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More 
scientifically rigourous

Prioritizes 
cost-

effective 
measures

leads to 
more 

effective 
outcomes and 

easier 
monitoring of 

progress

Easier to implement 
- because the 

systematic approach 
helps us identify exactly 
what is needed, and how 

much

Stakeholders 
part of the decision making 

process are more accepting of 
a scientifically determined 

outcome

Air Pollution has an enormous impact on human health. 
According to the World health organization, Air pollution 
alone accounts for ~800,000 deaths a year - most of which 
occur in the developing world. we will discuss how we can 

address this through proper management. 

Lets begin with discussing why informed decision-making is 
important for Air quality management



So... Where do we Start?

How 
much is 

this going 
to cost 

Waste Burning

Ocean
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    A Good Place to start would be to map your city

Plot main 
Landuse 
activities

See exercise 1



What 
Are the 

Main 
Sources

V
e
hi
c
l
e
s

ConstructionGarbage Burning in 
Landfills

INDUSTry: Cement, 
Brick Kilns, Smelters, 
power plants

* Cooking
* Heating
* Garbage 
Burning

Residential

Road Dust....
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After Mapping out your 
city, Identify the main 
sources of pollution 

80 % of emissions in a city can 
be attributed to ...



Is that all? What about the rest of the 20 Percent??

...Dust storms Forest Fires
AGriCulture 
Clearing...

Vehicles

Industry

others

Landfills

Construction

* The Pie Chart is an Example

residential
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There are others, However many of them are 
seasonal, including ... 

But Really, in terms 
of effectiveness in 

addressing Air 
pollution, it is the 

main ones that 
matter...

The point is that to 
address this last 20 

% takes 80 % of 
Effort !!!!



Hmmm... This seems 
relatively EasyWhat would 

be a cheap 
Mapping 
tool ?

* check out a tutorial on CREATING GIS Maps using Google 
earth on urbanemissions.info 
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As an economist 
would say... the 
marginal cost of 

addressing air 
pollution reduction 

increases at an 
increasing rate....

Google Earth 
Rocks !!



Lets try a simple exercise... Here is a 10 x 10 grid. 
Plot your city & Main activities

City: _____________________________

Roads Industry Residential Agri Landfill

LE
GE
ND
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Okay... SO we have Mapped our area 
and have identified the main sources.... 

Now what??

WHat DO WE HAVE ????

* Area of City

* Population

* Meteorological Data

* Geographic Terrain

* Type of Industry

* Approximate Location 

* Energy Consumption

* No of Vehicles

* past Studies 
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Before we start collecting 
more information, lets first list 
the information we already have 
and what is easily available...



When do we start talking 
about monitoring?

Monitoring is 
important!!

How 
much is this 

going to cost 
me?

What do 
we 

monitor??ooohh!!! 
Dataaa..
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What are 
the types of 
Monitoring 
methods?

Monitoring is 
essentially an 

exercise in 
collecting data on 

Air quality. 

It is commonly used to
 

* Identify critical pollutants
* Map Pollution

* Identify hotspots
* Check for compliance

popular methods used are 
optical sensing, filter 
based, and continuous 

monitoring...

Each have their own 
advantages and 
disadvantages



How many 
monitoring 

stations do we 
need to set up ?

I 
hope 

none of 
them are in 

my 
backyard.

..
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Optical Sensors Continuous monitoring

Hand-held, 
Portable, can be 
used for multiple 
locations

Immediate reading

Particulates only!

Portable, can be 
used for multiple 
locations

Laboratory analysis 
required

Analysis of Filters 
for a range of 
pollutants

stationary 

infrastructure 
intensive

Realtime reading

Range of pollutants

Filter Based

***

*** These monitoring methods are for illustration purposes only

It depends on your 
budget, ideally it 

would be great to 
have a monitor in 

every grid. 

of course! we 
know that that is 
not economically 

feasible So a 
reasonable 

number would 
be 10



Where should 
these be placed?

Now go back to your city maps....

1) locate existing monitors (by type) ... if any

2) If you had to place monitors, where would 
you do so?
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You want a good representation of air 
pollution for your city.

Try and get a mix of landuse - traffic, 
residential, industrial, background...

in our example, I would place the monitors 
here in our map



Hi ! I am 
Mr. Expert

A model is a 
representation of 
a system & can be 

used to make 
predictions.

As a 
representation, it 

should not be 
interpreted as a holy 
grail, instead it is a 

tool that aids in 
analysis and decision 

making

Remember.... a 
model is only as 
good as the data 
that goes in it. 

What goes in... 
comes out!

a good model is ....

1) Easy to use

2) Scientifically robust

3) consistent

4) transparent

5) comprehensive

so before we 
go on to 

discuss the 
specifics of air 

pollution 
modeling ... lets 
take a moment to 
understand what 

makes for a 
good model?
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I'd like to introduce you 
to a friend of mine who 
is an expert in modeling

He will 
introduce this 

session



I will be doing 3-D 
dispersion modeling for 

my phD

I have no 
experience

I was involved 
in the health 

impact assessment 
for "pikacity" last 

year

we just 
completed an 

emissions inventory 
for the mega xypg 

study

We are 
expected to 

submit eia's for 
everything we 

do

Glad I 
could make 
it for the 
most fun 
Session
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Okay.. lets 
proceed by 
discussing 
emissions 
inventory, 

Dispersion and 
Health Impact 

modeling

Shall we have 
some of you 
describe the 

relevant 
sections ?

Are you all 
familiar with Air 

pollution 
modeling?



Thank you... 
like the first 
Exercise we 

completed today, we 
started by mapping 

our city and 
identified the main 

polluters

** Emission factor: Unit of pollution released per unit of energy consumed
Thus... emissions = emission factor * Energy

We then zeroed 
in on each of the 
sources to get a 
sense of emission 

levels, for 
instance...

We then used existing 
Emission factors to 

calculate emissions by 
sector

... and so on for other sources.

we compiled industrial 
energy consumption through 
audits & gross energy 

statistics

  .... Analyzed vehicle 
statistics from 
transport census 
documents to get our 
Vehicle miles traveled, 

no of vehicles, etc...
.... Surveyed the 
domestic sector 
to get a sense of 
energy use at the 
household level...
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lets begin with 
Emissions inventory led 

my Mr Government



So you used existing 
Emission factors instead 
of developing your own?

Yes! we were constrained by our 
budgets and so we found that the 

average emission factors from the 
literature were good enough for a 

first cut...

we later got 
additional funds to 

strengthen our analysis 
and collect more city-

specific data.

Ooo
h... I must 

get hold of him 
after this to see if 

i can get my 
hands on 

tha
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Our next exercise is a tool to identify 
the information that you have access to - 

so that you can develop your own 
emissions inventory for your city .....



+ Consumption (by sector & fuel)
* Industry by type
* Vehicle inventory by type
* Vehicle Usage by type
* Domestic Sector
* Other 1 __________
* Other 2 __________
* Other 3 __________

+ Emission Factors
* Industrial
* Transport
* Domestic
* Other ___________

+ Spatial maps 
* geographical Features
* Location of sectors

+ Past studies  
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Why is 
dispersion 
modeling 

important?

An illustration of a 
dispersion 
modeling output ....

What are the 
main inputs for a 

dispersion model?
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Dispersion modeling is most 
useful for 

* mapping pollutant 
concentrations

* Identifying hotspots

* assessing source 
contribution

*Assessing health impacts

These 
include:

Spatially allocated 
emission inventory

Local physical 
charachterists E 
geographical co-

ordinates

Local Met Data 



simple Box Models

Plume model or 
gaussian or 
lagrangian model

Eulerian Model

The point of dispersion modeling is 
thus to get a spatial picture of pollutant 

"concentrations"

It is 
perhaps the most 

complicated step in 

There 
are a range of 

methods from the 
simple box model to 

the super-
intens

17



* Mortality is the number of fatalities, versus morbidity, which is the incidence or 
prevalence of a certain condition.

How does air 
pollution affect 

health?

Common health impacts of 
various pollutants are...

PM 
- 

Premature 
mortality & 
respiratory 

illnesse
s

Lead - 
Blood 

pressure & 
nervous 
system

CO - 
reduces 
oxygen 

supply to 
brain

NOX - 
chronic 

bronchitisSo2 - 
irritation 

along 
respiratory 

track & 
bronchitis

o3 - 
irritation 
to eyes & 

lungs

Air pollution can 
have a range of 

Impacts... 
such as on human health, 

agricultural productivity , 
tourism, structural damage

WE WILL DISCUSS ONLY The 
impact on human health, WHICH is 

commonly assessed by estimating 
mortality and morbidity*.
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How do you 
determine dose-

response functions 
for air pollution?

Do you conduct epi-
studies for every 

pollutant - i would 
imagine that that would 

be very expensive and 
take a lot of time

yes! but if you 
do not have the 
time or money, 
there are ways 

to get 
estimates

instead, use 
numbers from 

existing epidemiology 
studies on air 

pollution.

We found that the 
response functions for 
most of the studies fall 
within a small range and 

hence feel confident 
with using these 

estimates

hm
m... 
that 

makes 
sens

a Dose Response Function relates the quantity of a pollutant (e.g. PM) 
that affects a receptor (e.g. population) to the physical impact on this 
receptor (e.g. premature mortality)

the parameters used for health impact 
assessment are ...

1) Population exposed, 
2) Pollutant concentrations, 
3) dose response functions, 

4) Incidence rates
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What, why, how...?

DOes it affect 
results if we use average 
emission factors versus 

precise factors?
Not really. Yes, emission 

factors vary, given the 
variation in activities, but fall 

within a certain range.  

If you have budgetary and time 
constraints, using Average 
numbers are a good way to 

come up with estimates.

This can ofcourse be 
followed up with a more 

detailed study when 
resources become 

available.

THATS RIGHT !  

AT THE INDUSTRY LEVEL, A LOT OF SPECIFIC 
DETAILS ARE REQUIRED. 

BUT
AT THE URBAN AND REGIONAL LEVELS, 

AGGREGATE INPUTS SUFFICE.
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YES! 

HOWEVER... AS CITIES HAVE 
DIFFERENT CHARACTERISTICS, 
and data availability  - models 

need to be selected 
accordingly

THEY ALSO NEED TO 
BE LOCALLY 

CALIBRATED

Why cant we use the 
more sophisticated 

model that we used for 
"city-X" ?

should we model 
all the 

pollutants?

not necessarily.

again.. if the budgets, data, and 
institutional capacity allows you do 
so, one can use the best analytical 

tool and model all pollutants, 
otherwise it is important to focus on the 

critical pollutant...

for example, for public health 
concerns fine pM is critical, for acid 

rain concerns - so2 and nox, 
visibility - smog producing ozone, 

and so on..

of course, 
chemistry of 
pollutants is 

interlinked, but simple 
chemical mechanisms 
also exist to conduct 

modeling.
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What if we 
have no 

monitoring data 
at all ? for 

example if the 
monitoring 

stations fail!!

What is the 
cheapest option 
for collecting 
maximum usable 

data??

If all the 
information required 

for full scale 
modeling is not 

available.. why should 
we do it?

Modeling with what's available provides a baseline to compare 
and an opportunity to improve afterwards..

it is important that some level of analysis is conducted, in order to 
better understand what is needed for full scale modeling in the 

future.

Well... in that case, at least for PM, 

I would suggest using a mobile optical sensor 
And collect observations for as many points as 

possible, covering the city, say 100 
sites,...keeping in mind the budgets & 

timeframes discussed earlier
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"City-X" implemented some 
measures and  successfully reduced 
their city air pollution.. why can't we 
follow and implement the same? why 

do we need to do all this 
modeling?

an important question. 

An array of technical, institutional, legal, and 
economic management measures exist to successfully 
control air pollution, but not all are appropriate for 

all the cities.

An informed decision making helps find the appropriate 
measure and implement cost effectively and 
maximize environmental, social, and economic 

benefits 

Indoor air pollution does 
have a limited impact on urban air 

quality, 

some part of these emissions are 
accounted for in the residential 

sector

But in terms of direct health 
impacts, indoor air pollution is a 

Greater concern in rural areas and is 
not estimated in the urban air quality 

analysis

We are 
considering a 

project on improving 
stove quality ...

How will that fit into 
this framework?
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How does climate change 
fit into this whole 

framework ?

Thats an excellent question ...

Climate change and air-pollution is 
infact linked. the sources of both 

are energy consumption 

... and so reducing energy use by 
improving efficiency or switching to 
renewable energy sources that are 

less polluting, will also have an 
impact on the local emissions

The idea of co-
benefits is 

gaining currency in 
air pollution 

circles
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Making the decision is the first of several 
steps towards implementation. 

Actual policy implementation follows its 
own dynamic that lies outside the scope of 
discussion for this session.   

include 
stakeholders 

be realistic 

Budgets..

Politics..
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Finally!!!
we come to making an informed 

decision... based on the 
analysis & information that we 

have discussed earlier

What do you think are the 
main constraints in making 

policy recommendations 
for improving air 

pollution?

How can we improve 
decision making that 

leads to policy action?



this was very 
helpful for me to 

take my phd 
forward..  

i realize that I need 
to do more 
literature 

surveys

I agree ...

Interesting 
! good to 

learn about 
the importance 

of an 
assessment

practice 
and hands-
on training 
will really 
be useful 
following 

this 
discussion

Key is to 
play with 

the models

This was 
interesting... I 
would like to 

emphasize that we 
need to include all 

stakeholders in 
the decision 

making
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whew that was stimulating .. 
it was a lot for such a short 

amount of time.

What are your thoughts?



300 cities with over two million people each... by 
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Thank you for staying on 

finally! we can all make a 
difference by learning from 

each other, sharing knowledge, 
information & doing our bit to 

reduce air pollution

write to me for any other 
questions, comments, or just to 

say hi..

simair@urbanemissions.info



www.urbanemissions.info


