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• Natural factors/process: changes in sun intensity, changes in
Earth’s orbit around sun or process within the climate system;
and
• Anthropogenic (human) factors/activities like burning of
fossil fuels, urbanization, industrialization, deforestation etc.

Abstract— Local or regional air quality and climate change
are intricately related. Anthropogenic activities like burning of
fossil fuel, deforestation, mining etc. emit various gases that not
only affect local air quality but are also responsible for global
climatic changes. Hence if we control the local air quality it
automatically aids in abating climate change. Controlling air
quality will reduce local pollution and also show positive impacts
in terms of global climatic conditions. Proper action plans are
necessary so that we all understand and realize the importance of
improving air quality. For this we require extensive database like
sources of air pollution, its location, parameters to be monitored,
standards etc. Our present air quality monitoring system should
be modified to cover aspects related to local air quality as well as
climate change. If we keep our air clean, ultimately we are
keeping our climate safe. This research paper describes the
methodology for developing a robust and comprehensive air
quality monitoring and surveillance system. It focuses on
collection of extensive and elaborate data which is a prime
requirement for any air quality action plan. If we generate good
basic database, the application of any action plan will be more
practical and usable

We are aware about the fact that our society is much more
dependent on energy from fossil fuel to satisfy their daily
needs like transportation, electricity, commodities,
communication etc. The rising urban population and growing
industries are consuming enormous amount of fossils fuels as
it is easily available. The combustion of fossil fuel releases
several pollutants which are not only responsible for
deterioration of local air quality but also for global climate
change. Emission of gases and pollutants like ozone (O3),
carbon monoxide (CO), nitrous oxide (NOx) and methane
(CH4) not only affect the local air quality but are also
considered as Green house gases (GHGs) that causes climate
change. These GHG gases get accumulated in the atmosphere,
warm the lower atmospheric layers and knock down the
Earth’s natural climatic system. Other gases and pollutants
released by combustion of fossil fuels are sulphur dioxide
(SO2), SPM, RSPM, Organic Carbon, benzene, etc. which
solely affect the local air quality. Conventional air pollutants
such as carbon monoxide, volatile organic compounds,
carbonaceous aerosols, nitrogen oxides and sulphur dioxide
are emitted from the fossil fuel combustion. These primary
pollutants interact with one another pollutant, sunlight, or
natural gases to produce new, harmful compounds such as
Ozone, PAN (peroxy acetyl nitrate), Photochemical smog,
Aerosols and mists (H2SO4) etc. which have even more
hazardous impacts on ecosystems and human health. Thus
there exists a very strong relationship between air pollution
and global climate change.

Keywords— air quality monitoring, climate change,
Geographic Information System,

I. INTRODUCTION:
The Earth’s climate is influenced by several natural factors
like the amount of energy coming from the sun, amount of
greenhouse gases/aerosols in the atmosphere and properties of
the Earth’s surface which will determine how much solar
energy is retained or reflected back to space. If we have a
historical review of earth’s climate, we have gathered proofs
related to changes in earth’s climatic conditions through
events like ice ages to long warm periods. Thus Climate
Change is not a new phenomenon that is seen in Earth’s
climate. However the concern is that these historical events in
terms of climate change were mainly due to natural factors.
But since the beginning of 18th century significant changes in
measures of climatic conditions like temperature, precipitation
and wind have been observed very frequently. These changes
are seen for decades together or even for longer period. The
major causes for this climate change are:

Linkage between Climate Change and Air pollution
The effect of air pollution can be seen at local, regional and
global climate, either directly or indirectly. Air pollution and
climate change cannot be looked at distinctly, as both the
problems are intricately associated. The recent Workshop on
Linkages and Synergies of Regional and Global Emission
Control, organized under the UNECE Convention on Longrange Transboundary Air Pollution by the International
Institute for Applied Systems Analysis (IIASA), looked at the
numerous links between these two policy areas. It concluded
that these links are so important that they merit close
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• What are the air quality parameters that are being monitored
in the city and are these parameters sufficient to demonstrate
local air quality as well as climate change scenario?
• Whether the present air quality monitoring system adequate
and up to-date in terms of spatial distribution of monitoring
stations?
• What are the requirements for a comprehensive air quality
monitoring and surveillance system for the city so as to cover
parameters related to local air quality and climate change?

cooperation1. It is anticipated that by formulating certain air
quality improvement/action plans we can improve local air
quality as well as protect our regional and global climate.
Similarly certain climate change plans and measure may help
to improve air quality of a city or a region.
International response and initiatives
Several international agencies are carrying out research
studies, programmes and action plans related to combined
control and reduction strategies. One such scientific and policy
driven programme ‘European Monitoring and Evaluation
Programme (EMEP)’ proposed under Convention on Longrange Transboundary Air Pollution for international cooperation to solve transboundary air pollution problems is
carried out by UNECE4. These programmes have started
assessing the links between these two areas and formulate
measure to further reduce air pollution which will ultimately
help in tackling climate change. This effort has helped to cut
air pollution levels in Europe. According to their report,
sulphur emissions are 60% lower than in 980, nitrogen oxides
are down by 25% compared to 1990 and other pollutants are
also starting to decline5. At international level, United Nations
Framework Convention on Climate Change (UNFCC) has
brought together more than 180 countries to agree on measure
related to climate change6. Though at international level,
several attempts are being made to deal with both the policy
areas together; however there is a gap in terms of
comprehensive and systematic studies that will capture these
areas together and help in formulating a combined strategy7.

II. STUDY AREA:
Ahmedabad is the largest city in Gujarat State with a
population of 6.5 million15. It is the leading industrial and
commercial capital of the State. The city lies on 230 1' North
Latitude and 720 37' East Longitude on the bank of River of
Sabarmati. The city is well connected by rail, roads and
airways with all the important cities of the country. It is the
seventh largest city of the country with an area of 464 Square
Kms14.
Ahmedabad is administered by Ahmedabad Municipal
Corporation (AMC), which was established in July, 1950
under the Bombay Provincial Corporation Act, 1949. The
peripheral area surrounding the city is under the
administration of Ahmedabad Urban Development Authority.
The municipal corporation area has been divided into 6 zones.

Research Methodology
The focus of our research titled ‘Air quality surveillance
system, Case Study – Ahmedabad’ is to study the interrelationship between the two areas i.e. local air quality and
climate change. Through this study we wanted to understand
the scope, accuracy and information generation in the present
Indian Air Quality Monitoring system with respect to local air
quality and climate change. Utmost priority of this research is
to see that how can be expand and optimize the existing
monitoring network to get real time information about the
spatial distribution of pollution and areas of acute pollution
and also the information from sensors has to be systematically
managed for both policy areas. For any effective air quality
surveillance and monitoring system, accurate and extensive
database is needed to understand the current situation as well
as the trends in air quality of any region. Hence adequate
database in terms of number and types of pollutants, number
of stations, selection of station location, methods of
monitoring, data collection, analysis and quality control are
very important.

Figure 1: Area under Ahmedabad Municipal Corporation
The city is bisected by river Sabarmati into eastern part and
western part. Landuse map of the city is shown in figure no. 2.
Industrial areas are located on the eastern part of the city,
major ones being Naroda, Vatva, Odhav. Old city is also
located on the eastern part of the river & it still functions as a
major commercial hub of the city. Cantonment area and
airport are located on the northern periphery. There are few
recreational facilities and public spaces in the eastern part like
kankaria, lake, zoo, balvatika etc. The western part of the city
has major commercial streets like CG road, SG road, Ashram
road etc. The major educational institutes like Gujarat

In order to study the above mentioned aspects it is necessary
to understand and examine an existing air quality monitoring
system, find gaps and ground realities. We have done our case
study by reviewing the air quality monitoring practice in the
city of Ahmedabad, Gujarat. Various spatial representation
techniques of air pollutants data have been developed to carry
out detailed understanding about the entire monitoring system.
The research is undertaken to investigate following questions:
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University, CEPT, IIMA, LD Engg etc. are also located in the
western side of the city. City level facilities like sewage
treatment plant, landfill site, compost plant etc. are in southern
part15.

Figure 2: Land Use distribution of old AMC Area
Source: BRTS report (2005), CEPT University

III. DATA COLLECTION:

Existing air quality monitoring and surveillance system in
Ahmedabad

Monitoring Stations
Systematic air quality monitoring was started in Ahmedabad
from the year 1991, but the monitoring was not carried out as
per the guidelines prescribed by the Central Pollution Control
Board (CPCB). There were three monitoring stations that were
established in the city under National Air Quality Monitoring
Programme (NAMP) between 1991 to 20019. Only three
parameters were monitored during this period viz. Suspended
Particulate Matter (SPM), sulfur dioxide (SOX) and oxides of
nitrogen. Due to financial constraints National Air Quality
Monitoring Programme (NAMP) was discontinued from 1999
and it restarted only in 2001. From 2002 onwards, the
monitoring of air quality is carried out as per Central Pollution
Control Board guideline11. Gujarat Pollution Control Board
(GPCB) has set up 14 monitoring stations in Ahmedabad with
the help of CPCB under NAMP12. Location of monitoring
stations has been decided based on the landuse criteria
prescribed under CPCB guidelines. The map showing the
location of various monitoring stations is shown below. Out of
15 monitoring stations, 5 stations are proposed under NAMP,
5 are proposed under SAMP, 4 are private stations for EIA
and Audit studies, and 1 station is under GPCB for records.
GPCB has appointed a private agency (GEMI) to carry out the
ground monitoring and O&M of all 11 stations under its
ownership13. The O&M of remaining 4 stations is done by
industrial association, torrent power plant and reliance
industries.

Sources of air pollution in the city
Air pollution in Ahmedabad is mainly due to anthropogenic
sources. For this study, the classification of the sources of air
pollution is done in three broader categories:
a) Stationary sources: like power plants, and industries,
incinerators (see figure no.3)
b) Mobile sources: motor vehicles and air craft (see figure
no.4)
c) Other sources: waste deposition in landfill sites and
recycling plants (see figure no.3)

Data acquisition and dissemination process for air quality
monitoring
Several agencies are involved for data/sample collection under
NAMP/SAMP/EIA & Audit programs. The analysis of
collected samples is carried out at regional office laboratory
under GPCB. The details about the data storage, publication of
analyzed data etc. is shown below in figure no.7.
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Parameters monitored to understand air quality in the
study area
The objective of this part of the study is to know various
parameters that are monitored in the existing system and the
new parameters will be monitored as per the new CPCB
guidelines. These parameters were then classified in two parts
– parameters responsible for local air quality and parameters
responsible for climate change (i.e. GHGs). The parameters
that are being monitored in existing air quality monitoring
system are SPM, RSPM, SO2, NOX, H2S, NH3, CO, Arsenic
and Nickel. According to new guidelines by CPCB, local
agencies will also have to monitor certain additional
parameters like PM2.5, Lead, Ozone and Benzopyrine, They
have also suggested certain changes in monitoring
methodology and standards (limits of emission).

IV. ANALYSIS AND RESULT DISCUSSION:
Funding for air quality monitoring is mainly available under
National Air Monitoring Program (NAMP) and State Air
Monitoring Program (SAMP). Even the private parties like
Torrent power, GIDCM Reliance Industries and Industrial
Associations contribute funds for air quality monitoring.
Funds are then transferred to specific tasks such as
administration, technical etc. The basic fund flow is
represented in the Figure no. 8.

City-wide spatial distribution and coverage (of city area)
by monitoring stations
In order to carrying out second part of the study we have used
few methods to represent air quality data in terms of ground
level concentration (GLI) and air quality index (AQI). The
broad methodology is discussed below.
Grid formation

Buffer area
analysis

GLC analysis by
preparing contours of
pollutants

To determine major
landuses within city
limits

To determine
the area
coverage by
representative
station

To identify the scenario
of GLC of pollutants at
stations with a time scale

To analyse
representative sites
with coverage area
landuse

To find out non
attainment areas

Relate the values of
contours with non
attainment areas with
similar landuse/activity

Figure 8: Fund flow for air quality monitoring
Actions taken to improve air quality
Several measures have been taken under NAMP and SAMP so
as to improve local air quality in the city.
• For vehicular pollution control: Implementation of the
emission norms as well as fuel quality in accordance with the
road map proposed by the Auto Fuel Policy, switching over to
clean alternate fuels like CNG, LPG & Bio-fuels,
augmentation in Public Transport system, better traffic
management, implementation of fiscal measures, etc.
• For domestic pollution control: Ban on open burning of
garbage, biomass, etc, augmentation on supply of LPG as
cooking fuel etc.
• For industrial Pollution control: Shifting of Industries from
non- confirming zones, switching over to clean technologies,
using clean fuels, installation of pollution control devices,
development of green belt, etc.

Relate non-attainment areas with landuse &
activities

To identify new AAQMS locations & no. of
stations

Grid Formation of the study area:
As shown in the figure above, first part of the analysis done
was formation of grid across the city area. This study was
done using softwares like ArcGIS and AutoCAD. In this
analysis the entire city area was divided into 1km X 1km grid.
This map was than overlapped with landuse map of the city
proposed by the Development Authority. After overlapping
the two, each grid was assigned a predominant landuse. For
assigning the landuse, each grid was analysed by image
interpretation technique as well as also the visual observations
of the areas. Thus we got broad landuse of the entire city, gridwise. This broad landuse was used for further analysis.

IV: ANALYSIS AND OUTCOMES OF EXISTING AIR QUALITY
MONITORING SYSTEM

The existing air quality monitoring system has been analyzed
in two parts - parameters monitored to understand air quality
in the study area; and city-wide spatial distribution and
coverage (of city area) by monitoring stations.
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Figure 9: Formation of grid on city area

Figure 10: Landuse and grid

Ground Level Concentration Contour Analysis:
Third analysis was done to find out ground level concentration
of four major pollutants (SPM, RSPM, SO2 and NOx) from
the data collected from GPCB for all the monitoring stations.
The analysis was done using annual average pollutant
concentrations and is represented by series of
contours/isopleths as shown in the figure below (for year
2017). The analysis was carried out using Surfer and ArcGIS.
The output of this analysis represent the trends of GLC for
four air pollutants, helps in identifying the maximum pollutant
concentration area and relationship between location of high
concentration areas. The results showed that the concentration
of the pollutants mainly RSPM and NOx are observed in the
eastern part of the city where there is high concentration of
industries.

Deciding zone of influence from buffer analysis:
Second task of analysis was to find the zone of influence
of each monitoring station. To work out the area covered
by each monitoring station USEPA criteria ranging from
1 to 4 km was used. This influence zones represent the
coverage of each monitoring station in terms of air
quality. This analysis also helps to identify the areas that
are not covered under air quality monitoring. On
overlapping the influence zones with the grid-wise
landuse map, we can draw a relationship between
sources/activities and related impact on air quality. In the
later stage of this study, the areas not covered under
influence zones are used to find the probable locations for
new monitoring stations in the city limits. The maps
below represent the area covered by all monitoring
stations considering USEPA guidelines of 1 km and 4km
influence zone and the city are covered.
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Recommendations for including additional parameters
From climate change point of view, the gases that are of chief
concern include CO2, methane, nitrous oxide, hydrofluorocarbons, per-fluorocarbons and sulfur hexafluoride.
Ozone is also a GHG; therefore, ozone precursors (i.e., NOx
and non-methane volatile organic compounds or NMVOCs)
have an indirect greenhouse effect. If we compare these GHG
with the new monitoring parameters suggested by CPCB, only
three gases i.e. carbon monoxide, nitrous oxide and Ozone are
only included in monitoring. Remaining GHGs are not
considered in air quality monitoring system.
Recommendations for Air Quality Information System
The air management information system for proper
dissemination of data related to AQM system with proper
manpower and infrastructure should be developed. The proper
data management and processing procedure should be setup.
The recommended framework for analysis of data at each
level is mentioned below.
Agency
Monitoring
Agencies

Figure 13: Trends of Ground Level Concentrations of S02,
NOx, SPM, RSPM (annual average concentration of year
2017)

Existing data
analysis
No
analysis
done

V. CONCLUSION AND RECOMMENDATIONS:
Recommendations on number and distribution of
monitoring stations
The near distance analysis tool of ArcGIS is used to determine
the minimum number of monitoring stations considering the
minimum area to be covered as 14.1 Sq.km. thus the total
number of stations comes out to be 33 in whole city from
which 15 stations are already existing so, there is a need of
minimum 18 new stations from which if we see zone wise
distribution of the stations, new west zone is having only one
station and south zone also requires one station as per the
calculations of area covered per station. The map below shows
total required number of stations with probable spatial
distribution according to the minimum zonal area
consideration. This analysis is for finding out probable
locations and further work can be done by studying the on
ground realities and air quality measurement of that particular
location which is out of the scope of this study.

Regional
Office

Arithmetic
mean
Geometric
mean
Standard
deviation
Maximum
value

GPCB main
office

Annual
averages
Monthly
averages
Representation
in
annual
report

Zonal office
CPCB

Annual
averages
Monthly
averages
Representation
in
annual
report
Annual
averages
Monthly
averages
Representation
in
annual
report

CPCB main
Office
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Proposed Analysis of data
Maximum
concentration,
standard deviation,
Daily average should be
worked out on daily basis and
disseminated regularly to
local authority.
Air
Quality
Index
Calculations, Ground level
concentration analysis and
mapping of hot spots, corelation of activities with
pollution levels by grid
pattern
analysis,
source
apportionment and emission
inventory studies and other
modeling exercises, seasonal
air
quality
analysis
incorporating health data for
air borne diseases.
Strategic
action
plan
formulation with help of
studies done by regional
office & city level zone wise
offices incorporating legal &
regulatory requirements, new
adaptation or mitigation
policy.
Zonal level air quality index
and other representations of
air quality, finding out non
attainment areas at regional
level and inter-city, region
comparison of air quality.
Data dissemination on regular
bases for all the above
mentioned
criteria
with
spatial representation and
online access to general
public & stake holders.
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