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LAND TRANSFORMATION

Land transformation is a continuous dynamic process in which nature and human
beings alter the surface and sub-surface of the landscape, creating positive and
negative impacts, some reversible, others irreversible. The process involves physical,
chemical and biological changes affecting land, water and air over time.

Eg: reclamation of land from the sea / felling of trees / mining/ quarrying for
minerals & rocks, agricultural practices /urbanization / industrialisation

For millions of years, human beings have so altered the land both intentionally and
inadvertently. The drive to do so is inherent in human cultural and economic activities.

These changes may be temporary or permanent and can be reversed.

Natural factors like climate, and vegetation influence the potential for land use and soil
erosion also contribute significantly to the process of land transformation.

For example
Trans-formation of range lands to thorny shrub lands is often irreversible.
Irreversible transformations from crop land or grassland to shrub occurs



LAND TRANSFORMATION IN AGRICULTURE

Land transformation in agriculture should address

productivity, or potential productivity,
sustainability,

reversibility and

fragility.

Under traditional agricultural practices, alterations of the natural system by human
beings were limited. Through centuries cropping patterns and rotations developed
sustainable agriculture adapted to local conditions of soil and water in many
temperate and humid regions.

The scale and rate of modern change raise the spectre of exceeding the buffering
capacity of the land and soil, reducing the sustainability of agricultural enterprise,
and degrading land and soil to irreversible (or nearly irreversible) states.



Land transformations viz., land use and land cover changes, are determined
by the land management practices.

Understanding the dynamics behind the land transformations is essential to
arrive at appropriate management practices that include items like geographic
distribution of land, status of land resource and its suitability, land use
dynamics, policy interventions, socio-economic practices and compulsions,
science and technology inputs etc.

Thus, understanding of the various land practices help in developing an
integrated policy framework for arresting negative trends in land
transformations and monitoring the health of the land.



Cropping pattern in India- Area in Million Hectare
Years 1990-91 | 2003-04 | 2009-10(p)
Total Area Under Qrops 185.74) 189.67 192.2
Net area sown 143 140.71 140.02
Gropping Intensity (percent) 129.89 134.8 137.26
Area under Food Qrops 141.03 142.12 141.06
Area under Non-Food Qrops 4471  47.55 51.14
Net Irrigated area 48.02 57.05 63.26
TOTAL/ Gross Irrigated Area 63.2 78.04 86.42




Contribution of Agricultural and Non-agricultural land to Urban sprawil
during 2005-06 and 2011-12.

M Contribution of Agril. Land

M Contribution of Non-zgril.
Land




LAND MANAGEMENT

Land Management - Utilization types, Land cover, Land transformation, Management
Practices, sustainable use and development,

It requires - Good spatial data infrastructure (SDI), Good governence, and spatial
enabled society.

Sustainable Land Management System consists of

Investment choices and quality and risk assessment,

information standards, capacity and organisation building and the setting up of a local
/ state/national spatial information infrastructure.

The societal demand for data, information and knowledge should be put centrally in the
decision making, resulting in appropriate service levels of the LMS.
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LAND INFORMATION VS SCALE




GEOSPATIAL TECHNOLOGIES AND LAND MANAGEMENT

Remotely sensed data have been used in India and in many other countries
to identify the problem areas to map and to monitor the changes on the land
over a period of time.

As satellites with different orbits and sensors are becoming available, users
are able to acquire and compare the latest data with those obtained from
various conventional sources.

The strength of the satellite observation system lies in the repetitive
coverage that has greatest potential for change detection in the quality of
the land that can change abruptly or gradually.
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Joace Inputs for Watershed Development

NR Databases available from NNRMS Program (Year 2005-2009: 1:50,000 Scale)
» Land use & land cover (2005-06)
» Wasteland (2005-06 and 2008-09)
» Land degradation (2005-06)
» Wetland (2005-06)
» Rajiv Gandhi National Drinking Water Mission (18 States)
» Soil Map (13 States + others by SLUSI ;1:250,000 entire country by NBSS&LUP)
» Drainage and Watershed maps (2006)
» Administrative boundaries ( Census)
» Cadastral maps overlaid on satellite data (for 1 Lakh villages )
» Digital Surface Models — from Cartosat 1 Stereo
Satellite Data
» IRS-AWIFS,LISS-III, LISS-IV, CARTOSAT
» Satellite Ortho image database at 1:10,000 scale for the entire country — SIS-DP

AWIFS LISS Il ..l-i-ISS IV Cart + LISS IV
l'l_l'.-.: :; - .

Bhiwa _Dist', i.-laryana'Staté



NATURAL RESOURCE INVENTORY USING SATELLITE DATA

National level 180m 60m 24m 6m

State level

District level

Mandal level
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LAND DEGRADATION ASSESSMENT AT DIFFERENT LEVELS

State Level R District Level

IRS - PG RESOURCESAT AWIFS IMAGERY OF SATARA DISTRICT, MAHARASHTRA
PATH) ROW: 9559 0.0 1822001

National Level

Village Level




Water and Wind Erosion in India (%)

___0'07 M Sheet erosion
M Rill erosion

u Gully erosion
M Ravines

Wind erosion

i Sheet erosion /Loss of
top soil

i Stabilized dunes

i Partially stabilized Dunes

u Un-Stabilized dunes




SALT AFFECTED AND WATER LOGGED AREAS OF IN|
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FEB - 197

Salinity / Alkalinity

Part Of Sharda Sahayak Command Area (Indo-
Gangetic Plains), Jaunpur (UP)

MARCH - 2008




WATERLOGGING

Part of Indira Gandhi Canal Command Area
(Badopal, Gaganagar, Rajasthan)




Transformation of Eroded areas, Kanpur district, UP
Increase in water erosion: Ravinous lands

Period: 30 years

LANDSAT MSS 12 Dec 1975 IRS LISS-III 22 Feb 2006




National Application Mission Projects

Land Use/Land Cover
2004-05

Land Use/Land
Cover (1:250,000)

9 cycles completed (2004-05 to 2012-13)
Temporal analysis to find consistently
cropped and fallow areas

Land Use/Land
Cover (1:50,000)

1% Cycle (2005-06) Completed;
Published in Bhuvan ; Atlas Released

2" cycle (2011-12); completed and being |

hosted on Bhuvan

Land Degradation

Erosion Mapping

(2005-06) |

(1:50,000) Salinity and Waterlogging
Geomorphology and Mapping (2005-06) in progress
Lineament 5,100 map sheets completed out of a
(1:50,000) total of 5,580

In association with GSI

Database for 17 states is hosted in
Bhuvan and G5l portals

Indian Forest Cover
Change Alert System
using IRS Multi
Sensor Data

Pilot study in Yawal region of
Maharashtra (Jalagaon Dist) completed
Analysis for 6 states (Andhra Pradesh,
Chattisgarh, Himachal Pradesh,
Maharashtra, Madhya Pradesh,
Karnataka) is in progress

BEE

Med Somn Ares (M)




LAND USE/LAND COVER MAP — 1:50K (2005-06)

1  Built-Up 8.94 2.72
2  Agriculture 181.04  55.07
3  Forest 70.62 21.48
4  Grass/ Grazing 3.37 1.03
lands
5  Wastelands 32.71 0.94
6  Wetlands 2.02 0.61
7  Waterbodies 10.29 3.13
8 Snow/Glacial Area  4.78 1.45
9  Shifting Cultivation  0.88 0.27
10 Rann (Kutch) 1.98 0.60
11 Areanot Mapped 12.09 3.68

inJ &K

Net Sown Area 144.33 43.91 %
Cropping Intensity  143.45%




LAND TRANSFORMATIONS - LULC

IRS1C, LISS—-111 FEBRUARY, 1997 IRS P6 AWIFS, FEBRUARY, 2004




Aquaculture in Coastal Areas

KRISHNA R.

REPALLE

P = Prawn cultivation




Transformation of Desert Areas , Near Bikaner, Rajasthan

Period: 30 years

Increase in crop areas

LANDSAT MSS 12 Dec 1975 IRS LISS-III 23 Jan 2006



formation of new re

January 2012
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Satellite: RS-1 Sensor: AWIFS Path-Row: 99-59 Satellite: RS-2 Sensor: AWIFS Path-Row: 100-59
Date of Pass: 04.03.2005 Date of Pass: 20.01.2012

The rise in the demand-supply gap necessitated higher investments in power generation projects.
Bembla reservoir is one such hydro-electric and irrigation project. The reservoir is located at
Khadaksawanga village in Yavatmal district of Maharashtra.

Wardha and Yavatmal districts, Maharashtra




Satellite: IRS-1A Satellite: IRS-1C Satellite: Resourcesat-1
Sensor: LISS-I| Sensor: LISS-IlI Sensor: LISS-III
Path-Row: 23-59 Date of Pass: Path-Row: 102-62 Date of Path-Row: 102-62 Date of

21.01.1990 Pass: 14.04.2000 Pass: 10.07.2011

Ennore port is located on the east coast of India in Tiruvallur district, about 24 km north
of Chennai. Initially envisaged for decongesting the busy Chennai port, this artificial port
has now become the 12t |argest port of India, and is still expanding.

coastal transformation Tiruvallur district, Tamil Nadu



river valley devel oppment

The Narmada is the largest
westward flowing river, rising
near Amarkantak range of
mountains in Madhya Pradesh.

The images here depict the pre
and post-construction terrain
conditions of Omkareshwar and
Indira Sagar projects. The twin
projects store 13.207
BCM, providing annual irrigation
service over 4.12 lakh hectares
and generating 1520 MW power.

Sensor: LISS-III
Date of Pass: 31.03.1998

Narmada basin, Madhya Pradesh

Satellite: Resourcesat-1 Sensor: LISS-III Path-Row: 97-56 Changes in Narmada basi
Date of Pass: 12.03.2013
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Sensor: LISS-I Path-Row: 25-56
10.01.1991

Satellite: Resourcesat-1 Sensor: LISS-IIl  Path-Row: 100-60 Date of Pass:

13.01.2011

Hyderabad and Surroundings, Andhra Pradesh

Increaxein urban sorawl

P o e

Satellite: IRS-1D  Sensor: LISS-III Path-Row: 100-60
18.02.2001

Hyderabad — a 400-year old city The past two decades
have seen rapid development in Hyderabad, which is
expanding at its fringes. LISS-I and LISS-Ill sensor
images from 1991 to 2011 bring out the changes in the
land use in Hyderabad city and its surroundings.
Among the major infrastructural changes that are
clearly seen on the images are the Outer Ring Road
and the Hyderabad airport in 2011 image.

Infrastructure deve




Visualization of All India Waste land Maps
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Executed hy NRSC, ISRO, Hyderabad Prepared by Mational Remote Sensing Application Centre, ISRO, Hyderabad and funded by DolLR, MoRD, GOI, New Delhi



HIGHLIGHTS OF THE STUDY

Total Wasteland area decreased by about 32,000 Sgq. Km.(32.00
lakh hectares) during 2005-06 and 2008-09.

The declining trend observed in 21 states of the country — mainly
in Rajasthan(10264 sq.km), Mizoram(2669 sqg.km.), Manipur(2391
sg.km.), Gujarat (2858 sq.km.), Bihar(1895 sqg.km.), Karnataka(1478
sg.km.), Andhra Pradesh(1682 sq.km.) and Uttar Pradesh(1269
sg.km.).

Majority of wasteland area (20,000 Sg. Km) changed into ‘cropland’
(including ‘fallow’) class.

Change also noticed from ‘degraded forest - scrub dominant’ to
‘forest-dense / open’ & ‘forest plantation’ classes (9,600 Sq. Km.).

About 800 Sg. Km. of wasteland has been converted into other
plantations.






WASTELAND CHANGES

Ahmeagandaa Urstrict, ‘Ghjarar

Scrub land to Industrial

Oct 2009

Oct 2006




Sample change areas — Dakshin Kannada, Karnataka

X Mangalore F .-F AL g
refineries y . ‘w Al

Expansmn of
Mangalore refineries

e 3 s, A ,I_' 1 "k
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2005-06 Rabi Image 2011-12 Rabi Image

Scrub land (Dense area) to Industrial Area (CC)




GT Photographs — Dakshin Kannada, Karnataka

Industrial Area (Expansion of Mangalore Refinery)




Remote Sensing Applications - User Projects

Ground Water Prospects Mapping
under RGNDWM - Phase IV

Ground Water Prospects & Sustainability
mapping of entire country is completed

Final EQC is finalised for NE Sates and UTs &
Islands, DB organisation/ Info. System on Bhuvan
National and Regional level trainings for about
1800 officials.

Ground Water Quality mappingfor 9 States.

3

National Inventory and Monitoring of
Four Biosphere Reserves

il i
Monitoring of Land y | S e S
usefland cover changes | ' .  Nilgii Blosphere Reserve
with a focus on S - ¢ 2 P02
vegetation types after ¥ g > o

declaration as biosphere
reserve in Nilgiri,

Agasthyamala, Similipal & ‘

- = -|IJF
- L3 4
s M
o g

& 2 %
5 -_.g,-

Rann of Kachchh -
Conservation Lo
2o

prioritisation of forest
landscapes.

me

-

National Capital Region

Change in Land use/cover (1999-2012)
Built up increased by 2.8%.
Agriculture & Green areas reduced by 1.5%

1999

BUILT Up
AGRICULTURE
GREEN AREAS
WASTELANDS
WATERBODIES
OTHERS




In-Season Inputs for Improved Water Distribution Impact of Improvement Interventions

Errigation Sapplies Initksied Fiold Preparation/

2007

Spertral Emergenee ¢ Active Tillering / Headling Attabira Branch Canal
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Canal lining,in,

AN

Canal lining work

Physical
8 status of
& canals

Assessment of Irrigation Potential
created is estimated by comparing
the canal network in terms of nos.,
lengths, its status together with
information and status on irrigation
and drainage structures with the
planned / executed works

4 ¥ 4

% physical Critical Irrig.potential
progress gap areas created




Remote Sensing Applications - User Projects

b

Technology Transfer to User through
Bhuvan Applications

* Assessment of Irrigation Potential created in AIBP
Projects - Phase-ll completed in December 2012 -
50 AIBP projects in 14 states covering 0.85 M.ha;
Online monitoring of AIBP projects using BHUVAN
web services

* National Urban Information System (NUIS) - 150
towns database hosted in Bhuvan; web based
application developed for preparation of master
plan by town local bodeis

Monitoring of Glacial Lakes/Water Bodies

* Inventory completed using AWIFS (2009) for
Himalayan river basins (503 - glacial lakes & 1525 -

water bﬂdiﬂ'ﬂj & Monitored B increaied = Decreased lﬂnm . Cloud |

* Monitoring r
carried out
during Jun-Oct
for the years
2011, 2012 and i
2013 :

2013

Seasonal forecast results

Snow melt runoff modelling
NRSC provides operational seasonal forecast (Apr

to June) and experimental short term forecast
(16-days) of snow melt runoff to CWC for 5 basins

. Forecast | Observed | Deviation

. (McM) | (MCM) (%)
(Sutlej 3700 | 5173 | -28.47
| Beas 800 897 -10.81
i Yamuna 960 4764 -79.85
Eﬂﬂsﬂ - Bhagirathi _ 1040 | 968" 148
| Ganga - Alaknanda 2320 3373* -31.22
| Chenab 6250 B527 -26.70

* Dbserved discharge data is available only till 15 Jun 2013
at Uttarkashi & Mandakini

Short term forecast results

Chenab Basin

Short Term Forecast

=i=Fprecast =M=0bserved




WATERLOGGING
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Forestry Applications

*Forest Cover

*Biodiversity Characterisation

* Trees QOutside Forests

*Environmental Impact:
Vegetation and Land cover

*Forestry Forest
monitoring

CDM — Afforestation
Deforestation

*Climate Change -
Working Plan

Fire

and

NAPCC

§3 Forest inventory Data Analysis System (FIDAS) A=
DataProcessing Computations Reports MapBasedQueries Tools Help Exit

Data Processing Steps

Step 1: Create / Open
Step 2:Import Spatial Layers
Statistical tests Sta“s“cal Step 3:dmport INV
Bootstrapping . Step 441 r
p 4:Import POLY / PTS
Graphs Charts Eng ne
Step 5:Coupe Type Classification
Design based Step 6:Species Selection
Model based . . Step T:Approach Exploitable
geostatistical Estimation Gl S Step 8:Density Type Selection r
i Engine
Englne g Computations Step N
Step 9:Yield Estimations
Database Web support
. Preparatory Step for A4 Maps
Engine
. Step 10: Preparatory Step for A4
Spatial &
Non-spatial Location of Qutputs
Database Path |
Reports Path |
Data Sample :
. Reports Maps Accurac ueries A4 Maps Path
Entry l Points po P Y Q P |

|
|
| 2 AN |
|
|

Biological |~~~ T T T T T 1 Sodial
. : T
Forest/Nan l : @’_ \_;z_"_;‘lckka
Foiestmap % . ) R A
5 Y
Fragmentatian - Proximity Analysls - =
Veglalnng Disturtbance Index o

Interspersion [ =

= I[ Flagmentai on Pomsly Intespersion B ol o/
Human Ostubances & Juxtaposion |

Biological Richness

BR=f [EcOsUStem Uniqueness, Spedes
Richness, Biodiversity Value, Teiain
Complexiiy & Dshrbance index ]

Dighal

.E‘ _ Elevation
cosystem Unlgueness Model

Biodiversity characterization at landscape level

S e

Area (sqkmj in Different Bio-fch
P

Indian Forest Fire Response &
Assessment System



LAND TRANSFORMATIONS - FORESTS

Felling and Degradation



Daily Active Forest Fire Alerts During Feb-June Every Year nrsc
based on TERRA/AQUA MQDIS Data
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"/1" REMOTE SENSING AS TOOL FOR DEVELOPMENTAL PLANNING

S
WA NG ATV DL TRICT BOUWOA Y —
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Water Resource Development Plan
Kondurg Watershed,
Mahabubnagar Dt., AP

Drainage
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Legend
Aquaculture |:] Lakes / Ponds
Crop Land [:l River / Stream / Drain

| Agricultural Plantation [ ] sandyArea

I:I Built Up |:| Scrub Land Dense
|:] Forest |:| Scrub Land Open
|:| Forest Plantation |:| Waterlogged

|:] Canal

Legend

Branch Canal City Road
— Distributary Canal District Road
Main Canal —=—=—m= National Highway
River State Highway
——— Stream —— Village Road
Kutchha Road —+—+ Railroad
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SERVICES FOR OUTREACH FREE DOWNLOADS

Implemented free access to thro Bhuvan - NOEDA

ACCESS AVAILABILITY DOWNLOADS
ENABLED

LISS-lII Jan-12 1 cycle 116269
2 AWIFS Sep-11 4 seasons 18352
2008,
2009 & 2011 Rabi
2010 Kharif,
3 Carto DEM Sep-11 1 set 47273
4 NDVI, VF May-12 Every 15 days 1952
5 HySI Jul-13 1 set 1025
6 OCM - GAC Nov-10 Every 8 days 18404

7 Scatterometer  Apr-11 Daily 405443




Major National Mission Programmes

Spatial

Digital

ITNCALUT LAl 1\ bW VLU UVUITIVUOLUUY WwWuoulluvuuuw

(Landuse / Cover , land
degradation, wasteland, geomorphology, snow &
Ig_;llaciers, soil, forest., Wetlands_, biodiversitly./l

i _ Nb - Qnara Racad Infarmatinn Qxhlinnnrt far

Irrigation infrastructure assessment under AIBP projects

Temporal

Societal |

| N
Informatio

Nt

National Urban Information System

Solutions

Information Support Services (G to G)

Spatio-temporal
thematic data

base on
Natural
Resources

ICT enabled
geospatial
platform

Infrastructure
Projects

Execution of
Recharge
Structures

Urban Planning

Information
Support
for Relief &
Rehabilitation



nrsc

...cutting edge technologies




NR Census Basic Concepts

E> Ability to map very high level of details (tailored to the
Inherent characteristics of each state maintaining at the
same time a regional harmonization.

E> The data-base starts from local/district level to be later
assembled at state/national level.



Quote ...

At the end of the day, what good is a great technology If
no one wants to use it ? Geospatial technology can
resolve many of the great challenges that mankind has
to face in the next 20 years, but to be able to do that, we
need to re-define the language, because we selling this
selling this technology to people who are not experts.

More relevant to Rural Development as the users are from rural
environmental set-up with typical socio-economic-political-resource
constraint background
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® bvbhuvan..

d INDIAN EARTH OBSERVATION VISUALISATION
Govermimeant of Inca

About Bhuvan ___ WEMSRRTe | SRR Feed Back

58/15.76°C  Khurda 29.79/22.90°C  Kullu  14.98/6.96°C Lonawvala 320.08/19.872C Ludhiana 16.89/9.85°C Mt. Abu 26,96/

New Update

AWIFS Images (56 m) of Indonesia, Kazakhstan and Europe
LISS IV MX Images (5.8 m) of Ahmedabad and Surroundings

ENTER

bbavsn

Thematic Vectors

3D Geographic Models Interactive 3D Environment

Welcome to Bhuvan!

& Geoportal of Indian Space Research Organisation showcasing Indian Imaging Capabilities in Multi-sensor, Multi-platform  and
Multi-temporal domain, The portal gives a gateway to explore and discover wvirtual earth in 3D space with specific emphasis on Indian
region,



B —

iS5 ro

i WAY AHEAD .....

Q Strength:
0 Ortho-corrected High Resolution Satellite Data Availability for the Country
U Interpreted Data:
» Wasteland, Land Degradation, Groundwater Potential, Soil, Land use....
0 Watershed and Drainage
O Gap:
0 Socioeconomic Data (Non-workers, Marginal Workers etc.): Field Input needed
O Cadastral Overlay:
Effective Implementation of Beneficiary Oriented Schemes
Availabie for 4 States (Chhattisgarh, Maharashtra, Gujarat, Karnataka)
Partially for: Andhra Pradesh, Haryana, Assam, Kerala, West Bengal, Jharkhand

O Capacity Building:
U Through: State Remote Sensing Application Centres, RCs/NRSC, NESAC
Government Departments and NGOs
District and State Level Development Boards

O Concurrent Monitoring, Evaluation and Impact Assessment

U Role of NRSC/ISRO: Data (Satellite, NR), Technical Guidance, Data Dissemination
through Bhuvan, WebGIS Platform and WebGIS Technical Support
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