaseslike ozone. NOTES

Air pollutants can be primary or secondary. Primary pollutantsare carbon
dioxide, nitrogen oxides, sulphur dioxide, carbon monoxide (all formed from the
combustion of fossi| fuels), CFC and parti cul ate matter. Secondary pollutantsare
acidrain and ozone. Sulphur dioxideand nitrogen dioxide combinewith water inthe
atmosphere and react with sunlight forming acid droplets. These acid droplets
condtituteacidrain.

Sources of Air Pollution

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

Natur al sour ces: The natural sourcesof air pollution arevol canic eruptions, forest
fires, seasalt gorays, biological decay, photochemical oxidation, extraterrestrial bodies,
pollen grainsof flowers, etc. Radioactive minerals present in the earth crust arethe
sourcesof 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 themajor sourcesfor generating electricity inIndia. Themain
pollutantsemitted arefly ash and SO,. Metallurgica plantsalso consume coal and
producesmilar pollutants. Fertilizer plants, smelters, textilemills, chemica indudtries,
paper and pulp millsare other sourcesof air pollution.

Automobileexhaust isanother major sourceof air pollution.

Indoor air pollution: Themost important indoor air pollutantisradon gas. Thisis
responsible for alarge number of lung cancer deaths each year. These could be
emitted from building materialslikebricks, concrete andtiles. Many housesinthe
underdevel oped countriesincluding India, usefuelslike coal, dung-cakes, wood and
keroseneintheir kitchens. Complete combustion of fuel produces carbon dioxide
which may betoxic; however, incomplete combustion producesthetoxic gas, carbon
monoxide.

Effects of Air pollution

1. 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
maly have toxic metal swhich can cause mutations, reproductive problemsor
even cance.

2. Effectson plants: Air pollutantsaffect plants by entering the cellsthrough
stomata. The damage resultsin the death of the plant.

3. Effectson aquatic life: Air pollutants mixing up with rain can cause high
acidity infreshwater | akes, which affectsaquatic life especially fish. Some
of the freshwater |akes have experienced total death of fishes.
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E”gironmemal Degradation 4. Effectson materials Because of their corrosiveness, particul ates can cause
and Management damage to exposed surfaces.
Control of Air Pollution

NOTES Air pollution can be minimized by thefollowing methods:

1. Setting up of industriesafter proper environmental impact assessment studies.
Usinglow sulphur coa inindustries.

Removing sulphur from coal (by washing or with the help of bacteria).
Removing NOx during the combustion process.

a kD

Removing particul ate from stack exhaust gases by employing electrostatic
precipitators, bag-housefilters, cyclone separators, scrubbers, etc.

6. Vehicular pollution can bechecked by regular tune-up of engines, converters,
by engine modification to havefuel effective (Iean) mixturesto reduce CO
and hydrocarbon emissionsand dow and cooler burning of fuelsto reduce
NOx emission (HondaTechnology).

7. Using masstransport system, bicycles, etc.
8. Shiftingto lesspolluting fuels(hydrogen gas).
9. Using non-conventional sourcesof energy.

10. Usingbiological filtersand bio-scrubbers.

11. Planting moretrees.

12. ThroughtheAir Pollution Control Act

2. Noise Pallution

We hear varioustypes of soundseveryday. Sound isaform of mechanical energy
emitted from avibrating source. A type of sound may be pleasant to someone and at
the sametime unpl easant to others. The unpleasant and unwanted soundis called
noise.

The CPCB (Central Pollution Control Board) hasrecommended permissible
noiselevelsfor different locations.

Effects of Noise

1. Interferes with man’s communication: In anoisy area, communicationis
severely affected.

2. Hearing damage: Noise can causetemporary or permanent hearing loss. It
dependson theintensity and duration of sound level. Auditory sengitivity is
reduced with noise levelsover 90 dB in the mid-high frequency, for more
than afew 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.
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Control of Noise Pollution

1. Reductioninthe sourcesof noise.

2. Noise making machines should be kept in containerswith sound absorbing
media. Thenoisepath will beinterrupted and will not reach theworkers.

3. Proper ailing will reduce the noisefrom machinery.

4. Useof sound absorbing silencers. Silencers can reduce noise by absorbing
sound. For thispurpose, varioustypesof fibrous material can be used.

5. Planting moretreesthat have broad |eaves.

6. Through Law. Legidation can ensurethat sound productionisminimized at
various social functions. Unnecessary blowing of horn should berestricted
especialy, invehicle-congested areas.

3. Water Pollution

Water pollution can be defined asan dteration inthe physical, chemical or biologica
characteristics of water, making it unsuitablefor the designated usein its natural
state.

Sources of Water Pollution

Water isan essential commodity for survival. We need water for drinking, cooking,
bathing, washing, irrigation and for al industrial operations. Water hasthe property
to dissolve many substancesinit. Therefore, it can easily get polluted. Pollution of
water can be caused by point sources or non-point sources. Mgjor point sources of
water pollution areindustries, power plants, underground coal mines, offshoreail
wells, etc.

Groundwater Pollution and Surface Water Pollution

Groundwater pollution

Groundwater formsabout 6.2 per cent of thetotal water available on planet earth,
andisabout thirty timesmorethan surfacewater, i.e., streams, lakesand estuaries.
Septictanks, industry (textile, chemicd, tanneries), deep-well injection, mining, tc.,
aremainly responsiblefor ground water pollution whichisirreversble. Ground water
pollutionwith arsenic, fluoride and nitrate pose serious heal th hazards.

Surface water pollution
Themajor sources of surface water pollution areasfollows:
1. Sewage
2. Indudtrial effluents
3. Synthetic detergents
4. Agrochemicals
5. il
6. Waste heat
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Effects of Water Pollution
Thefollowing are some of theimportant effects of varioustypes of water pollutants:
1. Oxygen-demanding wastes
2. Nitrogen and phosphorus compounds (nutrients)
3. Pathogens
4. Toxiccompounds
5. Waterborne diseases
6. Reductionin dissolved oxygeninwater resources

Pegticidesindrinking water ultimately reach humansand areknown to cause
various health problems. DDT, aldrin, dieldrin, etc., have therefore, been banned.
Recently, in AndhraPradesh, people suffered from variousabnormalitiesdueto the
consumption of endosul phan contami nated cashew nuts.

Control of Water Pollution

Itiseasy to reducewater pollution from point sources by legid ation. However, due
to the absence of any defined strategiesit becomesdifficult to prevent water pollution
from non-point sources. The following points may help to reduce water pollution
from non-point sources:

1. Judicioususeof agrochemicaslike pesticidesand fertilizerswhich will reduce
their surface run-off and leaching. Avoid the use of these on s oped lands.

2. Useof nitrogen-fixing plantsto supplement the use of fertilizers.
3. Adopting integrated pest management to reducereliance on pesticides.

4, Prevent run-off of manure. Divert such run-offsto basin for settlement. The
nutrient rich water can be used asfertilizer inthefields.

5. Separate drainage of sewage and rain water should be provided.
6. Plantation of treeswould reduce pollution and will a so prevent soil erosion.
7. Industria affluentsto be allowed only after treatment.

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

In 1965, Mexicoinitiated the Border Industrialization Programme, now widely as
the maguiladora programme. Under this programme, foreign companies (primarily
fromthe US and Asia) could construct factoriesin Mexico and import partsand
material s 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
regionsaround the Rio Grande valley. Finally, thereisathreat of toxic chemical
contamination due to the operation of the maguiladoras 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 callsfor the two countriesto work together to solve environmental problems
intheborder area, specifically, to identify areaswhere any trans-boundary water
source or potential trans-boundary water source is contaminated or where there
isanidentifiable 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 theimplications 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
agenciesto deal with environmental issues. Theseincluded: (i) thelack of waste
water treatment and drinking water systems; (ii) problemstracking and accounting
for hazardous waste generated by maguiladora plants and (iii) concerns about
industrial air and water pollution associated with maguiladora plants.

To deal with theseissues more effectively, both the US Environmental Protection
Agency (EPA) and the Texas Natura Resource Conservation Commission
(TNRCC), in conjunction with their Mexican counterparts, have strengthened
their border-related operations. The Rio Grande beginsin the San Juan Mountains
of southern Colorado and follows a 1,885-mile course beforeit emptiesinto the
Gulf of Mexico. Along theway theriver and itstributariesdrain aland areamore
than twice the size of California. This drainage area, or basin, covers widely
varied landscapein the US and Mexico including mountains, forests, and deserts.
Thebasinishometo diversenative plantsand wildlifeaswell assome 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.
Mogt of the major tributaries, and some of thelesser ones, are also of significance
inthese respects. Substantial agricultural areasareirrigated by the waters of the
Rio Grande. Theriver isthe 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 alarger population and increased industrialization on the border, and
according to abiennial report authorized by the Texas Clean RiversAct (1991),
increased population and industrialization creates greater risk to the quality and
guantity 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 hazardsin 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 bethe
single most important factor in the effort for improved water quality inthe 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
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Resource Conservation Commission’s efforts and tracks federal activities with
respect to border environmental issues and works with state environmental
departmentsin 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 committeesto encourage public input about the specific
problems or concerns they have regarding their communities. Examples of this
includethe Diadel Rio, acitizen-led event organized by the Rio Grand/Rio Bravo
Basinin October 1995 and the Clean Rivers Program Water Quality | ssuesMeeting
inJanuary 1996.

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

Thermal pollution can be defined asthe presence of excessive heat in the water

which can cause undesirable changesin the natural environment.

Heat producing industrieslikethermal power plants, nuclear power plants,

refineriesand steel millsarethe major sourcesof thermal pollution.

Effects of Thermal Pollution

1

The dissolved oxygen content of water isdecreased asthe sol ubility of oxygen

inwater isdecreased at high temperature.

High temperature becomesabarrier for oxygen penetration into deep cold

waters.

Toxicity of pesticides, detergents and chemicalsin the effluentsincreases

withtheincreaseintemperature.

The composition of floraand fauna changes because the specieswhich are
sensitiveto increased temperature due to thermal shock, will bereplaced by

temperaturetol erant species.

Metabolic activities of aquatic organismsincrease at high temperaturesand

require more oxygen.




6. Discharge of hot water near the shores can disturb spawningand caneven  Environmental Degradation
kill young fishes. and Management

7. Fish migrationsare affected dueto the formation of variousthermal zones.
Control of Thermal Pollution NOTES
Thefollowing methods can be employed for the control of thermal pollution:

1. Coolingponds

2. Spray ponds
3. Coolingtowers

5. Marine Pollution

Themain sourcesof marinepollutionare: 1) rivers, which bring pollutantsfrom their
drainage basins2) catchment areas, and, coastlineswhere human settlementsin the
formof hotels, industry, agricultural practi ceshave been established and 3) ail drilling
and shipping.

Most of theriversjoin the ocean. The pollutantswhich theseriverscarry,
fromtheir drainage basins, arefinally pouredinto the sea. Theseinclude sewage
dudge, indugtrid effluents, synthetic detergents, agrochemicals, solid wagtes, plagtics,
metalsand waste heat released by industries.

Inthe sea, the pollutants get diluted and the organic matter isfurther broken
downasinriver water. Still, many pollutants, especialy therecacitrant ones, remain
unchanged or are partialy degraded causing marine pollution.

Tankers and other shipping means, industries like petroleum, refinery,
[ubrication oil using industry, metal industry and paint industry, automotive wastes
refineries, ship-accidentsand offshore production add to marine pol lution.

Oil in seawater can spread over alarge areaof the seaand remain dispersed
or get adsorbed by sediments. It can cause adverse effectson marinelife.

Control of Marine Pollution

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

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

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

Dumping of toxic, hazardouswastes and sewage s udge should be banned.
Developmental activitieson coastal areasshould be minimized.

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

Oil from ballasts should not be dumped into the sea.

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

o N o 0 b
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Soil is the upper layer of the earth’s crust which is formed by weathering of rocks.
Organic matter in the soil makesit suitablefor living organismsto thrive. Dumping
of varioustypesof materials, epecially domestic and industrial wastes, causes soil
pollution.

Domestic wastesinclude garbage, rubbish materia likeglass, plastics, metallic
cans, paper, fibres, clothrags, containersand paint varnishes. Leachatesfrom dumping
sitesand sewage tanksare 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 al so contain some organic and inorgani c compounds that
arerefractory and non-biodegradable.

Soil also receives excreta from animals and humans. The sewage sludge
contai nsmany pathogeni c organisms, bacteria, virusesand intestinal wormswhich
causepollutioninthe soil.

Effects of Soil Pollution

Sawageandindustrid effluentswhich pollutethesoil ultimately affect human health.
Varioustypesof chemicalslikeacids, akalis, pesticidesandinsecticidesfound inthe
industrial dischargesaffect soil fertility by causing changesinitsphysical, chemical
andbiological properties.

Some of the persistent toxic chemicals accumulate in the food chain and
ultimately affect human health. Sewage s udge hasmany types of bacteria, viruses
and intestinal wormswhich may cause varioustypes of diseases.

Control of Soil Pollution

1. Effluentsshould be properly treated before discharging them into the soil.

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

3. Fromthewastes, useful productsshould 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 substancesisal so oneof the scientific
approachesfor reducing soil pollution.

7. Nuclear Hazards

Radioactive substances are present in nature. They undergo natural radioactive
decay, inwhich unstabl eisotopes spontaneoudly give out fast moving particles, high
energy radiationsor both, at afixed rate, until anew stableisotopeisformed.
These particlesand rays pass through paper and wood but can be stopped by
concretewadll, lead dabsor water. Damage caused by the different typesof radiations



dependson the penetration power and the presence of the sourceinside or outside

the body.

Control of Nuclear Pollution

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

2. Proper disposal of wastesfrom laboratories using radioisotopes should be
done.

8. Solid Waste Management

Higher standard of living of ever increasing population hasresultedinanincreasein
the quantity and variety of waste generated. Itisnow redlized that if wastegeneration
continuesindiscriminately, then very soonit would be beyond rectification.

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

Sources of Urban and Industrial Wastes

These wastes consi st of medical waste from hospitals, municipal solid waste from
homes, offices, markets (commercia waste) small cottage units, and horticulture
waste from parks, gardensand orchards.

The urban solid waste material sthat can be degraded by micro-organisms
are called biodegradable wastes. For exampl e, 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-
biodegradablewastes, e.g., polyethylene bags, scrap metal, glasshbottles, etc.

Industrial waste consists of alarge number of materials, including factory
rubbish, packaging material, organic waste and acids. Therearelarge quantitiesof
hazardousand toxic materialswhich area so produced during industrial processing.

Effects of Solid Wastes

Municipal solid waste heap up on theroadsdueto improper disposal system. People
clean their own housesand litter their immediate surroundings which affect the
community includingthemselves. Thistypeof dumping alowsbiodegradablematerids
to decompose under uncontrolled and unhygienic conditions. Thisproducesfoul
smell and breedsvarioustypesof 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 changesin the physicochemical and the
biological characterigtics, thereby affecting the productivity of soils. Toxic substances
may |leach or percolate and contaminate the ground water.
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For waste management we must focus on three ‘Rs’- Reduce, Reuse and Recycle
before destruction and safe storage of wastes.

NOTES 1. Reductionintheuseof raw materials

2. Reuseof waste materials

3. Recyclingof materials
Reuse

VLN

Fig. 3.1 The Three Rs of Solid Waste Management

For discarding wastes, the foll owing methods could be used:
1. Sanitary landfill
2. Composting
3. Incineration

3.2.1 Role of Individuals in Preventing Pollution

Theroleof every individual in preventing pollution isof paramount importance,
becauseif every individual contributessubstantially theeffect will bevisiblenot only
at thecommunity, city, Sateor nationa level, but also at theglobal level asenvironment
hasno boundaries.

Itistheresponsibility of the human race which has occupied acommanding
position on thisearth to protect the earth and provide conducive environment for
itself, and innumerabl e other specieswhich are onthisearth. A small effort made by
eachindividua at hisown placewill have pronounced effect at theglobal level. Itis
appropriately said “Think globally, act locally.’

Each individual should change his or her lifestyle in such away so asto
reduce environmental pollution. It can be done through thefollowing suggestions:

1. Helpmorein pollution prevention than pol lution control.
2. Useeco-friendly products.

3. Cut down the use of CFCs as they destroy the ozone layer. Do not use
polystyrene cupsthat have CFC moleculesinthem, they destroy ozonelayer.

4. Usethe chemicalsderived from peachesand plumsto clean computer chips
and circuit boards, instead of CFCs.

5. Use CFC freerefrigerators.
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The manufacture and operation of such devices should be encouraged that

do not pollutethe environment.

Air pollution can be prevented by usng cleanfuel, i.e., hydrogenfuel . Hydrogen

for that matter, should not be produced by passing current in water, intheiscasethe
environment will be polluted. So, solar hydrogen fudl isthe need of the hour.

Thefollowing arethepractical hintsfor anindividual to prevent pollution:
- Reduceyour dependency onfossil fuel, especialy coal or ail.

- Savedectricity by not wasting it when not required, because el ectricity saved

iselectricity generated without polluting the environment.

- Adopt and popul arize renewabl e energy sources.
- Improveenergy efficiency. Thiswill reduce the amount of waste energy.
- Promotereuse and recycling whenever possible and reduce the production

of wastes.

- Usemasstransport system. For short visits, use bicycleor go onfoot.

- Decreasethe use of automobiles.

- Usepesticides only when absol utely necessary, that too in right amounts.

- Userechargeable batteries, it will reduce metal pollution.

- Uselesshazardous chemicalswherever possible.

- The solid waste generated during one manufacturing process can be used as

araw material for some other processes.

- Donot put pesticides, paints, solvents, oilsor other harmful chemicasintothe

drainor ground water.

- Useonly theminimum and required quantity of water for variousactivities.
- Plant moretrees, astrees can absorb many toxic gasesand can purify theair.
- Check population growth so that demand of materialsisunder control.

ga A W NP

. What isenvironment?

. What ispollution?

. Name some primary pollutants.
. Whatisacidrain?

. What iswater pollution?

CHEcCK Y OUR PROGRESS

3.3

MAJOR ACTS AND REGULATIONS RELATED
TO THE ENVIRONMENT

Inthissectionwewill havealook at major actsrelated to the environment for e.g.,
air, water etc.
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TheAct cameinto forceon 19 November, 1986. TheAct extendsto the whole of
India. Sometermsrel ated to environment have been described asfollowsintheAct:

1. Environment includeswater, air and land and theinterrel ationship that exist
among and between them and human beings, all other living organismsand
property.

2. Environmental pollution meansthe presence of any solid, liquid or gaseous
substance present in such concentration asmay be or tend to beinjuriousto
theenvironment.

3. Hazardous substance means any substance or preparation which by its
physico-chemical propertiesor handlingisliableto cause harm to human
beings, other living organisms, property or environment.

TheAct has given powersto the central government to take measuresto protect
and improvethe environment, while the state government coordinate the actions.
Themost important function of central government under thisact includes:

Setting up of:
(a) Thestandardsof quality of air, water or soil for various areas and purposes.

(b) Themaximum permissiblelimitsof concentration of variousenvironmental
pollutantsfor different areas.

(c) Theproceduresand safeguardsfor the handling of hazardous substances.

(d) Theprohibition and restrictionson the handling of hazardous substancesin
different areas.

(e) Theprohibitionand restriction onthelocation of theindustriesand to carry on
processes and operationsin different areas.

(f) The proceduresand safeguardsfor the prevention of accidentswhich may
cause environmental pollution and providing for remedial measuresfor such
accidents.

The power of entry and inspection, power to take samples, etc., under this
Act, lieswith 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 pol lution, standardshave been specified under Schedule
I-1V of Environment (Protection) Rules, 1986, for emission of gaseous poll utants
and discharge of effluents/waste water from industries.

These standardsvary from industry toindustry and al so vary with themedium
into which the effluent isdischarged or the area of emission.

3.3.2 Air (Prevention and Control of Pollution) Act

Thesalient features of the act are asfollows:
1. It providesfor prevention, control and abatement of air pollution.
2. Air pollution has been defined asthe presence of any solid, liquid or gaseous



substance (including noise) in the atmosphere in such concentration asmay
be or tend to be harmful to human beings or any other living creatures or
plantsor property or environment.

3. Noisepollution hasbeeninserted aspollutionintheActin 1987.

4. Pollution control boardsat thecentra or Satelevel havetheregulatory authority
toimplement the Air Act. Just parallel to the functionsrelated to the Water
(Prevention and control of pollution) Act, theboardsperform smilar functions
related to theimprovement of air quality.

The boards have to check whether or not the industry strictly followsthe
normsor standardslaid down by the board under Section 17 regarding the
dischargeof emisson of any air pollutant. Based upon anaysisreport, consent
isgranted or refused to theindustry.

5. Just liketheWater Act, theAir Act hasprovisionsfor 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
ingructionsto the authoritiesin charge of registration of motor vehicles (under
Motor VehicleAct, 1939) that isbound to comply with such instructions.

7. Asper 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
areacausingair pollution. No person shall without prior consent of the State
Board operate or establish any industrial unit in the *Air Pollution Control
Area’.

TheWater and Air Actshave al so made specia provisionsfor appeals. Under
Section 28 of theWater Act and Section 31 of theAir Act, aprovision for appeas
has been made. An appellate authority consisting of asingle person or three persons
appointed by the head of the state, the Governor iscongtituted to hear such appeals
asfiled by some aggrieved partiesdueto some order made by the state board within
thirty daysof passing the orders.

The appellate authority, after giving the appellant and the state board, an
opportunity of being heard, disposes off the appeal asexpeditioudy aspossible.

Penaltiesincludeafine of up to¥5000 aday and/or imprisonment for up to
oneand ahalf to six yearsfor first offence and fine of ¥10000 aday and imprisonment
of oneand ahalf to six years.

3.3.3 Water (Prevention and Control of Pollution) Act

It providesfor maintai ning and restoring the whol esomeness of water by preventing
and controlling its pollution. Water pollution is defined as such contamination of
water, or such alteration of the physical, chemical or biological propertiesof water
or such discharge asislikely to cause anuisance or render the water harmful or
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injuriousto public health and safety or harmful for any other use or to aguatic plants
and other organismsor animal life.

The definition of water pollution hasthus encompassed the entire probable
agentsinwater that may cause any harm or have apotential to harm any kind of life
inany way.

The salient featuresand provisions of theAct are summed up asfollows:

1. It providesfor maintenance and restoration of thequality of all typesof
surface and groundwater.

2. It providesfor theestablishment of Central and State Boardsfor pollution
control.

3. It confersthem with powersand functionsto control pollution.

The Central and State Pollution Control Boardsare widely represented
and are given comprehens ve powersto advise, coordinate and provide
technical ass stancefor prevention and control of pollution of water.

4. TheAct hasprovisionsfor funds, budgets, accounts and audit of the
Centra and State Pollution Control Boards.

5. TheAct makesprovisionsfor various penaltiesfor the defaultersand
procedurefor the same.

Themain regulatory bodies are the Pollution Control Boards, which have
been conferred thefollowing dutiesand powers:

Central Pollution Control Board (CPCB):
Theboardissupposed to:

1. AdvisetheCentra Government in mattersrelated to the prevention and control
of water pollution.

2. Coordinatetheactivitiesof State Pollution Control Boardsand providesthem
technical assistance and guidance.

3. Organizetraining programmesfor prevention and control of pollution.

&

Organize comprehendg ve programmeson pol lution-rel ated i ssuesthrough mass
media.

Collect, compileand publish technical and satistical datarelated to pollution.
Prepare manualsfor treatment and disposal of sewage and trade effluents.

Lay down standardsfor water quality parameters.

Plan nation-wide programmesfor prevention, control or abatement of pollution.

Establish and recognize |aboratoriesfor analysis of water, sewage or trade
effluent sample.

The State Pollution Control Boardsal so have smilar functionsto be executed at the
statelevel and are governed by the directions of CPCB.

© © N o O

1. Theboard advisesthe state government with respect to thelocation of any
industry that might polluteastream or awell.



2. Itlaysdown standardsfor effluentsand isempowered to take samplesfrom
any stream, well or trade effluent or sewage passing through anindustry.

3. The State Board is empowered to take legal samples of trade effluent in
accordancewiththe procedurelaid downintheAct. Thesampletakeninthe
presence of the occupier or hisagent isdivided into two parts, sealed, signed
by both the partiesand sent for analysisto somerecognized | ab. 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 hasto obtain consent from the Board (granted for afixed
duration) by applying on aprescribed proformaprovidingall technical details,
alongwith aprescribed fee, following which analysisof theeffluentiscarried
Out.

5. The Board suggestsefficient methodsof utilization, trestment and disposal of
trade effluents.

TheAct hasmade detailed provisionsregarding the power of the Boardsto
obtain information, taketrade samples, restrict new outlets, restrict expansion, enter
and inspect the units and sanction or refuse consent to theindustry after effluent
analyss.

Whiledevel opment isnecessary, itisal themoreimportant to prevent pollution
which canjeopardizethelivesof people. Ingtalation and proper functioning of effluent
treatment plantsin all pollutingindustriesisamust for checking the pollution of
water and land. Despite certain weaknessesin the Act, the Water Act hasample
provisionsfor preventing and controlling water pollution through legal measures.

Penalties include a fine of up to I5000 a day for first offence and/or
imprisonment from oneto six years. On repeated offence, the penalty goesupto
% 10000 aday and/or imprisonment from oneto six years.

CHEcCK Y OUR PROGRESS

6. When did the Environmental Protect Act comeinto force?

7. Giveany two salient featuresand provisions of the Water (Prevention and
Control of Pollution) Act.

3.4 CLIMATE CHANGE AND GLOBAL WARMING

Let usdiscussto concept of climate change and global warmingin thefollowing
section.

Climate Change

Climate is the average weather of an area. It is the general weather conditions,
seasonal variations and extremes of weather in aregion. Such conditionswhich
averageover along period, for at |east thirty yearsiscalled climate.
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TheIntergovernmental Panel On Climate Change (IPCC) in 1990 and 1992
published the best available evidence about past climate changes, the greenhouse
effect and recent changes in global temperature. It was observed that earth’s
temperature has changed cons derably during the geol ogical times. It hasexperienced
severd glacia andinterglacial periods. However, during the past 10,000 yearsof the
current interglacia period, the mean average temperature hasfluctuated by 0.51°C
over the 100 to 200 year period. We haverelatively stable climate for thousands of
yearsdue to which we have practised agriculture and increased population. Even
small changesin the climatic conditionsmay disturb agriculturethat would lead to
migration of animal sincluding 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.

Thismay upset the hydrological cycle, resultingin floods and droughtsin
different regions of the world, causing sealevel to rise, changesin agricultural
productivity, faminesand death of humansaswell aslivestock.

Global Warming

Troposphere, thelower most layer of the atmosphere, trapsheat by natural processes
duetothe presenceof certain gases. Thiseffect iscalled greenhouse effect, asitis
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 thelength of timethey stay
intheatmosphere. The major greenhouse gasesare carbon dioxide, 0zone, methane,
nitrous oxide, and water vapour.

Theaverageglobal temperatureis15°C. In the absence of greenhouse gases,
thistemperature would have been 18°C. Therefore, greenhouse effect contributes
to atemperatureriseto thetune of 33°C.

Heat trapped by greenhouse gasesin the atmosphere keepsthe planet warm
enough to allow us and other speciesto exist. The two predominant greenhouse
gasesare water vapour whichiscontrolled by the hydrological cycle and carbon
dioxidewhichiscontrolled mostly by the global carbon cycle. Whilethelevelsof
water vapour in the troposphere have relatively remained constant, the level s of
carbon dioxide haveincreased.

Other gaseswhoselevel shaveincreased dueto human activitiesare methane
and nitrous oxide. Deforestation hasfurther resulted in elevated levels of carbon
dioxide dueto the non-removal of carbon dioxide by plantsthrough photosynthesis.
Warming or cooling by morethan 2°C over the past few decades may proveto be
disastrousfor various ecosystemson the earth, including humansasit would alter
the conditions faster than some species could adapt or migrate. Some areas will
becomeinhabitable because of droughtsor floodsfollowing theriseinthe average
sealevel.



Greenhouse Gases

The phenomenon that worriestheenvironmenta scientigtsisthat dueto anthropogenic
activities, thereisanincreasein the concentration of the greenhouse gasesin theair
that absorbsinfra-red light contai ning heat and resultsin 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
naturaly for millennia.

The greenhouse gasesinclude carbon dioxide, chlorofluorocarbons, methane
and nitrousoxide. Thesearethe greenhouse gases present in the tropospherewhich
resultin anincreasein thetemperature of air and earth.

I mpacts of Enhanced Greenhouse Effect

The enhanced greenhouse effect will not only cause global warming, but will also
affect variousother climatic and natural processes.

1. Global temperature increase: It is estimated that the earth’s mean
temperaturewill rise between 1.5t0 5.5 °C by 2050, if inputs of greenhouse
gases continues to rise at the present rate. Even at the lower value, earth
would bewarmer than it hasbeen for the past 10,000 years.

2. Risein sealevel: With theincrease in global temperature, seawater will
expand. Heatingwill melt thepolar ice sheetsand glaciers, resultinginfurther
riseinthe sealevel. Current modelsindicatethat an increaseinthe average
atmospheric temperature of 3°Cwould raisethe average global sealevel by
0.2-1.5 metresover the next 50-100 years.

Onemetrerisein sealeve will inundate low-lying areasof citieslike Shanghai,
Cairo, Bangkok, Sydney, Hamburg and Venice, aswell asagricultura lowlands
and ddtasin Egypt, Bangladesh, India, China Thiswill affect rice productivity.
Thiswill also disturb many commercially important spawning grounds, and
would probably increasethe frequency of ssorm damageto lagoons, estuaries
and coral reefs.

InIndia, the Lakshadweep Idandswith amaximum height of 4 metresabove
thesealevel isvulnerable. Some of the citieslike Mumbai may be saved by
heavy investment on embankmentsto prevent inundation.

Lifeof millionsof peoplewho have build homesin thedeltasof Ganges, the
Nile, theMekong, the Yangtze and the Mississippi riverswill be affected, by
thesealevel rise.

3. Effectson human health: The global warming will lead to changesinthe
rainfall patternin many areas, thereby affecting the distribution of vector-
borne diseaseslikemaaria, filariasisand elephantiass.

Areaswhich are presently free from diseases|ike malariamay becomethe
breeding ground for the vectors of such diseases. The areas likely to be
affected in this manner are Ethiopia, Kenya and Indonesia. Warmer
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temperatureand more water stagnation will favour breeding of mosquitoes,
snailsand someinsects, which are the vectors of such diseases.

Higher temperature and humidity will increase/aggravate respiratory and skin
diseases.

4. Effectson agriculture: There are different views regarding the effect of
global warming on agriculture. It may show positive or negative effectson
varioustypesof cropsindifferent regionsof theworld. Tropica and subtropical
regionswill be more affected sincethe average temperaturein theseregions
isaready on the higher side. Even arise of 2°C may be quite harmful to
crops. Soil moigturewill decrease and evapo-transpiration will increase, which
may drastically affect wheat and maize production.

Increaseintemperature and humidity will increase pest growth like thegrowth
of vectorsfor various diseases. Pests will adapt to such changes better than the

crops.

To cope up with the changing situation, drought resi stant, heat resistant and
pest resistant varietiesof cropshaveto be devel oped.

Measures to Check Global Warming

To dlow down enhanced globa warming thefollowing stepswill beimportant:
1. Cut down the current rate of use of CFCsand fossil fuel.

Useenergy moreefficiently.

Shift to renewabl e energy resources.

Increasein nuclear power plantsfor electricity production.

Shift from coal to natural gas.

Trap and use methane asafuel.

Adopt sustainableagriculture.

Stabilize popul ation growth.

Efficiently remove carbon dioxide from smoke stacks.

. Plant moretrees.
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11. Remove atmospheric carbon dioxideby utilizing photosynthetic algae.
3.4.1 Rain and Wasteland Reclamation

Oxidesof sulphur and nitrogen originating from industrial operationsand fossi| fuel
combustion arethe major sources of acid forming gases. Acid forming gasesare
oxidized over severd daysby whichtimethey travel several thousand kilometres. In
the atmosphere, these gasesare ultimately converted into sulphuric and nitric acids.
Hydrogen chloride emission formshydrochloric acid. Theseacidscauseacidicrain.

Acidranisonly onecomponent of acidic deposition. Acidic decompositionis
thetotal wet acidic deposition (acid rain) and dry deposition.



Rainwater turnsacidic whenitspH fallsbelow 5.6. Infact, clean or natural
rainwater hasapH of 5.6 at 20°C because of formation of carbonic acid duetothe
dissolution of CO, inwater.

Inthe absence of rain, dry deposition of acid may occur. Acid forming gases
like oxidesof sulphur and nitrogen and acid aerosol sget deposited on the surface of
water bodies, vegetation, soil and other materials. On moist surfacesor inliquids,
these acid forming gases can dissolve and form acidssimilar to that formedin acid
rain.

Effects of Acid Rain
Acidrain causesanumber of harmful effectsbelow pH 5.1. The effectsarevisible
even at pH lessthan 5.5.

1. It causesdeterioration of buildings, especidly made of marble, e.g., monuments
likeTg) Mahal. Crystalsof cal cium and magnesium sulphate areformed asa
result of corrosion caused by acid rain.

2. It damages stone statues. Pricel ess stone statuesin Greece and Italy have
been partialy dissolved by acidrain.

3. It damagesmetalsand car finishes.

4. Aquaticlifeespecially fish arebadly affected by lake acidification.

5. Aquatic animal ssuffer from toxicity of metalssuch asa uminium, mercury,
manganese, zinc and lead which leak from the surrounding rocks dueto acid
rain.

6. Itresultsinreproductivefailure, and killing of fish.
7. 1t damagesfoliage and weakenstrees.

8. It makestrees more susceptibleto stresseslike cold temperature, drought,
etc. Many insectsand fungi are moretol erant to acidic conditions, and hence,
they can attack the susceptibl e trees and cause diseases.

Control of Acid Rain

1. Emissionof SO, and NO, fromindustriesand power plantsshould be reduced
by using pollution control equipment.

2. Liming of lakes and soils should be done to correct the adverse effects of
acidran.

3. A coating of protectivelayer of inert polymer should begivenintheinterior of
water pipes.

Wastdand 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 aress, 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
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ha) isestimated to be wastel and, thusindicating the seriousness of the problem for
a country like ours which has to support one-sixth of the world’s population.

Maximum wasteland areasin our country liein Rajasthan (36 million ha)
followed by Madhya Pradesh and Andhra Pradesh. In Harayana, the wastelands
cover about 8.4 per cent of thetotal land areaand most of it comprisessaline, sodic
or sandy land areas.

Wastdlandsareformed by natural processes, whichincludeundulating uplands,
snow-covered lands, coastal saline areasand sandy areasor by anthropogenic (man-
made) activities|eading to eroded, saline or waterlogged lands.

Wasteland Reclamation Practices

Wasteland reclamation and devel opment in our country fallsunder the purview of
Wastel and Devel opment Board, which workstofulfil thefollowing objectives:

1. Toimprovethe physical structureand quality of marginal soils

2. Toimprovetheavailability of good quality water for irrigating theselands
3. Toprevent soil erosion, flooding and landdides

4. To conservethebiological resourcesof land for sustainable use

CHEcK Y OUR PROGRESS

8. What isthe greenhouse effect?
9. Name some of the major greenhouse gases.

3.5 WATER CONSERVATION, RAIN WATER
HARVESTING, WATERSHED MANAGEMENT

Waeter, being one of the most precious and i ndispensabl e resources, needsto be
conserved. Thefollowing strategies can be adopted for conservation of water.

1. Decreasing run-off losses: Huge water-loss occursdue to run-off on most of
thesoils, which can bereduced by alowing most of thewater toinfiltrateinto
the soil. Thiscan be achieved by using contour cultivation, terrace farming,
water spreading, chemical treatment or improved water-storage system.

(8 Contour cultivation: Small furrowsand ridges acrossthe slopes, trap
rainwater and allow moretimefor infiltration. Terracesconstructedin
deep soilshavelarge water-storage capacity. On gentle d opes, trapped
run off isspread over alarge areafor better infiltration.

(b) Conservation-bench terracing: It involves construction of a seriesof
benchesfor catching the run off water.

(c) Water spreadingisdoneby channding or lagoon-levelling. Inchanndlling,
thewater flow iscontrolled by aseriesof diversonswithverticd intervals.
Inlagoon-levelling, small depressonsaredugintheareasothat thereis
temporary storage of water.



(d) Chemical wetting agents (Surfactants): These seem to increase the
water intake rateswhen added to normal irrigated soil.

(e) Surface crop residues, tillage, mulch, animal residues, etc., help in
reducing run-offsby alowing moretimefor the water to penetrateinto
theland.

(f) Chemica conditionerslikegypsum (CaSO,.2H.,0) when gppliedtosodic
soils improve soil permeability and reduce run off. Another useful
conditioner isHPAN (hydrolyzed poyacrylonitril€).

(9) Water-gorage structureslikefarm ponds, dug-outs, etc., built by individua
farmerscan be useful measuresfor conserving water through reduction
of run-offs.

. Reducing evaporationlosses Thisismorereevant in humidregions. Horizonta
barriers of asphalt placed below the soil surfaceincrease water availability
and increase crop yield by 35-40 per cent. Thisismore effective on sandy
soil but less effective on loamy sand soils.

A co-polymer of starch and acrylonitrile called ‘super slumper’ has been
reported to absorb water up to 1400 timesitsweight. The chemical hasbeen
found to be useful for sandy soils.

. Storing water in soil: Storage of water takes placein the soil root zonein
humid regions, when the soil iswetted tofield capacity. By leaving the soil
fallow for one season, water can be made availablefor thecrop growninthe
next season.

. Reducingirrigationlosses: @) Useof lined or covered canal sto reduce seepage
b) irrigationin early morning or |ate evening to reduce evaporation |0ssesc)
sprinklingirrigation and dripirrigation to conserve water by 30-50 per cent d)
growing hybrid crop varietieswith lesswater requirementsand toleranceto
salinewater help conserve water.

. Reuse of water: a) Treated wastewater can be used for ferti-irrigation b)
using grey water from washings, bath-tubs, etc., for watering gardens, washing
carsor pathshelp in saving fresh water.

. Preventing wastage of water: Thiscan be donein households, commercia
buildingsand public places. a) Closing tapswhen not in useb) repairing any
leakage from pipesc) using small capacity flushintoilets.

. Increasing block pricing: The consumer hasto pay aproportionately higher
bill with higher use of water. Thishel psin the economic use of water by the
consumers.

Rainwater Harvesting

Rainwater harvesting isatechnigue of increas ng the recharge of groundwater by
capturing and storing rainwater. Thisisdone by constructing specid water-harvesting
structures like dug wells, percolation pits, lagoons and check dams. Rainwater,
wherever it falls, iscaptured and pollution of thiswater is prevented. Rainwater
harvestingisnot only proving useful for poor and scanty rainfall regions, but aso for
therichones.
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Theannual averagerainfal inIndiais 1200 mm; however, in most placesitis
concentrated over the rainy season, from June to September. It isan astonishing
fact that Cherapunji, the place receiving the second highest annual rainfall as 11000
mm still suffersfrom water scarcity. The water flows away run-offsand thereis
little vegetation to check therun off and alow infiltration. Till now, thereishardly
any rain-water harvesting being doneinthisregion, thereby losing all thewater that
comesthroughrainfall.

Rainwater harvesting hasthefollowing objectives:
1. Toreducerun-off loss
2. Toavoidflooding of roads
3. Tomeet theincreasing demands of water
4. Toraisethewater table by recharging ground water
5. Toreduceground water contamination
6. To supplement ground water suppliesduring lean seasons

Rainwater can be mainly harvested by anyone of thefollowing methods:
1. By storingintanksor reservoirsabove or below ground
2. By congructing pits, dugwells, lagoons, trench or check-damson small
rivulets
3. By recharging the ground water

Before adopting a rainwater harvesting system, the soil characteristics,
topography, rainfall pattern and climatic conditions should be understood.

Traditional Rainwater Harvesting

InIndia, itisanold practiceinhighrainfall areasto collect rainwater from roof tops
into storage tanks. In foot-hills, water flowing from springs are collected by
embankment typewater storage. In Himalayan foot-hills, people usehollow bamboos
as pipelinesto transport the water of natural springs. Rajasthan isknown for its
‘tankas’ (underground tanks) and ‘khadins’ (embankments) for harvesting
rainwater. In our ancient times, we had adequate taalaabs, baawaris, johars,
hauz, etc. inevery city, village and capital citieswhichwereused to collect rainwater
and ensure adequate water supply in dry periods.

Modern Techniques of Rainwater Harvesting

Inaridand semi-aridregions, artificid ground water rechargingisdoneby congtructing
shallow percol ation tanks. Check-damsmade of any suitable native materia (brush,
rocks, plants, looserocks, wire nets, stones, slabs and sacks) are constructed for
harvesting run-off from large catchment areas. RajendraSingh of Rgasthan popularly
known as ‘waterman’ has been doing a commendable job for harvesting rainwater
by building check-damsin Rajasthan and he was honoured with the prestigious
Magsaysay Award for hiswork.

Groundwater flow can beintercepted by building groundwater damsor soring
water underground. Ascompared to surface dams, groundwater damshave severa
advantages|ike minimum evaporation | oss, reduced chances of contamination, etc.



Inroof top rainwater harvesting, whichisalow cost and effective technique
for urban houses and buildings, the rainwater from thetop of theroofsisdiverted to
some surface tank or pit through a delivery system which can be later used for
several purposes. Also, it can beused to recharge underground aguifersby diverting
the stored water to some abandoned well or by using ahand pump.

All thesetechniquesof rainwater harvesting arelow cost methodswithlittle
mai ntenance expenses. Rainwater harvesting helps in recharging the aquifers,
improvesgroundwater quality by dilution, improves soil moisture and reduces soil
erosion by minimizing run-off water.

Water shed Management

Theland areadrained by ariver isknown astheriver basin. Watershed isdefined as
theland areafrom which water drainsunder gravity to acommon drainage channel.
Thus, watershed isadelineated areawith awell-defined topographi c boundary and
one water outlet. The watershed can range from afew square kilometresto few
thousand square kilometresin s ze. Inthewatershed, the hydrological conditionsare
such that water becomes concentrated within aparticular location likeariver or a
reservoir, by which thewatershed isdrained.

Thewatershed comprisescomplex interactionsof soil, landform, vegetation,
land useactivitiesand water. Peopleand animalsarean integral part of awatershed.
They have mutual impactson each other.

A watershed isdirectly involved in sustained food production, water supply
for irrigation, power generation, transportation aswel | asfor influencing sedimentation
and erosion, vegetation growth, floodsand droughts.

Thus, management of watershedstreating them as basic functional unitsis
extremely important and thefirst Integrated Watershed M anagement was adopted
in 1949 by the Damodar Valley Corporation.

Water shed Degradation

Watershedsare very often found to be degraded dueto uncontrolled, unplanned and
unscientific land-use activities. Organizing, deforestation, mining, construction
activities, industridization, shifting cultivation, natural and artificid fires, soil erosion
and ignorance of local people have been responsible for degradation of various
watersheds.

Objectives of Watershed Management

Rationd utilization of land and water sourcesfor optimum production causngminimum
damageto the natural resourcesisknown aswatershed management. The objectives
of watershed management areasfollows:

1. Torehabilitate the watershed through proper land use adopting conservation
strategiesfor minimizing soil erosion and moisture retention so asto ensure
good productivity of theland for thefarmers.

2. Tomanagethewatershed for beneficia developmental activitieslikedomestic
water supply, irrigation, hydropower generation, etc.

Environmental Degradation
and Management

NOTES

Self-Instructional Material 113



Environmental Degradation
and Management

NOTES

114 Self-Instructional Material

3. Tominimizetherisksof floods, droughtsand landdlides.

4. Todeveloprurd areasintheregionwith clear plansfor improving the economy
of theregions.

Water shed Management Practices

IntheFifth Five Year Plan, watershed management approach wasincluded witha
number of programmesfor it and anational policy was devel oped. In watershed
management, the aspectsof devel opment are consdered with regard to the avail ability
of theresources.

The practices of conservation and devel opment of land and water aretaken
up with respect to their suitability for people’s benefit as well as sustainability. Various
measureswhich aretaken up for management includethefollowing:

1. Water har vesting: Proper storage of water isdonewith provision for
useindry seasonsin low rainfall areas. It also hel psin moderation of
floods.

2. Afforestation and agro-forestry: In watershed development,
afforestation and crop plantation play avery important role. They help
inpreventing soil erosion and retention of moisture. Inhighrainfall arees,
woody trees are grown in between crops to substantially reduce the
run-offs and loss of fertile soil. In Dehradun, trees like eucalyptus,
leucaenaand grasseslike chrysopogon are grown along with maize or
whesat to achieve the objectives. Woody trees grown successfully in
such agro-forestry programmes include sheesham, teak and keekar
which have been used in watershed areas of river Yamuna.

3. Mechanical measuresfor reducing soil er osion and run-off losses
Several mechanica measuresliketerracing, bunding, benchterracing,
no-till farming, contour cropping, strip cropping, €tc., areusedtominimize
run-offs and soil erosion, particularly on the slopes of watersheds.
Bunding has proved to be avery useful method in reducing run-off,
peak dischargeand soil lossin Dehradun and Siwaliks.

4. Scientificmining and quar rying: Dueto improper mining, thehills
lose stability and get disturbed resultinginlanddides, rapid erosion, etc.
Contour trenching at aninterval of one metre on overburdened dump,
planting some soil binding plants, land draining of water coursesinthe
mined areaare recommended for minimizing the destructive effects of
mininginwatershed aress.

5. Publicparticipation: People’s involvement, including the farmers and
tribals, is the key to the success of any watershed management
programme, particularly in the soil and water conservation. People’s
cooperation aswell as participation hasto be ensured for the same.
The communities are to be motivated for protecting freshly planted
areas and maintaining water harvesting structuresimplemented by the
government or some external agency (NGO) independently or by
involving thelocal people. Educating the people about the campaign



and its benefits or sometimes, paying certain incentivesto them can
help in effective people’s participation.
Successful watershed management has been done at Sukhomajri Panchkula,
Haryanathrough active participation of the local people.

Watershed management inthe Himalayan regionisof vital importancesince
most of the watersheds of our country liethere. Several anthropogenic activities
accelerate its slope instability which need to be prevented and efforts should be
made to project the watershed by preventing overgrazing, terracing and contour
farming to check run-offsand erosion. On steeper dopeswith diding faces, straw
mul ching tied with thin wires and ropes hel psin establishing the vegetation and
gabilizingthedopes.

CHEcK Y OUR PROGRESS

10. Giveany two strategiesthat can be adopted to conserve water.
11. What israinwater harvesting?
12. When wasthefirst Integrated Watershed Management adopted?

3.6 VERMICOMPOSTING: DEFINITION,
VERMICOMPOSTING SPECIES AND
IMPORTANCE

Vermicomposting isbas cally amanaged process of wormsdigesting organic matter
totransformthematerid into abeneficid soil amendment. Asper the USDA guiddines
for compost practices (with effect from October 21, 2002), vermicomposts are
defined as organic matter of plant and/or animal origin consisting mainly of finely-
divided earthworm castings, produced non- thermaphilically with biooxidation and
Sabilization of the organic material, duetointeractionsbetween aerobic microorganism
and earthworms, asthe material s passthrough the earthworm gut.

Good quality compost productionin ambient temperature can beaccomplished
in shorter time by the process of vermicomposting that involvesthe use of proper
species of earthworms. The native cellulase activity of earthworms and
microorganismsin the earthworm gut promotesfaster decomposition of ingested
organic materia. The combined effect of enzymatic activity and grinding of organic
materialsto fineness by earthworms producesthe vermicomposting and thisisnot
observed in compost pitswithout earthworm.

The earthwormsbeing voracious eaters consume the biodegradabl e matter
and give out apart of the matter asexcretaor vermi-castings. The vermi-casting
containing nutrientsisarich manurefor the plants. Vermicompost, gpart from supplying
nutrientsand growth enhancing hormonesto plants improvesthe soil structureleading
to increase in water and nutrient holding capacities of soil. Fruits, flowers and
vegetables and other plant products grown using vermi- compost are reported to
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have better keeping quality. A growing number of individualsand ingtitutionsare
takinginterest inthe production of vermicompost utilising earthworm activity. Asthe
operational cost of production of thiscompost worksout to lessthan 2.0/Kg., itis
quiteprofitableto sell thecompost even at:

% 4.00t0X 4.50/Kg.

Process

The process of composting crop residues/ agri wastes using earthworms comprise
spreading the agricultural wastesand cow dungin gradual ly built up shallow layers.
Thepitsarekept shallow to avoid heat built-up that could kill earthworms. To enable
earthworms to transform the material relatively faster a temperature of around
300°C is maintained. The final product generated by this process is called
vermicompost, which essentially consistsof the casts made by earthwormseating
the raw organic materials. The process consists of constructing brick lined beds
generally of 0.9to 1.5 mwidth and 0.25 to 0.3 m height are constructed inside a
shed openfrom all sdes. For commercia production, the bedscan be prepared with
15 mlength, 1.5 m width and 0.6 m height spread equally below and above the
ground. Whilethelength of the beds can be made as per convenience, thewidth and
height cannot beincreased as an increased width affects the ease of operationand
anincreased height on conversion rate dueto heat built up.

Cow dung and farm waste can be placed in layersto make a heap of about
0.6t0 0.9 m height. Earthwormsareintroduced in between thelayersat 350 worms
per m3 of bed volumethat weighs nearly 1 Kg. The beds are maintained at about
40-50 per cent moi sture content and atemperature of 20-30° C by sprinkling water
over the beds.

When the commercia scale productionisaimed at, in addition to the cost of
production, considerable amount hasto beinvested initially on capital items. The
capital cost may work out to about ¥5000 to 6000 for every tonne of vermicompost
production capacity. The high unit capital cost is due to the fact that large units
require cons derabl e expenditure on preparation of vermi beds, shed to provideshelter
to these beds and machinery. However, these expendituresareincurred only once.

Under theoperationd cogt, trangportation of raw materialsasa so thefinished
product arethekey activities. When the source organic wastesand dung are away
from the production facility and the finished product requirestransportationto far
off places before being marketed, the operational cost wouldincrease.

However, inmost of the cases, the activity isviableand bankable. Following
aretheitemsrequired to be considered while setting up aunit for production of
vermi-compos.

About theworms

Of about 350 species of earth wormsin Indiawith various food and burrowing
habits, Eisenia fetida, Eudrilus eugeniae and Perionyx excavatus are some of
the speciesthat arereared to convert organic wastesinto manure. A combination of
epigeic speciesthat form no permanent burrowsand live on the surface, anecic that



form semi-permanent and vertical burrowsextending from the surface and endogeic
that typically livethroughout the deeper |ayersmay be considered.

Thewormsfeed on any biodegradable matter and vermicomposting unitsare
idedlly suited for locations/unitswith generation of considerabl e quantitiesof organic
wastes. One earthworm reaching reproductive age of about six weekslaysoneegg
capsule (containing seven embryos) every 7-10 days. Threeto sevenwormsemerge
out of each capsule. Thus, the multiplication of worms under optimum growth
conditionsisvery fast. Thewormslive for about two years. Fully grownworms
could be separated and dried in an ovento make ‘worm meal” whichisarich source
of protein (70 per cent) for usein animal feed.

L ocation

Rura areaswith predominanceof agriculture, suburbsof citiesand peri urban villages
are considered ideal locationsfor setting up of vermicomposting unitson alarger
scalefromtheview point of availability of raw material and marketing of the produce.
Asuseof the compost issaid to have ameliorative effect more particularly onfruit,
vegetabl e, plantation and ornamental crops, vermi- composting unitsmay belocated
in areaswith concentration of fruit and vegetabl e growers and floriculture units.
Further, the nearnessto acommercial dairy unit or large concentration of cattle
population will have an added advantage of cheap raw material, i.e., cow dung.

Components of a Commercial Unit

Commercia unitshaveto be devel oped based ontheavail ability of cow dunglocaly.
If some big dairy is functioning then such unit will be an associated activity.
Commercid unitsmust not be designed based onimported cow dung. The philosophy
isin-situ devel opment using ‘natural resources’.

Sheds

For avermi-composting unit, whether small or big, thisisan essential itemandis
required for securing the vermi beds. They could be of thatched roof supported by
bamboo raftersand purlins, wooden or sted trussesand stone/ RCC pillars. Locally
availableroofing materialsor HDPE sheet may a so be used in roofing to keep the
capital investment at reasonably lower level. If the Sizeisso chosen asto prevent
wetting of bedsdueto rain on awindy day, they could be open sheds. Whiledesigning
the shedsadequate room/pathways hasto beleft around the bedsfor easy movement
of thelabourersattendingto thefilling and harvesting the beds.

Vermi-beds

Normally, the bedshave 0.3t0 0.6 m height depending on theprovisonfor drainage
of excesswater. Care should betaken to make the bed with uniform height over the
entire width to avoid low production owing to low bed volumes. The bed width
should not be morethat 1.5 mto allow easy accessto the centre of the bed.

Land

About 0.5-0.6 acre of land will be needed to set up avermiculture production. The
centrewill have at least 6-8 shedsfor convenience and adedicated areafor finished
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products. It should al so have aborewell and pump set or watering arrangement and
other equipments as described i n the scheme economics. Theland can betaken on
leasefor at least 10-15 years.

Buildings

When the activity istaken up on alarge scale on commercial lines, considerable
amount may haveto be spent on buildingsto housethe office, storetheraw material
andfinished product, provide minimum accommodation to the Manager and workers.

The cost of the buildings along with the el ectrification of these buildings and the
vermi-shedsmay beincluded under thisitem.

Seed Sock

Thisisanimportant item requiring considerable expenditure. Though, theworms
multiply fast to give the required numbersover aperiod of six monthsto ayear, it
may not bewisetowait till such atime havinginvested on theinfrastructure heavily.
Thus, wormsat 1 kg per m? of bed volume shoul d be adequate to start with and to
build up therequired popul ation in about two or three cycleswithout unduly affecting
theestimated production.

Fencing and Roads/Paths

The site areaneedsdevel opment for construction of structuresand devel opment of
roadsand pathwaysfor easy movement of hand-drawn trolleys'wheel barrowsfor
conveying theraw material and the finished productsto and from the vermi- sheds.
Theentireareahasto befenced to prevent trespass by animalsand other unwanted
elements. These could be estimated based on the length of theperiphery of the
farm and the length and type of roads/paths required. The costs on fencing and
formation of roads should be kept low as these investments are essential for a
production unit, yet would not lead to anincreasein production.

Water Supply System

Asthe bedshaveto be kept moist alwayswith about 50 per cent moi sture content,
thereisaneedto planfor awater source, lifting mechanism and asystem of conveying
and applying the water to the vermi-beds. Drippers with round the clock flow
arrangement would be quite handy for continuoussupply and saving on water. Such
awater supply systemrequiresconsiderableinitial investment. However, it reduces
the operational cost on hand watering and proveseconomical inthelongrun. The
cost of theseitemswould depend on the capacity of the unit and the type of water
supply chosen.

Machinery

Farm machinery and implementsarerequired for cutting (shredding) theraw materia
into small pieces, conveying shredded raw material to the vermi-sheds, loading,
unloading, collection of compogt, loosening of bedsfor aeration, shifting of the compost
before packing and for air drying of the compost, automatic packing and stitching
for efficient running of the unit.



Transportation

For any vermi-composting unit, transport arrangement isamust. When the source
of raw material isaway from the production unit, an off-site transport becomes
major item of investment. A large sized unit with about 1000 tonnes per annum
capacity may requireathreetonne capacity mini-truck. With small unitsparticularly
with theavailability of raw materia near the site, expending on transport facility
may becomeinfructuous. On-stetransport facilitieslike manually drawntrolleysto
convey raw material and finished products between the storage point and the vermi-
compost sheds could also beincluded inthe project cost.

Furniture

A reasonableamount could also be considered for furnishing the office-cum-stores
including the storage racks and other office equipments. Thiswill enhance the
efficiency of operations.

Financial aspects
Thefollowing arethefinancial aspects.

Benefits

Itisassumed that therewill bearound 2-3 cyclesof productioninthefirst year and
5-6 cyclesinthe subsequent yearswith aduration of each cycleat around 65—-70
days. Further, taking into account variouslimitationsand operational problems, the
capacity utilizationisfurther assumed at 50 per centinthefirst year and 90 per cent
from second year onwards. Benefitsinclude theincomefrom sal e of vermi-compost
at 4500 per MT and worm at ¥200/- per kg. The net income from the second year
onwardswould beabout ¥6,48,000 annualy.

Project Cost

Vermi-composting could betaken up on any scale starting from 10 MT per annum
(TPA) to 1000 TPA and above. Asthe production is proportional to the vermi-bed
pace, it isadvantageousto start with less capacitiesand | ater expand the unit after
gaining production experience and developing assured market for the product.

A bed volume of 324 m3 spread over twenty-four beds- 15mlong, 1.5m
wide and 0.6 m high is estimated to produce vermi-compost of 200 TPA over 6
cycles/cropsof 65-70 dayseach annually. Total of twenty-four such bedsmay be
housed under two to four different open sheds.

The particul ars of capitalised costsincluding mother stock of earthworms,
cost of machinery and toolsand operational cost/production cost of compost are set
outinAnnexurel and I1. The costsand benefits of the unit are set out in Annexure
I11. Ascan be seen, theinvestment cost 1s313,50,000/-, operationa cost X3,42,000.
Operational cost of two cyclesamounting to1,24,800/- has been capitalised.
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Margin

Themargin money/down payment hasbeen considered at 25 per cent in the present
model, whichworksout t03.375 lakh.

Bank loan
Bank loan considered inthe model is 75 per cent which worksout t0310.125 |akh.
Rate of interest

Banksarefreeto decidetherate of interest withinthe overall RBI guidelinesissued
fromtimetotime. Whiletheinterest rate may vary from 13to 15 per cent, for the
purpose of financial analysisand bankability of the project, theultimatelendingrate
has been assumed at 13 per cent.

Security
Banksareguided by RBI guidelinesissued from timetotimeinthisregard.
Fnancia andysis

The financial analysis are shown in Annexure V. It indicates that the model is
viable. Themgjor financia indicatorsare given below:

NPV : X7.6211akhBCR:1.23:1
IRR : 34 per cent
Repayment

Based on the cash flow the detail ed repayment schedul e has been worked out and
furnished in AnnexureV. Theloan outstanding can berepaidin 6 years.

CHEcK Y OUR PROGRESS

13. What isvermicomposting?
14. What aretheideal locationsfor setting up of vermicomposting units?

3.7 ROLE OF GOVERNMENT IN MANAGEMENT

Wewill look at disaster management and therol e of Tripura State Polution Control
Boardinthissection.

3.7.1 Disaster Management: floods and earthquakes

Geologica processeslikeearthquakes, vol canoes, floodsand landdidesare normal
natural eventswhich have resulted in theformation of the earth that we havetoday.
They are however disastrousin their impact when they affect human settlements.
Human soci eties have witnessed alarge number of such natural hazardsin different
partsof theworld and havetried to learn to control these processesto some extent.



Table 3.1 Frequently occurring Natural Disastersin India

Sr. Type L ocation/Area Affected
No. Pollution
(inmillion)
1 Floods Eight mgjor river valleys spread over
40 million hectaresin the entire country. 260
2 Droughts Spread in fourteen states. &
3 Earthquakes| Nearly 55 per cent of the total area of the
country fall inthe seismic zones|V and V. 400
4, Cyclones Entire 5700 km long coastline of southern
Peninsular India covering nine states. 10
5 Landdlides Entire sub-Himalayan regions and Western
Ghats. 10

Major disastersinclude adevastating earthquake which hit thecity Bhuj in Gujarat
which caused massive damage. Earthquake generated water wavescalled Tsunamis
caused tremendous damage in Tamil Nadu and Kerala.

Causes for Natural Disasters
Thereare several causesfor such disasterswhich includethefollowing:

1. Anthropogenic activitiessuch asimpounding huge quantitiesof water inlakes
behind big dams, e.g., KoynaDamin Maharashtrahas created few incidence
of minor and major earthquakes; underground nuclear testing, e.g., Pokharan
Il testing in the desert of Rajasthan, deep well disposal of liquid waste.

2. Heavy rainfallsor sudden snow melt can swell theriversdisproportionately
caus ng great economic lossand health-rel ated problems.

3. Landdlidesoccur when coherent rock of soil massesmovedown asopedue
togravitationd pull. Weter and vegetationinfluencelanddides. Chemical action
of water gradually causes chemical weathering of rocks making them prone
tolanddides.

Earthquake

An earthquake isaphenomenon that occurswithout warning and involvesviol ent
shaking of theground and everything over it. It resultsfrom therel ease of accumul ated
stress of the moving lithospheric or crustal plates. The earth’s crust is divided into
sevenmajor plates, that areabout 50 milesthick, which moved owly and continuoudy
over the earth’s interior and several minor plates. Earthquakes are tectonic in origin;
that isthe moving platesare responsiblefor the occurrence of violent shakes. The
occurrence of an earthquake in apopul ated areamay cause numerous casualties
andinjuriesaswell asextens ve damageto property.

The Earthquake Risk in India

India’s increasing population and extensive unscientific constructions mushrooming

all over, including multistoried luxury apartments, huge factory buildings, giganti¢
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malls, supermarkets as well as warehouses and masonry buildings keep - India
at highrisk. Scientific publicationshavewarned of thelikelihood of the occurrence
of very severe earthquakesin the Himalayan region, which could adversely affect
thelivesof severa millionpeopleinindia

At onetimeregionsof the country away from the Himal ayasand other inter-
plate boundarieswere considered to berel atively safe from damaging earthquakes.
However, in the recent past, even these areas have experienced devastating
earthquakes, abeit of |ower magnitudethan the Himal ayan earthquakes. The Koyna
earthquakein 1967 led to revision of the seismic zoning map, resultingin del etion of
the non-seismic zone from themap. The areassurrounding Koynawerealso re-
designated to Seismic ZonelV, indicating high hazard. The occurrence of the Killari
earthquakein 1993 resulted in further revision of the seismic zoning mapinwhich
thelow hazard zone or Seismic Zone |l wasmerged with Seismic Zonell, and some
partsof Deccan and Peninsular Indiawere brought under Seismic Zonelll conssting
of areas designated asmoderate hazard zone areas. Recent research suggeststhat
as understanding of the seismic hazard of these regions increases, more areas
assigned aslow hazard may bere-designated to higher level of seismic hazard, or
vice-versa

The North-Eastern part of the country continuesto experience moderate to
large earthquakesat frequent i nterval sincluding the two great earthquakes mentioned
above. Since 1950, the region has experienced several moderate earthquakes. On
an average, the region experiences an earthquake with amagnitude greater than 6.0
every year. The Andaman and Nicobar Islandsarealso situated on aninter-plate
boundary and frequently experience damaging earthquakes.

Theincreasein earthquakerisk isdueto aspurt in developmental activities
driven by urbanization, economic development and the globalization of India’s
economy. The increase in use of high-technology equipment and tools in
manufacturing and serviceindustries hasa so made them susceptibleto disruption
duetorelatively moderate ground shaking. Asaresult, lossof human lifeisnot the
only determinant of earthquake risk any more. Severe economic lossesleading to
the collapse of thelocal or regional economy after an earthquake may havelong-
term adverse consequences for the entire country. This effect would be further
magnified if an earthquake affectsamega-city, such as Delhi or Mumbai.

Floods

Indiaishighly vulnerableto floods. Out of thetotal geographical areaof 329 million
hectares(mha), more than40 mhaisflood prone. Hoodsarearecurrent phenomenon,
which cause huge loss of lives and damage to livelihood systems, property,
infrastructureand public utilities. Itisacausefor concernthat flood related damages
show anincreasing trend. The average annual flood damagein thelast 10 years
period from 1996 to 2005 was Rs. 4745 crore ascompared to Rs. 1805 crore, the
corresponding average for the previous 53 years. This can be attributed to many
reasons including a steep increase in population, rapid urbanization growing
devel opmental and economic activitiesin flood plainscoupled with global warming.



Anaverage every year, 75 lakh hectares of land isaffected, 1600 livesare
lost and the damage caused to crops, housesand public utilitiesisRs.1805 crores
dueto floods. The maximum number of lives(11,316) waslost intheyear 1977. The
frequency of major floodsismorethan onceinfiveyears.

Floods have also occurred in areas, which were earlier not considered flood
prone. An effort has been made in these Guidelinesto cover the entire gamut of
Flood Management. Eighty per cent of the precipitation takes place in the monsoon
months from June to September. The rivers a bring heavy sediment load from
catchments. These, coupled with inadequate carrying capacity of rivers are
responsible for causing floods, drainage congestion and erosion of river-banks.
Cyclones, cyclonic circulationsand cloud bursts cause flash floodsand lead to huge
losses. It is afact that some of the rivers causing damage in India originate in
neighboring countries; adding another complex dimensonto the problem. Continuing
and large-scalelossof livesand damageto public and private property dueto floods
indicate that we are still to develop an effective response to floods. NDMA’s
Executive Summary Guidelines have been prepared to enable the various
implementing and stakeholder agenciesto effectively addressthecritical areasfo
minimisng flood damage.

Measures for Disaster Management

Thefollowing measuresshoul d be taken as set of measuresfor disaster management:

1. Damage of property and life can be prevented by constructing earthquake
res stant buildingsin the earthquake prone zones. Wooden housesare preferred
in earthquake prone areas asin Japan.

2. Tocheck floods, effort needsto be made to restore wetlands, replace ground
cover onwater-courses, build check-damson small streams, move buildings
off theflood plains, etc. Hood plainsshould be used for wildlife habitat, parks,
recreational aress, etc.

3. These landdides should be masked by many other exerting factors like
earthquakes, vibrations, disturbancesin resistant rock, etc. Theselanddides
could be minimized by stabilizing the d ope by draining the surface and surface
water, providing d ope support like gabions (wired stone blocks) and concrete
support at the base of aslope.

4. Itisdifficult to stop therecurrence of cyclones. Long-term defence measures
can hel pto protect usfrom devastation. Such measuresinclude planting of
moretreeson the coastal belt, construction of dams, embarkments, storm
shelter, wind breaks, proper drainage and wide roadsfor quick evacuation.
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Thefollowing section will explain the variousfunctionsof TSPCB.

Functions of Tripura Sate Pollution Control Board
Under The Water (Preventionand Control of Pollution) Act, 1974

(a) Toplanacomprehensiveprogrammefor the prevention, control or abatement
of pollution of streams and wellsin the State and to secure the execution
thereof;

(b) To advisethe State Government on any matter concerning the prevention,
control or abatement of water pollution;

(c) Tocollect and disseminateinformation relating to water pollution and the
prevention. control or-abatement thereof;

(d) Toencourage, conduct and participateininvestigationsand research relating
to problemsof water pollution and prevention, control or abatement of water
pollution;

(e) Tocollaboratewiththe Central Board in organizing thetraining of persons
engaged or to be engaged in programmesrel ating to prevention, control or
abatement of water pollution and to organi ze mass education programmes
relating thereto;

(f) Toinspect sewage or trade effluents, works and plantsfor the treatment of
sewage and trade effluentsand to review plans, specificationsor other data
relating to plantsset up for the treatment of water, worksfor the purification
thereof and the system for the disposal of sewage or trade effluentsor in
connection with the grant of any consent asrequired by thisAct;

(9) Lay down, modify or annul effluent standards for the sewage and trade
effluentsand for the quality of receiving waters (not being water inaninter-
State stream) resulting from the discharge of effluentsand to classify waters
of the State;

(h) Toevolveeconomical and reliable methods of treatment of sewage and trade
effluents, having regard to the peculiar conditions of soils, climate and water
resources of different regions and more especially the prevailing flow
characteristics of water in streamsand wellswhich render it impossibleto
attain even theminimum degree of dilution;

(i) Toevolvemethodsof utilization of sewage and suitabletrade effluents
inagriculture;

(1) Toevolveefficient methods of disposal of sewage and trade effluents
on land, asare necessary on account of the predominant conditions of
scant stream flows that do not provide for major pan of the year the
minimum degreeof dilution;

(k) Tolay down standardsof treatment of sewage and trade effluentsto be
discharged into any particular stream taking into account the minimum
fair weather dilution availablein that stream and thetolerancelimitsof



pollution permissibleinthe water of the stream, after the dischargeof ~ Environmental Degradation
such effluents; and Management
(1) Tolay down effluent standardsto be complied with by personswhile
causing discharge of sewage or sullage or both and to lay down, modify
or annul effluent standardsfor the sewage and trade effluents; NOTES
(m) To advise the State Government with respect to the location of any
industry the carrying on of whichislikely to polluteastream or well
(n) To perform such other functionsasmay be prescribed or asmay, from
time to time be entrusted to it by the Central Board or the State
Government.

A. Under TheAir (Prevention and Control of Pollution)Act,1981

(a) Toplanacomprehensiveprogrammefor the prevention, control or abatement
of air pollution and to secure the execution thereof;

(b) To advisethe State Government on any matter concerning the prevention,
control or abatement of air pollution;

(c) Tocollect and disseminateinformationrelatiingtoair pollution:

(d) To collaboratewith the Central Board in organising the training of persons
engaged or to be engaged in programmes el ating to prevention control or
abatement of air pollution and to organi semass-education programmereating
thereto;

(e) Toingpect, at all reasonabletimes, any control equipment, industrial plant or
manufacturing processand to give, by order, such directionsto such persons
as it may consider necessary to take steps for the prevention, control or
abatement of air pollution;

(f) Toinspectair pollution control areasat suchintervasasit may think necessary,
assessthe quality of air therein and-take step for the prevention, control or
abatement of air pollution in such aress,

(9) Tolay down, inconsultationwiththe Central Board and having regardto the
standardsfor thequality of air laid down by the Central Board standardsfor
emission of air pollutantsinto the atmosphere from industrial plants and
automobilesor for thedischarge of any air pollutant into the atmospherefrom
any other sourcewhatsoever not being aship or an aircraft:

Provided that different standardsfor emission may belaid down under this
clause for different industrial plants having regard to the quantity and
composition of emission of air pollutants into the atmosphere from such
indudtria plants,

(h) Toadvisethe State Government with respect to the suitability of any premises
or location for carrying on any industry whichislikely to causeair pollution;

(i) Toperform such other functionsasmay be prescribed or asmay, fromtime
totime, beentrusted toiit by the Central Board or the State Government;
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Mandates of Tripura Sate Pollution Control Board

TheMandatesof TripuraState Pollution Control Board aretoimplement thefollowing
Acts, Rulesand Notificationsframed thereunder.

(A) Acts:
» TheWater (Prevention and Control of Pollution) Act, 1975
» TheWater (Prevention and Control of Pollution) CessAct, 1977
» TheAir (Prevention and Control of Pollution) Act, 1981
* TheEnvironment (Protection) Act, 1986
(B) Rules:
» TheWater (Preventionand Control of Pollution) Rules, 1975

» TheTripuraState Pollution Control Board (Water Pollution Control) Rules,
1939

» TheWater (Prevention and Control of Pollution) CessRules, 1978

» TheAir (Preventionand Control of Pollution) Rules, 1982

* TheTripuraState Pollution Control Board (Air Pollution) Rules, 1989
» The Environment (Protection) Rules, 1986

(C) Notifications

» TheHazardousWastes (M anagement, Handling and Transboundary) Rules,
2008

» TheBio Medical Wastes(Management & Handling) Rules, 2000

» ThePlagtics Manufacture, Sale and Usage Rules, 1999

» TheNoise Pollution (Regulation & Control) Rules, 2000

* TheBatteries(M anagement and Handling) Rules, 2001

» TheMunicipa Solid Waste(Management & Handling) Rules, 2000

» The Manufacture, Storage & Import of Hazardous Chemical Rules, 1989
» The Environment Impact Assessment Notification, 2006

CHEcK Y OUR PROGRESS

15. Giveany one causefor natural disasters.

16. How can we prevent damage of property and life? Suggest some
measures.

17. Giveany two functionsof Tripura State Pollution Control Board under the
Water (Prevention and Control of Pollution) Act, 1974.
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3.8 SUMMARY and Management

- Air pollution meansthe presence of any air pollutant in the atmosphere.

- Air pollutants can be primary or secondary. Primary pollutants are carbon NOTES
dioxide, nitrogen oxides, sulphur dioxide, carbon monoxide (all formed from
the combustion of fossil fuels), CFC and particulate matter. Secondary
pollutantsare acid rain and ozone.

- Water pollution can be defined as an ateration in physical, chemical or
biologica characteristicsof water, making it unsuitablefor the designated use
initsnatural state.

- Pesticidesin drinking water ultimately reach humansand areknown to cause
varioushealth problems.

- Thermal pollution can be defined asthe presence of excessive heat inthe
water which can cause undesirable changesin the natural environment.

- Themain sources of marine pollution are: 1) rivers, which bring pollutants
from their drainage basins, 2) catchment areas, and, coastlineswhere human
settlementsin theform of hotels, industry, agricultural practiceshave been
established and 3) oil drilling and shipping.

- Sewageandindustrial effluentswhich pollutethe soil ultimately affect human
hedlth. Varioustypesof chemicaslikeacids, alkdis, pesticidesandinsecticides
foundintheindustrial dischargesaffect soil fertility by causing changesinits
physical, chemical and biological properties.

- Climateistheaveragewesther of anarea. Itisthe general weather conditions,
seasonal variationsand extremes of weather inaregion.

- Troposphere, thelower most layer of the atmosphere, trapsheat by natural
processes due to the presence of certain gases. This effect is called
greenhouse effect, asit is similar to the warming effect observed in the
horticultural greenhouses made of glass.

- Theenhanced greenhouse effect will not only causegloba warming, but will
also affect various other climatic and natural processes.

- Water being one of the most preciousand indispensabl e resources, needsto
be conserved.

- Rainwater harvestingisatechniqueof increasing therecharge of groundwater
by capturing and storing rainwater. Thisisdone by constructing specia water-
harvesting structureslikedug wells, percolation pits, lagoonsand check dams.

- Theland areadrained by ariver isknown astheriver basin. Watershed is
defined astheland areafrom which water drainsunder gravity toacommon
drainage channdl.

- Watershedsare very oftenfound to bedegraded dueto uncontrolled, unplanned
and unscientificland-use activities.
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- Watershed management inthe Himalayan regionisof vital importance since

most of the watersheds of our country lie there. Several anthropogenic
activities accelerate its slope instability which needsto be prevented and
efforts should be madeto protect the watershed by preventing overgrazing,
terracing and contour farmingto check run-offsand erosion.

- Vermicomposting isamanaged process of wormsdigesting organic matter to

transform the materia into abeneficial soil amendment.

- Asper the USDA guiddlinesfor compost practices (with effect from October

21, 2002), vermicomposts are defined as organic matter of plant and/or animal
originconsigting mainly of finely-divided earthworm castings, produced non-
thermophilically with biooxidation and stabilization of the organic material,
duetointeractions between aerobic microorganism and earthworms, asthe
material s passthrough the earthworm gut.

- Geological processeslike earthquakes, vol canoes, floodsand landdidesare

normal natural eventswhich haveresulted in theformation of the earth that
we havetoday. They are however disastrousin their impact when they affect
human settlements.

- Itisdifficult to stop the recurrence of cyclones. Long-term defence measures

can help to protect usfrom devastation. Such measuresinclude planting of
moretreeson the coastal belt, construction of dams, embarkments, storm
shelter, wind breaks, proper drainage and wide roadsfor quick evacuation.

3.9 KEY TERMS

- Air Pollutant: It meansany solid, liquid or gaseous substance (including

noi se) present in the atmospherein such concentration asmay beor tend to
beinjuriousto human beingsor other living creaturesor plantsor property or
environment. Air pollution means the presence of any air pollutant in the
atmosphere.

- Acid Rain: Sulphur dioxide and nitrogen dioxide combinewith water inthe

atmosphereand reactswith sunlight forming acid dropl ets. Theseacid droplets
condituteacidrain.

- Pallution: It refersto the substances (pollutants) which arereleased into the

environment because of anthropogeni ¢ (human) activitiesthat can be either
deliberate or accidental (e.g., Bhopa gaslesk or radioactivematerial released
from Chernobyl nuclear power plant isaccidental). The reference point of
pollutionisthe ambient quality of theenvironment which meansenvironment
initsnatural state.

- Thermal Pollution: It can be defined asthe presence of excessive heat in

thewater which can cause undesirable changesin the natural environment.

- Water Pollution: It can bedefined asan alterationin physical, chemical or

biologica characteristicsof water, making it unsuitablefor the designated use
initsnatural state.



- 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, asit is similar to the warming effect
observed in the horticultural greenhouse made of glass.

- Rainwater Harvesting: It is a technique of increasing the recharge of

groundwater by capturing and storing rainwater. Thisisdoneby constructing
special water-harvesting structureslike dug wells, percolation pits, lagoons
and check dams.

3.10 ANSWERS TO ‘CHECK YOUR PROGRESS’

10.

. Environment includeswater, air, land and their inter-rel ationship with human

beings, other living creatures, plantsand micro-organisms.

. Pollutionrefersto the presence of substancesin air, water and land, whether

they result from human activity or occur naturally, which has adverse effects
on human-life and on the environment.

. Primary pollutantsare carbon dioxide, nitrogen oxides, sulphur dioxide, carbon

monoxide (al formed fromthe combustion of foss | fuels), CFC and particul ate
matter.

. Sulphur dioxide and nitrogen di oxide combinewith water in the atmosphere

and react with sunlight forming acid droplets. These acid droplets congtitute
acidrain.

. Water pollution can be defined as an alteration in physical, chemical or

biologica characteristicsof water, making it unsuitablefor the designated use
initsnatural state.

. The Environmental Protect Act cameinto force on 19 November, 1986.
. Thetwo salient featuresand provisionsof theWater (Prevention and Control

of Pollution) Act areasfollows:
(1) It providesfor maintenance and restoration of the quality of all typesof
surface and ground water.

(i) 1t providesfor theestablishment of Centradl and State Boardsfor pollution
control.

. Troposphere, thelower most layer of the atmosphere, trapsheat by natural

processes due to the presence of certain gases. This effect is called
greenhouse effect.

. Some of the major greenhouse gases are carbon dioxide, ozone, methane,

nitrous oxide, and water vapour.

Thetwo strategiesthat can be adopted to conserve water are asfollows:

Conservation-bench terracing: It involves construction of a series of
benchesfor catching the run-off water.
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13.

14.

15.

16.

17.

Water spreadingisdone by channeling or lagoon-levelling. In channelling,
thewater flow iscontrolled by aseriesof diversonswith vertical intervals.
Inlagoon-levelling, small depressionsaredug inthe areaso that thereis
temporary storage water.

. Rainwater harvesting isatechnique of increas ng therecharge of groundwater

by capturing and storing rainwater. Thisisdone by constructing specia water-
harvesting structureslike dug wells, percolation pits, lagoonsand check dams.
Rainwater, wherever it fals, iscaptured and pollution of thiswater isprevented.

. Thefirst Integrated Watershed Management was adopted in 1949 by the

Damodar Valley Corporation.

Vermicomposting isamanaged process of wormsdigesting organic matter to
transform the material into abeneficial soil amendment.

Rural areaswith predominanceof agriculture, suburbsof citiesand peri urban
villagesare considered ideal |ocationsfor setting up of vermi composting units
on alarger scale from the view point of availability of raw material and
marketing of the produce.

Heavy rainfallsor sudden snow melt can swell theriversdisproportionately
causing great economic lossand health-rel ated problems.

Damage of property and life can be pretended by constructing earthquake
res stant buildingsin the earthquake prone zones.

Thetwo functions of TripuraState Pollution Control Board under the Water
(Prevention and Control of Pollution) Act, 1974 areasfollows:

(&) To plan acomprehensive programme for the prevention, control or
abatement of pollution of streamsand wellsin the State and to secure
the execution thereof.

(b) Toadvisethe State Government onany matter concerningthe prevention,
control or abatement of water pollution.

3.11 QUESTIONS AND EXERCISES

Short-Answer Questions

1

00 N O 0o A WODN

. Define pollution. Name some common atmospheric pollutants.

. Writeanoteon air pollution. How canwe control it?

. Differentiate between sound and noise.

. Briefly describe the sources, effectsand control of noise pollution.

. Writeashort note on water pollution.

. Discussthe measuresto conserve water.

. What israinwater harvesting? What are the purposes served by it?

. What is a watershed? Critically discuss the objectives and practices of

watershed management.



Long-Answer Questions

1. What arethe adverse effects and measuresto control water pollution?

2. What are the sources of soil pollution? How does soil pollution affect soil
productivity? What are the remediesfor the same?

3. How canyou asanindividua prevent environmental pollution? Why issuch
an effort necessary?

4. What are the varioustypes of disasters? How can they be controlled? What
arethe stepsto be bornein mind in disaster management?

5. What are greenhouse gasesand greenhouse effect? How do they contribute
totheglobal warming?

6. Discussthemajor implicationsof enhanced global warming.

3.12 FURTHER READINGS
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http://agricoop.nic.in/imagedefaul t1/Vermi compost%20Production%20Unit.pdf
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Annexure |
Vermi-Composting (200 TPA)

Capital Cost
Amt ®)
Sr Particulars of item Year 2
Year 1
onwards
A. | Land and Building
1. | Land (On lease) --
2. | Levelling and earth filling for vermicompost sheds 7500
3. [ Fencing and gate 25000 o
Open Shed with brick lined bed bottom & platform
4. | with RCC / MS pipe post & truss and thatch /HDPE /
locally available roof (@ 1000/m’) for :
Vermicompost beds (15 m*1.5 m*24 nos = 540 m* + 20
m’ pathwazsfutility = 560 m?) 360000
b. | For finished products 30 m* 30000
5. | Godown / Store cum office 50 m* @ 5000/-per m* 250000 £aa
Sub total 872500
B. | Implements and machinery
1 Shovels, spades, crowbars, iron baskets, dung fork, 5000
buckets, bamboo baskets, trowel,
2 | Plumbing and fitting tools 1500
3 | Power operated shredder 25000
4 Sieving machine with 3 wire mesh sieves- 0.6 m x 0.9 45000 L
m size - power operated with motor
5 | Weighing scale (100 kg capacity) 2500
6 | Weighing machine (platform type) 6000
7 | Bag sealing machine 5000
8 | Culture trays (plastic) (35 cm x 45 cm) - 4 Nos 1600
9 | Wheel barrows - 2 Nos. 12000
Sub total 103600
C. Water provision - Borewell with hand pump, pipe, 75000
dripper
D. | Electrical installation 10000 o
E. | Furniture & fixtures 25000
P Earthworms (@1 Kg per m”and @ *300/Kg, total 97200
* | utilized bed volume = 324 m?)
TOTAL CAPITAL COST 1183300




Annexure ||
Vermi-Composting unit (200 TPA)

Total operational cost for one year with 7 cycles of 65-75 days

Bed volume 324 m3
Recovery : 30 %
Operational Cost

Amt (%)
Sr Particulars of item Y, 1 Year 2
el onwards

Agricultural wastes (cost, collegtion and
transportation) @ 320 kg per m” and Rs.200/MT

1- 1 (15*1.50.6*24*5*320*200/1000) BB 108680
[at 50% in 1st year]
Cow dung (cost, collection and transportation) @
80 kg/m3 and Rs.250/MT

2 (15%1.5%0.6*24*5*80*250/1000) 16200 2400
[at 50% in 1st year]
Salary wages for 2 permanent skilled labourers

3 | @ Rs.6000/month i W
Labour wages on day to day basis in formation of
vermibed with agro-waste, cow dung and worms,
watering, stirring, harvesting, sieving, packing,

4 etc., including cost of bags (250 mds[@ 25000 50000
Rs.200/md)
[at 50% in 1st year]
Electrical charges for pump, machinery, lighting

A etc. [at 50% in 1st year] e B
Repair and maintenance

6. [at 50% in 1st year] i 500
Cost of bags and marketing cost

7. [at 50% in 1st year] 15000 30000
Sub Total 156040 ( 312080

8. | Lease rent, Miscellaneous etc. 30000 30000
Total Operational Cost 186040 | 342080
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Environmental Degradation Annexure |11
and Management Vermi-Composting units (200 TPA)

Costs and Benefits

NOTES St Cost Amt (%)
Year 1 Year 2
onwards
1. | Total Capital cost 1183300
2. | Total Operational cost 186040 | 342080
3. | Total cost 1369340 342080
4. | Benefit
4a. | Sale of vermicompost (200 MT @ 30% conversion) [@ 405000 | 810000
Rs.4500/MT at 60% in 1st year and 90% in 2nd year
onwards]
4b. | Sale of worms [@ 5 Kg/MT of compost and @ 90000 | 180000
Rs.200/Kg.]
4c. | Total benefit 495000 | 990000
5. | Net benefit (874340) | 647920
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Annexure |V
Vermi-Composting unit (200 TPA)

Financial Analysis

Sr Cost Amt )
Year 1 Yau 2
onwards

1. | Total Capital cost 1183300 ===
2. | Total Operational cost 186040 | 342080
3. | Total cost 1369340 | 342080
4. | Benefit

4a. | Vermicompost 405000 | 810000
4b. | Sale of worms 90000 | 180000
4c. | Total benefit 495000 | 990000
5. | Net benefit (874340) 647920
6. | Discounting rate - 15%

7. | PVC -¥2893538

8. | PVB -¥3655654

9. | NPV -3762116

10. | BCR -¥1.226
11. | IRR - 34%
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Annexure V
Vermi-Composting (200 TPA)
Repayment Schedule
TFO (.) = 1338132 (Say ¥13.50 lakh)
(Capital cost + Operational cost for two cycles + lease rent for 1st year)
Bank Loan (%.) = 1012500 337500
Rate of Intefesf 13%

Year Loan O/s Net Income* | Principal | Interest | Total outgo | Net surplus
1 1012500 456584 75000 [ 131625 206625 249959
2 937500 647920 160000 | 121875 281875 366045
3 777500 647920 180000 | 101075 281075 366845
4 597500 647920 200000 77675 277675 370245
5 397500 647920 220000 51675 271675 376245
6 177500 647920 177500 23075 200575 447345

* 1st year net income = 1st year total income -operational cost of 1 cycle + insurance and
lease [As 2 operational cycle and lease rent are capitalized].
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4.0 INTRODUCTION

Environmental and social rightsare major pointsfor the subject of sustainability.
Sustainability isderived from adiscussion about the recognition of global ecological
problemsand globally increasing social problemsof poverty asaresult of economic
development and its processes. It representsthe extension of the concept of social
respons bility anditsrelationship with the global devel opment conditionsof humanity
and isbased on the assumption that ecol ogical, economical and socia problems
haveto be solved by meansof new integrated strategiesinvolving guiding actions.

Inthisunit, youwill learn about sustainable devel opment, environmental ethics
and environmental awareness. This unit will also deal with the Social Impact
Assessment (SIA) and Cumulative EffectsAssessment (CEA). At theend of this
unit, you will learn about the demographic structure of India.

4.1 UNIT OBJECTIVES

After going through thisunit, you should be ableto:
- Explain the concept of sustainable devel opment
- ldentify environmental ethicsand environmental awareness
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- Describetherole of the Social Impact Assessment (SIA) and Cumulative
EffectsAssessment (CEA)

- Discussthe demographic structure of India

4.2 SUSTAINABLE DEVELOPMENT

Sustainabl e devel opment i ssuch aconcept that signifiesthat therate of consumption
or the use of natural resources should be approximate to the rate at which these
resources can be substituted or replaced. It a so requiresthat anation or asociety
should be able to satisfy its requirements—social, economic and others, without
undermining the interest of our future generations. Devel oped countries use too
many natural resources and such practice cannot continuefor long. Mother Nature
has been making available its resources and servicesand it isalso serving asa
receptacle for absorbing wastes for too long atime. We have to realize now that
naturetoday isvery fragile. Natureisfinite. And experts have warned that it has
reached acritical threshold beyond which it would |ead to ecol ogical declinethat
would further lead to nothing but “disaster’. These experts are strong advocates of
“limits to growth’ philosophy.

This concept of sustainable development can be further extended to the
principle of justice and equity (equal distribution) between the developed and
underdeveloped countries of north and south. Therefore, national as well as
international leaders and institutions have a major responsibility for sound
devel opmental, economic and environmental issues. They should keepinview the
principleof equity and those principlesthat determinetheintergenerational inequities.

Another aspect of sustainable development isrelated to system analys s, that
isto say, how economic, socia and environmenta systemsinteract at variousscales
of operation, tolead sustainable devel opment that will strike optimal balanceamong
thethreesubsystems. It must ultimately |ead to reduced poverty in devel oping countries
by minimizing resources depl etion, environmental damageand socia instability.
Thus, sustainable devel opment should lead to:

- Protecting theenvironment

- Avoiding depletion of non-renewable resources
- Seek reliance on alternative sources

- Equal accessto resources

- Intergenerational distribution of resources

- Systemsthinking
Sustainable Global Governance

Inthe 1970s, it was realized that there were ‘limits to growth’. If growth continued
unbridled at the existing rates, it wasasserted that it would exhaust thelimited stock
of natura resourcesof theearth. Although, technological innovationshave contributed
in pushing outwards the *limits to growth’, it is now being argued that the limits must
be evaluated in terms of the “carrying capacity’ of the environment. There is a



consensusover thefact that growth without commensurate efforts at environmental Human Population and

protectionwill poseaglobal threat. Social Issues
The international community has responded to this perceived threat and
environmental protection and sustainable development concernsare now onahigh NOTES

priority of the international agenda. The last century has seen a proliferation of
international legal instruments—declarations and agreements—aimed at
environmental protection. Whereasdecl arationsaremoregenera innature, containing
ageneral commitment to environmental protection without being legally binding,
agreements contain binding obligationsfor the member statesand deal with specific
issuesrelating to particular environmental problems.

Onvariousoccasions, the highest representatives of states and governments
have got together in international conferences on environmental protection and
development. The basic principles for environmental protection, such as the
precautionary principle, the polluter pays principle and the principle of sustainable
development, etc., have also taken shape. Moreover, aninternational structure has
been put in place, whichisdevotedto further the objective of environmenta protection.
There are also talks of setting up a centralized world body—a World Environment
Organization (WEO)—to address the problems of environment. However, despite
theintensfied effortsat theinternational level, there are numerous challengesthat
must be met in order to alow theseinitiativesto be successful intheir endeavour.

Variousenvironmental problems have beenidentified, somerelated to the
conservation of natural resources and ecosystems, such as forests, wildlife,
biodiversity, wetlands, migratory species, etc. Theseissues put aquestion mark on
how much the earth can give. Other issuesrel ate to ensuring that we stay withinthe
limits of the “carrying capacity’ of the environment. These issues, mostly relating to
ozonedepl etion, global warming, hazardous wastes, persi stent organic pollutants
(POPs), hazardouschemica's, genetically modified organisms (GM Os), atmospheric
pollution and marine pollution relateto the bas ¢ question of how muchtheearth can
take.

Because of thediversity of environmental problems, thelegal regimeat the
international level isnecessarily fragmented, with over 200 Multilateral Environmental
Agreements (MEAS) each dealing with different environmental problems.

The basic principles of environment management are increasingly being
incorporated into political congtitutions sincethe Stockholm Conference on Human
Environment held in 1972. Therefore, the Stockholm Conference hastaken issues
such as proper use of natural reserves, environmental development as well as
ecological pollutioninto consideration and they found expressionin constitutional
form. These are often articulated in terms of obligationswhich are stated clearly to
itscitizens. Moreover, aduty isoften imposed on citizensto safeguard the national
environment. M ost of the devel oping countriesexhibit thiscongtitutional trend.

Equitable Use of Resources for Sustainable Lifestyle

Thereisabigdivisionintheworldinthe use of resources, viz., north and south,
more developed countries (MDCs) and less devel oped countries (LDCs), haves
and have-nots.
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It is observed that MDCs have only 22 per cent of world’s population, but
they use 88 per cent of natural resources, 73 per cent of energy and command 85
per cent of income; in turn, they contribute abig proportiontoitspollution. Onthe
other hand, LDCs have very low or moderateindustrial growth and have 78 per
cent of the world’s population. They use only 12 per cent of natural resources, 27
per cent of energy and have only 15 per cent of global income. Therich have gone
richer and the poor have become poorer. Thereisahuge gap between them. Thisis
not sustainablegrowth.

The solutionto thisproblemisto have better equitabl e distribution of resourcesand
wealth. A global consensus hasto be reached for balanced distribution. Thereare
two major causes of unsustainability. Theseare asfollows:

1. Overpopulationin poor countries
2. Overconsumption of resourcesby rich countries

Therich countrieswill havetolower their consumption levelsand theminimum
needs of the poor must be sati sfied by providing them resources. The need of the
hour isfairer sharing of resources between the rich and poor, which will bring about
sustainable devel opment for dl.

Within the concept of sustainable development, industrial ecology playsa
significant rolein order to create a balance between industrial development and
preservation of natural resources. It refersto the adoption of suchindustrial processes,
technol ogy, equipment and raw material where the products can berecycled after
their life cycleiscomplete or can be put to alternative use or abyproduct can be
made out of it. Thisnot only reducesthe pressure on raw materialsand compensates
them for producing afresh; it a so reducesthe costing impact. Advanced technol ogy
also reduceswastage and ismore energy efficient.

Case Exhibit: Tackling Challenges for Sustainable Development

The United Nations Conference on Sustainable Development will be held on
June 20-22, 2012, which is commonly known as Rio+20, treating ‘green economy
within the context of sustainable development and poverty eradication’ and
‘institutional framework for sustainable development’ as its two themes. Under
the two themes, Rio+20 will assess the progress and implementation gaps in
meeting already agreed commitments, address new and emerging challenges,
and secure renewed political commitment to sustainable development.

It is known that uneven devel opment, severe regional environmental pollution,
desertification, climate change, population growth, poverty, increased demand
for natural resources and energy supply are among the challenges China, India
and many other developing countries are facing for sustainable development.

Chinais committed to pursuing sustainable devel opment as a national strategy.
As a matter of fact, sustainable development is embodied in China’s traditional
values. Over 2,000 years ago, the great Chinese philosophers Mencius observed
that ‘refraining from over fishing will ensure fishing last forever’ and ‘cutting
wood according to the season ensure the health of forest” are the means to
achieve harmony between man and nature.




China has achieved remarkable results in promoting sustainable devel opment
processand accumul ated some experience. Chinahasinstituted the most stringent
systems for managing farmland and water resources, and fed one fifth of the
global population with less than 10 per cent of the world’s farmland and only
28 per cent of the world’s per capita water resources. In the past decade, China
has implemented the policy of development-oriented aid to the rural poor and
lifted around 70 million people out of poverty, making it the first country to meet
the Millennium Development Goal. China has carried out afforestation for two
decades, with coverage now reaching 620,000 square kilometres. It is also
committed to the implementation of energy conservation, and increased the
efforts in pollution control. Since 2005, while maintaining a robust economic
growth, China has cut energy consumption per unit of GDP by 21 per cent, and
emissions of major pollutants such as S02 and COD by 16 per cent and 14 per
cent respectively. China also attaches great importance to people’s livelihood
and strives to promote the well-being of the people.

China cannot develop itself in isolation from the rest of the world, and global
sustainability can not be maintained without China. Chinahastakentheinitiative
to promote bilateral and multilateral cooperation. It has carried out cooperation
with many countriesin the fields of resources, environment, disaster prevention
and mitigation, and a large number of demonstration projects on sustainable
development with the United Nations agencies and other international
organizations.

Meanwhile, Chinaisalso providing any possible assistance to other developing
countries and least developed countries in accordance with the principles of
equality, mutual benefit, and emphasis on practical results, utilization of
diversified forms, and the pursuit of common development. As of the end of
2010, China had offered zero tariff treatment to more than 60% of the products
fromthirty-eight least developed countries, provided other devel oping countries
with 287 billionyuan (USD 46 billion) of financial assistance, and written off 30
billion yuan (USD 4.76 billion) debt of fifty heavily indebted poor countriesand
least developed countries.

China is in the process of rapid industrialization and urbanization and its
development has many constrains. First, Chinais poor in natural endowment,
low in per capitashare of resources, and it hasafragile eco-system and disparity
in regional development. Second, it is facing the dual pressures to accelerate
devel opment while restructuring the economy. Chinaisstill adevel oping country
with large population, weak economic foundation and low-level productivity.
Measured by the newly-adjusted national poverty line, Chinastill has128 million
poor people in rura areas. Each year, over 10 million people enter the labour
market. The conflict between resources supply and demand is more prominent,
the emissions of major pollutants continue to exceed the capacity of the
environment. Chinathusfaces aformidable task of growing the economy while
protecting the environment. Third, economic and social structural problemsare
prominent in China. The industrial structure is not sound; the domestic and
external demand as well as investment and consumption are not balanced,;
economic growth is too dependent on investment and exports; and domestic
consumer demand is obviously insufficient.

China and India, as two emerging economies consisting of one-third of the
populationintheworld, both want to eradicate poverty and achieve modernization.
The Indian saying “We produce to live, not to consume’ and the ancient Chinese
philosophy of ‘unity between heaven and man’ and ‘the law of following the
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nature’ are all examples of oriental wisdom. We look forward to the cooperation
between Chinaand Indiain Rio+20 to guarantee a sustainabl e devel opment for
both countries and other developing countries. We hope that the Rio+20 shall
send a positive, clear and powerful message to reinvigorate international
cooperation and inject new vitality into sustainable devel opment.

Source: Adapted from http://www.indianexpress.com/news/tackling-challenges-
for-sustai nabl e-devel opment/964069/0

Accessed on 20 June, 2012

4.2.1 Fundamentals of Environment and Sustainable
Development

Toevaluatethe critica aspectsof environment and devel opment, some bas ¢ concepts
need to be explained.

Population and its Implication

Therearetwo aspectsthat affect environment: @) Population growth and b) economic
development. The interaction between population growth, resource depl etion/
environmental damage has been debated. High popul ation growth causes stresson
theenvironment, and therearethinkers, who fed that the blamehasto be on economic
development, industrial growth and unsustai nabl e economic devel opment arethe
mattersof cause of concern especially in devel opment.

It can be expressed by thefollowing equation:
| =PxAXT
where | = 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
questioniswhether we have devised adequate devel opmental programmesthat can
match theincreasein population. If not, population factor itself would beasufficient
contribution toward degradation of environment and resource depletion.

Sustainable devel opment isabout integrational equity. But, if thefuture equity
isof great concern, it isnot legitimate to ignorethe equity occurring in the present
populations in different parts of the globe. Sustainability should reflect equity,
environmental concernsand social responsbilitiesvis-avispopulation regardless of
timeor location.

Limitsto Growth

Wewill needto changeattitudes, consumption patterns, manufacturing and marketing
practicesand get into atechnol ogical worldthat islessintensveinitsuseof materials
and energy, to beableto managetheenvironmenta criss. Improvement of efficiency



aloneisnot going to be enough. Growth hasbeen treated asaninfinitevariable. This
IS not a correct assumption. ‘Earth’s carrying capacity’ is not seriously thought
about. And such aworld hasto desperately try to keep pace with the environmental
problems because of suchincorrect assumptions.

For exampl e, climate change (global warming), can be combated only if the
world transitsto anon-carbon energy economy, only after that, thelimitationsof the
environmental concerns posed by a carbon energy economy would get |essened.
Theworld needs aninternational mechanism that not only providesincentivestoall
nationsto livewithin their entitled norms (amounts), but also hel psto promote a
rapid transition to anon-carbon energy economy.

Thereiscond derable scopefor dematerialization and de-energi zation without
adecreaseintheliving standards. Thiswill be possibleonly if it ispromoted through
changesinthefiscal system, which supportsappropriate technol ogical improvements.
Thiscan happenif the principle of sufficiency isignored. Wewill need to set alevel
of sufficiency, i.e., thismuch and not beyondit.

Sufficiency will bepossibleonly if oneday theworldispreparedto reach an
international agreement on limitsto growth and to say, that we have fixed our level
of greed and no more. Global agreement isstill adistant possibility.

For sustainable use of global common systems, aseparate set of policieswill
have to be adopted. It has to be a system that provides for the establishment of
equitable entitlements or property rightsto provide economic incentivesto those
who usethisenvironment spacein asustainable manner and disincentivesto those
who useitin an unsustainable manner.

Theworld facesan enormous challengein the coming years.

Economy

Rate of GrossNational Product (GNP) isone of the most important indicators of
economic performance of any nation. Increasein GNPindicatestheeconomic health
of the country. Such an increase however, isbased on high rate of consumption of
natural resources, of which depletion of environmental resourcesissignificant.
Economic growth comesin conflict with i ssues of environmental concerns.

India had adopted the Economic Reforms Models via liberalization and
globalization. There are significant advantagesfrom thistransition; however, the
ecological disadvantagesare required to betaken into account. Long-term ecol ogi cal
costsareto be taken into account. In our effort to increase the GNP, we may not
liketoliquidate ecological assts.

High economic growth resultsin high rate of extraction, transformation and
utilization of non-renewableresources. It isimportant to al so achieve good rate of
regeneration of natural resources.

Economic growth cannot take place without sustaining ecological costs.
Economic growth hasto be environmentaly sustai nable. Devel oping countrieshave
yet to undertake more developmental programmes and attai n reasonabl e standards
of living. Therefore, GNP must increase in these countries. Elements of resource
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generation and positive approach to environment have to be incorporated in the
devel opmental programmes.

Poverty

In order to properly manage environment and resources, due consideration should
be givento thefact that poor peopledirectly depend upon natural resourcesfor their
livelihood. Sustainabl e devel opment must addresstheissue of eradication of poverty
whichislinked with employment for women and youth and other income generation
programmes.

Human Settlement |ssues

Theenvironmental implicationsof urban devel opment and rurd devel opment (Sums)
must be recognized. It will be necessary to give priority to the needs of urban aswell
asrurd poor. Thehuman settlement programme should concentrate onthefollowing

aspects.
1. Providingsheltertoal
2. Investment ininfrastructure- water, sewage and solid waste
3. Promotion of sustainable energy and transport system
4. Promotion of sustainableland use management

Land Resources

Land not only includesaphysical entity intermsof topography, but it also includes
natural resources, soil, mineralsand biota. These components provide varieties of
serviceswhich are essential for life support system. Land isan infiniteresource.
Integrated approach is necessary for the management of land.

Forests

Thereshould bearationa approach adopted for management of forestsand forests
lands. Sustainable forest development, production of forest products and forest
servicesrequireinstitutional approach at the government level.

CHEcK Y OUR PROGRESS

1. Definesustainabledevel opment.
2. What arethetwo major causes of unsustainability?

4.3 ENVIRONMENTAL ETHICS: ISSUES AND
POSSIBLE SOLUTIONS

Environmenta ethicsrefersto theissues, principlesand guidelinesrel ating to human
interactions with their environment. Itis rightly said, “The environmental crisis is an
outward manifestation of the crisis of mind and spirit.” It all depends on how we
think and act. If we think ‘Man is all powerful and the supreme creature on this



earth and man is the master of nature and can harness it at his will’, it reflects our
human-centric thinking. On the other hand, if we think ‘Nature has provided us with
all theresourcesfor leading abeautiful lifeand she nourishesuslikeamother, we
should respect her and nurture her’, this is an earth-centric thinking.

Thefirst view urges usto march ahead glorioudy to conquer the nature and
establish our supremacy over nature through technol ogical innovations, economic
growth and devel opment without much botheration about the damage doneto the
planet earth. The second view urgesusto liveon thisearth asapart of it, like any
other creation of Nature and live sustainably. So, we can see that our acts will
follow what wethink. If wewant to check the environmental crisis, wewill haveto
transform our thinking and attitude. That inturn, would transform our deeds, leading
to abetter environment and better future.

These two world-views are discussed here in relation to environmental
protection.

Anthropocentric Worldview

Thisview guidesmost industrial societies. It putshuman beingsat the centregiving
them the highest status. Man isconsidered to be the most capabl e for managing the
planet earth. The guiding principlesof thisview areasfollows:

1. Man is the planet’s most important species and is in charge of the rest of the
nature.

2. Earth hasan unlimited supply of resourcesandit all belongstous.

3. Economic growth is very good and the more the growth, the better it is,
becauseit raisesour quality of lifeand the potential for economic growthis
unlimited.

4. A healthy environment depends upon ahealthy economy.
5. Thesuccessof mankind depends upon how good managerswearefor deriving
benefitsfor usfrom the nature.

Ecocentric Worldview
Thisisbased on earth-wisdom. Thebasic beliefsare asfollows:
1. Nature existsnot for human beingsalone, but for al the species.
2. Earth’sresources are limited and they do not belong only to human beings.

3. Economic growthisgood ill it encourages earth-sustaining devel opment and
discouragesearth-degrading devel opment.

4. A healthy economy depends upon aheal thy environment.

5. Thesuccess of mankind depends upon how best we can cooperate with the
rest of the nature whiletrying to use the resources of nature for our benefit.

Environmental ethicscan provideustheguidelinesfor putting our beliefsinto
actionand help usin deciding what to do when faced with crucial situations. Some
important ethical guidelinesknown asearth ethicsor environmental ethicsareas
follows
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Oneshould love and honour the earth, sinceit nurtureslife.

One should keep each day sacred on earth and celebrate the turning of its
Seasons.

Oneshould not hold one above other living thingsand hasnoright to drive
themto extinction.

One should be grateful to the plants and animal swhich providesfood.
One should limit the number of offsprings because too many peoplewill
overburdentheearth.

One should not waste resources on destructive weapons.

One should not run after gainsat the cost of nature rather should striveto
restoreits damaged majesty.

One should not conceal from othersthe effectsthat have been caused by
one’s actions on earth.

Oneshould not teal from future generations, their right toliveinaclean
and safe planet by impoverishing or pollutingiit.

Oneshould consumethe material goodsin moderate amounts so that all
may share the earth’s precious treasure of resources.

If we critically go through these ten commandments for earth ethics and
reflect upon the same, wewill find that variousreligionsteach usthe samethingsin
oneform or theother.

Our Vedas al so have glorified each and every component of nature asgods
or goddesses so that people have afeeling of reverencefor them. Our religiousand
cultural ritualsmake us perform such actionsthat would helpinthe conservation of
nature and natural resources. Even variousfestivals envisaged by Hinduism also
prescribethe participation of humansin the celebrationsthrough nature. (Nisarga
Poojaiswhat we perform during celebrations of our festivals, e.g., Satyanarayana
Pooja, Vatapournitma, Baishakhi, Ganesh Festival, Dusshera).

The concept of ahimsain Buddhism and Jainism ensure the protection and
conservation of al formsof life, thereby keeping the ecological balance of the earth
intact. Our teachings on ‘having fewer wants’ ensure to put ‘limits to growth’, and
thus, guide usto have an ecocentriclifestyle.

4.3.1 Environmental Awareness

Public awareness about environment is at the stage of infancy. Of late, some
awareness hastaken placerelated to environmental degradation and pollution, but
incomplete knowledge and ignorance about many aspects has often led to
misconceptions.

Development has paved the path for riseinthelevelsor standards of living,
but it hassimultaneoudy led to serious environmental disasters. Issuesrelated to
environment have been often branded as antidevelopment. The wisdom liesin
maintai ning abal ance between our needsand suppliesso that the delicate ecol ogical
balanceisnot disrupted.



Someof the main reasonsrespons blefor widespread environmenta ignorance
can bedetailed asfollows:

1. Our coursesin science, technol ogy and economicshave sofar failed to
integrate the knowledge in environmental aspects as an essential
component of the curriculum.

2. Our planners, decision-makers, politiciansand administrators have not
been trained so asto consider the environmental aspects associated
withtheir plans.

3. Inazeal to go ahead with some ambitious devel opment projects, quite
often, there is a purposeful concealment of information about
environmental aspects.

4. Thereisgreater consideration of economic gainsand issuesrelated to
eliminating poverty by providing employment that overshadowsthebasc
environmental issues.

Methodsto Propagate Environmental Awareness

Thereisimmense need for environmental awareness. It isto 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 comesto conservation and protection of environment.

The various stagesand methodsthat can be useful for raising environmental
awarenessin different sections of the society are given asfollows:

1. Among studentsthrough education: Such education should be imparted
tothe studentsright from childhood. These studiesare now beingincorporated
at all stagesin schools and colleges as per the directives of the Supreme
Court.

2. Among the masses through mass-media: Mediacan play an important
roleto educate the massesthrough articles, rallies, campaigns, street plays,
TV serials, etc. Thiswill appeal all age groupsat the sametime.

3. Amongtheplanners, decision-makersand leader s: It isvery important
to give these classes of people necessary orientation and training through
specialy organized workshopsand training programmes.

Role of Non-gover nment Organizations (NGOS)

Voluntary organizations can help by advising the government about some local
environmental issuesand at the sametimeinteracting at the grass-root levels. They
can act aseffective and viable link between the two. They can act both asan action
group or apressuregroup. They can be very effectivein organizing public movements
for the protection of environment, through creating awareness.

The Chipko Movement for conservation of treesby Dasholi Gram Swarajya
Mandal in Gopeshwar or the Narmada Bachao Andolan organized by Kalpvariksh
aresomeof theinstanceswhere NGOs have played alandmark rolein the society
for the conservation of environment.
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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 othersare playing asignificant rolein creating
environmental awarenessthrough research aswell asextension work. Therecent
report by CSE on morethan permissiblelimitsof pesticidesinthecoladrinkssensitized
the peopleall over the country.

Beforeweall take up thetask 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.’

CHEcK Y OUR PROGRESS

3. What do you understand by environmental ethics?
4. Giveany twoimportant ethical guidelines.
5. Giveexamplesof raising environmental awarenessthrough massmedia.

4.4 SOCIAL IMPACT ASSESSMENT (SIA)

Inthissection, wewill discussabout the Social Impact Assessment (SIA) in detail.

1. Theimpactsof development projectsoccur indifferent forms. Whilesgnificant
benefits result for the society, the project area people may often bear the
brunt of adverseimpacts. Thiscan happen, for example, whenthey areforced
to relocate to make way for such interventions. There is now a growing
concern over thefate of the displaced people. Thishasgivenrisetotheneed
to understand beforehand theimplications of adverse project impacts so that
mitigation planscould be put in placein advance.

2. TheNational R&R Policy, issuedin 2007, recogni zesthe need to carry out
Social Impact Assessment (SIA) as part of the resettlement planning and
implementation processes. Section4.1in Chapter 1V Socid Impact Assessment
(SIA) of the Policy reads asfollows:

‘Wherever it isdesired to undertake anew project or expansion of anexisting
project, which involvesinvoluntary displacement of 400 hundred or more
families, enmassein plain areas, or two hundred or morefamiliesen masse
intribal or hilly areas, DDP blocksor areas mentioned in the Schedule V or
Schedule V1 to the Constitution, the appropriate Government shall ensure
that aSocial Impact Assessment (SIA) study iscarried out in the proposed
affected areas in such manner as may be prescribed.’

3. Whilean assessment of social impactsprior to the commencement of anew
project or expansion of an existing isnow obligatory under the new national
R& R policy, the appropriate guidelinesfor the purposedo not yet exist. This
Handbook on Conducting Social Impact Assessmentsaimstofill thisgap. It



explains the basic concept of social impact assessment, the step-by-step Human Population and

process of conducting SIA, and the SIA methodology. In short, it aimsto Social Issues
provide practical guidance on carrying out Social Impact Assessment, as
envisagedinthenational R&R policy, 2007.

NOTES

4. Thereisgoingto beanincreasein demand for aset of how-to-do guidelines
on conducting social impact assessments, especially from government
resettlement planning and implementation agencies.

Social Impacts and Social | mpact Assessment

1. Planners and decision makers increasingly recognize the need for better
understanding of the socia consequencesof policies, plans, programmesand
projects(PPPPs). Social Impact Assessment (short form for Soci o-economic
Impact Assessment) hel psin understanding suchimpacts.

2. Social Impact Assessment alertsthe plannersasto thelikely benefitsand
costs of a proposed project, which may be social and/or economic. The
knowledge of theselikely impactsin advance can hel p decision-makesin
deciding whether the project should proceed, or proceed with some changes,
or dropped completely. The most useful outcome of a SIA isto develop
mitigation plansto overcomethe potential negativeimpactsonindividualsand
communities.

3. SIAscan assist advocacy groupsaswell. A Social |mpact Assessment report,
done painstakingly, showing thereal consequencesof the project on affected
people and suggesting alternative approaches, gives credibility to their
campaigns.

A Historical Overview

1. Social scientistshavelong beeninvolvedin doingimpact assessment, almost
sincethe dawn of their discipline. A canal study carried out by Condorcet in
the 19th century is believed to be the first Social Impact Assessment.
(Prendergast 1989) However, Social Impact Assessment, asit is known
today, emerged much later.

2. The beginnings of social impact assessment can betraced to developments
as recent as those during the1970’s. By this time, ‘development agencies
began to use impact assessments — which were about predicting, before the
gart of aproject, itslikely environmental, social, and economic consequences
—inorder to approve, adjust, or reject it.” (Roche 1999: 18)

3. Fromthe early 1980s, several new methods of enquiry emerged, including
Rapid Rural Appraisa (RRA), Participatory Action Research (PRA),
Participatory Rural Appraisa (PRA) (Chambers 1997; Oommen 2007). These
sought to make peopl e and communities active partici pants, rather than mere
objects of assessment.

4. By theearly 1990s, social science professionalswerealso ableto develop an
acceptableset of SIA guidelinesand principles. (IOCPGSIA: 1994 and 2003,
and 1AIA: 2003) Around this time, the practice of SIA also got firmly
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established among devel opment agencies asaway to assesstheimpacts of
devel opment projects before they go ahead. SIA isnow part of theformal
planning processesin most devel opment organi zations. In some countries,
SIA isalegal requirement.

5. Social impact assessments have been carried out for avariety of projects,
including projectsin such diverse sectorsaswater, sanitation and health, coal
sector, urban transport systems, pastoral development programmes, and
livelihood support projects (Cerneaand Kudat 1997; Roche 1999). But itis
for resettlement projectsthat SIAshave been found particularly useful. Modak
and Biswas (1999:209) observe:

The subject hasevolved basically to identify project-affected people and find
measures to mitigate negative impacts, or compensateirreversiblelosses
following aparticipatory process

6. Inrecent years, much hasbeen written on applicationsand methodol ogy of
Socia Impact Assessment. The subject iswidely taught, oftenin conjunction
with other professional and academic courses, and training programmes.
Numerous consulting firms have come up to offer SIA expertisein project
preparation, implementation, monitoring and evaluation. Thesefirms, along
with skilled practitionersand academicsareregularly hired by projectsto
produce SIA reportsthat are required in advance of proposed new projects
for their approval.

7. In the beginning, SIA was carried out as part of Environmental Impact
Assessment (EIA). Increasingly, SIA is now carried out as an exercise
independently of EIA, becausethese aretwo different kinds of assessments.

Current Scenein India

1. IniIndia, SIA hasbeen generaly carried out as a part of the Environment
Impact Assessment clearance process. As part of the EIA process, it has
therefore not received the attention it deserves.

2. Social Impact Assessment has now become an important part of the project
preparation process, especially for the preparation of Resettlement Action
Plans(RAPs). Inthisprocess, SIA iscarried out as socio-economic survey
that identifiessocia and economicimpactson peopleand communitiesfacing
project-induced displacement. In addition, data thus generated isused in
designing mitigation measures as well as in monitoring mitigation
implementation.

3. Resettlement policieshavelately made social impact assessment amajor
part of the resettlement planning process. In 2006, aprovision wasincluded
for conducting SIA inthe OrissaR& R Policy 2006. TheNational R& R Policy
2007 hasmade aprovision for conducting SIA, whenever anew project or
expansion of an existing project is undertaken. (See Annex 1V) But this
provisionislimited to only those cases which involve displacement of 400
hundred or morefamilies, en massein plain areas, or two hundred or more
familiesen masseintribal or hilly areas, DDP blocks or areasmentionedin



the ScheduleV or Schedule V1 to the Congtitution. Undoubtedly, these are Human Population and

good beginnings, but as yet the guidelines to give effect to these policy Social Issues
provisonsdo not exist.
4. TheWorld Bank, ADB, IFC, UNDP, aswell asmost multilateral and private
NOTES

agencies, including commercial banks, requiresomekind of prior socid impact
assessment for all the projectsthat they finance.

5. Theissueisno longer whether SIA should be carried out or not, but how it
should be carried out so that thelocal people benefit from the project and not
losefromit, certainly not those who are poor to begin with.

What are Social | mpacts?

1. Socia impactsarethe changesthat occur incommunitiesor toindividuasas
aresult of an externally-induced change. IOCPGSIA (2003: 231) defines
social impacts as “the consequences to human populations of any pubic or
private actionsthat alter thewaysinwhich peoplelive, work, play, relateto
oneanother, organizeto meet their needs, and generally cope as members of
society. Theterm asoincludescultural impactsinvolving changesto thenorms,
va ues, and beliefsthat guideand rationdizetheir cognition of themselvesand
their society.” Social impacts are both positive and negative.

2. Changes may effect: employment, income, production, way of life, culture,
community, political systems, environment, heal th and well-being, persona
and property rights, and fearsand aspirations. Theseimpacts can be positive
or negative. In short, a social impact is a significant improvement or
deterioration in people’s well-being.

3. Examples of projects with significant social impacts include: dams and
reservoirs(disruption dueto rel ocation), power andindustria plants (influx of
work force, pressureon infrastructure), roadsand linear projects (dislocation
of activity networks), and landfill and hazardouswaste disposal Sites(seenas
healthrisks).

Differential Impacts

Projects affect different groups differently. Some people tend to benefit, others
lose. Often, impactsare particularly severefor vulnerable groups: tribal people,
women-headed households, elderly persons, landless persons, and the poor.

Types of Impacts

Not all projects cause similar impacts. For example, impactsthat are commonly
experienced in urban projectsare different from thosein hydropower projects. The
common hydropower project impactsincludethefollowing:

- Submergenceof vagt areas, usudly inhilly, sparsdly popul ated regions, inhabited
by agriculture-dependent rural and tribal communities

- Forced displacement (often resulting inimpoverishment)
- Boomtowns(uncontrolled influx of constructionworkers, crime, social evils)

- Downstream adverse changesin agro-production systems
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Onthe other hand, thereisno submergencein urban projects. People are affected
by loss of jobs, not by lossof agricultural lands.

Thefollowingisanillugrativelist of possibleimpacts.

Social/Cultural
- Break-up of community cohesion
- Disintegration of social support systems
- Disruption of women’s economic activities
- Lossof time-honoured sacred places of worship
- Lossof archeological sitesand other cultural property

Economic
- Lossof agricultural lands, tress, wells
- Lossof dwellingsand other farm buildings
- Lossof accessto common property resources
- Lossof shops, commercia buildings
- Lossof businesses/jobs
- Overall reduction inincome dueto abovelosses

Public Infrastructure and services
- Government officebuildings
- School buildings
- Hogpitals
- Roads
- Streetlighting

I dentifying | mpoverishment Risks

1. Identifying impoverishment riskswhich projectsoften create ispart of the
exercisetoidentify adverse project impacts. Theimpoverishment risksanayss
model addssubstantialy to thetoolsused for explaining, diagnosing, predicting,
and planning for development. (WCD: 297) The eight most common
impoverishment risks to the project area people, as described by Cernea
(1996), areasfollows:

Landlessness: Expropriation of land removesthe main foundation upon
which peoples’ productive systems, commercial activities and livelihoods
are constructed.

Joblessness: Lossof employment and wages occursmorein urban aress,
but it also affectsrura people, depriving landlesslabourers, serviceworkers,
artisans, and small businessownersof their sources of income.

Homel essness: Loss of housing and shelter istemporary for the mgority
of displacees, but threatensto become chronic for the most vulnerable.
Congderedinabroader cultural sense, homelessnessisa so placenessness,
loss of a group’s cultural space and identity.



Marginalization: Marginalization occurswhen familieslose economic Human Population and
power and spiral downwards. It setsinwhen new investmentsinthearea Social Issues
areprohibited, long beforethe actual displacement. Middle-incomefarm

househol dsbecome small landholders, small shopkeepersand craftsmen

aredowns zed and dip below poverty threshol ds. Economic marginalization NOTES
isoften accompanied by socia and psychological marginalization and
manifests itself in a downward mobility in social status, displaced persons’
lossof confidencein society and in themselves, afeeling of injusticeand
increased vulnerability.

Food Insecurity: Forced displacement increasestherisk that peoplewill
undergo chronic food insecurity, defined asca orie-proteinintake levels
bel ow the minimum necessary for normal growth and work. Sudden drops
infood cropsavailability and income areendemic to physical relocation
and hunger lingersasalong-term effect.

Increased Morbidity and Mortality: The health of affected persons
tends to deteriorate rapidly due to malnutrition, increased stress and
psychological traumas. Unsafe water supply and waste disposal tend to
proliferate infectious disease, and morbidity decreases capacity and
incomes. The risk is highest for the weakest population segments — infants,
children, and theelderly.

Lossof Accessto Common Property: Lossof accessto commonly owned
assets (forestlands, water bodies, grazing lands, and so on) is often
overlooked and uncompensated, particularly for the assetless.

Social Disarticulation: Community dispersal means dismantling of
structures of social organization and loss of mutual help networks.
Although, thislossof social capital isharder to quantify, itimpoverishes
and disempowers affected persons.

2. Theseadverseimpactsmust beidentified by aSIA study. WCD (2000: 241)
isemphatic that theimpact assessment studies must identify and delineate
various categories of adversely affected people in terms of the nature and
extent of their rights, lossesand risks. Thissignalsadeparture from theway
that social impactswere assessed in the past and will empower the planners
and stakeholdersto incorporatethefull extent of social impactsandlossesin
the decision-making process.

What isInitial Social | mpact Assessment (ISIA)?

1. Anlnitia Socid Impact Assessment (ISIA) iscarried out if the project impacts
arelikely tobeminor or limited, which can be easily predicted and eval uated,
and for which mitigation measures can al so be prescribed easily. Generally,
informationfor ISIA isobtained during afield visit to areasthat will beaffected
by the project and through di scuss onswith peoplewhomit may affect pogitively
or otherwise. Thel SIA isa so doneto confirm whether thisindeed requiresa
full-scale Socia Impact Assessment (SIA). Usually, acomprehensive SIA is
required for large projects, which entailsamore detail ed study, time, and
resources.
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What is Social | mpact Assessment?
2. Thereisno generally agreed definition of Social Impact Assessment (SIA).

It may be defined as a process that seeksto assess, in advance, the social
repercussionsthat arelikely to follow from projectsundertaken to promote
devel opment, such asdams, mines, industries, highways, ports, airports, urban
development and power projects. Itisatool that can help decision-makersto
foreseethelikely negativeimpactsof their actions so that steps necessary to
prevent or at least to contain them could betakenintime. Asanaidto the
decisgonmaking process, SIA providesinformationonsocid and culturd factors
that need to be taken into account in any decision that affectsthe lives of
project areapeople.

. Goldman and Baum (2000:7) define Social Impact Assessment (SIA) asa

method of analyzing what impactsactionsmay have onthe social aspectsof
theenvironment. It involves characterizing the existing state of such aspects
of the environment, forecasting how they may changeif agiven action or
aternativeisimplemented, and devel oping meansof mitigating changesthat
arelikely to be adverse from the point of view of the affected population.

. Thel OCPGSIA (2003: 231) definesSIA intermsof effortsto assess, gppraise

or estimate, in advance, thesocia consequencesthat arelikely tofollow from
proposed actions. Theseinclude: specific government or private projects,
such asconstruction of buildings, siting power generation facilities, large
transportation projects...

. Finsterbusch and Freudenburg (2002: 409) define the three terms in “Socio-

economic I mpact Assessment’‘(socio-economic, impact, and assessment)
asfollows:

Socio-economic: In essence, the socio-half of the term socio-economic
can be seen ascovering social and cultural impacts of devel opment, and as
incorporating thetraditional subject matter of sociol ogy, anthropol ogy, and
psychology, in particular, with input from other fieldsaswell. Theeconomic-
half of theterm isgenerally seen asincluding not only economics, but also
demography and planning, again with input from other fields, asneeded. These
areemphases, rather thanrigid distinctions.

Impacts: The impacts are the direct as well as indirect ‘effects’ or
‘consequences’ of an action (such as constructing a dam, digging a coal
mine, or building a highway). ‘In short, impacts include all of the significant
changesthat take place because of what an agency does and that would not
have occurred otherwise’.

Assessment: Inthe SIA context, assessment tendsto have an unusual meaning:
The “assessment’ of impacts is carried out before the impacts actually occur.
In other words, an SIA isoften anticipatory rather than empirical. It attempts
to assist the planning processby identifying thelikely effectsbeforethey take
place. Theestimatesof likely futureimpactsare based on theexisting empirica
knowledge of theimpacts of similar actionsin the past.



Advantages of Doing Social | mpact Assessment

1. Themain advantagesof doing asystematic Social Impact Assessment (SIA)
includethefollowing:

| dentifying Affected Groups: SIA helpsinidentifying peopleand groups
who affect or are affected by the project
Allying Fearsand Winning Trust: SIA can help allay fears of affected
groupsand build abasis of trust and cooperation whichisso essential for
successtul project implementation
Avoiding Adverselmpacts. SIA providesthebas sfor preparing mitigation
measuresto avoid, reduce or manage adverse impacts
Enhancing Pogitivelmpacts SIA preparation aso helpsidentify measures
to maximize/share project benefits
Reducing Costs: Addressing socia impacts at an early stage helpsto
avoid costly errorsinfuture
Getting Approval Faster: A well prepared SIA demonstratesthat social
impactsaretaken serioudy and hel psin getting project clearance faster

2. Socia impact assessment i s predicated on the notion that decision makers
should understand the consequences of their decisions before they act and
that the peopl e affected will not only be appraised of the effects, but havethe
opportunity to participatein designing their future. (IOCPGSIA 2003:248).

CHEcK Y OUR PROGRESS

6. What isthemost useful outcome of aSIA?
7. What are social impacts?

4.5 CUMULATIVE EFFECTS ASSESSMENT (CEA)

Theimpact of human activity or aproject on an environmental resource or eco-
system may be considered ins gnificant when assessed inisolation, but may become
significant when evaluated in the context of the combined effect of all the past,
present, and reasonably foreseeabl e future activitiesthat may have or have had an
impact ontheresourcesin guestion. The Council for Environmenta Quality, established
under theUS Nationa Environmental Policy Act of 1969 (NEPA), cameto theview
that aconventional project and Site-specific approach to environmental assessment
has its limitations when it comes to assessing potential cumulative effects on
environmental resources.

Definition of Cumulative | mpact

Cumulative impact is defined by the US Council on Environmental Quality as “‘the
impacts on the environment that result from the incremental impact of the action
when added to other past, present, and reasonably foreseeablefuture actions (RFFA)
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regardless of what agency undertakes such other actions.” Thus, the practice of
Cumulative EffectsAssessment (CEA) of projectsin aregion began. Various aspects
of CEA beganto bestudied.

There are several reasonswhy Cumulative Impact A ssessments should be
carriedouti.e,

(i) Conceptua reasons- For agroup of projects, theenvironmenta effects
of primary concern tend to be cumulative and it will not be advisableto
consider smply theeffectsof individual projects

(i) Pragmatic reasons- CEA guidance and other EIA legislation of the
1990srequiresthat CEs be assessed.

(iif) Regulatory reasons - make ‘room’ for future developments
(iv) ldealistic reasons - minimize negative CES, promote resource
sugtainability.
In India, so far, there is no law requiring the conduct of Cumulative
Environmental Impact Assessment before a development project is given
Environmental Clearance.

During 1980sand 1990s, it became the practicein many countriesto include
Cumul ative Effectsin Environmental Impact Statements. CEA processeswere also
developed. Litigationin courtsal so clarified some of the concepts. With the dawn of
the present millennium, i.e., 2000spracticefor project CEAswasimproved; methods
of analys sdevel oped and existing methods expanded.

4.5.1 New Concepts in Cumulative Effects Assessment

Theadvancesin thefield of Cumulative Effects Assessment gave riseto several
new concepts, some of which are briefly mentioned bel ow:

(i) Valued Ecosystem Component (VEC)

Any part, component or resource of the environment that is considered
important by the proponent, public, scientistsand government involvedinthe
assessment processisValued Ecosystem Component. A VEC can be assessed
using following parameters.

Indicator: Itisafeatureof the environmental setting that describes, measures,
manages and reportson factors of value (VEC). It needsto be measureable.

Thresholds values of Indicators. Value at which change becomes
unacceptable.

Cautionary Threshold Valuesof Indicator s: When Standard Protection
Measureswould do.

Tar get threshold valuesof I ndicator s: Beyond which Enhanced Protection
Measures are necessary.

Critical Threshold valuesof I ndicator s: When exceeded restrictions need
to be proposed.

Irwing et d. (1986) divided theimpactsof devel opment ontheenvironmentin
two categories:



Homotypic: Thesearetheimpacts of developmentsof the sametype.

Heter otypic: Theseare combination of two or more developmentsor land
uses.

Stakhiv (1988) suggested that Cumul ative Effects Assessment providesa
framework for three vectors
Direct-indirect or traceabl e cause effect sequence of impacts
Collective or additive sequence
Interactive or Synergetic Sequence

Specificaly, there are three basic ways by which cumulative effects can
occur. Thefirstisadditive or incremental impact in which the cumulativeimpact is
thesum of theindividual impacts.

A second way is supra-additive, also called synergetic in which the total
cumulativeimpact onagpeciesor resourceismorethanthesumof individua impacts.
Finally, thereareInfraadditive, also called antagonistic, impactsoccur when aspecies
or resourceisexposed to aseriesof impactswherein thetotal impact islessthan the
sum of theindividual impacts.

It wasa soredised that theimpact of human activitiesincluding devel opmental
and others on environment, health, social aspectsand economy are afunction of
policies, activitiescarried out in aregion, theactivitiesundertakenin asector, carrying
capacity of the region, which may makethem sustainable or unsustainable.

Strategic Environmental Analysis

Cumulative Impact Assessment al so providesval uable and important inputsasan
element of Strategic Environmental Analysis, particularly in the monitoring of
environmental sustai nability impactsof legidation, policies, programmesand projects
and impact on health, social and economic aspects.

Now, an explicit assessment of cumulative effectsisconsidered desirablein
environmenta assessment practice. Itisasocritical toincorporate cumulative effects
anaysisinto thedevel opment of alternativesfor an environmental assessment, since
itisonly by re-evaluating and modifying aternativesin the light of the projected
cumulative effectsthat adverse conseguences can beeffectively avoided or minimized.

45.2 Cumulative Effects and the Environmental Assessment
Pr ocess

Thefollowing sectionwill deal with the cumul ative effectsand the environmental
assessment process.

(@ Inmost cases, it will be beyond the scope of an environmental assessment to
includeafull-fledged cumulativeimpact assessment. However, itisimportant
that environmental assessment, where appropriate, includesapreliminary
assessment of the potential for cumulative effects and specific
recommendations on the need for, and the conduct of, acumul ative impact
assessment. Thekey issuesin considering acumul ative impact assessment
relateto:
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(i) Definingappropriateanaytical boundariesintimeand space.
(i) Identifyingand predicting future resource use and impacts, and
(i) Evauating the significance of cumul ative effectsthat are predicted to
take place.

It may bedifficult to precisely estimate the spatial boundariesin which the
impactsarelikely and, therefore, they should be determined flexibly so that
during the assessment adjustment of process, if needed, can be made. The
time period for which theimpact will be assessed needsto be set. It depends
on dataavailability aswell asthe degree of uncertainty and confidencein
prediction. A concern isto determine the minimum datarequirementsthat
will alow defensible and robust impact predictions. Thecriteriafor judging
significance of cumulative effectsare not different from thosefor other types
of environmental assessment, but threshold effectsand irreversible changes
intheuse of critical resourceswill generally be key concerns.

A number of guidance documents have been prepared to facilitate conduct of
CEA indifferent partsof theworld

*A listisgiven below:

Country /Agency Year Remarks

USA 1997 | The processinvolves 11 steps

Canada 1999 | The processinvolves 12 steps

Brazl 2007 Deds with hydropower

USA FHWA 2005

USArmy 2007

Canada - tool kit related to fish habitat and
productivity

USA Corps of Engineers - Water Resources Projects

South Africa & Australia

*Source: L. W. Canter, Professor Emeritus, University of Oklahoma
(b) Analysing Cumulative Effects

The process of analyzing cumulative effects is an enhancement of the
traditional environmental assessment componentsand cons stsof:
(i) Scoping,
(i) Describingthe affected environment, and
(i) Determining the environmental consequences.

(c) Breaking Down Componentsin to Steps

The above components are broken down to steps as bel ow:

(1) Identifying theresources, ecosystems, namely, Va ued Environmental
Components(VECs) or human communitiesof concern that needto be
considered in the cumul ative impact analysisby gathering input from
knowledgesbleindividua sand reliabl einformation sources. Thisenables
the salection of theenvironmental resourcesor components, ecosystems
and human community concernsthat arelikely to beimpacted.

(i) Identifyingimportant cumulativeimpact assessment i ssues.



(i) 1dentifying the Impact Zone, the boundaries of CIA or the Resource
Study Area (RSA) of each VEC, i.e., zone in which thisimpact will
takeplace. Thishel psto set gppropriatetime and geographica boundaries
for analysisof each VEC.

(iv) ldentify the set of the past, current and reasonably foreseeabl e future
actions or projects that have cause-effect relationships with the
resources, ecosystems, and human communities of concern (VEC).
The purpose of thisstep isto identify stressesand stressors, historical
reference points, trends and threshol ds along with other current and
reasonably foreseeabl e projectsto be consdered inthe cumul ativeimpact
anaysis Itinvolveseval uation of dataof devel opment projectsproposed
or arelikely.

(v) Identify the direct and indirect impacts of the proposed project that
might contribute to acumulative impact on theidentified resources.

(vi) Identify agenciesamongwhich cooperationisneeded toidentify agency
plans and other actions whose effects may overlap with those of the
proposed action.

(vii) Relevant data of theidentified environmental components (VEC) to
determineitshealth (baseline condition) that needsto be gathered to be
ableto study theimpact. The health of aresource refersvery broadly
toitsoverall condition, stability, or vitality. For aspecies, health could
refer to sustainability.

(viil) Assess the potential cumulative impacts on VECs. Rather than
identifying thelifecycleof projects, it isimportant to identify thelife
cycleof effectsor environmental consequences.

Determining the cumul ative environmental consequencesof an actionrequires:

(8 Reporting of theresultsof the cumulativeimpact analyss.
(b) Assessingthe need for mitigation and/or recommendationsfor actions
by other agenciesto addressacumul ativeimpact.

(d) Other Itemsthat need to be Addressed

The cumulativeimpact analysis should also address:
(i) Otherregiona initiativesthat arein placeand could be built on.
(i) Thelossof locally important resourceand itsfunctionsand values.
(iif) Thepotential for successful compensatory mitigation.
(iv) Thetimerequired for compensatory mitigation.
(v) Thepotentia for increased habitat fragmentation.

(vi) Thepotentia to reverseatrend for the resource or rel ated ecosystem
restoration.

(vii) The potential for cumulative impactsto the resource to affect other
resourcesin the area, such asanimal or plant speciesthat depend on
healthy wetland habitat.

(viii) DeterminetrendsinVECsfrom baselineto the present and thefuture.
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(iX) Look at other regiona initiativesthat arein placeand could be built on.
(X) Apply adaptive management.
(e) Methodsor Analytical Tool

There are eleven types of useful methodsasbelow:

(i) Questionnaires, Interviews, and Panels. Useful for gathering the
widerange of information on multiple actionsand resources (VECs)
needed to addresscumul ative effects. Brainstorming sessons, interviews
with knowledgeableindividuals, and group consensushbuilding activities
can help identify theimportant cumul ative effectsissuesin the study
areaor region.

(i) Checklists: Useful for identifying potential cumulative effects by
providing alist of common or likely effectsand juxtaposing multiple
actionsand VECs.

(iif) Matrices Useatabular format to organize and quantify theinteractions
between human activities and resources of concern. Matricescan also
be used to combinethevauesinindividua cellsinthematrix to eval uate
the cumulative effects of multiple actions on individual resources,
ecosystems, and human communities (typically referred to asVECS).

(iv) Networksand System Diagrams. Useful for delineating the cause-
and effect relationshi psresulting in cumul ative effects. Can beused to
analyse the multiple, subsidiary effectsof variousactions, and trace
indirect effectsto resourcesthat accumul ate from direct impactson
other resources (VECs).

(v) Modélling: A potentially powerful techniquefor quantifying the cause-
and effect relationshipsleading to cumul ative effects. Modelling can
taketheform of mathematical equationsdescribing cumulative processes
such as soil erosion, the use of VEC-specific software, or an expert
system that computesthe effect of various project scenarios based on
aprogramof logical decisions.

(vi) TrendsAnalysis: Thismethodol ogy can be used to assessthe status
of VECsover timeandto develop graphical projectionsof past or future
conditions. Changes in the occurrence or intensity of stressors
(contributing effectsfrom other actions) over the sametime period can
also be determined. Trends can help the analyst identify cumulative
effects problems, establish appropriate environmental baselines, and
project future cumul ative effects.

(vii) Overlay M apping and GI S: These methodsincorporate |l ocational
information into cumul ative effectsanalysi sand hel p set theboundaries
of theanalysis, anayse landscape parameters, and identify areaswhere
effectswill be the greatest. Map overlays can be based on either the
accumulation of stressesin certain areasor on the suitability of each
land unit for devel opment.

(viii) Carrying Capacity Analysis(aspecial method): Carrying capacity
analysis identifies thresholds (as constraints on development) and



providesmechanismsto monitor theincremental use of unused capacity. Human Population and

Carrying capacity in the ecological context isdefined asthethreshold Social Issues
of stress below which populations and ecosystem functions can be

sustained. In the social context, the carrying capacity of aregionis

measured by thelevel of services(including ecological services) desired NOTES

by the popul ace.

(iX) EcosygtemAnalyss(aspecial method): Ecosystem analysisexplicitly
addresses biodiversity and ecosystem sustainability. The ecosystem
approach usesnatural boundaries(such aswatershedsand eco-regions)
and appliesecological indicators(such asindicesof bioticintegrity and
landscape pattern). Ecosystem analysis entails the broad regional
perspective and holistic thinking that are required for successful
cumul ative effects assessment.

(x) Economiclmpact Analysis(aspecial method): Thismethod isan
important component of analysing cumulative effects, because the
economic well being of aloca community and region dependson many
different actions. Thethree primary stepsin conducting an economic
impact analys sare (1) establishing theregion of influence, (2) modelling
theeconomicimpeacts, and (3) determining thesignificance of theimpacts
Economic modelsplay animportant rolein theseimpact assessments
and range from simpl e to sophisticated.

(xi) Social Impact Analysis(aspecial method): Socia impact analysis
addresses cumul ative effects related to the sustainability of human
communitiesby (1) focusing on key socia variables such aspopulation
characterigtics community and indtitutiona structures, political and socid
resources, individual and family changes, and community resources;
and (2) projecting future effectsusing socia analysi stechniquessuch
aslinear trend projections, population multiplier methods, scenarios,
expert judgment, and smulation moddling.

(f) Choosing a Method or Analytical Tool

Thereareavariety of methods or ana yti c tool savailable asmentioned above.
A method, with appropriate input as needed, that makes sense considering
the condition of and anti cipated impactsto theresource, thetype and amount
of availableinformation, and thetype and size of the proposed project should
be selected.

Lary W. Canter and Kamath studied anumber of projectsand found that in
preparing Environtal Impact Statements, the Checklist M ethodol ogy was used.
They concluded that the methodol ogy sel ected should desirably have the
followingfestures:
(i) 1t should enable multiple devel opmentsor land used practicesto be
addressed.
(i1) It shouldbepractical with understandabl e resultsthat would aid decision
making process.
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(iif) 1t should be adaptableto dlow for thelargearray of possblesteresource
impact combination.
(iv) Method shouldallow flexibility of spatial and temporal boundaries.

(v) I1tshould enableaggregation or tallying of incremental and interactive
impactsto give an estimate of over all impact to which aresourceis
exposed.

(vi) Allow for different level sof resolution (moregenered, extensveanaysis
of the cumulativeimpactsof all relevant devel opmentsor projectsor
land use practiceswhiletill allowingintensive, steand project specific
analyssInformation related to EI A methodol ogy wasreviewed (Lahlou
and Canter 1993, Cockinet a 1992).

(vii) Lary and Canter felt that the most appropriate methodol ogical approach
should be onethat would be ssmple and yet comprehensive enough to
provide abroad perspective on Cumul ative effects Assessment. They
chosethe Questionnaire Check List for identifying and/or summarising
the Cumulative Impact of projects. Thishasbeen used for two decades
for EIA studies. It could be used in conjunction with delineating the
study boundaries for addressing cumulative impact assessment
depending onthe study area, sitevisits. Information gathering may be
necessary before applying the checklist.

(g) Taking Precautionsto Avoid Common Deficiencies

Careneedsto betaken to pay attention to thefollowing aspects:

() Environmental components need emphasi s but economic and social
componentsneed even more.
(i) Proper scoping must be done upfront.

(iif) Adequate consultation must precede selection of VEC.

(iv) Governanceissuesneed to beidentified and addressed.

(v) Focus should be on Cumulative Effects Assessment rather than on
management.

(Vi) There should be clarity of the roles of the proponent and that of the
government.

(vii) Multi-stake holder organisations should distinguish between their
interests and responsibilities for CEA and should reconcile any
conflict.

(viil) CEA at sectora level must consider, inaddition to theimpact of all the
projectsin that sector, theimpact of other development projectsinthe
regionwithinthespatia and time boundaries set.

(iX) Thestudy on CEA could beunending unlessit wasfocussed on issues
that are carefully selected. It should focus on resource sustainability in
the expanded geographic and time boundaries. The USEPA document
says, ‘A cumulative effects analysis should ‘count what counts’, not
produce superficial analysesor along laundry list of issuesthat have
little relevanceto the effect of the proposed action or the eventual
decisions.’



(h) Drawing Conclusionsfrom CEA Analysis Human Population and

Social Issues
In previoussteps, thedataand information are collected and method(s) applied
to analyse it. Based on that analysis, conclusions are drawn about the
cumul ative impactsto resources by applying professional judgment to the NOTES

results, and by coordinating with technical expertsaswarranted.

First, the question ‘Is there a cumulative effect?’ needs to be answered. If
theresultsof the anaysisindicate that the proposed project, in combination
with other actions, would affect the heal th of theresource or atrend associated
with aresource, it isreasonableto conclude that the proposed project will
contribute to acumul ative effect (either beneficial or adverse).

Next, the results of the analysis are used to characterize the severity or

magnitude of the cumul ative effect. Thefollowing question isthen answered:

‘What do decision-makers need to know about the status of this resource

within the RSA?” The following information is documented for each resource:

(i) Thehedlth, statusor condition of theresourceasaresult of past, present
and reasonably foreseeableimpacts.

(i) Thecontribution of the proposed project tothe overall cumulativeimpact
totheresource, in support of asignificance determination,

(i) Avoidance and Minimization. Any project design changesthat were
meade, or additiona opportunitiesthat could betaken, toavoidand minimize
potentia impactsin light of cumulativeimpact concerns

(iv) Any aternativesto the proposed project. Oncethe cumulativeimpact
analysis is complete, do a ‘reality check’: comparetheresultsof the
cumul ative impact analysiswith the results of thedirect and indirect
impact analyses of the proposed project. Thiscomparison cantest the
soundness of the conclusions about each resource.

(i) Adaptive Management

The following text is an abstract from the Presentation ‘ Adaptive Management
and Integrated Decision Making - An Emerging Tool for Cumulative Effects
Management’ by Larry Canter and Sam Atkinson.

Adaptive Management (AM) is being used as a follow-up tool within
environmental impact assessment and cumul ative effects assessment.
Typical AM processesincorporate:
(i) Management objectives,

(i) Conceptual and or quantitative models,

(i) Management choices, monitoring,

(iv) Systematic decision making, and

(v) Stakeholder collaboration.
Such processes can be used to reduce cumulative effects uncertainties, and

inform decison making relativetoloca and regional operationd practicestominimize

theincremental effectsof proposed actions, aswell asthemanagement of regional
cumulative effectsresulting from multiple past, current, and future contributors.
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Based on an analysis of fundamental concepts, practices, and case studies the
following key lessons and needs have been identified: (1) Due to numerous
uncertainties associated with CEA, AM can be a useful tool for increasing the
cumulative effects knowledge base, as well as determining the effectiveness of
project mitigation and regional management measures. (2) Decision flowchartsand
AM decision matricescan facilitate thelearning and necessary decis onsassociated
with AM programs. Such flowcharts and matrices should be both understandable to
arange of audiences, and integrativein relation to devel oping aholistic perspective
on management choicesand their environmental implications.

However, AM may turn out to beexpensivein cost timeand Central deterrents
to AM include both additional budgetary and time requirements. Accordingly, there
isaneed to carefully delineate the actual benefitsand costsof AM requirementsin
aseriesof casestudies.

CHEcK Y OUR PROGRESS

8. Definecumulativeimpact.
9. What do you understand by Adaptive Management (AM)?

4.6 DEMOGRAPHIC STRUCTURE

Population is the biggest asset of a country. The social, economic and political
factorswithinand outside aregion grestly affect the decrease or increasein population
growth. Population patterns can be traced back to 10,000BC, before which humans
were sparsely scattered acrossthe earth. It has been estimated that from 8,000BC
up to the beginning of the Christian era, the popul ation of theworld increased at the
rate of 0.06 per cent per annum.

By 1300, theworld popul ation increased to 400 million and from 1300 to 1650,
therewasavery small additionto this, only 1 million people. Inthe next fifty years,
however, 1 million more peoplewere added to the global population. It grew by yet
another million during the period 1700 to 1750. From 1750, however, population
increased by 2 millioninthefirst fifty years and by 3 and 4 million respectively
during the next fifty years. Therefore, we find that prior to 1650; the population
growth wasvery dow, whileafter 1650, it increased rapidly.

Inthe 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 popul ation report of
major regionsof theworld. 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 popul ation wasvery
fadt, registering an average annual growth of 2.22 per cent.



Accordingto 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 atenth of apercentage point is not atremendous decline. But it isimportant
because the numbersare so high and it representsachangein direction, whichis
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 agrowth rate of zero will not be reached, at earliest until the years 2020 to
2025.

Baum said two trendsaccount for the reduced rate of growth: arapid 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
censusreport of 1966, the population growth rate declined in less devel oped and
developed nations. It cited Sri Lanka, wherein 1966 popul ation growth ratewas 2.3
per cent andit declinedto 1.5 per cent in 1976. Thailand, Philippinesand the Republic
of Koreaeach witnessed adecline of 0.7 per cent; Colombia 0.6 per cent, South
Africa0.4 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
figurein 1976 and 1977. In India, the growth rate of populationwas2.2 per centin
the sameyears.

In 1977, Asia alone accounted for 58 per cent (2.5 billion) of the world’s total
population. Because of the sheer size of itsbase popul ation, its popul ation growth
accounted for two-third of the world’s increase. In1976 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.

Accordingtothe US CensusBureau, the actual annual growth in the number
of humansfell fromitspeak of 88.0millionin 1989, toalow of 73.9millionin 2003,
after which it rose again to 75.2 million in 2006. Since then, annual growth has
declined. In 2009, the human populationincreased by 74.6 million, and it isprojected
tofall steadily to about 41 million per annumin 2050, at which timethe population
will haveincreased to about 9.2 billion. Every region of the globe has seen great
reduction in growth ratein recent decades, though growth rates remained above 2
per cent in some countriesof the Middle East and sub-Saharan AfricaSouth Asia,
Southeast Asiaand LatinAmerica

According to the United Nations, some countries experienced negative
popul ation growth, especidly in Eastern Europe (mainly dueto low fertility ratesand
emigration). In Southern Africa, growthisdowing down dueto the high number of
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HIV-rel ated deaths. Some Western Europe countries, might al o encounter negative
population growth. Japan’s population began to decline in 2005.

Therearetwo mainreasonsfor growth intheworld population. Thefirstis
the continued positive growth rateitself leading to an upward growth curve. The
second reasonisthat the growth rateincreasesasaresult of adeclineinthemortality
rate. Theannual growth rate doubled in the three centuries between 1650 and 1950.
Although, the growth rate of the world popul ation 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 peopl e of theworld are experiencing unprecedented demographic
change. World populationtoday sandsat 6.7 billion, 3 billion morethan 1960. Another
3billionwill likely be added by 2050. According to the United Nations, despite
substantia past declinesin childbearing rates, world population sizeisprojected to
grow to 7.9 billionin2025 and to 9.3 hillionin 2050. Nearly, al of thisfuturegrowth
will occur inthe devel oping countrieswherefour-fifth of theworld populationlives.

Table 4.1 Estimates for 2000 and Projection in 2025 of Population by Region

Mnca haia Latn America Doweloping Dewveloped World
wirkl wirld

Fopulation size {billion)
2000 08 a7 05 49 12 6.1
2025 14 48 07 8.7 12 74

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

Population growth in India

India is the world’s second most populated country after China. India possesses 2.4
per cent of thetotal land areaof theworld, but at the sametime al so supports about
17 per cent of the total world population. Thisisstill increasing and it has been
estimated that by 2040 the country isexpected to be the most popul ous.

According to the theory of demographic transition, every country passes
through three stages of demographic transition. In thefirst stage, both birth and
death rates are high. Hence, the population remains more or less stable. Even if
thereissomeincreasein the popul ation because the birth rateis somewhat higher
than the death rate, it does not pose any serious problems. Thishappensmostly in
backward economieswhere agricultureisthe main mode of living and per capita
incomesarelow. Thisinevitably resultsinlow standard of living. Themass population
inthese countriesisdeprived of basic necessities.

Rapid growth of population happensin the second stage of demographic
trangition. In thisstage, despite extensivereduction in therate of mortality, thereis
no equivalent declineintherate of birth asaresult of which thereisapopulation
explosion. Thisisfound in countries where the economy is not adequate to its
population size and acertain percentage of the popul ation awaysremainsbel ow the
poverty line. Thiskind of Stuationismostly foundin devel oping countries. For instance,
Indiahas been experiencing arapid growth of population sincethelast six decades.



It has been found that every year, India adds more people to the world than any
other country.

Table 4.2 Growth Rate of India’s Population

population vssr | |population Yesr | |populationvesr | |population Yesr
271306,0(1200| | 277175,0(1230| | 431463,011960 833929.01220
270183.011201 279115,0(1931| | 438800,0|c1281 843931,0[1851¢c
269064,0/1202| | 284102,01232| | 452378,0|1262 883473,0/1222
267950,0112903| | 287902,0/1933| | 462196,0/1983 900453,0(1553
266840,0/12904| | 291753,01934| | 472305,0/1984 918570.0/1224
265735.0/1905| | 295666,01935| | 482706,0 1985 934228.0|e1555
264635,011906| | 299614,0(1938| | 493389,0[1968 945121,0122¢8
263539.0(12907| | 303626,01937| | 504345,01957 962378.0(1857
262447,0/12908| | 307694,0/1233| | 515601,0|12E3 979673,0/1228
261361.00120%| | 311820,0/193%| | 527177.01959 997515,0(155%
260278.0/1210| | 316004,01240| | B539075,011270 1014003,8 =2000m
259201.011211 318826,0/1241 547900,0/c1571 | | 1027015,2|c2001
258127,011912| | 324180,0|1242| | 563530,0{1272 2002
257058,011913| | 328255,01943| | B575887,01973 2003
255994,0(1914| | 332332.0(/1944| | 588299.01974 2004
254934.0/1915| | 336562,0(/1945| | B0O07E3.0/1975 1094985,0/ 20052
253878.0|1918| | 340796.0(19458| | B613273.0/197¢ 2008
252827.0|1917| | 345085,0(1547| | 630200,0{1S77m 2007
251780,0|1918| | 349430,0(1548| | 644330,0/1578m 2008
250737,01191%{ | 353832,0/194%| | 658730,0{1S7Sm 2009
249699,0|1920| | 350445,0(1950| | 688956,0(1530 1170074,0|2010e
25144101921 363211,0/1951 685200,0(c1231 2011
254963,011922| | 369231,0|1952| | 703570,0{1882m 2m2
257637,0|1923{ | 375633,0/1953| | 719090,0(1883m 2013
260339.0|1524| | 382438,0(1954| | 734870,0/1584m 2014
263071,0|1925| | 395096,0|1955| | 749184,0/1985 1237985,0|20132
265831,0|19258( | 397334,0(1955| | 767200,0{1S85m| | 1304263,0|2020=p
268621,0|1927| | 405450,0|1957| | 783730,0{1887m| | 1370028,0|2025=p
271442,0\11928| | 414021,0|1958| | 797526,0{1983 1432181,0|2030ep
274293.0/1929| | 423053,0(1959| | B17490,0/1989m/| | 1706951,0|2050=p

From Table 4.2 one can visualize the trend of population growthin India.
Population figures have been taken right from 1901 to see how India’s population
grew over theyears. Except for adight fall inthetota populationintheearly years
of the decade, India’s population has been growing steadily over the years. The
growth rate hasbeen very high after 1951.

Thedensity of popul ation per squarekilometreincreased from seventy-seven
in 1901 to 221in 1981. The sex-ratio has been generally adverse to women. The
number of women per thousand men hasdeteriorated and isstill deteriorating. The
percentage of urban population hasa so increased with time. It was 11 per cent in
1901 which roseto 24 per centin 1981.
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Birth & Death Ratein India 1901 to 2001
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Fig. 4.1 Birth and Death Rate in India between 1901 and 2001

Intermsof birth and death rate, there has been arapid declinein the crude
death rateinthe past five decades. In 1951, the crude death rate was 25.1 per cent
which decreased to 9.8 per cent in 1991. Thistrend of decline was also seenin
crudebirthrate. In 1951, it was 40.8 per cent which decreased to 29.5 per centin
1991. During the 1990s, the annual population growth rate had fallen below 2 per
cent. Intermsof ageand sex, Indiamostly hasayoung population whichismostly
male.

Thetrend of populationin Indiadifferswith respect toregion. InKerala, the
mortality and fertility ratesare Smilar to those of devel oped countries. On the other
hand, in Uttar Pradesh, Bihar, Madhya Pradesh and Rgjasthan, thereisahighrate
of infant mortality and high rate of fertility. Asaresult of thisimbalance, therate of
population growth in theseregionsisa so very high.

Today, it has been estimated that one sixth of the world’s population lives in
India. Thistrend isexpected to increasefurther, asestimated that by 2025 Indiawill
be the most popul ated nation surpassing China.

4.6.1 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 thefirst decennial censusin
1871 and by 1921 the popul ation 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 has always been
connoted with socio-economic travail s such as poverty, employment, economic
backwardness, low per capitaincome, environmental pollution, over-crowding and
indebtedness, to name afew.



Therearevariousfactorsthat influence popul ation growthin India. They aredescribed
asfollows:

| Decreased Mortality Rate

| Conquest on Disease

' Communicable and Noncommunicable Disease

' Migration

Fig. 4.2 Factors of Population Growth in India

1. Decreased mortality rate

Decreased level of mortality isone of themajor factorsthat influence the growth of
populationin India. According to 1995 estimates, the average Indian malebornin
the 1990s can expect to live 58.5 years and women can expect to live 59.6 years,
whichisdlightly longer than the male. Till thefirst part of the 20th century, men
enjoyed adightly longer life expectancy compared to women. It was by 1990 that
women had dightly surpassed men.

Thedeathratedeclined from 48.6 per 1,000in the 1910-1920 period to 15 per
1,000inthe 1970sand improved thereafter, reaching 10 per 1,000 by 1990, arate
that held steady through themid-1990s. Theinfant mortdity ratein Indiawasestimated
to exceed seventy-six per 1,000 livebirthsin 1995. 30 per cent of infantshad low
birth weight, and the death rate for children aged oneto four yearswasaround 10
per 1,000 of the popul ation.

Accordingtoa1989 National Nutrition Monitoring Bureau report, lessthan
15 per cent of the population was adequatel y nouri shed, although 96 per cent received
an adequate number of caloriesper day. In 1986, the daily averageintakewas 2,238
caloriesascompared to 2,630 caloriesin China.

According to thefindings by the United Nations, it hasbeen seenthat in India
in 1989 the per day calorieintakefell to 2,229. According to some experts, it has
been witnessed that the yearly nutritional standard statistics cannot be utilized to
illustrate whether theratio of poverty hasactually fallen.

2. Conquest on diseases

The biggest factor that influencesthe growth of populationin Indiaisadvancesin
medical science and eradication of diseases. This, in fact, isthe biggest story of

popul ation growthin thelast hundred years. Themost hel pful equipmentsfor scientists

Human Population and
Social Issues

NOTES

Self-Instructional Material 169



Human Population and
Social Issues

NOTES

170 Self-Instructional Material

inthe conquest of disease areimproved knowledge about vaccination, nutrition,
improved public hedlth practi cesand the advancement in medicines. Better knowledge
of nutrition and good food habits make life healthier and longer. In many places of
theworld, peopleusetraditional knowledge about better nutrition and food habitsto
stay healthy whereasin other places, dueto the lack of such knowledge, people
face high rates of infant and maternal mortality.

Another important factor in popul ation growth isthe provision of vaccination,
which have reduced infectionsof smallpox, polio, influenzaand rubella

Improved public health practiceisthethird most significant factor that affects
the growth of population. According to Louis Pasteur’s Germ Theory of Disease,
the health of aperson isalso important to acommunity. Thisthought led to the
development of public health.

Today, inIndia, severa health measuresliketreatment of wastes, purification
of water, nutritional education aswell asvaccination are considered to be of great
importance. In addition, the nation al so has expertisein modern medicine. With
these advancements, the country’s death toll has decreased and rate of birth has
increased whichtogether hasled to populationexplosioninindia

3. Communicable and non-communicable disease

InIndia, alarge number of endemic communicable diseases create aserioushealth
problem among all age groups. To overcomethis, the government hastaken several
efficient measuresand hasformulated avariety of national programmesover the
years. All these effortsare mainly aimed at eradicating and controlling diseases,
especially cholera, trachoma, diarrhoes, respiratory infections, sexually transmitted
diseasesand goiter.

In India, malaria is a persistent problem, although rate of infection has
decreased. Intheyear 1975, Indiawasdeclared free from small pox.

In 1995, the National FilariaControl Programmewas established to control
and diminatethefilaria larvaein urban areas. In 1955, the National Leprosy Control
Programme was established to control leprosy. The programmewas slow when it
waslaunched but received great priority after 1980. In 1982, it wasredesigned and
termed asthe National Leprosy Eradication Programme.

The Indian Government hasal so taken stepsto control several other formsof
diseasessuch astuberculosis, goiter, diarrheal disease, etc. Thiscontrol hasledto
an increase in birth rate and decrease in death rate. The life expectancy of the
averageIndian hasincreased. Asaresult of this, the rate of popul ation growth has
tended to increase.

4. Migration

The population of acountry also growsasaresult of net migration, i.e., the number
of people entering geographic areas and those | eaving the geographic area. It has
been found that in 2000; nearly 6,271,000 migrantswerelivingin India, including
170,900 asrefugees. Thisnumber isincreasing fairly regularly. Most of them are
from Sri Lanka, Bangladesh, Pakistan, Nepal and other neighbouring regions.



5. Poverty

Poverty isanother important factor that i nfluencesthegrowth of populationin India.
In 2005, the World Bank estimated that about 42 per cent of India’s population falls
below theinternational poverty line of US$ 1.25 aday.

Need and Measures of Population Control in India

According to the 2001 census, thetotal population of Indiawas 1, 027,015,247,
making Indiathe second-most populated country intheworld. It isexpected that by
2025, Indiawill become the most popul ated nation inthe world, surpassing China.
Asaresult, Indiafaces anintense socio-economic and natural resourcecriss. India
isrichwith resources, but hasanumber of poor people and the popul ation growthis
adversely affecting the growth and development of the country and its people.
Therefore, itisessential to keep acheck on population growthinIndia. The need for
population control isnecessary becausethat will enablethe people of Indiato have
abetter standard of living and economic growth.

The Government of Indiahas been making determined effortsthrough aseries of
planned programmesto control the populationin India. The Planning Commiss on of
Indiatook atwo-pronged approach.

- Department of Family Welfare under the Ministry of Health was created at
the centrewith counterpartsin statesfor the task of educating Indian couples
to adopt family welfare methods. Demographic and Action Research Centres
weregiven financia assistanceto carry on research on promotion of family
planning practices.

- Theworking group onVital and Hedlth Statistics of the Planning Commission
initsfirst meetingin March 1958 examined the question of obtaining reliable
estimates of the natural rate of popul ation growth sincetherate, asobtained
from the use of censusdataby actuaries, wasconsidered to belessreliable.
It recommended that the National Sample Survey obtain areliable estimate
of population increaseratein future years.

Theprogramme of educating couplesto practicefamily planning methods, as
adopted by the Department of Health and Family Welfarein the 1960sand 1970s,
did not reach the vast rural population who were mostly illiterate and were not
exposed to the medical programme. In order to overcomethis, the Government of
India sought the advice of D.V. Glass of the London School of Economics and
Political Science. Headvised collection of live stati sticsthrough household sample
surveysfor identifying socia variableswhichweres gnificant for control of population
growth.

In addition, the Indian Government al so incorporated the goal of population control
in the Five Year Plans. As part of this process, the government has formulated
variousagenciessuch asFamily Planning Association of Indiaand theNew Population
Man.

- Family Planning Association: The main aim of the Family Planning
Association isto encouragefamily planning and to takeit asabasic human
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right. The Family Planning Association believesin the norm of atwo-child
concept. Theassociation believesthat familieswith two children will beable
to maintain the balance between the popul ation size and the resources that
areavailabletothefamily.

Themainroleof the Family Planning Association isto make people become
responsi ble regarding attitudes towards human sexuality and also provide
other servicesand education in family planning methodsto young people.
The various family planning methods offered by the Family Planning
Associ ationsare conventional contraceptives such ascondoms, diaphragms,
jelly/cream tubes, foam tablets as well as tubectomy, IUD, oral pillsand
vasectomy. Besidesthis, the other family planning method availableinthe
programmeisinduced abortion. Thisprocessisrecognized by the government
andisavailablefreeof chargein many ingtitutions.

- New Population Plan: Themainaim of the New Population Plan (NPP) is

toimprove and devel op the reproductive health of the people of the country.
To achievethisgoal, the NPPallows general accessto contraceptivesand
provides contraceptive education among locals. It aso providestraining
programmesto peopleregarding safety aid at birth. Intermsof certainlegal
aspects, the plan also stated that aformal registration of abirth of achild and
marriageregistration of acoupleisvery essential. It also maintainsthat the
minimum age of marriage of agirl should be eighteen. Since, women play a
sgnificant roleinthedetermination of family Sze, Attention needsto bediverted
to the need to educate women. Participationin socia and economic activities
may help to promote small family size by meeting the necessary conditionsof
emotiond and socid fulfilment of women outsidethefamily context. Adequate
education for women in rural aswell asurban areas can clarify choicesto
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, andlimit family 9ze. Regarding abortion, theMedica Termination
of Pregnancy (MTP) Act was passed by the Indian Government in 1971,
under which pregnancy can be ended or aborted.

10.
11
12.
13.

CHEcCK Y OUR PROGRESS

What are the two main reasonsfor growth in theworld popul ation?
Name any two factorsthat i nfluence population growthin India.
Why ispopul ation control anecessity inIndia?

What isthe main aim of the Family Planning Association?




4.7 HUMAN, ENVIRONMENT AND SOCIAL ISSUES

Inthissection, wewill havealook at theimportant social issuesthat pertaintothe
human popul ation. Wewill study environment and human health, human rightsand
HIV/AIDS and women and child welfare.

4.7.1 Environment and Human Health

Environmental health comprisesthose aspectsof human health including quality of
lifethat are determined by physical, biological, socia and psychological factorsin
the environment. Therel ationship between the environment and itsimpact on human
healthishighly complex. Each of the effectsisassociated with avariety of aspects
of economic and social development. Moreover, there is no single best way of
organizing and viewing the devel opment-environment-health relationship thet reveal's
all important interactionsand possible entry pointsfor public health interventions.
Human beingsare exposed to avariety of chemicalsincluding industrial chemicals,
pesticides, air pollutants, natural and man-madetoxicantsetc. 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
individua sand eventheir progeny from serioushedth aillments. Toinvestigatepossible
effectsof environmental pollutantson human healthitisof primeimportance that
accurate exposure assessment techniques and validated biomarkersare available.
Itis, therefore, essentia to havefull-fledged and accurate Environmental Health
Impact Assessment proceduresin place, undertake application-oriented research
such asoccupational and environmental cohort studiesto definesingleor mixture of
pollutantsand their impactson health. Thiswoul d hel p theimplementing agenciesto
revisethe environmental andindustry specific actions. It isalso very important to
have collaborative approach among the industriesand varioustechnical/research
centerstogether with theimplementing agenciesof the pollution control so asto deal
with the Environment and Heal th issues properly.

4.7.2 Human Rights, Environment and HIV/AIDS

The Universal Declaration of Human Rights (UDHR) isamilestonedocument in
the history of human rights. Drafted by representatives with different legal and
cultural backgroundsfrom all regionsof theworld, the Declaration was proclaimed
by the United Nations General Assembly in Parison 10 December 1948 (General
Assembly resolution 217 A) asacommon standard of achievementsfor al peoples
andd| nations. It setsout, for thefirst time, fundamental humanrightsto beuniversaly
protected and it hasbeen trand ated into over 500 languages.

Human Rightsand Environment

Morethan 2 million annual deathsand billionsof casesof diseasesare attributed to
pollution. All over theworld, peopleexperiencethe negative effects of environmental
degradation ecosystemsdecline, including water shortage, fisheriesdepl etion, natural
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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 ecosystemsthat they rely upon for their livelihoods. Climate
changeisexacerbating many of these negative effectsof environmental degradation
on human health and wellbeing and isal so causing new ones, including anincrease
in extreme weather eventsand an increasein spread of malariaand other vector
bornediseases Thesefactsclearly show the closelinkagesbetween the environment
and theenjoyment of humanrights, and justify an integrated approach to environment
and humanrights.

The Stockholm Declaration, and to alesser extent the Rio Declaration, show
how the link between human rights and dignity and the environment was very
prominent in the early stagesof United Nations effortsto address environmental
problems. That focus hasto some extent faded away in the ensuing efforts by the
international community to tackle specific environmenta problems, with morefocus
being placed on devel oping policy and legd instruments, both at theinternational and
national levels, targeted at the environmental problemsthat were emerging, through
aseriesof MEAsand other mechanisms. Although the foundation of developing
such mechanismslaid on the considerations made at the time of the Stockholm
Conference, the human rights dimension is not made explicit in most of these
insgruments.

The UN reform processa so callsfor theintegration of humanrightsinall of
the organization’s work.

Inaseriesof resolutions, theformer United Nations Commission on Human
Rightsand the United Nations Human Rights Council have drawn attention to the
rel ationship between a safe and heal thy environment and the enjoyment of human
rights. Most recently, the Human Rights Council initsresolution 7/23 of March 2008
and resolution 10/4 of March 2009 focused specifically on humanrightsand climate
change, noting that climate change-rel ated effectshavearange of direct and indirect
implicationsfor the effective enjoyment of humanrights. Theseresolutionshave
raised awareness of how fundamental the environment isasaprerequisiteto the
enjoyment of humanrights.

Human Rightsand HIV/AIDS

HIV/AIDSisone of anumber of killer diseases, such as, malaria, tuberculosis,
cancer and heart disease. What isdifferent about HIVV/AIDSisthat it impactsnot
only thephysical health of individuals, but alsotheir socia identity and condition. The
gtigmaand discrimination surrounding HIV/AIDScan be asdestructive asthe disease
itself. Lack of recognition of human rights not only causes unnecessary personal
suffering and lossof dignity for peoplelivingwith HIV or AIDSbut it aso contributes
directly to the spread of the epidemic since it hinders the response... For example,
when human rights are not respected, people arelesslikely to seek counselling,
testing, treatment and support because it means facing discrimination, lack of
confidentiality or other negative consequences. It al so appearsthat the spread of
HIV/AIDSisdisproportionately high among groupsthat already suffer from alack



of human rights protection, and from social and economic discrimination, or that are
marginalised by their legal status.

4.7.3 Women and Child Welfare

Theoverall condition of anation can befound out by observing the status of women
and children and the focus of the state on this section of our society. Itisgenerally
seen that the country on whose priority arewomen and children, aregenerally more
devel oped than others. Women arethefirst link of education and development ina
family, so aninvestment onwomen will indirectly transfer onto the betterment of the
family.

Significance of Women and Child Care

(i) Thewholedomestic sphereinour Indian society islooked after by the
women, whowork hard for long hourswithout any pay.

(i) Duetothe hardshipinvolvedinthecooking and other household work,
women subject themselves to long hours of work in dangerous
environment of burning bio massfuel.

(i) Women are moreinfluenced by environmental degradation than men.

(iv) Women, dsorequirespecia provisionsfor sanitation and hygiene, which
affectsmany other factors.

(v) Child labour is also rampant in our country. They are exposed to
dangerouswork environment and hazardous activitiesfor money.

Objectivesof Women and Child Welfare

(i) Tofocusontheimprovement of overall statusof women and children
including the socia, economic, health and nutritional status.

(i) Toprovidefor thephysical, emotional and mental careof children.

(i) To ensure that the women and children are provided constitutional
protection and appropriaterights.

(iv) Toaimfor generating awarenessabout variousgovernment initiatives
among therural populace

I mportant Developmental Programmesfor Women and Child Welfare

The government hasinitiated various programmesfor the welfare of women and
children in the society. Theseincludetraining cum employment programmesina
variety of sector to increase employability attractiveness, financial and technical

support through women devel opment corporations, and government programmes,
creating awareness of self-help groups, gender sensitization, advocacy; providing
benefits through various government acts like Maternity Benefit Act, Dowry
PreventionAct etc.; legal and congtitutiona protection through Nationa Commission
for Women and holistic devel opment through head planning government wingslike
the Department for Women and Child Devel opment.
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CHEcK Y OUR PROGRESS

14. What isenvironmental heath?

15. When and wherewasthe Universal Declaration of Human Rights
proclaimed?

16. Givetwo examplesof government acts providing benefitsto women.

4.8 SUMMARY

- Sustainable development is such a concept that signifies that the rate of
consumption or the use of natural resources should be approximate to the
rate at which these resources can be substituted or replaced.

- Within the concept of sustainable devel opment, industria ecology playsa
significant rolein order to create abal ance between industrial devel opment
and preservation of natural resources.

- Environmental ethicsrefersto theissues, principlesand guidelinesrelating to
human interactionswith their environment.

- Environmental ethicscan provideusthe guidelinesfor putting our beliefsinto
action and help usin deciding what to do when faced with crucial situations.

- Public awareness about environment is at the stage of infancy.

- Theimpactsof development projectsoccur indifferent forms. Whilesignificant
benefits result for the society, the project area people may often bear the
brunt of adverseimpacts.

- Social Impact Assessment alertsthe plannersasto the likely benefitsand
costsof aproposed project, which may be social and/or economic.

- SlIAscan assist advocacy groupsaswell. A Socia Impact Assessment report,
done pai nstakingly, showsthereal consequences of the project on affected
people and suggests alternative approaches, and gives credibility to their
campaigns.

- Social Impact A ssessments have been carried out for avariety of projects,
including projectsin such diverse sectorsaswater, sanitation and health, coa
sector, urban transport systems, pastoral development programmes, and
livelihood support projects (Cerneaand Kudat 1997; Roche 1999).

- InIndia, SIA hasbeen generaly carried out asa part of the Environment
Impact Assessment clearance process.

- Socia Impactsarethe changesthat occur incommunitiesor toindividualsas
aresult of an externally-induced change.

- Thereisno generally agreed definition of Social Impact Assessment (SIA).
It may be defined as a process that seeks to assess, in advance, the socia



repercussionsthat arelikely to follow from projects undertaken to promote Human Population and

devel opment, such asdams, mines, industries, highways, ports, arports, urban Social Issues
devel opment and power projects.
- Cumulativeimpact isdefined by the US Council on Environmental Quality as NOTES

‘the impacts on the environment that result from the incremental impact of
the action when added to other past, present, and reasonably foreseeable
future actions (RFPA) regardless of what agency undertakes such other
actions.’

- Populationisthebiggest asset of acountry. Thesocial, economicand political
factorswithin and outside aregion grestly affect the decrease or increasein
population growth.

- China’s population was estimated to be 982.5 million, 23 per cent of the world’s
figurein 1976 and 1977. In India, the growth rate of population was 2.2 per
cent inthe sameyears.

- Accordingto the US Census Bureau, the actua annual growth inthe number
of humansfell fromitspeak of 88.0 millionin 1989, toalow of 73.9millionin
2003, after whichit roseagainto 75.2 millionin 2006.

- In 2009 the human popul ationincreased by 74.6 million, and it isprojected to
fal steadily to about 41 million per annumin 2050, a which timethe population
will haveincreased to about 9.2 billion.

- Therearetwo main reasonsfor growth intheworld population. Thefirstis
the continued positive growth rateitself leading to an upward growth curve.
The second reasonisthat the growth rateincreasesasaresult of adeclinein
themortality rate.

- Indiais 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
supportsabout 17 per cent of thetotal world population.

- India’s population has always been connoted with socio-economic travails
such aspoverty, employment, economic backwardness, low per capitaincome,
environmental pollution, over-crowding and indebtedness, to nameafew.

- Decreased level of mortality isone of the major factorsthat influence the
growth of populationinIndia

- Thebiggest factor that influencesthe growth of populationin Indiaisadvances
inmedical science and eradication of diseases.

- InIndia, alarge number of endemic communicabl e diseases create aserious
health problem among all age groups. To overcomethis, the government has
taken several efficient measures and has formulated a variety of national
programmes over theyears.

- Poverty isanother important factor that influencesthe growth of population
inlndia
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- Themainroleof the Family Planning Association isto make people become

responsi ble regarding attitudes towards human sexuality and also provide
other servicesand education in family planning methodsto young people.

- Themainam of the New Population Plan (NPP) istoimprove and devel op

thereproductive health of the peopl e of the country. To achievethisgoal, the
NPP allows general access to contraceptives and provides contraceptive
educationamonglocals.

- Environmenta health comprisesthoseaspectsof human hedthincludingqudity

of lifethat are determined by physical, biological, social and psychological
factorsin the environment. The rel ationship between the environment and its
impact on human health ishighly complex. Each of the effectsisassociated
with avariety of aspects of economic and social devel opment.

- Toinvestigate possi ble effects of environmental pollutantson human hedlthit

isof primeimportance that accurate exposure assessment techniques and
validated biomarkers are available. It is, therefore, essential to have full-
fledged and accurate Environmental Health Impact A ssessment procedures
in place, undertake applicati on-oriented research such as occupational and
environmental cohort studiesto define single or mixture of pollutantsand
their impactson health.

- TheUniversal Declaration of Human Rights (UDHR) was proclaimed by

the United Nations General Assembly in Parison 10 December 1948 (Generd
Assembly resolution 217 A) asacommon standard of achievementsfor all
peoplesand al nations. It setsout, for the first time, fundamental human
rightsto be universally protected and it hasbeen translated into over 500
languages.

- Climate change is exacerbating many of these negative effects of

environmental degradation on human health and wellbeing andisalso causng
new ones, including anincreasein extreme weather eventsand anincrease
in spread of malaria and other vector borne diseases. These facts clearly
show thecloselinkages between the environment and the enjoyment of human
rights, and justify an integrated approach to environment and human rights.

- HIV/AIDSisoneof anumber of killer diseases, suchas, maaria, tuberculoss,

cancer and heart disease. What isdifferent about HIV/AIDSisthat it impacts
not only the physical health of individuals, but also their social identity and
condition. Thestigmaand discrimination surrounding HIV/AIDS can beas
destructive asthe diseaseitsalf. Lack of recognition of human rightsnot only
causes unnecessary personal suffering and loss of dignity for peopleliving
withHIV or AIDShut it also contributesdirectly to the spread of the epidemic
sinceit hinderstheresponse

- Theoverdl condition of anation can befound out by observing the status of

women and children and the focus of the state on this section of our society.
Itisgenerally seenthat the country on whose priority arewomen and children,
are generally more devel oped than others.



- Objectivesof Women and Child Welfare: (i) To focuson theimprovement Human Population and
of overa| statusof women and childrenincluding the social, economic, health Social Issues
and nutritional status,, (ii) To providefor the physical, emotional and mental
careof children, (iii) To ensure that the women and children are provided
congtitutional protection and appropriaterights, and (iv) Toaim for generating NOTES
awareness about various government initiativesamong therural populace.

4.9 KEY TERMS

- Sustainable Development: Sustainable development is the economic
devel opment that i sconducted without depl etion of natural resources.

- Mortality Rate: Itisthe number of deathsin agiven areaor period, or from
aparticular cause.

- Human Migration: Human migration isthe movement by peoplefrom one
placeto another with theintentionsof settling temporarily or permanently in
the new location.

4.10 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Sustainable development is such a concept that signifies that the rate of
consumption or the use of natural resources should be approximate to the
rate at which these resources can be substituted or replaced.

2. Thetwo maor causes of unsustainability are asfollows:

Overpopulation in poor countries
Overconsumption of resources by rich countries

3. Environmentd ethicsrefersto theissues, principlesand guidelinesrelating to
humaninteractionswith their environment.

4. Thetwoimportant ethical guidelinesareasfollows:

Oneshould loveand honour the earth, sinceit nurtureslife.
One should keep each day sacred on earth and celebrate the turning of its
Seasons.

5. Environmental awareness can be spread through mass-mediausing articles,
rallies, campaigns, street playsEV seriasetc.

6. Themost useful outcomeof aSIA isto devel op mitigation plansto overcome
the potentia negativeimpactson individual sand communities.

7. Socia impactsarethe changesthat occur incommunitiesor toindividuasas
aresult of an externally-induced change.

8. Cumulativeimpact isdefined by the US Council on Environmental Quality as
‘the impacts on the environment that result from the incremental impact of
the action when added to other past, present, and reasonably foreseeable
future actions (RFPA) regardless of what agency undertakes such other
actions.’
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10.

13.

14.

15.

16.

. Adaptive Management (AM) is being used as a follow-up tool within

environmental impact and cumul ative effects assessment.

There aretwo main reasonsfor growth intheworld population. Thefirstis
the continued positive growth rateitself leading to an upward growth curve.
The second reasonisthat the growth rateincreasesasaresult of adeclinein
themortality rate.

. The two factors that influence population growth in India are decreased

mortality and migration.

. Theneedfor population control isnecessary in Indiabecause that will enable

the people of Indiato haveabetter standard of living and economic growth.

The main aim of the Family Planning Association isto encourage family
planning and to take it asabasic human right.

Environmental heal th comprisesthose aspectsof human healthincluding qudity
of lifethat are determined by physical, biological, social and psychological
factorsinthe environment.

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

Two exampl es of government acts providing benefitsto women are Maternity
Benefit Act and Dowry Prevention Act.

411 QUESTIONS AND EXERCISES

Short-Answer Questions

1

ga b~ w DN

What do you understand by sustai nable devel opment? What are the major
measuresto attain sustainability?

. List thevarioustypesof impacts.

. What isInitial Social Impact Assessment (ISIA)?

. Why isitimportant to carry out Cumulative effectsAssessment?

. What arethe variousfactorsthat influence popul ation growthin India?
6.

Writeashort note on Family Planning A ssociation and New Population Plan.

Long-Answer Questions

1
2.
3.
4.
5.

Discussthetwo world-viewsin rel ation to environmental protection.
Explain what you understand by Socia Impact Assessment (SIA).
Mention the various advantages of doing Socia Impact Assessment.
Explain thethree stages of demographic transition.

Describethe process of analysing cumulative effects.
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Jacobson, Mark Z. 2002. Atmospheric Pollution—History, Science and
Regulation. UK: Cambridge University Press. NOTES

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

Harrison, Roy M. 2001. Pallution: Causes, Effectsand Control. UK: Royal Society
of Chemigtry.

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

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

Rangargjan, Mahesh. 2010. Environmental Issuesin India: AReader. New Delhi:
Pearson.

Websites

http://unesdoc.unesco.org/images/0012/001264/126403e.pdf#xml=http://unesdoc.
unesco.org/ulis/cgi-bin/ulis.pl ?database= ged& set = 3EFO8SE 85 0 64
&hits rec=1&hits Ing=eng

http://www.unep.org/del c/HumanRightsandT heEnvironment/tabid/54409/
Default.aspx

http://Aww.un.org/en/universa -decl aration-human-rights/
http:/Amww.moef .nic.in/s tes/defaul t/fil es/visenvhed th.pdf
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