Air Insight
A Hybrid Civic Network for Air Quality
Information in India
BRIEF PROJECT DESCRIPTION
INTRODUCTION
Okapi Research and Advisory Services, Pvt Ltd is an India-based social impact strategy consultancy
focused on building ecosystems for collaboration and innovation in delivering sustainable development.
Our work is focused on how the intersection of infrastructure, economic change, and the environment
can be more sustainable for all. Okapi has been incubated by IIT Madras and has offices in Chennai and
Bengaluru. It is now in its fifth year of operations.
Okapi has been engaged by Shell India Markets Pvt. Ltd to identify ways to support a sustainable energy
transition as India urbanises. After comprehensive research and stakeholder interaction, we identified a
small set of initiatives that could catalyze policy, private sector, and community efforts toward adoption
of lower emission, more efficient, energy sources and use technologies.
Air Insights is one of the initiatives. Public awareness about the hazards of air pollution is on the rise, as
is willingness to pay for mitigation and avoidance. Political will to act to reduce emissions is also
increasing. The information base to direct this momentum toward cost-effective and efficacious
action, however is lacking. India’s monitoring network is limited to larger cities, of which only a few
have high enough resolution data to provide accurate neighborhood-level readings. Source
apportionment – linking air pollution to its sources - is similarly limited and there are contradictions
between extant studies. Civil society, citizen scientists, and academics are contributing additional data,
but these observations vary in quality and often remain in silos.
Our goal is to provide a scalable infrastructure upon which this knowledge base can be built. We aim to
build a platform for aggregating and integrating various data streams as well as leveraging
developments in data science to help draw out additional insights from the fast-growing population of
low-cost sensors.
In doing so, we aim to enable citizens, communities and policymakers to make more informed, efficient,
innovative decisions to reduce ambient air pollution and avoid exposure. The vision is that such efforts

to improve air quality would accelerate India’s transition to a more sustainable energy profile including
primary mix, technologies for use, and emissions controls.
BACKGROUND
State of The Air: Growing awareness and understanding has ensured that citizens and government are
looking to take action. However, most parts of India still cannot know the state of air quality in places
where they live, work or travel to, on a daily basis. Many developing cities/urban centres in India still do
not have basic infrastructure for monitoring the quality of air. According to CPCB, the current National
Ambient Monitoring Network has increased from 342 operating stations to about 570 stations, while
covering about (127) cities/towns. With about 4,000 cities and towns in India of which 300 cities have
population over 1,00,000, there is a much stronger push needed to scale up monitoring.
With air quality studies getting refined over time, there have been rapid improvements in understanding
the science of air quality and the general sources of air pollution (in areas where reasonable amount of
air quality monitoring is undertaken). However, a comprehensive understanding of how in certain
regions and what sort of meteorological conditions create air pollution incidents and their prediction, is
still lacking.
Need to Accelerate Decision-Relevant Knowledge:
Public and private initiatives to measure air quality and identify its sources are all scaling up – but slowly,
without the kind of inter-sectoral collaboration that could help maximise total insights available from
the array of sensors being deployed.
Public sector effort and investment in setting up air quality monitoring infrastructure is growing, with
the rolling out of the SAFAR programme and more regulatory grade monitors being installed. In
addition, government has also explored possible collaborations to develop and deploy low cost sensors
for air and water quality monitoring. 1
Simultaneously, civil society sector initiatives are accelerating with experimental deployment of a
varying range of low cost monitors and sensors. However, measurement error and bias, lack of sound
calibration protocols and non-standardised equipment remain key challenges in the reliability of such
type of sensors. Citizen science initiatives on emission inventory and source apportionment largely are
dependent on secondary data and some primary data from non-regulatory grade sensors. These types
of initiatives have been useful in generating a broad understanding of sector level sources but have not
yielded granular level information on sources on which policy action can be based.
The various monitoring and source apportionment initiatives often sit in silos, thus handicapping our
ability to maximise the insight from existing infrastructure as well as prioritise new investments. The
data are rarely even pooled for running existing models. Outside of a few academic studies, the
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potential to improve data quality from lower-cost, more rapidly deployable sensors through systematic
comparison and learning from reference sources has not been seized.
We could do much more with the data we have.
Dissemination of Information: Spatial and temporal resolution of data generated through concerted
monitoring efforts alone can build a foundation for a robust information stream for informing the public
about the presence and hazards air pollution. With current complexities and limitations in producing
high quality information spatially and temporally, the citizenry is in information vacuum and is unable to
take avoidance action or cooperate with mitigation actions being laid out by policymakers. Current
public sector initiatives do not appear to focus on active dissemination.
Gaps in Public Sector Monitoring of Air Quality
•
•
•
•
•
•
•
•

Poor air quality data
Inadequate number of air quality monitoring stations
Limitation in calibration of air quality monitors
Weak Quality Assurance and Quality Control
Emission factor are not available for all categories of industries, limited emission data
from industries are available (some data are not reliable).
No target to meet air quality standards defined by Pollution Control Boads
Only criteria pollutants considered for monitoring.Hazardous Air Pollutants (HAP) /
Volatile Organic Compounds (VOCs) etc. are included in assessment and monitoring
programme.
Shortage of technical manpower in the field of air pollution control within government

Therefore Okapi’s driving question for the Hybrid AQ network project is –
Can we leverage the frontiers of data science and information technology to create a platform for
more effective collaboration between government, business, and community groups committed to
improving air quality? Can we bring together currently fragmented data sources to help the whole of
observations be more than the sum of its parts?
Our goal is to be more accurate in generating high quality information and superior insights on air
pollution measurements and predictions.- Can such a network be more economical while desiring to
expand the monitoring, forecasting, and source indication of pollutants speedily, leveraging private
and community resources?

PROJECT COMPONENTS
1. Piloting the Setting up of a smart, hybrid air pollution monitoring network in a suitable region
Under our AQ initiative, we propose to create a platform
through the creation of a not-for-profit company to
facilitate private and civil society actors to collaboratively
design and pilot a complementary network of air quality
monitoring stations/sensors in a hybrid model - both
sophisticated and low-cost monitors - to expand the reach
of the existing monitoring coverage in the country. The
company will subsequently assist in multiplying the pilot
across different cities and thus scale the pilot. The
approach is envisioned as follows:
(a) The physical setting up of one or more high cost
monitor (or using an existing regulatory grade
monitor) for expanding coverage and

Critical Project Components:
 Hybrid Sensor network: combining
regulatory and lower-cost sensors
for maximum information returnon-investment.
 Scalable IT architecture: data
analytics, machine learning, quality
control,
remote
sensor
monitoring, hosting of information
from multiple sources.
 Communications
and
policy
actions: outreach on multiple
platforms to citizens and decisionmakers.

(b) Installing a reasonable reliable set of low cost (non-regulatory type) sensors to track hotspots of
pollution, to make measurements where high cost monitors are not able be placed and to
identify new sources of pollution.
(c) Based on the city/region that is chosen, Okapi will work closely with international and domestic
partners to design this network and pilot a demonstration.
(d) With the generation of data from the various sources – stationary sophisticated sensors, fixed
and mobile low-cost sensors and existing data streams from satellite monitoring of air pollution
– the project will use advanced analytics and machine learning techniques to improve accuracy
of data and generate scientifically valid datasets.
(e) This enhanced data streams can be used for, (i) source apportionment studies by scientific
community and policy maker community to identify sources of air pollution and hence take
appropriate action, (ii) public dissemination of data through indices for air quality to raise
awareness amongst citizens and (iii) advanced uses like receptor modeling and pollution
forecasting.
(f) The overall Air Insight platform so set up can be utilized by other actors who would like to
deploy a further number of sensors, thereby facilitating a bigger scale of monitoring and data
generation.
The project will draw from a range of collaborators – atmospheric scientists, air quality modelers,
pollution experts, data science experts, funders and investors interested in supporting air quality
monitoring and measurement, technology providers and vendors of AQ equipment.

2. Pioneering methods for improving accuracy of air pollution information:
The project seeks to design the best and most cost effective way, including use of machine learning
techniques to improve the information return on investment in monitoring. The initiative seeks to
develop a set of deployment protocols, calibration practices, and algorithms to be used in postprocessing of sensor data to allow more insight to be obtained from low-cost sensors. The analytical
platform will exploit the “hybridity” of the network – the overlap between regulatory-grade and lowercost sensors - to learn more about the behaviour of lower-cost sensors and thus be able to use them
effectively to expand the network. Over time, we hope to make this a Public-Private-Partnership, in
which Pollution Control Board, citizen scientists, academics, and industry can all contribute data. The Air
Insight platform will combine these sources optimally to help make the sum of these approaches more
than the parts. Towards this end, the project is now engaging a working group of data scientists, sensor
experts, and air quality modeling scientists to collaborate in identifying the scale, scope, and broad ratio
of high to low quality data sources required for training a model to improve the quality of
prediction/measurement based on inputs from low-cost (higher-error, higher-bias) sensors.

3. Project Implementation:
Okapi will aggregate a network of collaborators to implement the pilot in the chosen site. Based on the
region/city identified by Okapi, the team of collaborators will provide these services.
▪ Identify appropriate sensor locations in the identified region
▪ Identify an appropriate mix of high and low cost sensors given the underlying
meteorological conditions
▪ Identifying relevant sensor models for both high and low cost sensors
▪ Identification and/or development of hardware & software necessary for the networking of
these sensors
▪ Developing the specifications for information management
4. Project Operations and Finance: Air Insights’ fundamental objective is to reduce the marginal costs
of incremental air quality monitoring in any way possible while simultaneously encouraging greater
geographic reach of the monitoring system.
Shell India Markets Pvt Ltd has been the primary funder/investor in developing the blueprint for the
network. We are currently seeking co-funders to establish Air Insight based on this research. It is
further envisaged that a city partner, where the site for pilot is chosen would be able to co-fund or
co-invest the pilot. (For e.g. A smart cities mission SPV or a multi-lateral funder). Importantly, the
Air Insights initiative will be couched in a not-for-profit company to both provide a solid governance
structure and facilitate the long-run needs of scaling the entire project.
5. Sustaining & Scaling the network:
Once the pilot is established, in order to enhance sustainability of the project wewould like to focus on
two components: (1) creating and strengthening a set of data contribution protocols where in small
scale efforts on air quality monitoring and measurement can plug in and create greater value and (2)
identifying and training potential trainers to take over the training requirements over the longer run.
Essentially, the vendors and operators of this independent air quality monitoring network would be
trained through a system of Training of Trainers to transfer the skills to similar professionals in other
regions as the project gradually scales to other cities through city-level partnerships.The core training
needs would encapsulate sensor and network management and maintenance thatare a pre-requisitefor
smooth functioning of the pilot hybrid network and for future networks to be set up.This form of
training could also be extended to participating regulators as and when collaboration with National and
State Pollution Control Boards arises.
Once the pilot has been fully operationalised, adding the next city or region to this network, or scaling
up the pilot across the existing region, would become modular and simpler. Primarily, this is because the
costs are expected to decrease over time as the data science and machine learning techniques would
have been successful in developing a data analytics template for synchronizing and generating different
streams of air quality data. Hence this allows for a “plug-and-play’ kind of model, where multiple low-

cost sensors can be co-located and connected to the network. The future costs, therefore, would only
be incurred for procuring and deploying low-cost sensors with minimal or no investment in the back-end
IT architecture.
6. Scoping a suitable site
The Okapi project team is actively seeking a city or region that would come forward to host this pilot.
Ideally cities which need to increase air quality monitoring coverage to understand its air quality profile
better would be ideal sites for this pilot project.
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