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PREFACE

The post-independence period in India has witnessed an unprecedented pace of
development activities. While admitting that such activities only could usher in a new
economic era, the Government of India has also been aware of the vital need for
conservation and management of the environment. With the setting up of a National
Committee under the Department of Science and Technology in 1972 for planning
and co-ordination on environmental issues and later establishing a new Department
of Environment in 1980 (now the Ministry of Environment & Forests), the Govern-
ment of India has made it emphatically clear that developmental activities must
ensure environmental conservation. In order to fulfil this objective, ‘Environmental
Impact Assessment’ (or EIA) became an obligatory exercise for major development
sectors to get clearance from the Government. The EIA exercise being a multi-disci-
plinary study, appropriate understanding of the natural system and possible impacts
that may occur due to proposed projects is essential. Besides, every EIA exercise has
also to provide an Environmental Management Plan (EMP) suggesting mitigatory
measures.

Considering the need for trained expertise in the field and lack of appropriate
training programmesin the area, the Zoological Survey of India, a premier institution
under MoEF, organised the first EIA training programme in 1998 and a second one
in,1995. Participants were deputed by industrial houses and other agencies and the
faculty was drawn from a list of well-known institutions.

The present volume is based on the contributions made by members of the faculty

of the EIA courses and is aimed at catering to the needs of the much larger user
community.

We express our sincere thanks to all members of the faculty and o the scientists
and colleagues who have shared their expertise by way of delivering lectures
and contributing articles for the training programmes. We are thankful to
Dr R.K. Varshney, Additional Director, ZSI; Dr G.S. Arora, Emeritus Scientist, ZSI and
Dr 8. Santra, Kalyani University, for helping us in various ways.

We are specially thankful to Mr Dilip Biswas, Chairman, Central Pollution Control
Board (then Advisor, MoEF) and Dr N. Bagchi, Advisor, MoEF for their support in
organising the training programme and to the authorities of the Minisury of Environ-
ment & Forests, Government of India, for providing all support to the programme.

A. K. GHOSH
J.R.B. ALFRED
J.K. JONATHAN
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ENVIRONMENTAL IMPACT ASSESSMENT
ALK GHOSH*

Introduction

Hutoncally one may trace the genesis of alternative technology for environmcnul
protection in the introduction of terraced agriculture, contour cultivation, i
canal system, storm water sewers, etc. Decades ago, William Blake castigated England's
dark “Satanic mills".

However, it is admitted that incorporation of environmental protection ‘as a compo-
nent of administrative, planning, legislative and executive arms of Government’ is a
‘recent phenomenon. In general, the hypothesis of environmental control carries the
negative connotation of preservation and rather costly measures for protection, conflict-
ing with urgent need to develop; hence it is view as ‘an inappropriate extravaganza for
developing countries’ (ESCAP, 1985).The apparent conflict between those who view
resource exploitation as serving the basic human needs and the ones who consider
wasteful use of resource will only lead to decreasing productivity in future.

As such, the system of Environmental Impact Assessment originated from the coacept
that better method and more organised information flow, if generated in a timely,
accurate and complete manner and presented in useful format will help decision makers
balance the demand for immediate gain from exploitition of resources with the necessity
to maintain ecosystem for sustainable development.

The EIA differs from conventional cost benefit analysis aimed at reviewing economic
parameters, including the ones with pollution control measures. A host of environmental
parameters are “intangible” and no monetary price<tags are available for such parame-
ters; (e.g. social disruption resulting from relocation, destruction of rare habitat or
environmental impact over a long time-scale or in geographical location remote to a
particular project area.)

By designing a scheme which may include (i) statement of development objectives (ii)
techno-economic feasibility (iii) vetting by agency on economic and technical ground
(if necessary with corrective measures), (iv) proposed action and alternatives (v) identi-
fication of impact (vi)alternative technical/engineering plan (vii) re-identification of
impact. Environmental Impact Assessment arrives at the point of understanding that the
primaryrole of EIA is to efficient utilization of natural and human resources in economic
development (Evans, 1980).

Since, EIA requires input from different disciplines/sectors, under the coordination
of an agency, it provides an unparalleled ground for inter-agency cooperation, EIA, has
also been widely adopted as an information gathering and analytical tool to aid economic
development (Sammy, 1982).

However, the most commonly voiced objections to EIA are the prohibitive cost and
also that idea that this practice retards development (Sammy, op. cit.). A summary, based
on response to an international questionnaire which was distributed to 139 developing

® Director, Zoological Survey of India, M Block, New Alipore, Calcutta 700 053
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and 25 industrialised countries, -indicate the EJA invariably increase project cost but
enhance national development and project planning, (Table 1, source Sammy, op. cit.).

Table 1
Effect of EIA on Project Cost, National Development and Project Planning
' Percentage of respondents giving each answer
Effect of EIA Effect of EIA Effect of EIA project
- on project cost on national development planning
Region or group
Increase No effect/ Enhance Retard No effect Retard
: decrease
Developing: (%)
Africa and the 84 16 79 21 80 20
Middle East '
Americas 71 29 88 12 81 19
Asia and the Pacific 83 17 60 40 78 22
Europe 100 0 20 80 33 66
Industrialised:
United States 75 20 41 59 71 29
Canada 70 30 44 56 70 30
Europe 63 34 41 59 57 43
Developing 80 20 74 26 78 22
Industrialised 70 30 42 58 66 34

Environmental Concept and Impact Assessment

Coming back to the basic parameters of EIA, let us look at the concept of environ-
ment. In the broadest sense ‘the environment is the sum of all social, biological and
physical and chemical factors which composes the surrounding of the man. The natural
environment of man consists of soil, water, solid waste, noise, biotic components, habitat
for wildlife, while the self (man) made environment include work environment, hous-
ing, technology, disposal system of noxious air, effluent and garbage, aesthetics, etc.
One can therefore, rationally expect that EIA should consider all the parameters cited

above.along with objectives of minimising impact on short-term and long-term perspec-
tives.

Limitations on EIA arise form complexities of data collection resulting in the delays
in implementation and lack of manpower and expertise for assessing the impacts (in
developing countries). EIA become more expensive in developing countries due to
limited technical and social data-base available at present (Evans, 1982). Large amount
of base line data collection become imperative and ‘this is perhaps the single most
expensive and time-consuming endeavour’. In order to cut down the time and expense,
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it isioften advocated that EIA should be incorporated into the overall development plan
of alregion {Lutwig, 1984).

Recent efforts initiated by Government of India has been directed towards this logical
approach. While urban centres were largely developed through usual planning process
drawing data from basic sectors, environmental impact of such development scheme
were never considered; now, since 1990, one can witness at least some exercises
suggested towards this goal. Elsewhere, say in mining sector, future mining plan for every
major coalfield area in India, now incorporates an environmental management plan
based on regional factors.

The impact assessment procedure can only be based on data presented in the
feasibility report and Environmental Impact Statement (EIS) both to be submitted by
the proposer of the project. The substantive content of the EIS may be comprehensive
but resulting documents often appear to be long on description but short on analysis
and becomes of little use in decision making. US Council of Environmental Quality
recognised the term “Scoping” (in 1978) to ‘describe the process used to determine in
an EIS and to what detail’. Earlier, issues and choice of alternatives were largely
completed outside the public view but now, the process in USA, has been open to public,
affected federal agencies and government.

EIS, as such, forms an integral part for assessment process by the authorised agency
(such as Department of Environment in India).

The base line data required for EIS, as mentioned earlier, are to be collected, in most
of the cases, in developing countries, a new, from the proposed site and its surroundings.

The weakest part of EIS is often noted with regard to ecological and biological
information and analysis. This becomes more critical when rapid assessment is carried
out based on one-time, one scason data; use of secondary data, (not necessarily on
area-specific study but regional, broad based survey data, often dated) creates further
confusion at a time when introduction of appropriate procedure is advocated for
‘projects which are likely to have significant adverse effects on biodiversity’ (ITUCN,
1994).

Lastly, while EIA studies in the developed countries have provisions and scope for
public hearing and participation, absence of such scope in many developing countries,
often lead to public discontent and resentment at a later period of time.

Impact Assessment Studies in India

In India, such data are being asked from identified agencies (Table 2) directly by the
Project authorities. When preparation of the report [for submission of Department of
Environmental is assigned to a consultant, group/individual the agencies identified may
not always be forthcoming considering the role of private profiteering scope of the
consultant. But a major question remains, can the identified agencies reply to the
questions on the impact statement without any field visit/data collection If not, will the
agencies be interested to comply with the requests of number of publiceector clients
(without charging any fees for such service) to generate essential data and

. mitigating measures? Since each of the identified agencies listed in (Table 2) have their
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own programme of work and pﬁoriﬁes, the man-month/days required for such data

generation are to be met by deviating a part of expertise from departmental work.

Table 2

India: Agencies responsible for input to EIS

Agencies

. State Forest Department

. State Fisheries Deptt.

. Zoological Survey of India
. State Wildlife Deptt.

. State Health Deptt.

. Botanical Survey of India

0 N O v e 0 N e

. Geological Survey of India

. Indian Meteorological Deptt.

Area

Forest data
Climatological data
Fisheries - data
Faunal data
Wildlife data
Health data

Flora - data

Geological - data

The conceptual framework (Table 3) for conduct of EIA in developing countries
indicates the Status and Environmental Impact Statement, are to be prepared by an
‘Environmental Team’ This team has featured from the very beginning to the last but

two steps, of the 9 steps in the framework scheme.

Table 3

Conceptual Framework for the conduct of EIA in Developing Countries

Assessment step

When ?

By whem ?

1. Preliminary activities

2. Impact identification
(Scoping)

3. Baseline study

4. Impact evaluation

5. Mitigation measures

6. Comparison of
alternatives

7. Documentation

8. Decision-making

9. Post audits

During feasibility study

Between feasibility study and
preliminary design

During preliminary design

Between preliminary and final
design

Between preliminary and final
design

Before final design

Before final design
Before final design

After the start of operation

Project management and
environmental team

Environmental team

Environmental and engineering
teams

Environmental team and
technical specialists

Environmental team with input
from engineering team

Environmental team

Environmental team

Project management

Project O & M




ALK GHOSH - ENVIRONMENTAL IMPACT ASSESSMENT S

It is evident that no such teamwork functions in India in the impact evaluation,
mitigation-measure steps. However, once the project document, primary questionnaire
for initial environmental examination (IEE) and/or Environmental Impact Settlement
(EIS) /EIA are received (in part from different agencies and compiled by the client
department) the Department of Environment (DOEn) takes up the responsibility of
examining EIA/EMP c'earance or rejection. DOEn has provisions for constitution of
expert teams for actual field visit, if necessary. At this stage, it must be mentioned that,
for each of the 29 sectors of development project for which environmental clearance has
been made compulsory in India, separate committees (with fixed tenure), constituted
by DOEn, function independently. Recommendation (EAC) is put up to the Secretary,
DOEn, for his consideration.

The demand for development in each of the 29 sectors from almost every state and
union territory, vis-g-vis the time-fame proposed by concerned client department, can
really put pressure to each individual nodal organizations. Above all, in the absence of
environmental team at the first 5 steps and variable methodology adopted by different
organization, the assessment procedure may not be easy excrcise at EAC level.

On the other hand, alternatives are difficult to find out. The efforts on the part of
national government to register consultant firms or data gencrating laboratories often
end up in specialised agency list. There is hardly any centre in India, either at non-
governmental/governmental level, who can undertake total responsibility of gencra-
<ion/ compilation of data (if available) interpretation for impact statement and sugges-
tion of mitigative measure. Many of the consultant group may be qualified to prepare
report on socio-economic-geotechnical/geotechnical parameters but then again, most
of these group lack expertise in fisheries/flora/fauna/wildlife ecology. As such, func-
tioning of multi-disciplinary “environmental team" appears remote, but not impossible
if such teams are formed by drawing experts from different discipline as a routine matter.
Some statement can be made for the case where a Environmental Management Plant
(EMP), it to be submitted along with other documents, detailing out reclamation process
(e.g. mining). Three vital questions crop up, viz., as to the credibility of data on which
present status is based and thereby possible impact assessed; secondly, as the workability
of the management plan and thirdly as to the implementation of monitoring system.
Specially, identification of expertise/agencies with proven credibility for undertaking
reclamation and monitoring work appears to be most difficult, at least at present.

Having the brief overview of the genesis of EIA, its scope and limitations, problem of
its application and implementation in developing countries, especially in India, one can
now look at the list of sectors where preparation of status report and EIA are prescribed
for each of the 29 sectors by Government of India (Table 4).

Before concluding, it would be worthwhile to mention that the cost involved for EIA
in other developing countries has been estimated to vary between 0.01 to 0.48 of the total
project cost depending on project size and nature (Escap, 1983). In India no such data
is available to this author but it has been noted that in order to implement environment
management plan (say for instance in coal-mining sector) 5% of the total project cost
may be sufficient.
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Table 4

List of Projects Requiring Environmental Clearance from the Central Government (1994)

Nuclear Power and related projects such as Heavy Water Plants, nuclear fuel complex, rare earths.
River Valley Projectincluding hydel power, major irrigation and their combination including flood control
Ports, Harbours, Airports (except minor ports and harbours).

Petroleum Refineries including crude and product pipelines.

Chemical Fertilisers (Nitrogenous and Phosphatic other than single superphosphate).

Pesticides (Technical).

Petrochemical complexes (Both Olefinic and Aromatic) and Petrochemical intermediates such as DMT,
Caprolactum, LAB etc. and production of basic plastics such as LDPE, HDPE, PP, PVC.

8. Bulk drugs and pharmaceuticals.

N o U N

9. Exploration for oil and gas and their production, transportation and storage.
10. Synthetic Rubber.
11. Asbestos and Asbestos products.
12. Hydrocyanic acid and its derivatives.
13. (a) Primary metallurgical industries (such as production of Iron and Steel, Aluminum, Copper, Zinc,
Lead and Ferro Alloys).
(b) Electric arc furnaces (Mini Steel Plants).
14. Chlor-alkali industry.

15. Integrated paint complex including manufacture of resins and basic raw materials required in the
manufacture of paints.

16. Viscose Staple fibre and filament yarn.
17. Storage batteries integrated with manufacture of oxides of lead and lead antimony alloy.

18. All tourism projects between 200i-500 metres of High Tide Line or atlocations with an elevation of more
than 1000 meters with investment of more than Rs. 5 crores. :

19. Thermal Power plants.

20. Mining projects (major minerals) with leases more than 5 hectares.
21. Highway Projects.

22. Tarred Roads in Himalayas and/or Forest areas..
23. Distilleries.

24. Raw Skins and Hides

25. Pulp, paper and newsprint.

26. Dyes.

27. Cement.

28. Foundries (individual)

29. Electroplating.

It can also be stated that while, more than 100 methods are reported to be available
for carrying out EIA (Ludwig, 1985) most of these can be divided into 8 broad classes as
listed below.

(1) Check-list

(2) Environmental evaluation

(3) Matrices




ALK GHOSH - ENVIRONMENTAL IMPACT ASSESSMENT ?

(4) Network

(6) Overlays

(6) Environmental indices

(7) Cost benefit analysis

(8) Simulation modelling

The checklist is basically involved in preparation of a list of environmental social and
economic factors which are likely to be affected by the proposed project. Environmental
evaluation may be made by comparing checklist of environmental resources against

thresholds of concern and when impact exceeds TOC values, the evaluation process calls
for further critical analysis.

The matrix methods may be of different types but all such methods focus on the links
between prOJect components and activities and possible impact on environmental
com nents. A two dimensional matrix or interaction matrix is often used as a sample
too. While matrix deals with a two dimensional system, Network method expands further
into cause-condition-effect rclauonshnp All these methodologies are obviously directed
towards identification of possible impacts. The identification process further leads 1o a
process of prcdncauon based on magnitude, extent and duration of impact; a system of
simulation modelling may be most useful for such an exercise.

The Indian system incorporates at least 5 of the 8 classes (viz,, 1.2,3, 6,7) in different
sectors. Ideally speaking, the review agency should use critical assessment cnitenia. Typical
questions for such exercise may include (Davies and Mueller, 1984) the following:

1. Will the project result in environmental issues that are likely to be highly controversial

and if so, how will this be managed?

2. Will the project result in loss of previous/irreplaceable natural resources, and if so. is

this justified?

3. Will the project sacrifice important long-term environment resources and values in

favour of immediate gains?

4. Does the project fit into the regional development plant of the region in which the

" _project is to be sited, if such a regional development plan exists?

5. Will the project endanger species survival, and if so, how is this jusufied?

6. Will the project establish a precedent for future actions involving sensitive cnviron-

mental issues?

7. ‘Will the project, while in itself not exercising serious impacts, will be 1elated to other

actions where the total accumulated effects could be serious?

8 Whether the project is consistent with the national policies?

9. ‘Whether the project is consistent with national foreign exchange policies?

10. Whether due consideration has been given, to alternative project which could 1eahse

~the desired development objectives, and whether any of these alternauves might

represent a better overall solution including consideration of all applicable praject
constraints including environmental effects?

Itis advocated that in case of big project, where the effects of environmentatfect many
sections of pollution, public hearing should be organised and views of vanous interest
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group should be heard. this may expose the decision makers to the views of diverse
interest group on one hand, educate the public opinion and stimulate public awareness
on the other hand.

At the end, EIA study is to be followed by Environmental Management Plan (EMP)
with suggestive mitigation measures to reduce, avoid or offset potentially adverse conse-
quences of the proposed project. This may include change of siting, route for transpor-
tation of raw material and discharge of effluent, operational methods, introduction of
proper pollution control technology at source point, restoration of damaged ecosystem,
compensation for lost forest land and rehabilitation of displaced population with an
appropriate scheme acceptable to the oustees.

The EIA and EMP exercise however often becomes futile unless a process of monitor-
ing of basic parameters, physico-chemical and ecological is ensured during construction
phase and later operational phase of the project. While standards of emissions and
discharges of air and effluent are set up and ecological restoration plan are recom-
mended through legal instrument, a strict process of both in-house monitoring and
external monitoring become essential component to deliver the goods of EIA and EMP
to the community at large. The recent introduction of Environmental Audit (since 1993)
system in India is yet to take off the ground but with availability of a cadre of environ-
mental managers and stricter imposition of the law, such a process seems to achievable.

EIA, Biodiversity & Biosystematics

In the context of impact assessment, the biological resources play one of the most
significant role; it has been realised that sustainable development can only be ensured
through maintenance of biological diversity (McNeely, 1988). The entire foundation for
such study of bio-diversity invariably is based on taxonomy and systematics. (Ghosh, 1990)

The Association for Systematic Collections and Smithsonian Institute, in USA in a
recént report (January, 1989) entitled “Systematic collections resources for 1990’s”
pointed out that “We are at a turning point in which biodiversity mapping and compara-
tive studies will play a central role; a total of 1.4 million species of all kinds of organisms
have been described to date” The actual number of species is certainly much higher
largely because the tropics are biologically so rich and so poorly known: a widely accepted
minimum figure is 10 million and nearly three fourth of the invertebrates are believed
to be unknown as yet; some zoologists, including the authors of the above mentioned
reports and experts opining in the report on “World Resources” (1986) suggested that

there could be as many as 30 million insect species in the tropical forests alone (Erwin,
1983).

Due to demand of development processes and ever growing population in the tropical
countries, it is estimated that 80,000 square km. of tropical forest are being converted to
other uses annually. At the same time few scientists are qualified to describe new tropical
species and a 1986 report states that worldwide, only 1600 taxonomists and systematists
study tropical organisms, whereas 66 percent of all species occur in the tropics which
occupy 42 percent of earth’s surface.

The environmental impact assessment study demands precise knowledge of taxonomy
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related to plants and animals and specifies that the scientists reporting on the proposed
sitc must opine as to whether the area harbour any rare or endangered species, or
whether it supports such biodiversity which should be given a shelter under wildlife
sanctuary. Ecological condition underline the basic concept of animal diversity, includ-
ing biology and other phenomenon like animal migration etc. The impact assessment
study, therefore, also demands information on possible migration route of terrestrial
animals (e.g. elephants), birds and fishes. As such the entire exercise needs a serious
scientific study by competent taxonomists and biologists.

Interestingly, while it is acknowledged that systematics appeared early in biological
research, the number of specialists, the training facilities, importance of reference
collections and funding for systematic research based on taxonomic principles follow a
downward trend in recent decades. And this trend continues even at a time when a huge
demand for conservation data base on check-lists is evident. The ‘old’ science of
systematics becomes synonymous with “out of date”

The danger that may rise due to inappropriate survey and identification of resources
in land area or waterbody is never fully appreciated. But the finding of 16 new rice
varieties in Silent Valley area of Kerala (which would have been submerged had the
proposed hydel power project been implemented), amply demonstrate the point.

The present system of environmental impact assessment putting only 20 percent
weightage on assessment of living natural resources (wholly dependent on axonomic
knowledge), in the matrix analysis calls for a change; specially in view of the fact that
both physical environment (45%) (surface water, hydrology and quality, ground water
quality, physiography, etc.) and human environment (35%) (agriculture, water supply,
health etc.) largely depend on ecology and environment per se. But for the present, the
question remains as to how many taxonomists in a country like India, are available to
identify and assess the fauna and flora, that are likely to be affected due to various
developmental projects. The pace of such projects being very fast and the number of
experts being too inadequate, such exercise of impact assessment remains highly unsat-
isfactory in many cases. One is inclined to agree with Bramwell (1988) that “We are
allowing a major impoverishment of both ecological and biological diversity to take place
under our noses with the inventory incomplete and with probably millions of unknown
and undescribed species in the tropic. We have allowed planners and grant committees
to ignore, for example, the need for both basic taxonomic, training for taxonomic
research, in favour of more glamorous sophisticated trivialities™

Even the “International Biological Programme (IBP) when emphasising on the
conservation of terrestrial biological communities, pointed out to be urgent need for
extensive taxonomic training to meet the demand (Worthington, 1975) of development.

In summary, the study of biological diversity provides the base line data for genetic
resources on which human society “depends for virtually all its food, nearly half of its
medicines much of its clothing and in some regions virtually all its fuel and building
material” (Fitter, 1982). Much of such diverse genetic resource remain in the yet
unexplored, un-mapped areas (biologically) but being continuously converted for other
. uses. Without appropriate support for taxonomic work, a close estimate of the country's
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total number of species can never be attained. The pursuit for a basic truth will sadly
suffer from lack of empathy in and world of esoteric concepts.

10.
11.
12.
13.
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15.
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ENVIRONMENTAL IFEPACT ASSESSMENT OF DEVELOPMENT PROJECTS
DILIP K. BISWAS*

Introduction

Over the recent years, Environmental Impact Assessment (EIA) has come o be
recognized as an important tool for integrating the objectives of environmental manage-
ment with the requirements of economic growth and social development. The purpose
of environmental impact assessment is to evaluate the beneficial and adverse effects of a
planning activity on the environmental system which could be integrated with the
economic analysis of the project costs and henefits. It is desirable that this exercise is
|undertaken early enough in the planning siage so that adequate and appropriate
preventive measures can be incorporated into the project at the least cost.

EIA helps in undcerstanding the physical and ecological effects on social, cultural and
aesthetic concerns. It involves multi-disciplinary expertise in identifying, evaluating and
interpreting the potential impacts. EIA also helps in identifving alternatives to sites of
projects, choice of technology and alternatives to the proposed development projects.
While ElAs are not always precise, quantitative optima on all environmental issues, they
do focus attention on the major ones and thus help in examining options for choosing
an environmentally acceptable course of action.

In recognition of the role that EIA could play, Government approval towards invest-
ment decisions and selection of sites for projects in various seciors is accorded on the
basis of environmental impact assessment and clearance thereof.

The Government of India has assigned the responsibility for appraisal of projects with
regard to their environment implications on the Ministry of Environment & Forests.
Based on environmental impact assessment and issues arising thereto, decisions are taken
by the competent authorities in respect of the projccts including selection of sites.

Apart from environmental clearance, clearance from forestrv angle is required. if
forest land is involved in the project. Under Forest (Conservation) Act. 1980, diversion
of forest land for non-forest use requires the prior approval of the Central Government.
For such diversion, the Ministry of Environment & Forests considers the proposals on
recommendations of the State Forest Departments.

Single Window Clearance

.When a project requires both environmenial clearance and approval under the Forest
(Conservation) Act, 1980, propasals for both are 1cquited to he simultaneously given o
the corresponding Divisions in the Ministrv. The processing is done simultaneously fur
clearance/rejection, although separate letters man issne in cach case. If the projéct does
not iavolve diversion of forest land, the case is priwessed only for environmental
clearance.

¢ Chairman, Central Pollution Control Board. Ministin of Emvironment & Forests,
Government of India, New Delhi

2-144MJo E BF/99
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Information Required For Environmental Appraisal Of Projécts:

The project authorities are required to furnish the following documents for environ-
mental appraisal of a development projects:

1. Detailed Project Report (DPR)

2. Filled-in Questionnaire on environmental aspects.

3. Environmental Impact Assessment Report along with Environmental Manage-
ment Plan. '

The Detailed Project Report is necessary to seek information on the technical and
financial aspects of the projects.

The questionnaire is meant for providing information on specific queries for deter-
mining the likely environmental impacts of a development project. The Environmental
Impacts Assessment Report (EIAR) is an exercise of self assessment on the part of the
project authorities regarding the likely impacts (positive and negative) of their projects.
For environmental impact assessment, some of the issues that need to be dealt, which
include the following:

1. Impact on soil, water (hydrological regime, ground water and surface water) and
air quality. . ,

Impact on land use, forests, agriculture, fisheries, tourism, recreation etc.
Socio-economic impacts including short and long term impact on population.
Impact on Health.

Impact on flora and fauna (wildlife) particularly endemic and endangered
species.

Gr o N

6. Cost benefit analysis including the measures for environmental protection.
The Environmental Management Plan (EMP) necds to cover the following aspects:

1. Safeguards and control measures proposed to prevent or mitigate the adverse
environmental impacts.

2. Plans for rehabilitation of project oustees.
8. Assessment of risk and plans for dealing with accidents/disasters.

4. Monitoring and feed back mechanism on implementation of necessary safe-
guards (e.g. setting up of Environmental Management Cells).

For filling up the questionnaires and also far furnishing the Environmental Impact
Assessment Report and Environmental Management Plan, the project authorities are
expected to collect and collated information on various environment aspects which are
not normally required in preparing the Detailed Project Reports (DPR) for clearance
from techno-economic angle. In respect of such information as needed for the purpose
of environmental appraisal, the project authorities may commission studies for baseline
data on existing environmental conditions and assessment of the likely impact from the
proposcd project. Such studies could be carried out through the R&D institutions and
consultant organizations with requisite expertise. The project authorities may also seck
relevant information from the concerned agencies such as the following:
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1. State Départments namely, Environmental, Forests & Wildhfe, Agriculture, Fish-
eries, Health, etc.

o BN

Indian Meteorological Department.
Zoological Survey of India.
Botanical Survey of India.
Geological Survey of India.

Environmental Regulations & Guidelines

The major environmental regulations which are required to be referred to include
the following:

Water (Prevention and Control of Pollution) Act, 1974 as amended in 1974
and 1988.

Water (Prevention and Control of Pollution) Cess Act, 1977 as amended 1n
1991.

Air (Prevention and Control of Pollution) Act, 1981 as amended in 1987

Environment (Protection) Act, 1986 and Environment (Protecuon) Rules,
1986.

Factories Act,1984 (As amended by Act 20 of 1987).
Public Liability Insurance Act 1991.

Environmental Guidelines for Siting of Industries, 1985, and Environmental
Impact Assessment of Development Projects: Background note, Februarns
1989, Ministry of Environment & Forests. .

Manufacture, Storage and Import of Hazardous Chemicals Rules, 19RY,
Ministry of Environment & Forests.

Forests (Conservation) Act, 1980.

To help the project proponents for in-house evaluation of their projects from environ-
mental angle and to elicit specific information on environmental aspect, the Minustiy of
Environment & Forests has prepared guidelines for developmental projects in vanous
sectors. The guidelines broadly deal with the issues that need to be considered durning
the implementation of projects. These include the siting criteria and important coviton-
mental parameters such as meteorological conditions and air quality, hvdrology and
water quality, occupational safety and health effect and impact on surtounding areas.

Environmental Standards

The standards as enlisted in the following tables are usually followed and conuolled
in regard to effluent, emissions and noise:
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Standard Coverage Publisher
1. 152490 Partl Effluent Standard General. Bureau of Indian Standards.
2. 152296 Surface water quality subjected to
pollution
8. Gazette of India September Effluent Standard General Bureau of Indian Standards
1988 (As per Environment ‘
(Protection) Act, 1986) and
Environment (Protection)
Rules, 1988.
4. Ambient Air Quality Standard  Ambient Air quality various zones.  Central Pollution Control Board
Notification (CPCB).
5. Gazette of India December Ambient air quality standards for ~ MOEF
1989 (As per Environment nolse.
(Protection) Act, 1986.)
8. Permissible level of certain TLV in Work Zone. Factories Act (Amendment of
chemical substances in work 1987).
environment,
7. Permiuible Jevel of noise in Notse pressure level and exposure  Central Labour Institute, Bombay
work zane. time. (also OSHA norms).
8. Minimal Nationnl Standards Limiw of effluents. CPCB
(MINAS)
9. Emission regulations Emission limits and stock heights CPCB

Procedures for preparing EIA & EMP Reports
A comprehensive EIA and EMP report must contain chapters on -

~ Identification
Prediction
Evaluation

- Disaster Management Plan
For preparation of comprehensive EIA & EMP, following are essential:

~ Generation of baseline data on quality of air, water, soil, noise, flora
and fauna, socio-economic condition, demography, meteorology,
hydrogeology and hydrology and other physical parameters and land
use pattern likely to be affected by the project. Number and location
of monitoring sites for baseline data are to be carefully selected based

on suitable models and prevailing meteorology and topography.
— A statement of process technology, flow sheets, water and energy
balance, sources of emission, effluent, solid wastes and noise, layout
=nd location - with alternatives, if any, in the form of a feasibility or

pro_ =ct report.

Mitigative measures through Environmental Management Plans
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— Prediction of impacts using suitable mathematical models, dispersion mod-
els, river models, green belt models, etc.

— Evaluation of impacts among alternatives and/or among various stages of
project. ‘
— Remedial measures to minimize adverse impacts through technological
improvements, proper organization and contingency plans for emergency
. situations.
In some cases, a rapid EIA and EMP may precede the comprehensive EIA & EMP with
baseline data of seasons having worst impact.

Indigenous Availability of Know-how, Plant and Machinery
in the field of Environmental Engineering

The preparation of EIA & EMP needs specialized know-how. Many public and private
sector consultancy units have the required know-how. Also, for conducting field moni-
toring, there are a number of laboratories in both public and private sectors. Facilities
exist for engineering and project management of pollution control systems and there
are small and large manufacturing houses for pollution control equipment Thus,
facilities and know-how for environmental control systems are indigenously available
from concept to commissioning.

Incentives for Pollution Control and
Initiatives for Clean Technologies and Prevention of Accidents

The existing standards are based on the concentration of pollutants in effluents and
emissions. The norms are being revised to formulate mass based standards for reducing
.the wastes, encouraging recycling and reuse as well as conservation of natural resources.

Traditionally, pollution control measures have been dependent on “end-of-the-pipe”
treatment technologies which allow the wasteful use of resources and then consume
further resources to deal with environmental problems. With the increasing crunch of
raw materials and energy coupled with tightening of pollution control norms, the
industries are being persuaded to look for cost-effective alternatives in terms of raw
materials and energy conservation as well as cleaner production technologies. Small
Scale Industries (SSls) are a special feature of Indian economy. A scheme has been
launched to encourage installation of combincd waste treatment facilities in clusters of
amall scale industries. Subsidy is given to clusters of such industries for setting up
Common Effluent Treatment Plants (CETPs).

Initiative has been taken for control of pollution and waste management by conversion
of the waste into raw material for various uses. A National Waste Management Council
has been constituted for suggesting ways and means for effective utilization of wastes
from various sectors including industries.

A Central Crisis Group has been constituted to ensure coordination of necessary
action in the event of accidents. A red book on “Central Crisis Group Alert System™ has
been prepared to provide guidance for management of crisis perwaining to chemical
accidents. Risk assessment has been made a pre-requisite for environmental impact
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assessment and clearance of projects handling hazardous substances. Efforts are being
made to create and maintain 4 data bank for hazardous chemicals and accidents. Data
bases like CCINFO (a Canadian d.tabase), ETEC5 and POISINDEX in microfiches have
been procured for this purpose.

To create awareness among consumers, a scheme for environment-friendly labeling
of products has been initiated. The scheme is for the twin purpose of encouraging the
manufacture and use of such products. National Awards have been instituted for
recognition of outstanding activity for prevention and control of pollution.

Suggested Readings

1. EVANS, J.W. 1982. The use of Environmental Impact Assessment- for Development Project Planning is
ASEAN Countries. UNEP, Bangkok.



CONCEPT OF METEOROLOGY

S. MISHRA®

Introduction

The weather has always been a subject of universal interest. Man has been concerned
about its fickle ways and geographical variation since the earliest days of recorded history.
He has observed the fury of mighty storms, the freshness of gently falling raindrops, the
burning sun over a drought-stricken land, and the refreshing breeze of a spring after-
noon. He has observed the lands of perpetual ice and snow, the middle latitudes with
rhythmic yet somewhat erratic annual cycles, and the tropics with perpetual warmth.
These things have caused him to wonder about the powers that control the elemenu.
What can cause a pleasant summer afternoon to be changed into a frightful display ot
wind, hail or flood? Only recently have we begun to understand these secrets well enough
to permit advanced planning and intelligent action, based on what the weather is going
to be,

The planet Earth on which we live falls into four broad categories that include the
solid LITHOSPHERE, the liquid HYDROSPHERE, and gaseous ATMOSPHERE and the Life
forms the BIOSPHERE.

The atmosphere which is vital to terrestrial life, is a thick blanket basically of gases and
suspended lu}l uids and solids that entirely envelops the carth and is held to the carth by
gravitational attraction and is divided into lavers (Fig. 1) with distinct charactenisucs We
all live in the bottom of the vast ocean i.c. the atmosphere.

Although the study of weather and climate focuses on the envelop of gases, continuous
interchanges among the “spheres” produce an integrated environment and no compuo-
nent can be understood adequately without reference to the others. An interacuon ot
land, water, air and plant and animal life constantly uses and renews the atmosphere. Fur
example, the weathering of rocks, burning of tuel, decay of plants and breathing of
animals all use oxygen and release carbon dioxide. Nitrogen follows a complex cvile
through bacterial activity in the soil, animal tissue, organic processes in decay and back
into the alr. Plants, animals, bacteria and chemical interaction in soil and water all help
to maintain an intricate balance among land, water, Hfe and the air.

An analysis of meteorological parameters of weather and climatc informauton s one
of the basic requirements in any kind of project/industry in anv arca to exanune and
monitor the following aspects:

a) What is the existing weather and the climatic condition of the area or general
meteorological condition and weather in the said areas it allows the particular
industry/project to be developed? It sowhatshould be appropriate site with respect
to other locations;

b' During the operational stage a systematic recorching and analysis of meteoralogical
data will indicate how the industry/project s effecting the environment,

* Agricultural Meteorologist, West Bengal, Dunectorae of Avncninue Wioters Building, cabo o,
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c) Solution to the problem if any will have to be found out based on observed data
and their distribution and variation.

The whole gamut of meteorological environment essentially involves a larger number
of parameters and their interaction. Some of the parameters are very important for some
endeavour while others are less significant and the picture may also differ from one
project to another.

Monitoring of Weather and General Climate

Weather has been described as the sum total or general characteristics of the atmos-
pheric condition of any place for a short period of time. The climate on the other hand
implies the totality of weather condition over a period of years. Meteorological parame-
ters are monitored both through instruments and by naked eye (Tables 1 & 2). Since
meteorological parameters are very important factors with wide range of bearing and
application, one should, in'the initial planning stage, study the climate of the proposed
site with specific relevance to the specific aspect. An easy method to get a general idea
of the climate of a place is the preparation of a climograph.
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Table 1
« METEOROLOGICAL MONITORING
1
luuumgcnul \cm-lnu-v\'uhrnul
'miL the l"mm‘lhe air me‘wc (](Eud l]ug }Lul M‘ur g Ju ()ulnlnut \ i ()a]m\
ground or (at different wrathet
earth'y surface levels) phenwnrnon
1 [ & murms
Tenlpenmve Hurlnidiq Prewure Cloud pscures
& Weathey
Wind direction and speed wucine
Temperaure
Humidity
f S R—n) 1
Rainfall Air temperature Air Prewure Evapusration Lats0n Sued Mutsture Westher aurm: dnoagh redar
L 1 | 1 T T Al
Snowfall Humidity Wind drrevison Sunthine forul Dew \rsbuloy
and specd wmprratuie
Table 2
Name of the Instruments To record
1 Ordinary raingauge Rainfall

2 Self-recording raingauge
38 Maximum and Minimum thermometer

4 Thermograph

5 Dry and wet bulb thermometer
6 Hygrograph

7 Windvane

8 Anemometer

9 Evaporimeter

10 Sunshine recorder

11 Dew gauge

12 Soil thermometer

13. Grass minimum thermometer
}4 Soil moisture meter

15 Pyranometer

Time of occurrence and cessation of rain with intenwty
Maximum and minimum temperature in a given interval of ame

Time of occurrence of maximum and minimum (emperature
and duration of any desired or critical value of temperanue
which has any special relevance to any phase of crop growth or
occurrence of pest and disease

Humidity and dew point temperature of any selected hours

Time and occurrence of maximum and minimum humdy and
duration of any desired or critical value of hurmidity whach has
any special relevance to any phase of crop growth, ocastence of
pests and discase, etc.

Wind direction

Wind speed

Potential evaporation

Bright sunshine hours

Amount of dew

Soil temperature at diferent depths at selecied hours
Temperature of dr immediately above ground

Soil moisture

Radiavon




MANUAL ON ENVIRONMENTAL IMPACT ASSESSMENT

20
350
999.6
998.0
A J
300
1003.2
S ' \\
| 998,2
|
250 )
!
! |
| |
| |
' |
|
—_ _ |
g 200 o
E . l
3 |
(Yo |
= (0] |
§ 150+ 1 1009.9'|
|
/ 1001.8
/
// M "
1004 // i
/ f
/ |
/ |
/ |
/ |
/ 3
50+ N |/1012.6 Ap 1005.8
L2 e
~---- 1009.0
1014.9 (I~ 012.2
0 DY(1)1014.6
1 T I R Pl -1 T
0° 5° 10° 15° 20° 25° 30° 35°

Temperature in °c

Fig. 2: Climograph - Calcutta



& MISHRA - CONCEFPT OF METEOROLOGY 21

Preparation of a climograph: A climograph may be prepared in a number of ways
depending on specific purpose. The most popular way of preparation of a climograph
to represent maximum number of elements are as follows (Fig. 2). Y and X axes of the
diagram represent the rainfall and temperature. The circles are representative of each
month on the basis of rainfall and temperature. The covering of the circles represent
average cloud cover of each month. Predominant wind direction and average speed of
each month is shown by the straight line attached with the circle and feather at the end
of each line, Station level pressure and number of rainy days also represented on the top
and bottom of the right hand side of each circle by figure and symbol respectively. This
diagram gives a fair idea about the general climatic condition of the station.

Comfort analysils : Where a large number of people will be working in different
spheres the planner have to study the climate with specific emphasis on the degree of
human comfort. One such model has been designed by Victor Olgvay. Mcan monthly
values of dry bulb temperature and relative humidity are required for this purpose. In
case the records are riot available at the site, such data of a nearby station may be used
(Fig.8). . ‘

The mean monthly values of relative humidity and dry bulb temperature are plored
along X and Yaxis of the graph. Twelve points corresponding to twelve months are joined
to get a twelve sided polygun. The posiuon of the palygon on the model will indicate the
type of climate which will prevatl in different months at the project site. There may be
some month with fairly comfortable climate; while others may be unbearable.

Precipitation : Precipitation, in metcorology, means either the failing of mowure to
the earth in any form, or the quantity of water so deposited, cxpressed in depth of water.
Precipitation takes various forms, such as rain, snow, slit, hail and other special forma-
tions like dew, frost and fog although these are not regarded as precipitation Amount
of precipitation always mcuns the liquid content. The word rainfall is eften used as
synonymous with precipitation, meaning the amount of water in whatever form ivmav
have fallen. However, precipitation is the fundamental aspect in any kind of planning on
land. The object of rainfall measurement is to obtain the thickness of the laver of water
that has fallen, assuming it to be evenly distributed over the surface in the vicinity of the
measurement. Any open vessel of the same cross section throughout the exposed
vertically will serve as a rain gauge.

Evaporation

Water is lost from the earth's surface by evaporation from sheet of water, ice from soil
surface and by transpiration from vegetative cover. The rate of evaporation from asurface
can be expressed as a volume of liquid water evaporated from unit area in unit ime. The
rate of evaporation or evapotranspiration depends upon the abiffty of the aimosphere
to evaporate it. The unit of time is geénerally the day and the unit of depth is millimeters.

Open pan evaporimeter : The open pan evaporimeter is an instrument for the meas-
urement of the evaporating power of the air near the ground. The value of evaporation
obtained from an open pan evaporimeter do not give directly the evaporation from a
surface, representativé of natural condition. They indicate, however, the order of mag-
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nitude of evaporation from such surfaces and comparative results over different areas
can be obtained by using intentional instruments and similar exposure.

Principle s The evaporimeter consists of a large circular pan and a fixed point gauge,
which serves as a reference point for the level of the free water surface in the pan. The
amount of water lost by evaporation from the pan after any given interval of ime is
measured by adding known quantities of water to the pan from the graduated cylinder
till the water level touches the surface point. The amount of water added equals the
amount of water lost by evaporation from the pan and this divided by time interval gives
the rate of evaporation. Rain falling into the pan is allowed on the assumption that the
catch of a nearby rain gauge represents the added depth of water due to the rain.

Monitoring of effective rainfall

To get an idea of the effective rainfall, a study of the water balance in the area has to
e made. Rainfall minus evaporation is the effective rainfall. Mean monthly values of

nlnhll and evaporation are plotted on a graph on the same scale ( Fig 4).
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A study of the figure will show the new water available in different months.:Continuos
lines show the distribution of rainfall while the dotted ones show the evaporation. Positive
arcas are the months when rainfall is in excess; while the negative areas are the period
when 1ainfallis in deficit. One has to take proper precaution in deficient months. Water
use for soil moisture recharge and soil moisture utilization have not been considered in
this simple diagram,

Monitoring a rainstorm : A rainstorm is a disturbance which gives fairly widespread
rainfall in the area affected by it. For study of a long duration rainstorm the data from
an ordinary rain-gauge are useful; while study of a short duration storm the data are to
be extracted from the records of the self-recording rain gauge.

Short period rainfall intensity : When the project area is being developed, one has to
bear in mind the problem of disposal of rain water in a short time. From records of self
recording rain gauge, maximum intensity of rainfall(R) in short period, say 15 minutes,
which has occurred in association with a rainstorm during the past few years has to be
found out. The volume of water accumulated in 15 minutes over the project area (A) is
R x A. Hence, the arrangement for disposal of storm water will have to be made in 15
minutes so that there is no accumulation of storm water. Such discharge arrangements
lose their efficiency as the time passes, as has happened in case of Calcutta which can
now discharge rainfall occurring at the rate of 6mm. per hour only.

Probable maximum precipitation (PMP) : As the discharge arrangement will be a per-
manent feature of the project area, a safe guard is necessary. Instead of depending on
the actual value of short period rainfall that has occurred, it is advisable to work with the
P.M.P value, which is calculated in the following way. If the storm had the maximum
moisture charge in its system, what would have been the precipitation in that event. Let
us assume that from the analysis of the records of the self-recording rain gauge, the
rainfall intensity in a short period was observed as ‘R’ in 15 minutes when the relative
humidity was 80%. There are other occasions when in the same area humidity of the
other of 95% had occurred. Let us now calculate what would have been the amount of
rainfall if the storm has occurred at the time of maximum moisture charge of 95%. This
value is:

Rx95/80 =R’
Hence, an arrangement for disposal of rainfall of (‘R’) in 15 minutes will meet all
emergency situations.

Temperature

One of the weather elements of primary concern is the temperature of the air.
Temperature in many parts of the world is subject to wide extremes and sudden changes.
It is a weather element to which human life, plant and animal life, are sensitive. It is an
important factor in determining the condition of life and the productivity of the soil in
different regions of the world. The varying temperature of the air is responsible for many
other weather changes. Temperature of a place changes both in vertical and horizontal
direction.
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Thermometers: Thermometers are instruments designed to respond accurateh to
changes of temperature. The usual type of thermometer is the mercury-inglass patern
Changes of temperature are registered by changes in the length of a mercury thread in
a glass capillary tube. An increase in the temperature causes upward expansion of the
mercury in the tube, while decrease in temperature brings about a contraction of the
mercury thread down the tube.

Scale of Temperature: Temperature may be expressed in degrees on one of the
following scales with different freeazing and boiling points of water.

Scales Freering point Bolling point 1
Celsius(*C) 0" g
Fahrcnhcitk'ﬂ 32 212 |
Réaumur (“R) 0 RO°
Kelvin (*K) -27988 378 !

Numerous recordings are made for metearological purpose but the following are the
ones usually made when recording the temperatures at stations:

1. The ordinary air, or dry bulb temperature.

2. The ‘Wet bulb’ temperature’. This is used in humidity determinauon.

3. The day maximum and minimum temperature,

4. The minimum night temperature near the ground ‘the grass minimum'.

Hurnidity

Water vapour is the most variable of the gases of the atmosphere, ranging from almost
zero to a maximum of about 4 per cent by volume. The variability in the water vapour
content of the atmosphere, in both place and time, is of great significance for several
reasons:

i) The amount of water vapour presentin agiven volume of air isan indication
of the atmosphere s potential capacity of precipitation,
i1) Water vapour in its power to absorb radiation, is a regulator of heat loss
~ from the earth,
ii)) The amount of water vapour present decides the quanuty of latent energy
stored up in the atmosphere for the growth of storms,
iv) The amount of water vapour present is an important factor affecung
comfort feeling, -
v) lvalso regulates the rate of evapotranspirauon,

It is extremely important t mass existence on the earth and constitutes one ot the

primary elemenw of weather.

‘Thé'humidity of the air is expréssed in three different ways.
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Absolute humidity of the air is the actual mass or weight of water per unit volume of
air, usually calculated in grams per cubic metre. This is a direct way of expressing
humidity. Specific humidity on the other hand is the ratio of the weight of water vapour
(grams) to the weight of the moist air (kilograms) (g/kg).

Relative humidity is a very common parameter for expressing water vapour content
of the air. It is the percentage of water vapour present in the air in comparison with
saturated condition at the same temperature.

Actual amount of water vapour present in the air
" Possible amount of water vapour when saturated at the same temperature

Measurement of Humidity : The type of instrument normally used is the wet-and dry
bulb thermometer for constant observation hygrograph is used.

Wind direction and Speed

Wind is the air in horizontal motion. Vertical movements in the air are commonly
called currents. Wind at the place of observation is caused as a result of:

(i) pressure gradient force;
(ii) coriolis force due to the earth's rotation and
(iii) frictional force.

The wind at any place is never steady. At the time of observation, the mean wind
direction and speed are read from the wind vane and anemometer, which are erected at
a height of 10 metres above the ground.

Monitoring the general wind pattern : For planning purposes, the wind data are to be
summarized and the most predominant wind direction and speed have to be ascertained.
This is done by calculating the percentage frequency of the number of occasions wind
was blowing from different directions and the same plotted by appropriate length of the
line from the direction around a circular station model. The speed is indicated by the
number of arrows attached to each direction. The p.c. frequency of calm wind is shown
by a figure inside the station model. This method of depiction is termed a wind rose.

Monitoring of wind data round the clock : Both the wind direction and speed are re-
corded continuously by the Dine’s pressure tube anemograph. Wind data at any instant
may be picked up from the graph. There are other instruments which record wind data
continuously on a running strip chart with facility for digital display. The exact time,
direction, and the speed when a station is hit by a squall (very high wind) are obtained
from such records. This is useful in structural designing etc. Further analysis of such
continuous data may help . the scientist/éngineer to study the feasibility or otherwise of
a station for erection of a wind mill for power generation. Wind direction and speed are
also essential to understand the drift/ transport of smoke, pollution etc.

Monitoring of vertical component of wind : The lift of a balloon in an upper wind
observation either by a pilot balloon ascent or by a ratio wind flight in the vertical
direction in a given time gives a measure of the vertical component. The dispersal of the
pollution from a chimney top i.e. its horizontal speed and vertical mixing height will
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depend on the horizontal and vertical components. and they will determine the shape
of the cone of dispersal. Both these parameters are to be included in the preparation of
a dispersal model.

Monitoring of Upper air : Briefly it may be stated that temperature of air decreases
with altitude up to a height called tropopause. The height of tropopause is about 9 km
over the polesand about 18 km over the equator. Beyond the tropopause the temperature
of air either remains constant or increases with height in a layer known as stratosphere.
Fall of temperature with height in the lower layer is called Lapse rate. Lapse rate varies
with respect to time and space. It is determined twice daily by releasing the Radio-Sonde
balloon. The balloon is fitted with a Baroswitch for measurement of pressure of altitude:
a Thermister for measure of temperature; and a Hydrister for measurement of relative
humidity. It has also a transmitter sending signal of pressure, temperature and relative
humidity which are received at the ground station.

Assessment of lapse rate of the atmosphere

An analysis of the radio sonde data will reveal the rate of fall of temperature with
height. This is called the environmental lapse rate (Y) the value of which is not constant
and has to be determined each time by releasing a radio sonde balloon in the air from
the station where the value of lapse rate is required.

In this connection it may be worthwhile to mention also the dry adiabatic lapse rate
(yd). When an air mass remains in contact with the heated earth, it becomes heated and
lighter. The air mass then leaves the ground and comes to a higher level. The barometric
pressure at this higher level is low, hence the lifted air mass at this level will try to expand.
Expansion means cooling. The rate of cooling by this process is called Dry Adiabatic
Cooling (yd). Its rate is 1°C per 100 metres and this is constant.

Assessment of stability and instability of the atmosphere

The atmosphere is said to be unstable if it allows vertical motion to develop. An
unstable atmosphere means it helps vertical lifting of air i.¢., the released pollutants will
escape vertically upwards. The atmosphere is stable when it does not allow vertical
motion. A stable atmosphere means it retards verti-lifting i.c. the released pollutants will
remain stagnant and never escape upwards.

. Condition for instability : When the environmental lapse rate (Y) is greater than the
dry adiabatic lapse rate (yd), the atmosphere is unstable. The air and the pollutants will
escape vertically upwards (Fig. 5).

Condition for stability: When the environmental lapse rate (Y) is less than the dry
adiabatic lapse rate (yd); or when the environmental lapse rate (Y) is negative (i.c. a rise
of temperature with height), the atmosphere is stable. The air and the pollutants cannot
escape upwards - rather they will be trapped and remain stagnant in the lower layer. This
helps in the formation of smoke. This type of stagnation of pollutants and their
consequent ill effects will continue until the above’ phenomenon (i.e. the rise of
temperature with height called Inversion) is wiped out later in the day due to the ground
heating. Fortunately in our country, this type of Inversion occurs only in certain months

3-144M/oESF/99
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and for a short period, when sufficient care has to be exercised by the project officials
in releasing chimney smoke. The best way will be to release the smoke above the top of
the inversion layer from where it will escape vertically upwards.

Visibility of air

Visibility means the transparency of air. At times due to fog, mist or suspended dust,
objects at some distance cannot be seen clearly. The maximum distance up to which an
object can be seen clearly by a normal eye is a measure of the visibility of air. For purpose
of selecting site for a new aerodrome or to meet the operational requirements of
landing/take-off of an aircraft from an aerodrome the value of visibility is extremely
important. Before landing the value of visibility is passed on to the pilot from the control
tower over R/T. If the value falls below the landing valuc of minimum prescribed for the
aircraft it has to be diverted to another airport having better visibility.

Duration of bright sunshine and its observation

Duration of bright sunshine is of fundamental importance for differcnt stages of plant
growth and for solar energy using instruments. It has also paramount importance in
many other spheres. The sunshine recorder is an instrument for recording the durauon
of bright sunshine.

Hydrological radar

The intensities of the echoes will show the isohyetal pattern i.e. the distribution of
rainfall pattern in distant or unapproachable areas. From this, one can compute the
run-off and the expected flood hydrograph at a downstream point in a river. This is
helpful for flood forecasting. The person in charge of dam operation may also know the
expected inflow and the level of water in the dam at peak flood. This is uscful for reservoir
operation.

Cyclone warning radar

A 10 cm radar can detect a cyclonic storm at a distance of 400 km from the stauon. h
can track the cyclone round the clock till the landfall. By studying the echoes, onc can
find out its centre, calculate its rate of movement and the expected time of its landfall.
It takes at least two days for a cyclone to travel a distance of 400 km. Hence itis possible
for the personnel to take precautionary measures two days in advance.

Weather Satellites

A cyclone warning radar cannot see a cyclone heyond a distance of 400 km. Fon
detection of a cyclone at greater distance and other weather systems like advance of the
monsoon front well out over the ocean areas, the imagery received from the satellite is
extremely useful. Satellite imagery thus helps in tracking a weather system from distance
ocean area. Satellite imagery now received in India covers all the neighbouring countries
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and the surrounding seas and the ocean. Today it is a very useful tool for medium and
long range forecast prognostication.

Monitoring of daily weather

For certain operational purposes in a project, it may be necessary for the personnel
to know the changes in weather expected daily over some areas. In such events, it is also
advisable to install a meteorological station to record essential parameters on the spot.
It is also advisable to maintain a constant liaison with the nearest meteorological centre
and take their briefing periodically. It is also advantageous to make an arrangement for
the reception of a few important weather charts at the site by facsimile transmission.

Climatic change
In recent years climatic change or trend has become a very important aspect of
scientific interest. The pattern of climatic change is very important in policy making at
various levels. This can be studied by analyzing systematically observed climatic data of
a considerably long period for which standard statistical method are applied.
Conclusion

Role of specific climate parameters should be analyzed in details for specific purposes
like agriculture, forestry, animals, humans, buildings, hydrology, urban environment,.
industry, communications, transport, military operations, expeditions, etc.

Suggested Readings
1. BARRY, G. Roger and CHORLEY, J. Richard. 1985. Atmosphere, Weather and Climate.
2. BLAIR, A. Thomas and FITE, C. Robert. 1965. Prentice Hall, Englewood Cliffs, New Jersey, USA.
3. CRITCHFIELD, J. Howard. 1979. General climatology. Prentice Hall, India (P) Ltd., New Delhi.
4. GRIFFITHS, F. Johr.. 1976. Applied climatology: an Introduction. Oxford University Press, London.

5. MISHRA, . 1991. Guide to Meteorological Observer. Department of Agriculture. Govt. of West Bengal,
Calcutta.

6. MISHRA, S. 1994. An Assessment of Assured Rainfall in West Bengal. Department of Agriculture.
Govt. of West Bengal, Calcutta.



LAND USE SURVEY
G.K DUTT*

Introduction

Land use is an abbreviation of the term ‘Land utilisation’. Land use studies are aimed
at making on objective assessment of the use to which each parcel of land is being put at
a given point of time in a defined territory, large or small.

The Iand being the most important natural resource of a country, proper and optimal
use of the land is essential for gaining maximum economic return from the land. Land
ent planning is to be based on information on the present use and potentiality

of the land. Land use studies provide basic data for management planning.

History

The concept of land utilisation studies was first initiated by the celebrated British
pher Prof. L. Dudley Stamp in 1930s.To meet the necessity of finding out fresh

land areas in England for increasing food production and supplementing of other farm
ucts Prof. Stamp innovated the idea of making plot to plot enumeration and survey

of land; make a record of the type of uses that are being made of each plot on the basis
of a standard index and finally prepared a map depicting land use of the territory
surveyed after following a standardised method of depiction. The concept wasun wenalh
accepted initially by geographers all over the world and land use studies were made mosly
out of academic interest in a variety of territories. Prof. Stamp and his followers and
students, however, carried out survey of land use for most parts of England and Wales
and land use maps of the region on a scale of 1: 250,000 were prepared and published
fog general use of academicians, planners and Administrators. Analytical studies were
made of the land use maps of some of the countries (districts) and monographs
containing details of such analysis were also published. Academic bodies, voluntary
organisations, Government sponsored efforts followed the example of England in several
other countries of Europe and land use maps of parts of their territory were published
at various scales. In India before independence land use studies were confined o
academic circle only. Inmediately after partition the influx of Bengali Hindu refugees
from the then East Pakistan got the administration in West Bengal worried about finding
suitable vacant land for settling those refugees. The then Chief Minister of West Bengal,
Dr. B. C. Roy asked late Prof. S. P. Chatterjee of Calcutta University if he could be of help
In locating suitable land for the purpose. Prof. Chatterjee with the help of his students
wnd colleagues conducted detailed land use survey of several districts of West Bengal and
the results in the form of maps and statistics were made available to the Govt. of West

Bengs.
Official Stadstics

The Revenue Department of Govt. of India under the British administration had
® Centre for Studies in Man & Environment, Calcutta
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adopted a standard classification of land for the purpose of indicating the quality and
use of the land down to the village level. After independence the task was taken over by
the Bureau of Economic & Statistics set up by Govt. of India. The existing classification
of land use was adopted with minor corrections and records of land and land revenue
right down to village papers were maintained as per the standard proforma. The
situation, as per rules, was reviewed every year and relevant land use statistics for each
year were prepared and they were published at Districts State and National Levels by
Agencies existing at various levels. The classification was as follows:

1. Area under forest

2. Area not available for cultivation
i) Area under non-agricultural uses
ii) . Barren and uncultivable land

3. Other uncultivated land (excluding fallow land)
i) Permanent pasture and other grazing land

ii) Land under miscellaneous tree crops and groves not included in net area*
sown

iii) Cultivable waste land,
4. Fallow Land
i) Fallow land other than current fallow
iil) Current fallow
5. Crop land
6. Intensive crop land
7. Multiple crop land

The classification of land adopted by the Directorate of Economics and Statistics is
available in village papers. The definition of the various types of land are not very clear
and in many cases are overlapping and contradictory. Moreover, the comprehension of
village level Patwaris of the classification and definition in different parts of the country
varies to a great extent and therefore, statistics based on their reporting can never be
very dependable. The very theoretical approach of the classification is further endorsed
by the fact that most of the categories are not clearly identifiable on the ground and have
thus proved to be misleading.

Land use information Maps

The approach of the mapping agencies in the Public Sector is field Oriented and is
therefore, more realistic. The Survey of India, the premier mapping Agency of the
country, since its inception more than two centuries ago demarcated some uses of land
along with other topographical and man-made features on the topographical sheets of
various scales published by them. This was done not with the specific purpose of
producing land use maps as such but were included in the topographical sheets perhaps
as useful information for assessment and collection of revenue and other related
purposes.
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However, for obtaining reliable information on land use based on ground realities
conducting a land use survey using a reliable base map as frame of reference is essential.
The International Geographical Union has suggested a classification of land use which
has been adopted by different countries with modifications to suit the conditions
prevailing in those countries. The thematic mapping agencies of India namely National
Atlas and Thematic Mapping Organization, National Remote Sensing Agency, National
Bureau of Soil Survey & Land use Planning, etc. have adopted various schemes of land
use classification.

Land Use Classification

As stated earlier, adopting a land use classification depends on two main factors - (a)
Scale of the land use map to be produced (b) Source of land use information. The
traditional methods of collection of information by Field Survey have now been supple-
mented in a major way by information on land use available by analysing Air photos and
?« Imageries. Larger scale of the map to be produced provided scope for elaboration

lsnd use mformation in greater detail and their depiction.

~ The National Atlas and Thematic Mapping Organization in the public sector was a
ploneer in the matter of compilation and publication of land use maps covering the
entire surface of the country. The first series of maps on land use that were included in
the National Atlas of India were on a scale of 1:1 million (1cm:10km). In view of the scale
of the map, land use classification was suitably generalised.

The features depicted in the 1:1 M series are as follows:
Town/cities and settlements; related urban.
Rural settlements.
Other uncultivated land - mining areas, brick fields, etc.
Settlement with trees and groves.
Garden and Plantations.
Arable land.
(a) Irrigated.
(b) Non-irrigated.
7. Pasture land.
8. Forest.
(a) Dense.
(b) Light.
(c) Scryb.
(d) Mangrove.
9; Waterbound areas.
(a) Perennial.
(b) Seasonal.
(c) Marsh.

SOk~
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10. Wasteland.
(a) Rocky outcrop.
(b) Sandy.
(c) Usar:alkaline.
(d) Ravines..
(e) Rann.
(f) Others

They are under different categories of land use and were demarcated primarily on
1:1 inch or 1:50,000 toposheets. These were then photographically reduced in stages to
finally take shape in the form of multicoloured maps on land use on a millionth scale.
Field checks were carried outin samples and information available from Air photographs
was widely incorporated.

At a second stage National Atlas & Thematic Mapping Organization took up the task
of preparing land use maps on a scale of 1:50,000 for 40 odd selected backward districts
of the country. The land use classes were suitably elaborated. Information on arable land
were further enriched by demarcation on such areas crop Combination Zones. Crop
Combination Zones were worked out on the basis of predominant crops grown in an
area. Such information would prove to be useful tools for agricultural planners. The same
Scheme of Classification was adopted for producing land use maps on a scale of 1: 50,000
of each Development Block occurring-in those districts. It may be mentioned here that
base maps ot each Development Block were compiled making use of topographic sheets
and thereafter on those maps were incorporated land use information available from
ground truth, Air photo and Space Imagery analysis.

N.R.S.A Maps

The National Remote Sensing Agency functions as the custodian of space imageries
and as a Govt. Agency, has exhaustive coverage of the country by Air photographs of
various scales, The NRSA has adopted two schemes of land use classification based on
source of information namely Air photos and Space Imageries. Of late, particularly in
the United States of America the term “land cover” is also used in place of “land use”
The two terms are not quite synonymous but are not much different either.

Air photographs of various scales ranging from 1: 5000 captive ground information
are available in greater detail. The resolution if adequate enables a map analyser to
identify land use classes and their characteristics in a more precise manner. The classifi-
cation that has been adopted by the NRSA for land use maps to be produced on the basis
of Air photographs is more ambitious. The Scheme follows on page 35.

It may be appreciated that all the levels of information as laid out above can not be
obtained directly from Air photographs. Air photo analysis is to be supplemented
elaborately by Field Work. Moreover, the scale of the Land use maps to be finally
produced on the basis of information collected as per the above proposition has to be
fairly large, 1: 50,000 or above.
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35

7. Ice covered areas

a)

Permanent ice cover

First Level -Second Level Third Level
1. Urban areas a) Residential one family
multifamily
separate houses
scattered houses
mixed types
b) Commercial Services types of services
c¢) Industnal types of Industnes
d) Transport and other Services rail, road and yuchks
e) Recreation areas . playgrounds, stadia, gardens
f) Religious temples, mosques, churches, othen
g) Other open spaces open commons
2. Arable land a) Cropped areas types of crops
b) Wasteland new arcas
¢) Plantations gardens
d) Wedands
e) Shifting cultivation cxtent of area
3. Forest land a) Evergreen vanous types
b) Deciduous uce types
c) Mixed dry and wet types
4. Water Bodies a) Riven all types
b) lakes ponds
c) Reservoins water body
d) Bays dned channcels
5. Pastures a) Types of vegetation wattered rees on gram
b) Thorny Pastures
c) Permanent Pastures
d) Mixed Pastures
6. Uscless/Waste lands a) Bare rocks
b) Salt encrusted zones
¢) Open cast mines and quarries
d) Beach/river line sand
¢) Desert
f) Dissected land
g) Othens
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The limitations of the space imageries which are available originally on a scale of
1:1 Million (1cni: 10km) are very much reflected in the scheme for land use classification
based on Space imageries that have been adopted by NRSA.

The land use classes are as follows:
Level One Level Two
1. Settlement areas a) Urban
b) Rural
c) Roads and Railways
2. Arable land a) Crop land
b) Waste land
c) Jhum/Terraced land
d) Wet land/ crops
e) Plantations
3. Forest land a) Evergreen forests
b) Deciduous forests
c) Mixed forests
d) Thorny forests
4. Water Bodies a) Rivers and Channels
b) Lakes/Ponds
c) Reservoirs
d) Lagoons
e) Estuary
f) Sea
5. Waste lands a) Deserts
b) Rocky out crops
c) Cultivable waste
6. Others a) Grass lands
b) Icebound areas
c) Riverine sands

The quality of analysed information is very much dependent on the resolution of the
colour composites of the Imageries. Moreover, unless adequate ground information and
ground knowledge are possessed by the interpreter it would be difficult to demarcate
the different land classes. Enlargement photography of the imageries of large scales have
not proved to be successful.

However, the quality of Imageries is gradually improving, particularly with the avail:
ability of INSAT imageries and that brmgs hope about the effectiveness of those sources-
for obtaining information on land use in future.

About the classification adopted by NRSA there appears to be some inherent confu-

sion regarding placement and classification of waste land, cultivable land and pasture
land, etc.
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Sources of Information

The traditional avenues of land use information in the form of source maps, ficld
surveys, etc. were certainly time<consuming. Keeping in view the vast land surface of the
country such methods were slow and time consuming. Moreover, since the objective
information collected was true for a certain time frame because outdated by the time the
land use maps based on collected information were produced. The planners, therefore,
found those maps of not much use. Compared to that the capability of providing
information on land use by the modern sources of Air photographs and Space imageries
are quite remarkable. The analysis is possible to be done more speedily and, if matched
with an efficient printing of system-maps, could also be produced without delay.

Visual analysis of imageries is loosing ground to computer processing and analvsis
which are much faster in every respect. In case of small areas - a district or a State
computer processing matched with digital mapping would produce remarkable results.
Maps need not be printed in the traditional manners. Hard copies of land use maps could
be obtained from the standing tapes of the computer as and when needed.

There is one word of caution that has to be essentially kept in mind in this connecuon.
Imageries, at time, reflect confusing situations regarding various types of land use. To
make sure adequate field checks must be carried out. The interpreter should check and
compare the imageries with ground realities before giving a final shape to the land use
information. The same caution is applicable in case of Air-photo interpretation as well.
Compared between the two sources viz. Air photo and Space Imageries, for small scale
maps imageries are faster and less amenable to mistake depending upon its quality. Asr
photos are more effective for large and medium scale maps although it is a fact that

interpretation and transfer of information to the base map are tedious and tend to be
comparatively slow.

Other Agencies

The All India Soil and Land use Survey have also produced land use maps for some
selected areas that were intensively studied by them. They have chosen natural regions
like River basins, Reservoir catchment areas or watersheds attempting to draw «
correlation between physical characteristics with soil and land usc.

The National Bureau of Soil Survey and Land use Planning have adopted a Land usc
classification scheme for compiling land use maps of selected areas. The guiding factor
in this classification had been, 10 some extent, the quality and depth of soil on land. Sl
and its varieties being the main concern the land use maps produced by these Agenaics
are patchy and differ from those produced by other National Mapping Agencies.

Land Planning

Obviously, the best use of the land use maps could be made for proper planning and
optimum use of land. The Mapping Agencies as mentioned above have produced land
use maps at various scales - the largest series being in the scale of 1: 50,000 published by
NATMO for some selected Development Blocks of the country. The NRSA has taken up
a project for publishing land use maps on a scale of 1:250,000 for the entire country. The
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Survey of India has adopted a policy of showing more land use details in its toposheets
on a scale of 1:50,000. All these would provide useful basic information for planning and
monitoring up to a certain level - perhaps State or District, but when it comes to village
level planning, which actually is the base for national planning as per the policies of
Panchayat System, the existing land use maps prove to be inadequate. An average village
on a map of scale 1:50,000 covers a small area. Thus intricate details of land use varieties
in each village get obscured in the process of generalisation.

Maps for Action Plan at Village Level

As discussed above the largest scale maps available on land use would only be able to
indicate, in a very generalised form, the location of land types. Although these would be
useful information and would serve as sound source of reference, they would prove to
be inadequate towards chalking out action plans. The limitation imposed by the scale of
the map would not make it possible for the planner to get all the information he needs
about the patches of land under different uses for determining line of action for their
development.

Obviously, maps of large scale, for example the mouza maps on a scale of 16":1 mile
prepared by the State Revenue Department for each Mouza or Village are the ideal base
maps for plotting land use details.

The greatest advantage of these maps is the fact that they provide boundaries of each
individual plot of land along with several land related information in detail.

Methodology

Revenue maps on ascale of 16":1 mile are to be procured for the villages to be surveyed.
Field Surveys are then to be conducted utilizing appropriate maps for plot to plot
enumeration and survey of the actual uses that are being made of each plot of land.
Supplementary information like ownership of the plots, and soil depth, moisture
conditions, water table, slope, existing vegetation are to be noted for different land use
patches. ,

Most of the Revenue maps are fairly old and outdated. Therefore while conducting
the Survey details like the present condition of water bodies new dams and reservoirs
created, new communication network, the present pattern of drainage network etc. are
to be incorporated.

The field notes prepared on the basis of survey conducted on the basis of standard
index of Land use classes are then to be transferred onto a set of final maps. In these
patches of land having similar land use adjacent to each other are to be lumped together
and thus final pattern of land use of the village as a whole would emerge. The final maps
on land use if prepared in Black/White using Craft tint could be reduced to a suitable
handy size without compromising with the details. Other related information collected,
asstated above, could then be incorporated at actual locations of the maps using standard
symbols. Place names, river names, etc. may then be incorporated as points of reference.
It would be worthwhile to use a digitized planimeter to measure the area under each type
of land use. The total area of the village may also be measured. The data on areas thus
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obtained may not tally with the village Revenue papers; but that need not be worried
about since this is a common feature of Indian land records.

Once these maps and data are compiled that could be transferred on to computer
compatible tapes. With suitable programming it would then be possible to have print
outs in the form of hard copies of the stored data and maps, and also to incorporate
‘corrections and update quickly as and when needed. The Gowvt. of Madhya Pradesh has
initiated such a project sometime ago and is reported to have made good progress.

Unfortunately, the process is going to be slow. Air photographs at very large scale
1:5000 could be of help in speeding up the process but they are not available to common
uses. The Imageries would not have the resolution. However, once the maps are compiled
they would make permanent records for valuable uses.

Wasteland Maps

. 'Wastelands have been getting special attention these days. They are, more or less,
- spin-offs of the land use maps. The National Wasteland Development Board has provided
detailed classification of wastelands and have got prepared wasteland maps on a scale of
1:50,000 for 140 odd wasteland scourged districts of the country. The village land use
maps on a scale of 16":1 mile as proposed above could also provide detailed information
on wastelands as per the NWDB specification. Thus, composite maps on land use and
‘wastelands, could be produced which would be of interest to a wide range of users.

Urban Land use

Urban areas do not get adequate treatment in the Rural Land use maps. The scale of
the maps is the main limiting factor in restricting depiction of land use details of urban
aréa. Moreover, urban functions are very different from Rural,: therefore, urban land
use remains neglected in a common land use map. Urban studies have been gaining
popularity since independence and with that the urge for compiling Urban Land use
Maps has also grown. During the 6th and 7th Plan NATMO undertook a project for
making studies of the Headquarters towns of selected districts and as a part of the study
several urban maps of each district were compiled. The Urban Land use map of the
Calcutta Metropolitan district (Scale 1: 100,000) has been compiled based on the
following Urban land use classification:

Urban Settlement
Industrial area
Commercial area
Open arca
Gardens
Transport
7. Rural Settlement
8. Agricultural land
" In case of smaller towns the scale of the maps conld be larger and several other
-caitegories of use like Central Business district, Educational areas, recreational areas,

A e
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slums, newly developed areas, railway yard, transport depot, etc. could be identified and
depicted.

Geographers in academic institutions have made studies of several towns and cities.
Along with the maps they also collected a wide range of data.
Suggested Readings
1. DUTT, G.K. 1990. Classification of Wastelands: Rational Ecological Development of Wasteland.
2. DUTT, G.K. 1992. Gramer manchitra: Parichiti O Prayog. Paribesh Bhavna.

3. DUTT, G.K. Bhumi Upayog Manchitra: Bhumi Upayog. NATMO Monograph - 7.



SOIL QUALITY : ASSESSMENT AND SIGNIFICANCE

S. K GUPTA*

Part A: Some fundamental concepts of soil systems

Soils are complex biogeochemical materials on which plants may grow. They have
structural and biological properties that distinguish them from the materials from which
they normally originate. They are dynamic ecological systems providing plants with
support, water, nutrients, and air for growth and support a large population of macro-and
micro organisms that recycle materials of life. Soils also support the entire human
population. So understanding soils and managing them well are essental to human
welfare.

Two approaches - pedagogical and edaphical - have been used in studying soils. A
pedologist studies, examines, and classifies soils as they occur in their natural environ-
ment whereas an edaphilogist considers the various properties of soil in relation to plant
production. He has ultimate goal for production of food and fibre. To achieve that goal
he must determine the reasons for variation in the productivity of soils and find means
of conserving and improving productivity.

Four major components of soils: (a) Inorganic or mineral matterand (b) Organic matter
(solid component), (c) Water (liquid component) and (d) air: (gascous component).
‘The solid mineral particles comprise about 45% of the solid volume and organic matter
5%. At optimum moisture for plant growth, the pore space is approximately half ie, 25%
being water space and 25% air. These four components occur in a thoroughly mixed
condition in soils. The mixture encourages interactions within and between the group
and permits marked variation in the environment for the growth of plants.

Solid components: Soil has two kinds of solid components: minerals derived from
weathering of rocks and organicmatter derived from plant, animals and micro organisms.
The weathering of rocks form the parent materials from which the mineral soils develop
by various soil forming processes.

Soil organic matter comprises an accumulation of partially disintegrated and decom-
posed plant and animal residues and other organic compounds synthesized bv soil
microbes as the decay occurs. Humus, the decomposed organic matter, is verv important
because it has properties of water retention, nutrient retention and cohesion that
complement those of clay (soil separates having diameter <0.002 mm).

Soil separates consist of sand (diameter 2.0 to 0.02 mm), silt (0.02 to 0.002 mm) and
clay <0.002 mm. Soil texture involves the size of individual mineral particles and specially
refers to the relative proportions of various-sized particles in a given soil. Soil structure
refers to the grouping or arrangement of both primary soil particles and secondarv
groupings called aggregate or peds.

Clay and humus are the seats of soil activity. Both of them have a large sutface arca
per unit weight and they exhibit surface charges which attract negauvely and positively

* Professor, University College of Agriculture, Calcutta University, Calcutta 700 019
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charged ions and water (ion exchange phenomena: Cation exchange and anion ex-
change). In addition, their charged surfaces permlt them to actas ‘ contact bridges’ between
particles thus helping to create and maintain the stable aggregates of soil particles. On
a weight basis, humus part1cles have greater nutrient and water holding capacities-than
do clay particles. However, since clay is generally present in large amounts, its total
contribution to the chernical and physical properties of the soil will usually equal or even
exceed than that of humus. The most inherently productive agricultural soils contain a
balance of these two important soil solid components.

Liquid component: Soil water: Polarity is important to water and to soils. Water
molecules attach themselves to one another to form clusters that are larger than single
H20 molecules. The hydrogen (+ve) end of one water molecule bonds to the oxygen
(-ve) end of an adjacent water molecule. This is called hydrogen bonding. Polarity and
hydrogen bonding result in cohesion, the attraction of one water molecule to another.
Likewise, adhesion involves attraction of water molecules to solid surfaces. Hydrogen
bonding between water molecules produces surface tension.

Water in the soil is referred to as the soil solution because it is not pure. The soil
solution contains solutes including cations, anions, organic and inorganic components,
and gases.

Solid liquid interaction: Many interactions between the solid and liquid phases occur
at the surface of the solid phase. One of these is ion exchange. Others are dissolution of
the solid phase in the solution phase: precipitation, ligand exchange, covalent bonding,
hydrogen bonding and surface chelation.

The most important interaction in soil is cation exchange (expressed as C mols/kg of
soil) in which positively charged ions are attracted to the negatively charged surfaces of
clays and organic matter when they are loosely held. These cations are the major sources
of plant nutrients. Hydrogen ions are abundant in many soils and the concentrations of
H'ions is controlled by the interactions between the soil’s solid and liquid phases.

Soil air: Composition of soil air is similar to, but not identical with, the air we breathe.

Average composition
Component Soil air Atmospheres
(%) (%)
Ne 73.2 79.0
O2 20.6 209
CO2 0.25 0.08

Air and liquid compete for the same pore space.

A soilis a three-phase system containing solids, liquids, and gases which are in intimate
contact and interactions among themselves are continuous.

The soil — a tremendous biological laboratory: Soils harbour a diverse population of
living organisms both animals and plants. Activities of soil organisms range widely. They
largely include the physical breakdown of plant residues and ultimately the formation
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of humus. The biological transformation of soil nutrients particularly nitrogen, phos-
phorus and sulphur to available forms to plants and atmospheric fixation of nitrogen by
soil micro organisms are classic examples of rich and varied biological laboratories.

Soils are three-dimensional systems: Soil scientists call the three-dimensional body a
pedon. The upper part of the pedon -~ most influenced by rainfall, roots and organism
is the solum. The part below the solum is usually the parent material from which the
solum developed. At time, the solum may sit directly on the geological materials.

A soil is not uniform with depth but consists of layers called horizons. The master
horizons are O, A, E, B, C, & R horizons.

Characteristics of Master Horizons
Master horizson Horizon property or charscteristic
_gymbols

O Surface layers dominated by organic material.

A Mineral horizons formed at the surface or below an O horizon and containing accumulated
decomposed organic matter.

E Mineral horizon whose main feature is the loss of silicate clay, Fe or Al, leaving a concentration
of resistant sand and silt particles.

B Horizons formed below an A, E, or O horizon and dominated by the obliseration of the
original rock structure and the accumulation of silicate clay, Fe, Al, humus, casboaate,
gypsum, or Si.

| C Horizons excluding hard bedrock and little affected by soil genesis.
iR Hard bedrock like basalt, granite, or sandstone.
‘E’ represents eduuistion and ‘B’ ilhuiation.

Soil formation and classification: Weathering or igneous sedimentary and metamor-
phic rocks and soil forming processes are vital phases of soil genesis. Five s0il forming
factors (parent material, climate, relief, biota and time) can combine in endless ways.
Indeed there are over fifteen thousand kinds of soil individuals in the world. In soil
taxonomy, eleven soil orders are designed to contain all the soils of the worlds. Each
order is a broad grouping of similar soils separated by particular morphological charac-
teristics. Within these broads groups are more specific groups — suborders, great groups,
subgroups and families. The s0il series is the lowest and most specific level. Thus soil
taxonomy has 6 categories:

— Order

- =~ Suborder

— Great group
— Sub-group
= Family

~— Series
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Definitions of Soil Orders

Order name Diagnostic characteristics
Entisol Simple soils, no subsoil diagnostic horizon.
Inceptisol Soils with minimum development, little or no subsoil élay

accumulation.
Aridisol Soils of 