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Foreword
Two remarkable trends are
shaping India’s all-round
development in the recent
years. First is the rapid
growth of our cities, which
is a big challenge and a
great economic opportunity
at the same time. And the
other is an explosive growth
in new technologies, which
is unlocking massive amounts of data. This Data is
a great resource, but if not harnessed suitably, it’s a
colossal opportunity wasted!
Smart Cities Mission is contributing to India’s push
to improve citizens’ quality of life and make them an
integral part of India’s growth story. The Mission is also
contributing to transforming the country into a digitally
empowered society and a knowledge economy.
To capitalize on this new emerging opportunity, Smart
Cities Mission is promoting data-centric governance.
DataSmart Cities Strategy and Data Maturity
Assessment Framework (DMAF) are a big leap forward
in this direction.
Cities can leverage the potential of data to gain deep
understanding of complex urban problems, and
design, and test their solutions. Open Data Portal
enables opening up of data to various stakeholders
thus empowering them; India Urban Data Exchange
(IUDX) is an open source software platform to facilitate
secure and authenticated data exchange between
cities. These initiatives will catalyze evidence-based
decision making for development of cities and lead to
innovative products and services for the betterment of
communities.
These initiatives are unprecedented in India. They will
have a massive impact—the way cities are designed,
built and managed will never be the same! To
provide a base for these initiatives, the Mission has
set up India Urban Observatory (IUO) in the Ministry
of Housing and Urban Affairs. It will act as not only
the epicenter of research and development in this
area, but also a fulcrum to leverage these initiatives
to achieve maximum potential. IUO will plug into
various sources of data and generate valuable insights
through analytics for cities, academia, industry and

governments. These initiatives will contribute towards
evidence-based decisions and policy making.
Our vision for the Observatory is to make ‘wisdom’ the
currency of India’s Knowledge Economy, and a key to
decision-making in urban governance. This wisdom
emerges from ‘churning’ the colossal amounts of
data we capture across our cities. We move from a
phase of putting together parts (data), connecting the
parts (information), formation of a whole (knowledge)
and joining of wholes (wisdom). It is important to
understand that Wisdom is what we make decisions
with. The Observatory will provide the launch pad, and
indeed pathway for data to become wisdom.
The observatory stands to play a key role in setting up
SOPs and best practices to integrate the Internet of
Things (IoT), and the tremendous growth of connected
heterogeneous devices/various components, i.e., smart
transportation, smart community, smart healthcare,
smart grid, etc. within smart city architecture. It will not
only enrich the quality of life of our citizens but also
contribute to promoting start-ups and innovation in the
cities. The focus will be on creation of interconnected
and interdependent network of urban centers, which
would have a multiplier effect on driving innovation and
growth of vibrant economies in cities.
I hope the team working on IUO will come out with use
cases that would serve as good reference for urban
practitioners. More importantly it will showcase how
data can be effectively used to make wise, and smart
decisions that will save taxpayers’ money, improve
quality of life of citizens and contribute to sustainability
of the planet.
I offer my best wishes and fullest support to the team
in this journey!

May 31, 2019
New Delhi
Kunal Kumar
(Mission Director, Smart Cities Mission)
Ministry of Housing and Urban Affairs
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Executive Summary
Evidence based policy making by using big data in the urban
domain gives a broader perspective to the government.
In cities, information collected through various systems/
applications can provide vital knowledge about the people,
their current needs and the requirement in services and
demands. Big data analysis can offer key insights to various
government agencies, which will create a culture of datadriven governance. As a result, the policies will offer better
success rates, acceptance and outcomes whenever applied
by the city leaders. The available data will help in making
informed decisions at every step of policy making to help
improve the quality of life for people in Indian cities.
Ministry of Housing and Urban Affairs has released several
key guidelines which are enabling a culture of data in
Indian cities. These include Municipal Performance Index,
DataSmart Cities Strategy and launch of Open Data Portal
for Smart Cities among others. Policies by MeitY, Govt of
India, such as NDSAP and initiatives like Open Government
Portal enable data-sharing. NITI Aayog’s discussion paper
on National Strategy for Artificial Intelligence (AI) sets the
guidelines for adoption for big data analytics, AI and Machine
Learning in Smart Cities for enhanced coordination and
delivery of public services.
The team of project participants from Vision India
Foundation’s “Public Policy Program for Executives”
attempted to explore the use of big data in smart cities to
create visualizations and derive inferences for decisionmaking & policies to solve urban challenges. Domains were
identified as use cases based on the ongoing work at the
India Urban Observatory (IUO), MoHUA (New Delhi), for India
Urban Data Exchange (IUDX) along with IISc Bangalore and
Pune Smart City. & Waste Management, and Women Safety
Perception Index.
Shri Kunal Kumar, IAS, Joint Secretary & Mission DirectorSmart Cities Mission, India, offered guidance as Mentor to
the live project. Team from IUO and IISc provided active
support. The major scope of work was completed in 1 month
following a collaborative approach with IUO partners – CISCO,
Quantela, ESRI, AWS, and by using data resources from Smart
Cities concerned. The team members also attended meetings
and workshops to gain familiarity with the context and to
understand the nature of work. Data analysis, inferences and
potential policy-related interventions are documented in this
report. The work also highlights the importance of interdisciplinary collaboration with various Missions, Smart City

offices, startups, other stakeholders and Ministries in solving
urban challenges. The project report endeavors to create a
workflow for highlighting the potential of using big data for
decision making in cities that will lead to better quality of life
for the citizens.

Authors
(Shivam, Susmita, Vinay, Vignesh)
May 31, 2019, New Delhi
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Summary of Inferences from
Data Analysis and Support from IUO
Inferences

Possible Interventions

Data/Resources at IUO

• Market-based policy instruments
• Vehicle tag drive to extend benefits to environment
friendly tags
• Sliding scale to determine rate of road tax
• Increase in parking charges of pvt. vehicles
• Equalizing parking rates for structured and surface
parking
• Change in tax rate on diesel
• Intelligent Transport System

• Use Case Background
• Information on AQI Sensors
• AQI Dataset Sources https://
www.ndmc.gov.in/aqi.aspx
• Traffic Density Map
• No. of Registered Vehicles
• PMU Support

• Discouraging demand of public parking spaces
• Demand Responsive Parking prices, to be revised
on hourly basis (Taipei) – through smart parking
management
• Declaring of streets as “no-parking” (Hanoi)
• Raising parking charges by 30-201% in Chicago led to
35% decline in number of parked cars
• Parking cap on amount of parking spaces which can be
built
• Variable Priced, Performance based pricing

• Use Case Background
• 3 months dataset from
Jaipur Development
Authority
• Traffic Density Data
• Registered Vehicles
• Sensor Location Map
• PMU Support, Guidance

Use Case1: Air Quality (NDMC Pilot Area)
• P
 M 2.5 levels went over 451 in Winter
2018 as per Dataset Sources (NDMC)
• Vehicular pollution causes 83% of CO
emissions
• AQI in past 3 months was above
200 (Poor), indicating breathing
discomfort

Use Case 2: Smart Parking (Jaipur)
• J
 aipur has 707 vehicles per 1000
persons
• Parking occupancies lower on
weekends; higher on weekdays
(Thursday & Friday)
• On-street Parking Duration of 30
minutes for 70-90% vehicles
• Inefficient utilization of on-street
parking is a bigger problem

Use Case 3: Solid Waste Management & City GDP
• F
 iscal Health & Waste Processing
Efficiency mapped for 22 Smart
Cities, with Swachh Ranking
• Bio-methanation of Wet Waste serves
786 MW of Power Requirement in
Pune
• Correlation between Literacy Rate
& %Household waste segregation
established through ML model
• High content of organic wet waste in
India compared to Western countries
• Best waste recycling in Germany with
$8 Billion Revenue in 2017
• Best Indian practices from Indore
– Revenue positive & 100% Waste
efficiency

• D
 ata on both Fiscal Health and ward-wise waste
efficiency required for insights
• Type-wise waste volume recorded in London, Australia,
Germany
• Plasma Gasification cleaner technology, more energy
recovery but higher initial cost
• Supporting Informal Economy and Revenue generation;
$15 billion market by 2025
• Circular Economy, Upcycling, Extended Producer
Responsibility
• Wet waste to be composted on-site at source; since it
reduces W2E plant efficiency
• Smart Garbage Collection - improved logistics, cost
savings and better road traffic
• Incentivizing House Hold Waste Segregation through
penalties for non-compliance
• Revenue sharing with waste-management workers to
incentivize Productivity

• K
 nowledge of Open Data
Portal
• Knowledge of Data Strategy
• PMU Support, Guidance
• Workshop Participation
• Feedback from TASC team
• Ward-wise Maps for Waste
Management KPIs (ESRI)
• Demographic Data (ML
Infomap)

Use Case 4: Pune Women Safety (IUDX, IISc Bangalore)
•L
 ow Crime rates, higher prosecution
rates create perception of safety
• Efficient operation of services and
spatial measures also ensures feeling
of safety
• Confidence in Emergency Response
• Involving women in urban planning
• Strong Correlation in ward wise
literacy and % working population

•C
 ommunity Safety & Crime Monitoring – London
MOPAC – measures recorded crimes, confidence in
police, crimes on transport network
• New York Police Department – Predictive Policing
analyses data from CCTVs, License plates, & 911 calls
from citizens
• Data collection drive – administrative, sensors, crowd
sourced, social media
• Reducing inertia towards data collection
• Inter-ward competitions for data sourcing

• Use Case Background
• Pune Demographic Data
(ESRI ML Infomap)
• Interaction with IUDX over
Webex
• Feedback from SafetiPin on
approach and background
study
• Follow up meetings with IIScPune Smart City Team

13

Acknowledgements
The authors would like to thank the following people

Other Members:

for their generous support and help in conducting

•

Teams from CISCO and AWS

the study, and work on the use cases at India Urban

•

Quantela Team – Ms. Sanjiv Jha, Mr.

Observatory:
Team at India Urban Observatory, Smart 
Cities Mission:
•

Mr. Rahul Kapoor 
(Director, Smart Cities)

•

Mr. Padam Vijay

•

Mr. Arvind Varshney

•

Mr. Nidhish Nair

•

Mr. Abhishek Dubey

•

Mr. Manish Kumar

•

Rishabh Goel, Shivam Rai, Ishaan Keskar

IUDX-IISc Bangalore Team:
•

Prof. Bharadwaj Amrutur

Smart City Team @ Pune:
•

Mr. Manojit Bose (Chief Knowledge 
Officer, Pune Smart City)

•

Ms. Kalpana Viswanath (SafetiPin working on Women Safety Perception
Index)

Prabhakar Jha
•

ESRI Team – Ms. Seema Joshi, Ms. Ruma 
Chakraborty, Mr. Shivaprakash Yaragal

•

Ms. Saswati Pandit (ML Infomap)

•

Ms. Neha Nagpal, Consultant

•

Mr. Ambar Chandra Sinha (Indian Smart 
Cities Fellow)

•

Ms. Apula Singh, Ms. Mathangi 
Chandrasekhar (Janaagraha)

•

Mr. Gaurav Sharma, Policy Consultant

•

Aabhas Gaba, Consultant

•

Ishita Aryan, Urban Planner

•

Kumar Subham, Arpit Shukla & Sahil 
Aggarwal (Vision India Foundation)

14

1. Introduction
Evidence based policy making by using big data

Substantive information collection and dissemination

gives a broader perspective to the city government.

tools describe government collecting information to

The collected information can provide insights about

enhance evidence-based policymaking, and public

citizens’ needs, aspirations and the gaps in the

institutions communicating information to citizens

services and demands. Big data will offer efficiency to

through, for example, information campaigns; (2)

the government, which will create a culture of data-

Procedural information tools describe the activities

driven urban governance. As a result, the policies will

by government to regulate information based on

offer better success rates, acceptance and outcomes

information legislation for the release of, for example,

whenever applied. The credibility assurance of the

government data.

available data will help in making informed decisions at
every step of policy making to solve urban challenges.

1.1. Role of Big Data in Solving Urban Challenges
Urban Areas and Local governments face multiple

When it comes to policy making, the major focus of

challenges. They include poor spatial planning

the government is towards the benefit of the society.

norms, low citizen engagement, fragmentation

However, the policies are going to be beneficial only

of responsibilities between agencies and tiers of

when accurate information is available. Linking these

government, low tenures of mayors and municipal

ideas to big data, information-based implementation

corporators. Moreover, communication and

tools highlight some of the variations in using data for

coordination between departments is another

pursuing certain policy outcomes. There are two ways

challenge. Most Indian cities also perform poorly in the

in which governments use and collect information: (1)

Annual Survey of City Systems (Janaagraha Centre for

Fig 1. Project Monitoring of Smart Cities Mission at IUO (Source: IUO Dashboard)

15

Citizenship & Democracy, 2017) due to weak ability to

have been integrated, highlighting the potential

deliver quality of life to its citizens.

for inter-disciplinary collaboration in data-driven

By helping harmonize data and facilitate
communication across different government agencies,
Smart City SPVs can help usher in a new paradigm
of holistic planning and implementation rather than
a siloed approach. Ensuring a participative approach
at the outset helps ensure citizen engagement.
Leveraging GIS helps map assets of utilities as well
as built up areas, improving both spatial planning
and revenue generation by improved property tax
collections.
Harnessing and understanding big data would help
cities decide how to allocate resources more efficiently
and effectively, which will enable urban local bodies to
improve the delivery of services—from fighting crime
and protecting children to repairing potholes and

governance.

1.3. Scope of Work
The team of Public Policy Program participants from
Vision India Foundation identified four domains for
use cases, based on the real time observations being
carried out at India Urban Observatory, and Women
Safety Perception Index Project at IUDX and Pune
Smart City.
Duration of the project was from April 2 – May 15,
2019, with members being present at IUO, New Delhi,
at Bengaluru and at Chennai. Background study of
literature on the domains, Government policies on use
of data, along with study of international and Indian
best practices was carried out.

sustainable living —while also saving taxpayer money

Scope of work within the 4 domains are:

(Goldsmith & Crawford, 2014).

•  Air Quality Index (NDMC Area) – Dataset

1.2. Aim and Objectives
The aim of the report is to explore the application of Big
Data in understanding challenges of urban India and
to create a roadmap for data-enabled teams at Smart
Cities Mission to create visualizations and insights,
based on which solutions and/or policy interventions
can be derived. The benefits of adopting a “culture of
data” are demonstrated through analysis of datasets
available on Open Portal and from APIs of Smart City
ICCCs.
The live project at India Urban Observatory (IUO)
establishes the potential of collaborative efforts, with
cooperation from Pune Smart City, Chennai Smart City,
Jaipur Smart City, New Delhi Municipal Council, IISc
Bengaluru along with industry organizations such as
CISCO, Quantela, ESRI and AWS.
In addition to Smart Cities Mission, data from other
missions at MoHUA, such as Swachh Bharat Mission

analysis of AQI and pollutants for last 3 months;
recommendations based on best practices and
PFATS framework
•  Smart Parking (Jaipur Smart City) – Analysis of
parking occupancy data for last 3 months; Solutions
•  Solid Waste Management and City GDP – Dataset
analysis of 22 cities, based on availability and
completeness on Smart Cities portal; Ward-wise
analysis and visualizations for Pune; solutions
and policy recommendations from Indian and
international best practices
•  Women Safety Perception Index for Pune –
Framework for policy interventions; study of
demographic data for Pune; International Best
Practices and interventions

1.4. Methodology
The above challenges affect citizens of India at a
massive scale, and solutions which improve the quality

16

Identification of Use

Analysis of Existing

Recommendations for

Cases from Real Time

Datasets from Open Portal

Policies and Solutions based on

observations at IUO and

and APIs of ICCCs for Use

Inferences from Big Data and

IUDX Live Project

Cases in collaboration with

Best Practices

IUO Team

Fig 2. Methodology adopted for the Project

of life for the people can be derived on the basis of
evidence, in form of data. For the 1 month long project,
the methodology mainly involved identification of
use cases (based on social relevance and ongoing
projects), analysis of datasets from Open Portal and
Smart City ICCC APIs, creating visualizations with
help of other data sources from Quantela and ESRI
team, and finally coming up with recommendations for
solutions in areas of air quality index, smart parking,
solid waste management and city GDP and for the
ongoing Pune Women Safety Perception Index.
As preparatory work for the live project, background
study was done through literature reviews, comparison
of datasets and creation of data availability matrix.
Evaluation of policies and short-term interventions was
done through PFTAS Framework used widely by Vision
India Foundation for Policy analysis, as described by a
former Education Secretary (Swarup, 2017).
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2. Associate Evidence
2.1. Basic Facts and Background Information

collaborative India Urban Observatory (IUO) on March

As per UN predictions, over 67% of the world population

09, 2019, at the Ministry office in New Delhi. At IUO,

would be living in cities by the year 2020. By 2030,

data and statistics on various urban indicators are

urban India will contribute more than 70% of India’s

observed in real-time through interactive dashboards

GDP and house 40% of the national population

for generating insights that drive strategic decisions.

(590 million people). Smart Cities Mission in India

Another initiative within National Urban Innovation

was launched in June 2015 by Ministry of Urban

Stack (NUIS) is the India Urban Data Exchange. IUDX

Development, Govt. of India to address various

is an open source software platform aimed at enabling

challenges of urbanization. The concept of a “Smart

cities to harness full potential of the enormous data

City” varies from city to city, depending on the level of

being generated in smart cities. Based on visits to

development. The objective of smart cities mission

IUDX, Smart City Pune, IUO and interaction with Smart

is to improve the core infrastructure to improve the

Cities Mission Director (Mentor), urban challenges

quality of life of the citizens in 100 cities. At the same

that impact citizens significantly were identified.

time, data-driven governance enables decision-making

Among these, key areas chosen for solutions based

at a decentralized level to solve civic problems more

on available data are air quality, women safety, smart

effectively. By facilitating communication across

parking, city GDP and solid waste management.

different government agencies, Smart City SPVs can
help usher in a new paradigm of holistic planning and
implementation through data-driven approach. Data
culture in smart cities is being inculcated through
appointment of City Data Officers (CDO), creation of

Through literature reviews, basic understanding of
ongoing initiatives and best practices were derived,
after a study of Initial data on different domain
challenges (Table 1):

Integrated Command and Control Centre (ICCC) in

2.2. Literature Review

various smart cities and regular workshops for capacity

The Concept of Smart Cities

building. Other current initiatives include setting up of

The objective of smart cities in India is to provide a

of Ease of Living & Municipal Performance Index.

clean, sustainable and inclusive environment through

To enhance engagement among government, citizens,
academia, startups & industry, along with improvement
in decision-making processes, MoHUA set up the

application of ‘Smart’ Solutions in core infrastructure.
The focus is on creating a replicable model which
can be adopted by other aspiring cities. The total
investment expected in these cities over a period of 5

Table 1. Initial Challenges in Use Case Domains
Air Quality Index, Delhi

Jaipur Smart Parking

City GDP and Solid Waste Management

PM 2.5 levels went over 451 in Winter 2018.

“The average car spends 95% of its
life parked”

54% of Urban Local Bodies cannot meet their own
expenditure costs

Vehicular pollution causes 83% of CO
emissions

Jaipur has 707 vehicles per 1000
persons

India is 10th largest generator of solid waste in
the world

AQI in past 3 months was above 200 (Poor)

Parking occupancies lower on
weekends; higher on weekdays
(Thursday & Friday)

A city like Indore has both revenue surplus (32%)
and 100% efficiency in waste management
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years from the date of their selection is expected to be

residents owing to development of social, economic

around US$ 30 billion (MoUD, 2015).

and ecological areas of urban environment.

Core infrastructure of a smart city includes adequate

Enabling “Culture of Data” in Smart Cities through

water and electric supply, sanitation & solid waste

Policies

management, efficient urban mobility & public
transport, affordable housing, especially for poor, safety
and security of women, children and elderly. Smart
cities core infrastructure also covers e-governance

There are several policies which support and promote
data-driven governance in the urban sphere:
•

National Data Sharing and Access Policy (NDSAP),

and citizen participation, robust IT connectivity

2012 – promote data sharing and enable access to

and digitization, sustainable environment, health

GoI-owned data for national planning, development

and education. In addition to pan-city initiatives,

and awareness for sharable non-sensitive data

three major methods of area-based development
in the Smart Cities mission are (1) retrofitting (2)

•

access by proactive release of data available with

redevelopment (3) greenfield development. Smart

various ministries/ departments/ organizations of

solutions involve use of technology, information and

Government of India.

data to make infrastructure services better.
Atal Mission for Rejuvenation and Urban

•

NITI Aayog (2018) recommends selected use cases

approach, unlike Smart Cities Mission which mainly

which can augment Smart Cities. AI will be useful

follows an area-based approach or in some cases, Pan-

in areas like smart parks and public facilities, smart

city approach. Swachh Bharat Mission (SBM), National

homes, service delivery, crowd management, smart

Heritage City Development and Augmentation Yojana

mobility and smart transport, intelligent safety

(HRIDAY), Digital India, Skill development, Housing

systems and preventing cyber-attacks among

for All, etc. are also linked with Smart Cities Mission

others.

(MoUD, 2015).
•

DataSmart Cities – leverage potential of data to
solve complex urban problems impacting citizens

Technological revolution in Big Data is enabling local
leaders to serve the people in a more innovative

NITI Aayog’s AI Policy – The discussion Paper on
“National Strategy for Artificial Intelligence” (AI) by

Transformation (AMRUT) follows a project-based

Big Data and its Role in Smart Cities

Open Government Data (OGD) - provides open

•

Municipal Performance Index – to ensure

manner and improve the public services being provided

performance tracking of ULBs on indicators like

by the government. Keeping vast records has been

financing, civic services, technology, planning and

a long-standing forte of the government. From land

e-governance.

records to transportation data, and from education to
crime-fighting and emergency response (Goldsmith
& Crawford, 2014). A data-driven city is characterized
by ability of agencies of city management to use
technologies for generation of data flows, their
processing and analysis aimed for adoption of
solutions for improvement of living standards of

The Ministry of Electronics and Information Technology
(MeitY) is the nodal ministry for campaigns such as
Accessible India Campaign which leverages technology
to ensure accessibility for the differently abled, Crime
and Criminal Tracking Network & Systems (CCTNS)
which is crucial to ensure the safety of citizens, PRISON
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which can help in criminal rehabilitation and corrective
justice, mRAKTKOSH which interconnects blood banks
into a single network, helping those in need, especially
accident victims. In future, MeitY initiatives such as
BHIM Bharat Interface for Money, can play a major role
in mobile ticketing across urban transit including Buses,
ensuring hassle free transactions for both passengers
and conductors while the Center for Excellence for
IoT can help skill the huge pool of individuals who can
leverage their knowledge for greater good including
projects such as the Smart Cities Project.
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3. India Urban Observatory (IUO)
India Urban Observatory was inaugurated on March
9, 2019, at the Ministry of Housing and Urban
Affairs (Press Information Bureau, 2019). The
conceptualization of the Observatory recognizes
the value of enhancing engagement among all
four stakeholders of the ‘quadruple-helix’ model—
Government, citizens, academia, and industry, along
with improvements in the internal workflow and
decision-making processes of city Governments.
The major goals of IUO are to enable evidence-

Fig 4. The Architecture of IUO Platform

d.	Real Time Feeds – data feeds through IUDX,

based policy making, providing a basis for impact

Integrated Command and Control Centre (ICCC)

assessment, facilitating service-level achievements

data feeds for aggregated data, satellite images, and

in cities, innovative urban problem-solving through

mission dashboards

collaboration, providing data for research and helping
with capacity building to create an active culture of
data in Indian cities.
Data sources at IUO include, but not limited to:
a.	Government sources - Ministries, Open Data portals,
mission dashboards, archival/real time data
b.	Third Party Data Sources – research institutes,
think tanks, funding agencies, private agencies,
communities
c.	Public Data Sources – data sets available over Web/
Internet, crowd sourced data, APIs

IUO supports various data types – structured, semistructured, unstructured. It is enabled by key partners
such as CISCO, Quantela, ESRI and AWS, who have
collaborated in creating a video wall and workspace
where experts from domains, academia, and industry
are working together to create real-time analysis of
urban indicators, and to derive insights for better
policies.
The platform is a customized version - a purposebuilt IoT smart city platform for deploying smart city
solutions. It mainly consists of an Automation Engine
and a Recommendation Engine. Urban statistics linked
to geo-spatial data are also provided on the dashboard.

3.1. AI based Predictive Analytics at IUO
The IUO platform provides key recommendation and
insights using optional Artificial Intelligence (AI) based
predictive and prescriptive analytics. The following are
some of the AI based predictive analytics capabilities
available with the IUO platform:
•

Urban Indicators: Helps city planners to understand
city at a macro level and assist in planning
decisions. The models are based on the analysis
of satellite and drone imagery. Some of the key

Fig 3. India Urban Observatory at Smart Cities Mission,
MoHUA (Source: Author)

indicators are: Urban Vegetation, Urban Sprawl,
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Underground Water Propensity, Land Use and Land
Cover Analysis, and Suitability Analytics.
•

Predictive Analytics: These models use data from
sensors, IT and open data sources to forecast
and predict future state. Some key applications
are Parking Occupancy Forecasting, Environment
prediction, Smart bin fill level predictions, Traffic
Congestion Prediction.

•

Prescriptive Analytics: These models recommend
action to be taken for optimizing city operations.
Some of the models available in the platform are
Optimized lighting Policies, Traffic Hotspot Analysis,
Route Optimizations.

•

Whatever be our data source or collection methodology,
the end datasets are bound to contain information
about citizens and/or their actions. The entire premise
of Big Data is to ensure the 3 Vs of data - Volume,
Velocity and Veracity – are met, but along with these
comes an additional challenge of protecting citizen
privacy
With the Supreme Court of India declaring Right to
Privacy as a Fundamental Right under Article 21 and
as a part of the freedoms guaranteed by Part III of
the Constitution, and with other regions such as EU
discussing and ensuring in practice laws like the Right

Resilient Analytics: These models provide potential

to be Forgotten, Data Privacy infringement can be a

impact areas and remedial options for urban

criminal offense.

resilience such as: Gas Leakage, Traffic Jams, and
the impact of traffic on environment.
•

3.2. Precautions in Data Privacy
and Predictive AI

However, AI models rely on the high volume of data to
learn and make decisions, and perfectly anonymous

Text Analytics: Models for text analysis and natural

data is perfectly useless data. Hence Data Privacy

language processing can be used for Classification,

protection measures need to balance usefulness and

Sentiment Analysis and Conversational Interfaces.

privacy

Some of the key models include: Citizen Sentiment
Analysis, Citizen Grievances Classification, social
sentiment analysis and a conversational chat
interface for querying the platform.
The IUO Platform also performs the functions of

Things to be kept in mind prior to carrying out protective
transformations on data
It is important to characterize vulnerable populations:
•

business intelligence reporting, visualization and
collaboration, automation capabilities and open
standards. The dashboard hosts the visualization layer,

some foreseeable characteristics of the subject?
•

•

Cities.

Mission, etc. The platforms are a quantum leap for
Smart Cities in India, and for fostering a data-driven
culture.

Are some types of subjects predictably
more vulnerable to specific threats, such as
embarrassment, loss of employment?

The open data initiative is also being extended to other
missions at MoHUA such as AMRUT, Swachh Bharat

Does the subject have reduced agency – reduced
ability to make meaningful choices?

which is prepared through API of open data in the
Integrated Control and Command Centre of the Smart

Does the likelihood of information harm depend on

•

Are the members of vulnerable groups subject to
stereotype, of threats to group dignity?

Below are the commonly used measures to ensure
privacy in datasets
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Protective Transformations:
-

Data partitioning

o

Partition data information based on sensitivity

o

Segregate for security

o	Choose linking keys at random – or in a
cryptographically secure way
o Reduces risk in information management
-

Transformations:

o

Generalization (Local, Global)

o

Suppression (Record, Value)

o

Aggregation (Value Aggregation, Anatomization)

o

Perturbation (Swapping, Additive Noise)

-

Redaction:

o

De-identification is often accomplished by
redaction or similar information removal



Identification Criteria (Direct | Indirect / Linked | if
“readily identifiable”)



Sensitivity Criteria (Private information, causing
harm if known)

-

Encryption

Different measures of Identifiability
-

Record Linkage

-

Indistinguishability

-

Differential Privacy
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4. Literature on International Best Practices in Smart Cities

for data-smart governance with respect to transport,

4.1 	Domain Specific Literature Studies and
Policies

security and environment are outlined below

•

Some key city-wide initiatives in global smart cities

(PricewaterhouseCoopers, 2016):
•

Action Plan (GRAP), Fly Ash Notification (2009) and
National Green Tribunal Order (2015)

Barcelona, Spain – Smart parking sensors on
streets showing availability of parking spaces on

•

smartphone app; Citizens postbox mobile app to
report incidents in real time
•

on traffic signals as per current traffic situation,
Groundwater modelling, impact assessor for houses
•

New York City, USA – 311 help-line for complaints,
data driven decision making in New York Police
Department for crime, safety and justice; Business
Improvement Districts with focus on retail govt and
“customer experience” in service delivery by Mayor’s
office; appointment of Chief Analytics Officer

•

Boston, USA – creating a more “responsive” city
through engagement with citizens; investment in
city’s technology infrastructure; cultural change
among employees; “CityWorker” mobile app for
workers to respond to service issues; personal
touch in telephonic response, collecting feedback on
city services

Solid Waste Management – Solid Waste
Management Rules (2016), ClimateSMART Cities

•

Sydney, Australia – Coordinated Adaptive Traffic
System (SCATS) which manages dynamic timings

Air Quality index in Delhi – Graded Response

City GDP - City GDP Measurement Framework
Consultation Framework by NIUA (2019)

•

Women’s Safety Perception Index – Safe Cities Free
of Violence against Women and Girls - UN Women
Global Programme (2010)

24

5. Interviews and Expert Consultations
During different stages of the 1-month long live project,
and mainly prior to identification of use cases, various
stakeholders and experts were interviewed voluntarily
by the authors to assess the urban challenges and to
incorporate their feedback and suggestions (Table 2).

Table 2. Initial Interviews with Stakeholders
Name and Details

Ideas and Insights

Founding team of VIA 70 – a
citizen connect App, Mumbai

A digital interface to connect residents with Municipal ward councilors for raising civic complains.
Active in Vile-Parle, Irla and Andheri localities

Dr. Ashwin Mahesh

Democratizing local level governance through decentralization for more speed; creating minimum
viable dataset for each sector; regular maintenance and quality management of datasets before
being used for decision making

Mrs. Lalitha Venkatachalam,
Citizen in Thane

Zero Waste Model - Minimal plastic waste generated. Composting of organic waste. Hazardous and
bio-medical waste is disposed in color-coded bag

Citizens, through in-person talks
& LocalFeedback.Org

Most recurring problems in urban localities include garbage disposal, traffic jams, lack of green
spaces and air pollution, along with night safety of women

Community Interaction, Savda
Ghevda, Delhi

Costs of living increases after infrastructure improves. Houses are small & not connected to sewer
lines, having toilets was difficult. Now changing with SBM

Water to Cloud Project Team for
Yamuna River

Real-time analysis of water pollution through submersible sensors. Big impact of solid waste. Team
Member went on a boat ride to Yamuna River with W2C

Prof Bharadwaj Amrutur, IUDX,
IIsc, Bangalore

IUDX development is a completely open source platform based on open API framework and data
models. The security, privacy and accounting mechanisms facilitate easy and efficient exchange of
data

Smart City Pune

Timelines for tangible deliverables are important, especially for data collection from multiple sources;
laser focus on progress to ensure success of missions

Mayor of Patna (Smart City)

Data governance initiatives like digitization of land records; payment of property taxes is now done
online; work on sewerage and flood prevention

Founder of TrashCon

Machine that separates shredded waste from waste collection bags

Sr. Member, TASC, MoHUA

Revenue potential for treated waste to be mapped in exact numbers

Centre for Excellence in Data
Analytics, NIC, MeitY

Government to hire trained and highly skilled data scientists who will work on solutions for urban
challenges and also with other Union Ministries

Accounts Team of Janaagraha,
Bengaluru

Double Entry account keeping method and sharing of data through Excel or CSV format necessary.
Credit ratings and Audits of ULBs under progress

Apula Singh, Janaagraha

Interaction with Resident Welfare Association on composting; ULB financing
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Gaurav Sharma, Policy
Consultant

Capacity building and technical training of ULB staff; Extending data collection at Gram Panchayat
level; Socio-cultural aspects for behavior change

Government Advisory

Indore Municipal Corporation involved the citizens and NGOs effectively

Indore Municipal Corp.

--- contact initiated for a study of the value chain of waste ---

Professional at Smart City Office,
Chennai

Maintenance clauses of contract ensure infrastructure upkeep till local communities take ownership.
Enforcement by police necessary for action

Ishita Aryan, Urban Planner

GIS and Cadence maps for cities and transit corridors enable better planning

Mr. BK Sinha, Retd. Chief
Electrical Engineer, Patna

Technological innovation in core city infrastructure leads to overall progress. Walkability allows
people of all strata to access public amenities in a smart city

Professor of Anthropology

Poorest of the poor should feel sense of belonging towards city, Data on births, deaths, migrations
to be factored in population projections; effects on rural distress/calamities on migration patterns;
Harmonization of seemingly unrelated data. Address the differently abled, with an empowering
approach to design services/products/opportunities based on their strengths

Faculty at Indian Institute for
Human Settlements, Bangalore

Social inclusion and upgradation through infrastructure development impacts slum population
positively; improving access to services, Quality of Life and productivity; Informal sector contributes
to urban livelihoods & local economy

Faculty at Development
Mangmt. Institute, Patna

E-governance initiatives in tier-4 cities and villages of Bihar through resident Project Associates; level
of citizen engagement is very high in rural areas
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6. Defining the Problem and Identifying Use Cases
Based on the ongoing live projects, four urban

Management & City GDP. Our work includes different

challenges were identified for data analysis and

aspects of the Smart Cities Mission in India, and

solutions

learnings from international case studies where datadriven measures have enabled cities to perform more

6.1. The Problem Statement
“To identify key aspects in Indian Smart Cities based
on social relevance and ongoing projects, to study
available data sets, and to make use of big data
analysis to arrive at insights, which would help drive
decisions and policy-related interventions”.

effectively and engage better with citizens. Scope of
work in the realm of “live project” includes detailed
study of datasets available on open portal and through
APIs of smart cities, analysis of the datasets to create
visualizations and generate insights, and suggest policy
interventions or solutions for both short term and long

6.2. Brief on Problem

term across smart cities.

The aim is to explore opportunities for leveraging
the use of big data in Smart Cities in domains such
as Air Quality, Women Safety, Smart Parking, Waste

6.3. Stakeholders
The different stakeholders involved direct/indirectly in
the project are outlined below, based on their roles:

Table 3. Domain-specific Stakeholders
Air Quality in Delhi

Jaipur Smart Parking

City GDP & Waste Management

Women Safety in Pune

NDMC Smart City,
Municipal Corp. (South,
East, North, New Delhi),

Jaipur Development
Authority

Municipal Corporations of 100
Smart Cities for Fiscal Health &
Waste Management

Transport Departments (MSRTC, Pune
RTO), Cab aggregators (Uber, Ola);

CPCB, DPCC, EPCA

Jaipur Smart City Ltd.

Smart Cities Offices and City Data
Officers

Police and Crime Deptts (Station, SCRB,
CCTNS, BPRD)

CPWD, PWD Delhi

Traffic Police

Civil Society

Civil Society, Communities

Economic experts

Pune Municipal Corporation

Delhi Traffic Police
India Meteorological
Department

Urban Planning – Jaipur
Development Authority

Resident Welfare Associations
(RWAs)

Women & Child Development
Department, Govt. of Maharashtra

Road Transport &
Highways, Petroleum
and Natural Gases

Owners and operators of
Parking Lots

NGOs and agencies mapping
labour productivity in India

Next-Gen Technology (IoT, Embedded
Systems and devices, Cellular networks)
companies

State Govts of Delhi,
Haryana, UP

Car Owners

Informal Economy workers; rag
pickers

Pune Housing and Area Development
Board (PHADB)
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Table 4. Generic Stakeholders – Internal and External
Governance & Policy

Academia

Execution

Citizens & NGOs

Domain Experts

Ministry of Housing &
Urban Affairs (MoHUA),
Smart Cities Mission

IISc Bangalore

Project
Management
Units,

Residents in Smart Cities,
Migrant Population, Vehicle
Owner, Commuters

Technical – Quantela (Big Data),
CISCO (IUO platform), AWS
(Cloud Services)

Urban Local Bodies –
Jaipur, Pune, NDMC,
Chennai

India Urban
Data Exchange

Smart City
Offices

Communities & Workforce
Participants

Startup(s) – SafetiPin

Vendors &
Contractors

NGOs providing support to ULBs

Maps & Census – ESRI, ML
Infomap

MoEFCC, CPCB, MeitY,
MoWCD

Each domain is covered in greater depth and detail
in the following sections. Use cases with respect to
application of Big Data through analysis of datasets
on open portal and through other sources has been
discussed. Inferences are derived for each solution,
thereafter, solutions have been proposed for both long
term and short term.
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7. Use Case 1: City Sensor Data for
AQI & Pollution Prevention
The Problem Statement
Understanding the distribution and main causes for
pollution in the NDMC Pilot area, analyzing the major pain
points and suggesting policy interventions using best
practices in India and globally.
An Overview of the Problem
Delhi has been battling the problem of pollution
since the past few decades, and in the past couple of
years, the issue has gained national and international
traction because of the severity. Levels of polluting

Fig 5. Delhi’s Live AQI levels compared to other Indian states - at 10am
on 25 April, 2019 (CPCB)

particles have been recorded at thirty times the level
recommended by the World Health Organization.

This use case aims to understand the distribution and

With over 20 million citizens exposed to all manner of

main causes for pollution in Connaught Place (as a

deadly particles in the air, this is nothing but a crisis. In

pilot area in NDMC), analyze the major pain points and

some areas of its territory, pollution has rocketed over

suggest policy interventions using best practices in

the 451 points of microparticles, PM 2.5, according

India and globally.

to the Air Quality Index scale. Air quality in the Delhi
worsens annually before each winter as farmers in

*There are multiple AQI sensors across the cities. The

the neighboring states of Punjab and Haryana burn

average AQI has been calculated by taking a total of

the remains of the crops in October and November

AQI of all sensors in a city and dividing it by the number

to prepare for the next growing season. Emissions

of sensors in the city.

from vehicles and industries, construction dust and

The above data has been taken from Central Pollution

the burning of waste are also among the causes of

Control Board for 18 states for 25th April, 2019, based

high levels of pollution. The air quality is the worst in

on inputs from 152 active AQI stations across the

Connaught Place, Parliament House, India Gate, Indira

country. It is clear that AQI of Delhi was the worst

Gandhi International Airport, Okhla Industrial Area,

amongst all the states (Fig 5).

Pragati Maidan, IP Estate, Janakpuri, Mehrauli, and

7.1. Relevant Stakeholders

Laxmi Nagar (Times of India, 2019).

Municipal
Corporations
(South, East,
North and New
Delhi)

CPWD

NDMC

Delhi Traffic
Police

PWD Delhi

Environment
Pollution Control
Authority

CPCB

Fig 6. Stakeholders involved in monitoring of Air Quality Index in NDMC Area

State
governments of
Delhi, Haryana
and Uttar Pradesh

Delhi Pollution
Control
Committee
(DPCC)

Road
Transport and
Highways,
Petroleum and
Natural Gases

India
Meteorological
Department
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Fig 7. Air Quality Indicators for Cities on IUO Dashboard (Source: Authors)

7.2. Regulation of Air Quality in CP

Chemical composition of the air pollutants, which can

In its bid to give a thrust to the Government’s Smart

help in deriving the main sources of pollutants in the

City Mission, NDMC has installed 16 AQI sensors in

air is missing in the data. For example, the crustal

Connaught place in Delhi (BW Online Bureau, 2017).

component (Si + Al + Fe + Ca) accounts for about 40

Analysis of information collected from the NDMC AQI

percent of total PM10 in summer. This suggests soil,

datasets for the time period of 25 January – 25 April

road dust and airborne fly ash are the major sources of

2019, has been presented in the report (Dataset Source:

PM10 pollution in summer.

https://www.ndmc.gov.in/aqi.aspx).

7.4. Traffic and AQI Studies from Big Data

7.3. Major Challenges

Location of AQI Sensors installed by NDMC

Limitations in Currently available Datasets

in Connaught Place

For analysis of Air quality in NDMC, datasets for last

Static Traffic Density is also represented along with

3 months (January-April 2019) were available, where

location of the AQI Sensors in the image below. It can

sensor values are not being observed for Sundays (New

be observed that annual average traffic density is

Delhi Municipal Council, 2019). Ozone and Ultra Violet

highest on Kasturba Gandhi Marg, Tolstoy Marg and

values, along with noise levels in decibels are not being

Barakhamba Road. The location of AQI sensors do not

captured by the Environmental sensors. If we compare

cover the entire NDMC Area, but inner circle, middle

with countries like Switzerland and Austria, apart

circle, outer circle, and converging radial roads of

from Benzene and AsH3, all other pollutants are being

Connaught place area.

monitored.
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Table 5. Comparison of Metrics being captured through
NDMC AQI Sensors
Pollutants

NDMC

Switzerland

Austria

Temperature

Yes

Yes

Yes

Rain

No

Yes

Yes

Benzene

No

No

No

Cd (Total Deposited
Particles)

No

Yes

No

UVa

No

Yes

Yes

UVb

No

Yes

Yes

Light

No

Yes

Yes

Pressure

Yes

Yes

Yes

Humidity

Yes

Yes

Yes

PM 10

Yes

Yes

Yes

project participants on data from open source API

PM 2.5

Yes

Yes

Yes

through Python programming (Annexure 1) shows

CO

Yes

Yes

Yes

AsH3

No

No

No

NH3

No

Yes

Yes

O3

No

Yes

Yes

NO2

Yes

Yes

Yes

SO2

Yes

Yes

Yes

CO2

Yes

Yes

Yes

Noise

No

No

No

AQI

Yes

Yes

Yes

Tl (TDP)

No

Yes

Yes

Zn (TDP)

No

Yes

Yes

Fig 8. Traffic Density (Static) Vs. Location of AQI Sensors – Map by
ESRI Team at IUO

Jam Factor and Speed of Vehicles
Traffic density analysis of NDMC pilot area done by

the correlation between traffic jams and speed of
the movement of vehicles on all roads in Connaught
Place (Fig 9). Relatively, movement of vehicles is
fastest on Jahangir Road, Maharaja Ranjit Singh Marg
and Sansad Marg. Roads facing challenges of both
slow movement and high jam factor are: Bhavbhuti
Marg, NH-1, NH-8, Jai Singh Road and Rajiv Chowk.
To streamline the flow of vehicular traffic, diversions
can be made towards roads with faster movement, or
lesser jam factor and higher speed.
Specification of AQI Sensors installed by NDMC
Environmental monitoring sensors for observation of
the following:
•

Temperature,  

•

Humidity,

•

CO, CO2,

•

NO2, SO2,

•

PM10, PM2.5
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Fig 9. Average Jam Factor vs Speed of Vehicles – Traffic Density of NDMC Area (Source: HERE Maps)

Fig 10. Top 10 Jam Factors vs Speed of Vehicles (Source: HERE Maps)
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Geo-specific analysis of various Air Pollutants
*Average pollutant levels are calculated by taking the

Fig 11. Geo-specific Analysis of PM 10 and PM 2.5 in past 3 months
(Jan-Apr 2019)

daily values (average of 342 available data points/day)
and adding the data received for three months, and
dividing by the number of days.
Major inferences are:
•  Consistently high amounts of PM 10 in the air
(Moderately polluted) in the air
•  Comparatively better levels of PM 2.5 in the air
(Satisfactory)
•  Areas around middle circle have less PM 10 and PM
2.5 content, which means that the air quality in this
area is satisfactory over the past three months

Fig 12. Health Impact of Increasing AQI levels for PM2.5 and PM10
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The chart below shows roads with average AQI levels
for the past 3 months (Jan-April 2019)

Fig 13. Average AQI levels across locations

Inferences from AQI:

350 carbon dioxide molecules, is considered unsafe.

•  AQI has been more than 200 consistently, which

These concentrations are likely to trap enough heat

means breathing discomfort for all people
•  In some areas, such as near Capital Point, Middle
Circle and Tolstoy Marg, the average AQI level is more
than 300 (very poor), which means respiratory illness
on prolonged exposure
•  It has been relatively lower in the sensors situated in
Inner Circle and more in the areas around Outer Circle
It has generally been agreed that for every million
gas molecules in the atmosphere, anything beyond

to trigger extreme climate events the world over and
it would become progressively harder, and costlier, to
remove the excessive CO2.
•  CO2 levels have been consistently high in the entire
area, except Jantar Mantar and Middle Circle
•  In contrast, Middle Circle has the highest amount of
CO, followed by Jantar Mantar and Capitol Point
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Table 6. Interpretation of CO and
CO2 levels recorded in sensor

Fig 14. Average CO2 & CO levels in past 3 months (Jan-April 2019)

CO levels

Meaning

9 ppm

Max prolonged exposure (ASHRAE standard)

35 ppm

Max exposure for 8 hour work day (OSHA)

800 ppm

Death within 2 to 3 hours

12,800 ppm

Death within 1 to 3 minutes

CO2 levels

Meaning

250-350ppm

Normal background concentration
in outdoor ambient air

350-1,000ppm

Concentrations typical of occupied indoor
spaces with good air exchange

1,000-2,000ppm

Complaints of drowsiness and poor air.

2,000-5,000
ppm

Headaches, sleepiness and stagnant, stale,
stuffy air. Poor concentration, loss
of attention, increased heart rate and slight
nausea may also be present.

5,000

Workplace exposure limit
(as 8-hour TWA) in most jurisdictions.

>40,000 ppm

Exposure may lead to serious oxygen
deprivation resulting in permanent brain
damage, coma, even death.
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Fig 15. NO2 and SO2 levels in past 3 months (Jan-April 2019)

Day-Wise data for major Pollutants in past three months
Separate week days were analyzed to understand the
variation in levels of pollutants, and their distribution
throughout the week. It may be noted that AQI data
was not available for Sundays, hence it could not be
included in calculations.

Fig 16. Location-wise variation in PM2.5 levels for 6 days of the week
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Fig 17. Location-wise variation in PM10 levels for 6 days of the week

Fig 18. Location-wise variation in CO2 levels for 6 days of the week
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Fig 19. Location-wise variation in SO2 levels for 6 days of the week

Fig 20. Day-wise AQI Levels for February-April at 16 locations in NDMC Area

38

7.5. Inferences

of Bangalore to use public transport one day of the

Major inferences that could be drawn from Day-wise

month. ‘Command and Control’ mechanism can also

Analysis of AQI and Pollutant Levels:

be used, where private vehicles are not allowed on

•

Thursday in the periphery of the area.

The AQI across all sensors is the highest on
Monday, lowest on Wednesday and has slight peaks

•

on Thursday and Saturday

It is seen in Table 7 that WHO standards are relatively

The PM 2.5 levels are evidently the highest on

more stringent than the standards in India, especially

the weekends, but peak during Thursday, and are

for the most harmful particles, such as PM 2.5 and PM

lowest on Wednesday. Jantar Mantar, Tolstoy Marg,

10 (World Health Organization, 2018).

Kasturba Gandhi Marg and Capitol Point sensors
record highest values.
•

PM 10 levels are again at their peak on weekends,

Table 7. WHO Standards vs Indian Standards (for major air
pollutants)

with highest values being near Amardeep Building

Pollutant

and Inner Circle. It implies that construction

Concentration in Ambient
Air

activities and movement of heavy vehicles could be
higher on weekends in the area.
•

CO2 levels are considerably lower in Janpath and
Jantar Mantar area, while highest in Kasturba
Gandhi Marg and Tolstoy Marg. Unlike PM2.5 and
SO2 levels which were significantly higher on

Annual*
24 hours**

50, 80

20-50

NO2 (in µg/m3)

Annual*
24 hours**

40,80

40-200

PM 10

Annual*
24 hours**

60,100

20, 50

PM 2.5

Annual*
24 hours**

40,60

10, 25

O3

8 hours*
1 hour**

100, 180

100 (8-hour
mean)

Pb (Lead)

Annual*
24 hours**

0.5,1

NA

CO

8 hours*
1 hour**

02, 04

NA

NH3

Annual*
24 hours**

100, 400

NA

C6H6

Annual*

5

NA

Benzo(a)Pyrene
(BaP)-

Annual*

1

NA

As (in ng/m3)

Annual*

6

NA

Ni (in ng/m3)

Annual*

20

NA

Monday and Tuesday, especially in locations like
KG Marg, Inner circle and Capitol Point, dip within
acceptable range Wednesday onwards.
•

Specific interventions targeted towards reducing the
extreme values for these parameters will be useful

Suggested intervention: Reduction of private vehicles
in the Connaught Place area on specifically Thursdays
(Ideally, before taking this intervention forward, data
should be studied for at least one year to understand
one particular day of the week which has problematic
AQI). Since CO2 and SO2 levels are higher on Monday
and Tuesday, it can be concurred that fossil fuel
burning is causing them to rise. Suggested solution
could be to allow only CNG based vehicles on Mondays
and Tuesdays.
A successful case study with this regard is Bangalore’s
Bus Day, which is an event calling all the citizens

WHO

SO2 (in µg/m3)

PM10, peaks are observed on Monday and Tuesday.
•

India
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7.6. Sentiment Analysis for AQI

The National Green Tribunal order in April 2015 stated

Sentiment Analysis is a text classification process that

that garbage burning contributes 29.4 per cent of air

analyses an incoming message and tells whether the

pollution with reference to PM10. While the municipal

underlying sentiment is positive, negative or neutral

corporations have decided to impose hefty penalty (Rs

(Wikipedia, 2019). Also known as opinion mining or

20,000-Rs 100,000) as stipulated by the NGT to curb

emotion AI, Sentiment Analysis makes use of natural

rampant practice of waste burning, not much has been

language processing, text analysis, computational

done to mandate waste segregation at source and

linguistics, and biometrics to systematically identify,

penalize households and institutions that do not follow

extract, quantify, and study affective states and

suit.

subjective information.
ClimateSMART Cities – to incentivize holistic, climate
To carry out Twitter-based sentiment analysis for

responsive development, Ministry of Housing and

air quality in Delhi, Top 100 tweets with hashtags

Urban Affairs (MoHUA) has initiated “ClimateSMART

#DelhiAirPollution #AirQualityDelhi #DelhiSmog and

Cities Assessment Framework 2019” for 100 smart

#DelhiPollution were considered. Overall sentiment on

cities. The Framework includes various parameters that

Air Quality was as follows:

would guide cities to tackle the menace of degrading

•

Negative – 52%

air quality and climate change. Benchmarking for level

•

Neutral – 23%

of air pollution includes adherence to WHO Air Quality

•

Positive – 25%

Standards and implementation of Clean Air Action

Sentiment Analysis shows that Air Pollution and Air

Plan. All cities need to achieve at least 50% green fleet

Quality in Delhi is a problem that requires attention, and

out of total public transport fleet. Bus fleets running

is also being discussed actively on social media.

on CNG, LPG, electric power, solar and hybrid are to be
incorporated.

7.7. Current Policies and Interventions in action
A Graded Response Action Plan (GRAP) is a set of

National Clean Air Program (2019) – Launched by

stratified actions that are taken once the pollution level

Ministry of Environment, Forests and Climate Change

reaches a certain specified limit. The Supreme Court

(MoEFCC), tentative national level target of 20%–30%

had mandated the Environmental Pollution Control

reduction of PM2.5 and PM10 concentration by 2024

Authority (EPCA) to come up with such a plan. The Union

is proposed under the NCAP, taking 2017 as the base

Environment Ministry has recently announced this plan

year for the comparison of concentration. Objective

for Delhi and National Capital Region (AQI.in, 2018).

of NCAP is comprehensive mitigation action for
prevention, control and abatement of air pollution

The Fly Ash Notification, 2009, issued under the

besides augmenting the air quality monitoring network

EPA makes it mandatory for all TPP operators to

across the country and strengthening the awareness

utilize 100% of all fly ash at the plant within 5 years

and capacity building activities (Guttikunda, 2018).

of its generation. This fly ash could be supplied to

There will be use of the Smart Cities program to launch

manufacturing units within a 100-km radius of the

the NCAP in the 43 smart cities falling in the list of the

plant that produce fly ash-based products for use in

102 ‘non-attainment’ cities in India.

construction activities. In 2016, the 100-km radius was
increased by the MOEFCC to 300 km.
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Past and Current Interventions, Policies, Guidelines and

driven by clean mobility. With a budget of Rs. 10,000

Advisories

Crore, FAME-II subsidizes retail vehicle prices for
consumers, of which Rs. 1,000 Crores is allocated

Table 8. Various short-term and long-term solutions for
improving AQI

to charging infrastructure (Live Mint, 2019). “Faster

Interventions

Policies

vehicles”-I (FAME-I) received good response (PTI, 2019).

•  Odd-even Scheme
•  Prohibition on entry of
overloaded and nondestined trucks in Delhi
•  Ban on burning of biomass
and leaves
•  Metro Rail for public
transport
•  Route diversion of interstate
buses
•  Restrictions on goods
vehicles during day time

•  Control Room set up in
CPCB to monitor Ambient
air quality in NCR
•  Imposition of Green Tax
•  Revision of rules for
management of municipal
waste and construction &
demolition waste
•  Unleaded petrol introduced
in 1995
•  Catalytic converters in
passenger cars
•  NITI Aayog Zero Emission
Vehicles Policy Framework
(electric vehicles) & FAME-2
scheme

Guidelines

Advisories

•  Stringent provision for ash
content in coal for Thermal
Power Plants
•  Stringent Industrial
Emission Standards
•  Fuel Quality Standards
(Bharat I, II, III, IV)

•  920 out of 2800 industries
have installed devices for
24x7 online monitoring
•  Regular coordination
meetings to discuss airpollution control in NCR

Adoption and Manufacturing of hybrid and Electric

Latest statistics on FAME India website peg total
number of electric two wheelers in Delhi at ~7,100,
while 4-wheeler passenger cars at 12,845. Countrywise adoption of electric vehicles has results in 52,700
litres of fuel savings (per day) and reduction in CO2
emission by 1,30,612 kg per day (National Automotive
Board, 2019). A 2017 NITI Aayog report emphasized
India could reduce 37% of carbon emissions in 2030
through a shared, electric, connected pathway.
Despite a higher total cost of ownership per km, an
electric 4-wheelers provides operational savings of
Rs. 3.07/km to fleet operators, and Rs. 4.57/km to
private owners. High upfront costs get recovered in 5
years for fleet operators while it takes 11.5 years for
private owners (OLA Mobility Institute, 2019). As an
instance, the introduction of electric fleet by Ola Cabs
in Nagpur (e-rickshaws and e-cabs) served over 3.5
lakh customers since 2017, saving over 5.7 lakh litres
of import-dependent fossil fuels, and reduced CO2
emissions by 1,230,000 kg.

7.8. Best Practices: Examples from India and
Other Countries
The case for Zero Emission Electric Vehicles in India
Based on last 6 years of sales data, vehicles on Indian
roads are estimated to consist of 79% two-wheelers
and 12 % economy 4-wheelers (cars costing less than
Rs. 10 lakhs). Hence, economic viability of electric
vehicles in these segments is a must. With regards to
air pollution, GHG emissions from vehicles powered
by Internal Combustion Engine account for two-thirds
of the air pollution in urban areas (NITI Aayog & WEC,
2018). As per National Mission on Electric Mobility,
FAME-II Scheme would leapfrog India into a future

A study by researchers in Jamia Millia Islamia
University, New Delhi, had found that if people opt
for the Electric Vehicles, the pollution emitted by all
the cars and jeeps (CO, NOx, HC) would be reduced
to 75,991 tonnes from 1,01,051 tonnes per year (24%
reduction). Similarly, on the adoption of EV cars in Delhi,
an amount of (Rs. 4940.51 – 3715.26 =) Rs. 1225.25
crores could be reduced, which is now being annually
spent on petrol (Ahmad & Dewan, 2007). Worldwide
and particularly in Europe, studies have shown that
greenhouse gas emissions of electric vehicles are
about 17-30% lower than the emissions of petrol and
diesel cars. It especially impacts levels of PM2.5, PM10
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and NO2 (European Environment Agency, 2018).
Levy System in China
In 1982, China’s State Council began nationwide
implementation of pollution charges. The system
is applied to hundreds of thousands of sources
of air, water, solid waste, and noise pollution. The
implementation has been very widespread, and
year after year the number of firms participating
and the revenues collected have increased. For
wastewater, fees are calculated for each pollutant
in a discharge stream and the polluter pays the fee
associated with the highest value among all the
pollutants. The resources collected as levies are used

Hawa Dawa provided pollution forecasts to Siemens
Mobility’s ITS Digital Lab in Munich, where data
scientists and traffic management experts analyzed
the data together with anonymized trip data from the
smart car platform “ryd” to predict individual routes and
suggest eco-friendly alternatives. The suggested ‘green’
routes were then provided to “ryd” users via an app
before they started their journey. The users were to use
the alternate routes by participating in a competition
that ran throughout the pilot. During the incentivized
competition, the most eco-friendly drivers received “ryd”
points which can later be transferred into other rewards
such as Amazon vouchers.

to finance environmental institutional development,

Emissions Re-mapping Algorithm and

administration, and environmental projects, and to

Air-Quality Model Simulations

provide subsidies or loans to firm-level pollution control

Researchers from Northwestern University in the US

projects. Enforcement is implemented via a schedule of

have quantified differences in air pollution generated

penalties.

from battery-powered electric vehicles versus internal

Use of Environmental and Vehicle
Data to optimize Traffic in Munich
Siemens Mobility’s project in the city of Munich,
Germany, in partnership with ryd (Rethink Your Ride
– a 100% electric cab provider) with Hawa Dawa (IoT
based air-quality solutions provider) made an attempt
to reduce pollution hotspots. In this 4-weeks long pilot
project, real-time sensors were utilized to measure air

combustion engines, and found that electric vehicles
have a net positive impact on air quality and climate
change. They examined ozone (O3) and particulate
matter (PM2.5, PM10) using an emissions remapping
algorithm and air quality model simulations. Both
pollutants are main components of smog and haze,
and can trigger variety of health problems like asthma
and chronic bronchitis (PTI Washington, 2019).

pollution, and this data was analyzed to reroute traffic

Hence, we see that big data and real-time analysis can

in an optimal manner throughout the city. 30-40% of

be quite helpful in identifying sources of pollutions

the drivers were willing to contribute to reducing air

and using algorithms to mitigate the impacts on air

pollution by re-routing. Initial results for more than

quality. In Delhi, however, we also face several policy

1,600 drivers show savings of 83 kg of CO2 and 114

challenges for air quality index.

g of NOx as well as a reduction in kilometers driven
by 633 km in addition to the major goal of reducing
pollution at hotspots. By scaling the program to more
than 20,000 drivers in the city, savings would be
equivalent to planting more than 1 acre of forested land
(Siemens Mobility GmbH, 2019).
In this pilot project which began in November 2018,

7.9. Policy Interventions to improve AQI: A
Global perspective
Europe
The Clean Air for Europe (CAFE) programme was
launched by the European Commission in 2001, with
the aim of reviewing the EU’s air quality policies and
assessing progress towards attainment of the EU’s
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long-term air quality objectives, as laid down in the

and accordingly process data to inform EPCA

Sixth Environment Action Programme. The CAFE

of the air quality status. The EPCA in turn would

programme set highest priority to dealing with fine

formulate the possible line of measures and

particles (PM) and ground-level ozone, both because

convey them to the respective authorities, who

of their serious effects on health and the fact that

will then discuss them internally to figure out the

much would have to be done if concentrations were

course of action. All this could take anywhere

to be brought down to acceptable levels (European

from two to three days before there is action

Environment Agency, 2017). Other outstanding

on the ground. A lot can change in 48 hours,

air pollutant problems, such as acidification and

including meteorology: sometimes the weather

eutrophication, were also given high attention.

disperses pollutants more.

Beijing, China
During the Beijing Olympics 2008, based on satellite
observations, and during the two months when
stringent restrictions were in place, the levels of
nitrogen dioxide resulting from fossil fuel combustion
plunged nearly 50% and the levels of carbon monoxide
fell by almost 20%. The measures were good at quickly

•  During an air quality emergency, odd-even has to be
imposed. The Delhi government has, however, stated
that it will be very difficult to implement the scheme
without a notice of at least a week, so that alternative
arrangements for public transport can be made and
an awareness drive launched.
•  The municipal corporations, which have to hike

lowering the pollution but since they weren’t addressing

parking rates by 3-4 times if the air quality is very

the root problem, they could do nothing once the stay

poor, have to hold an elaborate meeting each time

order was lifted. The battle against air pollution in

they change these rates

Beijing recently led to an announcement of ‘anti-smog
police-force‘, and an expenditure of $2.6 billion to bring
back clear sky days to the city (DownToEarth, 2018).

2)

Vehicular traffic: There is a correlation between
the increase in the number of vehicles and the
increase in pollution in Delhi. Since 2000, vehicles

The measures introduced in Beijing have become

have increased by 97%, while particulate matter

somewhat of landmark examples to achieve quick

has increased by 75%. NOx has increased by 30%

mitigations. These include a 50% cap on vehicles

between 2002 and 2014. According to the IIT

everyday based on the registrations, full support from

Kanpur Report, vehicular pollution is the cause of

the public transport sector, shutdown of industries

83% CO emissions, 36% of NOx emissions, 20%

and power plants within a radius of 100 km for at

of PM2.5 and 9% of PM10 (Sharma & Dikshit,

least a month before the games began and a strict

2016). It is also a cause of secondary particulates

enforcement of a ban on burning coal and biomass for

which further pollute the air, especially in the

cooking and heating. It was a matter of national pride;

formation of nitrates. The current legal framework

every citizen in the city chipped in to make sure the sky

on vehicles regulates specific aspects of each

was blue and the air was clear.

vehicle. However, there is no coherent policy on

7.10. Major Challenges in Policies
for AQI in Delhi
1)	Challenges in GRAP: The CPCB, the DPCC and
IMD are responsible for keeping tabs on air quality

how to address vehicular pollution as a source
of air pollution in Delhi. The three problem areas
related to private transport are-
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•  Unchecked plying of high polluting vehicles

7.11. Potential Policy Solutions and their
Evaluation

•  Poor implementation of existing rules and regulations

Types of Policy Tools

•  Low cost of private vehicles

3)	Enforcement of current regulations: The

Regulatory tool

Direct
Instruments

Indirect
Instruments

Market-Based
Instruments
/ Economic
Incentives

Emission fees;
Tradable permits

Taxes; Subsidies

Command and
Control

Emissions
standards

Technology
standards

enforcement body for many of the regulations,
including the one relating to the assessment of
age limits of vehicles, is the Delhi Traffic Police.
One of the reasons for the poor enforcement by
them is the multiplicity of authorities in control.
While the Delhi Transport Department lays down
the rules and regulations, the enforcement of the
same is undertaken by the traffic police which is
controlled by the Ministry of Home Affairs. This
leads to a situation where the lack of enforcement
is blamed by one authority on the other.
4)	Number of stations needed for monitoring: The
criteria followed in India requires that class I cities
(cities with 100,000 population or more) should
have a minimum of three stations each; mega
cities nine each; industrial areas should have
about six and capital cities, six each. An analysis
of the National Ambient Air Quality Monitoring
Programme (NAMP) data shows that 82 cities
have only one station and 66 have two stations
and about 80 class I cities do not meet the criteria
for monitoring stations.
Note: Given the resource crunch and limited technical
skills in this field, it is more productive to act on the
information currently available from the present
network, instead of setting up new stations. Setting up
more stations should be considered based on where
most people live, the pollutants they are exposed to and
the need for a daily alert system.
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Policy Evaluation using PFATS Framework
Table 9. PFATS Analysis for improving AQI
Solutions and Rationale

P

F

A

T

S

Total

6

9

5

8

4

32

Short term Solutions
Increase the parking charges of private vehicles

Rationale: Increase in parking charges will raise the consumer expenditure, leading to social resistance of the move, it will also be
administratively difficult since the maintenance of the areas will also have to increase
Change tax rate on diesel

4

8

7

7

4

30

Rationale: Increase in tax rate will be administratively difficult to implement since the computations will change, and will have political
resistance in short-term as well. There will be some deterrent in social acceptability, but that will not be high, since it is a progressive tax
system
Conduct a vehicle tag drive extending benefits to environment friendly
tags

8

6

6

7

9

36

Rationale: This kind of incentivization to environment friendly vehicles is a good political move, since it is highly visible and will result in
positive public sentiments. However, it will lead to financial and administrative burden
Long terms solutions
Increase road tax & adopt a sliding scale to determine the rate of road
tax

4

8

5

9

5

31

Rationale: Again, taxation will lead to administrative burden and might also face public resistance and political backfiring
Change the focus of VVFMP to all vehicles above 10 years and include
a direct cash incentive

8

5

6

6

9

34

Rationale: Any kind of cash incentive to change behavior will lead to financial stress, but it will be a welcome move socially and
politically. There might be technological barriers to shortlist the problematic barriers. It will also have some administrative barriers during
implementation
Public disclosure for the companies

7

7

7

5

5

31

Rationale: This is a popular ‘Command and Control’ method and is used extensively globally. But the move is expected to have less social
acceptability since businesses are forced to take certain measures, it will also be administratively difficult to monitor the emissions of all
the companies
Market based policy instruments

8

9

7

5

8

37

Rationale: A simple self-sustaining market mechanism where taxes are permissible limits for various pollutants are in place, and
exceeding them will lead to tax implications. A tax approach is more flexible than permits, as the tax rate can be adjusted until it creates
the most effective incentive. Taxes also have lower compliance costs than permits. The move will have some administrative issues, but
in the long run, they tend to smoothen out.
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What are Market-based Policy Instruments?

Potential long-term policy solutions: This policy would

Rather than equalizing pollution levels among firms,

impose the same emissions standard on all polluters

market-based instruments equalize the incremental

but is set such that the average polluter does not face

amount that firms spend to reduce pollution (their

excessive abatement costs. The policy then subjects

marginal abatement cost). Market-based standards

all polluters to a unit tax for emissions in excess of

enable the government to encourage behavior and,

the standard. This policy combination has several

thus, emission levels through market signals rather

attractive features. First, if the standard is set properly,

than through explicit directives regarding pollution

proper protection of health and the environment will be

control levels or methods. These incentives can be

assured. This feature of the policy maintains the great

in the form of rewards or penalties and are provided

advantage of standards: protection against excessively

to those firms according to their actions to reduce

damaging pollution levels. Second, high abatement

pollution. Companies can then select their appropriate

cost polluters can defray costs by paying the emissions

level of abatement and control method. Market based

fee instead of cleaning up. This feature preserves the

methods assume that all companies will act in their

flexibility of emissions taxes: overall abatement costs

economic best interest and will make decisions to

are lower because polluters with low abatement costs

control emission based on their individual (facility or

reduce pollution while polluters with high abatement

company) marginal abatement curves. Economic-

costs pay taxes.

incentive based policies have the flexibility to allow
industries to react to pollution control in a variety
of ways including process change, technology
development and product modification. Hypothetically,
this will result in cost-effectiveness, efficiency and
dynamic incentives for technology innovation and
diffusion. They attempt to eliminate some or all of the
market failures and environmental externalities that
many command and control policies do not consider,
including the ones mentioned in the introduction.
Market-based instruments attempt to reach
environmental goals not only in the most cost-effective
(minimum costs) way. It is on the basis of prices and
charges that society makes its decisions. Market prices
and charges are often the most direct way to identify
and quantify the many variables involved in making a
decision.
The relative importance of dynamic effects of
alternative policy instruments on technological change,
and therefore long-term compliance costs, is greater
in the case of those environmental problems that are
of great magnitude (in terms or anticipated abatement
costs) and/or very long-time horizon.

7.12.

Supporting Recommendations

Few general recommendations to mitigate impact of
air pollution in Delhi are provided based on a report
submitted to Massachusetts Institute of Technology
(MIT), Cambridge, USA (Roth, 2001):
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Table 10. Recommendations for Mitigating impact of Air Pollution
Fleet composition and operations
•  Provide incentives to increase the turnover rate of the trucks, taxis, colectivos, and private auto fleets.
•  Enforce existing regulations on maximum age of taxis and colectivos
•  Develop incentives to encourage retrofitting of trucks with emission control devices.
•  Continue audits of Vehicle Verification Testing Stations using on-road test data, and correct irregularities
Public transportation
•  Give priority to the organization of the transportation system at the metropolitan level, including the improvement and  coordination of
all the current modes of transport
•  Increase the use of the metro system by improving service quality, performance, and personal security.
•  Facilitate inter-modal transfers to improve convenience and speed of public transport.
Infrastructure/Technology
•  Develop infrastructure to enable intercity truck traffic to bypass the downtown core in order to improve air quality and reduce
congestion.
•   Evaluate the feasibility of implementing Intelligent Transportation Systems (ITS) to improve traffic management and thereby reducing
pollution.
•  Consider alternative transportation pricing policies, enabled by ITS, to reduce the volume of traffic and pollution.
Fuels
•  Establish new specifications with lower sulfur content in gasoline and diesel that enable the introduction of future cleaner vehicle
technologies.
•  Develop natural gas as a potential transportation fuel for urban buses and intra-urban trucks
•  Prohibit illegal vehicle conversions to run on LPG without adequate emission controls
Hotels
•  There are approximately 9000 Hotels/Restaurants in the city of Delhi, which use coal (mostly in tandoors). The PM emission in the form
of flyash from this source is large and contributes to air  pollution. It is proposed that all restaurants of sitting capacity more than 10
should not use coal and shift to electric or gas-based appliances.
Coal and flyash
•  In summer, coal and fly ash contribute about 30 percent of PM10 and unless sources contributing to flyash are controlled, one cannot
expect significant improvement in air quality. It appears that these sources are more of fugitive in nature than regular point sources.
However, two large power plants in city are also important sources of flyash. Probably the major part is re-suspension of flyash from
flyash ponds (in use or abandoned) which are not maintained properly and become dry in summer.
Construction and demolition
•  The control measures for emission may include: wet suppression, wind speed reduction (for large construction site), proper disposal
of waste, proper handling and storage of raw material and store the waste inside premises with proper cover. At the time of on-road
movement of construction material, it should be fully covered.
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8. Use Case 2: Smart Parking and Transportation
The Problem Statement

Parking is an important issue in the Walled City of

Analysis of existing datasets to visualize the bottleneck

Jaipur and an emerging one outside it. It not only

and problems related to the transport issues in the city.

causes on- road congestion by reducing the carriage

Subsequently suggesting policy interventions to solve

way, but the time spent in cruising to find a free on-

the issues through an easily replicable framework in the

street parking also slows down the traffic and adds

area of smart parking

to traffic congestion. This cruising further adds to

An Overview of the Problem

seen a continuous vehicle growth and has 24,24,576

As the number of cars are increasing in cities, so is the

registered vehicles up to 2015 with 707 vehicles per

need for parking. Indian cities are facing parking issues

thousand persons. The increasing number of vehicles

because of no proper planning. And this problem will

in the city will require proportional parking spaces and

aggravate as the number of cars keep on increasing as

“the average car spends about 95% of its life parked.”

more and more people enter the middle class. Cities

(Shoup, 2005) The question is could we afford this

are expanding on a large basis in the current scenario
and the reason for it is the increasing population in the
city. Where there is population there comes traffic and
increase in population results in increased traffic, Smart
parking plans has some solutions for this problem of
traffic. The current focus of the study is Jaipur, but will
also look at the situations in other cities.
This report will shed light on the current problems
and the main causes of the parking issues. The study
will also look at the best practices around the world.
It will analyze the data available and will suggest
interventions in the policies to solve the problems now
and will keep the need for the future in mind.
Parking Challenges in Smart Cities and Policy-making
•  No Proper policies specifically focused to reduce
parking chaos
•  No Specific policies on the vehicle movement in the
crowded locations
• L
 ack of proper implementation of rules for parking
• L
 ack of studies on parking issues in Indian Context
•  Illegal Parking and additional burden on the Traffic
Police to manage the same
• L
 ack of popularity of underground parking (mainly
due to safety concerns) and other psychological
issues

the accumulated pollution in this area. Jaipur has

much parking spaces in the future? If not, what better
alternatives do we have?
Major stakeholders: The car owners, Smart City
Projects like JSCL, etc., Municipal Corporations like
JMC, etc. Parking area Owners, Ministry of Housing
and Urban Affairs, Traffic Police, as listed in Table 3 and
Table 4.

8.1. Big Data Analysis and Inferences
Big Data of the parking in Jaipur city which specified
the different occupancy rates during different times
of the week for a period of 3 months (Jan-April 2019).
The data was analyzed in Python language using
Jupyter notebooks. Pandas was used to create a
structured representation of the .csv dataset. Numpy,
Matplotlib and Seaborn were used to create graphical
representations of the data. Code for the visualization
is provided in Annexure 2.
Based on the trends shown in the graph above it can
be determined that the occupancy rates in the parking
spaces in the metro buildings are higher during the
weekdays. The occupancy during the weekends are
comparatively lower. During the weekdays as well the
occupancy peaks on and is highest during Thursdays
and Fridays. The occupancy rates also is constant for
most of the parking spaces except for a few which
peaks during certain specific times.
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Fig 21. Hourly Average Occupancy on Weekdays

The growth in the registered vehicles in the city of
Jaipur between 2001 – 2015 is shown in Fig 22

The above trends show that more and more vehicles
are coming on the road in Jaipur year on year, with a
sharp increase in this decade (5% to 14% YoY increase).
Hence the parking spaces should also increase
accordingly to cater to the increase in vehicles on the
road. The lack of parking spaces will aggravate the
congestion on road and will lead to jams. Hence, they
should be created accordingly keeping in mind the
current and future growth trends of the vehicles.
Additional visualizations which could be created for
more-in-depth analysis, based on availability of data
after API integration, and further authorizations from
Smart Cities:
•

Parking rates vs Capacity utilization of the parking
(hourly during a day for a week)

•

Increasing population and increase in parking
spaces (yearly data)

•
Fig 22. Vehicle Registration in Jaipur (2001 – 2015)

Increase in vehicles on road and increase in
parking spaces (yearly data)

•

Duration individual cars stay in the parking
(weekly data)
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8.2. Literature Review

International Best Practices in Smart Parking

Guidelines on parking space requirements are generally

As the current demand and supply analysis showed

laid down as bye-laws by City Development Authorities.

that it is not the shortage of on-street parking which is

However, with an aim on reducing carbon emissions

the problem rather the inefficient utilization of it, this

and controlling pollution levels, MoHUA has come up

calls for alternatives to ensure better utilization of on-

with ClimateSMART Cities assessment framework,

street parking places. One of the easiest ways could be

where focus is on low carbon mobility. Means to deter

operating on-street parking spaces by private bidders

use of private parking spaces and encourage use of

similar to the off-street parking and charging fees for

public transport are priorities.

parking.

Integrated Parking Infrastructure Project for the Walled

Yet, what needs to be understood further is, on-street

City of Jaipur, Consulting Engineering Services.

parking traffic is hugely biased towards four-wheelers

Under this study to appreciate traffic and parking
characteristics a number of field surveys were carried
out. They included: Road Network Inventory Survey,
Classified Traffic Volume Count Surveys, Speed and
Delays Surveys, Parking Surveys, Opinion surveys,
Willingness to pay Surveys, Shop inventory Surveys
The salient findings of the study were:
• The variation in traffic between a working day and
holiday is only 0.5%.
• Two wheelers have maximum share varying from
39-47%
• Parking duration results indicate that on-street
parking duration for 70-90% of vehicles is only for 30
minutes
• At off-street parking sites parking duration vary from
30 minutes to 12 hours.
• The study had also projected parking demands for

and therefore shifting of long-term four wheelers to offstreet parking lots would be a half-targeted approach.
There is a need to recognize long-term two wheelers as
well and shift them to off-street parking spaces. This
policy mainly calls for encouraging short-term users to
use more of on-street parking and long-term parkers to
off-street parking. Adjusting prices of parking area is an
important mechanism to influence parking choices.
Priced parking can also be combined with time limits
for better effect. This would mean that for a certain
time limit on-street parking can be kept at nominal
prices, but any parking above the said time limit would
be charged dearly. This would increase the frequency of
per square usage of on-street parking.
The correct policy should be focused on discouraging
demand and not increasing supply to meet this
demand. It is here that the market-oriented parking

both off-street and on-street areas using the traffic

policy plays an important role. High work place

flow, floor area in abutting shops of the parking

parking prices encourages more people to use public

stretches and number of workers in abutting shops

transports (Jaipur Metro) and carpool alternatives. The

as independent variables singly and in combination

parking prices should be kept demand responsive and

of all three to develop linear regression equations

regularly revised on hourly and daily basis.

(simple and multiple).
• The study recognized following components as
a part of integrated Parking Policy for the Walled
City of Jaipur: Access Policy, Supply of Parking
Spaces, Parking Pricing, Public Transport Service,
Institutional Arrangement

Common Solutions in Smart Parking
Advanced Parking Management Systems: Advanced
Parking Management Systems (APMS) are designed
to increase the efficiency and turnover of parking spots
by using technologies to alert drivers towards open
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Table 11. International Best Practices in Smart Parking
International City

Best Practice(s)

Taipei, Taiwan

Demand responsive pricing. Every 6 months, pricing is reviewed based on saturation. Occupancy based revision
involves upward revision with 80% occupancy and downward revision with occupancy below 50%. Attendants
with digital handheld devices issue tickets and attach them to vehicles at regular intervals. Motorists pay later at,
say, convenience stores among others.

Tokyo, Japan

Complement on-street pricing with time limits. Cars parked in banned areas for longer than 15-30 minutes
would incur a fine (US$ 86-155 for pvt cars). After revision of Road Traffic Law, private firms are designated
the responsibility of tickets for parking violations. Strict implementation with no grace period and high parking
prices. 3 months after implementation, there was 74% decline in illegal parking on roads, as reported by National
Police agency. Congestion length reduced by 27.3% between 2-4 pm. Travel speed increased by 10% from last
year

Hanoi, Vietnam

Effective enforcement of “no-parking” of 2-wheelers and cars on footways or curb side, mainly through towing.
Impoundment for 15 days as punishment, but this added to parking burden on facilities of Hanoi Parking
company.

Aalborg, Denmark

Real time information on availability of parking spaces through parking guidance system. This reduced extra
driving of 930 km per day in searching for parking. While air pollutants reduced by 0.1%

Helsinki, Finland

For inner-city, on street parking in CBD reserved for short term parking. Reserved for residential parking in
residential areas. City-wide Dynamic Parking Guidance system.

Bremen

Demand responsive pricing and no free-parking in urban centres. Cost of car use and car parking is kept more
than cost of public transport. As a result, 50% trips to centre by public transport and 22% by bicycles.

Chicago

Raising parking charges by 30-120% resulted in 35% decline in no. of parked cars. And no. of all-day parkers
arriving before 9:30 am

Bogota, Colombia

Public parking fee was increased. Limits on fee charged by private parking companies was removed. Additional
revenue used for road maintenance and improvement of public transit system

spaces and informing them of relevant information,

need to be located in an area with an extensive public

such as delays. An APMS interface can be anything

transportation system to be feasible.

from a web - based format to a GPS navigation system.
APMS combine various technologies to improve traffic
congestion, including parking sensors, information
monitors, video cameras, satellite radio, and web
applications via mobile phone or internet.

Car Share Provision: Car share programs provide
short - term car rentals and are operated by a private
company or not - for - profit organization. Several cities
include zoning language that encourages or requires
developers to dedicate spaces for car share vehicles.

Car-Free and Car-Capped Residential Development:

Some cities give developers incentives to provide

Car-free and car-capped developments restrict or

spaces for car share vehicles through reduced parking

limit the amount of parking spaces that may be

requirements. Studies suggest that car sharing can

provided for residential development in order to

reduce demand for accessory residential parking,

discourage automobile use. These developments

overall vehicle miles travelled, vehicle ownership rates,
and household transportation costs.
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In-Lieu Fee: Developers can opt out of constructing

and upfront payment for hardware installation. New

required parking by paying a small fee to the

feature will also allow consumers to book a parking

government, which can then use those fees to

lot in advance. However, managing manpower and

construct and operate public parking facilities.

technology need to be separated (Tyagi, 2018).

Parking Database: Most cities have incomplete records

Use of GetMyParking app reduces the need for miles

of how many on-street or off-street parking spaces

spent in searching for a parking spot in crowded areas.

exist. An inventory of spaces enables municipalities

As of May 2019, GetMyParking has provided solutions

to accurately review parking supplies in order to meet

in 17 countries by digitizing 800+ parking lots, totaling

current and future demands.

45 million parking transactions. They have also worked

Parking Cap: This policy limits the amount of parking
that may be built and can apply as a district or citywide

on 3 smart city projects in India (GetMyParking Blog,
2017).

policy. Caps can also be applied to certain uses, such

During Diwali period of 2017, in Delhi, temporary

as parking garage facilities.

policy change led to 4x increase in parking fares

Parking Freeze: A parking freeze mitigates the growth
of parking by stopping or carefully managing future
parking development. Cities may simply forbid the
building or expansion of any parking lots, or they can
only cap certain types of parking

from Rs. 80/- per 4 hours to Rs. 320/- for 4 hours.
Since “GetMyParking” platform has been in use since
2015, their data analytics team researched real time
transaction data across 300 parking locations in Delhi,
for duration of price hike. There was considerable drop
in vehicles coming into the parking lots across the city

Variable Priced Parking/Performance Based Pricing:

– varying between -3% to -31% during November 1 to

The rate of metered parking adjusts to respond to

November 17, 2017.

market demand and the price of parking is set at a rate
to ensure there is always at least one parking space
available. Rates are higher during peak demand. In the
past, metered parking was under-priced, resulting in a
low turnover rate of spaces intended for short - term
use. The policy sometimes referred to as demand responsive pricing.

8.3. Criteria/Parameters for the Right Policies
The best for the chaos of Parking would be policies
which will give the best results with the least pain. In
most of the policy changes suggested there is either
a monetary benefit or a monetary cost. India and in
particular Jaipur being a cash sensitive market should
respond positively to the suggested changes. The

Smart Parking Apps: “GetMyParking” in India is an

response should be even stronger as compared to the

example of an IoT based platform for mobile-based

developed countries which are comparatively less price

parking management system, through app and

sensitive markets.

Business-to-Business (B2B) services. It provides
statistical and real-time information of parking
vacancies. Focus Is on digitization of parking lots,
from ticketing to auditing. Digital collection of revenues
reduces costs compared to expensive on-street parking
infrastructure. App is free for use for individuals,
and charges license fee to contractors for usage

Priority should be made to solve the current issues,
but keeping in mind the future needs of the city and
should be able to handle the greater needs that has
been showcased for a particular region in Jaipur for the
future.
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Table 12. PFATS Analysis for Parking Solutions
Solutions and Rationale

P

F

A

T

S

Total

7

10

6

8

8

39

Reducing Inertia
Variable Priced Parking/Performance Based Pricing:

Rationale: Such a solution will provide the most precise solutions. But implementation will be a challenge due to monitoring of different
pricing at different points of time. Such a move will also move people towards other forms of transport
Parking Freeze

6

10

7

10

5

38

Rationale: This is the optimum solution for the places where there is congestion and there is no space to create parking areas.
Implementation is a lot simpler process, but the social acceptability might be a bit lower because people might not be willing to walk or
use public transport. Might face objection politically as well.
In-Lieu Fee

7

9

8

9

5

38

Rationale: Such a solution can help finance the needs of the new parking sports required. It is only possible if the area is available for
parking stations to be created. Might face objection politically as well.
Advanced Parking Management Systems:

7

8

6

6

6

33

Rationale: The most advanced solution, might have issues in the implementation as well as the social acceptability areas.

Deciding the Implementation of Policies

At times the users will also have to walk a certain

Policies will be created to improve the infrastructure of

distance as they will have to park their cars in an off-

not just additional parking spaces, but also the public

road parking spaces or use public transport to avoid

transport. One way to tackle the increase in demand is

paying higher tariff during peak hours. The effects of

to divert the demand to use the public transport instead

the implementation of the solutions should be positive

of using personal vehicles.

considering the price sensitivity of the people and the

For immediate implementation Variable Priced Parking/
Performance Based Pricing could be introduced both
for on and off-road parking. This help to better utilize
the current parking spaces at their maximum. The
tradeoff for the consumers will be that they would be
charged higher during peak hours to use the spots
closer to the shopping areas.

presence of Jaipur Metro and BRTS service to support,
as we discourage people from using their vehicles.
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9. Use Case 3: City GDP and Solid Waste Management

The Problem Statement

handling of a specific type of waste - E-waste rules,

Using data related to Fiscal Health and Waste

2011, Plastic waste rules, 2011, and Battery rules,

Management to address the challenges of minimizing

2011. Only two cities of India, Pune and Bengaluru,

municipal solid waste and generating surplus revenues

have regulations mandating bulk generators to

for the cities

segregate and manage their waste, also imposing

An Overview of the Problem
Over 54% of cities in India do not generate adequate
revenues to meet their city salary costs, meeting on an

penalties on non-compliance. Different rules require
different certifications from Central Pollution Control
Boards (CPCB), which can make the process tedious.

average, 39% in own revenues to the total expenditure

In terms of GDP, mapping of informal sector’s

(ASICS 2017 report by Janaagraha). Finances in

contribution is a challenge. Hence, Gross Value Added

cities are weak, both in terms of sustainability and

by each sector is proposed to be calculated through

accountability. While cities account for 70% of India’s

top-down approach by MoHUA, including labour input

GDP, there is a challenge to strengthen the cities

method.

economically for high revenue creation. On the other
hand, while revenue sources are scarce, solid waste
generation is on the rise. According to the Press
Information Bureau, India generates 62 million tonnes
of waste (mixed waste containing both recyclable
and non-recyclable waste) every year, with an average
annual growth rate of 4% (PIB 2016). The US Public
Health Service has identified 22 human diseases that
are linked to improper solid waste management (MIT
Urban Development Sector Unit 1999). Burning garbage

For instance, Delhi’s waste supports a population of
approximately 100,000 waste pickers, who recover
nearly 1,600 tons or approximately 15-20% of usable
materials such as metal, paper, cardboard, and plastic
from the city’s waste. These materials are manually
or semi-mechanically processed and sold back to the
industry as raw material for new products. This saves
approximately US$ 14,000 per day in operational costs
for the city municipality.

is classified as the third biggest cause of greenhouse

The waste pickers are the first link in the value chain

emission in India—apart from the impact on human

of the recycling sector, and by estimates, their efforts

health, the effect on land, water and food pollution is a

prevent the emission of 962,133 tons of greenhouse

matter of grave concern.

gasses annually, or about 3.6 times more than that

Hence an integrated approach is required to map
the contribution of waste recycling in a City’s GDP,
while addressing the need for proper waste disposal.
Based on analysis of datasets of 22 smart cities, and
detailed ward-wise data from a city like Pune, a waste

saved by any waste project which accrues carbon
credits in India. Hence, Waste Management policies
need to holistically consider the impact across all value
chains.

management policy framework shall be proposed for

9.2. Basic Facts on Waste Management and
Revenue Generation

Indian cities.

We can consider the following statistics about waste

9.1. Waste Management and City GDP
Challenges for Policy-making
Seventeen rules have been passed or revised in India

across industries (UNEP, 2011, 2013; World Bank,
2012):
•

●Waste generation: Every year, an estimated 1.3

since the first National Environment Protection Act,

billion tonnes of solid waste is collected worldwide.

1986. Each of them deals with the management and

This ﬁgure is expected to increase to 2.2 billion
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tonnes, with almost all of the increase coming from

9.3. Literature Review on Solid Waste
Management

developing countries. In India, 65 million tonnes of

ClimateSMART Cities (2019) – among indicators which

solid waste is generated annually.

facilitate better waste management, segregation at

tonnes By 2025, this may increase to 2.2 billion

•

●Greenhouse gases: Decay of the organic
component of solid waste contributes towards 5%
of the global greenhouse gases.

•

•

provided as a prescriptive range. 40% of the recyclable
waste need to be recovered through informal/formal
system, to steer the city’s commitment towards circular

collection to recycling, is estimated at US$410

economy. Non-recyclable inorganic wastes (>1500

billion a year, which does not include the sizable

calorific value) are to be utilized in cement kilns or other

informal segment in developing countries.

industries authorized by CPCB. The ClimateSMART

●Resource savings: Recycling a tonne of aluminium
cooling water, 0.86 m3 of process water, and 37
barrels of oil, while preventing the emission of 2
tonnes of carbon dioxide and 11 kg of SO2.
●Employment:  In the year 2000, recycling activities
in the European Union (EU) created 229,286 jobs,
which increased to 512,337 by 2008 — an annual
growth rate of 10.57%. The proportion of people

•

would be a priority. However, there is no numeric value

●Market size: The global waste market, from

saves 1.3 tonnes of bauxite residues, 15 m3 of

•

source, and reduction of waste generated per capita

cities assessment framework also guides cities to
monitor Solid Waste Management (SWM) Value chain
through IT interventions and smart monitoring. It
involves route planning and optimization, RFID Tags
for household level monitoring, GPS enabled collection
vehicles with separate compartments and recording
weigh-bridge data of segregated incoming waste.
Data on rejected waste being directed to landfills also
need to be maintained. SWM monitoring systems are
to be integrated in ICCCs of Smart Cities for real time

employed in waste-related recovery activities

monitoring.

showed an increase of 45% between 2000 - 2007.

Solid Waste Management Rules (2016) – brought

●Proﬁtability: One tonne of electrical and electronic

out by MoEFCC after the supersession of MSW

waste (e-waste) contains as much gold as 5–15
tonnes of typical gold ore, and amounts of copper,
aluminium and rare metals that exceed by many
times the levels found in typical ores. Plastic
recycling, Waste-to-energy conversion, etc also
open up avenues for revenue generation.

(Management & Handling) Rules from year 2000,
the SWM 2016 rules apply to every urban local body,
urban agglomeration, census towns, and other
establishments and even institutional areas with
considerable habitation. It also mentions the duties
of ministries (environment, urban development) and
duties of officials. The aim is to minimize the amount of

Further research on available data through

waste going to the landfill, and curb the adverse impact

environmental groups would reveal the precise amount

of solid waste on human health and the environment.

being spent in every city on solid waste management

Facilities for solid waste processing and treatment

within the Smart Cities Budget. It will also give ideas

should be set up. Buffer zone of ‘no-development’

on how to generate revenue from waste recycling to

should be maintained around solid waste processing

cover waste management expenditures and generate

and disposal facilities that exceed 5 TPD of installed

extra income for both the municipality as well as for the

capacity. Landfill site should be 100 metres from rivers,

workers, which will add value to the GDP of City.

200 meters from ponds, and 200 meters away from
highways, habitations, parks, supply wells, and 20 km
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from airport. While non-recyclable waste with calorific

diverse parts of India (Fig 23), were marked according

value over 1500 K/cal/kg should be used for generating

to their efficiency in treating waste (recycling and

energy, or refuse derived fuel, organic wet-waste should

processing), and also for revenue as a percentage of

be composted.

expenditure, as shown in Fig 24.

Swachh Survekshan Report 2019 – ranking of 4,237

The aim of study of SWM datasets is to understand

Indian cities by Swachh Bharat Mission (Urban) under

how door-to-door collection and segregation of waste

MoHUA to foster a spirit of healthy competition to

can be enhanced. Identification of correlated factors

create cleaner cities with better sanitation.

also help to drive greater efficiency through targeted

9.4. Analysis of Data and Inferences
Datasets and catalogs of over 95 cities uploaded
on Smart Cities Open Data portal were studied to
get a wider picture of the urban financing and waste
management scenario of ULBs in India. Out of 95 cities,
22 Cities had complete datasets on both parameters of
waste management and fiscal health (As on April 10,
2019). These 22 smart cities, which are spread across

approaches at ward levels. Since the onus of waste
management directly lies with Urban Local Bodies, an
understanding of their waste management efficiency
and financial health helps us formulate cost-effective
strategies as per local context. In the Datasets
collected through open portal, type-wise volume of
waste collected was not specified. However, this is
being recorded in cities like London and in most cities
of Germany.

Fig 23. Distribution of Cities with complete data on Fiscal Health and Waste Management
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Fig 24. Cities’ Performance on Fiscal Health vs Waste Management Efficiency

Number below City

•

Tirupati, ranked 8 in SS 2019, and has 60%

represents Swachh

revenue surplus over expenditure and 100% Waste

Survekshan Rank for

Management efficiency (denoted as numeric value

2019. Darker shade of

of 1)

green denotes higher
“Swachhata Score”. Red

•

management (0.02) and revenue deficit (-7%) or loss

denotes lower Swachhata
Score. Box size indicates population of the city as per

A city like Thanjavur has low efficiency in waste

•

Cities like Lucknow and Shivamogga have high

Census 2011. Municipal Revenue / Expenditure Ratio

efficiency in waste processing but low Swachhata

above 1 indicates surplus municipal revenues over

Score (Red) due to lower performance on other

expenditure. Waste Management Efficiency ratio of 1

indicators like bye-laws, sanitation, capacity

indicates 100% efficiency in recycling and processing

building, etc.

of collected waste (Annexure 3).
Inferences
•

Indore, which is Ranked 1 in 2019 Swachh

Best practices from cities like Indore and Pune can help
cities with lower waste efficiency to improve their solid
waste management practices.

Survekshan, has positive revenues over expenditure

Insights from Demographic and Waste Management

(30%) and highest efficiency (1.00) in recycling and

Data: Example of Pune

processing of collected waste

Pune Municipal Corporation has consistently done
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well on Swachhata Rankings. Although Indore has
been ranked 1 for the past 3 years in solid waste
management, Pune was chosen for analysis due to
completeness of Ward-wise datasets available on the
Smart Cities portal. Through study of demographics
data, correlations can be derived between rate of waste
segregation at household level, literacy, workforce
participation, etc.
Since data was available for 41 wards (more than
95,000 households), the same has been chosen for
uniformity. Area under consideration has 15 Zones,
with 11 zones having 3 wards each and 4 zones

Fig 25. Definition of boundaries of 41 Wards in Pune Smart City (Source:
ESRI, ML Infomap)

having 2 wards each. Custom maps (ward-wise) have
been created by ESRI Team, demographic data has
been provided by ML Infomap, along with Solid Waste
Management Catalogs from Smart Cities open data
portal (Annexure 3).
Pune has an overall literacy rate close to 85%, which is
higher than national average. From the visualization, it
is observed there is a strong correlation: most wards
with literacy over 90% also have highest percentage of
household waste segregation. Further analysis can also
be done for female literacy in each ward.
Possible Interventions to be adopted for following

Fig 26. Ward Literacy vs. Per-cent Households with Waste
Segregation (Map by ESRI using AcrMap)

cases of Wards having low levels of waste segregation:
•  Low literacy, low waste segregation % - awareness
campaigns for behavior change
•  High literacy, low waste segregation % - Penalty or
fine for non-compliance

Fig 27. Increase in % of Households Segregating waste with increasing
Literacy
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Table 13. Example of Ward-wise Solutions for Solid Waste Management based on Data
% Households
with Waste
Segregation

% Literacy

Ward No(s).

Possible Approaches for improving Waste
Segregation at source

Above 90%

Above 90%

4, 13, 31, 32, 35

Wards with higher % of HH segregating waste can be
recognized and rewarded

85% - 90%

3, 5, 8, 9, 28, 39, 40

Below 85%

None

Above 90%

1, 10, 11, 12, 15, 29, 34

Penalty for non-compliance

85% - 90%

2, 6, 16, 33, 41

Penalty for non-compliance

Below 85%

30, 38

Awareness Campaigns

Above 90%

14, 24, 26, 27

Penalty for non-compliance

85% - 90%

7, 21, 23, 25

Penalty for non-compliance

Below 85%

20, 22

Awareness Campaigns

Above 90%

None

N/A

85% - 90%

17

Awareness campaigns and hands-on Training for
segregation; on-site composting

80 – 90%

70 – 80%

Below 70%

generation increases with higher % of male working
Likewise, through analysis of data and correlations
between literacy & efficiency in recycling and
processing of waste, per capita waste generation &
% working population, more inferences can be drawn.

population, it decreases slightly with higher % of female
working population. Awareness campaigns can hence
be targeted towards home makers and domestic staff
in wards with higher % of male working population.

Based on these, solutions can be suggested.
Most of the wards having higher overall literacy show
better rates of recycling efficiency as well. The dark
brown regions are wards with lower efficiency in
recycling, and also show literacy rate of less than 85%.
Per capita waste generation was highest in wards
where both female and male population was working,
and where male working population was high. From
Fig 31 it is also evident that while per capita waste
Fig 28. Literacy vs. Efficiency in Waste Processing and Recycling (Map
by ESRI, ArcMap)
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Inferences from Ward-Wise Waste Management KPIs and

•  Wards 28, 36 and 37 under Bibwewadi zone in

Demographics

Pune are showing that over 90% of households

The following observations stand out from the data

are segregating their waste. However, efficiency in

presented in Table 14:

Fig 29. Increase in Efficiency of Waste Processing-Recycling with increasing Literacy

Fig 30. Ward wise Per Capita Waste Generation and % of Working Population (Map by ESRI)
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Fig 31. Per Capita Waste Generation vs. % Working Population

waste processing and recycling is rather low. It could
be possible that there is no de-centralized waste
management facility or plant close to the area
•  Wards 8, 9 in Aund-Baner and Wards 38, 41 in
Kondwa-Yewalewadi zones are showing high levels of
per capita waste generation. Though % of households

61

Table 14. Table 14. Ward-wise Summary of Demographics and Waste Management Data
Ward
Nos

Zone Name

Ward
Literacy
%

% Working
(Male)

%
Working
(Female)

Per capita
waste
generation
(in Kg)

%House Holds
with Waste
Segregation

%Efficiency
in Processing
or Recycling

1

Yerwada Kalas Dhanori

91.03

55.97

18.74

0.57

83.00

31.00

2

Yerwada Kalas Dhanori

87.92

52.89

26.04

0.57

83.00

31.00

3

Nagar Road

88.64

54.47

23.57

0.70

95.00

73.50

4

Nagar Road

92.67

55.08

22.27

0.70

95.00

73.50

5

Nagar Road

86.77

53.33

24.30

0.70

95.00

73.50

6

Yerwada Kalas Dhanori

85.91

46.22

19.23

0.57

83.00

31.00

7

Shivajinagar Ghole road

89.41

56.35

26.14

0.67

78.00

38.60

8

Aund Baner

89.45

57.43

22.29

0.83

95.00

45.00

9

Aund Baner

88.23

55.75

18.58

0.83

95.00

45.00

10

Kothrud Bawdhan

90.60

55.41

23.64

0.66

84.00

43.90

11

Kothrud Bawdhan

90.89

55.78

20.52

0.66

84.00

43.90

12

Kothrud Bawdhan

91.44

57.27

22.92

0.66

84.00

43.90

13

Warje Karvenagar

93.12

54.13

25.34

0.54

97.00

66.10

14

Shivajinagar Ghole road

91.75

54.44

23.50

0.67

78.00

38.60

15

Kasaba Vishrambaug

94.21

52.52

18.85

0.50

81.00

61.70

16

Kasaba Vishrambaug

87.76

48.36

27.70

0.50

81.00

61.70

17

Bavani peth

88.04

53.03

21.30

0.55

64.84

29.10

18

Bavani peth

84.10

52.12

20.99

0.55

64.84

29.10

19

Bavani peth

83.70

52.12

20.30

0.55

64.84

29.10

20

Dhole Patil

82.88

52.29

22.05

0.65

78.00

34.70

21

Dhole Patil

86.90

53.92

16.72

0.65

78.00

34.70

22

Hadpasar Mundhwa

83.05

52.29

22.79

0.44

79.00

90.90

23

Hadpasar Mundhwa

89.81

54.29

24.62

0.44

79.00

90.90

24

Wanawadi Ramtekadi

92.33

53.17

24.67

0.75

70.00

54.90
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25

Wanawadi Ramtekadi

89.49

54.19

21.04

0.75

70.00

54.90

26

Hadpasar Mundhwa

91.52

53.59

26.66

0.44

79.00

90.90

27

Wanawadi Ramtekadi

92.65

57.12

33.15

0.75

70.00

54.90

28

Bibwewadi

88.96

56.37

28.20

0.65

91.00

13.10

29

Kasaba Vishrambaug

90.32

58.17

27.83

0.50

81.00

61.70

30

Sinhagad road

84.05

55.97

27.63

0.54

80.00

75.00

31

Warje Karvenagar

95.58

55.63

28.46

0.54

97.00

66.10

32

Warje Karvenagar

91.48

54.57

26.24

0.54

97.00

66.10

33

Sinhagad road

86.97

55.58

25.36

0.54

80.00

75.00

34

Sinhagad road

95.51

49.46

22.43

0.54

80.00

75.00

35

Dhankawadi Sahakarnagar

95.29

49.20

23.12

0.54

93.00

71.40

36

Bibwewadi

84.37

43.41

23.38

0.65

91.00

13.10

37

Bibwewadi

83.58

53.78

24.80

0.65

91.00

13.10

38

Kondava-Yewalewadi

83.52

53.62

25.11

0.81

88.00

26.10

39

Dhankawadi Sahakarnagar

88.34

53.84

20.92

0.54

93.00

71.40

40

Dhankawadi Sahakarnagar

85.17

55.09

25.95

0.54

93.00

71.40

41

Kondava-Yewalewadi

87.09

56.86

26.19

0.81

88.00

26.10

Note: Cells marked in ‘red’ color show outcomes which are undesirable. Cells in ‘green’ color show higher efficiency in
waste management KPIs and lower levels of waste generation. More socio-economic factors like household income,
age composition, etc. could be considered in future as datasets would be augmented.
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with segregation at source is fairly high, the efficiency

P-values with chosen significance level (0.05), as

in processing and recycling is not up to the mark.

shown in Fig 32.

This could be due to higher volume of waste being
generated that can be managed. Since literacy levels
are also on the higher side, effective strategy to
reduce waste volume generation per capita could be
to levy a penalty, or to mention in waste collection bill

Observations and inferences from successive iterations
performed through Multiple Linear Regression using
Backward Elimination method are summarized in the
Table 15.

the excess waste generated compared to city-wise

Land Use planning and Zoning for Waste Management

average.

Placing of Bulk Garbage generators (> 100kg per

Analysis of KPIs using Multiple Linear Regression
Machine Learning Model
By using Machine Learning models, we can find
KPI parameters with highest impact on per capita
waste generation, household waste segregation and
efficiency in recycling or processing. Through Python
programming (code in Annexure 3), a Machine Learning
model was created using Backward Elimination for
Multiple Linear Regression. Impact of parameters
such as ward literacy, female working population,
male working population, etc. was analyzed on
KPIs like per capita waste generation, % Household
segregation and %efficiency in waste recycling, which
were designated as dependent variables. Source of
structured demographic data (2011 Census) was ML
Infomap while Waste Management KPIs for Pune
Smart City were calculated from raw data shared on
Open Data Portal. Impact of demographic factors on
waste management KPIs was assessed by comparing

Fig 32. Comparison of P-values calculated from Machine Learning
Model

day) on the land use map of Pune, along with waste
processing plants shows that most of them are located
in residential areas, close to the source, and not on
ecologically sensitive areas with forests or agricultural
plantation. Further analysis of spatial coordinates show
that some plants are not having buffer of 200 metres
from surrounding localities, as mandated by Solid
Waste Management Rules 2016. This could make the
localities prone to creating health hazards for people
residing in the proximity. Outside Pune, an oft-cited
example exists in New Delhi, where Timarpur-Okhla
Waste Management plant is posing health risks to
Table 15. Impact of Demographic factors on Waste
management KPIs
Waste
Management KPIs

Impact of Demographic Factors

Per Capita Waste
Generation

•  Considering Literacy Rate and %
Working Population (Male + Female)
•  Highest impact is of % Female
working population > Literacy Rate >
% Male working Population

% Households with
Waste Segregation
at Source

•  Considering Literacy Rate, % Working
Population (Male + Female), Per
capita Waste Generation
•  Highest impact is of Literacy Rate > %
Male working population

% Efficiency in
Recycling and
Processing of Waste

•  Considering Literacy, % Working
Population (Male + Female), Per
capita Waste Generation and %
Household with Waste Segregation
at Source
•  Highest impact is of % HH with waste
segregation >
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Fig 33. Land-use and zoning Map with location of Bulk Garbage Generator and Processing Plants

residents in nearby areas.
Inferences from map-based visualizations therefore
help us to take a more data-driven approach towards
targeted dissemination of awareness regarding waste
segregation among people based on literacy, workforce
participation and socio-economic conditions.

9.5. Solutions in Solid Waste Management and
City GDP
While many cities have no surplus revenues and
excess of untreated waste, the aim of the exercise is to
identify those cities which have both positive revenues
and high efficiency in waste management. Recycled
and processed waste can generate revenues. Local

Other possible visualizations with greater availability of

practices and international ideas could then be shared

data in future can support the findings:

with cities which have more expenditure than revenues,

- Waste generation vs household income
- Type-wise volume of waste for calculation of revenue
potential from recycling of paper, plastics, glass
- Type-wise volume of waste to check dumping in
landfills and reduce need for transporting wet-waste

and have lower efficiency rates in waste management.
City GDP is a new paradigm approach by MoHUA for
finding spatial productivity in cities. This has a sizeable
impact on informal sector which contributes equal to
or more than 50% GDP in construction, wholesale, retail
and the unorganized sector. Gross value added per
worker can be measured through labour input method
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for municipal workers as well as for rag pickers who are

segregation and penalty for non-compliance in waste

part of the informal sector. Increased incomes through

segregation could be more feasible, since household

waste generation can be realized, leading to better

waste segregation is the first step towards effective

quality of life and higher productivity in labourers. An oft

recycling and processing of waste for various purposes

cited scenario is that when GDP and income levels of a

in the circular economy.

country rise, it leads to higher generation of waste per
capita. However, countries like Germany have proved
that effective management of the waste leads to a
cleaner, healthier environment. Data for years 20002015 (Fig 34) also shows that while GDP increased, net
waste volumes decreased.
Countries such as Germany, Japan and Sweden which
have the best waste management practices among all
countries also perform more detailed data capturing in
terms of types of waste collected.
This leads to more effective recycling and recovery,
in turn promoting a circular economy and ensuring

Another widely discussed solution is rebate in property
tax to citizens who segregate and compost household
waste. There are arguments both in favour of property
tax rebates for waste segregation, and against it:
•  Arguments for rebate in Property tax – decentralized composting close to sources will reduce
transportation cost of waste for the ULBs.
•  Arguments against rebate – low fiscal health of ULBs;
property tax to GDP ratio is 0.2% in India, while it is
2% in OECD countries. Organic compost made by
households can be sold to fertilizer companies.

responsible consumption. Sharing of surplus revenue

At domestic level, with optimal effort, families can

with municipal staff of the ULBs can also serve as an

adopt the zero-waste model of composting and

added incentive, especially in cases where night time

segregation (Local Feedback, 2019). Since organic

collection or sweeping takes place beyond regular

waste reduces the efficiency of waste to energy

working hours. However, this would entail several

plants and also causes leachate in landfills, the better

administrative hurdles. Awareness campaigns for

approach would be to create de-centralized composting
facilities in residential and commercial areas. Biogas
and organic compost from the processed organic
waste can be a source of revenue. City Compost Policy
(2016) by Department of Fertilizers also provides
monetary assistance. Other emerging alternatives
include technologies like plasma gasification, where
in both organic and inorganic waste can be converted
to electricity, water and fuel. However, keeping in mind
the role of more than 2 million informal waste pickers
across the nation, recycling of non-hazardous waste
would add value to their livelihoods. Only the hazardous
waste could be directed to plasma gasification plants.
While 1 ton of municipal solid waste in India (50%
organic by composition) provides only 0.6 MW of

Fig 34. Economic output and Waste volumes in Germany (Source:
Federal Statistical Office, 2017)

energy, plastics and biomedical waste can generate 2.1
Mega Watts and 1.6 Megawatts respectively (Godrej –
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SEED India).
Best Practices for Smart Waste Management and
Revenues (Indore & Pune)
For adopting a sustainable model of waste collection,
disposal and treatment, cities which face the problem
of lower waste processing efficiencies could adopt

•

Timely collection created confidence in citizens

•

Picking of litter from road sides, parks and near
boundary walls

•

“Bin-free Road” system achieved through direct
collection from waste generators

•

Separate mechanism for hospitals, nursing homes
and commercial waste generators

these measures. These best practices also address
the challenges of excess waste dumping into landfills

Use of ICT in Waste Management

and streamlining waste segregation at source. The

•

capacity building training

integration of informal economy and issuing IDs to
waste pickers is also a highlight of the practices.
Best Practices in Waste Segregation & Composting
•

Installation of 2,000 litre bins within commercial
areas

•

Dustbins provided to more than 1lac households at
minimal cost through CSR funding

•

User fee charged from households for collection and

•
•

processing site
•

lifting C&D waste
•

report garbage piles

•

Use of scientific waste processing methods –
Construction of proper boundary wall, internal roads
20 MW Waste to Energy plant in Indore by Essel

Best Practices in Waste Collection
Door to Door Waste Collection through Tata Ace
Tipper Vehicle in Indore.
o	Cost per tonne collected was lower at Rs. 1,662/-

•

•

•

Regular inspection by Chief Sanitary Inspector and
in cooperation with the police

•

Cementing and cleanliness of more than 8,000
narrow back-lanes in the city

Best Practices for Construction and Demolition Waste
•

C&d Waste processing plant of 100 TPD capacity,
established on PPP basis

•

Manufacturing of paver blocks from construction
and demolition waste

40 cycle rickshaws used for narrow lanes.

Management of Plastic Waste

Handcarts used for removal of drain silt

•

Ban on single-use polythene bags of thickness less
than 50 microns

6,200 “Safai Mitras” (Cleanliness Companion)
involved in sweeping and D2D collection

•

Mechanized road cleaning and jet washing of roads
wider than 18m with water mist pressure machine

compared to that by cycle rickshaw (Rs. 2,886)
•

Manual sweeping of roads less than 18m width.
Increase in height of road divider

Infra; Biomethanation plants in Pune

•

Use of Swachhata app and Mayor Helpline 311 to

rallies, “Indori Sabha” RWA meetings

and drain at waste disposal site
•

Citizen call helpline number 1800 233 1311 for

Best Practices in Cleanliness and Dust control

upgradation of existing processing plants
•

CCTV installed at for surveillance at waste

Awareness campaigns for citizens – “Jan Jagruti”

Best Practices in Waste Disposal & Processing
•

GPS Enabled Collection Vehicles (with alerts) and
Smart Bins with waste volume sensor used

transport of segregated waste
•

Biometric attendance of Safai Mitras in all wards;

•

Creating awareness among polybag manufacturers

Wards were made bin-free with direct door to door

about ban - thereby promoting Extended Producer

collection.

Responsibility in circular economy
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•

Road construction from processed plastic waste;
by-products sold to cement plants

Use of Big Data and ICT in Smart Waste Management
Tracking of exact quantities of waste for the purpose of
measurement and distribution across recycling value
chain can be facilitated through smart bins, having
location coordinates and fullness sensors, which are
synchronized with GPS-enabled collection vehicles.
Once the bins are nearing 80% fullness, an alert is sent
to the vehicle operator to begin moving towards the
bin for collection of waste. By using machine learning
algorithms, one can perform route optimization of
collection vehicles with regular road traffic. This would
help save cost on fuel and waiting time, and also
minimize incidences of vector borne diseases which
occur due to spillover of waste on road sides and in
landfills.

Fig 35. Representative Decision algorithm for collection of waste using
Smart Bins and GPS vehicles

PFATS Analysis of Waste Management and Revenue
Enhancing Solutions
Various policy interventions and solutions can be
analyzed using the framework in Table 16.

Fig 36. Real Time “fullness” status of Smart Bins in Kakinada being
observed at IUO
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Table 16. PFATS Analysis for SWM and City GDP
Suggested Interventions and Rationale

P

F

A

T

S

Total

6

10

9

10

8

43

Incentivizing House Hold Waste Segregation
-Penalty for Non-Compliance

Rationale: Segregation into organic, dry-waste and recyclables is must for ensuring organic waste does not reach waste-to-energy
processing plants, & is composted on site. Residents who do not segregated waste can be charged a fine for non-compliance, which
would encourage citizens to segregate waste at source
-Property Tax Rebate for Household Waste Segregation

9

4

5

8

10

36

Rationale: A welcome move for citizens who pay user charges for waste collection and transportation, but already low share of property
taxes in ULB revenues would worsen the financial health of ULBs
-Decentralized Composting & Zero Waste in House Holds

7

10

8

7

7

39

Rationale: This would require time commitment and skill from household members to compost the waste, but lower costs. Hiring
labourers for RWA level composting incurs greater costs and leads to only 1-5% revenue in return. Organic compost made by households
would be calibrated and bought by fertilizer companies
Recording volumes/weight for each Type of Waste

7

8

8

8

9

40

Rationale: Residents would reduce per capita waste generation by knowing how much they generate against the ward average. Charging
fee on waste volume collected may result in alternate, unhygienic means of disposal. Smart Bins can track overall waste volume diverted
to material recovery facilities (MRF) for recycling
Sharing Waste Recycling Revenue with ULB Staff

8

2

5

7

10

32

Rationale: while this incentivizes productivity of staff, especially those in the informal economy and providing night-time sweeping
services, administratively ULBs cannot perform the function of profit-sharing
Transforming Sanitary Landfills into Landscaped Parks

8

6

6

7

7

34

Rationale: After incineration of residual waste, engineering landfills are covered by soil. The surface could be utilized by converting it into
landscaped areas. However, unrestricted release of bio-gas is to be checked
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10. Use Case 4: Women Safety in Urban Context
10. Use Case 4: Women Safety in Urban Context

conjunction to address deteriorating levels of safety

The Problem Statement

across cities.

Assessing urban data maturity pertaining to women’s

A city in India like Pune - that has witnessed

safety and interconnected factors influencing safety

unprecedented growth over the past 2 decades - owing

perception in the city to derive actionable insights and

to good climactic conditions and growing opportunities

recommend contextual policy interventions.

in the IT and KPO industry, has the unique opportunity
to set a standard for the rest of the country in terms

An Overview of the Problem
As migration from rural to urban areas increases
owing to people looking for better job prospects, our
cities’ resilience to the influx starts to get tested. Cities’
live-ability is strongly connected to how safe citizens
feel in it. Considering how safety and its perception
is intrinsically connected to so many city systems it
is imperative that multiple stakeholders function in

of ensuring safety - especially for our women. Its city
systems are relatively mature, it is in one of India’s
most economically flourishing states, and it has
a very open attitude towards adoption of new age
technologies like data science, IoT and blockchain
systems.

10.1.

Stakeholders and their Roles

Table 17. List of stakeholders and their roles
S. No.

Stakeholder

Role

1

Police and Crime departments
(Station, SCRB, CCTNS, BPRD)

Patrolling and Crime reportage and tracking. Better management of control centre and
faster emergency response

2

Pune Municipality Corporation (PMC)

Addressing lapses with safety related civic amenities - such as street lighting, road
condition, maintenance of community spaces

3

Transport Departments (MSRTC,
Pune RTO), Cab aggregators (Uber,
Ola)

Maintenance of smart stations (bus stops, metro stations), route monitoring and live
tracking, passenger SOS facilities, increasing frequency and introducing new routes to
improve last mile connectivity

4

Pune Housing and Area Development
Board (PHADB)

Slum dweller tracking, maintaining proportion of commercial, industrial, community
and residential areas across the cities

5

Next-Gen Technology (IoT,
Embedded Systems and devices,
Cellular networks) companies

Developing sensors to expedite data collection pertaining to safety, provide cellular/
internet access to remotest places, introduce automated systems for mobility, nighttime patrolling

6

Women and Child Development
Department, Govt. of Maharashtra

Actively representing women’s voice and cause in Ministry meetings and bring to
attention and lapses or inadequacies pertaining to women’s safety

7

Civil Society and Communities

Support Groups, Pressure groups, Groups bringing local issues to light, lending a
hand in mapping of city on IUDX platform to act as source of crowd-sourcing data
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10.2.

Literature Review of Domain

1. What Is a Safe City?
a.	At its most basic level, a safe city is one in which
citizens feel safe in their daily lives. This means that
police departments work to keep crime rates down
and the legal system works to prosecute criminals

need for longer-term investment and planning, and
not focusing only on short-term results. Ensuring
that strategies are maintained, well monitored
and sustained beyond the life of a government is
a further challenge (International Centre for the
Prevention of Crime, 2005)

to prevent crimes from reoccurring. The safe city

Use cases of successful applications of Big Data to

concept focuses on prevention along with response.

Women’s Safety and Crime Prevention

It is not just to prevent crime, but to help people feel

Traditional approaches to crime prevention through

safer

data analysis have focused on static characteristics

b.	But an urban center that focuses exclusively on
crime can fall short of being a truly safe city. A
sense of security can also be derived from a feeling
that things are operating efficiently.
c. When traffic flows smoothly, when there are
enough parking spots in the downtown core, when
public transit runs on time, citizens feel safe. After
all, citizens want to be confident that emergency
vehicles can arrive quickly and that infrastructure is
functioning at its optimum level so that they do not
have to think about these things at all (Kanavaros,
2017)
2.	Urban planning is often gender-blind in failing to
recognize or respond to the different ways in which
women and men experience urban spaces and their
differing practical and long-term needs
a.	Technological interventions like in Delhi, Barcelona,
Rwanda, and Cairo have shown how involving
women (often the victims of poor urban systems) in
Tech into the urban planning has proved to be most
effective (act!onaid, 2017)
3.	What works’ in crime prevention does not depend

of individuals, neighborhoods or institutions such
as socio-economic status, age, gender, educational
attainment, employment and others. Big Data however,
is inherently relational and has the ability to capture
people’s networks and interactions and leverage the
fact that, how people relate to one another strongly
influences their behaviours and decisions.
Below are examples of a few successful use cases
that have set up big data systems to accurately predict
and hence prevent crime, but also bolstered local
capacities and citizen participation to ensure that the
technological advances are sustainable and replicable:
1. Community Safety and Crime Monitoring
a. London - Mayor’s Office for Policing and Crime
(MOPAC) Dashboard is an impressive dashboard of
London’s community safety record over the past years/
months, measuring metrics like recorded crimes,
confidence in Police, crimes on transport network etc
(Mayor of London, 2019).
2. Citizen empowerment through Safety Index and real
time tracking
a. Safetipin – a mobile app in India – that collects
information about public spaces and evaluates a

solely on having well-designed programmes.

city’s Safety Index by evaluating an area based on

Much depends on the capacity of the actors in the

parameters including lighting, state of the walk path,

field to establish the conditions for implementing

presence of people, specifically women on the streets

programmes well, and to manage the ‘process’. It

and availability of police services and public transport.

also depends on policy makers understanding the

(Fleming, 2018)
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a. NYPD’s DAS (Domain Awareness System) – Initially

10.3. Safety Challenges in Smart Cities and
Policy-making

developed by the Counterterrorism Bureau, this is

Policy and Urban challenges:

3. Crime Prediction and Prevention

extensively used in Predictive Policing by analyzing
data from sensors—including 9,000 closed circuit
TV cameras, 500 license plate readers with over 2
billion plate reads, 600 fixed and mobile radiation
and chemical sensors, and a network of ShotSpotter
audio gunshot detectors covering 24 square miles—as
well as 54 million 911 calls from citizens. The system

1.	The prospect of coming up with a score/index (in
general a metric to evaluate the performances) sees
resistance from state authorities. There is a need
to develop a strong incentivization mechanism for
these bodies to take up the cause
2.	Departments are not accustomed to work in

has increased policing efficiency and effectiveness

conjunction with other, rather are attuned to finger

as well as improved situational awareness for senior

pointing and marking their territory when it comes

leadership (New York City Police Department, 2019).

to taking responsibility

b. Los Angeles and Santa Cruz Police departments’
PredPol software, on receiving 9-1-1 call to report
criminal activity, gets to work on scouring the internet,
the deep Web, arrest records, vehicle registrations,
address databases, property records, tweets, Facebook
posts, along with sensor data from CCTV Cameras,
radiation detectors and license-plate readers to predict
where crimes are likely to occur with 500 sq. feet
precision (Kwaplen, 2016)

3.	Immediate need for Capacity building: Understaffed
and undertrained emergency response teams

10.4. Data and Technology Challenges
Primary Challenge in Leveraging Big Data in India: Data
Collection
1.	Very poor quality of collected data. In many cases,
only 1 row of annual aggregated data is available
on open portals that renders any meaningful, data
analysis impossible. There needs to be 4-pronged
data collection drive across the city systems:

Fig 37. Primary Challenge of Data Collection in India
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a. Administrative Data Digitization

Table 18. Non-Availability of Data for Women Safety
Crime

b. Cyber-Physical systems and sensor collected data

Ward-wise daily record of # of women complainants/
victims visiting the police stations

c. Crowd-sourced data
d.	Data derived from social channels like (Facebook,

Ward-wise # of incidence of crime by crime head
(violent crimes, murder, kidnapping and abduction)
against women/children/senior citizens/SCs/STs,
juvenile crime, economic offences, corruption, cybercrime, etc.

WhatsApp)
2. No unified mathematical system in place to create
a Safety perception Index/Score. It is largely still a
work in progress. Organizations like Safetipin are

Ward level anonymized data from the National
Database on # of Sexual Offenders (NDSO).

working on this in conjunction with IISc which is
developing the India Urban Data Exchange (IUDX)

District and police station wise record of # of cybercrime incidents according to category (sexually
abusive content/child pornography)

Platform.
At the heart of all the aforementioned innovative use
cases, is the central concept of Big Data. However,
there are multiple stages that one needs to go through
prior to being in a position to make data driven
decisions
From a practical stand point, data collection and

Ward-wise # of FIRs recorded according to Crime
head, district, and police station

Police

Dial 100’ emergency call data (crime, location, time
of incident, etc.), PCR van and dispatch forces
deployment
Police Station Jurisdiction Boundary Maps
Number of police personnel vs. population covered
by each police station

maintenance is one of the most important challenges
to the Smart City missions for subsequent steps in the
flow diagram (Fig 37). Despite the recent push towards

In Chennai, we see a similar story (Times News

tracking and monitoring city systems, our Open Data

Network, 2018):

portals remain largely devoid of good quality data.
Here’s an example: Crime data for Pune doesn’t yet
have the below information (Table 17) as a part of its
official Open Data Portals.
Fig 38. Lack of State-level crime data on Police Website
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Comparing this with the level of data unification that

Data sources to be harmonized by Technical solutions

solutions like DAS (NYPD) and PredPol (LAPD) have

There are broadly 4 sources of Open Data for Smart

achieved, it is evident that concentrated effort is

Cities:

needed to ensure and sustain data collection activities
for Indian Smart Cities.
Policy Interventions to tackle data collection challenges
There are broadly 2 ways in which we can tackle this
situation:
1.	Technical Solution: Set up a comprehensive data
infrastructure that standardizes the data collection
processes (IUDX initiative tackling this)
2.	Policy Interventions: Setting up systems that reduce
inertia and opposition to data collection practices
and/or incentivizes them

Fig 39. Literacy Rate vs Working Population Percentage in Pune

1. Sensor Data: Traffic Lights, AQI indicators, CCTV
camera footage etc.
2.	Administrative data: Birth records, Land records,
Crime records etc.
3.	Crowd Sourced info: Geotagged info available
through apps like MapUnity, SafeCity, Google Maps
etc.
4.	Social Media Data: Facebook, Twitter, Instagram and
Whatsapp – often are the immediate go-to options
for emergency communication
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10.5. Visualizations for Pune Demographics
Inferences from Literacy Rate and % Working Population
•  In Pune, there is a very strong correlation between
the ward wise Literacy Percentage and Percentage of
working population
•  Kondwa, Yewlewadi ward is one of the exceptions
having relatively lower literacy percentage but a larger
percentage of working population. This could be
owing to prominence of unskilled labour in that ward
•  Dhanakvadi, Sahakar Nagar ward is one of
the exceptions having relatively higher literacy
percentage but having lower percentage of working
Fig 41. Caste Spread in Pune

Inferences from Caste Spread in Pune
•  Pune’s proportion of SC population is around the
national average of around 20% (Times News
Network, 2007)
•  However, the ST proportion is lower than the national
average of around 9% (Times News Network, 2007)
•  Dholepati has the highest SC% of 26% while Kothrud
Fig 40. Zone-wise Gender Spread in Pune

population
Inferences for Gender-spread in 15 Zones of Pune
•  Pune has a relatively even split of men and women in

has an SC% of 10.5%
•  Kasba ward has the highest ST% of 2.8%, while
Bhavanipeth has the lowest ST% of 0.7%
As APIs of Smart City ICCCs are being integrated with

the population, although the sex ratio is still skewed

IUO Platform, Smart Street Light data is being made

in favour of the males

available for further analysis.

•  Yerwada has the worst sex ratio at 864 females for
every 1000 males. It is also the most populous ward
in Pune
•  Hadapsar has the best sex ratio at around 1007
females for every 100 males
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Industrial, Commercial, Slums)
•

Areas of poor Network connectivity vs Crime
incidences

•

Areas of low public transport connectivity vs crime
incidences

•

Crime rates split across offender max level of
education

Fig 42. Real time status of Street Lights at Kakinada ABD being
observed at IUO

•

Crime rates split across offender age

•

Crime rates across different times of the year

Possible visualizations with availability of crime data

10.6. Potential Policy Solutions and Evaluation
using PFATS Framework

in future that would help generate more insightful

P: Politically Acceptable

conclusions:

F: Financially Viable
A: Administratively Doable

•

Crime incidences (CI) and Dark Spots

•

CI and distance from Police stations

•

CI and distance from local bars and wine shops

•

CI and distance from bank branches

PFATS Analysis has been done for solutions on Women

•

CI across different types of land uses (Residential,

Safety in Pune. Explanation of the rationale behind each

T: Technologically Feasible
S: Socially Desirable

solution was also thought of.
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Table 19. PFATS Analysis for Women Safety
Solutions and their Rationales

P

F

A

T

S

Total

9

5

7

9

6

36

Reducing Inertia
1

Use technology to make data collection activity hassle-free

Rationale: Often the biggest deterrent to data collection activities is that implementors lose enthusiasm owing to cumbersome
data collection processes. If instead technologies like Face/Biometric Recognition, Automated Data entry in forms, and digital tools
to collect geo-tagged data can make collection processes smooth
Reducing Passive/Aggressive Opposition
2

Take up sensitization and subtle messaging to convey that data
collection activities are introduced as aids to assist the officials with
their work, rather than to audit their day to day activities

8

10

4

10

5

37

Rationale: Often data collection activities are seen as measures being put in place to track efficiency of work and are hence actively
overlooked. While it is true that tracking is also intended to bring accountability and increase efficiency, a negative outlook towards
it can derail efforts to ensure compliance
Drive Adoption through incentivization
3

Introduce Inter-ward competitions/challenges on ensuring data
completeness and quality. A dedicated IT/data professional can be
placed in every ward office to assist with this. Recognition from the
mayor through monetary/opportunity benefits can be considered

7

9

8

9

8

41

Rationale: Competitiveness always gets the best out of individuals, and so will be the case when wards compete. Additionally, it can
give employment to tech-savvy next generation of employable youth
4

Increase the weightage of dataset completion and quality in
the National Smart City rankings. Ensuring data correctness,
completeness and consistency should be as important as say,
ensuring affordable housing or sanitation

7

10

8

9

6

40

Rationale: Unless focus is put on dataset availability as a prime indicator for smart city development, leveraging Big Data for smart
cities will be very difficult

Generally, solutions which score highest on the

Predictive System). The web-based software has real-

PFATS Analysis can be chosen for implementation as

time access to Delhi Police’s Dial 100 helpline data and,

described in the previous section.

using ISRO’s satellite imageries, the application will

10.7. Preparing for Predictive AI for Crime
Fighting

spatially locate the calls and visualize them as cluster
maps to identify crime hotspots. (Pandey P. , 2018)

In India, Delhi Police has been developing an ability to

Earlier crime mapping was a laborious process which

identify the crime hotspots and reduce the possibility

included manual gathering and entry of records in

of any repetition of crimes in the region through a new

files every 15 days. This resulted in losing a lot of

software called CMAPS (Crime Mapping Analytics and

vital information in the process. But the results of this
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combined effort are here to see. In the past one year,

concerns about transparency, racial bias and

Delhi police has been able to save 9 different lives on 6

constitutional rights.

different occasions.

4.	Every community should host annual “surveillance

It must be noted however, that such a measure of

summits” where the city officials, engaged

predictive policing could potentially cause many issues

citizens and police chiefs can come together for a

as has been cautioned by Andrew Ferguson in his book:

moment of public accountability about the use and

“The Rise of Big Data Policing” (The Economist, 2018)

potential misuse of new big-data technologies (The

Potential threats and issues with Predictive Policing

Economist, 2018)

1. Data can distort policing. Officers sent to an area

Thus, education, empowerment, and engagement

flagged as being at risk of violent crime may see

should be used as protections against a potential

routine encounters as more threatening, thus

misuse of Big Data technology in Policing.

making them more likely to use force.
2.	The growing web of surveillance threatens to chill
associational freedoms, political expression and
expectations of privacy by eroding public anonymity.
3. Even with the best use policies in place, officers
have access to vast amounts of personal
information of people not suspected of any crime.
4.	Without carefully chosen data inputs, long-standing
racial, societal and other forms of bias will be reified
in the data (The Economist, 2018).
Essentially, a technology that is devised to assist in
creating a safer society can also be quite threatening
to civil liberties and personal privacy in already overpoliced communities
Policy Solutions to these issues
1.	Every city should have formal written policies in
place detailing the approved use of new big-data
policing technologies.
2.	Every citizen should be educated about the dangers
to privacy, liberty and the imbalance of power that
surveillance technologies bring.
3.	Every police department should engage impacted
communities about the risks and rewards of new
predictive technologies with official answers to

78

11. Use of Big Data at Chennai Smart City
Chennai smart city SPV along with the special

11.2.

projects team of the Chennai Corporation executes

In Mobility, in the next 1-2 years, 356 signals will be

the smart city projects in Chennai. Chennai Smart City

modified with cameras having Automatic Number Plate

Corporation undertook Perception surveys to determine

detection. Buses will have a fleet management system,

priority focus areas.

ETA/ETD at Bus Stops and Passenger Information

The primary concern was over the city’s resilience in
the event of flooding (The floods in 2015 had a bearing
on the citizen’s choices). Storm Water Infrastructure is
being augmented and rehabilitated with missing links in
drains at 335 locations being plugged.
Additionally, Public utilities, including storm water
infrastructure are being mapped using GIS.

11.1.

Scope of Big Data for ensuring resilience

•  Immediate Scope: GIS has two types of data,
Spatial data and tabular data. Tabular data can
have columns for Flow Capacity of pipes, Actual
peak runoff quantity and Last Repair Date. This can
help the Metro Water make informed decision on
infrastructure upgrades and repairs.
•  Future Scope: Bioswales and Green Roofs can

Initiatives in Mobility

Systems. For the convenience of pedestrians, there
will be dedicated hawker zones in T Nagar, under
the Area Based Development program apart from a
pedestrian plaza. Big data can be used to improve the
reliability and punctuality of the bus systems and also
addressing grievances of Transport Employees and
Passengers.
To improve water availability, 32 water bodies were
restored while 12,708 units with 500+ Kilolitre demand
to have Automatic Meter reading. Subsequently there
will be household level metering.
To improve safety, all street lights have been converted
into LED street lights. According to data, in the
catalogue uploaded, all streets have adequate street
lighting facilities with a street light pole at an average
interval of 25 m (40 poles per km). Big data can be used

be introduced. Peak Runoff flowing through the

for planning end of life replacement of the LED Bulbs

stormwater infrastructure in areas with such green

with minimal disruption. Big data can also be used to

infrastructure can be compared with peak runoff

optimize routine maintenance.

flowing without the green infrastructure. The effect
of Bioswales and Green Roofs on reducing load on
storm water infrastructure can be measured and
extent of performance improvement can be studied.
Informed decisions can be made on whether further
augmentation of physical storm water infrastructure
is needed or green infrastructure such as Green
Roofs and Bioswales are more effective.
Other concerns included, Mobility, availability of
water, and safety. Based on these priorities, 38
projects, worth 957 crores were finalised.  8 projects
have been completed, about 19 projects are under
implementation, while rest are in tendering and DPR
Phase.

With the release of the Namma Chennai app, big data
can be used to understand how resolution of issues
can be optimized and which agencies receive the most
complaints and who resolves issues the quickest.
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12. Participation in Meetings and Workshops
As part of the live project, participants based in New Delhi actively attended meetings and workshops taking place at
the India Urban Observatory and other institutions under MoHUA.

Fig 43. Ongoing initiatives at IUO and Smart Cities Mission, MoHUA, GoI (Source: Authors)

It was observed that the initiatives for enabling culture of data in cities entail considerable effort from both the
stakeholders at the IUO and at the Smart City Offices in various cities. Through workshops, interactive seminars and
online webinars, City Data Officers and their teams are provided orientation and support.
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A Summary
Big Data is emerging as a highly useful tool to generate
insights and drive policy decisions in Smart Cities. This
is corroborated at the India Urban Observatory, MoHUA
where real time analysis is done on several urban
indicators.
The participants of the live project performed detailed
analysis of datasets from Smart Cities portal,
interacted with various stakeholders to understand the
context, made pertinent observations through insights
and proposed potential solutions for use cases in their
respective domains. The project team members at
IUO also got the opportunity to attend workshops and
meetings.
The team is grateful to the project mentor IAS
Kunal Kumar (Mission Director, Smart Cities) for
the exemplary guidance. The IUO Team at MoHUA,
IISc, ESRI, Quantela and other stakeholders provided
continued support. Special thanks to Facilitators and
Executives at Vision India Foundation for their efforts
and ideas on creating this unique opportunity to learn,
experience and grow, and to make a small contribution
towards improving the lives of citizens.
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The Way Forward
Given the 1-month timeframe of the work documented
in this report, key urban challenges have been studied
for pilot cities for which complete data was available.
As more cities would add their respective datasets
on open portal, and integrate their APIs with ICCCs,
customized solutions at city-level and at ward-level can
be drawn.
For analyses to be more accurate and precise, it is
imperative that data is provided in correct format and
at ward-level granularity. Correlations between different
factors can be studied to understand the nature of
the problem in depth, and to also make comparisons
across different cities to exchange knowledge.
Cities which are selected under various Missions can
make use of data sets to perform analyses to arrive at
inferences, as observed through the use cases for New
Delhi Municipal Council, Jaipur Smart City and Pune
Smart City.
Inter-disciplinary teams of data scientists, domain
experts and policy-makers can suggest solutions to
the urban local bodies for faster implementation, as
per local context. Hence, by leveraging big data in
Indian cities, more comprehensive, evidence-based
approaches can be derived for creating outcomes that
improve the quality of life for citizens.
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Annexures
Annexure 1: Air Quality Index in NDMC Smart City
Python Code for Traffic Density (Speed & Jam Factor)

In [33]:

at Sensor Locations

top_10_jam = averages.sort_values(‘JF’,

In [1]:

ascending=False)[:10]

import pandas as pd

fg = seaborn.FacetGrid(data=top_10_jam, hue=’DE’,

import matplotlib.pyplot as plt

aspect=1.61, height=6)

import numpy as np

plt.title(‘Top 10 Jam Factor (X-axis) vs Speed (y-axis)

import seaborn

per road’)

seaborn.set(style=’ticks’)

fg.map(plt.scatter, ‘JF’, ‘SP’).add_legend()

In [34]:

Out[33]:

data = pd.read_csv(‘data/traffic_density.csv’)

<seaborn.axisgrid.FacetGrid at 0x1253204a8>

In [4]:
data.columns
Out[4]:
Index([‘Unnamed: 0’, ‘DE’, ‘PBT’, ‘LE’, ‘PC’, ‘QD’, ‘SHP’, ‘JF’,
‘SP’], dtype=’object’)
In [28]:
fg = seaborn.FacetGrid(data=data, hue=’DE’,
aspect=1.61, height=6)
plt.title(‘Jam Factor (X-axis) vs Speed (y-axis) per road
for all data points’)
fg.map(plt.scatter, ‘JF’, ‘SP’).add_legend()
Out[28]:
<seaborn.axisgrid.FacetGrid at 0x123ba0c88>
In [25]:
averages = data.groupby(‘DE’).mean().reset_index()
In [29]:
fg = seaborn.FacetGrid(data=averages, hue=’DE’,
aspect=1.61, height=6)
plt.title(‘Average Jam Factor (X-axis) vs Speed (y-axis)
per road’)
fg.map(plt.scatter, ‘JF’, ‘SP’).add_legend()
Out[29]:
<seaborn.axisgrid.FacetGrid at 0x11d001630>

In [ ]:

88

Annexure 2: Smart Parking in Jaipur
Python Programming Code for Jaipur Smart Parking
Occupancy Data

Out[50]:
<seaborn.axisgrid.FacetGrid at 0x1265c6438>

In [15]:

In [40]:

import pandas as pd

def split_building(x):

import matplotlib.pyplot as plt

x = x.split(‘ParkingSpace__metro__’)

import numpy as np

if len(x) == 2:

import seaborn
seaborn.set(style=’ticks’)
In [4]:

return x[1].split(‘Flr’)[0]
else:
return ‘Unknown’

data = pd.read_csv(‘data/parking_

data[‘building’] = data.parkingspaceid.apply(split_

jaipur_1Jan2019_10april2019.csv’)

building)

In [5]:

In [47]:

data.columns

fg = seaborn.FacetGrid(data=data, hue=’building’,

Out[5]:

aspect=1.1, height=8)

Index([‘count’, ‘end_time’, ‘service’, ‘start_time’,

plt.title(‘Average Occupancy by Weekday per Building’)

‘boundary_geopoint’,

fg.map(plt.scatter, ‘occupancy_avg’, ‘weekday’).add_

‘city’, ‘day’, ‘hour’, ‘locationid’, ‘month’, ‘monthweek’,

legend()

‘occupancy_avg’, ‘occupancy_max’, ‘occupancy_

Out[47]:

min’, ‘parkingspaceid’,

<seaborn.axisgrid.FacetGrid at 0x124135518>

‘week’, ‘weekday’, ‘year’, ‘TimeStamp’],

In [48]:

dtype=’object’)

fg = seaborn.FacetGrid(data=data, hue=’building’,

In [13]:

aspect=1.1, height=8)

data

plt.title(‘Min Occupancy by Weekday per Building’)

Out[13]:

fg.map(plt.scatter, ‘occupancy_min’, ‘weekday’).add_

(TABLE with values under fields like: count, end_time,

legend()

service, start_time, boundary_geopoint, city, day,

Out[48]:

hour, locationID, month, monthweek, occupancy_avg,

<seaborn.axisgrid.FacetGrid at 0x12610d550>

occupancy_max, occupancy_min, parkingspaceID,

In [49]:

week, weekday, year, Timestamp)

fg = seaborn.FacetGrid(data=data, hue=’building’,

66344 rows Ã— 19 columns

aspect=1.1, height=8)

In [50]:

plt.title(‘Max Occupancy by Weekday per Building’)

fg = seaborn.FacetGrid(data=data,

fg.map(plt.scatter, ‘occupancy_max’, ‘weekday’).add_

hue=’parkingspaceid’, aspect=1.61, height=8)

legend()

plt.title(‘Average Occupancy by Weekday per

Out[49]:

parkingspaceid’)

<seaborn.axisgrid.FacetGrid at 0x12656cda0>

fg.map(plt.scatter, ‘occupancy_avg’, ‘weekday’).add_
legend()
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Annexure 3: City GDP and Solid Waste Management
Fiscal Health and Waste Management Data of 22 Smart Cities

City
Waste Efficiency Mun. Rev/Exp % Population (2011) SS Score19 SS Rank 19
Port Blair
0.49
46.76%
108,058
1364.99
379
Tirupati
1.00
159.13%
374,000
4024.61
8
Chandigarh
0.36
28.59%
1026459
3787.09
20
Bilaspur
1.00
30.96%
331030
3616.57
28
Silvassa
0.00
79.05%
98265
2095.05
239
Ahmedabad
0.21
98.17%
5577940
4137.43
6
Vadodara
0.40
106.74%
1670806
2999.85
79
Belagavi
0.89
100.08%
490045
1924.95
277
Shivamogga
1.00
81.90%
322650
1802.08
300
Indore
1.00
131.56%
1,964,086
4659.09
1
Jabalpur
1.00
121.07%
1055525
3667.32
25
Kalyan Dombivali
0.01
111.05%
1247327
3013.2
77
Nashik
0.81
126.06%
1486053
3092.99
67
Pune
0.50
110.35%
3124458
3445.54
37
Solapur
1.00
100.00%
951558
3206.43
54
Shillong
0.15
101.16%
143229
1265.47
394
Tirunelveli
0.73
93.02%
473637
2089.54
244
Thanjavur
0.01
92.85%
222943
1678.4
321
Tiruppur
0.47
82.94%
444352
2254.01
200
Thoothukudi
0.28
93.50%
237830
2319.89
209
Agartala
0.70
38.54%
400004
1328.42
386
Lucknow
1.00
102.86%
2817105
2747.06
121
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Python-based ML Model for Impact of Demographics on Waste Management KPIs
IPython 7.2.0 -- An enhanced Interactive Python.
import numpy as np
import matplotlib.pyplot as plt
import pandas as pd
dataset = pd.read_csv(‘SWM_PuneHHSeg.csv’)
X = dataset.iloc[:, :-1].values
y = dataset.iloc[:, 4].values
X = X[:, 1:]
from sklearn.model_selection import train_test_split
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size = 0.2, random_state = 0)
from sklearn.linear_model import LinearRegression
regressor = LinearRegression()
regressor.fit(X_train, y_train)
Out[5]:
LinearRegression(copy_X=True, fit_intercept=True, n_jobs=None,
normalize=False)
y_pred = regressor.predict(X_test)
import statsmodels.formula.api as sm
X = np.append(arr = np.ones((41, 1)).astype(int), values = X, axis = 1)
X_opt = X[:, (0, 1, 2, 3, 4, 5)]
regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary()
import statsmodels.formula.api as sm
X = np.append(arr = np.ones((41, 1)).astype(int), values = X, axis = 1)
X_opt = X[:, (0, 1, 2, 3, 4, 5)]
regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary()
Out[9]:
<class ‘statsmodels.iolib.summary.Summary’>
OLS Regression Results
==============================================================================
Dep. Variable:
y
R-squared:
1.000
Model:
OLS
Adj. R-squared:
1.000
Method:
Least Squares
F-statistic:
3.467e+30
Date:
Tue, 11 Jun 2019
Prob (F-statistic):
0.00
Time:
21:11:54
Log-Likelihood:
1237.1
No. Observations:
41
AIC:
-2464.
Df Residuals:
36
BIC:
-2456.
Df Model:
4
Covariance Type:
nonrobust
==============================================================================
coef
std err
t
P>|t|
[0.025
0.975]
-----------------------------------------------------------------------------const
2.132e-14
2.96e-14
0.720
0.476
-3.87e-14
8.14e-14
x1
2.842e-14
2.96e-14
0.960
0.343
-3.16e-14
8.85e-14
x2
-1.11e-15
1.19e-15
-0.935
0.356
-3.52e-15
1.3e-15
x3
-1.11e-16
1.11e-15
-0.100
0.921
-2.36e-15
2.14e-15
x4
1.066e-14
3.15e-14
0.339
0.737
-5.32e-14
7.45e-14
x5
1.0000
2.94e-16
3.4e+15
0.000
1.000
1.000
==============================================================================
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Omnibus:
2.570
Durbin-Watson:
0.042
Prob(Omnibus):
0.277
Jarque-Bera (JB):
1.378
Skew:
0.001
Prob(JB):
0.502
Kurtosis:
2.102
Cond. No.
8.60e+16
==============================================================================
Warnings:
[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
[2] The smallest eigenvalue is 2.18e-29. This might indicate that there are
strong multicollinearity problems or that the design matrix is singular.
X_opt = X[:, (0, 1, 2, 4, 5)]
regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary()
Out[10]:
<class ‘statsmodels.iolib.summary.Summary’>
OLS Regression Results
==============================================================================
Dep. Variable:
y
R-squared:
1.000
Model:
OLS
Adj. R-squared:
1.000
Method:
Least Squares
F-statistic:
2.548e+31
Date:
Tue, 11 Jun 2019
Prob (F-statistic):
0.00
Time:
21:17:43
Log-Likelihood:
1271.5
No. Observations:
41
AIC:
-2535.
Df Residuals:
37
BIC:
-2528.
Df Model:
3
Covariance Type:
nonrobust
==============================================================================
coef
std err
t
P>|t|
[0.025
0.975]
-----------------------------------------------------------------------------const
-2.132e-14
1.26e-14
-1.696
0.098
-4.68e-14
4.16e-15
x1
-1.421e-14
1.26e-14
-1.130
0.266
-3.97e-14
1.13e-14
x2
3.331e-16
4.77e-16
0.698
0.489
-6.34e-16
1.3e-15
x3
8.882e-15
1.33e-14
0.666
0.510
-1.81e-14
3.59e-14
x4
1.0000
1.16e-16
8.64e+15
0.000
1.000
1.000
==============================================================================
Omnibus:
4.160
Durbin-Watson:
0.117
Prob(Omnibus):
0.125
Jarque-Bera (JB):
3.362
Skew:
-0.699
Prob(JB):
0.186
Kurtosis:
3.116
Cond. No.
7.13e+16
==============================================================================
Warnings:
[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
[2] The smallest eigenvalue is 2.71e-29. This might indicate that there are
strong multicollinearity problems or that the design matrix is singular.
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Annexure 4: Minutes of Meetings Attended by Project Mentees
Women Safety Perception Index Pilot in Pune
Date:

March 12, 2019 (1pm – 3pm);

Venue: Pune Smart City Development Corporation Ltd.
Attendees:
•

PSCDCL: Manojit Bose

•

IISc: Bharadwaj

•

Safetipin: Raajpratap

•

TCTS: Anand Dhandekar, Himanshu

•

Sirpi: Anand Lakshmanan

•

Asiaus: Sharad Gandhi

•

Agma IT: Sudhir Deshmukh, Avinash, (Manojit/Ravindra - pl. forward this email)

•

Thinklead: Ravindra Sinha

•

Public Policy: Vignesh Venkatachalam, Susmita Sinha

Workplan:
Objective:
1.

Base, static, heat map for the whole city based on initial survey and scoring

2.

Detailed, dynamic heat map at a street level, for the ABD area (Aundh-Banera-Balewadi)

Approach:
Phase 1:
•

Physical data collection of images and scoring - Safetipin.com

•

Identification of IoT datasets for ABD - PSCDCL/IISc

•

Identification of social media data sets: Agma IT/Thinklead

•

Study of policy related issues for use/availability of data for safety

Phase 2:
•

Creation of base heat map for entire city - Safetipin

•

Creation of dynamic heat map dashboard for ABD area - Sirpi.io

•

Automated Scoring of Image data - IISc/(and any other volunteers)

•

Sentiment analysis of social media - Agma IT/Thinklead

•

Recommendation of policy changes for data provision for safety.

Phase 3 (stretch goals - tentative):
•

Automated video/image data collection, real-time analytics

•

incorporation into dynamic heat map - TBD

•

Index calculation customized to each individual - TBD

•

Incorporation of other data sets - TBD

•

Dynamic heat map extended to whole city - TBD

Time lines:
---------------Phase 1: 4-8 weeks
Phase 2: 4-12 weeks
Phase 3: 13-18 weeks (tentative)
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Annexure 5: List of Datasets Used for Analysis
S. No.

TITLE / SOURCE

S. No.

TITLE / SOURCE

Use
Case 1

NDMC Air Quality Index (3-months Data from
Sensor Locations)
https://www.ndmc.gov.in/aqi.aspx

Use Case 3

City GDP and Waste Management (continued)

1

Amardeep Building, Tolstoy Marg

Pune

2

Arunachal Building, Barakhamba Road

Shillong

3

BKS Marg near Capitol Point

Shivamogga

4

Inner Circle (Pole 17)

Silvassa

5

Inner Circle (Pole 10)

Solapur

6

Janpath Road Mini Market

Thanjavur

7

Jantar Mantar Gate

Thoothukudi

8

Kasturba Gandhi Marg

Tirunelveli

9

Madras Hotel

Tirupati

10

Middle Circle near Haldiram

Tiruppur

11

Palika Kendra (inside NDMC)

Vadodara

12

PVR Plaza

13

Opposite Hotel Shangri La

SWM Efficiency

14

Shivaji Stadium Metro Station

SW Household Segregation

15

EP2, Barakhamba Road

SW Source Segregation Revenue

16

YWCA

Per Capita Waste Generation

Traffic Density Data from HERE Maps

Literacy Rate (ML Infomap)

Smart Parking in Jaipur (3-months Occupancy Data)

Working Population (ML Infomap)

Use
Case 2

Entry and Exit Time Stamp of Vehicles

Use
Case 3

UC-3b

UC-3c

Pune Smart City Ward Wise Data

Pune Smart City Data - General

Traffic Density Data from HERE Maps

Garbage Collection in Kgs

City GDP and Waste Management

Solid Waste Processing Plants
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S. No.

TITLE / SOURCE

UC-3a

Fiscal Health, SWM Dataset Catalogs, Swachh
Survekshan Rankings (SBM) of 22 Smart Cities

Waste Collection Equipment

Agartala

Waste Collection Vehicles

Ahmedabad

Waste Collection Household Coverage

Belagavi

Bulk Garbage Generators

Bilaspur

Informal Waste Pickers ID Details

Chandigarh

Fiscal Health (2015-18)

Indore

S. No.

Use Case 4

TITLE / SOURCE

Pune Women Safety Perception Index - Zone wise
Demographics

Jabalpur

Literacy Rate - Male, Female (Census)

Kalyan Dombivali

Working Population (ML Infomap)

Lucknow

Caste Spread

Nashik

Male and Female population (Census)

Port Blair

