
F
R

O
M

 P
R

E
S

ID
E

N
T
’S

 D
E

S
K

 

he 12th Esri India User Conference, held in Delhi on the 7th 
and 8th Dec, was remarkable- users across various domains Tand across the country enthusiastically participated in this 

highly successful event, and all of us at Esri would like to thank all 
the participants for their immense support. The participation on the 
pre-conference seminar held on the 6th was equally good, and both 
the sessions - Cloud technology and Map production were well 
attended with highly interactive participation.

The theme “GIS: Understanding our World” did its justice 
showcasing how geospatial technology is now reaching out to every 
nook and comer of society. TodayCloud GIS has emerged as a new 
pattern, which makes Geo Spatial information accessible to 
everyone. Earlier, we used to build an application and connect it to 
cloud. Now, the Esri technology allows the application to be built for 
cloud and users can access across multiple devices any time 
anywhere.

One of the features of the conference was the participation of our 
partners- IBM, Trimble, Microsoft, Amazon. We at Esri are thankful 
to all the partners whose participation went a long way in making 
the event a great success.

We introduced two new solutions with our partners- IBM 
showcased the Maxim Spatial- this enables the hugely popular 
Maximo enterprise management solution to add a spatial element , 
and make it much more easier for the users to manage their assets 
more efficiently.

Recently we have made business alliance with US based Azteca 
Systems Inc. for its product Cityworks build on Esri ArcGIS suite for a 
powerful GIS –centric Asset Maintenance Management system 
allowing Public Works and Utilities agencies to inventory assets; 
issue & track service requests and work orders and mange customer 
needs and requirements leveraging their inherent capabilities in a 
unified system. The combination suite of Cityworks and Esri ArcGIS 
will definitely be an asset for effectively managing the capital assets, 
infrastructure, and property.

India is entering into an era to cover development of futuristic 
technologies for Defence and Internal Security preparing the nation 
for evolving futuristic threats. Recent challenges imposed on India’s 
internal security demands for concerted actions equipped with high 
technology solutions deployment by the law enforcement and 
security agencies. Technological advancement plays pivotal role and 
GIS technology assumes great importance in the management of 
Defence &internal security. In this issue which focuses on these two 
areas, we have some very good contributions and articles on this 
domain, and I am sure the readers will find it very interesting.

S Sridhar
President & COO
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University Of Petroleum And Energy Studies 

University of Petroleum & Energy Studies (UPES), UDehradun, which was formed by an Act of State 

Legislature of the Government of Uttarakhand in the year 

2003 and is listed with the University Grants Commission 

under section 2(f) of UGC Act.

his year students from Department of Petroleum Engineering 

and Earth Science (B. Tech Geo Informatics )celebrated the 

"GIS Day" at University of Petroleum &Energy Studies. 

Esri India’s Vice Chairman “MrRajesh Mathur” graced the 

event as Chief Guest and delievered a informative lecture on 

“Latest Trends in GIS” and  demonstrated new tools and 

upcoming technologies in this field . Lecture was highly 

appreciated by the UPES Management,faculties and students.

The University of Petroleum & Energy Studies was a beehive of 

activity all day onthe themes such as Reservoir Performance 

Analysis Through Neural Network System ; Developing a Map-

Based Web Application To Improve Medical Facilities In Mid-

Sized Cities Using Google Maps Api ;Trace Elements 

Detection Using Landsat Imagery ;Production Of Coal Bed 

Methane Using Underbalanced Metal Fracturing Technique 

;Digital World It In Oil & Gas ;Combustion Behaviour Of 

Pyrolysis Oil/Diesel Oil Emulsions ;Enhanced Oil Field Recovery 

Using Remote Sensing ; GIS Solutions For Traffic Control. 

The GIS Day event at the campus was a huge success that we 

have planned to organize every year enriching our academia, 

industry community, and government administrators.

Punjab Remote Sensing Centre, Ludhiana

International GIS day was celebrated by Punjab Remote 

Sensing Centre (PRSC) in an function organised by them and 

inaugurated by the Chief Guest , PAU Registrar Mr. R K 

Mahey. 

The function was organised to showcase achievements in 

space technology, remote sensing, GIS & GPS to create 

awareness in the society and promote its application by 

inviting young minds from schools and colleges. Over 300 

students, teachers and delegates from various organisations 

participated in the event. 
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sri India has signed a partnership agreement with US Ebased Azteca System, Inc. for its Cityworks suite of  
products& solutions. Under the scope of this agreement, Esri 
India would promote, market, resell and support Citiworks 
software in the territories of India, Nepal and Bhutan 
providing comprehensive public asset and work management 
solutions for infrastructure as well as land-based and  

location-focused activities.  Built exclusively on Esri’s ArcGIS 
software, Cityworks is a powerful GIS-centric Asset 
Maintenance Management System allowing Public Works 
and Utilities agencies to inventory assets; issue & track service 
requests and work orders and mange customer needs and 
requirements leveraging their inherent capabilities in a unified 
system. 

Corporate Office

B-1/H-9, MCIA, Mathura Road, New Delhi - 110044, India, Tel: +91 (11) 40570700, 701 ; Fax: +91 (11) 4057-0516
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MUMBAI : 106-107,Marwah Complex, Krishanlal Marwah Marg, Off Saki-Vihar Road,Andheri (East), 
Mumbai-400 072, Tel:+91(22)-40103200/3221/3183, Fax: +91(22) 40103444, 
e-mail: mumbai@esriindia.com

KOLKATA : EM4/1, 2nd floor, Sector V (Techno India building), Salt Lake, Kolkata 700 091,
Tel: +91 33 3038 1000 ||, Fax: +91 33 2357 7713

AHMEDABAD : Mob: +91 9016 507 980; e-mail: ahmedabad@esriindia.com

Branch Offices: 

BHOPAL: Mob: 9971611366,   CHANDIGARH : Mob: 9646070100,   DEHRA DUN : Mob: 9411932120 

LUCKNOW : Mob: 9415014350,   NAGPUR : Mob: 9890196005,   THIRUVANATHAPURAM : Mob: 9995411777 
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GIS Day Celebrated across the Country

Business Alliance with Azteca Systems

Esri ArcGIS Now Certified on VCE Vblock 

Infrastructure Platforms

Esri's ArcGIS system has been certified with the VCE EVblock Infrastructure Platform, and Esri is now part of the 

VCE independent software vendor (ISV) program. Vblock 

platforms bring together best-of-breed technologies from 

Cisco, EMC, and VMware into a prepackaged, prevalidated 

converged infrastructure system. Esri's certification will 

accelerate the deployment of on-premises private cloud 

solutions with mapping and geospatial analysis capabilities.

VCE solutions speed the adoption of converged infrastructure 

and cloud-based computing models. VCE's Vblock 

Infrastructure Platform combines computer, network, 

storage, virtualization, and management technologies into 

prepackaged units of easily redeployable infrastructure. The 

geospatial analysis capabilities of ArcGIS will help 

organizations using Vblock platforms address social, 

economic, business, and environmental issues from local to 

global scales.

The certification will help Esri and VCE offer fully integrated 

GIS/IT private cloud solutions for the financial, public sector, 

retail, education, health care, manufacturing, and utility 

markets. ArcGIS system administrators will be able to take 

advantage of the benefits of virtualization and converged 

infrastructure technologies provided by three world-class 

corporations—Cisco, EMC, and VMware. Administrators can 

manage their environments using service profile templates 

and an automation engine specifically designed for the 

Vblock platform, which greatly simplifies provisioning and 

configuring ArcGIS instances on blades and servers.
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he ArcGIS Military Analyst extension incorporates a 
suite of display and analysis tools tailored to meet the Tspecial needs of the defense and intelligence user. With 

ArcGIS Military Analyst, you can create, query, analyze, and 
display spatial data in a variety of formats.

ArcGIS Military Analyst maximizes the use of the standard 
suite of the Department of Defense geospatial products by 
allowing direct use and rendering of vector and raster 
products, line-of-sight (LOS) assessments, Military Grid 
Reference System (MGRS) conversion, and Digital Terrain 
Elevation Data (DTED) analysis. With ArcGIS Military Analyst, 
the ArcGIS platform provides the foundation for datacentric 
command, control, and intelligence (C2I) systems.

With ArcGIS Military Analyst, you can

• Exploit Department of Defense raster, vector, and DTED 
data.

• Quickly display and hillshade DTED data.

• Quickly and easily display Vector Product Format (VPF) 
data.

• Generate multipoint viewsheds.

• Conduct visibility analyses.

• Interactively create great circles and rhumb lines.

• Build custom applications.

Features of ArcGIS Military Analyst

With ArcGIS® Military Analyst, you can easily use standard 
National Geospatial- Intelligence Agency (NGA) data and 
generate MIL-STD 2525B symbology. The ESRI® ArcGIS 
Military Analyst extension incorporates a suite of tools that is 
tailored to meet the special needs of the defense user and 
significantly

ArcGIS Military Analyst
enhances the effectiveness of core ArcGIS for the military 
planner and intelligence analyst. ArcGIS Military Analyst 
maximizes the use of the standard suite of NGA data products 
by directly reading and rendering NGA’s vector and raster 
products, line-of-sight (LOS) assessments, Military Grid 
Reference

System (MGRS) conversion, and Digital Terrain Elevation Data 
(DTED) analysis. ArcGIS Military Analyst also includes the 
Military Overlay Editor (MOLE™),which supports MIL-STD 
2525B and custom war-fighting symbologies.

ArcGIS Military Analyst offers full customization using COM 
interfaces, on-the flyprojection of raster and vector data, and 
a suite of tools that includes

• Data management tools—Manage the display of Raster 
Product Format (RPF), Vector Product Format (VPF), and 
DTED data through the use of catalogs; load bulk RPF and 
DTED data into ArcSDE®.

• A coordinate tool—Supports MGRS and coordinate 
conversion.

• Terrain analysis tools—Mosaic/Extract RPF and DTED files 
from catalogs;perform linear and radial visibility analysis 
across DTED tiles; view data in 3D and create threat 
domes.

• Geodesy tools—Calculate and display geodesic, great 
circle, projected ellipses, and rhumb line distances.

• Conversion tools—Batch coordinate conversion 
of coordinates in files; convert VPF features to shapefiles 
and geodatabase feature classes.

• Range ring tool—Create a series of spatially accurate 
and projected ellipses for weapons system and aircraft 
ranges
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Overview

ArcGIS Mapping for SharePoint™ quickly and easily create, 
display, and share your information on interactive maps in 
SharePoint.

• Improve IT efficiency by enabling users with on-demand 
mapping capabilities

• Extend your ArcGIS maps and tools into SharePoint

• No programming required

It provides configurable mapping components for use with 
Microsoft SharePoint sites.

The product contains the following components:

• ArcGIS Map Web Part

• ArcGIS Location Field

• ArcGIS Geocoding Workflow

The Map Web Part can be used to display geographic data 
stored in ArcGIS Server map services, Spatial Data Service 
tables, and SharePoint lists on ArcGIS Online, ArcGIS Server, 
or Bing Maps basemaps. The Geocoding Workflow allows you 
to spatially enable your SharePoint data so that it can be 
shown on a map. The Location Field allows you to easily 
visualize and manipulate the location of items in a 
SharePoint list.

ArcGIS Mapping for SharePoint relies on the Microsoft 
Silverlight platform to provide a rich and impressive user 
experience. The following features and capabilities are 
included:

? Simple administrative interface for configuring map 
content in a SharePoint web part or list

? Use of ArcGIS Online, Bing Maps, or ArcGIS Server 
base maps

? Display of SharePoint lists, ArcGIS Server map services, 
Spatial Data Services, or Microsoft Office document 

ArcGIS Mapping for SharePoint

libraries on an interactive map

? Tabular display of and interaction with the data and 
results shown on a Map Web Part

? Display of SharePoint list item location within a column 
that hosts an interactive map

? Simple configuration of shared properties using 
SharePoint lists

? Show map data using simple, value range (class 
breaks), unique value, heat map, or clustered symbols.

Key Functionality

Easy-to-Use Mapping Components

• Point-and-click administrative interface for configuring 
map content.

• Menu of symbologies including class breaks, unique value, 
heat maps, and clustering.

• Bi-directional interaction between a tabular SharePoint list 
and the map.

• Discover, open, and save maps from ArcGIS.com.

• User-friendly setup allows for quick deployment.

Leverage Your Existing ArcGIS Investment in 

SharePoint

• Bring in your basemaps created in ArcGIS.

• Easily add ArcGIS for Server geoprocessing services.

• Source public or your own private maps from ArcGIS.com.

• Use Locators from ArcGIS Online and ArcGIS for Server.

• Leverage the ArcGIS API for Microsoft Silverlight library to 
extend the application.

Incorporate Analytics to Understand Your Data

• Analyze information through heat maps, clustered data, 
and more.

• Intelligently zoom to selected items.

• Find items within a specified range.

This application, powered by i-cubed'sDataDoors, provides a 
geodata marketplace of preprocessed data for use offline.

With DataDoors for ArcGIS, you can

• View and retrieve original full-resolution data to use locally 
with your own data and software.

• Access the raster data used to create ArcGIS Online Map 
Services, plus source satellite, aerial imagery, and terrain 
data from a variety of providers.

• Select your exact area of interest along with the 
coordinate system, file format, and delivery method for 
the data.

Available Data

The following ArcGIS Online Map Services are available in 
addition to various data from other reputable providers.

• USA Prime Imagery

• World Imagery

• USA Topo Maps

DataDoors for ArcGIS
• World Elevation Data

• USA Elevation Data

The data can be downloaded from 
http://www.esri.com/data-doors
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addition to various data from other reputable providers.

• USA Prime Imagery

• World Imagery

• USA Topo Maps

DataDoors for ArcGIS
• World Elevation Data

• USA Elevation Data

The data can be downloaded from 
http://www.esri.com/data-doors
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with no coding required.

• Dynamically build interfaces to quickly configure 
geoprocessing services.

What’s Included

• ArcGIS for SharePoint runs on the Microsoft SharePoint 
2010 framework as an out-of-the-box mapping solution.

• The Map Center, included in the Map Web Part, allows 
you to discover, open, and save maps from ArcGIS.com.

• The ArcGIS Geocoding aerface seamlessly integrates 
mapping into your environment.

• A customizable color scheme coordinates map themes 
with your organization’s existing look and feel.

ENVI NITF Module
and analysis. The ENVI NITF Module is compliant with the Joint 
Interoperability Test Command (JITC) standards to C-Level 7 – 
the highest awarded – and includes virtually any feature you 
need to read, edit, and deliver NITF files including:

• Reading, writing, and displaying all components of the 
NITF standard (file, image, text, TRE & DES)

• File compression: NITF Preferred JPEG 2000 Encoding 
(NPJE) and Exploitation Preferred JPEG 2000 Encoding 

(EPJE) for reading, writing, and 
disseminating compressed data files

•   Converting between NITF 2.0 and NITF 
2.1 and NSIF 1.0 formats

• Reading and writing the government standard for data 

from commercial satellites, NCDRD (NITF Commercial 

Dataset Requirements Document), and Secondary Image 

Format (NSIF) files

• Extensive support for NSDE classified TREs and unclassified 

TREs, including user defined TREs

• Creating, editing, and deleting PIA TREs

• Automatic data georeferencing using DIGEST TREs, Rapid 

Positioning (RPC00A and RPC00B) TREs, and 

Replacement Sensor Model (RSM) TREs

Integrate Seamlessly with Your Workflow Access, read, write, 

process, and share imagery in the NITF format. The module 

seamlessly integrates with your current imagery workflow 

and allows you to customize your read/write interface and 

behavior to your needs.

ENVI allows you to get the information you need from NITF data, with 

industry-leading reading, writing, and processing support, including a 

unique metadata viewer

When NITF is your standard, ENVI is your solution

The National Imagery Transmission Format (NITF) allows the 
combination of images, graphics, and metadata in a single file 
to create an invaluable intelligence resource. It is the preferred 
standard for government and NATO data.

Access, View, and Process NITF Files

You can have full NITF support with ENVI, the software you 
already use for superior image access, viewing, processing, 
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• Mission Planning

• Incident Planning and Response

• Search and Rescue

• Defense and Intelligence Geospatial Analysis

• Modeling and Simulation

ArcGIS Military Analyst

ArcGIS Military Analyst is a desktop extension with display and 
analysis tools that meet the demands of the collaborative 
defense environment for systems to be networkcentric, 
reusable, and inherently scalable. With ArcGIS Military 
Analyst, you can create, query, analyze, and display spatial 
data in a variety of formats. Use ArcGIS Military Analyst to 
integrate spatial data with other relevant defense data, 
conduct battlefield planning, analyze digital terrains, and 
conduct cross-tile line-of-sight (LOS) and viewshed 
assessments.

Military Overlay Editor

Military Overlay Editor (MOLE) is a set of COM components for 
developers to create custom applications that support 

Esri GIS Tools for Defence and 
Internal Security

Defense and Intelligence

Geographic information system (GIS) technology is a critical 
part of the information technology infrastructure for defense 
and intelligence. It integrates data from intelligence, 
surveillance, and reconnaissance to create spatially aware 
databases (geodatabases) across multiple networks. Spatial 
context and relationships between sensors and other 
battlespace entities and actions are maintained within these 
geodatabases, providing an integrated platform for military 
planners, intelligence analysts, and decision makers to better 
understand common operational and tactical situations.

ArcGIS Defense Solutions

ESRI® ArcGIS® Defense Solutions products consist of ArcGIS 
Military Analyst, Military Overlay Editor (MOLE™), and Grid 
Manager. Geointelligence analysts and military plannersuse 
ArcGIS Defense Solutions to create workflows, processes, and 
symbology, which allow decisions to be executed more 
precisely and rapidly than ever before.

ArcGIS Defense Solutions Are Used By

• Military planners and commanders

• Intelligence analysts

• Defense mapping agencies

• Terrain analysts

• Facility, environmental, and infrastructure managers

• System integrators 

• Developers

ArcGIS Defense Solutions are a key component of the 
following application areas:

• Command and Control

• Battlefield Management

• Intelligence Gathering

Using ArcGlobe (an application within ArcGIS 3D Analyst), MOLE supports 3D warfighting
and tactical symbols not available in the standard MIL-STD-2525B specification.
Billboarded symbols always face the viewer, and the tactical graphics are extruded for clarity.

ArcGIS Military Analyst provides 
analytic anddisplay tools for s
upporting defense and intelligence 
planning.

MOLE provides MIL-STD-2525B symbology for defense and 
intelligence mapping and visualization
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• Defense and Intelligence Geospatial Analysis
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ArcGIS Military Analyst is a desktop extension with display and 
analysis tools that meet the demands of the collaborative 
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and intelligence. It integrates data from intelligence, 
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databases (geodatabases) across multiple networks. Spatial 
context and relationships between sensors and other 
battlespace entities and actions are maintained within these 
geodatabases, providing an integrated platform for military 
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understand common operational and tactical situations.

ArcGIS Defense Solutions

ESRI® ArcGIS® Defense Solutions products consist of ArcGIS 
Military Analyst, Military Overlay Editor (MOLE™), and Grid 
Manager. Geointelligence analysts and military plannersuse 
ArcGIS Defense Solutions to create workflows, processes, and 
symbology, which allow decisions to be executed more 
precisely and rapidly than ever before.

ArcGIS Defense Solutions Are Used By

• Military planners and commanders

• Intelligence analysts

• Defense mapping agencies

• Terrain analysts

• Facility, environmental, and infrastructure managers

• System integrators 
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ArcGIS Defense Solutions are a key component of the 
following application areas:

• Command and Control

• Battlefield Management

• Intelligence Gathering

Using ArcGlobe (an application within ArcGIS 3D Analyst), MOLE supports 3D warfighting
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Department of Defense (DoD) MIL-STD-2525B and NATO’s 
APP-6A specifications. MOLE allows you to easily create, 
display, and edit military symbology in your maps. It enhances 
the effectiveness of your command and control (C2) and 
mission applications by combining the spatial analysis 
capabilities of ArcGIS with common warfighting symbology.

Grid Manager

Grid Manager is a suite of tools that allows the creation of 
multiple grids, graticules, and borders for a variety of map 
products. Grid Manager consists of Grid Designer, Grid 
Creation Wizard, and the Add Grid Data and Grid Layout View 
tools. The grids that are produced contain geographic 
location indicators based on user-specified shapes, scales, 
coordinate systems, and units

Developer Tools

ArcGIS Military Analyst tools can also be accessed through 
Microsoft® VBA, which is included with ArcGIS. ArcGIS 
Military Analyst, customized with any COM-compliant 
language, allows a user to build new applications that deliver 
highly  sophisticated military solutions, especially when 
combined with the optional ArcGIS Spatial Analyst and 
ArcGIS 3D Analyst™ extensions. The ArcGIS Military Analyst 
API is compatible with applications created in ArcGlobe™ (an 
application within ArcGIS 3D Analyst), ArcGIS Engine, and 
ArcGIS Server running Windows®, Solaris™, and Linux®.

Internal Security

GIS is the core information and analysis technology that helps 
manage all types of spatial and tabular data. This can be used 
to better analyze a community’s risks and hazards to develop 
emergency management plans. Critical infrastructure located 
near hazard areas (natural or technological) can be targeted 
for mitigation actions to reduce vulnerabilities. Before an 
event, GIS enables decision makers at all levels to understand 
where and when a crisis can potentially strike and what the 
consequences may be should protective measures fail. 
Intelligence specialists use GIS to visualize and analyze data 
geographically. Dynamic data feeds, including sensors, 
weather, cameras, hospital status, incidents, threats, and 
other real-time risks, fused with geospatial data provide 
powerful situational awareness for command and control.

The creation of an enterprise homeland security GIS database 
enables emergency managers to

• Assess risks to community and infrastructure.

• Establish specific mitigation/protection plans.

• Rapidly determine the scale of the emergency.

• Model the incident to estimate rate of spread or 
progression.

• Identify and evacuate at-risk populations.

• Expedite and direct priority rescue efforts.

• Provide accurate damage assessment.

• Prioritize recovery efforts.

Esri technology Improves Internal Security - A Complete 

System to Meet Your Mission

Today’s Internal security landscape is increasingly complex. 
For several years, funding to support the homeland security 
mission was generally available. Today, with reduced budgets 
and reduced funding, the ability to acquire additional 
personnel and equipment is much more challenging. Esri® 
technology enables you to effectively assess your 
vulnerabilities and optimize the deployment of public safety 
resources so you get the most from your existing investments. 

To overcome these and other challenges, you need better 
intelligence. And you need effective communication and 
collaboration. Esri gives you a complete system to plan, 

GIS can be used to identify surface-to-air missile threat zones near 
critical infrastructures

Emergeny 
Management

Data Fusion

Critical Infrastructure
Protection

Geospatial Data 
Warehouse

Incident Data

Response Plan

Basemap Basemap

Threat and Risk Data

prepare, and respond in a moment’s notice. For decades, Esri 
has partnered with federal, state, and local agencies to 
design, build, and deploy geographic information system 
(GIS) solutions for improved homeland security.

Esri Provides a Complete System

Esri enables you to optimize decision making throughout the 
organization. Its software services uniquely support 
homeland and national security capabilities on the desktop, 
within the cloud, or out in the field.

Data Management

You need to take volumes of disparate data and transform it 
into actionable information. GIS provides a standards based 
platform that easily fits within your existing information 
technology structure. It gives you a powerful integration 
platform for storing and maintaining data using location as 
the common denominator. 

This vulnerability assessment, generated for the hazard mitigation plan, 

is not only published in paper form but also operationalized as another 

map overlay in the common operating picture.

Planning and Analysis—Determining Potential Threat Impacts 

with ArcGIS®

Situational Awareness

Effective situational awareness means accessing realtime, 
secure information that’s continuously updated. GIS brings 
together multiple data streams (sensors, cameras, traffic, 
weather, incidents, etc.) using a geospatial interface to 
represent the current situation at any scale. You can quickly 
display, understand, and share vital intelligence for decision 
support.

Data Management—Bringing Data from Disparate Sources into 

a Common Viewer

Field Operations

GIS supplies mobile tools that enable you to get timely 
information anytime and anywhere and to rapidly push that 
data out to the field. Mobile GIS easily captures, sends, and 
receives information using a map-based common operating 
picture. Information is more effectively shared, and you have 
true interoperability for a safer, more effective response. 

Field Operations—Utilizing Mobile Solutions in Connected 

and Disconnected Environments

Situational Awareness— Illustrating a Chemical Plume and Identifying 

Road Closures and Critical Infrastructure with This Common 

Operating Picture
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targets you’re looking for, using multispectral or 
hyperspectral imagery, regardless of your image analysis 
experience. 

If you know your image contains at least one target of 
interest, you can use this tool to find other targets like it in an 
image. The tool guides you step-by-step through the target 
detection process and produces highly accurate, scientifically 
based results. The workflow can also be accessed 
programmatically, so you can customize options if needed.

After targets have been detected in ENVI, the software can help 
you identify the materials they represent, by matching them to 
spectra of known materials. The spectral analysis tools found in 

ENVI can work with the extensive libraries of spectra provided 
within the product or with your own spectral libraries.

Extract Features

ENVI EX offers a Feature Extraction tool that uses a wizard-like 
interface that allows you to quickly and easily find objects 
within all types of imagery, using an object-based approach 
that incorporates spatial, spectral or temporal, and textural 
information. The tool can quickly be used to extract buildings, 
vehicles, roads, coastlines, landing strips, and much more.

The Feature Extraction tool walks you through the complete 
workflow from the extraction process, to image ingest, and 
finally the export of results and even includes rapid rendering 
preview screens to allow for adjustments at any point during 
the workflow. And, because the Feature Extraction tool is 
built with a high performance image processing engine, it 
delivers fast results even with large datasets.

Detect and Monitor Changes Over Time

The ENVI product line provides an array of sophisticated tools 
for dynamically viewing the same location in two or more 
images simultaneously, as well as tools for automatically 
detecting changes.

Change detection tools include a wizard-like interface to 
guide you through typical change detection workflows and 
can work on original images or categorized images like 
classification or Feature Extraction output.

 From soil erosion to urban development, change detection 
tools are appropriate for detecting all types of changes. The 

Fig. 2: With ENVI you can extract features of interest from all types of imagery, including scanned maps.

Fig. 3: ENVI provides time-critical situational awareness for strategic and tactical operations in combat and reconnaissance environments.

CHANGE ANALYSIS FOR 28 SEP 2007

13

T
E

C
H

N
IC

A
L
 A

R
T
IC

L
E

T
E

C
H

N
IC

A
L
 A

R
T
IC

L
E

12

ENVI Tools for Defence & Intelligence
efense and intelligence personnel face a variety of 
challenges from monitoring infrastructure and assets Dto vulnerability analysis, which can be overcome with 

the help of information extracted from geospatial imagery. 
Data extracted from imagery can save time and manpower 
and increase the likelihood of achieving operational goals.

For applications ranging from assessing the combat 
environment, to finding hidden targets, to detecting changes, 
you can rely on the ENVI family of image analysis software to 
help you quickly make informed, accurate decisions.

In addition, ENVI can be easily customized to solve your unique 
challenges, making it a highly flexible solution for defense and 
intelligence applications. ENVI easily integrates into GIS 
workflows, allowing users to quickly and accurately view, 
manipulate, process, and analyze imagery. Because ENVI 
products are tightly integrated with ArcGIS®, you can easily 
exchange data and layer files between the software packages.

Image Analaysis Solutions for Defense and 

Intelligence

Work with Intelligence Imagery Sources

The ENVI NITF Module allows you to extract critical 
information from the data you commonly work with. The 
module includes the features you need for reading, editing, 
and delivering NITF files. And, the NITF Module is certified by 
the Joint Interoperability Test Command (JITC) to C-Level 7 – 
the highest awarded. 

It includes virtually all features you may need for reading, 
editing, and delivering NITF files, including:

• Reading, writing, & displaying all components of the NITF 
standard (file, image, text, and DES) 

• NITF Preferred JPEG 2000 Encoding (NPJE) and Exploitation 
Preferred JPEG 2000 Encoding (EPJE) for reading, writing, 
and disseminating compressed data files

• Converting between NITF 2.0 and NITF 2.1 and NSIF 1.0 
formats 

• Reading and writing NCDRD (NITF Commercial Dataset 
Requirements Document), and Secondary Image Format 
(NSIF) files.

In addition, the NITF module seamlessly integrates with your 
current imagery workflow and allows you to customize your 
read/write interface and behavior to your needs.

Rapidly Visualize Imagery Content

The dynamic interface in ENVI allows you to rapidly visualize 
intelligence imagery sources to manipulate and highlight 
image content of interest. Designed specifically with the 
needs of defense and intelligence professionals in mind, ENVI 
Zoom offers the most intuitive interface you will find for 
visualization functionality commonly needed by image 
analysts ENVI provides fast panning, zooming, and roaming of 
broad data extents, including multiple layers of data 

Detect and Identify Targets

Targets such as military vehicles, disturbed terrain, or 
camouflaged objects that are not always visible to the naked 
eye can be detected with ENVI using spectral information. The 
target detection tool in ENVI combines advanced algorithms 
with a guided workflow to allow you to quickly find the 

Fig. 1: ENVI can exploit imagery to assess combatant movement and 

positionsand their capacity to apply force.
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the Joint Interoperability Test Command (JITC) to C-Level 7 – 
the highest awarded. 

It includes virtually all features you may need for reading, 
editing, and delivering NITF files, including:

• Reading, writing, & displaying all components of the NITF 
standard (file, image, text, and DES) 

• NITF Preferred JPEG 2000 Encoding (NPJE) and Exploitation 
Preferred JPEG 2000 Encoding (EPJE) for reading, writing, 
and disseminating compressed data files

• Converting between NITF 2.0 and NITF 2.1 and NSIF 1.0 
formats 

• Reading and writing NCDRD (NITF Commercial Dataset 
Requirements Document), and Secondary Image Format 
(NSIF) files.

In addition, the NITF module seamlessly integrates with your 
current imagery workflow and allows you to customize your 
read/write interface and behavior to your needs.

Rapidly Visualize Imagery Content

The dynamic interface in ENVI allows you to rapidly visualize 
intelligence imagery sources to manipulate and highlight 
image content of interest. Designed specifically with the 
needs of defense and intelligence professionals in mind, ENVI 
Zoom offers the most intuitive interface you will find for 
visualization functionality commonly needed by image 
analysts ENVI provides fast panning, zooming, and roaming of 
broad data extents, including multiple layers of data 

Detect and Identify Targets

Targets such as military vehicles, disturbed terrain, or 
camouflaged objects that are not always visible to the naked 
eye can be detected with ENVI using spectral information. The 
target detection tool in ENVI combines advanced algorithms 
with a guided workflow to allow you to quickly find the 

Fig. 1: ENVI can exploit imagery to assess combatant movement and 

positionsand their capacity to apply force.
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Abstract

A known challenge for defence organizations that collect or 
use massive quantities of imagery data on a daily, weekly or 
monthly basis from many disparate sensors, is the 
transformation of this content into searchable and rapidly 
deployed information products. The significant size of 

imagery files and the lack of sufficient network bandwidth to 
deal with the transfer of imagery have traditionally limited 
defence and intelligence community, the ability to easily 
access the required imagery needed for analysis. This is 
compounded by the sheer amount of the imagery being 
collected today. 

Esri’s ArcGIS Server based system provides an enterprise GIS 
platform that allows our users to rapidly exploit imagery data for 
the creation of geospatial information products. This solution 
integrates into a customer’s existing IT infrastructure via Service 
Oriented Architecture (SOA) standards providing the ability to 
easily integrate GIS capabilities into an enterprise environment.

Introduction

Imagery forms the data source for analysis or assessment. 
Most often imagery is used to identify features or is a 

precursor to extracting features. We use different time slices 
of imagery so that we can spot changes that might have 
occurred and we can further refine the extraction of 
information from imagery by conducting multi-spectral 
analysis or other advanced image processing techniques. 
Imagery is also a fundamental source of geo-spatial 
information. If we track the origins of a vector feature, more 
likely than not it was originally derived from imagery. 
However, there are numerous challenges in utilizing imagery 
with other geospatial information across the organization 
especially managing and dissemination of imagery data. 

Why Manage Imagery?

As the number of imagery collection platforms increases and 
with them the amount of available imagery expands; the need 
to manage large imagery archives and efficiently disseminate 
the content is critical. Larger the study area, more imagery is 
needed to cover the landscape. Higher the resolution of the 
image, larger is the file size on the disk. These factors can quickly 
create storage and distribution issues. Typically, each image 
varies in size between 15 to 75 MB of data and the entire area 
may contain over 17 to 20 GB of data with cryptic filenames for 
each image that means nothing to the user. Finally, if users are 
connecting the data across the network, it would be rather 
difficult to add all the images to our Image Analysis software, 
since copying of data is largely out of question.

Challenges in Imagery Dissemination

Defence as well as Intelligence community would always 
require the latest imagery for their work. Such imagery is now 
available at higher resolutions are far quicker intervals. 
Presently, CD / DVDs containing the imagery are dispatched to 
the users. This approach of disseminating imagery is slow. The 
challenges involved in the process are as follows:-

a. Delay between Imagery Acquisition and its 

Availability. Another issue is that the user would want to 
overcome is the long time intervals between when 
imagery is collected and when it is made available to the 
end user. Whenever new imagery is acquired/ added to 
the collection, the process of updating the user should be 
as seamless as possible. 

b. Multiple Copies. The requirement of all this processing 
results in multiple copies of the original image and with 
each processing step, imagery is degraded to a small 
extent. Users have to store and work with large files that 
do not necessarily match the accuracy the content of 
original image data.

c. Pre-processing. The current approach for imagery involves 
collecting and cataloging the images and making the 
catalog available to the defence users so that they can pick 
the images that they need. Usually some form of pre-
processing is required. For instance the desired product 
maybe in a different map-projection and hence may have a 
different dynamic range than the original image. Also, if the 
users area of interest is larger than an individual image, 
relevant images must be combined into a tiled mosaic.

d. Data Security. Whenever data is delivered through 
media such as CD / DVDs, security of its content is 

IMAGERY MANAGEMENT AND DISSEMINATION 
SOLUTION FOR DEFENCE FORCES

results of change detection analysis include not only maps of 
the detected changes, but also reports showing the area and 
percentage of different detected changes. The areas of 
change are easily overlaid onto other images, with or without 
transparency, to quickly highlight change.

Visualize Topography

When you need to visualize your data in three dimensions, the 
ENVI product line offers comprehensive topographic tools to 
provide the help you need. ENVI products can ingest elevation 
data from a wide variety of sources, including DTED format 
elevation images, vector elevation contours, and point 
elevation data.

In addition, the DEM Extraction module can create elevation 
images from stereo imagery. From these elevation data, you 
can produce dynamic three-dimensional models, with 
overlain imagery or vector data. You can then easily navigate 
through the models to visualize terrain from varying view 
angles, as well as create automated fly through movies.

ENVI products also offer tools for extracting slope, aspect, 
convexity and curvature, and terrain categories (ridges, 
channels, passes, peaks, etc.) from elevation imagery.

Fig. 4: ENVI can provide valuable information about the combat 
environment such as topography, natural obstacles, and vegetation density.

NITF for ArcGIS :Proven, standards-based 
support for your GIS workflow.

ITF for ArcGIS is an extension for the ESRI® ArcGIS® 
platformthat seamlessly integrates with ArcGIS NDesktop, ArcGIS ImageServer, and ArcGIS Server to give 

you a proven solution for usingdata in the National Imagery 
Transmission Format(NITF), a common raster data format used 
in thedefense and intelligence communities today.

What is the NITF Data Format?

The NITF data format is the imagery and dataformat widely 
used by geospatial analysts inthe defense and intelligence 

communities forstoring and sharing imagery and data. The 
NITFformat allows you to read and create imageryand 
associated metadata – or the detailed information about 
thecontext, content, and structure of the image – in a 
single file.

All You Need to Use NITF with Your GIS

The new NITF for ArcGIS extension improves the efficiency 
andtimeliness of your geospatial analysis workflows by 
allowing youto read NITF data within the ArcGIS environment 
and create dataproducts with ArcGIS Desktop that comply 
with NITF specifications.The extension provides full NITF 
support, and is compliant with theJoint Interoperability Test 
Command (JITC) standards.

Developed to complement ESRI’s interoperable, standards 
drivenplatform, the NITF for ArcGIS extension allows you to:

• Easily read and display the data within NITF files

• Write (output) files to the NITF format withinArcGIS 
Desktop

• Display NITF components

• Easily compress files using the JPEG 2000 standard

• Display NITF metadata in an intuitive metadata viewing 
window

For more resources and information on NITF for ArcGIS 

at www.ittvis.com/ENVI 

With NITF for ArcGIS users can easily read, write, and display NITF data 

from within the ArcGIS environment. The NITF metadata viewer (top) 

allows you to easily see your image’s associated information.

Contd. from page 13
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Abstract

A known challenge for defence organizations that collect or 
use massive quantities of imagery data on a daily, weekly or 
monthly basis from many disparate sensors, is the 
transformation of this content into searchable and rapidly 
deployed information products. The significant size of 

imagery files and the lack of sufficient network bandwidth to 
deal with the transfer of imagery have traditionally limited 
defence and intelligence community, the ability to easily 
access the required imagery needed for analysis. This is 
compounded by the sheer amount of the imagery being 
collected today. 

Esri’s ArcGIS Server based system provides an enterprise GIS 
platform that allows our users to rapidly exploit imagery data for 
the creation of geospatial information products. This solution 
integrates into a customer’s existing IT infrastructure via Service 
Oriented Architecture (SOA) standards providing the ability to 
easily integrate GIS capabilities into an enterprise environment.

Introduction

Imagery forms the data source for analysis or assessment. 
Most often imagery is used to identify features or is a 

precursor to extracting features. We use different time slices 
of imagery so that we can spot changes that might have 
occurred and we can further refine the extraction of 
information from imagery by conducting multi-spectral 
analysis or other advanced image processing techniques. 
Imagery is also a fundamental source of geo-spatial 
information. If we track the origins of a vector feature, more 
likely than not it was originally derived from imagery. 
However, there are numerous challenges in utilizing imagery 
with other geospatial information across the organization 
especially managing and dissemination of imagery data. 

Why Manage Imagery?

As the number of imagery collection platforms increases and 
with them the amount of available imagery expands; the need 
to manage large imagery archives and efficiently disseminate 
the content is critical. Larger the study area, more imagery is 
needed to cover the landscape. Higher the resolution of the 
image, larger is the file size on the disk. These factors can quickly 
create storage and distribution issues. Typically, each image 
varies in size between 15 to 75 MB of data and the entire area 
may contain over 17 to 20 GB of data with cryptic filenames for 
each image that means nothing to the user. Finally, if users are 
connecting the data across the network, it would be rather 
difficult to add all the images to our Image Analysis software, 
since copying of data is largely out of question.

Challenges in Imagery Dissemination

Defence as well as Intelligence community would always 
require the latest imagery for their work. Such imagery is now 
available at higher resolutions are far quicker intervals. 
Presently, CD / DVDs containing the imagery are dispatched to 
the users. This approach of disseminating imagery is slow. The 
challenges involved in the process are as follows:-

a. Delay between Imagery Acquisition and its 

Availability. Another issue is that the user would want to 
overcome is the long time intervals between when 
imagery is collected and when it is made available to the 
end user. Whenever new imagery is acquired/ added to 
the collection, the process of updating the user should be 
as seamless as possible. 

b. Multiple Copies. The requirement of all this processing 
results in multiple copies of the original image and with 
each processing step, imagery is degraded to a small 
extent. Users have to store and work with large files that 
do not necessarily match the accuracy the content of 
original image data.

c. Pre-processing. The current approach for imagery involves 
collecting and cataloging the images and making the 
catalog available to the defence users so that they can pick 
the images that they need. Usually some form of pre-
processing is required. For instance the desired product 
maybe in a different map-projection and hence may have a 
different dynamic range than the original image. Also, if the 
users area of interest is larger than an individual image, 
relevant images must be combined into a tiled mosaic.

d. Data Security. Whenever data is delivered through 
media such as CD / DVDs, security of its content is 
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results of change detection analysis include not only maps of 
the detected changes, but also reports showing the area and 
percentage of different detected changes. The areas of 
change are easily overlaid onto other images, with or without 
transparency, to quickly highlight change.

Visualize Topography

When you need to visualize your data in three dimensions, the 
ENVI product line offers comprehensive topographic tools to 
provide the help you need. ENVI products can ingest elevation 
data from a wide variety of sources, including DTED format 
elevation images, vector elevation contours, and point 
elevation data.

In addition, the DEM Extraction module can create elevation 
images from stereo imagery. From these elevation data, you 
can produce dynamic three-dimensional models, with 
overlain imagery or vector data. You can then easily navigate 
through the models to visualize terrain from varying view 
angles, as well as create automated fly through movies.

ENVI products also offer tools for extracting slope, aspect, 
convexity and curvature, and terrain categories (ridges, 
channels, passes, peaks, etc.) from elevation imagery.

Fig. 4: ENVI can provide valuable information about the combat 
environment such as topography, natural obstacles, and vegetation density.

NITF for ArcGIS :Proven, standards-based 
support for your GIS workflow.

ITF for ArcGIS is an extension for the ESRI® ArcGIS® 
platformthat seamlessly integrates with ArcGIS NDesktop, ArcGIS ImageServer, and ArcGIS Server to give 

you a proven solution for usingdata in the National Imagery 
Transmission Format(NITF), a common raster data format used 
in thedefense and intelligence communities today.

What is the NITF Data Format?

The NITF data format is the imagery and dataformat widely 
used by geospatial analysts inthe defense and intelligence 

communities forstoring and sharing imagery and data. The 
NITFformat allows you to read and create imageryand 
associated metadata – or the detailed information about 
thecontext, content, and structure of the image – in a 
single file.

All You Need to Use NITF with Your GIS

The new NITF for ArcGIS extension improves the efficiency 
andtimeliness of your geospatial analysis workflows by 
allowing youto read NITF data within the ArcGIS environment 
and create dataproducts with ArcGIS Desktop that comply 
with NITF specifications.The extension provides full NITF 
support, and is compliant with theJoint Interoperability Test 
Command (JITC) standards.

Developed to complement ESRI’s interoperable, standards 
drivenplatform, the NITF for ArcGIS extension allows you to:

• Easily read and display the data within NITF files

• Write (output) files to the NITF format withinArcGIS 
Desktop

• Display NITF components

• Easily compress files using the JPEG 2000 standard

• Display NITF metadata in an intuitive metadata viewing 
window

For more resources and information on NITF for ArcGIS 

at www.ittvis.com/ENVI 

With NITF for ArcGIS users can easily read, write, and display NITF data 

from within the ArcGIS environment. The NITF metadata viewer (top) 

allows you to easily see your image’s associated information.

Contd. from page 13
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paramount. Even when accessing imagery from a 
common data share, data security needs to be ensured. 
Ensuring accountability and a foolproof delivery means is 
essential. 

e. Restricted Bandwidth. No matter where the data is 
stored, there will be the issue of access to the files across 
the network and amount of bandwidth available to 
handle user requirements for the imagery. These issues 
will arise whenever we deal with a large collection of data.

Using the SOA Approach 

The ideal solution is to build a single access point for the entire 
collection and make imagery available as a single service 
accessed through a server connection with no copying and 
moving of data necessary. The user should have the ability to 
browse each image in the service by associating the attributes.

Fortunately, modern technology in the form of Service 
Oriented Architecture (SOA) can largely solve the image 
management and dissemination challenges faced by defence 
users. In this approach, a centralized server publishes an 
Image Service and clients can consume the same. The main 
benefit of working in the service-oriented architecture is the 
limited moving or copying of image data. Greater productivity 
results since an image service can be loaded in mere seconds, 
compared to the minutes and hours earlier. If more clients 
have access to the same service or multiple services can be 
created from the same data source, we are increasing the 
productivity and usability of the image data.

What is an Image Service?

Image Service is a collection of information about the image 
files and all the processing steps needed to fulfill any image 
request. Each user request results in a new image being 
assembled from the source file using the latest information 
and then sent to the client. Image Service is stored in a format 
that allows quick access and hence any image request can be 
provided efficiently. Moreover, these services are published 
and accessed by a descriptive name that describes their 
geographic location and/ or theme rather than navigate 
through lots of files with cryptic filenames. 

Image Service include metadata that contains information 
about images such as when they were collected and what was 

the type of sensor used to acquire the image. This information 
helps the end user to decide what is best imagery suited for 
their needs. The imagery supports almost all native formats 
and provides a continuous view of a service area by creating a 
virtual mosaic. Image service seems more like a single image 
rather that a lot of different files. As we navigate around the 
mage service, a new image is created every time based on the 
current mosaic method. 

ESRI has responded to this critical need of creating an imagery 
data management and dissemination solution based on its 
enterprise commercial-off-the-shelf (COTS) geographic 
information system (GIS) software – ArcGIS Server.

ArcGIS Image Server Extension

ArcGIS Image Server Extension is an ideal solution to manage 
and disseminate large collections of imagery and raster. The 
extension is designed to create one service from a collection of 
rasters and imagery providing central access through the 
ArcGIS Server. 

The process used in ArcGIS Server is Author – Publish – Use. 

a. Author. This process involves authoring an image service 
definition. This holds the footprints and boundary of 
imagery as well as any properties, mosaic and processing 
information that have been applied to the service.

b. Publish. The service definition files are then compiled for 
publishing, creating a compiled definition file. This file is 
published by a ArcGIS Server as an image service and 
make the entire collection available as a single service.

c. Use. Once published to the ArcGIS service, the image 
server is available not just to Web clients but to local and 
direct connect clients as well. From an image 
management point of view, this is much more streamlined 
and efficient way of delivering large amount of imagery to 
the user rather than copying and moving files with cryptic 
file names.

Advantages of ArcGIS Image Server Extension

The ArcGIS Server Image extension enhances the capabilities 
of ArcGIS Server to manage, serve, and exploit large numbers 
of imagery and raster files. This extension provides the 
following benefits :-

a. Reduce Time from Collection 

to Availability. The Image Server 
extension tremendously simplifies 
image management by allowing 
users to directly publish large image 
collections without preprocessing. 
One extremely important aspect of 
Image Server extension is that it can 
dramatically reduce the time 
interval between when new 
imagery is collected and when it is 
available to the end user. This time 
interval could be weeks for large 
projects and can be reduced to a 
matter of hours.

b. Easily Update Services. The 
greatest benefit that the Image 
Server extension provide when 
updating images is the lack of 
service interruption to the update 
process. The user experiences no 
disruption when the service is being 

ArcGIS Server Manages Imagery
Providing a System for Managing, Analyzing, and Visualizing Imagery
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edited. When the update is complete, the administrator 
simply refreshes the services and user will see the update 
imagery instantaneously.

c. Access on LAN or Web. Image services are accessible via a 
local area network and also over the World Wide Web 
providing many ways for clients to add imagery to their 
applications. Bandwidth utilisation is optimized in this 
approach since only that portion of imagery that is required 
for the user visualization/ analysis is actually transmitted over 
the network rather than the entire imagery.

d. Controlled Access. Administrators can control access to 
sensitive imagery by enforcing usernames and passwords 
before access is granted.

e. On-the-fly Processing. A host of processing can be 
performed on the fly ie all geometric and radiometric 
corrections such as pan-sharpen, stretch etc are done 
while image service is being fulfilled.

f. Thick and Thin Client. Thick clients such as ArcGIS 
desktop, Geomedia or Mapinfo as well as thin clients like 
Web Browsers can receive imagery. Using effortless 
distribution, serving very large volumes and numbers of 
raster files to large range of client applications.

g. Keeps Imagery in Native Format. Imagery is stored in 
the native format without the need to maintain additional 
copies. The imagery can be stored as files or within a 
DBMS. Processing images ahead of time is now 
unnecessary since all processing happens as it is need and 
only on the pixels in the requested area. Resulting images 
is sampled only once since its accesses the original file. This 
ensures the highest image quality.

h. Multiple Products from Source Images. With Image 
Server extension, data duplication is avoided while 
maximizing the amount of imagery products that can be 
created because image processing and serving has been 
combined. Reliance on static mosaics is eliminated by 
allowing users to request custom imagery with client-
controllable parameters. Also, dynamically mosaic images in 
different projections, formats, locations, and pixel sizes can 
be combined. Fast, server-based processing enables on-the-
fly creation of multiple image products from a single source.

i. Provide Service and Image Level Metadata. Metadata 
of images such as when they were collected and what type 
of sensor, details of cloud cover provide useful inputs for 
the user to decide what images that they would like to 
view and analyse.

Conclusion

Imagery is core to GIS, and GIS is core to imagery. Imagery 
brings additional value to GIS by providing the basis for 
information extraction. However, the significant size of 
imagery files and the lack of sufficient network bandwidth to 
deal with the transfer of imagery have traditionally limited 
defence forces, the ability to easily access the required 
imagery needed for visualization and analysis.

ESRI solutions such as ArcGIS Server and Image Server Extension 
help defence and intelligence community to manage and serve 
large catalogs of imagery as well as integrate and exploit this 
data with other types of geospatial data.

Imagery & Figures Source : www.esri.com
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paramount. Even when accessing imagery from a 
common data share, data security needs to be ensured. 
Ensuring accountability and a foolproof delivery means is 
essential. 

e. Restricted Bandwidth. No matter where the data is 
stored, there will be the issue of access to the files across 
the network and amount of bandwidth available to 
handle user requirements for the imagery. These issues 
will arise whenever we deal with a large collection of data.

Using the SOA Approach 

The ideal solution is to build a single access point for the entire 
collection and make imagery available as a single service 
accessed through a server connection with no copying and 
moving of data necessary. The user should have the ability to 
browse each image in the service by associating the attributes.

Fortunately, modern technology in the form of Service 
Oriented Architecture (SOA) can largely solve the image 
management and dissemination challenges faced by defence 
users. In this approach, a centralized server publishes an 
Image Service and clients can consume the same. The main 
benefit of working in the service-oriented architecture is the 
limited moving or copying of image data. Greater productivity 
results since an image service can be loaded in mere seconds, 
compared to the minutes and hours earlier. If more clients 
have access to the same service or multiple services can be 
created from the same data source, we are increasing the 
productivity and usability of the image data.

What is an Image Service?

Image Service is a collection of information about the image 
files and all the processing steps needed to fulfill any image 
request. Each user request results in a new image being 
assembled from the source file using the latest information 
and then sent to the client. Image Service is stored in a format 
that allows quick access and hence any image request can be 
provided efficiently. Moreover, these services are published 
and accessed by a descriptive name that describes their 
geographic location and/ or theme rather than navigate 
through lots of files with cryptic filenames. 

Image Service include metadata that contains information 
about images such as when they were collected and what was 

the type of sensor used to acquire the image. This information 
helps the end user to decide what is best imagery suited for 
their needs. The imagery supports almost all native formats 
and provides a continuous view of a service area by creating a 
virtual mosaic. Image service seems more like a single image 
rather that a lot of different files. As we navigate around the 
mage service, a new image is created every time based on the 
current mosaic method. 

ESRI has responded to this critical need of creating an imagery 
data management and dissemination solution based on its 
enterprise commercial-off-the-shelf (COTS) geographic 
information system (GIS) software – ArcGIS Server.

ArcGIS Image Server Extension

ArcGIS Image Server Extension is an ideal solution to manage 
and disseminate large collections of imagery and raster. The 
extension is designed to create one service from a collection of 
rasters and imagery providing central access through the 
ArcGIS Server. 

The process used in ArcGIS Server is Author – Publish – Use. 

a. Author. This process involves authoring an image service 
definition. This holds the footprints and boundary of 
imagery as well as any properties, mosaic and processing 
information that have been applied to the service.

b. Publish. The service definition files are then compiled for 
publishing, creating a compiled definition file. This file is 
published by a ArcGIS Server as an image service and 
make the entire collection available as a single service.

c. Use. Once published to the ArcGIS service, the image 
server is available not just to Web clients but to local and 
direct connect clients as well. From an image 
management point of view, this is much more streamlined 
and efficient way of delivering large amount of imagery to 
the user rather than copying and moving files with cryptic 
file names.

Advantages of ArcGIS Image Server Extension

The ArcGIS Server Image extension enhances the capabilities 
of ArcGIS Server to manage, serve, and exploit large numbers 
of imagery and raster files. This extension provides the 
following benefits :-

a. Reduce Time from Collection 

to Availability. The Image Server 
extension tremendously simplifies 
image management by allowing 
users to directly publish large image 
collections without preprocessing. 
One extremely important aspect of 
Image Server extension is that it can 
dramatically reduce the time 
interval between when new 
imagery is collected and when it is 
available to the end user. This time 
interval could be weeks for large 
projects and can be reduced to a 
matter of hours.

b. Easily Update Services. The 
greatest benefit that the Image 
Server extension provide when 
updating images is the lack of 
service interruption to the update 
process. The user experiences no 
disruption when the service is being 
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edited. When the update is complete, the administrator 
simply refreshes the services and user will see the update 
imagery instantaneously.

c. Access on LAN or Web. Image services are accessible via a 
local area network and also over the World Wide Web 
providing many ways for clients to add imagery to their 
applications. Bandwidth utilisation is optimized in this 
approach since only that portion of imagery that is required 
for the user visualization/ analysis is actually transmitted over 
the network rather than the entire imagery.

d. Controlled Access. Administrators can control access to 
sensitive imagery by enforcing usernames and passwords 
before access is granted.

e. On-the-fly Processing. A host of processing can be 
performed on the fly ie all geometric and radiometric 
corrections such as pan-sharpen, stretch etc are done 
while image service is being fulfilled.

f. Thick and Thin Client. Thick clients such as ArcGIS 
desktop, Geomedia or Mapinfo as well as thin clients like 
Web Browsers can receive imagery. Using effortless 
distribution, serving very large volumes and numbers of 
raster files to large range of client applications.

g. Keeps Imagery in Native Format. Imagery is stored in 
the native format without the need to maintain additional 
copies. The imagery can be stored as files or within a 
DBMS. Processing images ahead of time is now 
unnecessary since all processing happens as it is need and 
only on the pixels in the requested area. Resulting images 
is sampled only once since its accesses the original file. This 
ensures the highest image quality.

h. Multiple Products from Source Images. With Image 
Server extension, data duplication is avoided while 
maximizing the amount of imagery products that can be 
created because image processing and serving has been 
combined. Reliance on static mosaics is eliminated by 
allowing users to request custom imagery with client-
controllable parameters. Also, dynamically mosaic images in 
different projections, formats, locations, and pixel sizes can 
be combined. Fast, server-based processing enables on-the-
fly creation of multiple image products from a single source.

i. Provide Service and Image Level Metadata. Metadata 
of images such as when they were collected and what type 
of sensor, details of cloud cover provide useful inputs for 
the user to decide what images that they would like to 
view and analyse.

Conclusion

Imagery is core to GIS, and GIS is core to imagery. Imagery 
brings additional value to GIS by providing the basis for 
information extraction. However, the significant size of 
imagery files and the lack of sufficient network bandwidth to 
deal with the transfer of imagery have traditionally limited 
defence forces, the ability to easily access the required 
imagery needed for visualization and analysis.

ESRI solutions such as ArcGIS Server and Image Server Extension 
help defence and intelligence community to manage and serve 
large catalogs of imagery as well as integrate and exploit this 
data with other types of geospatial data.

Imagery & Figures Source : www.esri.com

Author

Col (Retd) Richard Sundharam, Esri India
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How can GIS technology help defence and internal 

security forces gain an edge in today’s warfare? 

Nations have an increasingly challenging responsibility to 
protect their citizens from manmade and natural threats. They 
are faced with vast amounts of data (text, tabular, imagery 
and vector) that are being collected by organizations, 
programs and systems, often with varying standards and 
formats. GIS supports fusing these data, and analyzing their 
spatial and temporal relationships permitting fuller 
understanding of a situation and provision of timely and 
accurate information for all phases of National Security 
activities.The National Security Mission Challenges can be 
summarized as:

• Collecting and Managing Data

• Tracking and Managing Resources

• Modeling, analyzing and assessing vulnerabilities

• Developing integrated security, protection and mitigation 
plans

• Collecting field mobile data and provide updates and 
changes

• Supporting prevention, response, interdiction and 
incident management

• Establishing and maintaining situational awareness in the 
field and updatingthe common operating picture in real 
time to keep situational awareness current for all of the 
stakeholders

Today GIS provides the capability to rapidly integrate data of 
all types from disparate sources, and analyze that data for 
visualization and decision support. Data are collected from 
many sourcesusing a variety of  systems and formats.   GIS 
provides a platform that allows you to collect store and 
manage data in one place, normalized by geography, that can 
be rapidly analyzed and understood turning it into actionable 
intelligencethat can  be disseminated and published to the 

common operating picture (COP). There it can be shared 
andcommunicated with other stakeholders for coordinated 
actions.  This results in better decisions, greater efficiency and 
more effective communications through the use of the 
Geographic Approach.

As far as Military operations are concerned, a professional 
community of GIS users ensurethat geospatial servicesare 
provided such that operations are conducted on the same 
spatial and time frame of reference. GIS technology is thus the 
key enabler and vehicle to support the provision of timely, 
accurate, and guaranteed geospatial information and services.It 
is therefore no surprise thatGIS is used everywhere across the 
defence and intelligence mission space as listed below.

• Making maps and data – hardcopy and as services

• Managing facilities (bases, ports, airports, ranges, training 
areas, etc.) to support operational readiness

• Integrating sensor data to support all-source analysis

• Providing situational awareness across the community to 
leadership and field users.

• Supporting the broader national security mission, not just 
Defence and intelligence

• Proving enterprise discovery and dissemination of 
intelligence

• Enabling command and control at the HQ and field level

What role does today’s information technology play in 

putting the power behind the Geospatial Intelligence? 

Reflecting the evolution of mainstream IT, GIS is actually 
changing rapidly as we know it. It’s an organic thing that’s 
coevolving with a lot of other technologies. 

• Measurement technologies, which are creating huge 
volumes of geospatial data

• The data itself is growing in volume
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• Each organization can have access to targeted sensor 
data, dynamic data and other web services

• Each can deploy their own mobile field devices.

• Each agency can contribute relevant data to an over 
arching National Security COP

• Agencies reduced their investment risk by implementing 
proven COTS technology to minimize costs and support 
broader interoperability

GIS is a very practical system. Today GIS integrates and 
synthesizes our information, bringing it from many sources. It 
also facilitates communication and collaboration. It also 
breaks down barriers between organizations, institutions. 

GIS embeds as the key enabling technology for the 

transformation of command, control, communications, 

computers ,  inte l l igence,  survei l lance ,  and 

reconnaissance (C4ISR) applications. Please elaborate.

As shown in Figure 2, C4ISR most commonly decomposes into 
the processes and procedures for ISR –intelligence, 
surveillance and reconnaissance,  and those for C2 
–command and control. To begin let us consider them in turn.

ISR

ISR systems are typically geo-centric in their use of data and 
analysis. GIS is the enabler of the ISR enterprise and the 
Geospatial Server is the heart of GIS. GIS is used to create ISR 
productsand brings order to ISR workflows:

• Accessing disparate data

• Providing context with GIS 

• Discovering Trends and potential threat patterns

• Analysing to determine actions

• Sharing the data with appropriate officials

• There are new sources, like crowd-sourcing. 

• Networks that connect all these thingsenabling new kinds 
of applications, like social networks bringing with them 
issues, like privacy and access

• Computing continues to evolve; Moore had it right: We’re 
still growing, accelerating and learning how to virtualize 
our computing environments. 

• newdeploymentmetaphors are arising, like the Cloud and 
Software as a Service.

There have been many hardware advances that have all been 
exploited by GIS: Networks, Servers, Tablets and Mobile Phones. 
These have now culminated in the Cloud implementations 
which will connect GIS professionals, with knowledge workers, 
policy makers,managers, employees and citizens. Cloud-based 
systems will extend our reach,  and will also empower 
participation in the same network environment, the same 
shared infrastructure, the same common services, all leading to 
creating shared understanding.

So really, Cloud Computing enables a GIS to do more. 

• It enables us to scale out to a large number of users – 
become more pervasive.

• It provides elastic scalability – the ability to provide GIS 
resources during baseline and peak times.

• It perhaps provides for more centralized management of 
our data, IT resources, software and services.

• It enables new approaches to analysis

• It enables true collaboration and sharing among an 
organization and communities of interest.

• It enables rapid provisioning to those who need 
geographic knowledge quickly.

• It’s complementary to traditional deployments- not 
instead of them.

Related closely to the growth of network computing is the 
rapid growth of Crowd Sourcing (or volunteered geographic 
information – VGI) and the explosion of Social Media. These 
are now prolific sources of intelligence – both about those we 
need to protect and our adversaries.

How do defence and intelligence organizations benefit 

from Enterprise GIS.

Enterprise GIS will ultimately change how defence 
organizations work. GIS is becoming a framework for 
workflow management throughout an organization. GIS 
supports more collaboration, more integration, and allows 
working in a shared infrastructure, thus enabling the entire 
military decision-making process.

National Security is achieved through the coordination and 
unity of action between all of the stakeholders – see Figure 1.  
Leveraging the power of enterprise GIS and a National Spatial 
Data Infrastructure (NSDI) allows all the stake holders to use, 
visualize and analyze information with the same base data 
sets.  This avoidsduplication of efforts or misinterpretation of 
information due to disparate base data.

• All national security organizations benefit from the use of 
common base data sets.

• Each agency or stakeholder can have their own local data 
sets that maybe secured or shared.

• Each can have their own user defined COP configured as 
desired with tools to support workflow requirements.

John Day
Director Defense 

Business Development, Esri Inc

Defence Intelligence & Role of 

Geospatial 
Technologies

Figure 1: GIS Provides Unity of Action for Through Shared Data and Services

Figure 2: C4ISR as ISR and C2 Programs.
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How can GIS technology help defence and internal 

security forces gain an edge in today’s warfare? 

Nations have an increasingly challenging responsibility to 
protect their citizens from manmade and natural threats. They 
are faced with vast amounts of data (text, tabular, imagery 
and vector) that are being collected by organizations, 
programs and systems, often with varying standards and 
formats. GIS supports fusing these data, and analyzing their 
spatial and temporal relationships permitting fuller 
understanding of a situation and provision of timely and 
accurate information for all phases of National Security 
activities.The National Security Mission Challenges can be 
summarized as:

• Collecting and Managing Data

• Tracking and Managing Resources

• Modeling, analyzing and assessing vulnerabilities

• Developing integrated security, protection and mitigation 
plans

• Collecting field mobile data and provide updates and 
changes

• Supporting prevention, response, interdiction and 
incident management

• Establishing and maintaining situational awareness in the 
field and updatingthe common operating picture in real 
time to keep situational awareness current for all of the 
stakeholders

Today GIS provides the capability to rapidly integrate data of 
all types from disparate sources, and analyze that data for 
visualization and decision support. Data are collected from 
many sourcesusing a variety of  systems and formats.   GIS 
provides a platform that allows you to collect store and 
manage data in one place, normalized by geography, that can 
be rapidly analyzed and understood turning it into actionable 
intelligencethat can  be disseminated and published to the 

common operating picture (COP). There it can be shared 
andcommunicated with other stakeholders for coordinated 
actions.  This results in better decisions, greater efficiency and 
more effective communications through the use of the 
Geographic Approach.

As far as Military operations are concerned, a professional 
community of GIS users ensurethat geospatial servicesare 
provided such that operations are conducted on the same 
spatial and time frame of reference. GIS technology is thus the 
key enabler and vehicle to support the provision of timely, 
accurate, and guaranteed geospatial information and services.It 
is therefore no surprise thatGIS is used everywhere across the 
defence and intelligence mission space as listed below.

• Making maps and data – hardcopy and as services

• Managing facilities (bases, ports, airports, ranges, training 
areas, etc.) to support operational readiness

• Integrating sensor data to support all-source analysis

• Providing situational awareness across the community to 
leadership and field users.

• Supporting the broader national security mission, not just 
Defence and intelligence

• Proving enterprise discovery and dissemination of 
intelligence

• Enabling command and control at the HQ and field level

What role does today’s information technology play in 

putting the power behind the Geospatial Intelligence? 

Reflecting the evolution of mainstream IT, GIS is actually 
changing rapidly as we know it. It’s an organic thing that’s 
coevolving with a lot of other technologies. 

• Measurement technologies, which are creating huge 
volumes of geospatial data

• The data itself is growing in volume
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• Each organization can have access to targeted sensor 
data, dynamic data and other web services

• Each can deploy their own mobile field devices.

• Each agency can contribute relevant data to an over 
arching National Security COP

• Agencies reduced their investment risk by implementing 
proven COTS technology to minimize costs and support 
broader interoperability

GIS is a very practical system. Today GIS integrates and 
synthesizes our information, bringing it from many sources. It 
also facilitates communication and collaboration. It also 
breaks down barriers between organizations, institutions. 

GIS embeds as the key enabling technology for the 

transformation of command, control, communications, 

computers ,  inte l l igence,  survei l lance ,  and 

reconnaissance (C4ISR) applications. Please elaborate.

As shown in Figure 2, C4ISR most commonly decomposes into 
the processes and procedures for ISR –intelligence, 
surveillance and reconnaissance,  and those for C2 
–command and control. To begin let us consider them in turn.

ISR

ISR systems are typically geo-centric in their use of data and 
analysis. GIS is the enabler of the ISR enterprise and the 
Geospatial Server is the heart of GIS. GIS is used to create ISR 
productsand brings order to ISR workflows:

• Accessing disparate data

• Providing context with GIS 

• Discovering Trends and potential threat patterns

• Analysing to determine actions

• Sharing the data with appropriate officials

• There are new sources, like crowd-sourcing. 

• Networks that connect all these thingsenabling new kinds 
of applications, like social networks bringing with them 
issues, like privacy and access

• Computing continues to evolve; Moore had it right: We’re 
still growing, accelerating and learning how to virtualize 
our computing environments. 

• newdeploymentmetaphors are arising, like the Cloud and 
Software as a Service.

There have been many hardware advances that have all been 
exploited by GIS: Networks, Servers, Tablets and Mobile Phones. 
These have now culminated in the Cloud implementations 
which will connect GIS professionals, with knowledge workers, 
policy makers,managers, employees and citizens. Cloud-based 
systems will extend our reach,  and will also empower 
participation in the same network environment, the same 
shared infrastructure, the same common services, all leading to 
creating shared understanding.

So really, Cloud Computing enables a GIS to do more. 

• It enables us to scale out to a large number of users – 
become more pervasive.

• It provides elastic scalability – the ability to provide GIS 
resources during baseline and peak times.

• It perhaps provides for more centralized management of 
our data, IT resources, software and services.

• It enables new approaches to analysis

• It enables true collaboration and sharing among an 
organization and communities of interest.

• It enables rapid provisioning to those who need 
geographic knowledge quickly.

• It’s complementary to traditional deployments- not 
instead of them.

Related closely to the growth of network computing is the 
rapid growth of Crowd Sourcing (or volunteered geographic 
information – VGI) and the explosion of Social Media. These 
are now prolific sources of intelligence – both about those we 
need to protect and our adversaries.

How do defence and intelligence organizations benefit 

from Enterprise GIS.

Enterprise GIS will ultimately change how defence 
organizations work. GIS is becoming a framework for 
workflow management throughout an organization. GIS 
supports more collaboration, more integration, and allows 
working in a shared infrastructure, thus enabling the entire 
military decision-making process.

National Security is achieved through the coordination and 
unity of action between all of the stakeholders – see Figure 1.  
Leveraging the power of enterprise GIS and a National Spatial 
Data Infrastructure (NSDI) allows all the stake holders to use, 
visualize and analyze information with the same base data 
sets.  This avoidsduplication of efforts or misinterpretation of 
information due to disparate base data.

• All national security organizations benefit from the use of 
common base data sets.

• Each agency or stakeholder can have their own local data 
sets that maybe secured or shared.

• Each can have their own user defined COP configured as 
desired with tools to support workflow requirements.

John Day
Director Defense 

Business Development, Esri Inc

Defence Intelligence & Role of 

Geospatial 
Technologies

Figure 1: GIS Provides Unity of Action for Through Shared Data and Services

Figure 2: C4ISR as ISR and C2 Programs.
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perhaps to manage warnings and alerts, or in a forensic 
context – maybe to look for patterns that might be useful in 
planning future ISR or strike operations.

Using forms for data entry with web applications or smart 
phones our customers are also able to support 2-way 
communication with mobile users providing HUMINT under 
the concept that ‘every soldier or every citizen is a sensor’.

Today much intelligence is derived from social media sites that 
are open to the public and therefore a source of OSINT. Feeds 
from Twitter, Ushahidi, YouTube and other social media sites 
can rapidly be integrated within a GIS-based system as the 
events and situations are unfolding – whether as part of 
Humanitarian Assistance/Disaster Relief operations (HADR), 
or when monitoring hostile intent and actions from rioters, 
dissidents or adversaries.

What do you feel are some of the key challenges that 

Defence GIS users would face in the near future?

• Doing more with less in an economic climate of austere 
budget cuts.

• Keeping pace with commercial developments to 
maintain an information edge over adversaries.

• Governing a geospatial enterprise, not a family of 
separately geo-enabled systems.

• Developing enterprise information models – geospatial 
data models and dictionaries.

• Developing geospatial standards and protocols for Cloud 
computing systems.

• Managing overwhelming volumes of data, mostly 
unstructured, to extract actionable intelligence.

• Coping with cyber attacks and denial of service, all the while 
balancing the ‘need to know’ with ‘responsibility to share’.

• Maintaining analytical expertise as the workforce ages.

• Providing current high fidelity 3-D data for urban 
operations.

• Providing socio-cultural data suitable for strategic, 
operational and tactical usage.

• Supporting 24/7 operations.

Engine for in-vehicle use was that it was too big and too difficult 
to implement often resulting in large and poor performing 
applications. ArcGIS Engine, as it exists today, remains a very 
powerful technology for embedded C2 applications where a 
Desktop product would not be appropriate.

However, for mobile/tablet applications, werealized that we 
needed to drastically reduce the footprint of the application 
on disk, and optimize its consumption of computing 
resources. So we are creating the ArcGIS Runtime for release 
with ArcGIS 10.1. This greatly reduces the burden on the 
application developer and introduces performance 
improvements on an unparalleled level. It is a very small 
footprint, supports very fast display, is easy to deploy, is native 
64 and 32-bit, and supports windows and Linux…connected 
and disconnected when caching techniques are employed.

Smartphone Applications

Military customers are now considering new deployment 
options that follow commercial IT advances and are adopting 
commercial smartphones for military use. We have therefore 
extended our software applications and SDK’s into the 
Android, Apple and Windows Phone environments. Perhaps 
the latest and most significant development is the Portal for 
ArcGIS that will allow customers to recreate the experience of 
ArcGIS Online/ArcGIS.com within their own enterprise, 
including sharing maps and apps.

It is quite true to say that customers have directly impacted the 
design and delivery of Esri technology. 

Does an Esri GIS solution cater to the need for real-time 

geointelligence information?

As Esri became more and more involved in national security 
solutions the need to support real-time intelligence became 
apparent – not just GEOINT but also SIGINT, ELINT, MASINT, 
OSINT and HUMINT. 

One of the first initiatives was the Tracking Server and 
TrackingAnalyst. Tracking Server can manage direct feeds 
which could be from moving features such as with an AIS 
tracking system, or from static sensors such as unattended 
ground sensors (UGS). Tracking Analyst allows Desktop users 
to perform temporal analysis whether conducted live - 

As illustrated in Figure 3, intelligence analysts create ISR 
products using tradecraft and workflow that is gained with 
years and years of experience. The challenge is passing on this 
knowledge. GIS technology can be used to capture this 
tradecraft and workflow so that it can be preserved, shared, 
validated and exploited more widely. 

C2

C2 systems are typically geo-enabled exploiting geospatial 
data and business logic but as part of a much more 
comprehensive set of business rules for planning operations 
(command) and overseeing their execution (control). For C2 
systems geospatial technology is typically embedded into a 
larger system. Here Esri has made many advances as we will 
discuss later. Most critically these capabilities are fully part of 
the geospatial enterprise, whether the applications are used 
in fixed sites or as part of mobile systems – both mounted 
using tablet devices and dismounted using smart phones and 
other devices. 

So C4ISR needs to connect ISR and C2 by virtue of a geospatial 
enterprise that lives and breathes as an ecosystem extending 
throughout the battlespace. Enterprise GIS can break down 
the traditional organizational and systems barriers between 
ISR and C2 and allow for an ops/intel or ISR/C2 convergence 
as shown in Figure 4. 

Soldiers are exposed to this enterprise in whatever way is 
appropriate to their role in the mission. They may be 
dedicated ISR analysts that use advanced tools via simple 
repeatable workflows. They may be planners and battle 
managers who need a combination of intuitive but 
sophisticated tools for course-of-action development and 
simple collaboration environments. And the geospatial 
enterprise must also provide efficient information 
management procedures to provision embedded C2 systems.  

These systems must be able to access the enterprise when 
they can, and be exposed as high performance situationally 
aware capabilities.Mobile systems are both consumers and 
providers in this ecosystem. The soldier is a sensor. ISR informs 
C2 and C2 informs ISR. The workflow is cyclical and the C4ISR 
enterprise complete.

Technology has been rapidly evolving with every niche 

of defence requirements. Is Esri GIS meeting its 

requirement?

GIS is co-evolving with mainstream IT. All typical IT 
architectures and deployment patterns are supported as 
shown in Figure 5.

Now let’s explore some specific technology developments 
that are based on customer feedback.

Imagery

Traditionally imagery was managed outside GIS systems by 
specialist imagery management and processing software. Esri 
has now added imagery management to ArcGIS the key to 
which is the Imagery extension to ArcGIS server that allows for 
rapid updating and dissemination of imagery products.ArcGIS 
can now manage massive imagery holdings whether file-
based or using the new mosaic dataset managed by the 
geodatabase, quickly serve imagery to all standards-based 
clients, provide numerous tools for imagery enhancement 
and exploitation – either on the desktop or from the server, 
and support fast display.

ArcGIS Desktop

With the greater analytical power of the ArcGIS Desktop 
products comes complexity. Feedback was that the user 
experience had to be improved, that we should somehow 
enable standard analytical workflows, and we should attempt 
to reduce the need for extensive training on our software. We 
listened to this message and implemented the template-driven 
approach of intelligent maps for both data management and 
analysis.The benefits of repeatable and standardized workflows 
can be applied broadly across any enterprise.

C2 Web Applications

With the requirement to geo-enabledC2 applications for the 
planning cycle and the COP, it was evident that we needed to 
provide a user experience that would resonate with the 21st 
century soldier who has been brought up in the internet age and 
is used to modern and intuitive interfaces. This led to the family 
of Web API’s - JavaScript, Silverlight and Flex - published as open 
specifications, which provide developers with high performance 
and responsive collaborative environments.

Embedded/Mounted Applications

The experience of  mobile application developers using ArcGIS 
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Figure 3: Typical ISR Products Created by GIS

Figure 4: Ops/Intel Convergence using a Geospatial Enterprise

Figure 5: GIS Implementation Patterns
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Letters to Editors

Dear Readers, 

This section of Letters to Editors has been an important section of Arc India News and your 

comments/suggestions are valuable to us. We would like to have the opinion and feedback of all our readers with 

respect to the content being published and how its has been useful to them in day to day GIS advancement. You 

may also let us know what you expect to see in terms of application and technology in the magazine. 

Letters to Editors may be edited for length and/or clarity and may be published or republished by us in any 

format or medium and /or licensed to others for publication. If we publish your letter, we may attribute it to you 

and may include your name and city, unless you expressly request that you remain anonymous. Please share your 

thoughts with us at info@esriindia.com. 
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perhaps to manage warnings and alerts, or in a forensic 
context – maybe to look for patterns that might be useful in 
planning future ISR or strike operations.

Using forms for data entry with web applications or smart 
phones our customers are also able to support 2-way 
communication with mobile users providing HUMINT under 
the concept that ‘every soldier or every citizen is a sensor’.

Today much intelligence is derived from social media sites that 
are open to the public and therefore a source of OSINT. Feeds 
from Twitter, Ushahidi, YouTube and other social media sites 
can rapidly be integrated within a GIS-based system as the 
events and situations are unfolding – whether as part of 
Humanitarian Assistance/Disaster Relief operations (HADR), 
or when monitoring hostile intent and actions from rioters, 
dissidents or adversaries.

What do you feel are some of the key challenges that 

Defence GIS users would face in the near future?

• Doing more with less in an economic climate of austere 
budget cuts.

• Keeping pace with commercial developments to 
maintain an information edge over adversaries.

• Governing a geospatial enterprise, not a family of 
separately geo-enabled systems.

• Developing enterprise information models – geospatial 
data models and dictionaries.

• Developing geospatial standards and protocols for Cloud 
computing systems.

• Managing overwhelming volumes of data, mostly 
unstructured, to extract actionable intelligence.

• Coping with cyber attacks and denial of service, all the while 
balancing the ‘need to know’ with ‘responsibility to share’.

• Maintaining analytical expertise as the workforce ages.

• Providing current high fidelity 3-D data for urban 
operations.
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Engine for in-vehicle use was that it was too big and too difficult 
to implement often resulting in large and poor performing 
applications. ArcGIS Engine, as it exists today, remains a very 
powerful technology for embedded C2 applications where a 
Desktop product would not be appropriate.

However, for mobile/tablet applications, werealized that we 
needed to drastically reduce the footprint of the application 
on disk, and optimize its consumption of computing 
resources. So we are creating the ArcGIS Runtime for release 
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application developer and introduces performance 
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It is quite true to say that customers have directly impacted the 
design and delivery of Esri technology. 

Does an Esri GIS solution cater to the need for real-time 

geointelligence information?

As Esri became more and more involved in national security 
solutions the need to support real-time intelligence became 
apparent – not just GEOINT but also SIGINT, ELINT, MASINT, 
OSINT and HUMINT. 

One of the first initiatives was the Tracking Server and 
TrackingAnalyst. Tracking Server can manage direct feeds 
which could be from moving features such as with an AIS 
tracking system, or from static sensors such as unattended 
ground sensors (UGS). Tracking Analyst allows Desktop users 
to perform temporal analysis whether conducted live - 

As illustrated in Figure 3, intelligence analysts create ISR 
products using tradecraft and workflow that is gained with 
years and years of experience. The challenge is passing on this 
knowledge. GIS technology can be used to capture this 
tradecraft and workflow so that it can be preserved, shared, 
validated and exploited more widely. 

C2

C2 systems are typically geo-enabled exploiting geospatial 
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(command) and overseeing their execution (control). For C2 
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other devices. 
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ISR and C2 and allow for an ops/intel or ISR/C2 convergence 
as shown in Figure 4. 

Soldiers are exposed to this enterprise in whatever way is 
appropriate to their role in the mission. They may be 
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managers who need a combination of intuitive but 
sophisticated tools for course-of-action development and 
simple collaboration environments. And the geospatial 
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C2 and C2 informs ISR. The workflow is cyclical and the C4ISR 
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Technology has been rapidly evolving with every niche 

of defence requirements. Is Esri GIS meeting its 

requirement?

GIS is co-evolving with mainstream IT. All typical IT 
architectures and deployment patterns are supported as 
shown in Figure 5.

Now let’s explore some specific technology developments 
that are based on customer feedback.

Imagery

Traditionally imagery was managed outside GIS systems by 
specialist imagery management and processing software. Esri 
has now added imagery management to ArcGIS the key to 
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rapid updating and dissemination of imagery products.ArcGIS 
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based or using the new mosaic dataset managed by the 
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ArcGIS Desktop

With the greater analytical power of the ArcGIS Desktop 
products comes complexity. Feedback was that the user 
experience had to be improved, that we should somehow 
enable standard analytical workflows, and we should attempt 
to reduce the need for extensive training on our software. We 
listened to this message and implemented the template-driven 
approach of intelligent maps for both data management and 
analysis.The benefits of repeatable and standardized workflows 
can be applied broadly across any enterprise.

C2 Web Applications

With the requirement to geo-enabledC2 applications for the 
planning cycle and the COP, it was evident that we needed to 
provide a user experience that would resonate with the 21st 
century soldier who has been brought up in the internet age and 
is used to modern and intuitive interfaces. This led to the family 
of Web API’s - JavaScript, Silverlight and Flex - published as open 
specifications, which provide developers with high performance 
and responsive collaborative environments.

Embedded/Mounted Applications

The experience of  mobile application developers using ArcGIS 
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Figure 3: Typical ISR Products Created by GIS

Figure 4: Ops/Intel Convergence using a Geospatial Enterprise

Figure 5: GIS Implementation Patterns
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Letters to Editors

Dear Readers, 

This section of Letters to Editors has been an important section of Arc India News and your 

comments/suggestions are valuable to us. We would like to have the opinion and feedback of all our readers with 

respect to the content being published and how its has been useful to them in day to day GIS advancement. You 

may also let us know what you expect to see in terms of application and technology in the magazine. 

Letters to Editors may be edited for length and/or clarity and may be published or republished by us in any 

format or medium and /or licensed to others for publication. If we publish your letter, we may attribute it to you 

and may include your name and city, unless you expressly request that you remain anonymous. Please share your 

thoughts with us at info@esriindia.com. 

Editorial Board



he 12th Annual Esri India User Conference was a big 
hit with Users and Partners from across all spectrums of TGIS Users. Held at the Radisson Blu MBD Hotel at 

Noida on December 7th & 8th, 2011, it was a resounding 
success for the organizers, NIIT GIS Limited (Esri India), with 
more than 1000 delegates (around 70% higher than the 
previous edition) attending the conference over the three 
days. The delegates were extremely happy with the content of 
the Conference and the associated Exhibition where not only 
solutions from Esri India were exhibited but also Partner 
solutions like from IBM. Trimble, GeoEye and Hemisphere 
were shown along with that of Institutions providing GIS 
courses like NIIT University and Symbiosis Institute of 
Geoinformatics. Prominent Users like RGI and NATMO too 
had showcased the work they had done using GIS.

A day prior to the Conference, two Technology Seminars 

were held at the same venue. The topics were Technology 
Paradigm: The Geospatial Cloud Computing and 
Modernizing Mapping Agencies : Technology Direction. 
These had talks from experts from Esri, Microsoft, Amazon 
and Major Users like SOI. The technology seminars focused 
attention on the latest technology advancements taking place 
in the GIS arena which has changed the global geospatial 
landscape. These seminars attracted an interactive 
participation from the audience and set the tone for the Esri 
India User Conference 2011.

The Theme of the Conference this year was ‘Understanding 
our World’. At the Inaugural Session, Mr. S.Sridhar, President 
& COO, NIIT GIS Limited, spoke on how Esri India has grown in 
the last 15 years and showcased some of the work done by 
their Users in the recent past.
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Mr. Rajendra S Pawar, Chairman, NIIT Group, spoke on the 
theme of the Conference, highlighting the need for using GIS 
in reaching the benefits of large government aided programs 
and policies to the grass roots of society and the need for 
capacity building. He stressed on building a development 
model which benefits all sections of the society and he 
proposed building of infrastructure at three levels – 
governance, information and human infrastructure. He also 
emphasized that Today’s youth should come up with new 
ideas and tools for solving our present day problems.

Mr. Jim Higgins, Regional Manager, Esri Inc., spoke on the 
Vision of Esri and how geospatial technology is now reaching 
out to every nook and comer of society. “We see a new GIS 
pattern is emerging, that is, GIS is now becoming accessible to 
everyone,” he said, adding, “Earlier, we used to build an 
application and connect it to cloud. Now, we build for cloud 

and connect it to desktop.” Talking about ArcGIS, he said, 
“Our application is available on tablets, desktop and various 
other platforms. The core of GIS is intelligent maps. You can 
make one intelligent map and share it with all platforms. He 
also mentioned that Arc GIS online tools will be available to 
everyone not just the Esri users.

The Inaugural session was followed by Esri India’s prestigious 
award ceremony: Special Achievement in GIS (Esri India SAG 
Award) presented awards to users for their contribution in GIS 
towards society and Making the difference Award. This year’s 
Esri India SAG award was given to two Esri users - Kanpur 
Nagar Nigam and Software development institute, Indian Air 
Force. ‘Making a difference (India) award’ was given to 
APSRAC (Hyderabad) for making a significant contribution in 
various segments through GIS.

The Plenary Session saw talks by two prominent users. While 
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Esri India Rolls out the  Technological Extravaganza 
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Mr. Prashun K Dutta, Sr. Executive VP (IT & Quality), Reliance 
Infrastructure Limited, spoke on the various segments, 
especially Utilities, where Reliance has used GIS. He 
mentioned about the need for GIS in infrastructure that has 
provided us the assistance in project management like real-
time monitoring of assets or projects, accurate data analysis, 
assessment of land, sites or routes or environmental impact. 
He then presented a case-study explaining how GIS is being 
used by Reliance in power distribution and how it has helped 
the organisation in bringing down costs while improving its 
efficiency.

Dr. K.M.Reddy, Scientist F, NRSC, spoke on how GIS has been 
used successfully in different areas by AP State Remote 
Sensing Applications Centre (APSRAC) for the Andhra 
Pradesh Government. He talked about geospatial 
technologies and mathematical model development towards 
sustainable development and disaster risk reduction. He also 

mentioned about the various programme he had been 
involved during his tenure at APSRAC, Hyderabad like 
development of soil health portal, mining information system 
(Project Khanija), identification of parking location – Kadapa 
district, watershed development programme at micro 
watershed level, various hydrological assessment projects, 
etc. Talking about flood forecasting system, Dr Reddy said, 
“During Krishna floods in 2009, GIS helped us safely evacuate 
people from the affected region. Only one death was 
reported from the region.”

With the help of a video film, Pradeep Lamba, DGM-EAM, 
IBM, demonstrated how IBM and Esri are leveraging each 
other’s capabilities for building smarter cities. Speaking about 
IBM Maximo Spatial that has seamlessly interfaced with GIS 
solutions like ArcGIS for asset management, he said, 
“Maximo Spatial helps us define assets along with their 
location. Users don’t have to bother about switching between 
two screens as both the applications are available on one 
platform.” He also spoke about the various uses of Maximo 
Spatial such as for assessing the performance of assets, the 
maintenance requirements, location of assets, traffic 
movement and profiling, etc.

During the Technology Exposition the delegates were shown 
by the Technology & Solutions Team of Esri India the latest 
products and updates from Esri, Exelis VIS and Telvent, with a 

talk by Ms. Victoria Kouyoumjian, IT Strategies Architect, Esri, 
on ArcGIS Online, Esri’s cloud-based geospatial content 
management system for storing and managing maps, data, 
and other geospatial information. This was followed by 
Technology demos and GIS quiz conducted by the Esri India 
Team.

The Day 2 of the Conference started with great enthusiasm 
and interactive participation of the users by presenting their 
work in different sectors such as Urban GIS, Infrastructure, 
Natural Resource Management, Health, Disaster 
Management, Water Resources and New technology 
Advancements. A total of 48 Technical presentations and 10 
Poster presentations were made by our esteemed GIS users. 
The Technical Papers presented during the Conference were 
of a very high standard and they were evaluated by major 
users of GIS like Maj Gen Girish Kumar, DSSDI, Dr. 
A.K.Gosain, IIT-D, Dr. Vandana Sharma, NIC, Mr. 

A.K.Mukherji, Forests, Dr. 
A.P.Singh, RGI and Mr. 
Shailesh Shankar, TCS. 
The Posters at the Map 
Gallery were also highly 
apprec ia ted  by  the  
judges, Mr. Ashok Kr. 
Malik, NATMO, Brig 
(Retd) KKV Khanzode, 
Symb ios i s ,  Mr .  J im  
Higgins, Esri and Dr. Deb 
Jyoti Pal, Esri India. 

The Panel Discussion held 
on the Evening of the 
second day on the theme 
o f  t h e  C o n f e r e n c e  
‘Under s tand ing  our  
World’ was well attended 
and the points made by 
the distinguished Panel 
consisting of Dr. Shailesh 
Nayak, Secretary, MoES, 
M r .  S . S u b b a  R a o ,  
Surveyor General of India, 
SOI, Dr. Vandana Sharma, 

Dy. Director General, NIC, Dr. Devendra Pandey, Former DG, 
FSI and Mr. Rajesh C Mathur, Vice Chairman, Esri India, were 
well received. The interaction with the audience during the 
Open House was also of a very high quality.

The event ended with an Award ceremony for the User 
Presentations and an invitation to the delegates for the next 
User Conference being planned in December 2012. Awards 
were given under the Best Paper, Best Student paper and Best 
Poster category.

The Best Paper was won by Dr Subhash Ashutosh, 
Professor, Indira Gandhi National Forest Academy, Dehra 
Dun, followed by first runners up to Lt. Col. Sanjit Kundu, 
DIGIT and Second Runners up to N.Gunalan, Neyveli Lignite 
Corporation Ltd.  

The Best Student Paper Award was won by M Anul Haq, 
Department of Civil Engineering, Indian Institute of 
Technology, Roorkee, followed by First runners up to V. V. 
Gavade, Solapur University, Solapur and Second Runners Up 
to Venugopal T V,RVCE, Bangalore. 

The Best Poster Award was won by Anjali Singh, IARI, New 
Delhi, followed by First Runners Up to G. Areendran, 
IGCMC, WWF-India, New Delhi and Second runners up to 
Alice Deepika, Datacode, Nagpur, India.
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Abstract

The spatial spread of the female child deficit in India has been 
explored in terms of hot spots (with high deficits) and cold 
spots (with more female favourable child sex ratios). It has 
been argued using Census of India data from individual 
censuses that there is a contagion effect for both hot spots 
and cold spots. To understand such effect it is important to 
visualize the data spatially. This paper takes this discussion 
forward by asking whether such effect can be seen across 
censuses. To do so it develops the concept of an epicentre to 
see whether a hot or cold spot in one census is spreading 
shock waves across a wider region in later censuses. The 

Epicentres of Missing Daughters:
Geo-Spatial Analysis of the Child Sex Ratio in India

longitudinal analysis of child sex ratios over three censuses – 
1991, 2001 and 2011 – shows that the hot spots are 
epicentres of the spread of female child deficits while the cold 
spots display a reverse effect. This work has used ArcGIS for 
Geospatial analysis Census of India data.

Keywords: Female Child Deficit; Child Sex Ratio; India; 
Epicentre; Shock waves; Geo-spatial Analysis

Introduction

Several dimensions of the spatial spread of female child deficit in 
India have been established. Visaria [1] has described the north-
south divide in female deficit in the country. Sudha and Rajan [2] 
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Abstract
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and Agnihotri [3] have explained the northernisation of the 
spread, with the culture and demography of the north being 
characterized by higher fertility, higher mortality, more 
masculine sex ratios, and lower status of women. Discriminatory 
attitudes against the girl child and the spread of technology for 
identifying foetal sex have diffused from core regions towards 
culturally homogeneous, adjacent regions over the years [4]. 
Säävälä [5] has argued that geographical and social diffusion 
effects are partly responsible of the speed of the decline, 
although they are difficult to measure or test at the level of 
fertility decision-making.

The regional expansion of skewed sex ratio from the core 
areas to the neighboring districts reflects what Guilmoto [6] 
calls the contagion effect. Guilmoto [7] considers the 
diffusion effect a geographical spread from certain innovative 
nodal areas towards the peripheries a promising attempt to 
understand demographic changes. The fact is that population 
in close-by areas tend to display rather similar demographic 
behavior [8]. Areas with highly pronounced symptoms of 
female child deficit are identified as ‘hot spots’ and the areas 
with favourable ratios as ‘cold spots’ by Oliveau and Guilmoto 
[4], [8] and Guilmoto [6]. This analysis has been carried out 
separately for individual censuses. This throws up two 
questions: Does a longitudinal study across different censuses 
confirm this pattern? Is the contagion effect of a hot spot the 
same as that of a cold spot? That is, does the area of a 
favourable child sex ratio expand in the same way as the area 
of a deficit child sex ratio?

In order to answer these questions we first build on 
Agnihotri’s [3] suggestion that “there is a need to map the 
contours of the problem by locating the 'epicentres' of female 
child deficit” and second what Joshi and Tiwari [9] mentioned 
that there is a “need to identify the surveillance tools to 
identify the hotspots of declining sex ratios and prioritise the 
programmes”. We begin by recalling what we know about 
the spatial spread of the child sex ratio. We then go on to map 
the epicentres of both the deficit and the favorable child sex 
ratios and trace their behaviour across three censuses, 1991, 
2001 and 2011. Finally we present an answer to the questions 
we have mentioned above. 

The discussion on declining child sex ratios has focused on the 
causes for the decline there has been relatively less attention 
paid to the spatial distribution of adverse child sex ratios. 
Among the few who have focused on the geo-spatial 

dimensions of the missing girl child, Guilimoto and Oliveau 
have looked at this dimension in India and China as a possible 
explanation for discrimination against the girl child. In their 
view “This geographical clustering is a typical feature of sex 
ratio degradation in Asia and directly refers to the diffusion 
process of discriminatory behavior” [8]. They make a 
distinction between hot spots or areas with a low child sex 
ratio and cold spots or areas with a high child sex ratio. They 
identified hotspots in the north-west region of the country 
and concluded that local sex ratio values tend to be closely 
correlated to values observed in neighbouring localities. They 
also identify cold spots in a very large region extending from 
Kerala in the Southwest towards Northeast India that are 
characterized by homogenous, female favourable sex ratios. 
The location of these problem states in the north-west region 
of the country and comparatively favourable sex ratio in the 
southern and eastern regions led to the theorization that 
there is a north-south divide and northernisation of the spread 
of the phenomenon. 

Concept of Epicentre

The studies of Guilimoto and Oliveau focus on data from 
individual censuses thereby presenting a photographic view 
of the problem at a point of time. If the spatial spread is the 
result of a hot spot or a cold spot it would have to also be seen 
over time. It would have to emit shock waves that can be 
captured by looking at census data over time. In other words 
the hot spots would have to be the epicentres sending out 
shock waves of low child sex ratios to its neighbouring 
regions, just as the cold spots would have to be the epicentres 
sending out shock waves of high child sex ratios to the 
neighbouring regions. Epicentres can be a single village/city or 
a group of villages/cities, where symptoms of female deficit 
are extreme. By identifying these epicentre village/city or the 
district as such will bring forth insights into the spatial 
dimensions of the problem of missing female children. The 
present study limits epicentre to the district level. We identify 
epicentre districts with high and low Child Sex Ratios in 1991 
census and observe their behaviour over the next two decadal 
censuses.

Making Census data GIS ready:

The first major challenge to project Census data in the form of 
a map was to have maps that were compatible to the 
information in the Census in terms of number of States and 
Districts. The borders in many cases change between 

Figure 1: Child Sex Ration in India from census 1991, 2001 and 2011 with epicenters of female deficit
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censuses. For example in 1991 Census we had 452 districts 
and 32 states and Union Territories, in 2001 592 and 35, and 
in 2011 640 and 35 respectively. There is no single 
comprehensive national map showing borders that were 
compatible with these. We had one shapefile of district 
boundaries that was close to the 2001 Census list. This was 
modified and three separate maps that were compatible to 
each Census were generated. Each district that was new for a 
Census listing had to be individually dealt with. The border 
information for each was defined after consulting various 
web sources. The Census excel tables were then joined with 
respective maps. Another problem was in consistencies 
between Censuses in the names of districts, sometimes they 
are spelt differently therefore the sequence in an alphabetical 
list is shuffled and some times the name of a particular district 
has changed. Such discrepancies had to be corrected one by 
one by doing background research online. There were also 
inconsistencies in district code between each Census lists 
because of which coding between the tables had to be done 
manually.

We computed the district level Child Sex Ratios from the 
general population tables of the Census of India 1991, Census 
of India 2001 and Census of India 2011, and in each table we 
had these numbers listed in a column named CSR_1991, 
CSR_2001 and CSR_2011 respectively. This data base was 
then depicted on the district map of India for the respective 
years. Three separate GIS maps with state and districts 
boundaries were made according to the respective Census 
list. The district level tabular data was coded and connected to 
the respective district boundaries on the map. Selected ranges 
(<850, 851-900, 901-950, 951-1000 and >1000) of 
numerical CSR data was colour coded. The decadal maps 
(Figure 1) visually depict the shifts in the CSR of the country.

The cut-off levels for high and low Child Sex Ratios were 
based on the understanding that at birth, boys outnumber 
girls everywhere in the world by much the same 
proportion—there are around 105 or 106 male children for 
every 100 female children [10]&[11], which makes the CSR at 
birth around 952 females per 1000 males. When given the 
same care as males, females tend to have better survival rates 
than males. Females seem to have lower death rates at all ages 
from childhood to old age, when more or less similar 
nutritional and medical health care have been provided. The 
sex ratio for the 0 to 6 age group would then be at least 952. 
Keeping this figure in mind the present analysis has identified 

900 as a threshold for low CSR. Conversely CSR of more than 
970 has been taken as a favourable ratio. Ideally threshold 
level for favourble region should be 1000 i.e., equidistant 
from the natural rate at birth. At present, there are very few 
districts which satisfy this criterion for India. Hence, we have 
taken a moderate threshold of 970 for favourable region.

Based on data from the Census of India 1991 the districts with 
CSR above 970 and those with CSR below 900 were identified 
as possible epicentres of the contagions of Child Sex Ratios. 
This was done applying the following equation in the Query 
Builder: “CSR_1991<900” and then “CSR_1991>970”. In 
each cluster of low CSR districts we chose the one with the 
lowest CSR as the potential epicentre of possible low CSR 
shock waves. Conversely for each cluster of high CSR districts 
we chose the one with the highest CSR as the potential 
epicentre of possible high CSR shock waves. The epicetre 
districts were again identified by querying. In order to capture 
the effect of shock waves on CSRs in the next two Censuses, 
three concentric circles with radius of 1° (approximately 111 
kilometers) each were drawn using “Buffer” keeping the 
epicentre district at the centre (Figure 2). A separate layer was 
created for central dot and the three buffers. These buffer 
layers were converted to shapefiles and imported into another 
software, in this case Geomatica, along with district boundary 
shapefile for measuring area. The first circle covers an area of 
39,725 sq km, the second circle covers an area of 1,17,240.5 
sq km (excluding the area coming under the first circle), and 
the third circle covers an area of 1,95,109.3 sq km (excluding 
the areas of both first and the second circles). For each 
epicentre area outside international borders and coast lines 
were excluded. The concentric circles provide a reference area 
over which we could measure the spread in succeeding 
censuses. Inside each circle of each epicenter the area covered 
by <900 (in the case of deficit region) and area covered by 
>970 (in case of favourable regions) was measured and 
percentage of their proportions were calculated. ArcInfo has a 
very user friendly tool “Trace” which makes digitizing less 
laborious. But because area measuring tool was disabled and 
area had to be measured in a different software by 
digitization, this turned out to be a very prolonged and 
laborious task. Especially as on occasions areas of disjoined 
districts had to be measured. 

The cut-off levels for high and low Child Sex Ratios were 
based on the understanding that at birth, boys outnumber 
girls everywhere in the world by much the same 

Figure 2: Examples of measuring areas of (a) low and (b) high, female child sex ratio in succeeding censuses using concentric circle 
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and Agnihotri [3] have explained the northernisation of the 
spread, with the culture and demography of the north being 
characterized by higher fertility, higher mortality, more 
masculine sex ratios, and lower status of women. Discriminatory 
attitudes against the girl child and the spread of technology for 
identifying foetal sex have diffused from core regions towards 
culturally homogeneous, adjacent regions over the years [4]. 
Säävälä [5] has argued that geographical and social diffusion 
effects are partly responsible of the speed of the decline, 
although they are difficult to measure or test at the level of 
fertility decision-making.

The regional expansion of skewed sex ratio from the core 
areas to the neighboring districts reflects what Guilmoto [6] 
calls the contagion effect. Guilmoto [7] considers the 
diffusion effect a geographical spread from certain innovative 
nodal areas towards the peripheries a promising attempt to 
understand demographic changes. The fact is that population 
in close-by areas tend to display rather similar demographic 
behavior [8]. Areas with highly pronounced symptoms of 
female child deficit are identified as ‘hot spots’ and the areas 
with favourable ratios as ‘cold spots’ by Oliveau and Guilmoto 
[4], [8] and Guilmoto [6]. This analysis has been carried out 
separately for individual censuses. This throws up two 
questions: Does a longitudinal study across different censuses 
confirm this pattern? Is the contagion effect of a hot spot the 
same as that of a cold spot? That is, does the area of a 
favourable child sex ratio expand in the same way as the area 
of a deficit child sex ratio?

In order to answer these questions we first build on 
Agnihotri’s [3] suggestion that “there is a need to map the 
contours of the problem by locating the 'epicentres' of female 
child deficit” and second what Joshi and Tiwari [9] mentioned 
that there is a “need to identify the surveillance tools to 
identify the hotspots of declining sex ratios and prioritise the 
programmes”. We begin by recalling what we know about 
the spatial spread of the child sex ratio. We then go on to map 
the epicentres of both the deficit and the favorable child sex 
ratios and trace their behaviour across three censuses, 1991, 
2001 and 2011. Finally we present an answer to the questions 
we have mentioned above. 

The discussion on declining child sex ratios has focused on the 
causes for the decline there has been relatively less attention 
paid to the spatial distribution of adverse child sex ratios. 
Among the few who have focused on the geo-spatial 

dimensions of the missing girl child, Guilimoto and Oliveau 
have looked at this dimension in India and China as a possible 
explanation for discrimination against the girl child. In their 
view “This geographical clustering is a typical feature of sex 
ratio degradation in Asia and directly refers to the diffusion 
process of discriminatory behavior” [8]. They make a 
distinction between hot spots or areas with a low child sex 
ratio and cold spots or areas with a high child sex ratio. They 
identified hotspots in the north-west region of the country 
and concluded that local sex ratio values tend to be closely 
correlated to values observed in neighbouring localities. They 
also identify cold spots in a very large region extending from 
Kerala in the Southwest towards Northeast India that are 
characterized by homogenous, female favourable sex ratios. 
The location of these problem states in the north-west region 
of the country and comparatively favourable sex ratio in the 
southern and eastern regions led to the theorization that 
there is a north-south divide and northernisation of the spread 
of the phenomenon. 

Concept of Epicentre

The studies of Guilimoto and Oliveau focus on data from 
individual censuses thereby presenting a photographic view 
of the problem at a point of time. If the spatial spread is the 
result of a hot spot or a cold spot it would have to also be seen 
over time. It would have to emit shock waves that can be 
captured by looking at census data over time. In other words 
the hot spots would have to be the epicentres sending out 
shock waves of low child sex ratios to its neighbouring 
regions, just as the cold spots would have to be the epicentres 
sending out shock waves of high child sex ratios to the 
neighbouring regions. Epicentres can be a single village/city or 
a group of villages/cities, where symptoms of female deficit 
are extreme. By identifying these epicentre village/city or the 
district as such will bring forth insights into the spatial 
dimensions of the problem of missing female children. The 
present study limits epicentre to the district level. We identify 
epicentre districts with high and low Child Sex Ratios in 1991 
census and observe their behaviour over the next two decadal 
censuses.

Making Census data GIS ready:

The first major challenge to project Census data in the form of 
a map was to have maps that were compatible to the 
information in the Census in terms of number of States and 
Districts. The borders in many cases change between 

Figure 1: Child Sex Ration in India from census 1991, 2001 and 2011 with epicenters of female deficit
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censuses. For example in 1991 Census we had 452 districts 
and 32 states and Union Territories, in 2001 592 and 35, and 
in 2011 640 and 35 respectively. There is no single 
comprehensive national map showing borders that were 
compatible with these. We had one shapefile of district 
boundaries that was close to the 2001 Census list. This was 
modified and three separate maps that were compatible to 
each Census were generated. Each district that was new for a 
Census listing had to be individually dealt with. The border 
information for each was defined after consulting various 
web sources. The Census excel tables were then joined with 
respective maps. Another problem was in consistencies 
between Censuses in the names of districts, sometimes they 
are spelt differently therefore the sequence in an alphabetical 
list is shuffled and some times the name of a particular district 
has changed. Such discrepancies had to be corrected one by 
one by doing background research online. There were also 
inconsistencies in district code between each Census lists 
because of which coding between the tables had to be done 
manually.

We computed the district level Child Sex Ratios from the 
general population tables of the Census of India 1991, Census 
of India 2001 and Census of India 2011, and in each table we 
had these numbers listed in a column named CSR_1991, 
CSR_2001 and CSR_2011 respectively. This data base was 
then depicted on the district map of India for the respective 
years. Three separate GIS maps with state and districts 
boundaries were made according to the respective Census 
list. The district level tabular data was coded and connected to 
the respective district boundaries on the map. Selected ranges 
(<850, 851-900, 901-950, 951-1000 and >1000) of 
numerical CSR data was colour coded. The decadal maps 
(Figure 1) visually depict the shifts in the CSR of the country.

The cut-off levels for high and low Child Sex Ratios were 
based on the understanding that at birth, boys outnumber 
girls everywhere in the world by much the same 
proportion—there are around 105 or 106 male children for 
every 100 female children [10]&[11], which makes the CSR at 
birth around 952 females per 1000 males. When given the 
same care as males, females tend to have better survival rates 
than males. Females seem to have lower death rates at all ages 
from childhood to old age, when more or less similar 
nutritional and medical health care have been provided. The 
sex ratio for the 0 to 6 age group would then be at least 952. 
Keeping this figure in mind the present analysis has identified 

900 as a threshold for low CSR. Conversely CSR of more than 
970 has been taken as a favourable ratio. Ideally threshold 
level for favourble region should be 1000 i.e., equidistant 
from the natural rate at birth. At present, there are very few 
districts which satisfy this criterion for India. Hence, we have 
taken a moderate threshold of 970 for favourable region.

Based on data from the Census of India 1991 the districts with 
CSR above 970 and those with CSR below 900 were identified 
as possible epicentres of the contagions of Child Sex Ratios. 
This was done applying the following equation in the Query 
Builder: “CSR_1991<900” and then “CSR_1991>970”. In 
each cluster of low CSR districts we chose the one with the 
lowest CSR as the potential epicentre of possible low CSR 
shock waves. Conversely for each cluster of high CSR districts 
we chose the one with the highest CSR as the potential 
epicentre of possible high CSR shock waves. The epicetre 
districts were again identified by querying. In order to capture 
the effect of shock waves on CSRs in the next two Censuses, 
three concentric circles with radius of 1° (approximately 111 
kilometers) each were drawn using “Buffer” keeping the 
epicentre district at the centre (Figure 2). A separate layer was 
created for central dot and the three buffers. These buffer 
layers were converted to shapefiles and imported into another 
software, in this case Geomatica, along with district boundary 
shapefile for measuring area. The first circle covers an area of 
39,725 sq km, the second circle covers an area of 1,17,240.5 
sq km (excluding the area coming under the first circle), and 
the third circle covers an area of 1,95,109.3 sq km (excluding 
the areas of both first and the second circles). For each 
epicentre area outside international borders and coast lines 
were excluded. The concentric circles provide a reference area 
over which we could measure the spread in succeeding 
censuses. Inside each circle of each epicenter the area covered 
by <900 (in the case of deficit region) and area covered by 
>970 (in case of favourable regions) was measured and 
percentage of their proportions were calculated. ArcInfo has a 
very user friendly tool “Trace” which makes digitizing less 
laborious. But because area measuring tool was disabled and 
area had to be measured in a different software by 
digitization, this turned out to be a very prolonged and 
laborious task. Especially as on occasions areas of disjoined 
districts had to be measured. 

The cut-off levels for high and low Child Sex Ratios were 
based on the understanding that at birth, boys outnumber 
girls everywhere in the world by much the same 

Figure 2: Examples of measuring areas of (a) low and (b) high, female child sex ratio in succeeding censuses using concentric circle 
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proportion—there are around 105 or 106 male children for 
every 100 female children [10]&[11], which makes the CSR at 
birth around 952 females per 1000 males. When given the 
same care as males, females tend to have better survival rates 
than males. Females seem to have lower death rates at all ages 
from childhood to old age, when more or less similar 
nutritional and medical health care have been provided. The 
sex ratio for the 0 to 6 age group would then be at least 952. 
Keeping this figure in mind the present analysis has identified 
900 as a threshold for low CSR. Conversely CSR of more than 
970 has been taken as a favourable ratio. Ideally threshold 
level for favourble region should be 1000 i.e., equidistant 
from the natural rate at birth. At present, there are very few 
districts which satisfy this criterion for India. Hence, we have 
taken a moderate threshold of 970 for favourable region.

Based on data from the Census of India 1991 the districts with 
CSR above 970 and those with CSR below 900 were identified 
as possible epicentres of the contagions of Child Sex Ratios. 
This was done applying the following equation in the Query 
Builder: “CSR_1991<900” and then “CSR_1991>970”. In 
each cluster of low CSR districts we chose the one with the 
lowest CSR as the potential epicentre of possible low CSR 
shock waves. Conversely for each cluster of high CSR districts 
we chose the one with the highest CSR as the potential 
epicentre of possible high CSR shock waves. The epicetre 
districts were again identified by querying. In order to capture 
the effect of shock waves on CSRs in the next two Censuses, 
three concentric circles with radius of 1° (approximately 111 
kilometers) each were drawn using “Buffer” keeping the 

epicentre district at the centre (Figure 2). A separate layer was 
created for central dot and the three buffers. These buffer 
layers were converted to shapefiles and imported into another 
software, in this case Geomatica, along with district boundary 
shapefile for measuring area. The first circle covers an area of 
39,725 sq km, the second circle covers an area of 1,17,240.5 
sq km (excluding the area coming under the first circle), and 
the third circle covers an area of 1,95,109.3 sq km (excluding 
the areas of both first and the second circles). For each 
epicentre area outside international borders and coast lines 
were excluded. The concentric circles provide a reference area 
over which we could measure the spread in succeeding 
censuses. Inside each circle of each epicenter the area covered 
by <900 (in the case of deficit region) and area covered by 
>970 (in case of favourable regions) was measured and 
percentage of their proportions were calculated. ArcInfo has a 
very user friendly tool “Trace” which makes digitizing less 
laborious. But because area measuring tool was disabled and 
area had to be measured in a different software by 
digitization, this turned out to be a very prolonged and 
laborious task. Especially as on occasions areas of disjoined 
districts had to be measured.

Geo-Spatial Analysis of Female Child Deficit

Based on the above method and using data from the Census 
of India 1991 we can identify three possible epicentres of low 
CSR: Kaithal district in Haryana, Morena district in Madhya 
Pradesh, and Gandhinagar district in Gujarat. Sangli district in 
Maharashtra does not figure as a possible epicentre of low 
CSR in 1991. However the rapid spread of low CSR from this 
district in 2001 has made us include it in the list of potential 
epicentres of low CSR. The deficit regions is represented in the 
maps (Figure 1) as the first two categories in the legend (<850 
and 851-900). Table 1 shows proportion of female child 
deficit area covered under each circle over three decades.

Other than these specified epicentres there are also some 
other districts which show female child deficit. In 1991 census 
Salem district in Tamil Nadu showed symptoms of an 
epicentre, but by 2011 the symptoms have disappeared. In 
2011 Nayagarh in Orissa is showing symptoms of a new 
emerging epicentre.

The spatial analysis points to the epicentres of low CSR 
spreading from the Northwest and Western regions of the 
country. In the past the dominance of the Northwestern 

Table 1: Spatial Spread from Epicentres
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Figure 3: Child Sex Ratio in India from census 1991, 2001 and 2011 with epicenters of favourable ratios

Epicentre Census 1st circle 2nd circle 3rd circle

Kaithal 1991 94.60% 62.60% 41.61%

2001 100.00% 79.21% 52.80%

2011 100.00% 88.96% 70.84%

Morena 1991 89.10% 52.37% 22.42%

2001 82.46% 56.63% 31.83%

2011 100.00% 83.26% 57.57%

Gandhinagar 1991 60.24% 4.01% 5.77%

2001 91.01% 32.65% 16.99%

2011 99.39% 53.05% 34.65%
_ _ _Sangli 1991

2001 71.13% 31.28% 21.27%

2011 72.70% 42.56% 39.72%

epicentres had led to analysts speaking of a Northernization 
of low CSRs. But the 2011 data suggests that the 
northernization hypothesis may be too extreme. The 
emergence of the Sangli epicentre for low CSRs that was 
spotted in the 2001 census has been confirmed by the 2011 
data. The 2011 data also suggests that there may be other low 
CSR epicentres emerging, such as Nayagarh in Orissa. The 
Northernization hypothesis appears to be weaker now than 
was originally suggested. 

Geo-Spatial Analysis of Areas with High CSR

There are four possible epicentres of high CSR in the country: 
Jhabua district in Madhya Pradesh, Koraput in Orissa, Giridih 
in Jharkhand and Wokha in Nagaland. Concentric circles with 
dimensions similar to deficit areas were drawn around these 
regions to analyse the noticeable trend occurring over the 
three decades. The favourable regions are outlined with cyan 
colour in the maps (Figure 3). The purpose of this classification 
is to see whether these regions are able to sustain a better CSR 
over the decades, are they able to resist spread of declining 
CSR and whether there are any contagion effect influencing 
these regions from nearby epicenters. Table 2 shows the 
proportion of favourable area covered by each circle in each 
census year.

The present study illustrates that the favourable regions are 
also declining over time. The Jhabua, Koraput, Wokha and 
Giridih zones which had shown large areas of female 
favourable sex ratio in 1991 has declined drastically by 2011. 

This clearly indicates the increasing spread of discrimination 
against the female child in these regions also. 

Table 3 shows the rate of change of CSR (less than 900) over 
three decades within the largest circle in the epicentres of 
deficit areas and also in the area of high CSR (greater than 
970). The figures clearly show the increase in deficit area and 
decline in area with high CSR. In fact, in all the regions of high 
CSR the decline between 2001 and 2011 is steeper than the 
decline between 1991 and 2001.

Conclusion

The regional spread of female child deficit is not only limited 
to these epicentres but the regions which were showing high 
CSR are also declining overtime. The low CSR epicentres are 
also no longer confined to the northern regions. Therefore, 
there is a general trend of increasing masculinisation across all 
regions of the country. 

The longitudinal analysis of CSR of deficit regions and 
favourable regions over the three decades 1991, 2001 and 
2011 depicts two different trends. The epicentre areas of 
female child deficit are expanding overtime. There is an effect 
of shock waves of these low CSR epicentres on the 
neighbouring regions. In contrast, potential high CSR 
epicentres have no such effect on their neighbouring regions. 
Instead there is a shrinking of the high CSR areas around these 
potential epicentres. Thus rather than being high CSR 
epicentres they record a reduction in their positive influence 
over time so that we can even speak of reverse effect. 

As far as tools in the software is concerned, the area 
measuring tool being disabled caused the process to be time 
consuming and cumbersome because of having to change 
formats and softwares. The availability of measuring tool 
along with the “trace” tool, this work could have been 
completed much quicker and measurements would have 
been most accurate.
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CSR>970 census 1st circle 2nd circle 3rd circle

Jhabua 1991 45.72% 8.44% 1.25%

2001 28.07% 2.86% 0.71%

2011 9.32% 0.00 0.00

Koraput 1991 100.00% 95.44% 82.54%

2001 99.53% 73.78% 25.52%

2011 69.84% 36.05% 15.08%

Giridih 1991 60.03% 43.00% 35.84%

2001 41.09% 16.38% 16.11%

2011 6.69% 6.51% 7.06%

Wokha 1991 88.68% 71.99% 76.19%

2001 32.44% 47.58% 41.25%

2011 9.00% 7.91% 29.26%

Rate of increase (%) Census Rate of decline (%)

Gandhinagar 1991 Jhabua

166.55 2001 -47.94

54.99 2011 -76.57

Sangli 1991 Koraput

2001 -39.92

41.05 2011 -43.19

Kaithal 1991 Giridih

22.42 2001 -53.51

19.13 2011 -6 4.34

Morena 1991 Wokha

14.74 2001 -45.11

54.83 2011 -58.77
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proportion—there are around 105 or 106 male children for 
every 100 female children [10]&[11], which makes the CSR at 
birth around 952 females per 1000 males. When given the 
same care as males, females tend to have better survival rates 
than males. Females seem to have lower death rates at all ages 
from childhood to old age, when more or less similar 
nutritional and medical health care have been provided. The 
sex ratio for the 0 to 6 age group would then be at least 952. 
Keeping this figure in mind the present analysis has identified 
900 as a threshold for low CSR. Conversely CSR of more than 
970 has been taken as a favourable ratio. Ideally threshold 
level for favourble region should be 1000 i.e., equidistant 
from the natural rate at birth. At present, there are very few 
districts which satisfy this criterion for India. Hence, we have 
taken a moderate threshold of 970 for favourable region.

Based on data from the Census of India 1991 the districts with 
CSR above 970 and those with CSR below 900 were identified 
as possible epicentres of the contagions of Child Sex Ratios. 
This was done applying the following equation in the Query 
Builder: “CSR_1991<900” and then “CSR_1991>970”. In 
each cluster of low CSR districts we chose the one with the 
lowest CSR as the potential epicentre of possible low CSR 
shock waves. Conversely for each cluster of high CSR districts 
we chose the one with the highest CSR as the potential 
epicentre of possible high CSR shock waves. The epicetre 
districts were again identified by querying. In order to capture 
the effect of shock waves on CSRs in the next two Censuses, 
three concentric circles with radius of 1° (approximately 111 
kilometers) each were drawn using “Buffer” keeping the 

epicentre district at the centre (Figure 2). A separate layer was 
created for central dot and the three buffers. These buffer 
layers were converted to shapefiles and imported into another 
software, in this case Geomatica, along with district boundary 
shapefile for measuring area. The first circle covers an area of 
39,725 sq km, the second circle covers an area of 1,17,240.5 
sq km (excluding the area coming under the first circle), and 
the third circle covers an area of 1,95,109.3 sq km (excluding 
the areas of both first and the second circles). For each 
epicentre area outside international borders and coast lines 
were excluded. The concentric circles provide a reference area 
over which we could measure the spread in succeeding 
censuses. Inside each circle of each epicenter the area covered 
by <900 (in the case of deficit region) and area covered by 
>970 (in case of favourable regions) was measured and 
percentage of their proportions were calculated. ArcInfo has a 
very user friendly tool “Trace” which makes digitizing less 
laborious. But because area measuring tool was disabled and 
area had to be measured in a different software by 
digitization, this turned out to be a very prolonged and 
laborious task. Especially as on occasions areas of disjoined 
districts had to be measured.

Geo-Spatial Analysis of Female Child Deficit

Based on the above method and using data from the Census 
of India 1991 we can identify three possible epicentres of low 
CSR: Kaithal district in Haryana, Morena district in Madhya 
Pradesh, and Gandhinagar district in Gujarat. Sangli district in 
Maharashtra does not figure as a possible epicentre of low 
CSR in 1991. However the rapid spread of low CSR from this 
district in 2001 has made us include it in the list of potential 
epicentres of low CSR. The deficit regions is represented in the 
maps (Figure 1) as the first two categories in the legend (<850 
and 851-900). Table 1 shows proportion of female child 
deficit area covered under each circle over three decades.

Other than these specified epicentres there are also some 
other districts which show female child deficit. In 1991 census 
Salem district in Tamil Nadu showed symptoms of an 
epicentre, but by 2011 the symptoms have disappeared. In 
2011 Nayagarh in Orissa is showing symptoms of a new 
emerging epicentre.

The spatial analysis points to the epicentres of low CSR 
spreading from the Northwest and Western regions of the 
country. In the past the dominance of the Northwestern 

Table 1: Spatial Spread from Epicentres

Census 1991: Child Sex Ration (age 0-6)

Regions of High CSR
1 Jhabua

2 Koraput

3 Giridih

4 Wokha

Regions of High CSR
1 Jhabua

2 Koraput

3 Giridih

4 Wokha

Census 2001: Child Sex Ration (age 0-6)

Regions of High CSR
1 Jhabua

2 Koraput

3 Giridih

4 Wokha

Census 2011: Child Sex Ration (age 0-6)
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Figure 3: Child Sex Ratio in India from census 1991, 2001 and 2011 with epicenters of favourable ratios

Epicentre Census 1st circle 2nd circle 3rd circle

Kaithal 1991 94.60% 62.60% 41.61%

2001 100.00% 79.21% 52.80%

2011 100.00% 88.96% 70.84%

Morena 1991 89.10% 52.37% 22.42%

2001 82.46% 56.63% 31.83%

2011 100.00% 83.26% 57.57%

Gandhinagar 1991 60.24% 4.01% 5.77%

2001 91.01% 32.65% 16.99%

2011 99.39% 53.05% 34.65%
_ _ _Sangli 1991

2001 71.13% 31.28% 21.27%

2011 72.70% 42.56% 39.72%

epicentres had led to analysts speaking of a Northernization 
of low CSRs. But the 2011 data suggests that the 
northernization hypothesis may be too extreme. The 
emergence of the Sangli epicentre for low CSRs that was 
spotted in the 2001 census has been confirmed by the 2011 
data. The 2011 data also suggests that there may be other low 
CSR epicentres emerging, such as Nayagarh in Orissa. The 
Northernization hypothesis appears to be weaker now than 
was originally suggested. 

Geo-Spatial Analysis of Areas with High CSR

There are four possible epicentres of high CSR in the country: 
Jhabua district in Madhya Pradesh, Koraput in Orissa, Giridih 
in Jharkhand and Wokha in Nagaland. Concentric circles with 
dimensions similar to deficit areas were drawn around these 
regions to analyse the noticeable trend occurring over the 
three decades. The favourable regions are outlined with cyan 
colour in the maps (Figure 3). The purpose of this classification 
is to see whether these regions are able to sustain a better CSR 
over the decades, are they able to resist spread of declining 
CSR and whether there are any contagion effect influencing 
these regions from nearby epicenters. Table 2 shows the 
proportion of favourable area covered by each circle in each 
census year.

The present study illustrates that the favourable regions are 
also declining over time. The Jhabua, Koraput, Wokha and 
Giridih zones which had shown large areas of female 
favourable sex ratio in 1991 has declined drastically by 2011. 

This clearly indicates the increasing spread of discrimination 
against the female child in these regions also. 

Table 3 shows the rate of change of CSR (less than 900) over 
three decades within the largest circle in the epicentres of 
deficit areas and also in the area of high CSR (greater than 
970). The figures clearly show the increase in deficit area and 
decline in area with high CSR. In fact, in all the regions of high 
CSR the decline between 2001 and 2011 is steeper than the 
decline between 1991 and 2001.

Conclusion

The regional spread of female child deficit is not only limited 
to these epicentres but the regions which were showing high 
CSR are also declining overtime. The low CSR epicentres are 
also no longer confined to the northern regions. Therefore, 
there is a general trend of increasing masculinisation across all 
regions of the country. 

The longitudinal analysis of CSR of deficit regions and 
favourable regions over the three decades 1991, 2001 and 
2011 depicts two different trends. The epicentre areas of 
female child deficit are expanding overtime. There is an effect 
of shock waves of these low CSR epicentres on the 
neighbouring regions. In contrast, potential high CSR 
epicentres have no such effect on their neighbouring regions. 
Instead there is a shrinking of the high CSR areas around these 
potential epicentres. Thus rather than being high CSR 
epicentres they record a reduction in their positive influence 
over time so that we can even speak of reverse effect. 

As far as tools in the software is concerned, the area 
measuring tool being disabled caused the process to be time 
consuming and cumbersome because of having to change 
formats and softwares. The availability of measuring tool 
along with the “trace” tool, this work could have been 
completed much quicker and measurements would have 
been most accurate.
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CSR>970 census 1st circle 2nd circle 3rd circle

Jhabua 1991 45.72% 8.44% 1.25%

2001 28.07% 2.86% 0.71%

2011 9.32% 0.00 0.00

Koraput 1991 100.00% 95.44% 82.54%

2001 99.53% 73.78% 25.52%

2011 69.84% 36.05% 15.08%

Giridih 1991 60.03% 43.00% 35.84%

2001 41.09% 16.38% 16.11%

2011 6.69% 6.51% 7.06%

Wokha 1991 88.68% 71.99% 76.19%

2001 32.44% 47.58% 41.25%

2011 9.00% 7.91% 29.26%

Rate of increase (%) Census Rate of decline (%)

Gandhinagar 1991 Jhabua

166.55 2001 -47.94

54.99 2011 -76.57

Sangli 1991 Koraput

2001 -39.92

41.05 2011 -43.19

Kaithal 1991 Giridih

22.42 2001 -53.51

19.13 2011 -6 4.34

Morena 1991 Wokha

14.74 2001 -45.11
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About School of Planning and Architecture (SPA)

SPA is a specialized University, one of its only kind in the 
country, which exclusively provides training at various levels in 
different aspects of human habitat and environment. With a 
modest beginning in 1941 as a Department of Architecture of 
Delhi Polytechnic it was renamed as School of Planning and 
Architecture in 1959 and attained eminence in 1979 when  
the Government of India conferred it the status of Deemed to 
be a University. It has taken lead in introducing academic 
programmes in specialized fields both at Bachelor's and 
Master's level, some of which are even today not available 
elsewhere in the country.It has two undergraduate and ten 
post graduate department of studies apart from facilities for 
undertaking doctoral research programmes in the field of 
planning and architecture. In striving for excellenceSPA has 
always been in the lead in extending education and research 
to new frontiers of knowledge.

GIS CENTRE

The Centre for GIS was established in January 2003 to provide 
facilities for conducting GIS classes for students belonging to 
different Department of Studies of the School. It has got a 
wide application in the field of urban planning, regional 
planning, environment planning, transportation planning and 
housing. Some of the important areas of application include 
land use and infrastructure planning, regional resource 
planning, environmental mapping, vehicle routing & land 

records management. Besides, it also conducts training 
programme from time to time for faculty members on the use 
and application of GIS Software.  In addition to the above the 
facilities are used by the students for training, hands-on 
academic exercises research projects and sponsored 
consultancy projects.

Spatial Data Infrastructure

• Department of Environmental Planning

GIS Laboratory Training and application of GIS in 
env i ronmenta l  moni tor ing and assessment  
&environmental impact assessment

• Department of Housing

Training on GIS User Interface for Housing Studio 
Projects.

FACILITIES AT GIS CENTRE

The GIS Centre at SPA is equipped with 20 Arc View 9.3 
Licenses and 2 Arc Info Universal Lab Kits (Extensions - spatial 
analyst, network analyst, 3D analyst). In addition, the centre 
has high end hardware equipments.

CENTRE FOR REMOTE SENSING

The Centre for Remote Sensing is equipped with basic tools 
required for Stereovision and Aerial Photo interpretation, viz. 
Pocket and Mirror stereoscopes, Parallax bars, aerial 
photographs, etc. The Centre also has a couple of image 
processing software. The Centre conducts theory and 
practical courses for various programmes at undergraduate 
and postgraduate levels.

COURSES OFFERED

UNDERGRADUATE

• Department of Physical Planning

Photogrammetry -  Basic principles and concepts in aerial 
remote sensing, aerial photography and, types of 
photographs, stereoscopic principles, elementary 
stereoscopic devices, scale of photographs, measurement 
of heights from photographs and use of parallax bar, 
principles of photogrammetry, application in urban and 
regional planning.

POSTGRADUATE

• M. Planning first Semester Integrated Programme

12 hrsCourse in Remote Sensing offered as a part of 
studio programme.

• Department of Regional Planning

Use of remote sensing in urbanization and its impact on 
micro climates.

Contact Persons

Head, Centre for Analysis and System Studies, GIS Centre & 
Centre for Remote Sensing

Dr. Sanjay Gupta, Professor of Transport Planning
M.Sc., M.T.P., Ph.D. 
Tel. 011-23702388 Ext. 227/ 246/ 293, Mobile: 9871860530 
Email- drsgupta19@gmail.com, s.gupta@spa.ac.in

Contact Details

School of Planning and Architecture
|4-Block B, Indraprastha Estate
New Delhi-110002
Phone-011-23202375, 23702376, Fax-011-23702383, Email-
info@spa.ac.in

Centre For Analysis & System Studies,
Geographic Information System
And Centre For Remote Sensing

COURSES OFFERED

UNDERGRADUATE

• Department of Physical Planning

• Geographic Information Systems -  Introduction, 
Components, benefits, data structure for GIS, thematic 
maps, map-data organization, goal setting and projecting 
needs and trends in GIS.

POSTGRADUATE

• M. Planning First Semester Integrated Programme

? 12 hrs Course in GIS offered as a part of studio 
programme.

• Department of Urban Planning

?Advanced Planning Techniques : Advanced GIS: 
Coordinate system and geo-coding; vector data structure 
and algorithms; raster data structure and algorithms; data 
structure algorithms for surfaces and time; databases for 
GIS; error modeling and data uncertainty; visualisatics of 
spatial data; decision making in GIS context; system 
implementation.

• Department of Regional Planning

Participatory GIS (PGIS): Definition, concept and need. 
PGIS and PPGIS. Geo-referencing and visualizing 
indigenous spatial knowledge. Ethical issues in PGIS. PGIS 

for regional level technology based information system, 
case studies and application of PGIS in India.

Use of GIS in detecting Urban Micro Climates.

Studio Exercise –one week training in applied GIS on core 
study area.
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required for Stereovision and Aerial Photo interpretation, viz. 
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processing software. The Centre conducts theory and 
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Photogrammetry -  Basic principles and concepts in aerial 
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rcSDE performance can be improved by analyzing the 
spatial data and rebuilding their indexes. Analysis of Atables and rebuilding of indexes are extremely 

important for regular maintenance of versioned 
Geodatabases. Performed regularly, these two functions can 
help keep performance of the versioned Geodatabase at a 
maximum.

Below are scripts (for Oracle and SQL Server) that perform the 
following:

1) Rebuild every index by any user that owns SDE data.

2) Analyzes the schema of each user that owns SDE data.

Note: If any tables are owned by users who don't own any 
actual layers, then this script will need to be modified.

These scripts are not a solution for every performance related 
ArcSDE issue, but are something that should be done on a 
regular basis as scheduled maintenance. 

Note:  Analyzing the data should be done regularly on a 
dataset that is changing. This updates the statistics that are 
used by the Oracle Cost Based Optimizer, to work out the best 
execution plan for SQL. ArcSDE contains features in the 
underlying SQL that rely on the Oracle Cost Based Optimizer, 
and rely on the statistics being up-to-date. Also, be advised 
there are other scripts and tools for these types of operations. 
For example, Oracle tools can be used to update the stats and 
rebuild the other indexes when appropriate.

Oracle 8i/9i/10G (needs to be run as the 'SYS' user) :

SET SERVEROUTPUT ON

DECLARE

    CURSOR Owner_Cur IS
        SELECT DISTINCT(OWNER) owner

FROM sde.table_registry
ORDER BY owner;

    CURSOR Index_Cur IS
        SELECT owner, index_name
        FROM dba_indexes
        WHERE owner IN

(SELECT DISTINCT(owner) 
 FROM sde.table_registry) 

        AND INDEX_TYPE = 'NORMAL' 
        ORDER BY owner, index_name;

    SQL_STMT VARCHAR2(200);

BEGIN

    DBMS_OUTPUT.ENABLE (100000);

    FOR IndexRec IN Index_Cur LOOP
        SQL_STMT := ('ALTER INDEX ' || 

IndexRec.owner || '.' || 

IndexRec.index_name || ' REBUILD');
DBMS_OUTPUT.PUT_LINE(SQL_STMT);

        EXECUTE IMMEDIATE SQL_STMT;
        DBMS_OUTPUT.NEW_LINE;
    END LOOP;

    FOR OwnerRec IN Owner_Cur LOOP
        DBMS_OUTPUT.PUT_LINE('Analyzing 

schema : ' || OwnerRec.owner);
        

DBMS_STATS.GATHER_SCHEMA_STATS(OwnerRec.ow

ner);
        DBMS_OUTPUT.NEW_LINE;
    END LOOP;

END;

/

SQL Server 2000/2005 - Single Database Model (needs to 

be run as the 'SA' user or as a 'DBO' user - depending on 

how the SDE Respository has been created) :

-- Rebuild indexes on tables for all 

owners in the table registry.
– 

******************************************

*********************
--  Run under the Database that contains 

the SDE Repository tables.
--  If the SDE schema is owned by 'DBO', 

change:
--  select distinct owner from 

SDE.sde_table_registry
--  to
--  select distinct owner from 

DBO.sde_table_registry

use<Admin_Database>

Declare @OwnerNamevarchar(50)
Declare @TableNamevarchar(50)
Declare @QualifiedNamevarchar(100)

Declare OwnerCursor cursor for 
select distinct owner from 

SDE.sde_table_registry

openOwnerCursor
Fetch OwnerCursor into @OwnerName
while (@@fetch_status=0) 
begin
 Declare TableCursor cursor for
 -- Get all the tables for this user
select so.name from sysobjects so join 

sysuserssu on so.uid = su.uid  where type 

= 'U' and su.name = @OwnerName
openTableCursor
 Fetch TableCursor into @TableName
while (@@fetch_status=0) 
begin
set @QualifiedName = @OwnerName + '.' + 

@TableName
print 'Rebilding indexes on  : ' + 

Performance Tips and Tricks: ArcSDE
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rcSDE performance can be improved by analyzing the 
spatial data and rebuilding their indexes. Analysis of Atables and rebuilding of indexes are extremely 

important for regular maintenance of versioned 
Geodatabases. Performed regularly, these two functions can 
help keep performance of the versioned Geodatabase at a 
maximum.

Below are scripts (for Oracle and SQL Server) that perform the 
following:

1) Rebuild every index by any user that owns SDE data.

2) Analyzes the schema of each user that owns SDE data.

Note: If any tables are owned by users who don't own any 
actual layers, then this script will need to be modified.

These scripts are not a solution for every performance related 
ArcSDE issue, but are something that should be done on a 
regular basis as scheduled maintenance. 

Note:  Analyzing the data should be done regularly on a 
dataset that is changing. This updates the statistics that are 
used by the Oracle Cost Based Optimizer, to work out the best 
execution plan for SQL. ArcSDE contains features in the 
underlying SQL that rely on the Oracle Cost Based Optimizer, 
and rely on the statistics being up-to-date. Also, be advised 
there are other scripts and tools for these types of operations. 
For example, Oracle tools can be used to update the stats and 
rebuild the other indexes when appropriate.

Oracle 8i/9i/10G (needs to be run as the 'SYS' user) :

SET SERVEROUTPUT ON

DECLARE

    CURSOR Owner_Cur IS
        SELECT DISTINCT(OWNER) owner

FROM sde.table_registry
ORDER BY owner;

    CURSOR Index_Cur IS
        SELECT owner, index_name
        FROM dba_indexes
        WHERE owner IN

(SELECT DISTINCT(owner) 
 FROM sde.table_registry) 

        AND INDEX_TYPE = 'NORMAL' 
        ORDER BY owner, index_name;

    SQL_STMT VARCHAR2(200);

BEGIN

    DBMS_OUTPUT.ENABLE (100000);

    FOR IndexRec IN Index_Cur LOOP
        SQL_STMT := ('ALTER INDEX ' || 

IndexRec.owner || '.' || 

IndexRec.index_name || ' REBUILD');
DBMS_OUTPUT.PUT_LINE(SQL_STMT);

        EXECUTE IMMEDIATE SQL_STMT;
        DBMS_OUTPUT.NEW_LINE;
    END LOOP;

    FOR OwnerRec IN Owner_Cur LOOP
        DBMS_OUTPUT.PUT_LINE('Analyzing 

schema : ' || OwnerRec.owner);
        

DBMS_STATS.GATHER_SCHEMA_STATS(OwnerRec.ow

ner);
        DBMS_OUTPUT.NEW_LINE;
    END LOOP;

END;

/

SQL Server 2000/2005 - Single Database Model (needs to 

be run as the 'SA' user or as a 'DBO' user - depending on 

how the SDE Respository has been created) :

-- Rebuild indexes on tables for all 

owners in the table registry.
– 

******************************************

*********************
--  Run under the Database that contains 

the SDE Repository tables.
--  If the SDE schema is owned by 'DBO', 

change:
--  select distinct owner from 

SDE.sde_table_registry
--  to
--  select distinct owner from 

DBO.sde_table_registry

use<Admin_Database>

Declare @OwnerNamevarchar(50)
Declare @TableNamevarchar(50)
Declare @QualifiedNamevarchar(100)

Declare OwnerCursor cursor for 
select distinct owner from 

SDE.sde_table_registry

openOwnerCursor
Fetch OwnerCursor into @OwnerName
while (@@fetch_status=0) 
begin
 Declare TableCursor cursor for
 -- Get all the tables for this user
select so.name from sysobjects so join 

sysuserssu on so.uid = su.uid  where type 

= 'U' and su.name = @OwnerName
openTableCursor
 Fetch TableCursor into @TableName
while (@@fetch_status=0) 
begin
set @QualifiedName = @OwnerName + '.' + 

@TableName
print 'Rebilding indexes on  : ' + 

Performance Tips and Tricks: ArcSDE
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@QualifiedName
dbccdbreindex(@QualifiedName) WITH 

NO_INFOMSGS
print 'Updating Statistics on: ' + 

@QualifiedName
  EXEC ('UPDATE STATISTICS ' + 

@QualifiedName )
print '’
  Fetch TableCursor into @TableName
end
 Fetch OwnerCursor into @OwnerName
closeTableCursor
DeallocateTableCursor
end
closeOwnerCursor
DeallocateOwnerCursor

Note:  To obtain the <Admin_Database>, execute the 

'sdeservice -o list ...' command directly on the SDE Server.

SQL Server 2000/2005 - Multiple Database Model (needs to 

be run as the 'SA' user or as a 'DBO' user - depending on 

how the SDE Respository has been created) :

-- Rebuild indexes on tables for all 

owners in the table registry.
– 

******************************************

*********************
--  Run under the Database that contains 

the SDE Repository tables.
--  If the SDE schema is owned by 'DBO', 

change:
--  select distinct owner from 

SDE.sde_table_registry
--  to
--  select distinct owner from 

DBO.sde_table_registry

--  In a Multiple Database Model, you need 

to run this script in 
--  every database that contains data 

registered with ArcSDE.

use<Database_where_spatial_data_resides>

Declare @OwnerNamevarchar(50)
Declare @TableNamevarchar(50)
Declare @QualifiedNamevarchar(100)

Declare OwnerCursor cursor for 
select distinct owner from 

SDE.SDE.sde_table_registry
openOwnerCursor
Fetch OwnerCursor into @OwnerName
while (@@fetch_status=0) 
begin
 Declare TableCursor cursor for
 -- Get all the tables for this user
select so.name from sysobjects so join 

sysuserssu on so.uid = su.uid  where type 

= 'U' and su.name = @OwnerName
openTableCursor
 Fetch TableCursor into @TableName
while (@@fetch_status=0) 

begin
set @QualifiedName = @OwnerName + '.' + 

@TableName
print 'Rebilding indexes on  : ' + 

@QualifiedName
dbccdbreindex(@QualifiedName) WITH 

NO_INFOMSGS
print 'Updating Statistics on: ' + 

@QualifiedName
  EXEC ('UPDATE STATISTICS ' + 

@QualifiedName )
print '’
  Fetch TableCursor into @TableName
end
 Fetch OwnerCursor into @OwnerName
closeTableCursor
DeallocateTableCursor
end
closeOwnerCursor
DeallocateOwnerCursor

Note: To obtain a list of all the databases that contain data 
registered with ArcSDE, execute the following query: 

select distinct(database_name) from 
SDE.SDE.sde_table_registry;  go

Performance Tips and Tricks: ArcGIS Server

Performance of a Web application involves both the speed at 
which the application responds to users and the number of 
users that an application can accommodate. When you think 
about improving the performance of your ArcGIS Server Web 
applications, the first thing that may come to mind is adding or 
upgrading hardware. However, there may be other things you 
can adjust in your application, your map, or your server settings 
that will improve the performance of your Web applications.

Design your map for performance

Designing maps for the Web is very different from designing 
paper maps, or even maps that you commonly work with in 
desktop applications such as ArcMap. If you have a map 
document that you commonly use in ArcMap, you may want 
to save a copy instead of publishing the map directly to ArcGIS 
Server. Using the copy, you can make some optimizations 
specifically for Web viewing.

What's so different about maps that you'll view on the Web? 
To get the best performance of your map over the Web, it's 
recommended that you use the Map Service Publishing 
Toolbar in ArcMap to examine your map document. Resolve 
all the Errors and as many of the Warnings as you can, then 
publish the map using the toolbar. This bases your service on a 
map service definition (.msd, or MSD) file, which is the way to 
publish your service for the fastest drawing available.

Regardless of whether your map service is MSD-based, you 
should still consider caching it for performance. Caching a 
map means that you create and store a set of prerendered 
map images that can very quickly be used by the application 
instead of waiting for the map to draw each time. If caching 
the map, you'll need to design the map to look good at all the 
scales at which it will be cached.

Cache your map services

Cached map services distribute predrawn map tiles instead of 
drawing map images on the fly. Cached services not only 
improve the display speed of your map but also greatly 

3534

increase the number of users your server can accommodate. 
For a public-facing Web application, you should always cache 
the basemap service and attempt to cache all the operational 
overlay services that are feasible to cache.

Evaluate the image format that your map cache is built 

with

The image format that you choose affects the performance, 
appearance, and size on disk of your cache. PNG 8 works well 
for many MXD-based overlay services, while PNG 32 is a 
better choice for MSD-based overlay services. For basemaps, 
JPEG is often the best choice, especially if the map has a lot of 
color variation

Avoid caching map services in PNG 24

Internet Explorer 6 has limitations in its ability to display 
transparency for PNG 24 images. The Web ADF includes code 
that works around this limitation, but there is a performance 
penalty incurred when this scenario is encountered. Avoid this 
scenario by doing the following:

• Caching your map services in PNG 8, PNG 32, or JPEG 
format if Internet Explorer 6 must be used.

• Using a browser other than Internet Explorer 6 to view 
overlaid map services cached in PNG 24 format.

Use ArcGIS Server Internet connections when possible

Connect to your server using ArcGIS Server Internet 
connections to make more efficient use of server context 
requests. ArcGIS Server Local connections should be used only 
when the application requires changing the state of the 
service, which includes editing data with the Web ADF.

Ensure that the Overview Map control uses static mode

If your overview map appears to be slowing performance by 
constantly changing its scale and extent, open your Web 
application in Visual Studio and ensure that the OverviewMap 

control's StaticMode property is set to True. This prohibits 
the OverviewMap image from changing when the Map extent 
changes.

Configure the TOC control to optimize performance

The TOC control has several options that allow you to reduce 
the amount of information requested from the server.

• TOCType: The default setting of SwatchList will 
generate a TOC listing both the layer names and the 
symbology within each layer. Changing this setting to 

LayerList will reduce the amount of information 
requested from the server by only displaying the layer 
names and not the symbology.

• RenderOnDemand: When a TOC is configured to 

display symbology, setting this property to True will 
delay the requesting of swatch information until a layer is 
expanded. This will help improve the initial startup time 
of the application.

• ExpandDepth: Use a value of 0 or 1 to minimize the 
number of nested layers visible when the TOC is 
displayed at initial application startup.

Consider setting the Visible property on some of your 

MapResourceItems to False. This will result in the application 
opening faster, but be aware that the Web page user will 
need to turn on the layers manually.

Remove unnecessary Web controls

The default Web Mapping Application that you see in 
Manager or your IDE includes Web controls such as the 
TableOfContents, OverviewMap, and Scalebar. As you 
interact with your application, these controls request new 
images and updated status information. Eliminating controls 
from the application that are rarely used will help improve the 
application performance and scalability of the system.

Configure your Web services to avoid per-request 

impersonation

When preparing your deployment environment, you need to 
make changes to avoid overworking the Local Security 
Authority Subsystem Service (lsass.exe).

When someone makes a request from one of your Web 
services, the Web server must authenticate itself with the 
server object manager (SOM). The Web server accomplishes 
this by impersonating the ArcGIS Web Services account, 
which was added to the AGSADMIN group when you ran the 
postinstallation. This impersonation doesn't cost much under 
light loads, but under heavy loads, the lsass.exe process can 
become overworked, causing a noticeable lag in 
performance. Heavy loads are considered 25 or more requests 
per second.

You can avoid this per-request impersonation by configuring 
your Web services to run in an application pool that runs 
under the identity of the ArcGIS Web Services account. This 
lightens the load on the lsass.exe process and ultimately 
allows your services to run faster.

These ESRI Knowledge Base articles give additional 
background on the problem and describe how to make the 
adjustments to your configuration:

• 32620 (Windows Server 2003)

• 32622 (Windows XP)

Use good coding practices

If you are customizing the Web mapping application in 
Microsoft Visual Studio or creating your own application from 
scratch, use the coding best practices in Optimizing 
performance in Web ADF applications in the Developer Help.

Avoid unnecessarily large queries

ArcGIS Server map services limit the number of records that 
can be returned by a query to 1,000 by default. Keep this 
value or lower it for best performance with queries. You can 
change the number of allowable result records by editing 
theMaxRecordCount property in the map service 
configuration file.

Use caution if you raise the default value. Queries that return 
more than 2,000 records require the software to create 
scratch workspaces in your system TEMP directory to manage 
the result records. This can cause performance to degrade.

Use local paths

Using local paths to source maps and data tends to give better 
performance than using network or Universal Naming 
Convention (UNC) paths. If you use local paths and have more 
than one server object container (SOC) machine in your 
deployment, you'll need to duplicate the data on each 
machine using identical paths.
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@QualifiedName
dbccdbreindex(@QualifiedName) WITH 

NO_INFOMSGS
print 'Updating Statistics on: ' + 

@QualifiedName
  EXEC ('UPDATE STATISTICS ' + 

@QualifiedName )
print '’
  Fetch TableCursor into @TableName
end
 Fetch OwnerCursor into @OwnerName
closeTableCursor
DeallocateTableCursor
end
closeOwnerCursor
DeallocateOwnerCursor

Note:  To obtain the <Admin_Database>, execute the 

'sdeservice -o list ...' command directly on the SDE Server.

SQL Server 2000/2005 - Multiple Database Model (needs to 

be run as the 'SA' user or as a 'DBO' user - depending on 

how the SDE Respository has been created) :

-- Rebuild indexes on tables for all 

owners in the table registry.
– 

******************************************

*********************
--  Run under the Database that contains 

the SDE Repository tables.
--  If the SDE schema is owned by 'DBO', 

change:
--  select distinct owner from 

SDE.sde_table_registry
--  to
--  select distinct owner from 

DBO.sde_table_registry

--  In a Multiple Database Model, you need 

to run this script in 
--  every database that contains data 

registered with ArcSDE.

use<Database_where_spatial_data_resides>

Declare @OwnerNamevarchar(50)
Declare @TableNamevarchar(50)
Declare @QualifiedNamevarchar(100)

Declare OwnerCursor cursor for 
select distinct owner from 

SDE.SDE.sde_table_registry
openOwnerCursor
Fetch OwnerCursor into @OwnerName
while (@@fetch_status=0) 
begin
 Declare TableCursor cursor for
 -- Get all the tables for this user
select so.name from sysobjects so join 

sysuserssu on so.uid = su.uid  where type 

= 'U' and su.name = @OwnerName
openTableCursor
 Fetch TableCursor into @TableName
while (@@fetch_status=0) 

begin
set @QualifiedName = @OwnerName + '.' + 

@TableName
print 'Rebilding indexes on  : ' + 

@QualifiedName
dbccdbreindex(@QualifiedName) WITH 

NO_INFOMSGS
print 'Updating Statistics on: ' + 

@QualifiedName
  EXEC ('UPDATE STATISTICS ' + 

@QualifiedName )
print '’
  Fetch TableCursor into @TableName
end
 Fetch OwnerCursor into @OwnerName
closeTableCursor
DeallocateTableCursor
end
closeOwnerCursor
DeallocateOwnerCursor

Note: To obtain a list of all the databases that contain data 
registered with ArcSDE, execute the following query: 

select distinct(database_name) from 
SDE.SDE.sde_table_registry;  go

Performance Tips and Tricks: ArcGIS Server

Performance of a Web application involves both the speed at 
which the application responds to users and the number of 
users that an application can accommodate. When you think 
about improving the performance of your ArcGIS Server Web 
applications, the first thing that may come to mind is adding or 
upgrading hardware. However, there may be other things you 
can adjust in your application, your map, or your server settings 
that will improve the performance of your Web applications.

Design your map for performance

Designing maps for the Web is very different from designing 
paper maps, or even maps that you commonly work with in 
desktop applications such as ArcMap. If you have a map 
document that you commonly use in ArcMap, you may want 
to save a copy instead of publishing the map directly to ArcGIS 
Server. Using the copy, you can make some optimizations 
specifically for Web viewing.

What's so different about maps that you'll view on the Web? 
To get the best performance of your map over the Web, it's 
recommended that you use the Map Service Publishing 
Toolbar in ArcMap to examine your map document. Resolve 
all the Errors and as many of the Warnings as you can, then 
publish the map using the toolbar. This bases your service on a 
map service definition (.msd, or MSD) file, which is the way to 
publish your service for the fastest drawing available.

Regardless of whether your map service is MSD-based, you 
should still consider caching it for performance. Caching a 
map means that you create and store a set of prerendered 
map images that can very quickly be used by the application 
instead of waiting for the map to draw each time. If caching 
the map, you'll need to design the map to look good at all the 
scales at which it will be cached.

Cache your map services

Cached map services distribute predrawn map tiles instead of 
drawing map images on the fly. Cached services not only 
improve the display speed of your map but also greatly 

3534

increase the number of users your server can accommodate. 
For a public-facing Web application, you should always cache 
the basemap service and attempt to cache all the operational 
overlay services that are feasible to cache.

Evaluate the image format that your map cache is built 

with

The image format that you choose affects the performance, 
appearance, and size on disk of your cache. PNG 8 works well 
for many MXD-based overlay services, while PNG 32 is a 
better choice for MSD-based overlay services. For basemaps, 
JPEG is often the best choice, especially if the map has a lot of 
color variation

Avoid caching map services in PNG 24

Internet Explorer 6 has limitations in its ability to display 
transparency for PNG 24 images. The Web ADF includes code 
that works around this limitation, but there is a performance 
penalty incurred when this scenario is encountered. Avoid this 
scenario by doing the following:

• Caching your map services in PNG 8, PNG 32, or JPEG 
format if Internet Explorer 6 must be used.

• Using a browser other than Internet Explorer 6 to view 
overlaid map services cached in PNG 24 format.

Use ArcGIS Server Internet connections when possible

Connect to your server using ArcGIS Server Internet 
connections to make more efficient use of server context 
requests. ArcGIS Server Local connections should be used only 
when the application requires changing the state of the 
service, which includes editing data with the Web ADF.

Ensure that the Overview Map control uses static mode

If your overview map appears to be slowing performance by 
constantly changing its scale and extent, open your Web 
application in Visual Studio and ensure that the OverviewMap 

control's StaticMode property is set to True. This prohibits 
the OverviewMap image from changing when the Map extent 
changes.

Configure the TOC control to optimize performance

The TOC control has several options that allow you to reduce 
the amount of information requested from the server.

• TOCType: The default setting of SwatchList will 
generate a TOC listing both the layer names and the 
symbology within each layer. Changing this setting to 

LayerList will reduce the amount of information 
requested from the server by only displaying the layer 
names and not the symbology.

• RenderOnDemand: When a TOC is configured to 

display symbology, setting this property to True will 
delay the requesting of swatch information until a layer is 
expanded. This will help improve the initial startup time 
of the application.

• ExpandDepth: Use a value of 0 or 1 to minimize the 
number of nested layers visible when the TOC is 
displayed at initial application startup.

Consider setting the Visible property on some of your 

MapResourceItems to False. This will result in the application 
opening faster, but be aware that the Web page user will 
need to turn on the layers manually.

Remove unnecessary Web controls

The default Web Mapping Application that you see in 
Manager or your IDE includes Web controls such as the 
TableOfContents, OverviewMap, and Scalebar. As you 
interact with your application, these controls request new 
images and updated status information. Eliminating controls 
from the application that are rarely used will help improve the 
application performance and scalability of the system.

Configure your Web services to avoid per-request 

impersonation

When preparing your deployment environment, you need to 
make changes to avoid overworking the Local Security 
Authority Subsystem Service (lsass.exe).

When someone makes a request from one of your Web 
services, the Web server must authenticate itself with the 
server object manager (SOM). The Web server accomplishes 
this by impersonating the ArcGIS Web Services account, 
which was added to the AGSADMIN group when you ran the 
postinstallation. This impersonation doesn't cost much under 
light loads, but under heavy loads, the lsass.exe process can 
become overworked, causing a noticeable lag in 
performance. Heavy loads are considered 25 or more requests 
per second.

You can avoid this per-request impersonation by configuring 
your Web services to run in an application pool that runs 
under the identity of the ArcGIS Web Services account. This 
lightens the load on the lsass.exe process and ultimately 
allows your services to run faster.

These ESRI Knowledge Base articles give additional 
background on the problem and describe how to make the 
adjustments to your configuration:

• 32620 (Windows Server 2003)

• 32622 (Windows XP)

Use good coding practices

If you are customizing the Web mapping application in 
Microsoft Visual Studio or creating your own application from 
scratch, use the coding best practices in Optimizing 
performance in Web ADF applications in the Developer Help.

Avoid unnecessarily large queries

ArcGIS Server map services limit the number of records that 
can be returned by a query to 1,000 by default. Keep this 
value or lower it for best performance with queries. You can 
change the number of allowable result records by editing 
theMaxRecordCount property in the map service 
configuration file.

Use caution if you raise the default value. Queries that return 
more than 2,000 records require the software to create 
scratch workspaces in your system TEMP directory to manage 
the result records. This can cause performance to degrade.

Use local paths

Using local paths to source maps and data tends to give better 
performance than using network or Universal Naming 
Convention (UNC) paths. If you use local paths and have more 
than one server object container (SOC) machine in your 
deployment, you'll need to duplicate the data on each 
machine using identical paths.
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 e)

        {
            
             (StopGPS())
            {
cmdStart.Enabled = ;
cmdStop.Enabled =  ;
lblStatus.Text = ;
timer1.Enabled = ;
lblStatus.Visible = ;
            };
        }

 timer1_Tick(  sender,  
e)
        {

             (_gpsConnection.Latitude> 0)
            {
lblLat.Text = 
_gpsConnection.Latitude.ToString();
                lblLongt.Text = 
_gpsConnection.Longitude.ToString();
                lblAlt.Text = 
_gpsConnection.Altitude.ToString();
                lblGMT.Text = 
_gpsConnection.DateTime.ToString();
                lblIST.Text = 
_gpsConnection.DateTime.AddMinutes(330).ToString
();
                lblSpeed.Text = 
_gpsConnection.Speed.ToString();
                lblPDOP.Text = 
_gpsConnection.PositionDilutionOfPrecision.ToStr
ing();
                lblStatus.Text = ;
                mnuSavePoint.Enabled = ;
            }
            
            {
                lblStatus.Text = 

;
             }
            lblStatus.Visible = 
(!lblStatus.Visible);
        }

mnuSavePoint_Click(  sender, 
 e)

        {
ESRI.ArcGIS.Mobile.MobileServices. Map
_Cache =
                    

ESRI.ArcGIS.Mobile.MobileServices.
();
            
            {
                LayerName = ;  

                
ESRI.ArcGIS.Mobile.Geometries. EventPoint;
                Map_Cache.StoragePath = ; 

                Map_Cache.Open();
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false

else
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privatevoid object

if

true
false

false
false

privatevoid object

if

true

else

privatevoid object

new

try

MessageBox

EventArgs

EventArgs

EventArgs

MobileCache

MobileCache

String

Point

"Unable to start 
GPS."

"GPS Stopped."

"GPS Fixed !"

"Try to 
fix...!"

"Incidents"

""

//Stopping GPS

//Timer is implemented to refresh the current 
location. If the GPS not fixed then the 
//Status lable blinking with Try to fix... 
message otherwise current location & date time 
//will be shown through labels.

//The Point Layer where we want to save the gps 
point

//location of map cache folder, here My 
Documents is assumed

//initializing the feature layer

 

Code Snippet

Environment :  Windows Mobile 6.5 Professional, 
Windows XP, VS 2008

Version            :  ArcGIS Server 10 Mobile SDK
Description      : The following code is used to read the GPS 
and display in label. Also captures the feature in feature class and 
synchronizes with central database

uusing System;
using
using
using
using
using
using
namespace

publicpartialclass

private

System.Collections.Generic;
System.ComponentModel;
System.Data;
System.Drawing;
System.Text;
System.Windows.Forms;

AM_CodeSnippet
{
    
    {
         _Port;

ESRI.ArcGIS.Mobile.Gps.  
_gpsConnection;

ESRI.ArcGIS.Mobile.Gps.
SerialGPS;

        frmGPSSample()
        {
            InitializeComponent();

            

            _Port = ;     
            SerialGPS = 

ESRI.ArcGIS.Mobile.Gps.
();

        }
        StartGPS()
        {
            
            
            {
SerialGPS.PortName = _Port;
_gpsConnection = SerialGPS;
                _gpsConnection.Open();
                ;
            }
             (  ex)
            {
                ;
            }
        }
        StopGPS()
        {
            
            
            {
                 (_gpsConnection.IsOpen)
                {
_gpsConnection.Close();
                }
                ;
            }
             (  ex)
            {
                ;
            }
        }

cmdStart_Click(  sender, 
 e)

        {
            

cmdStart.Enabled = ;
.DoEvents();

             (StartGPS())
            {
cmdStop.Enabled = ;
lblStatus.Text = ;
timer1.Interval = 1000; 
timer1.Enabled = ;  

frmGPSSample : Form

String
GpsConnection

SerialPortGpsConne
ction

SerialPortGpsConnectio
n

Exception

Exception

returnfalse

EventArgs

Application

private

private

public

new

publicbool

try

returntrue

catch

returnfalse

publicbool

try

if

returntrue

catch

privatevoid object

false

if

true

true

//Setting up the GPS Hardware Port 
and initializing the SerialPortGPS Connection

//Opening Serial GPS Port

//Closing GPS Port

//Starting the GPS by clicking on 
Start Button through StartGPS Function

//timer interval
//Starting the timer for 

refreshing the location

"Auto"

"GPS Started...Try to fix..."
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            }
        }

        mnuQuit_Click(  sender, 
 e)

        {
            .Close();
        }
        mnuUpload_Click(  
sender,  e)
        {
            UploadMaps();
        }
        UploadMaps()
        {
            

            
            {
                LayerName = ;

ESRI.ArcGIS.Mobile.MobileServices. obj
MobileCache = 

ESRI.ArcGIS.Mobile.MobileServices.
();
                
ESRI.ArcGIS.Mobile.MobileServices.

objMobileService = 
ESRI.ArcGIS.Mobile.MobileServices.

();
                objMobileCache.StoragePath = ; 
;
                
                objMobileService.Url = 
http://SERVER_NAME/arcgis/services/MOBILE_MAP_S

ERVICE_NAME_HERE/MapServer/MobileServer ;
               
objMobileService.WebClientProtocolType = 
ESRI.ArcGIS.Mobile.MobileServices.

.BinaryWebService;
               
ESRI.ArcGIS.Mobile.MobileServices.

mobileSync = 
ESRI.ArcGIS.Mobile.MobileServices.

(objMobileCache, objMobileService);
                
ESRI.ArcGIS.Mobile.MobileServices.

synchreslt = 
ESRI.ArcGIS.Mobile.MobileServices.

();
                
objMobileService.CreateCache(objMobileCache);

                objMobileCache.Open();
              
ESRI.ArcGIS.Mobile.MobileServices.

flsync = 
(ESRI.ArcGIS.Mobile.MobileServices.

)mobileSync.SyncAgents[LayerName];

ESRI.ArcGIS.Mobile.MobileServices. rsl
t = 

(ESRI.ArcGIS.Mobile.MobileServices.
);

                rslt = flsync.Synchronize();

                .Show(  + 
rslt.DataSizeSent.ToString() + 

);
                objMobileCache.Close();
            }
             (  ex)
            {
                .Show(ex.Message);
            }
        }          
    }
}

privatevoid object

this

privatevoid object

publicvoid

try

new

new

new

default

catch

EventArgs

EventArgs

String

MobileCache

MobileCache

MobileServiceC
onnection

MobileServi
ceConnection

WebClientProto
colType

MobileCacheSyn
cAgent

MobileCache
SyncAgent

MobileCacheSyn
cResults
new MobileCache
SyncResults

FeatureLayerSy
ncAgent

FeatureLayerS
yncAgent

SyncResults

SyncRe
sults

MessageBox

Exception

MessageBox

//This procedures uploads spatial 
data (hosted through mobile service)

//Mobile Map Service URL

  

"Incidents"

""

"
"

"Total "
" Bytes 

Uploaded."

ESRI.ArcGIS.Mobile.MobileServices. ev
entFeatureLayer =
                    Map_Cache.Layers[LayerName] 

ESRI.ArcGIS.Mobile.MobileServices.
;

 _Longitude = 
.ToDouble(lblLongt.Text);

                 _Latitude = 
.ToDouble(lblLat.Text);

ESRI.ArcGIS.Mobile.Geometries. event_co
ordinate
                    = 
Map_Cache.SpatialReference.FromWgs84(_Longitude, 
_Latitude);
EventPoint = 

ESRI.ArcGIS.Mobile.Geometries. (event_coo
rdinate);

                

                 (!eventFeatureLayer.AllowNew)
                {
                    .Show(

);
                }
                
                {
                    

                    
ESRI.ArcGIS.Mobile.MobileServices.

eventFeatureDataTable = 
eventFeatureLayer.GetDataTable();
                    
                    geometryIndex = 
eventFeatureLayer.GeometryColumnIndex;
                  
ESRI.ArcGIS.Mobile.MobileServices.
featureDataRow = eventFeatureDataTable.NewRow();
                    
featureDataRow[geometryIndex] = EventPoint;

                    featureDataRow[ ] = 
 + .Now.ToString();

                    

                    
eventFeatureDataTable.Rows.Add(featureDataRow);

                    
                    {
                        
eventFeatureDataTable.SaveInFeatureLayer();
                        .Show(

);
                    }
                     (  ex1)
                    {
                       .Show(

);
                    }
                    
                    
                    Map_Cache.Close();
                    
Map_Cache.Dispose();
                }
            }
             (  ex)
            {
                .Show(ex.Message);
            }
            
            {

FeatureLayer

as FeatureLayer

Double
Convert

Double
Convert

Point

MessageBox

FeatureDataTab
le

int

FeatureDataRow

DateTime

MessageBox

Exception

MessageBox

Exception

MessageBox

//converting longt/latd to map co-ordinate 
system point. Here it is assumed that 
 //gps co-ordinates are in WGS84 datum

//checking whether the feature 
layer is editable or not

//getting datatable from 
feature layer to storing attributes

//we can put more attributes here as above

// Adding row to the feature layer data table

// Updates the feature layer data table

//closing mapcache

//disposing

Coordinate

new

if

else

try

catch

catch

finally

"The layer 
is not editable. Now exiting..."

"Remark"
"Point Recorded At "

"Point 
saved in feature layer."

"Saving 
point failed."

 



lblStatus.Visible = ;
mnuSavePoint.Enabled = ;
            }
            
            {
                .Show(

);
cmdStart.Enabled =   ; 
            }
        }

cmdStop_Click(  sender, 
 e)

        {
            
             (StopGPS())
            {
cmdStart.Enabled = ;
cmdStop.Enabled =  ;
lblStatus.Text = ;
timer1.Enabled = ;
lblStatus.Visible = ;
            };
        }

 timer1_Tick(  sender,  
e)
        {

             (_gpsConnection.Latitude> 0)
            {
lblLat.Text = 
_gpsConnection.Latitude.ToString();
                lblLongt.Text = 
_gpsConnection.Longitude.ToString();
                lblAlt.Text = 
_gpsConnection.Altitude.ToString();
                lblGMT.Text = 
_gpsConnection.DateTime.ToString();
                lblIST.Text = 
_gpsConnection.DateTime.AddMinutes(330).ToString
();
                lblSpeed.Text = 
_gpsConnection.Speed.ToString();
                lblPDOP.Text = 
_gpsConnection.PositionDilutionOfPrecision.ToStr
ing();
                lblStatus.Text = ;
                mnuSavePoint.Enabled = ;
            }
            
            {
                lblStatus.Text = 

;
             }
            lblStatus.Visible = 
(!lblStatus.Visible);
        }

mnuSavePoint_Click(  sender, 
 e)

        {
ESRI.ArcGIS.Mobile.MobileServices. Map
_Cache =
                    

ESRI.ArcGIS.Mobile.MobileServices.
();
            
            {
                LayerName = ;  

                
ESRI.ArcGIS.Mobile.Geometries. EventPoint;
                Map_Cache.StoragePath = ; 

                Map_Cache.Open();

                
              

true
false

else

true

privatevoid object

if

true
false

false
false

privatevoid object

if

true

else

privatevoid object

new

try

MessageBox

EventArgs

EventArgs

EventArgs

MobileCache

MobileCache

String

Point

"Unable to start 
GPS."

"GPS Stopped."

"GPS Fixed !"

"Try to 
fix...!"

"Incidents"

""

//Stopping GPS

//Timer is implemented to refresh the current 
location. If the GPS not fixed then the 
//Status lable blinking with Try to fix... 
message otherwise current location & date time 
//will be shown through labels.

//The Point Layer where we want to save the gps 
point

//location of map cache folder, here My 
Documents is assumed

//initializing the feature layer

 

Code Snippet

Environment :  Windows Mobile 6.5 Professional, 
Windows XP, VS 2008

Version            :  ArcGIS Server 10 Mobile SDK
Description      : The following code is used to read the GPS 
and display in label. Also captures the feature in feature class and 
synchronizes with central database

uusing System;
using
using
using
using
using
using
namespace

publicpartialclass

private

System.Collections.Generic;
System.ComponentModel;
System.Data;
System.Drawing;
System.Text;
System.Windows.Forms;

AM_CodeSnippet
{
    
    {
         _Port;

ESRI.ArcGIS.Mobile.Gps.  
_gpsConnection;

ESRI.ArcGIS.Mobile.Gps.
SerialGPS;

        frmGPSSample()
        {
            InitializeComponent();

            

            _Port = ;     
            SerialGPS = 

ESRI.ArcGIS.Mobile.Gps.
();

        }
        StartGPS()
        {
            
            
            {
SerialGPS.PortName = _Port;
_gpsConnection = SerialGPS;
                _gpsConnection.Open();
                ;
            }
             (  ex)
            {
                ;
            }
        }
        StopGPS()
        {
            
            
            {
                 (_gpsConnection.IsOpen)
                {
_gpsConnection.Close();
                }
                ;
            }
             (  ex)
            {
                ;
            }
        }

cmdStart_Click(  sender, 
 e)

        {
            

cmdStart.Enabled = ;
.DoEvents();

             (StartGPS())
            {
cmdStop.Enabled = ;
lblStatus.Text = ;
timer1.Interval = 1000; 
timer1.Enabled = ;  

frmGPSSample : Form

String
GpsConnection

SerialPortGpsConne
ction

SerialPortGpsConnectio
n

Exception

Exception

returnfalse

EventArgs

Application

private

private

public

new

publicbool

try

returntrue

catch

returnfalse

publicbool

try

if

returntrue

catch

privatevoid object

false

if

true

true

//Setting up the GPS Hardware Port 
and initializing the SerialPortGPS Connection

//Opening Serial GPS Port

//Closing GPS Port

//Starting the GPS by clicking on 
Start Button through StartGPS Function

//timer interval
//Starting the timer for 

refreshing the location

"Auto"

"GPS Started...Try to fix..."
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            }
        }

        mnuQuit_Click(  sender, 
 e)

        {
            .Close();
        }
        mnuUpload_Click(  
sender,  e)
        {
            UploadMaps();
        }
        UploadMaps()
        {
            

            
            {
                LayerName = ;

ESRI.ArcGIS.Mobile.MobileServices. obj
MobileCache = 

ESRI.ArcGIS.Mobile.MobileServices.
();
                
ESRI.ArcGIS.Mobile.MobileServices.

objMobileService = 
ESRI.ArcGIS.Mobile.MobileServices.

();
                objMobileCache.StoragePath = ; 
;
                
                objMobileService.Url = 
http://SERVER_NAME/arcgis/services/MOBILE_MAP_S

ERVICE_NAME_HERE/MapServer/MobileServer ;
               
objMobileService.WebClientProtocolType = 
ESRI.ArcGIS.Mobile.MobileServices.

.BinaryWebService;
               
ESRI.ArcGIS.Mobile.MobileServices.

mobileSync = 
ESRI.ArcGIS.Mobile.MobileServices.

(objMobileCache, objMobileService);
                
ESRI.ArcGIS.Mobile.MobileServices.

synchreslt = 
ESRI.ArcGIS.Mobile.MobileServices.

();
                
objMobileService.CreateCache(objMobileCache);

                objMobileCache.Open();
              
ESRI.ArcGIS.Mobile.MobileServices.

flsync = 
(ESRI.ArcGIS.Mobile.MobileServices.

)mobileSync.SyncAgents[LayerName];

ESRI.ArcGIS.Mobile.MobileServices. rsl
t = 

(ESRI.ArcGIS.Mobile.MobileServices.
);

                rslt = flsync.Synchronize();

                .Show(  + 
rslt.DataSizeSent.ToString() + 

);
                objMobileCache.Close();
            }
             (  ex)
            {
                .Show(ex.Message);
            }
        }          
    }
}

privatevoid object

this

privatevoid object

publicvoid

try

new

new

new

default

catch

EventArgs

EventArgs

String

MobileCache

MobileCache

MobileServiceC
onnection

MobileServi
ceConnection

WebClientProto
colType

MobileCacheSyn
cAgent

MobileCache
SyncAgent

MobileCacheSyn
cResults
new MobileCache
SyncResults

FeatureLayerSy
ncAgent

FeatureLayerS
yncAgent

SyncResults

SyncRe
sults

MessageBox

Exception

MessageBox

//This procedures uploads spatial 
data (hosted through mobile service)

//Mobile Map Service URL

  

"Incidents"

""

"
"

"Total "
" Bytes 

Uploaded."

ESRI.ArcGIS.Mobile.MobileServices. ev
entFeatureLayer =
                    Map_Cache.Layers[LayerName] 

ESRI.ArcGIS.Mobile.MobileServices.
;

 _Longitude = 
.ToDouble(lblLongt.Text);

                 _Latitude = 
.ToDouble(lblLat.Text);

ESRI.ArcGIS.Mobile.Geometries. event_co
ordinate
                    = 
Map_Cache.SpatialReference.FromWgs84(_Longitude, 
_Latitude);
EventPoint = 

ESRI.ArcGIS.Mobile.Geometries. (event_coo
rdinate);

                

                 (!eventFeatureLayer.AllowNew)
                {
                    .Show(

);
                }
                
                {
                    

                    
ESRI.ArcGIS.Mobile.MobileServices.

eventFeatureDataTable = 
eventFeatureLayer.GetDataTable();
                    
                    geometryIndex = 
eventFeatureLayer.GeometryColumnIndex;
                  
ESRI.ArcGIS.Mobile.MobileServices.
featureDataRow = eventFeatureDataTable.NewRow();
                    
featureDataRow[geometryIndex] = EventPoint;

                    featureDataRow[ ] = 
 + .Now.ToString();

                    

                    
eventFeatureDataTable.Rows.Add(featureDataRow);

                    
                    {
                        
eventFeatureDataTable.SaveInFeatureLayer();
                        .Show(

);
                    }
                     (  ex1)
                    {
                       .Show(

);
                    }
                    
                    
                    Map_Cache.Close();
                    
Map_Cache.Dispose();
                }
            }
             (  ex)
            {
                .Show(ex.Message);
            }
            
            {

FeatureLayer

as FeatureLayer

Double
Convert

Double
Convert

Point

MessageBox

FeatureDataTab
le

int

FeatureDataRow

DateTime

MessageBox

Exception

MessageBox

Exception

MessageBox

//converting longt/latd to map co-ordinate 
system point. Here it is assumed that 
 //gps co-ordinates are in WGS84 datum

//checking whether the feature 
layer is editable or not

//getting datatable from 
feature layer to storing attributes

//we can put more attributes here as above

// Adding row to the feature layer data table

// Updates the feature layer data table

//closing mapcache

//disposing

Coordinate

new

if

else

try

catch

catch

finally

"The layer 
is not editable. Now exiting..."

"Remark"
"Point Recorded At "

"Point 
saved in feature layer."

"Saving 
point failed."
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IS Tutorial for Crime Analysis, the new workbook from Esri Press, combines 
step-by-step tutorials with independent exercises to teach readers the skills 
needed to apply mapping and analysis to police work.G

Designed for both classroom instruction and self-study, the book includes a 180-day 
trial version of ArcGIS 10 for Desktop software and real crime data obtained from the 
Pittsburgh Police Bureau and the Allegheny County 911 Center in Pennsylvania. An 
instructor resource DVD is available from Esri Press by request.

"GIS Tutorial for Crime Analysis is an invaluable resource to those in law 
enforcement who are involved in crime mapping and analysis," says Lew Nelson, 
Esri's director of global law enforcement solutions. "It provides practical exercises 
that are beneficial to both novice and experienced GIS specialists."

The book is coauthored by Wilpen L. Gorr and Kristen S. Kurland. Gorr is a professor of public policy and management 
information systems; Kurland is a professor of architecture, information systems, and public policy. Both teach at the H. John 
Heinz III College at Carnegie Mellon University in Pittsburgh, Pennsylvania.

GIS Tutorial for Crime Analysis (ISBN: 978-1-58948-214-2, 296 pages, US$79.95) is available at online retailers worldwide. For 
more information Visit  atwww.esri.com/esripress

sing Esri Community Analyst, the City of Fullerton, 
California, won a State of California Department of UTransportation (Caltrans) Planning Grant. The grant 

will be used to explore opportunities for a transit loop 
extension, including a fixed-route trolley, in the downtown 
area. City staff used Community Analyst to gather 
information on the number of households and local 
employment statistics required to complete the grant 
application.

“Community Analyst provided answers to questions we 
couldn't have easily found otherwise,” said Diana McCarthy, 
GIS specialist, Community Development Department, City of 
Fullerton. "We were able to access data across several census 
block groups, nailing down information to a very specific area."

Community Analyst Helps City of Fullerton 
Win $270,000 Grant

Cloud-Based GIS Quickly Generated Reports and Supplied Answers for Caltrans Grant

Esri Press Book Presents Latest 
Crime Mapping and Analysis Methods
This workbook is designed for both classroom
instruction and self-study.

Fullerton's proposed transit loop serves a variety of schools.

To accomplish this, staff created a custom quarter-mile sphere of 
the proposed study area to accurately identify information such as 
the types of population potentially served and the number of 
single-occupant vehicles passing through the area. Using 
Community Analyst, city staff were also able to obtain information 
about existing businesses, find out what types were missing, and 
create a plan to draw new establishments into the area.

Fullerton boasts an active educational environment, with six 
colleges and universities and eight high schools. The proposed 
transit loop would give students, as well as local residents, 
access to the trolley from the existing transit center, which 
provides convenient access to the Metrolink and Amtrak 
trains and Orange County transit buses. "Community Analyst 
created a vehicle for collaboration society officials could 
actively engage citizens, including those actively involved in 
local high schools and universities, and help them encourage 
students to use alternative modes of transportation," said 
Christopher Thomas, Esri director of government markets.

Using Community Analyst, a hosted cloud solution, Fullerton 
staff were able to

• View the latest American Community Survey variables on 
a thematic map.

• Use comparison reports to determine which 
improvements should be funded and the impact of these 
decisions on populations and households.

• Find optimal locations for the improvements to serve the 
most people.

For more information on Community Analyst, visit 
esri.com/ca.

Figure 1: Town | Gown Transit Loop Study Area
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