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MINUTES OF THE 37
th

MEETING OF ENVIRONMENT SUB-GROUP OF THE NCA
HELD ON 8

th
February, 2002 AT PARYAVARAN BHAWAN,
CGO COMPLEX, NEW DELHI

The 3yth meeting of Environment SUb-group (ESG) of the Narmada Control

Authority was held at Paryavaran Bhawan, CGO Complex, New Delhi, under the

Chairmanship of Shri P. V. Jayakrishnan, Secretary, Ministry of Environment &

Forests, Govt. of India. A list of participants is enclosed at Annex-XXXVII-Min

(1) at Page-11 and 12.

Members and Invitees of the SUb-group were welcomed and thereafter,

agenda items were taken up by Member (E&R), NCA for discussion.
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Item No. XXXVIl-1(170): CONFIRMATION OF MINUTES OF THE 36
TH

MEETING

Minutes of the 36th Meeting of Environment Sub-Group of Narmada Control

Authority, as circulated to all Members and Invitees vide NCA Office letter NO.Env

3(36)/2001/2319-2351 dated 01.06.2001, were confirmed.
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Item No. XXXVIl-2(171): SARDAR SAROVAR PROJECT: REVIEW OF THE
STATUS OF ENVIRONMENTAL CONSIDERATIONS IN
RELATION TO THE PROPOSED RAISING OF THE DAM
HEIGHT AT RL 100M.

A. Action taken report:

SUb-group was presented with a review of the programme of Survey, Studies
and implementation of the Environment Safeguard Measures in relation to 100 m
height as contained in the detailed agenda of the meeting. The Member (E&R),
NCA, brought out the status of compliance by the State Government(s) on the
issues. It was stated by him that programme of Survey, Studies and Implementation
of the Environment Safeguard Measures in relation to 100 m height were discussed
by the Sub-group during its last two meetings wherein the Sub-group sought more
information. Now that this information has been compiled by the State Govts., and
presented in the Agenda Papers for assessment by the Members, he requested the
party States to give updating, if any. He thereafter requested the Members of the
Sub-group to consider the same.

Principal CCF, Govt., of Gujarat, stated that area of the Shoolpaneshwar
Sanctuary, earlier known as Dhumkhal Sloth Bear Sanctuary, was enlarged four
times to an area of 607 sq.kms. The Sanctuary is located outside the submergence
zone but due to its extended boundaries now it touches the shore line of the
reservoir and provides access to the fresh waters for the animals of the Sanctuary.
The Sanctuary encloses part catchment of the Narmada which has been treated by
soil moisture conservation works. Detailed and comprehensive management plan
was already prepared and was made available to the Members of the Sub-group
earlier. There has been substantial progress as reported during the last couple of
meetings.

Secretary (CAD), Govt., of Maharashtra stated that Catchment Area
Treatment and Compensatory Afforestation works were completed by Maharashtra
much earlier and the Action Plan prepared on Health aspects was under
implementation.

Member (E&R), NCA, circulated a copy of the report prepared by Forest
Survey of India in collaboration with RRSSC, Nagpur. This report showed that there
has been a substantial increase in the Forest cover in the areas treated.

B. Review of the progress of works on the suggested parameters in relation to
the proposed filling of the reservoir up to RL 100m by June 2002

Member (E&R) stated that Dam Construction at EL 100 m. would submerge
an area up to 105 km. from the dam site resulting in impoundment of 24% of the
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area and that sub-group has been requested by the Govt. of Gujarat to consider
clearance for raising the dam height from the present height of 90 m to 100 m as per
the programme approved by the NCA.

Prof. Ramaseshan desired to know whether the proposal to raise the dam
height up to 100 m is inclusive or exclusive of the coping (humps), as according to
him this was relevant while considering the submergence. Vice Chairman, SSNNL
expressed the opinion that NCA would take into consideration the actual
submergence with respect to 100 m RL of the dam. Vice Chairman, NVDA stated
that the issue was already decided by the RCNCA and that NCA will have to go
along with the decision of Review Committee of NCA in this regard. Commissioner
(PR), MOWR informed that NCA might consider raising the dam height to 97 m.
with additional humps of 3 m height or raising the dam height to 100 m & part humps
with end blocks open. Prof. Ramaseshan, desired a copy of the Study Report of
CWPRS on this issue for his perusal.

Chairman stated that the Sub-group is considering the request of the Govt. of
Gujarat for according clearance for raising of the dam height to 100 m RL in
accordance with the operative part of the judgment and that the Sub-group has to
consider the submergence to be caused at 100 m RL of the Dam.

Member (E&R), NCA, informed that a copy of the Status report on
environmental management - SSP & ISP, for the quarter ending September, 2001
was placed as Annex-XXXVII-(12) of the agenda of the 3ih meeting, circulated to
the members & invitees of the sub-group for a review. He requested the officials of
the State Govt(s}., of Madhya Pradesh, Maharashtra and Gujarat to present the
current status of compliances on the issues.

Dr. Shekhar Singh, IIPA had circulated his observations on the agenda during
the meeting and sought certain clarifications on some of the issues which inter-alia
included the following :

• He was of the view that planting of fuel wood/minor forest produce/timber/
fruit trees in the sanctuaries for the tribal living within the sanctuary is in
violation of the wild life protection act 1972.

• He desired to know the arrangements made for rehabilitation of the wildlife
for the SSP areas in Madhya Pradesh

• He referred to the page 34-35 9f the agenda wherein it is mentioned that for
the areas in Maharashtra, sample survey of the areas to be felled up to EL
100 m RL was carried out but no final surveyor counting has been done. He
was of the view that the progressive filling be treated as impoundment at
FRL.

• He sought the revised schedule for Phase-II works in Madhya Pradesh.

4
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• He referred to the incomplete works in some of the sub-watershed in
Madhya Pradesh and desired to know the current status of works there.

• Recommendations on flora-fauna & carrying capacity aspects of the Sardar
Sarovar Project in Madhya Pradesh, regarding recommendations on
creation of Mathwad and Bokarata Sanctuaries.

The Chairman requested that while presenting the status, the issues brought
out above, may also be addressed.

Narmada Valley Development Authority, Govt. of Madhya Pradesh

Director (CAT), NVDA informed that by the end of December, 2001, an area
of 94,400 ha has been treated against a target of 1,25,725 ha. This represented a
progress of about 75% of the final targets. A copy of the progress Chart submitted
during the meeting is placed at Annex-XXXVII-Min-(2) at Page-13. It was
explained by him that works are under progress in almost all the remaining sub
watersheds, but due to difficulty in taking up the private agriculture areas for
treatment, some of the areas in these watersheds could not be treated. He also
informed that the actual treatable area would be less and it would be possible for the
NVDA to treat the entire area in time.

Member (E&R), NCA, pointed out that for the Project as a whole, entire area
in Gujarat, Maharashtra and 94,400 ha area in Madhya Pradesh totalling 1,46,852
ha. area in all was treated. This represented 82.42% of the target.

Regarding felling of the forests in the submergence area for the Sardar
Sarovar Project, the Vice Chairman, NVDA, informed that felling operations have
almost been completed. However, there was difficulty for felling in about 200 ha.
area due to agitation by those opposed to the Project.

Member (E&F), NVDA, informed that a study conducted for 2,732 ha. forest
land indicated that this land was highly degraded and supported very little or no
noticeable wildlife requiring any special measures. He further elaborated that in
accordance with the conditions contained in the clearance Order, Govt., of Madhya
Pradesh constituted a Wildlife Committee and the recommendations of the Study
Group regarding creation of Sanctuaries in the SSP areas were not agreed by this
Committee. In addition, the creation of these Sanctuaries was not considered
necessary by the Expert Group on Flora and Fauna of the NCA. However, creation of
Suryamanya, Omkareshwar Sanctuaries and Narmada National Park being created
for the ISP areas is expected to take care of Wildlife conservation in the State.

Regarding recommendations of the Expert Committee on Health, the Vice
Chairman, NVDA, informed that the comments are being obtained from the Director,
Health Services and Department of Preventive & Social Medicines, Gandhi Medical
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College, Shopal. Dr. R.C. Sharma, pointed out that a better diseases surveillance
system is required in Madhya Pradesh as per the recommendations of the Expert
Committee on Health. The Vice Chairman, NVDA, however, requested that one
Expert on Indian System of Medicine may be invited for the meeting to assess the
diseases surveillance as per Indian Systems of Medicine.

An up-dated status on archaeological/anthropological aspects was submitted
by the Commissioner, Archaeology & Museum, Govt., of Madhya Pradesh, during
the meeting. A copy of the same is placed at Annex-XXXVII-Min-(3) at Page-14-23.
Observations of the Govt. of Madhya Pradesh, on various items listed in the agenda
papers, were received from Member (E&F), NVDA during the meeting. A copy of
the same is placed at Annex-XXXVII-Min-(4) at Page-24-31.

Govt. of Maharashtra

Secretary (CAD), GoM informed that the Catchment area treatment works
were started in the year 1994 and were completed by 1998. Similarly for the
compensatory afforestation also, works were completed by 1999.
Recommendations of the University of Pune have also been considered while
preparing the action plan. He pointed out that, due to Catchment Area Treatment,
the forest cover has improved along the bank of river Narmada. There is a
substantial vegetation growth for shifting of wild life, and hence, special
management for the corridor was not considered essential. Regarding status of
felling in the submergence area, he referred to the note annexed in the Agenda
papers according to which, 748 ha. area was already felled. He further informed that
forest officials, though expected, could not make it to the meeting and therefore
replies would be furnished after the meeting. He pointed out that multi region seed
Sank in iso-climatic regions will be established by the Govt., of Maharashtra with the
help of Forest Protection Committees working in the remote tribal areas. Regarding
health, he informed that the action plan included existing & proposed infrastructures
at rehabilitation sites, establishment of floating dispensaries, creation of posts for lab
technicians, public health laboratory and anti malarial activities. He informed that
this plan was under implementation.

Govt. of Rajasthan

Representative of the GoR submitted, during the meeting, details on the
progress of the construction works on the canal in Rajasthan. a copy of the which is
placed at Annex-XXXVII-Min-(5) at Page-32-36. Representative of the WAPCOS,
informed that WAPCOS submitted its report in 1998. He desired to place before the
sub-group, a copy of the Executive Summary of the studies carried out by them with
a view of seeking approval of the Sub-group. A copy of the report received shall be
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circulated to the members separately. A copy of the letter received from WAPCOS
is placed at Annex-XXXVII-Min-(6) at Page-37.

Sardar Sarovar Narmada Nigam Ltd., Govt. of Gujarat

Managing Director, SSNNL informed that comprehensive information
regarding the status of survey, studies and implementations aspects for the areas in
Gujarat is already detailed in the Agenda notes. Director (Civil), SSNNL, pointed out
that the Rim stability studies have been completed and well equipped 9 monitoring
stations along the periphery of the reservoir are functioning. Data collected by these
observatories are being analysed by expert institutions. Besides, the targeted area
of 29,157 ha. of the Catchment in Gujarat was treated completely and the Govt. of
GUjarat had already completed plantation works in the entire planned area of 13,950
ha. also. The entire reservoir bowl was cleared of vegetation and even coppice
crops were also removed from the submergence areas. Simultaneously, all the
works related to Shoolpaneshwar and Hampheshwar temples were completed. He
further stated that the PCCF I Gujarat himself has explained the position on the
issues raised by the Members of the Sub-group.

Vice Chairman, SSNNL, Vadodara, requested the Sub-group to consider the
request of the Govt. of Gujarat for according clearance for raising the dam height up
to RL 100 m.

Discussions and Conclusions

The Sub-group had already discussed on earlier occasions as to what
constitutes pari-passu compliance. It noted the statements made by the Principal
Chief Conservator of Forests, Gujarat, that plantations are being carried out on the
periphery of the sanctuary and are not in violation of the Wild Life protection act. The
Director (CAT), Madhya Pradesh informed regarding progress of CAT works in
Madhya Pradesh where 75% of the works have been completed. However, for the
Project as a whole, 82.42% area was treated up against 24% of the anticipated
submergence at a dam height of 100m.

A copy of the report on "Monitoring the Impacts of Catchment Area Treatment
using Remote Sensing & G/S in Parts of Narmada Catchment Area" in Maharashtra,
prepared by the Officials qf Forest Survey of India, Nagpur, RRSSC, Nagpur, was
presented during the meeting. A copy of the Report is placed at Annex-XXXVII
Min-(7) at Page-38-51. This Report showed that the dense forest has increased
from 574 ha. (1991) to 1079 ha. (1995) and 2044 ha. (1998) and the forest blanks
has decreased from 6713 ha. (1991) to 5099 ha. (1995) and 4354 ha. (1998).
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After reviewing and elaborate discussions, it emerged that:

• Government of Madhya Pradesh should complete treatment of
remaining degraded watershed identified as Phase-I of CAT by 2003
and also undertake treatment of areas in the reservoir vicinity on priority.

• The State(s) should monitor and maintain the works undertaken for
various environmental activities such as Catchment Area Treatment,
Compensatory Afforestation, etc.

• Clearing of trees in the forest area getting submerged at EL 100m
should be completed at the earliest for avoiding Eutrophication and
degradation of water quality.

• Command Area Development Plan for Phase-I of the programme should
be prepared on priority and should be submitted for review in due
course.

• The seismological data collected at 9 monitoring stations established
along the reservoir periphery should be got analyzed through concerned
recognized institutions and submitted for information of the Sub-group.

• The compliance Report on the recommendations of the Expert
Committee on health aspects should be submitted in the next meeting of
the Environment Sub-group.

Keeping in view the implementation of environmental action plans up to EL
100 m by the party states as required for increasing the dam height up to 100 m, the
Environment Sub-group recommended construction of the dam up to this height.
However, before commencing construction to raise the dam beyond 90 m, project
authorities should obtain separate clearance from R&R Sub-group and permission of
Narmada Control Authority as detailed in the operative portion of the Supreme Court
Judgment of October, 2000. During raising of the dam and filling of the reservoir,
care should be taken to ensure release of regulated and adequate water in the
downstream stretch, both for drinking purposes and to maintain aquatic life.

Dr. Shekhar Singh requested for recording his dissent to the view taken by
the sub-group and stated that he would send his dissent note. The dissent note will
be circulated to the members as soon as it is received.

8
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Item No.XXXVII-3(172) REVIEW OF THE STATUS OF INDIRA SAGAR
PROJECT MADHYA PRADESH

and

-

Item No. XXXVII-4(173) REVIEW OF ACTION TAKEN ON THE DECISION OF
THE PREVIOUS MEETINGS

A copy of the Status Report on Environment Management of Indira Sagar
Project for the quarter ending September, 2001 was included as Annex -XXXVII _
(12) of the agenda papers. A copy of the responses of the GoMP submitted during
the meeting is already placed at Annex-XXXVII-Min-(4) at Page-26-27. However
due to shortage of time detailed discussions were deferred.

9



Item No. XXXVII-5(174): Monitoring of the Indira Sagar Project.

Vice Chairman, NVDA, referred to the decision of the Review Committee of
Narmada Control Authority regarding "monitoring mechanism" to be evolved by the
Ministry of Environment & Forests for monitoring of the Indira Sagar Project. He
requested the Chairman to look into the matter. Vice Chairman, SSNNL was of the
view that decisions of the RCNCA, where Hon'ble Minister for Environment & Forest
was present, be taken up. The Chairman stated that the matter would be examined
in the light of the decisions taken by the Review Committee of the Narmada Control

Authority.

The meeting ended with vote of thanks to the Chair.
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ANNEX-XXXVII-Min-I

LIST OF PARTICIPANTS OF THE 3rh MEETING OF ENVIRONMENT SUB-GROUP
OF NCA HELD ON 8

th
FEBRUARY, 2002 AT PARYAVARAN BHAWAN, NEW DELHI.

GOVERNMENT OF INDIA

S/Shri/Smt.

Ministry of Environment & Forests

1. PV. Jayakrishnan, Secretary, MOEF, New Delhi

2. V. Rajagopalan, Joint Secretary, MOEF, New Delhi

3. Dr. Nalini Bhat, Director, MOEF, New Delhi

Narrnada Control Authority

1. R Jeyaseelan, Executive Member, NCA, Indore

2. N.D. Tiwari, Member (E&R), NCA, Indore

3. Dr. Pawan Kumar, Specialist (Environment), NCA, Indore

4. Kuldeep Malik, Dy. Director (Env.), NCA, Indore

Ministry of Water Resources

1. A. Sekhar, Commissioner (PR), MOWR, New Delhi

2. A.D. Bhardwaj, Jt. Commissioner, MOWR, New Delhi

Sardar Sarovar Construction Advisory Committee

1. Indra Raj, Secretary, SSCAC, Vadodara

2. N.K. Bhandari, Dy. Secretary, SSCAC, Vadodara.

Ministry of Agriculture

1. Dr. Shamsher Singh, Add!. Commissioner, MOA, New Delhi

Indian Council of Agriculture Research

1. Dr. K.R Solanki, ADG, ICAR, Krishi Bhawan, New Delhi.

Indian Council of Medical Research

1. Dr. Rashmi Arora, Dy. Director, ICMR, New Delhi

National Institute of Com.rnunlcable Diseases

1. Dr. RC. Sharma, Joint Director, NICD, New Delhi

Wild life Institute of India

1. Dr. Asha Rajvanshi, Faculty, Wild Life Institute of India, Dehradun.
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EXPERT MEMBERS

1. Dr. S. Ramaseshan, HoD Dept. of Civil Engineering, Kongu Engineering College,
Erode.

2. Dr. Sekhar Singh, Faculty, IIPA, New Delhi.
3. Dr. RK Katti, Prof. Emeritus, liT, Mumbai and Director & Consultant, UNEECS,

Mumbai

GOVERNMENT OF GUJARAT

1. V.S. Such, Vice Chairman, SSNNL, Gandhinagar

2. KC. Kapoor, Managing Director, SSNNL, Gandhinagar.

3. Dr. S.A. Chavan, PCCF, SSNNL, Gandhinagar

4. N.S.Desai, Director (Civil), SSNNL, Gandhinagar.

5. Dr. J.C. Gandhi, Consultant (Health), SSNNL, Gandhinagar

6. KRNarayanan, Cosultalt(Fisheries), SSNNL, Gandhinagar

GOVERNMENT OF MADHYA PRADESH

1. Pradeep Shargava, Vice Chairman, NVDA, Shopal

2. Suresh Chandra, Member (E&F), NVDA, Shopal

3. Man Dahima, Commissioner, Archaeology & Museum, Shopal

4. KN. Dubey, Director (CAT), NVDA, Shopal

5. RKSehre, SMS, NVDA, Shopal.

6. M.Krishnamoorthy, C.E. (C) NHDC, Shopal.

7. V.S. Shatt, Dy. Manager (Env.) , NHDC, Shopal.

GOVERNMENT OF MAHARASHTRA

1. Shri SV. Sodal, Secretary (CADA), Irrigation Department, Mumbai.

2. VV.Gaikwad, Chief Engineer, Koyana Project,

GOVERNMENT OF RAJASTHAN

1. N.R.Mehta, S.E., Irrigation Dept., Narmada Project Circle, Jalore.

2. Dr. S. Mukherjee, Chief Environment, WAPCOS.

3. Vijay Garg, Dy. Chief Engineer (£nv.), WAPCOS.
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ANNEX - XXXVII - Min.~

ENVIRONMENT SUB-GROUP
AGENDAWISE STATUS FOR THE 37TH MEETING

Item No. XXXVII-l(170) : CONFIRMATION OF MINUTES OF THE

36TH MEETING.

No comments. The minutes may be confirmed.

Item No. XXXVII-2(t71): SARDAR SAROVAR PROJECT:
REVIEW OF THE STATUS OF
ENVIRONMENTAL CONSIDERATIONS
IN RELATION TO THE PROPOSED
RAISING OF THE DAM HEIGHT AT RL
lOOM.

Directions of Hon'ble Supreme Court in the Writ Petition No. 319 of 1994 &
Review Petition (C) No. 1259 of 2000 shall be abode with.

A. Action taken report is given below:

No comments are offered except the following:
Annexure XXXVIl-( 1) !s revised to depict updated progress &
is at Anexure -A.

Though the letter under Annexure XXXVII-(8) m~ntions the
name of Indira SagaI' Project only, but it includes districts
Khandwa and Khargone representing ISP & SSP respectivaely.,.

B. Review of the progress of works on the suggested parameters in
relation to the proposed filling of the reservoir upto RL lOOm by
June 2002.

No C0mments.

Phased Catchment Area Treatment:

By the end of December 200! , an area of 94400 ha has been treated
against the target area of 1,25,725 ha.

IF ,
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Compensatory Plantations:

The progress reported is 8,736 ha. against the target of 8,737 ha.

Survey of Flora, Fauna and Carrying Capacity Studies.

No comments.

Fisheries Conservation and Development:

The State Fisheries department is requested to furnish details on the
issue and initiate suitable actions to identify such locations and to
s~ggest suitable measures to protect the breeding grounds of Mahaseer
or alternative strategy to develop conducive environment in nearby
regions in the Narmada river & its tributaries..

Felling of Forests in submergence of SSP:

Agrees with Annex-XXXVII-(4) page 31-32 of the Agenda.

Archaeological & Anthropological Aspects

Progress is being updated by the Commissioner, Archaeology &
Museum, GoMP and the same will be presented in the meeting.

Seismicity & Rim stability of reservoir

It pertains to GoG ,.
Health Aspects:

Comments/observations from Director Health Services & Department
of Preventive & Social Medicines, Gandhi Medical College, Bhopal
have been sought. . .

Command Area DevClopment

No command area of SSP lies in Madhya Pradesh.

Down stream environment

Pertains to GoG.

25
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Item No. XXXVII-3(172): REVIEW OF THE STATUS OF INDIRA
SAGAR PROJECT MADHYA
PRADESH.

Catchment Area Treatment

By the end of December, 2001, against a target of 62975 ha. an area
.5.l2.80.ha has been treated-up, The progress is aboutgl~ of the final

•targets.

Compensatory Afforestation:

By the end of December, 200 I an area of 76389 ha has been covered
against a target of 80,945 ha.

Survey of Flora-Fauna & Currying Capacity studies:

Sub-Committee of the Cabinet in Madhya Pradesh has recommended
the creation of Omkareshwar National Park and two sanctuaries
namely Surmanya & Mandhata to the Cabinet for its consideration.

Archaeological & Anthropological Survey:

NVDA. has again requested ASI to take up protection measures for
Joga Fort as per provision of the Act. As regard1> appro'val of
estimates the competent authority may be approa~hed in Gol.
Authority preparing estimates should be able to design & construct the
same. ,.

Seismicity and Rim Stability of Reservoir:

Staff engaged to analyse the sL:ismic data is trained by IMD. However,
Indian Meteorological Department (IMD) is approached by the project
authority to get the data analysed periodically.

He~llth Aspects:

Final report is still awaited from GMC, ,Bhopal. A meeting of State
Health Deptt. & G.M.C. Bhopal is being held shortly to decide
composition of cell in NVDA headquarter.

26
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Command area Development.

During the third meeting of the Committee constituted for drawing up
the CAD plan for Indira Sagar Project, it was decided that the
guidelines (copy enclosed at Annexure-B) given in the report of a
Working Group published by the Central Water Commission in 1980
will be broadly followed. However, these will be updated by referring
to various circulars issued thereafter and technology provided in th~

revised water management manual published by Gol, Ministry of
Water Resources. Terms of Reference for CAD have been prepared
which will be finalised in the next meting of the Committee being held
shortly. While doing so, the ToRs received from GoG & GoR for
Environment Impact Assessment (EIA) of command area will be kept
in mind & will be incorporated to the extent of their adaptability under
various conditions of agroclimate & terrain, prevailing within the ISP
command area. '

./

1(em No. XXXVII-4(173) REVIE\V OF ACTION TAKEN ON THE
DECISlON OF THE PREVIOUS
MEETINGS.

No comments.

CAT Phase-I - Establishment of Silt Monitoring Stations.

Water and Land Management Institute (WALMI), Bhopal has agreed
to take up the task. A proposal in this respect is being dr.awn up. This
is expected shortly. However, it may be added that a set of well
established & tested measures have been included in the treatment
menu.

CAT Pbase-I - Reconciliation of the extent of areas treated by thl'
Govt. of Madhya Pradcsh for tlH' SSP and ISP. '
Reconciliation of the extent of areas treated has been done &' the same
is communicated to NCA.

CAT Phase-II - Submission of Catchment Area Treatment Plans
for freely draining critically degraded sub-watersheds (Item No.
XXII-2(112»

Present position of submission of schemes, their approval &
implementation is shown in annexure-C.
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Present rate of funding is insufficient to treat the areas in the time
frame envisaged i.e. by the year 2011 & 2023 for SSP & ISP
respectively. Direct funding of RVP seems to be the only solution.
Sub-group is requested to take-up this issue at their level.

Cost Estimates for preparation of Action Plans and
implementation of Environmental Safeguard Measures.
Updated information is in Annexure-ID'.

Monitoring works in Maharashtra:
Peltains to GoM.

Publication of Environment:
Project Authority is revising the Publication of environment regarding
ISP.

v/
MQ~{§.Qr)

NVDA (3i'L
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Anncxure-D
Dcc. 20U2

Environment cost of Sardar Sarovar Project

(A) Expenditure by ProJect Authorities:

1. Cost of Survev & Studies Rs. in lacs):

S.No. Component

1. Compensatory Afforestation
2. Catchment Area Treatment
3. Flora & Fauna
4. Health
5. Archaeology/Anthropology
6. Seismicity & Rim Stability

Estimated/Actual Expenditure

2.44/2.44
3.28/2.80

20.33/20.33
29.63/28.59
59.00/36.33
23.00/13.59

11. Cost of Implementation (Rs. In lacs):

S.No. Component

I. Compensatory Afforestation
2. Catchment Area Treatment
3. Flora & Fallna
4. Health
5. Archaeology/Anthropology
6 Seismicity & Rim Stability

Estimated/Actual Expenditure

1800.0011091.05
8835.005/7816.33

1650.00/N il
848.48/21.66
6819.20/74.90

NA/NA

• includes expenditure on establishment .

. .
---_.. _--,-- ..._..- ..- ~.-.
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ANNEX - XXXVII - Min. (ID

GOVERNMENT OF RAJASTHAN
IRRIGATION DEPARTMENT

37TH MEETING OF ENVIRONMENT
SUB COMMITI'EE OF N.C.A.
TO BE HELD AT DELHI ON

08TH FEB. 2002

STATUS REPORT OF
NARMADA"MAIN CANAL PROJECT

UP TO 1/2002
IN RAJASTHAN PORTION.
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I

STATUS REPORT ON NA1lA'IADA MAIN CANAL UPTO 1/2002 IN

RAJAsTHAN

CANAL SYSTEM

Rajasthan has been allocated 0.5 MAF (616 MCM) of Nannada

water under the final award of NWDT to utilize its share of Nannada

water, Government of Rajasthan have planned a 74 km long Nannada

canal to irrigate 73,157 ha of land in the drought prone districts of Jalore

and Banner. The canal system will cover G.C.A. of 1,427020 ha of which

1,35,476 ha is C.C.A. Besides irrigation benefit to 89 villages (74 in

Jalore and 15 in Barmer) the project also envisages to provide drinking

water to a population of 3.0 lacs living in 124 villages around the

irrigation canal. The canal will trapezoidal in section & will be lined by

cement concrete. Maxm. Capacity of canal at head is 74.58 cwnecs while

discharge requirement is 69.43 cwnecs. There are 9 major distributaries

with a total length of 282.3 km. The total length of minors is 485 km and

sub minors is 636 km. Additional project activities would include

construction of head regulators bridges, cross-drainage works, escapes

etc.

The detailed project report (revised) for appraisal was submitted to

central water commission for approval during February 1990. The project

was considered in the 51st meeting ofTechnical Advisory Committee on

Irrigation, Flood Control and Multipurpose project held on 02.12.91 and

investment clearance was accorded by planning commission vide their

letter No. 2(302)/92-1 and CAD dated 23-1-96 for Rs. 467.53 crores at

1989-90 price level including Rs. 280.14 crores share cost payable to

Gujarat. The benefit cost ratio and internal rate of return of the project are

1.01 and 10.420/0 respectively.

\\ )
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The Ministry of Environment and forests, Government of India and

Planning Commission stipulated that an Environmental Action Plan

(BAP) should be prepared and implemented pari-passu with the project

implementation under the over all guidelines of Nannada Canal

Authority. In compliance to above, Mls WAPCOS a government of India

Enterprises was asked to prepare EAP Draft report from them has been

received and revision of project was made in the light of following

observations:

1. Semi detailed!detailed soil survey, assessing cropping pattern,

appropriate water allowance to avoid! minimize water logging and

salinity problems in the command.

2. Hydro-geological studies, water quality tests, surface/subsurface

drainage system.

3. Identification and possibilities of excluding problematic area and

inclusion of additional areas by providing 15-20 m lift.

4. Adoption of water saving! management techniques viz. sprinkler/

drip irrigation system.

S. Participatory Irrigation management and constitution of water users

Association.

6. Socio economic survey of pre project in the command area and

likely post project implementation impact.

In view of the above suggestions/observations revised project

proposals was approved by cabinet committee vide Draft cabinet memo

No. 151/99 order DI57/c/c/99 dated 20-9-99.

Mls TAHAL Engineering and consultant is being entrusted with the

work of framing detailed project report considering all factors including

observations/suggestions made by WAPCOS. The revised proposals

include following amendments.

34



1. Water allowance (at outlet head per Tb. acre)
Revised

Flow 3.06 cusecs
Ned area 2.0 1cusecs
Lift 2.75 cusecs

+I.C.A.
~ Irrigation intensity

2.G.C.A.
3., ccA
~

NedArea
Flow irrigation
Lift irrigation

3.0 lac Ha
0.38

1.13
1.00
2.51
1.76

70%

Revised cost of project has been estimated to Rs. 1392.03 crores.

Upto January 2001, payment of compensation of about 335 ha of

land ammmting to Rs. 121.00 lac for construction of canal 0 to 30 km has

been made. The lining of main canal km 0-7.88 has been completed. All

road bridges between on 16 km, head and cross regulator at RD 7.88 km,

16 km and 29.30 km, canal syphon on river sukri (RD 52.75) had been

completed. An amoWlt of 119.96 lacs has been paid to land acquisition

officer for payment to 112 cultivators, for the land coming under canal

alignment km. 30-48, out of which Rs. 34.59 lacs has been paid to 46

cultivators. Excavation of canal upto 30 km has been done, service road

(W.B.M.) parallel to main canal has been constructed Residential! Non

residential buildings for officers! employees of project have been

constructed at Jalore / Sanchore in addition to office of Additional Chief

Engineer, Inigation Zone at Jodhpur.

Tenders for construction of Narmada Main canal from km 7.88 to

51.50 and appointment of consultant to submit detailed project report are

likely to be finalised during 3rd week of Feb. 2002.

35
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The tender for construction of N.M.C. syphon at Luni River has

been approved by Government on 1st February 2002. The work is likely

to be started by 3rd week of Feb. 2002.

The survey work from 51.5 km to 74 km has been completed. The

process of land acquisition is under progress.

As per decision taken in the meeting of Narmada Canal Authority;

water is likely to be made available to Rajasthan during 2004-05. In the

Gujarat portion. under phase ill construction of canal in the reach 263

km-458 km (Rajasthan head is \D1der progress)
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ANNEX - XXXVII- Min. (§}

OFFICE OF THE ADDmONAL CIDEF ENGINEER, JRRIGAnON ZONE, ",
, /

, , JODHPUR ' .

No.: TF(ll)21ACEI200ll I0 lj ~ Dated: ;le) :it"\)~
The Chief Engineer (Finance), ,
\Vater & Power C,onsultancy Service Ltd.; ,
NEWDEUll.

, ,-
Sub: Outstanding pil)mcnt ofyour dues (Rs. 10,46,870/-).
Ref: The Superintending Engineer, Nannada Canal Circle, Jalore ... his-letter

no.SEJNCPIT-27/2001-02l291O-12 dated 7.11.2001 Addressed to you and
copy to this office.

Sir,

Your kind attention is imited to above referred letter on the subject "ide which
you were requested to get the final report of envirorunental studies cleared from Narrnada
Canal Authority.

In this context, you are requested to get the environmental studies report cleared
at the earliest from N.C.A. so that the payments of outstanding dues may be released by
Executive Engineer, Narmada Canal Division 1st, Sanchore. -

YoW'S faithfully,

AJn:~e1~~eer,
Irrigation Zone, Jodhpur.

4

,No.: TFCB)2iACEl2001l Dated:

ddi ' at Cdhic;t fE· '.A bon e ngmeer,
Irrigation Zone, Jodhpur.

...

Copy forwarded to the 'fol1owings to pursue the matter with WAPCOS
Authorities, Delhi during the next visit to New Delhi for procurement surveying
instruments and others allied works of NCP. Progress in the matter be infonned after
meeting "'ith WAPCOS Authorities.

(1) The Superin~endingEngineer, N.C.P. Circle, Jalore .
(2) The Executive Engine~r, N.C.P. Division-1st, Sanchore:

u,1'll '1;;: - f; v C>~, u..i>. ,~ •'w(». \,,/JA

S\.Ar~ ~. V'o-~ ~J
bf(}\/ \'lS l0
/~~

, ',' , bl''\./

gt.\~\uAL~~_ .

~ · <ac K \Qt4vrtJ:1;
\.'~·X j. , _

;'.-:;'~'¥i:~,~·~·;f~, .,~~:_,~ ~ _,_._~r;f~;#;~}" ';;:i:I,l':';J~.,i~~;~:;::~~~:,;:~"-:·"



ANNEX - XXXVII - Min. en

A REPORT ON

MONITORING THE IMPACT OF CATCHMENT AREA TREATMENT USING
REMOTE SENSING & GIS IN PARTS OF NARMADA CATCHMENT AREA

T.S.K.Reddy,
Y.V.N.Krishna Murthy

S.Srinivasa Rao
Forest Survey of India, N~gp~r arid

RRSSC-Nagpur, India
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MONITORING THE IMPACT OF CATCHMENT AREA TREATMENT USING·
REMOTE SENSING &GIS IN PARTS OF NARMADA CATCHMENT AREA

Executive Summary

The Sardar Sarovar Project being constructed on Narmada River has become
a boiling point between environmental organisations and administrators. The convict
has caused loss of time and resources for completing the project. The recent
Supreme Court of India Judgement might give a thrust in completing the project very
soon.

Sardar Sarovar Project is a multi purpose project being constructed on the
Narmada River. The project on completion would provide drinking water and
irrigation facilities for Gujarat and Rajasthan states and the hydel power generated
would be shared by Maharashtra, Madhya Pradesh and Gujarat. Government of
India while according the approval of the project has stipulated various conditions to
be followed by State Govts., and as per the condition 11 the three states, where
submergence is going to take place namely Madhya Pradesh. Maharashtra and
Gujarat, has to treat Catchment areas to arrest the siltation of the reservoir and
hence to improve the life of the reservoir. Accordingly, the Maharashtra State Govt.
has prepared action plans for treating the Catchment areas. The Catchment of
Sardar Sarovar Project in Maharashtra State is covering an area of 1568.36 sq.km.
and lies entirely on the left bank of Narmada river and is confined to parts of
Akkalkuwa and Akrani Tehsils of Dhule district.

As per the guide lines issued by the Ministry of Water Resources, Govt. Of
India, for the purpose of treatment of Catchment areas the sub-watershed will be
considered as a unit. Out of the 80 sub-watersheds, 17 are considered as sensitive
because they are directly draining in to the reservoir. The present study is confined
to 6 sub-watersheds of Akkalkuwa tehsil. The CAT Plan implementation has started
in the year 1993 and has completed in 1998. To study the impact of CAT plan
implementation Remote Sensing and GIS techniques arc used. The satellite data
corresponding to 1991 (Pre Plan Implementation), 1995 (During Plan
Implementation) and 1998 (After Plan Implementation) are used to determine the
vegetation status. The NDVI map corresponding to three temporal seasons are
generated and statistics are calculated at sub-watershed level and compartment
level. The result shows that the dense forest has increased from 574 ha (1991)
to 1079 ha (1995) and 2044 ha (1998), and the forest blanks has decreased
from 6713 ha (1991) to 5099 ha (1995) and 4'354 ha (1998). The RS and G/S
techniques have herped in monitoring the CAT plan implementation impact. The
study will be extended to other sub-watersheds based on the encouraging results
from the present study.
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A INTRODOCTION

Sardar Sarovar Project is a multipurpose project being constructed on the
Narmada -River. The Narmada River forms acommon boundary between the States
of Madhya Pradesh, Maharashtra and Gujarat. The project on completion would
provide

• Irrigation to 1.8 million hectares ( 44.5 lakh acres) in Gujarat, 75,000
hectares (1.8 lakh acres} in Rajasthan.

• The hydel power generated (1450 MW) will be shared between Madhya
Pradesh(56%) , Maharashtra (27%) and Gujarat (16%).

• Also it provides drinking water to 8215 villages and 136 towns in Gujarat
and 131 villages in Rajasthan.

The total sUbmergence area envisaged of Sardar Sarovar Project in
Maharashtra is 7725 ha out of which 6488 ha area is under forest. Government
of India while according approval to the project has stipulated various conditions as
contained in their letter No. 8-372/85/FC dated 8.9.87. As per the condition-II State
government will prepare a plan for treatment of catchment areas. The catchment of
Sardar Sarovar Project in Maharashtra State is covering an area of 1568.36 sq.km.
and lies entirely on the left bank of Narmada river and is confined to parts of
Akkalkuwa and Akrani Tehsils of Dhule District.

As per guidelines issued by the Ministry of Water Resources, government of
India, for the purpose of treatment of catchment area the sub-watershed will be
considered as an unit and further the cost of treatment of directly draining sub
watershed will be charged to the cost of the project, and that the general catchment
areas treatment will be treated as a separate development activity. Taking this into
consideration the total number of sub watersheds directly draining into the reservoir
have been identified from the total 80 sub watersheds of Narmada catchment falling
in Maharashtra. The total number of such directly draining sub watersheds in
Maharashtra is 17 out of which 8 sub water sheds are of very high priority and 9 sub
watersheds are of high priority and these sub watersheds form the area for which
SSP CAT Plan was formulated.

B. STUDY AREA

The present study of monitoring the vegetation improvement in the
catchment area since commencement' of CAT Plan from 1993-94 is confined to
Akkalkuwa Tehsil where six out of seventeen directly draining sub watershed in SSP
viz; Na3a, Na 3b, Na 3c. Na 3d, Na 3f and Na 3w on the basis of satellite remote
sensing data of the study area. All these six sub water sheds are of very high priority
sub watersheds- of CAT Plan.

Study Area

The present study area of six directly draining sub watersheds into SSP
reservoir are situated on left bank of Narmada river of Manibeli and Kathi ranges of
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Mewasi Division in Maharashtra It extends from 7"3° 45' _74° 0' N latitudes and 21°
45' - 21°54' 45" E longitudes. The tract lies in Satpuda mountain ranges with deep
valleys and slopes, nearly 50% is having steep slopes ranging from steep to very
steep slopes with or without tree cover. The main geological formation of the tract is
deccan trap basalt characterised by different lava flows of 10-20 meters thickness
almost horizontally deposited.

Soils

The study area mainly consists of shallow soils, medium black soils and
deep black soils. Deep black soils occur in narrow fringes in the valley portion. The
soil is deep black in colour and Fertile which generally supports luxuriant tree
growth. Medium black soil and black cotton soil mixed with organic matter is found in
flat and slightly undulating areas. These soils vary in colour texture and depth and
supports good tree growth_ The coarse soil mixed with stone or murrum are seen on
hilly and undulating terrain areas and having depth of 10 to 30 ems, supports poor
and stunted vegetative growth.

Forests

The forests of this area as per Champion and Seth 1968 (revised
classification) belongs to southern Tropical Deciduous type which further sub
divided into (1) Dry Teak forests and (2) Dry deciduous mixed forests. Teak
occurrence varies lrom 30 tc 60% in the dry teak forests and other species that
occur in the area are Anogeissus latifotia, Garuga pinnata, Lannea grandis,
Pterocarpus marsupium, Diospyros melanoxylon, Boswellia serrata. Acacia
catechu Lagerstromia parviflora- and occasionally Sterculia urenses. Bamboo
clumps occur in valleys and moist sheltered pockets.

Climate

The climate of the area is typical sub-tropical climate created by its location
between the tropic of cancer and the equator and the hill ranges are fed by South
West monsoon. Therefore it rains during the period of June end to September end
and the precipitation ranges from 600mm to 960mm. Maximum and Minimum
temperatures; recorded in the area are 43° and 10° respectively. The rainfall data of
Akkalkuwa Tehsil for the period 1992 to 1998 is given in the table below:
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Wildlife.

Large scale hunting and poaching by the local tribals and deterioration of
forest crop and its density, the wild life has almost vanished. Tiger is occasionally
seen while Panthers, wild cats. Barking deer, Sambhar, Hyena etc are found in
small numbers.

Population:

17 villages of the Akkalkuwa Tehsil falls in the catchment of Sardar Sarovar
Project. The population in this area over the decade increased at the rate of 18.12%
based on 1981 and 1991 Census. The average per hectare population density in the
catchment area as per 1991 census is 0.63.

Due to hilly and remote nature of terrain tribals in the tract are under
developed. The tribals mainly depend on the cultivation for their livelihood. The
landless are generally engaged on daily wages with cultivation as well as in
government schemes under tribal sub plan. The villagers earn by collecting forest
produce viz; bidi leaves, gum, honey, lac charoli etc.. The main crops cultivated in
this area are Jowar paddy hill millets, Udia, Mung, bauti etc. Due to unscientific
practice of agriculture like shifting cultivation local tribals harvest very low yield of
crops.

C. METHODOLOGY

..
CAT Plan:

The Catchment Area Treatment (CAT) Plan was prepared based on the
existing condition of the forest (density, growth composition) biotic pressure and
local requirements. The treatment is carried out under three afforestation schemes
viz; i) Treatment Plan in Closed Forest (CAT: 1) 2) Treatment Plan in openl
degraded and forest blanks (CAT 2) and iii) Treatment in grass land and waste land
Area (CAT:3).

Treatment Plan in Closed Forest (CAT -1);

Areas having forest crown density more than 40% with better soil and minimum
biotic interference are treated under CAT: I plan. The treatment is protecting the
area from biotic interference, carrying out tending operations, afforestation of blanks
and improving existing stocks by under planting. Nala bunding, check dams, bush
wood dams. Rock fill dams are carried out to minimise run off and soil erosion.
Trench cum mound stone wall construction and planting Sabar, agave species on
these mounds was carried out to protect plantation works from Cattle-

Treatment Plan in open/degraded and Forest blanks (CAT 2):

Areas with forest crown den,sity less than 40%, badly adopted and very much
vulnerable to moderate to severe erosion are treated under this plan. Intensive
afforestation works like planting 2500 seedlings per hectare planted in 30 cm3 pits
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besides soil and moisture conservation works are done under this treatment plan.
Broad leaved Miscellaneous species preferably indigenous nature are developed in
nursery for one year in poly pots and used for planting purposes. Nala bunding,
check dams. Gabion structure, bush wood dams, and other soil and moisture
conservation works are carried out to minimise run off and soil erosion. Trench cum
Mound, agave species on these mounds was done to protect the plantation works
from biotic interference.

Treatment Plan in Grass lands and Waste land area (CAT;3);

Areas with severe erosion and having coarse soils and closure to the
habitation are treated under this treatment plan. The treatment includes intensive
soil and water conservation measures like community afforestation, soil pasture
scheme and formation of engineer.ing structure like Check dam, Gabian structure,
nala bunding is done. Introducing improved grasses such as Cenchrus, Ber,
Sheda, Pavanya, marvel, stylosanthus etc, is done. Fifty trenches of 2m x 0.6 m x
0.3m size and 100 grass beds of size 8 m x 1.75m x 1.15m are prepared per
hectare. 200 gms of improved grass seed is sown in each grass bed. Soil and
moisture conservation works like nala bunding, bush wood, gabion structure are
done in these areas. Trench cum mound, stone wall construction and planting of
sabai, agave species on these mounds was done to protect the plantation works
from biotic interference.

The following materials are used for carrying out the project.

• Remote sensing data

Three period satellite data was used for monitoring the impact of
developmental activities which are described above. The data used are

IRS lA L1SS 11
IRS 1 8 L1SS 11
IRS IC.L1SS III

oap: 22-12-1991
oap: 13-12-1995
oap: 4-12-1998

• Survey Of India topographical maps on 1:50,000 scale
• Working plan maps of North Dhule Division
• Spatial and attribute information regarding the developmental activities 

cost involved, zone of area where' activities are carried out and time
details specifying when the activities are carried out

The methodology adopted for the project is described in the flow chart. The
sequence of steps that are carried out given below.

o Loading of-satellite data
o Registration of satellite data
o NOVI generation
o Digitisation of cultural features
o Generation of sub watershed, compartment mask
o Overlay of compartment and sub watershed boundaries

13
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-------------------
" Ground validation of output
u After ground validation, final Forest Density Map generation
() Statistics and Output generation

The satellite data was registered with map information using map-to-image
transformation model and image-to-image transformation model. The Normalised
Difference Vegetation Index (NDVI) is generated and segregated into 5 major
categories based on the ground truth provided by the user department. The classes
identified are dense forest, open forest, degraded forest, forest blank and water
bodies. The watershed boundaries and compartment boundaries are digitised and
are overlaid on the satellite data and classified map. The output is validated in the
field. After ground validation, the final forest density map is generated.

The area statistics are generated for the three years 1991, 1995 and 1998 at
compartment and sub watershed level. The hard copy output is generated on
1:50,000 scale depicting the three FCC and NDVI maps. Final output is generated
on 1:50,000 scale and statistics are generated watershed wise and compartment
wise. The results are enclosed in the table.

Remote Sensing

Remote Sensing is defined as a means of observing the earth's surface and
environment from air or space by means of electromagnetic waves of the optical or
microwave range. The restriction to electromagnetic waves is due to the fact that the
observation from a spacecraft excludes other possibilities such as sonic waves,
which require a medium like air, water or solid earth for propagation. Other means of
indirect observation by, for example, stationary magnetic or electric fields are not
sensitive enough for high geometric resolution measurements.

Remote sensing is characterized by the fact that it measures qualitatively
and quantitatively features of the earth or its atmosphere without any material
contact. The instruments applied are called sensors. If they consist of both a
transmitter and a. receiver, then we are talking about "active sensors". In the case
of external signal sources it is possible to use just receivers' i.e. "passive sensors."

The Target's features can be measured indirectly through the interaction
with electromagnetic waves. Various methods are applicable. Figures I and 2 show
the proper arrangement for passive and active sensors, respectively. In the passive
case one determines either

the amount 0 f electromagnetic emission of the target itself, or
the reflectivity of optical signal power of the sun at the target, or
The amount of scattered power, if the "target" is, for example, an aerosol of
the atmosphere, or
Absorption of solar radiation power in the media to be measured..
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ELECTROMAGNETIC INTERACTION

Electromagnetic interaction is a function of the physical parameters of the
target. It is especially a function of the dielectric properties (permissivity) of the
target's material. The material's behavior against microwaves can be classified
into three categories.:

If the material behaves like a metal, then the waves cannot penetrate this
matter. Electromagnetic waves irradiating such a metallic surface are almost
completely reflected. The type of reflection (specular or diffuse) depends on
the roughness of the surface.

- If the material is water, then the incident waves are reflected at the water
surface to a large extent. Only some small fractions of the incident energy can
enter and penetrate the target and will be .attenuated to almost zero power
after a short way, say a few wavelengths or fractions thereof.

- "Dry''', non-metallic materials change the wavelength of the incoming signals
because the refractive index is larger than in vacuum or air, and the signals
split, in accordance with Snell's law, into a transmitted and a reflected
component (see Figure 5). With increasing water content of the target the
similarity of the material's properties with that of metallic matter under
electromagnetic interaction increases.

Generally, interaction of the waves with matter and its characteristic features
can be described to a large degree by the following factors;

reflectivity/scatter, backscatter;
absorptivity, and to some degree, by
the transmissivity.

Reflection, Absorption and Backscatter.

They define the percentage of signal power reflected, absorbed and
scattered by the target. The values of these quantities are functions of the
microstructure, the chemical nature and the biological state of the target. As an
example: the leaves of plants consist basically of a. sponge-like structure, with many
randomly distributed holes and droplets of water and other holes filled with some
pigments. They can be modeled simply by a lossy layer of a certain permissivity,
where the loss is frequency-dependent. Dispersive multi-reflection, therefore, occurs
in the leaves. The chlorophyll elements absorb radiation energy of the blue and red
sections of the light spectrum. The reflected signal lacks these absorbed parts of the
solar spectrum, and therefore..Iooks green. In the infrared parts almost all the signal
energy is reflected, if the structure is in proper conditions. If. however, the structure
is collapsed because of stress conditions. then the reflectivity is affected.

If photosynthesis no longer occurs, then the plant color changes to yellow,
which shows that almost all spectral radiation components of the visible light are
reflected. The typical spectral characteristics of healthy leaves is given in Figure 7.
It is , of course, also a function of the season, Le. of the phenological state of the
vegetation.
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Spectral Signatures.

The spectral bands generally used in Remote Sensing

1) 0.45-0.52 :111:

2) 0.52 - 0.60 : 111 :

3) 0.63 - 0.69 :111 .-

~' 'i;"'l~~ :11;l'i~\lt'~~I' i~;?il,'P :111:
, : f.. , ..Ill" 5 "Ill .

.,'. ,1~,' : ,.:1 , 11'.'" • •

6) 10.40-12.50 :111 :

7) 2.08 - 2.35 :111:

Water penetration, differentiation,

soil/vegetation and
deciduous/coniferous flora.

Peak of "green" reflectance;

assessment of vegetation-vigor.
Vegetation discrimination:

chlorophyll absorption.
Biomass determination.

Moisture Content;

soil moisture,
snow/clouds discrimination
Thermal mapping,
vegetation stress analysis, .
soil moisture discrimination.
Hydrothermal mapping,

rock type discrimination.

Vegetation Indicies

Vegetation indices are particular combinations of spectral responses in
different wavelength bands, which emphasize a particular feature of the vegetation.
The development and use of vegetation indices is guided by three general
objectives:

• To enhance, through an appropriate combination of spectral bands, the
relevant vegetation features. Ideally, the indices should have a better-defined
relationship with physiological properties of the crop and forest vegetation
than individual spectral measurements.

• To standardize the representation of crop forest species spectral response
(useful in region to region or year to year comparisons).

• To reduce the dimensions of th'e data sets (i.e. an index reduces to one data
set then sets which contribute to its calculation),

It is also worth noting that ratio indices have the added advantage of being
dimensionless; this renders the calibration of the radiance values to reference
standards unnecessary (calibration of the index with respect to ground features
remains, of course necessary),

The Normalized Difference Vegetation index (NDVI) and the Perpendicular
Vegetation Index (PVI) are widely used in forestry studies.

..
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THE NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI)

The NDVI is defined as the ratio of the difference between the near infrared
and red reflectance to their sum or

NDVI =(near infrared - red) I ( near infrared + red)

The index is called normalized because it is divided by the sum of radiance's
and thus normalizes somevvhat for differences in solar spectral irradiance's. The
NDVI is dimensionless and can take values from -I to +1. Negative values are found
'Nhen the red reflectance is higher than the near infra red/as for certain types of dry
soils. The value of .the NDVI is mainly determined by the difference between the
near infrared response which increases with increasing vegetation in the scene, and
the red response which decreases with decreasing vegetation.

Field measurements have established that there is a relationship between
green biomass and the NDVI up to a certain value of the cover biomass above
vvhich the NDVI remains constant (saturation level).

A relationship of the type

LAI - a b.NDVI + C where LAI = Leaf Area Index, m 2 I m 2

The reflectance data in the spectral band forming the NDVI provide
indications on biophysical parameters (rates) such as primary productivity (via the
local density of the chlorophyll and the photosynthetic capacity of the canopy) and
evapotranspiration (via a variable stomatal resistance to gas and water vapour
transfer).

D. RESULTS AND DISCUSSIONS

..

•

•

This work has been carried out jointly by the Maharashtra State Forest
Department Dhule, Regional Remote Sensing Service Centre, Nagpur and
Forest Survey of India, Nagpur. This joint ve.!1ture has resulted in to the
monitoring of Catchment Area Treatment (CAT) plan of Sardar Sarovar
Project using Remote Sensing and GIS in 6 sub-watersheds falling in Mewasi
Forest Division of Dhule circle. The present work has shown potentiality of
RS and GIS in moni!oring the impact of CAT plan implementation- The total
area treated is around 7,900 ha out of total area 13,932 ha in a span of 5
years during 1993 to 1998.

The dense forest has increased from 574 ha (1993) to 1079 ha (1995) and
2044 ha (1998). This has resulted ari increase of dense forest by nearly two
times between 1991 and 1995 and again in between 1995 and 1998. The
treatment has positive impact in improving the vegetation status in the
Catchment.
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• The forest blanks has decreased from 6713 ha (1993) to 5099 ha (1995) and
4354 ha (1998). This has resulted mainly because of afforestation in new
areas and preventing forest degradation according to CAT programs.

• The decrease in forest blanks is by 40% from 1993 to 1998. The forest blanks
have been converted mainly into open forest.

• There is a phenomenal change in the vegetation intensity. During the
treatment period, the blanks are changed from degraded forest to open
forests to dense forests. The 3 season satellite data has helped in
monitoring the changes periodically.

• The changes in forest density are ratified by ground validation by forest
department and RS derived outputs.

• Due to the increase in height of the dam and the subsequent impounding of
water in the reservoir, the area under water bodies has increased from 485
ha (1993) to 811 ha (1995) and 1114 ha in 1998. This increase is mainly in
the river bed, along the river.

E. CONCLUSION

,. The forest density/type map and statistics generation required an input in the
preparation of Forest Management Plan preparation would typically take 6-9
months for a forest division having an area more than 3000 sq. km. This is
much faster than the time required by conventional approaches which
required around 2-3 years.

,. Reliability of the maps generated by using RS & GIS would be high as
subjectivity while mapping is least.

,. Eliminating Subjectivity and scope for human errors.
,. Accurate location of sample plots which aid in making more

comprehensive and realistic plans.
,. Quantification of land use/misuse and its precise location.
,. Satellite data serves as reliable record and very useful in Detection of

encroachments.
,. Typical cost for this approach would be Rs. 1.75/Ha as compared to over Rs.

7/ha for conventional approach.
,. The updating of information and hence change monitoring will be much faster

as the earlier data is compatible for digital analysis.
,. The monitoring of changes in Forest can be studied enabling almost near

real-time as RS satellite data has repetitive coverage.
,. Forest fire mapping and damage assessment for taking timely appropriate

measures.
,... The RS & GIS database for the state once established would facilitate

analysis of various alternatives before arriving at the operational management
model.

,... The GIS would enable exploring various possibilities for improving the
parameters such as Site quality which depend on various factors such as
slope, groundwater, meteorological parameters etc.
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I Water- Water bodies Forest blanks Degraded forest Open forest Dense forestS.No. Total
shed
No. 1991 1995 1998 1991 1995 1998 1991 1995 1998 1991 1995 1998 1991 1995 1998

1. Na3a 269 437 562 1019 732 853 565 508 544 994 1063 686 138 245 341 2985 2985 2986

2. Na3 b 1 0 1 355 253 164 219 248 289 I 597 537 492 219 353 445 1391 1391 1391
I

1

1166
I

3. Na3 c 3 15 32 1756 1160 1145 771 867 832 1430 1030 130 356 .788 3827 3827 3827

i

4. Na3d 98 182 203 948 669 507 243 339 315 253 320 357 38 70 198 1580 1580 1580

5. N a 3f 3 6 17 1721 1535 1074 485 612 754 461 508 632 45 54 238 2715 2715 2715

8. N a 3 h
1

111 171 199 913 750 611 247 366 342 1~6 144 246 4 1 34 1432 1432 1432

Total 485 811 1014 6712 5099 4354 2530 2940 3076 3627 4002 3443 574 1079 2044 13931 13931 13931
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51. Water 1993 1994 1995 1996 1997 1998 Total CAT-1 CAT-2 CAT-3 Total
No. 5hed No.

I
1. Na 3a -_. -.. 480 -*- -** *** 480 171 309 0 480

2. Na 3b *_. 318,5 500 12 *** *** 830.5 388 397.5 45 830.5
! !

3. INa 3c 560 1678 433 -- 30 **- 2701 I 568 I 1773 360 2701

4. Na 3d *_. 480 295 220 **- *** 995 295 638 62 995

5. Na 3f *_. 1211 475 85 **- 150 1921 301 1458 162 1921

,6. Na 3h ••• 472 .** 400 ••* 100 972 264 670 I 38 972, i ,

Total 560 4159.5 2183 717 30 250 7899.5 1987 5245.5 667 7899.5
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