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MESSAGE
I am very pleased to see the report on “Geospatial technology for acreage
estimation of natural rubber and identification of potential areas for its
cultivation in Tripura state” which is a product of the successful collaboration
between Rubber Research Institute of India (RRII), Rubber Board, Ministry of
Commerce and Industry, Government of India and the Regional Remote
Sensing Centre-South (RRSC-S) under the National Remote Sensing Centre,
Indian Space Research Organization, Government of India. This study has
been successfully completed in a short time and this sets out a good
example of how different agencies can collaborate to achieve commendable
results.
As a result of the concerted efforts of Rubber Board, natural rubber (NR)
cultivation has flourished in the state of Tripura, making this state the
second hub of NR cultivation in the country. It is a known fact that NR
cultivation has literally transformed the socio-economic landscape of this
state. This would not have been possible without the active support
extended by the state government for the activities of Rubber Board.
We need to increase the supply of NR, a critical engineering raw material to
meet its increasing industrial demand in the country. North East India has
large expanses of land that are suitable for NR cultivation. Rubber Board is
committed to ensure that expansion of NR cultivation does not cause
deforestation and lands used for cultivating rice and other food crops will not
be converted into NR plantations. In this context, the geospatial information
generated by the present study will be a valuable tool for Rubber Board in
planning its R&D and extension activities in Tripura.
Among other equally ambitious programmes in cutting-edge areas of
research such as genomics, bioinformatics, nanotechnology etc., geospatial
technology is a strongly emerging research component in RRII. While
congratulating both RRII and RRSC-S in conducting the present study
fruitfully, I do hope they will identify more areas of collaborative research in
future also.
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FOREWORD
Indian Earth Observation System (EOS) with a constellation of remote sensing
satellites and a holistic applications programme has established itself for
operational mapping and monitoring of natural resources and sustainable
development. National Remote Sensing Centre (NRSC) is at forefront of this
effort through a large number of operational projects and data services. In the
field of agriculture, crop monitoring systems, crop modeling, drought
assessment and watershed development have reached user acceptance status.
The diversified Indian agriculture has significant economic contribution from
horticultural and plantation crops. Natural rubber (Hevea brasiliensis), an
important commercial plantation crop, has gained significant growth in the last
two decades in the North-Eastern states especially Tripura.
NRSC positively responded to Rubber Board’s initiative in utilizing geospatial
technology for inventory of natural rubber and identifying potential wastelands
for expanding area under rubber plantations. The joint exercise was carried out
by Regional Centre – South of NRSC and Rubber Research Institute of India
(RRII), Kottayam and results of the joint study are presented in the report.
Current inventory with other land cover information will go a long way in
developing a sound strategy for rubber expansions. I complement the teams
and the partner institutions for the effort in successful completion of this
project. NRSC hopes to continue with RRII and Rubber Board for most
appropriate adoption of geospatial technology for the benefit of rubber growers
in the country
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PREFACE
Natural rubber (Hevea brasiliensis) is a critical industrial raw material for the
rubber-goods manufacturing industry that is central to economic growth.
Currently, the supply and demand for natural rubber (NR) almost match in
the country. However, as the economy grows, demand for NR could increase
markedly. This calls for increasing NR production in the country, either
through enhancing productivity of the existing plantations or by expanding to
newer suitable areas.
There are limits to which productivity can be enhanced in existing NR
plantations, particularly in poorly maintained and senile holdings. There is
limited area available to expand NR cultivation in the traditional rubber
growing regions of India which include Kerala and Kanya Kumari district of
Tamil Nadu. Hence, Rubber Board has been focussing on expanding NR to
non-traditional areas such as North East (NE) India, the Konkan, parts of
Odisha, Andhra Pradesh and Northern West Bengal etc. Next to the traditional
regions, N-E regions of India offer large extents of potential areas to grow
NR.
Government of India have mandated Rubber Board to double the area under
NR in NE India by the end of the 12th Plan period (as compared to the area
under NR at the beginning of the 11th Plan period). According to earlier
assessments of Rubber Board, about 450000 ha may be available in N-E for
growing NR, but the exact locations of these lands were never identified.
Realizing the potential of geospatial technology for mapping and monitoring
land use patterns, Rubber Research Institute of India (RRII) under the
Rubber Board approached the National Remote Sensing Centre (NRSC) with
the twin objectives of estimating the spatial extent of the existing NR
plantations and locating cultivable wastelands, degraded jhum lands and
other denuded lands where NR can be cultivated without causing
deforestation and conversion of crop lands in NE India. This report is the
result of a pilot study carried out in Tripura in collaboration between RRII and
the Regional Remote Sensing Centre – South, NRSC to address these
objectives.
Spectral signature from satellite images could categorically identify NR
holdings (that were more than 2-3 years old) and the estimated area came to
48,037 ha as of March 2012. Adding to this, the extent of young NR (below
2-3 years old) as per Rubber Board records, the total area under NR in
Tripura was 58637 ha as of March 2012 which closely agreed with the official
statistical data available with Rubber Board (59285 ha). Analysis of the
satellite data showed that no low lying lands have been cultivated with NR,
indicating that the lands traditionally used for growing rice have not been
converted into NR plantations so far.
vi

Spectral signature of wastelands such as scrubland, denuded lands, lands
with grass/shrubs and jhum lands and their terrain characteristics were
considered for visual interpretation. The analysis revealed about 28133 ha of
potential wastelands in the state. However, about 20 per cent of this is found
inside the reserved forest area. About 22,947 ha of wastelands were available
outside the reserved forest area. Assuming that about half of the young (less
than 2-3 years old) NR holdings were cultivated in these wastelands, the area
of wastelands available outside the reserve forest for new NR cultivation
(without causing deforestation and conversion of rice fields) in Tripura may
be limited to about 18000 ha. These potential lands will be further
characterized for their site suitability for NR cultivation in terms soil fertility,
climate, slope etc.
We are extremely pleased that the objectives of study have been
accomplished satisfactorily in just one year and in the course of the study,
considerable capacity building of RRII personnel has been achieved. We are
confident that the information generated in this project is useful for Rubber
Board towards better planning and management of its R&D and extension
activities in the NE. We are also hopeful that the methodology developed will
help in extending the scope of the study to cover other states in NE where NR
cultivation holds great promise for socio-economic development in an
environmentally sustainable manner.

Date: July 20, 2012

James Jacob

Kottayam

Uday Raj

Bangalore

vii

ACKNOWLEDGEMENTS
The Regional Remote Sensing Centre, South (RRSC-S), NRSC acknowledges
with great appreciation, the initiative taken by the Rubber Research Institute
of India, Rubber Board, Ministry of Commerce and Industry, Government of
India to come up with this ambitious and novel project on “Application of
geospatial technology for acreage estimation of natural rubber and
identification of potential areas for its cultivation in Tripura state” and
entrusting the same to us. The project team acknowledges the constant
encouragement and support extended by Smt. Sheela Thomas (IAS),
Chairman, Rubber Board who showed keen interest in the progress and
outcome of this project. The team also wishes to place on record its gratitude
to Shri. Sajen Peter (IAS), former Chairman, Rubber Board, for approving
and supporting this important project.
Our deep sense of gratitude is due to Dr. V. K. Dadhwal, Director, National
Remote Sensing Centre, Indian Space Research Organization, Government of
India, for entrusting the task of execution of the project to RRSC-S and his
valuable advice.
The project team expresses its deep sense of gratitude to Dr. Y. V. N. Krishna
Murthy, Deputy Director, RS & GIS and Dr. J. R. Sharma, Chief General
Manager, Regional Centres, NRSC for their constant support and suggestions
for successful completion of the project.
The project activities could not have been completed without the active
participation and support of the scientists, officers and technical staff of
Rubber Board in Agartala, Tripura. They arranged all logistics during the field
work.
The project team acknowledges the support provided by the scientific and
technical staff of RRSC-S during the different stages of implementation of the
project. We are thankful to Shri. M. L. Ramachandra, Scientist, RRSC-S for
his support in preparation of this document. We sincerely thank the National
Data Centre, NRSC for their support and timely cooperation in providing the
required satellite datasets for the project.

Project Team

viii

PROJECT TEAM
Regional Remote Sensing Centre- South
National Remote Sensing Centre, Bengaluru
Mr. Uday Raj, General Manager
Mr. Hebbar R., Scientist “SF”
Mr. Ravishankar H.M., Scientist “SE”

Rubber Research Institute of India
Rubber Board, Kottayam
Dr. James Jacob, Director
Mr. Debabrata Ray, Scientist “B”
Mr. Shankar Meti, Scientist “C”
Mr. Shebin S.M., Junior Research Fellow
Mr. Pradeep B., Junior Research Fellow

ix

CONTENTS
Document control sheet
MESSAGE
FOREWORD
PREFACE
ACKNOWLEDGEMENTS
PROJECT TEAM
EXECUTIVE SUMMARY

iii
iv
v
vi
viii
ix
xv

CHAPTER–1
1.1
1.2
1.3
1.4

INTRODUCTION
Natural Rubber (NR)
NR cultivation in India
NR in the North-East
Geospatial technology
1.4.1 Remote Sensing
1.4.2 Geographic Information System
1.4.3 Suitability analysis

1-7

CHAPTER–2

OBJECTIVES

8-9

CHAPTER–3
3.1
3.2
3.3

STUDY AREA
Climate and soils
Jhum cultivation
NR cultivation in Tripura

10-13

CHAPTER –4

SATELLITE AND ANCILLARY DATA

14-16

CHAPTER–5
5.1
5.2
5.3

METHODOLOGY
Ground truth
Field Verification
Satellite data analysis
5.3.1 Data Preparation
5.3.2 Orthorectification
5.3.3 Radiometric normalization
5.3.4 NDVI generation
5.3.5 Data fusion
5.3.6 Digital classification
5.3.7 Visual interpretation
5.3.8 Accuracy assessment

17-24

x

CHAPTER–6 RESULTS AND DISCUSSION
6.1 Resourcesat-1 LISS-III data
6.1.1 NDVI profile
6.1.2 Classification of NR
6.2 Resourcesat-1 LISS-IV data
6.3 Cartosat-1 and LISS-IV merged data
6.3.1 Spectral signature of NR plantations
6.3.2 Spectral signature of potential wastelands
6.3.3 Visual interpretation
6.3.4 Distribution of NR plantations in Tripura
6.3.5 Mapping accuracy
6.3.6 Distribution of potential areas suitable for NR

25-40

CHAPTER–7

CONCLUSIONS

41-42

CHAPTER–8

REFERENCES

43-45

ANNEXURE

46-47

xi

LIST OF FIGURES
Page No.
Fig-1

Location map of the study area

10

Fig-2

Area under natural rubber plantations in Tripura state

12

Fig-3

Steps involved in satellite data analysis

19

Fig-4

Digitization of NR plantations and wastelands

23

Fig-5

Temporal LISS-III data showing NR plantations

26

Fig-6

NDVI profile of different vegetation classes

27

Fig-7

Temporal LISS-III data along with classified data showing
NR plantations

28

Fig-8

Rubber plantations as manifested on LISS-III and LISS-IV
data

29

Fig-9

Manifestation of NR plantations on merged data

31

Fig-10

Manifestation of NR plantations, tea gardens and forest
on merged data

32

Fig-11

Typical wasteland signatures manifested on merged data

34

Fig-12

Interpretation of NR plantations using merged data

35

Fig-13

Refinement of thematic map using LISS-IV data

35

Fig-14

Distribution of NR plantations in Tripura state

37

Fig-15

Distribution of potential wastelands for NR cultivation in
Tripura state

39

xii

LIST OF TABLES
Page No.
Table-1

Area, production and consumption of NR in the
recent past and future (estimated)

1

Table-2

Characteristics of Cartosat-1 and
Resourcesat-1 and 2 sensors

14

Table-3

Satellite data used in the study

16

Table-4

Area under potential wasteland categories

40

ANNEXURE
Field photographs

46-47

xiii

LIST OF ABBREVATIONS
AWiFS
DEM
DN
FCC
GCP
GDP
GIS
GPS
ICT
IHS
IRS
ISRO
LISS
LU/LC
M
MCDA
Mha
MODIS
MX
NDVI
NIR
NOAA
NR
NRSC
PCA
PIF
RRII
RRSC
RS
RS-1
RS-2
Sq. km
SOI
µm
UTM

Advanced Wide Field Sensor
Digital Elevation Model
Digital Number
False Colour Composite
Ground Control Point
Gross Domestic Product
Geographic Information System
Global Positioning System
Information and Communication Technology
Intensity, Hue and Saturation
Indian Remote Sensing Satellite
Indian Space research Organization
Linear Imaging Self Scanning
Land Use / Land Cover
Meters
Multi Criteria Decision Analysis
Million hectares
Moderate Resolution Imaging Spectroradiometer
Multispectral
Normalised Difference Vegetation Index
Near Infrared
National Oceanographic and Atmospheric Administration
Natural Rubber
National Remote Sensing Centre
Principal Component Analysis
Pseudo-Invariant Features
Rubber Research Institute India
Regional Remote Sensing Centre
Remote sensing
ResourceSat-1
ResourceSat-2
Square Kilometres
Survey of India
Micrometres
Universal Transverse Mercator

xiv

EXECUTIVE SUMMARY
The present study was conceived by Rubber Research Institute of India
(RRII) under the Rubber Board, Ministry of Commerce and Industries,
Government of India, to utilize the potential of geospatial techniques for
inventory of existing NR plantations and potential areas for its further
expansion in North-Eastern states of India. In this context, this pilot study
was initiated jointly by RRII and Regional Remote Sensing Centre – South
(RRSC-S) with the primary objectives of (i) estimating the spatial extent of
the existing natural rubber (NR) holdings in Tripura state and (ii) identifying
and mapping potential areas in the state for expansion of NR cultivation.
Temporal and multi-resolution remote sensing data has been used for
achieving the primary objectives. Remote sensing data from three different
satellites viz., Cartosat-1, Resourcesat-1 and Resourcesat-2 have been used
in the present study. Considering the deciduous nature of natural rubber,
temporal LISS-III data prior to defoliation, during defoliation and refoliation
stages were used for better spectral discrimination.
Methodology consisted of preparation of datasets involving orthorectification
and mosaicking of datasets covering the study area. Limited field visits were
carried out twice during the course of this study for preliminary ground truth
collection and field verification. LISS-III datasets were converted into Top of
the

Atmospheric

(TOA)

Reflectance

values

followed

by

radiometric

normalization using pseudo-invariant features for generating Normalized
Difference Vegetation Index (NDVI). Hierarchical decision rule classification
approach was employed for delineation of NR plantations using temporal
LISS-III data. Orthorectified Cartosat-1 and LISS-IV data were fused using
Brovey technique. Visual interpretation of merged data using tone, texture,
shape and terrain characteristics was carried out for delineating NR
plantations and potential wastelands at 1:10000 scale. Post field verification
of the interpreted maps was carried out for the accuracy assessment.
xv

Natural rubber plantations manifested as deep red tone on the LISS-III data
of October month which turned to greyish tone in February coinciding with
defoliation stage and subsequently changing to bright red colour in March
after refoliation due to vigorous growth and lush green colour foliage. It was
observed that mature and old NR plantations showed distinct spectral
signatures and these could be discriminated more easily using temporal LISSIII data. The spectral signature of very young rubber plantations (<2-3 years
years old) was not very clear and often confused with fallow / scrub lands as
the NR canopy was not fully developed. Similarly, temporal NDVI profile was
quite distinct for old mature NR plantations and the trend was closely
matching with tree phenology. Hence, satellite date of pass in relation to tree
phenological stages plays a critical role in spectral discrimination of NR
plantations from other vegetation types. Preliminary acreage estimates of NR
plantations using LISS-III data revealed about 33163 ha in the state.
Subsequently, the estimates were revised using high resolution Cartosat-1
and LISS-IV 4 merged data.
Natural rubber was clearly discernible on high resolution merged data
depending on the age, canopy cover and condition. The old mature
plantations manifested more clearly showing a mapping accuracy of 96.15
per cent. The younger plantations were often mixing with spectral signature
of fallow lands / scrublands and hence the mapping accuracy was lower (86.5
per cent). The total area under natural rubber estimated through high
resolution merged data for Tripura state was 48,037 ha. However, this area
did not include the recently planted rubber plantations (2-3 years old). As per
Rubber Board records, the area planted during 2010 and 2011 was 10600 ha
and adding this to the area estimated through satellite data, the total area
under NR comes to 58637 ha as of March 2012. This closely matches with the
official statistical data available with Rubber Board (59285 ha). Analysis of
the satellite data showed that low lying lands have not been converted to NR,

xvi

indicating lands used for growing rice have not been converted into NR
plantations so far.
In the present study, mapping of potential areas that are suitable for natural
rubber cultivation were delineated using merged data. In this context, the
spectral signature of wastelands such as scrubland, denuded lands, lands
with grass/shrubs and jhum lands and their terrain characteristics were the
main criteria considered for visual interpretation. Main emphasis was given
for the slope and terrain conditions to eliminate current fallow lands, plain
lands, valleys as well as lands that are more suitable for cultivation of food
crops. The spectral characteristics of these suitable wastelands varied
depending on the land cover and slope. The analysis revealed about 28133
ha of potential wastelands in the state. However, about 20 per cent of the
suitable wastelands were mapped within the reserved forest area which may
not be considered for promoting NR cultivation. About 22,947 ha wasteland
is available outside the reserved forests. Assuming that half of the recently
planted 10600 ha of young NR plantations have come up in these identified
areas, the maximum area of potential wastelands available outside the
reserve forest for further expansion of NR cultivation may not be more than
18000 ha in Tripura. These potential lands need to be further characterized
for their suitability for NR cultivation in terms of soil fertility, climate, slope,
etc.
This pilot study has demonstrated the potential of multi-date and multiresolution remote sensing datasets for identification and mapping of NR
plantations and potential wastelands where NR can be cultivated without
causing deforestation or conversion of crop lands into NR. The study
satisfactorily accomplished the major objectives envisaged in the pilot study.
Further analysis is proposed to characterize these potential wastelands by
integrating with slope, climate and pedoclimatic variables for suitability
analysis in order to prioritize these wastelands for extension of rubber
cultivation in the Tripura state.
xvii
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CHAPTER - 1
INTRODUCTION
Natural rubber (NR) is one of the most important commercial plantation crops
of India providing the raw material input for the fast growing domestic rubber
goods manufacturing industry. Natural rubber being an industrial raw
material, its consumption increases with growth in industrial activity and
economic growth of the country. India is one country that produces almost
enough NR to meet its entire industrial requirement. Presently, the
production of NR and its consumption almost match in the country (Table-1),
but, it cannot be assumed that this balance will be maintained in the future.
There is a strong association between GDP and the aggregate national NR
consumption in India. The need for India to produce enough NR to meet its
growing domestic requirement without having to depend on NR imports
cannot be overestimated. There is a strong likelihood that in near future, NR
may become a scarce commodity, both domestically and internationally. It is
in this context, new countries in Asia, Africa and South America are now
coming forward to cultivate NR in large extents.
Table-1: Area, production and consumption of NR in the past and future
Key statistics (Estimated) on the natural rubber sector in India
Total area
Production
Consumption
Deficit
Year
(‘000 ha)
(‘000 tonne)
(‘000 tonne)
(‘000 tonne)
2007-08
635
825
861
36
2008-09
662
865
872
7
2009-10
687
831
931
100
2010-11
712
862
948
86
2011-12
737
899
967
68
2012-13
761
942
1006
64
2013-14
784
990
1067
77
2014-15
806
1054
1115
61
2015-16
827
1110
1165
55
2016-17
847
1166
1218
52
2019-20
907
1341
1389
48
2024-25
986
1583
1731
148
Source: Rubber Board
1
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1.1 NATURAL RUBBER (NR)
Natural rubber (Hevea brasiliensis), also known as the Para rubber tree after
the Brazilian port of Para, is a quick growing, fairly sturdy, perennial tree of a
height of 25 to 30 m. It belongs to the family Euphorbiaceae and the most
economically important member of the genus Hevea. The major economic
importance of this crop is because of its sap-like extract, known as latex,
which is the primary source of natural rubber. It has a straight trunk and
thick, somewhat soft, light brownish grey bark. The young plant shows
characteristic growth pattern of alternating period of rapid elongation and
consolidated development. The tree is deciduous in nature and the defoliation
period is from December to February in India coinciding with the winter
season. Refoliation is quick with lush green leaves and copious flowering
within 3-4 weeks after shedding the leaves.
Natural rubber is a native of the Amazon basin. This was introduced to the
tropical belts of Asia and Africa during late 19th century by European
colonists. It can be termed as the most far reaching and successful
domestication of a crop species in the recent history. Commercial cultivation
of rubber in India was started in 1902. The rubber tree may live for hundred
years or even more. But its economic life period is about 25-30 years
depending up on many factors, particularly the periodicity of tapping. The
crop has a long gestation period of about 6-7 years under Indian conditions.
In South East Asia where the agro-climatic conditions are more congenial for
this crop, the gestation period is shorter. The gestation period can be longer
than 6-7 years in the non-traditional regions of India, mostly due to
prolonged drought (as in the Konkan region, Odisha etc.) or severe cold (as
in the North-East). Geoinformatics tools are increasingly becoming handy to
identify agro-climatically suitable lands for cultivating a crop.

2
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1.2 NR CULTIVATION IN INDIA
Out of the nearly 0.74 Mha of natural rubber cultivated in the country as of
2012, about 0.53 Mha is present in the traditional NR cultivating region,
which includes entire Kerala and Kanniyakumari district of Tamil Nadu. The
non-traditional lands fall mostly in the states of Karnataka, Goa and
Maharashtra along the foothills of the Western Ghats and to a smaller extent
along the Eastern Ghats in Andhra Pradesh and Odisha. Majority of the
potential areas have been identified in the North Eastern states of Assam,
Tripura, Meghalaya, Manipur, Mizoram and Nagaland. North-Eastern India has
extensive areas that are agro-climatically suitable for NR cultivation, but their
exact locations are not identified.
1.3 NR IN THE NORTH EAST
The experience so far in the North East, especially in the state of Tripura
which has the largest NR cultivated area in the entire North East clearly
shows that NR cultivation has been a tremendous success with the native
people who were an impoverished and socially and economically marginalized
lot for a long time. NR cultivation improved their livelihood means and the
social benefits could be evidently seen among the native rubber growers. One
of the most important positive developments has been a significant reduction
in

anti-social

activities,

including

extremist

activities

in

these

areas/communities that took up NR cultivation in Tripura. The environmental
benefits of cultivating NR in the jhum and degraded soils of Tripura have also
been well proven. Rubber being a perennial tree crop giving excellent canopy
cover to the soil, its cultivation has the capacity to restore degraded ecosystems in Tripura, as the experience of Rubber Board has shown. Land
degradation is an alarming problem in the North East and NR cultivation helps
to arrest further land degradation and restore the health and productivity of
already denuded/degraded soils due to regular jhumming.

3
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The Government of India have put a lot of emphasis on the socio-economic
uplift of the North East. Seeing the success of NR cultivation in the North East
so far, especially in the state of Tripura, and taking into consideration the
need to produce more NR in the country, the potential of the region to grow
NR and its socio-economic and environmental benefits, Ministry of Commerce
and Industry, Government of India have asked the Rubber Board to double
the area under NR in the North East by the end of the 12th Five Year Plan
period. Rubber Board has already put in place detailed plans for achieving
this important and ambitious target. A considerable amount of research and
planning is needed, especially in identifying the most appropriate lands for NR
cultivation in the North East that will not interfere with food crops and
biodiversity.
A sound database on the details of the land, such as land ownership and
related revenue information, present land use pattern and vegetation cover,
agro-climatic

details

such

as

rainfall,

temperature

and

humidity,

physiographic information such as latitude, longitude, altitude and slope etc.
is an essential requirement for scientific planning of NR expansion in the
North East. Utmost care needs to be taken to ensure that indiscriminate
expansion of NR cultivation does not lead to deforestation and biodiversity
loss in the region. Conversion of lands used for food production into NR
holdings also cannot be encouraged. Waste/barren lands, abandoned jhum
lands and other degraded areas need to be identified and characterized on a
priority basis and their worthiness for NR cultivation needs to be scientifically
assessed. Flood prone areas in the plains (e.g., the Brahmaputra valley), high
altitude regions, steep landscapes, highly degraded and uncultivable soils,
regions experiencing prolonged dry spells during summer or severe cold
during winter, soils with poor fertility status and organic matter content etc.
are the less preferred choices for cultivating NR in the North East. At a time
when NR price is high, there is all likelihood that large scale indiscriminate
cultivation will happen in such marginal areas also. Therefore, there is an
4
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urgent need to identify the best suited lands in the North East for cultivating
NR with the least impact on the local environment so that scarce resources
can be utilized most effectively and productively in the right lands.
In this context, there is a pressing need to gather scientific information about
the potential lands available in the North East that are suitable for cultivating
NR without any land use conflicts such as conversion of forests or lands used
for food production into NR holdings. Today, this is possible by making use of
satellite data and India’s capabilities in this frontier technology of geoinformatics are quite superior.
1.4

GEOSPATIAL TECHNOLOGY

Remote sensing (RS), Geographic Information System (GIS) and Global
Positioning System (GPS) constituting the emerging field of geospatial
technology offer great promise for generating spatial information on natural
resources at national and subsequent disaggregated levels. RS techniques
have immense potential for providing spatial information on natural resources
and GIS is a powerful tool for integrating natural resources for development
of spatial decision support systems. Thus, geospatial technology along with
Information and Communication technology (ICT) has become a very useful
technique and powerful tool for providing spatial information including
development of land use information systems, towards decision making
(Navalgund and Ray, 2000). Further, the system is also highly useful for
updating and monitoring the dynamics of land use changes through the
monitoring capabilities of the multi-temporal remote sensing data.
1.4.1 Remote Sensing (RS): The conventional techniques employed to
provide spatial information on natural resources are highly tedious, time
consuming and more often subjective; whereas satellite remote sensing with
synoptic and regular coverage has the requisite potential to provide this
information in a timely and more objective manner. In this context, remote
5
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sensing technology enables natural resource mapping and monitoring at
regular intervals. Nation-wide land use and land cover mapping is being
carried out at regular intervals using satellite data (LU/LC manual, 2006).
Further, multi-spectral data from IRS series of satellites is being operationally
utilized in India for providing timely crop information (Dadhwal et al., 2003).
Satellite data corresponding to the optimal bio-window period of the crops,
generally coinciding with the peak vegetative stage when the canopy fully
covers the soil background, is the best period for crop discrimination. Further,
space technology has become a powerful tool for detection and mitigation of
natural disasters like drought and the availability of long-term RS data
enhance the accuracy of hazard detection, monitoring and impact assessment
(Kogan, 2001, Tenkabail et al., 2004). RS data from IRS AWiFS, NOAA and
MODIS

data

are

being

routinely

used

for

operational

monitoring

of

agricultural drought in India (Murthy et al., 2007).
Application of remote sensing has a greater advantage for plantation crops
due to the perennial nature of these crops and hence, datasets of any period
can be used for their discrimination. Medium resolution LISS-III datasets
were found to be suitable for identification of many horticultural crops viz.,
mango, coconut, oranges, grapevine, banana etc. (Krishna Rao et al., 1996
and Hebbar and Krishna Rao, 2002). Similarly, remote sensing data has been
extensively used for inventory of coffee plantations in Southern India
(RRSSCB, 2001, Zhe Li and Fox, 2011a and 2011b) used Landsat-TM data for
rubber tree growth mapping and estimating mature and middle-age rubber
stands.
Feasibility of mapping rubber area distribution using IRS satellite date was
reported earlier by Menon (1991). RRII has successfully mapped the entire
rubber distribution in the traditional rubber growing areas covering Kerala
and Kanyakumari district of Tamil Nadu in reasonable time and accuracy
using the IRS P6 LISS-III data. RRII has brought the spatial rubber
information into the GIS environment along with other spatial information like
6
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soil types, slope, elevation, climate etc. and assessed the spatial distribution
of rubber cultivation in relation to the soil and landscape attributes (Meti et
al., 2008).

The areas susceptible to soil erosion under changing climatic

situation were also determined (Meti et al., 2011).
1.4.2 Geographic Information System (GIS): GIS consists of a set of
computerized tools and procedures that can be used to effectively encode,
store, retrieve, overlay, correlate, analyze, query, and display the spatial and
non-spatial information. Further, these tools facilitate the selection and
transfer of data to application specific analytical models capable of assessing
the impact of alternatives. In order to simulate the crop response, spatial
data of different weather parameters and soil properties are highly essential,
which can be inter- related by applying the GIS techniques. These techniques
are being thoroughly used to integrate the applications of remote sensing
technology into the existing information systems.
1.4.3

Suitability Analysis: Remote sensing provides valuable information

on crop type distribution and its condition at different spatial hierarchies and
has good compatibility for analysis in a GIS environment. Information on
natural resources that are of significant importance towards agricultural
production can be integrated to generate information for sustainable
agriculture. Several crop suitability studies have been carried out to integrate
RS derived spatial information on crops with pedo-climatic parameters and
ancillary information for crop production estimation towards sustainability
(Subba Rao et al., 2001, Krishna Rao et al., 2002, Hebbar et al., 2003).
Integration of various pedo-climatic variables enabled delineation of efficient
cotton production zones (Sesha Sai et al., 2003). An integrated approach
using RS, GIS and crop simulation models have been used for regional level
cotton production estimation (Hebbar et al., 2008 and Hebbar et al., 2008)

7
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CHAPTER - 2
OBJECTIVES
The Rubber Board approached National Remote Sensing Centre (NRSC) with
a request to estimate the spatial extent of existing rubber plantations and
identifying potential / suitable wastelands for further expansion of NR
cultivation in North East. However, the scope of the present study was limited
to Tripura. Identifying the potential lands for possible horizontal expansion of
NR cultivation in Tripura assumes significance as a lot of NR cultivation is
already happening in this state and if this trend continues, there can be
infringement on forests and crop lands. NR suitability analysis also requires
spatial distribution of potential wastelands for integrating different pedoclimatic parameters for deriving rubber-worthy lands in the state. Considering
the presence of rubber plantations of different age groups, the cultivation
practices and varying terrain conditions, it was essential, as a first step to
establish the spectral signatures of rubber plantations for their identification
and delineation. Hence, temporal satellite datasets of different resolutions
were considered in the study for understanding the spectral signatures of
rubber plantations.
The marginal lands, scrublands, jhum lands and denuded lands with medium
to deep soils on gentle slopping lands with a rainfall of about 2500 mm are
generally suitable for cultivation of natural rubber in Tripura. Hence,
emphasis was mainly given for identification and mapping of the above
mentioned wasteland types that could be the potential areas for rubber
cultivation. The plain lands and valleys that are suitable for cultivating food
crops should be strictly avoided in order to maintain the food security of the
region. In this context, landscape, terrain conditions, slope and land cover
were considered for delineating the potential wastelands. Further, the ground
information on the existing rubber cultivation practices in the state was
considered for identification of potential wastelands.

8
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With this background, the present study was carried out in the state of
Tripura jointly by Regional Remote Sensing Centre - South, Bangalore, NRSC,
in association with the Rubber Research Institute of India, Rubber Board,
Kottayam. Geospatial techniques have been used in the study to achieve the
following objectives.
¾ To estimate the spatial extent of NR cultivation in Tripura state
¾ To estimate the spatial extent of potential areas for NR cultivation in the
state

9
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CHAPTER-3
STUDY AREA
The present pilot study was carried out for Tripura state in the North-Eastern
region of the country (Fig-1). Tripura is one of the seven states in the North
Eastern part of India located between 22o56’and 24o32’N latitude to
90o09’and 92o 20’E longitudes covering an area of 10,486 sq. km. The state
is a land-locked, hilly region with altitudes varying from 15 to 940 m above
sea level. Agriculture is the primary sector providing 64 per cent of the total
employment in the state. Rice is the major food crop of the state. The terrain,
soil and climate of the state are ideally suited for rain-fed horticultural and
plantations crops. Major horticultural crops of the state are pineapple,
orange, cashew, coconut and tea.

Fig-1: Location map of the study area
10
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3.1 Climate and soils: Tripura enjoys a typical monsoon climate with subtropical to temperate conditions prevailing in the hilly areas. The foothills,
plains, sheltered valleys and hill ranges are marked by contrasting climatic
conditions. The climate of Tripura exhibits a strong seasonal rhythm with four
characteristic seasons; winter (December-February), pre-monsoon (MarchApril), monsoon (May–September) and post Monsoon (October-November).
The monsoon period lasts for about five months from May to September. The
amount of total annual rainfall in the State varies between 1500-2500 mm.
The maximum and minimum temperatures during winter are 13oC - 27oC and
during summer are 24oC - 35oC, respectively.
The soils of Tripura state can be classified into five distinct categories. The
soil taxonomic units of this category are the Typic/Ultic Hapludalfs, Typic
Ustochrepts, Ultic HaplustaIfs, Udic Ustochrepts and Typic PaleudaIfs. The red
loamy soils cover a total area of 4,514 sq. km covering about 43.0 per cent
land area of the state.

The reddish yellow brown sandy soil of the region

covers a total area of 3,468 sq. km in the state. This type of soil is the
second most dominant type in the region covering 33.06 percent of the land
area. The three other types of soil that prevail in the region are the lateritic
soil, younger alluvial soil and the older alluvial soils. Hence, undulating terrain
with low to medium slopes, loamy/sandy soils and climate of the state are
ideally suited for cultivation of natural rubber and hence, its cultivation in
state is gaining importance over the last one decade.
3.2 Jhum cultivation: Traditionally, majority of the tribal population
practiced shifting or jhum cultivation and they are termed jhumias. The term
"Jhumia" is a generic term used for tribal people dependent on shifting
cultivation as the primary source of livelihood. According to the Department
of Tribal Welfare, about 51,265 families were dependent on jhum, and the
large majority of them were fully dependent on jhum until 1999. The big
concentration of jhumia families was in Dhalai and South District. However, in
11
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2007, the Forest Department completed a first-ever census enumeration of
shifting cultivators and found about 27,278 families dependent on jhum,
showing a clear decline in the number of jhumia families.
3.3

NR cultivation in Tripura: In the North-Eastern parts of India, Tripura

is well known for cultivation of rubber plantations. NR cultivation has shown
tremendous increase in Tripura state over last two decades and hence, known
as the second rubber capital of India, after Kerala. Fig-2 indicates the
significant growth of natural rubber cultivation in the state during last three
decades.

Fig-2: Area under natural rubber plantations in Tripura state
Rubber plantation was raised for the first time in Tripura in 1963 by the State
Forest Department. Rubber Board started its operations by opening its first
(one-man)

office

in

North-East

at

Agartala

in

1967.

Tripura

Forest

Development & Plantation Corporation Ltd. (TFDPC), a State Government
undertaking established in 1976, planted natural rubber for rehabilitation of
12
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degraded forests which was its primary objective. The State Government
transferred 10,000 ha of degraded forest land on a long-term lease to TFDPC
for raising rubber plantations. Rubber Board upgraded its one-man set up at
Agartala to a Regional Office in 1979 for better extension and training to
promote rubber cultivation in the region. Since then, efforts of Rubber Board
popularized rubber cultivation in the state and area under the plantation
steadily increased over the past one decade. There is still ample scope for
increasing the area under rubber plantations in degraded, marginal and jhum
lands in the state, without interfering with the local food security and
biodiversity.
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CHAPTER - 4
SATELLITE AND ANCILLARY DATA
Remote

sensing

data

from

three

different

satellites

viz.,

Cartosat-1,

Resourcesat-1 and Resourcesat-2 have been used in the present study in
order to generate the required information at 1:10000 scale. Ancillary data in
terms of administrative boundaries, Survey of India (SOI) toposheets, Digital
Elevation Model (DEM) have also been used.
Cartosat-1 satellite was launched in order to meet the stereo data
requirement for generating Digital Elevation Model (DEM). Basically the
sensor has 2.5 m resolution camera operating in 0.5-0.85 µm spectral range,
with

along

track

stereo

viewing

capability

and

large

scale

mapping

applications. The data has a 10 bit radiometry with a swath of about 28 km.
The payload of the satellite contains two cameras (Fore and Aft) mounted at
+26 degrees and -5 degrees with respect to nadir which helps to generate
the along track stereoscopic image of the area. The sensor characteristics of
Cartosat-1, Resourcesat-1 and 2 are provided in Table-2.
Table-2: Characteristics of Cartosat-1 and Resourcesat-1 and 2 sensors
SN Characteristics

Cartosat-1
0.5 – 0.85

Resourcesat-1
Resourcesat-2
LISS-III
LISS-IV MX LISS-IV
0.52-0.59 0.52-0.59
0.52-0.59
0.62-0.68 0.62-0.68
0.62-0.68
0.77-0.86 0.77-0.86
0.77-0.86
1.55-1.70
23.5 m
5.8
5.8

1

Spectral
Resolution (µm)

2
3

Spatial resolution
(m)
Swath (km)

29/26

141

4

Radiometry (bits)

10

7

5

Repetivity (days)

126

24

24

70

6

Revisit (days)

5

24

5

5

7

Stereo

2.5

24

70

10 (7 bits transmitted)

Fore/Aft
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Resourcesat-1 (RS-1) LISS-III sensor has enhanced capabilities with better
spectral and spatial coverage to meet the increasing demands of the user
community. The LISS-III multi-spectral camera has a spatial resolution of
23.5 m, operating in four spectral bands, three in the visible and near infrared and one in SWIR region with 7 bit radiometry. It has a repetivity of 24
days and coverage swath of 141 km. RS-1 LISS-IV camera is a multispectral
high resolution camera with a spatial resolution of 5.8 m which can be
operated in two modes; in the multi-spectral mode, data are collected in
three spectral bands viz., 0.52 to 0.59 µm, 0.62 to 0.68 µm and 0.76 to 0.86
µm with 24km swath while in mono mode, the camera operates in any one of
the three bands with enhanced swath of 70 km. Resourcesat-2 (RS-2) LISSIV

sensor

provides

multispectral

data

which

has

identical

spectral

configuration as that of Resourcesat-1 with better swath of 70 km covering
larger area.
Considering the deciduous nature of natural rubber, temporal LISS-III data
prior to defoliation, during defoliation and refoliation stages were procured in
the study for better spectral discrimination. The satellite data used in the
study is provided in Table-3. About thirty seven RS-1 LISS-IV datasets have
been acquired covering relatively wider acquisition period of 2008 to 2010
owing to smaller swath coverage of 24 km of the sensor. However, advantage
of better swath of 70 km from Resourcesat-2 data helped in optimizing the
data acquisition period and number of scenes. Hence, the number of RS-2
LISS-IV datasets has been significantly reduced to just seven scenes with
near uniform data acquisition period of October and December, 2011.
Ancillary data in terms of Survey of India (SOI) toposheets, Global Positioning
System (GPS), False Color Composite (FCC) prints were also used in the
study. The forest map as provided by RRII (Sourced from State Forest
Department) was used for digitizing reserved forest boundaries. Laptop
computer along with ERDAS Imagine and ARCGIS software was used for
recording and storing the ground truth information.
15
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Table-3: Satellite data used in the study
S
#

Satellite

Sensor

No. of
Scenes

Swath
(km)

Date of pass
(No. of scenes)

1

Resourcesat-1

LISS-III

6

141

2

Resourcesat-1

LISS-IV

38

24

3

Resourcesat-2

LISS-IV

7

70

Oct-2009
Feb-2010
Mar-2010
Jan 10 (05)
Feb’09 (13)
Jan’ 08 (16)
Apr’06 (04)
Oct-Nov, 2011

4

Cartosat-1

Stereo

37

28

2007-2010
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CHAPTER - 5
METHODOLOGY
The methodology consisted of in-season ground truth and analysis of satellite
data for delineation of natural rubber and potential wastelands. Optimum
satellite data coupled with in-season ground information forms the core of the
analysis and interpretation of remote sensing data. Standard digital and
visual interpretation techniques have been employed for generating spatial
extent of existing rubber plantations and potential wastelands. Limited field
visits were carried out twice during the course of this study. Preliminary field
visit was carried out for identification of natural rubber and potential
wastelands in the selected sample sites. Post interpretation field visits were
carried out for verification of interpreted data for accuracy assessment.
5.1

Ground truth: In-season ground truth is very critical for interpretation

of remote sensing data. Preliminary field visits were carried out during May
21-24, 2011. Prior to the field visit, the road network was digitized using the
high resolution satellite for proper planning of field visits and identifying the
location of sample sites. Preliminary interpretation of satellite data was
carried out based on the tone, texture and terrain conditions and sufficient
number of sample sites were identified for intensive ground truth collection.
False Color Composite prints (FCC), Survey of India (SOI) toposheets and
GPS were utilized for accurate location of sample sites. In addition to this,
laptop computer loaded with geo-referenced satellite datasets, road network
and sample sites were also used for online collection and storing of ground
truth information in the field itself. Handheld GPS instrument was utilized for
tracking the path of fieldwork as well as for locating the sample sites.
Information on the distribution of different land cover types in general and
rubber plantations as well as potential wastelands in particular, were
collected in association with scientists and extension officers of the Rubber
Board. The ground truth information along with the location details and
17
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ancillary information were digitized using the laptop in vector format for
storage and easy accessibility of data for subsequent classification and
interpretation of satellite data.
It was observed during the field visits that food crops were cultivated in the
plain lands and valleys. Rice was the major food crop in the region and
sugarcane was cultivated in the irrigated areas. Besides these agricultural
crops, important horticultural crops of the state are pineapple, orange,
cashew, coconut and tea. Natural rubber is the most important commercial
crop of the state. Cultivation of natural rubber was restricted to hilly,
undulating, sloping terrain, and noticed throughout the state. Natural rubber
is mostly cultivated as monoculture and very rarely mixed with tea
plantations. Large tracts of jhum lands have been converted to rubber
plantations. It was also noticed that the rubber plantations were existing in
different age groups. In the central and Eastern parts of the state, new lands
were being prepared for cultivation of rubber plantations. It was also
observed that natural rubber is also being cultivated in the steep slopes using
contour bunds. Fruit crops like pineapple and oranges are also being
cultivated in hilly and jhum lands. Field photographs of the ground
information are provided in the Annexure.
5.2

Field verification: Post-interpretation field visits were carried out

during December 1-5, 2011 for verification and validation of the interpreted
data. Online verification of interpreted data in terms of distribution of natural
rubber and potential wastelands was carried out using laptop and GPS. As
many as 112 sample sites distributed throughout the study area were visited
for verification of the interpreted data. During the field verification, it was
observed that the old NR plantations have been interpreted accurately while
some of the younger plantations of 2-3 years were wrongly interpreted as
wastelands. Hence, additional Resourcesat-2 LISS-IV datasets corresponding
to 2011 period was procured to cover recently cultivated NR plantations.
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5.3

Satellite data analysis: The satellite data analysis consisted of data

preparation, ortho-rectification, image fusion, data normalization, NDVI
generation, digital classification, visual interpretation, accuracy assessment
and acreage estimation. All these image processing steps were carried out
using ERDAS Imagine ver. 2011 package while visual interpretation was
carried out in ARCMAP ver. 9.3. The steps involved in data analysis are
depicted in Fig-3.

Fig-3: Steps involved in satellite data analysis
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5.3.1

Data

Preparation:

Preparation

of

required

database

is

the

prerequisite for undertaking digital / visual analysis of data. The satellite
datasets (Cartosat-1, LISS-IV and LISS-III) in the TIFF format were
downloaded to the computer system and systematically renamed as per the
path/row and date of pass for proper identification of datasets.

Ortho-

rectification of datasets was carried out to generate geo-referenced data with
standard UTM projection and WGS 84 spheroid. State level ortho-rectified
mosaics of Cartosat-1, LISS-IV and LISS-III data were prepared for
subsequent analysis.
5.3.2 Orthorectification: The orthorectification is the process which
removes the geometric distortion inherent in the satellite imagery caused by
camera/sensor orientation, topographic relief displacement and systematic
errors

associated

with

imagery.

Thus,

orthorectified

images

are

planimetrically true images that represent ground objects in their true realworld coordinates.

DEM (10m) available at the centre was utilized for

orthorectification. Initially, each of 37 Cartosat-1 datasets was ortho-rectified
using ground control points (GCPs) and Digital Elevation Model (DEM).
Subsequently these datasets were mosaicked to prepare Cartosat-1 database
for the state.
Subsequently, orthorectification of the LISS-IV scenes has been carried out
using Auto-Sync tool of ERDAS package which is an automatic image to
image rectification package based on the image correlation.

Cartosat-1

mosaic of the state was used as reference and individual LISS-IV scenes were
rectified using GCPs and DEM employing projective transformation. These
orthorectified LISS-IV scenes were then mosaicked to prepare state level
mosaic. Similarly, three dates LISS III data has been orthorectified using the
LISS IV data as reference to prepare state level LISS-III data mosaics.
5.3.3

Radiometric normalization:

Temporal LISS-III

images were

acquired at different periods under variable atmospheric conditions, solar
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illumination and view angles and thus, require radiometric normalization to
remove radiometric distortions and make the images comparable. Initially the
digital numbers were converted to radiance using the following formula.
Radiance = (DN / DNmax) (Lmax-Lmin) + Limn
Lmin = Minimum radiance, Lmax= Saturation radiance, DNmax= Radiometric
resolution
Subsequently, relative radiometric normalization using pseudo-invariant
features (PIF) was followed for comparing temporal LISS-III data. Seasonally
invariant features such as sand, urban areas and water bodies were used for
relative radiometric correction. Uniform pixels representing each of the above
features were marked on the image and the Digital Numbers (DN) was
transferred to a text file. The text file was imported into excel format for
generating regression equations. March 2010 image was selected as master
data and other two LISS-III datasets were corrected with reference image.
The PIF corrected images were stacked and used for generation of
Normalized Difference Vegetation Index (NDVI) images.
5.3.4 NDVI generation: The Normalized Difference Vegetation Index
(NDVI) is a numerical indicator that uses the reflectance in red and nearinfrared bands of the electromagnetic spectrum which is sensitive to
vegetation cover, vigour, biomass and condition. NDVI values range from -1
to +1 and is the most commonly used vegetation index for vegetation
condition assessment and monitoring. It is also being widely used for crop
classification using temporal NDVI change as a consequence of crop
phenology. NDVI images were used in hierarchical decision rule based
classification for delineation of natural rubber plantations. NDVI images were
generated for LISS-III data using the following formula.
NDVI = (rnir-rred) / (rnir+rred)
rnir and rred indicate reflectance in red and near infrared band
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5.3.5 Data fusion: The data fusion technique is being routinely used for
merging high resolution panchromatic data with coarse resolution multispectral data to generate high resolution multispectral data to improve both
spectral and spatial resolution. The popular data fusion techniques include
Brovey transform, Principal Component Analysis (PCA), Intensity Hue and
Saturation (IHS) and wavelet methods. Brovey technique has been used in
the present study for merging LISS-IV and Cartosat-1 data. The Brovey
technique integrates the imagery of different spatial resolutions using a ratio
algorithm introduced by Bob Brovey (Earth Resources Mapping, 1990 and
Abedini, 2000). In this method, each band is divided by sum of the three
channels to normalize the data and then multiplied by panchromatic data to
generate fused images.
Data fusion of ortho-rectified LISS IV data of 5 m resolution and Cartosat-1
data of 2.5 m has been carried out using Brovey method. The resultant 2.5 m
hybrid data is characterized by the multi-spectral information content of
LISS-IV data and the spatial information of Cartosat-1 data. This merged
data has been used for visual interpretation for delineating the natural rubber
plantations and potential wastelands.
5.3.6 Digital

classification:

Temporal

LISS-III

data

was

used

for

preliminary classification of natural rubber in the study area. Classification of
radiometrically normalized NDVI data was used in decision rule classifier.
Based on the ground truth information and variations in temporal NDVI
profile of natural rubber plantations, decision rules were formulated. Multiple
decision rules were formulated to cover variations in NR growth and age of
plantations to delineate them. The resultant rubber map has been used as a
reference for deriving the spectral signature of NR on high resolution merged
product for visual interpretation and accurate delineation of NR plantations
and potential wastelands.
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5.3.7 Visual interpretation: Visual interpretation of merged data at
1:10000 scale was carried out for subsequent on-screen digitization of NR
plantations and potential wastelands. In order to systematically cover the
state and uniform interpretation at 1:1000 scale, a rectangular grid was
generated in vector format using fishnet utility of ARCMAP. This grid along
with merged data viewed in full resolution in 24” monitor generates image
view at 1:10000 scale.

Each grid was interpreted sequentially in order to

cover the entire state. The interpretation of NR plantations and potential
wastelands was carried out in vector format for easy accessibility, portability
and further spatial analysis. The digitization scheme is depicted in Fig-4.

Fig-4: Digitization of NR plantations and wastelands
Initially, the spectral signature of rubber plantations was identified based on
the

ground

information.

Subsequently,

spectral

signature

of

NR

and

wastelands on the merged data was established in terms of tone, texture and
terrain conditions.

In order to interpret and digitize NR plantations and

wastelands, 2.5 m merged data was displayed at 1:10000 scale and overlaid
with ground information as well as LISS-III classified data. Based on the
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spectral signature as manifested on the merged data, NR plantations and
potential wastelands were digitized manually, as polygons.
5.3.8 Accuracy assessment: Accuracy assessment of natural rubber has
been carried out in terms of mapping accuracy. A fraction of the interpreted
rubber plantations polygons have been randomly chosen for field checking.
About 52 randomly distributed samples covering matured and young NR
categories were selected for accuracy assessment based on their distribution
and approachability. GPS based field verification has been carried out jointly
with RRII for assessing for mapping accuracy. After completion of digitization
of NR plantations and potential wastelands in the shape file format, mapping
accuracy in terms no. correctly interpreted samples were calculated using
following formula.
No. of correctly interpreted sample sites
Accuracy (%) = -----------------------------------------Total no. of samples

X 100

24

Inventory of Natural Rubber

CHAPTER - 6
RESULTS AND DISCUSSION
6.1

Resourcesat-1 LISS-III data

Spectral signature of NR plantations as manifested on temporal Resourcesat1 LISS-III data in relation to natural rubber phenology was analyzed for
discrimination

of

natural

rubber

from

other

vegetation.

Temporal

Resourcesat-1 LISS-III data showing typical spectral signature of rubber
plantations is depicted in Fig-5.

The figure indicates that natural rubber

plantations manifested as deep red tone on the LISS-III data of October
month which turned to greyish tone in February coinciding with defoliation
stage and subsequently changing to bright red color in March after refoliation
due to vigorous growth and lush green color of the canopy.
Distinct manifestation of rubber plantations on temporal satellite data was
observed as compared to other vegetation classes. This typical spectral
signature was noticed for old mature rubber plantations (> 5 years old) due
to the deciduous nature of the trees. Hence, satellite data acquisition period
in relation to tree phenological stages plays a critical role in spectral
discrimination of NR

plantations

from other vegetation types.

The spectral signature of younger rubber plantations (about 1-2 years old)
was not very marked and often confused with fallow / scrub lands as the tree
canopy was not fully developed and hence spectral signature was partially
composed of tree canopy and underlying soil background. Thus, spectral
discrimination of rubber plantations using LISS-III data alone was limited to
old mature plantations which totally cover the underlying soil background.
6.1.1 NDVI Profile: NDVI is an important parameter derived from the
optical remote sensing data which reflects extent of canopy cover, vegetation
growth, vigour and biomass. In the present study, NDVI profile was
generated to understand the temporal NDVI response of major vegetation
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classes of the study area namely rubber, tea, forest and kharif crops as
depicted in Fig-6. High NDVI values of NR plantations were noticed during
October month which reduced significantly during February month due to
defoliation and increased subsequently due to the refoliation. In contrast, the
temporal NDVI pattern for tea and forest classes showed declining trend from
October to March indicating spectral separability.

Fig-5: Temporal LISS-III data showing NR plantations
The NDVI profile of rubber plantations was quite distinct in comparison to
other vegetation classes. Higher NDVI values for NR plantations observed
during March month could be attributed to lush green leaves immediately
after the refoliation following winter season. Mature and old NR plantations
exhibited this trend. However, younger NR plantations of 2-3 year old showed
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NDVI profile similar to fallow lands / scrublands due to poor canopy coverage
and hence could not be delineated using LISS-III data alone.

Fig-6: NDVI profile of different vegetation classes
6.1.2 Classification of NR: Hierarchical decision rule based classifier using
temporal NDVI has been used for preliminary classification of natural rubber
plantations. FCC of LISS-III data along with the classified data showing
spatial distribution of natural rubber in Tripura state is depicted in Fig-7. The
figure indicates that rubber cultivation is more popular in the Western part of
the state and is progressing towards North-Eastern parts also. East Tripura is
dominated by contiguous forest areas. Visual inspection of the classified data
with the ground truth revealed that the deciduous forest classes, specifically
the sal forest type was confusing with rubber plantations. Hence, these misclassified forest areas were manually eliminated using the forest mask
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generated from the satellite data and reserved forest boundary. The
preliminary acreage estimates of natural rubber using Resourcesat-1 LISS-III
data revealed about 33,163 ha area in the state.

Fig-7: Temporal LISS-III data along with classified data showing NR Plantations
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The analysis showed that temporal LISS-III data was useful in understanding
the

spectral

signature

of

rubber plantations

in

relation

to

the

tree

phenological stages and provided overall distribution of natural rubber
plantations in the state with reasonable accuracy. Field verification of the
classified data revealed that young plantations of 1-2 years of age could not
be identified using LISS-III data alone and hence, these estimates were
refined using high resolution Cartosat-1 and LISS-IV merged data.
6.2

Resourcesat-1 LISS-IV data

High resolution multi-spectral LISS-IV data was acquired for interpretation of
natural rubber and potential wastelands at 1:10,000 scale, Ideally, LISS-IV
data within a given year corresponding to refoliation period is best suited for
interpretation of natural rubber plantations. However, acquisition of RS-1
LISS-IV data within a narrow window of Mar-May was difficult due to lower
swath and perennial cloud cover in the state. Hence, thirty seven best
available datasets corresponding to the recent years (2007-10) were acquired
to cover the state. Subsequently, with the launch of Resourcesat-2 in April,
2011, LISS-IV data with near uniform data acquisition period could be
obtained. The false color composite showing manifestation of natural rubber
on LISS-IV data is depicted in Fig-8.

Fig-8: Rubber plantations as manifested on LISS-III and LISS-IV data
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Interpretation of LISS-IV data, independently, was not considered in the
study due to availability of better resolution 2.5 m Cartosat-1 merged with
LISS-IV data in order to avoid repetition of image interpretation. Further, it
was observed that higher spatial resolution merged data enabled better
discrimination and hence, all interpretation related activities was carried out
using 2.5 m resolution data for preparation of thematic maps.
6.3

Cartosat-1 and LISS-IV merged data

In the present study, final interpretation of natural rubber and potential
wastelands was carried out using cartosat-1 and LISS-IV merged data for the
year 2011. The image interpretation keys such as the tone, texture, terrain,
shape and size were used for distinguishing of the NR plantations and
potential wastelands with other land cover classes. In this context, unique
spectral signatures of natural rubber and potential wastelands under different
terrain conditions were established based on the ground truth information
collected from about 62 sample sites and the above interpretation keys were
used for delineation. Main focus was given for digitizing only these two
classes, namely existing NR areas and cultivable / NR potential wastelands in
the study area.
6.3.1 Spectral signature of NR plantations: The ground information
revealed that the existing natural rubber plantations in the study area
belonged to different age groups. Discrimination of rubber plantations using
high resolution data mainly depends on age of trees, canopy cover and
terrain conditions. Based on the age group and its manifestation on the
merged data in terms of tone and texture, the existing rubber plantations
could be categorized into three classes namely old, young and very young
plantations. The old plantations consisted of matured plantations of more
than 10-15 years, fully grown with dark green canopy totally covering the soil
background. These old plantations typically manifested as dull red tone with
smoother texture as depicted in Fig-9. The younger plantations of 4-5 years
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and above manifested as bright red color with smooth texture due lush green
canopy which was completely covering the underground soil background.
These two types of rubber plantations could be easily delineated using
merged data based on the typical tone, texture and terrain conditions.
Old plantations (> 10 years)

Young plantations (>5 years)

Very young plantations (2-3 years)

Fig-9: Manifestation of NR plantations on merged data
It was observed that 2-3 years old rubber plantations in the plain areas with
good canopy cover could be identified using merged data; however,
interpretation of similar young plantations in the hilly and steep slopes was
still difficult. Thus, it was difficult to conclusively arrive at spectral
discrimination of natural rubber based on the age group especially for
younger plantations. In general, it was observed that young plantations of
above three years old could be identified using the merged data. Further,
recently or just cultivated rubber plantations of less than 1-2 years old
manifested as cyan color and often confused with scrubland / fallow land
categories. Hence, this type of NR plantation could not be mapped in spite of
using high resolution data and hence, was not considered under natural
rubber category as the spectral signature was not clear and distinct.
The food crops cultivated in the study area were harvested during October –
November months and hence, appeared as fallow signatures. Vegetation
classes such as NR plantations, tea gardens and forests were the potential
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conflicting classes for interpretation. Detailed analysis of the merged data
along with ground truth was carried out for interpreting these classes. It was
observed that the tea plantations could not be discriminated using LISS-III /
LISS-IV data and generally confused with fallow lands / wastelands
depending on the data acquisition period. However, the tea gardens could be
resolved using high resolution 2.5 merged data. The tea gardens were
characterized by light reddish green tone due to wider spacing exposing the
underneath soil. Further, shade trees in tea gardens were clearly visible on
the merged data giving rough appearance. This typical characteristic pattern
was used as main criteria for eliminating tea gardens during the image
interpretation. Depiction of NR plantations, tea gardens and forest on the
merged data is provided in Fig-10.

Fig-10: Manifestation of NR plantations, tea gardens and forest on merged data

About 60 per cent of geographical area of Tripura is made up of forest
consisting of different plant species varying from evergreen forest to
deciduous forest types. It was observed that natural rubber plantations could
be separated from forest types based on texture, shape, pattern and size as
shown in Fig-10. NR plantations were smoother in texture while forest class
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was rough textured. In addition, NR plantations are man made and hence,
depicted in particular shape and size with defined field boundaries.

These

were the main criteria considered for eliminating forest types from NR
plantations while digitizing the vector layers.
6.3.2 Spectral signature of potential wastelands: In the present study,
wastelands, considered as potential for natural rubber cultivation were used
for generation of thematic map. In this context, the spectral signature of
wastelands such as scrubland, denuded lands, lands with grass/weed, jhum
lands etc. and their terrain characteristics were the main criteria considered
while digitizing the polygons. Main emphasis was given on the slope and
terrain to eliminate current fallow lands, plain lands, valleys as well as lands
that are potential for cultivation of food crops. The spectral characteristics of
these potential wastelands varied depending on the land cover and slope.
Typical and representative spectral signatures of wastelands noticed in the
North, East and South Tripura which have been verified during the field visits
are shown in Fig-11. In the Western plain lands, most of the wastelands are
characterized by undulating terrain with low to medium slope. This type of
land manifested in cyan or reddish tone with smooth texture depending on
the land cover. The lands generally covered with lush green weeds/scrub
showed pinkish appearance while land without vegetation appeared in cyan
color. Generally, these lands were denuded forest without any large tree
cover.
Typical jhum lands were observed in the central and Eastern region of
Tripura. In general, these jhum lands were occupied with lush green, medium
tall weeds and sparsely distributed tree / cut tree trunks giving pinkish tone,
smoother texture with dots of individual trees / tree trunks. This type of
typical signature is wide spread especially in the central and Eastern regions
of the state. Presently, these types of jhum lands are being converted to
rubber plantations.
33

Inventory of Natural Rubber

Third type of wasteland category predominantly observed in the Eastern part
of the state are large denuded lands with or without scattered trees. These
lands manifested as cyan color with or without red dots indicating presence/
absence of trees. Typically, some of the reserved forest areas consisted of
this category of wastelands.

Fig-11: Typical wasteland signatures as manifested on merged data
6.3.3

Visual Interpretation: On

screen

digitization of high resolution

Cartosat-1 and LISS-IV merged data was carried out at 1:10,000 scale for
delineation of natural rubber and potential wastelands in the vector format.
Initially, Resourcesat-1 LISS-IV and Cartosat-1 merged data was analyzed for
preparation of thematic map consisting of NR plantations and potential
wastelands. The LISS-III classified data was overlaid on the merged data for
easy identification of NR plantations and re-interpreted by drawing polygons
systematically to cover the entire state. It was observed that all rubber
plantations could not be resolved in medium resolution LISS-III data due to
smaller field size and age of the plantations. Sufficient care was taken to
digitize these left out plantations using merged data as shown in the Fig-12.
During the field visit it was observed that a significant expansion of rubber
plantation area has occurred in the recent 1-2 years and most of the young
rubber could have been interpreted as wastelands. This was mainly due to
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data acquisition period of RS-1 LISS-IV data which could not capture the
recently cultivated rubber plantations. Hence, the thematic map was refined
using RS-2 LISS-IV data to cover the recently cultivated rubber plantations as
given in Fig-13.

Fig-12: Interpretation of Natural rubber using merged data

Fig-13: Refinement of thematic map using LISS-IV data
In spite of acquisition of latest data, discrimination of very young plantations
at early stages of 1-2 years was limited. This is one of the limitations of
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application of remote sensing data for perennial crops such as natural rubber
which takes more than 2-3 years for significant establishment of the canopy
covering the soil background.
6.3.4 Distribution of NR plantations in Tripura
The spatial distribution of natural rubber in the Tripura state as derived from
LISS-IV and Cartosat-1 merged data is depicted in Fig-14. The figure
indicates that cultivation of natural rubber was more popular in the West
Tripura and it is progressing towards North Tripura. The total natural rubber
area estimated through remote sensing for the state was 48,037 ha as of
December 2011. However, this area does not include the recently planted
rubber plantations of about 1-2 years i.e. planting done during the planting
seasons of June 2009-2011 and therefore, the total acreage under rubber
plantations estimated through satellite data is an underestimate to this
extent.
Area planted during 2010 and 2011 add up to 10600 ha in Tripura as per the
records available with Rubber Board. Adding this to the area estimated
through remote sensing, the total area under NR is estimated as 58637 ha.
This closely agrees with the official data available with Rubber Board which is
59285 ha (as of March 2012). It may be noted that the normal planting
season of rubber is from June to October / November and no planting is
usually done after December. Therefore, the total area estimated during
December 2011 is a correct reflection of the actual area that existed during
March 2012.
There is a good chance that the actual area may be higher than this estimate
because, very small holdings, especially those in steep slopes cannot be
easily visualized from the satellite data and thus go unaccounted in the
present study. Also, the areas planted during 2010 and 2011 could be more
than the 10600 ha as reported by Rubber Board which is based on the
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returns submitted by the growers to the Board. This only means that 10600
ha has definitely been planted and does not necessarily mean that more
areas have not been planted during this period.

Fig-14: Distribution of NR plantations in Tripura state
6.3.5 Mapping accuracy
Field verification visual interpreted data was carried out for mapping accuracy
estimation by verifying the 52 randomly selected sample polygons.

It was

observed during the field visits that manifestation of old rubber was quite
distinct and pre-field interpretation was more accurate as compared to the
younger rubber. Hence, mapping accuracy was calculated separately for the
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old mature rubber (>5 years) and young rubber plantations. The results
revealed that the mapping accuracy for the old matured rubber was 96.15
per cent indicating the potential of RS data for accurate delineation of
matured rubber plantations. During the field verification, it was observed NR
was confused with sal forest to a limited extent. In contrast to this, the
mapping accuracy for the younger rubber was 86.5 per cent. The lower
mapping accuracy for the young rubber could be attributed to the non-clear
manifestation of this class and often mixed with scrublands.
6.3.6

Distribution of potential areas suitable for NR

The potential wastelands for cultivation of natural rubber were identified
using LISS-IV and Cartosat-1 merged data. Initially, RS-1 LISS-IV and
Cartosat-1 merged data was used for delineation of wastelands and
subsequently refined using latest RS-2 LISS-IV data merged with Cartosat-1
data. The spatial distribution of potential wastelands is depicted in Fig-15.
The figure indicates that the rubber-worthy lands are distributed throughout
the state. Potential wastelands for expansion of natural rubber estimated for
the state was 28,133 ha as of December 2011. This is the extent of
wasteland where, as of December, 2011, no major vegetation types (forests
vegetation or crops) were present. Therefore, if NR is cultivated in these
wastelands, there may not be any adverse effect on food security and
biodiversity. In fact, NR cultivation should be actively promoted in these
wastelands, as it is proven that growing a perennial plantation crop like NR
can prevent further degradation of denuded wastelands and restore such
ecosystems. However, Rubber Board may ensure to what extent these
potential wastelands are otherwise feasible for cultivating NR using pedoclimatic parameters.

38

Inventory of Natural Rubber

Source for Reserved Forest area: State Forest Dept.

Fig-15: Distribution of potential wastelands for NR cultivation in Tripura state
It was observed that some of the potential wastelands were found inside the
forest areas. Hence, a reserved forest area mask was generated from map
obtained from Tripura State Forest Department as provided by RRII.
Acreages of potential wastelands inside and outside the reserved forest area
were calculated and shown in Table-4. About 20 per cent of the potential
wastelands were observed within the reserved forest area which Rubber
Board may not consider for promoting NR cultivation. About 22,947 ha area
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available outside the reserved forest area could be utilized for natural rubber
cultivation in the state depending on the suitability.
Table-4: Area under potential wasteland categories
SN
1
2

Category
Potential wasteland outside Reserved forest area
Potential wasteland within Reserved forest area
Total potential area

Area (Ha)
22947
5186
28133

It may be noted that, it is highly likely that a part of the recently cultivated
young rubber plantations (mostly up to 2 years old, and possibly to a smaller
extent up to 3 years old) could have been inadvertently included in the
category of wastelands, because the spectral signatures of very young rubber
holdings and wastelands were not easily differentiated from each other. To
this extent, available wasteland for NR cultivation is over-estimated in the
study. In other words, out of the nearly 23000 ha of wastelands available
outside reserved forests; a good extent may have been be already under
young rubber (1-3 year old).
Between 2010 and 2011, a total of 10600 ha have been planted with NR in
Tripura. Assuming that half of this may be in wastelands identified in this
study, the actual extent of wastelands available for NR cultivation outside the
reserve forests comes to only about 18000 ha. In the present study, only two
major criteria viz., land cover and terrain were considered for delineation of
potential wastelands for expansion of NR. However, further analysis is
essential to integrate this information with pedo-climatic variables such as
soils and long term climatic parameters in order to carry out NR suitability
analysis and prioritize the wastelands for cultivation of rubber plantations.
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CHAPTER-7
CONCLUSIONS
Potential of temporal and multi-resolution satellite datasets were explored in
this pilot project for inventory of natural rubber. The study revealed that
natural rubber showed distinct spectral signature on multi-date LISS-III data
and it could be delineated using temporal NDVI profile using hierarchical
decision rule based classification. Further, the field boundaries were clearly
manifested on high resolution LISS-IV and Cartosat-1 merged data. Hence,
natural rubber and potential wastelands could be interpreted based on the
tone, texture, pattern and terrain.
The satellite analysis revealed about 48,033 ha of NR (more than 3 years old)
in the state as of December 2011. The mapping accuracy for the older
mature natural rubber was 96.15 per cent indicating the utility of RS data for
NR mapping and monitoring. However, lower accuracy of about 86.5 per cent
was observed for relatively younger NR plantations due to spectral confusion
with scrublands / fallow lands. Out of the 28,133 ha of rubber-worthy
wastelands estimated in the state, 22,947 ha of area was noticed outside the
reserved forest area and about 5186 ha was within the reserved forest area.
It is likely that some of the NR plantings could have been taken place on
these identified lands since June 2010.
The study revealed the scientific feasibility of utilizing multi-resolution RS
datasets for identification and mapping of natural rubber and potential
wastelands for creation of geo-spatial database. Further, it enables proper
integration and generation of suitable plans for optimal management of
resources for expansion of natural rubber to the identified potential
wastelands without encroaching into the lands that are suitable for food
crops.
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Further analysis is proposed in this pilot study to integrate these potential
areas with slope and pedoclimatic variables for suitability analysis in order to
prioritize these wastelands for extension of rubber cultivation in the state. In
this context, RRII will support the soil survey in these identified potential
areas for generation of soil map. Long term climatic data will be converted
into spatial format using appropriate interpolation techniques. Suitability of
these identified potential areas for rubber cultivation will be analyzed by its
integration with pedo-climatic variables using Multi-Criteria Decision Analysis
(MCDA) for generating rubber suitability map for the state. Based on the
experience of this pilot study, the scope of the study could be expanded to
the other North-Eastern states of the country to create database on suitable
rubber-worthy wastelands.
The objectives of the present study were mapping of the existing NR
plantations and identification of potential wastelands where NR can be
cultivated without interfering with food crops and forests in Tripura. This
study has achieved exactly the same. The study shows that as of December,
2011, the state of Tripura had a total of 48037 ha of NR plantations (above
2-3 years old) as derived from RS data. Additionally, about 10600 ha of new
NR plantations (<2-3 years old) existed as per Rubber Board records, making
total area under NR cultivation to 58637 ha.

The study also located about

22947 ha of potential wastelands outside the reserve forest area. Assuming
that half of the recently planted 10600 ha young plantations have come up in
these identified areas, the maximum area of potential wastelands available
for further expansion may not be more than 18000 ha in Tripura and same
needs to be further characterized for NR suitability. Rubber Board can now
concentrate on these locations for effective extension work.
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Annexure
Field photos showing rubber plantations in different growth stages
Old / mature NR

Young NR

46

Inventory of Natural Rubber

Field photos showing wasteland categories

Potential wasteland categories

Jhum lands
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3D PERSPECTIVE VIEW

PARTS OF TRIPURA

