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AR 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

N— _

STAKEHOLDERS

PART OF THE DECISION MAKING
PROCESS ARE MORE ACCEPTING OF
A SCIENTIFICALLY DETERMINED
OUTCOME

LEADS TO
MORE
EFFECTIVE
OUTCOMES AND
EASIER
MONITORING OF
PROGRESS

MORE
SCIENTIFIcALLy
RlcouroysS

PRIORITIZES
COST-
EFFECTIVE
MEASURES

- -
N
EASIER TO IMPLEMENT
— BECAUSE THE
SYSTEMATIC APPROACH 7

HELPS US IDENTIFY EXACTLY
WHAT 1S NEEDED, AND HOW
MUCH




SO.-.. WHERE DO WE START?

HOW
MUCH IS
THIS GOING
TO COST

A GOOD PLACE TO START WOULD BE TO MAP YOUR CITY

WASTE BURNIN:
ACTIVITIES

[SEE EXERCISE 3]

PLOT MAIN
LANDUSE




CITY, IDENTIFY THE MAIN

WHAT
ARE THE
MAIN
SOURCES

AFTER MAPPING OUT YOUR
SOURCES OF POLLUTION

80 0 OF EMISSIONS IN A CITY CAN

BE ATTRIBUTED TO -.-.-

INDUSTEY: CEMENT,
BEICK KILNS, SMELTERS,
POWER PLANTS

| EESIDENTIAL | * COOKING

* HEATING
* GARBAGE
BUENING

MMCOITm<

EOAD DUST.--.

GARBAGE BUENING IN

LANDFILLS

=N




IS THAT ALL 7 WHAT ABOUT THE REST OF THE 20 PERCENT?7?

[ THERE ARE OTHERS, HOWEVER MANY OF THEM ARE

SEASONAL, INCLUDING ---

AGEICULTUERE

---DUST STORMS

FOREST FIRES

CLEARING- - -

BUT REALLY, IN TERMS
OF EFFECTIVENESS IN
ADDRESSING AlR
POLLUTION, IT IS THE
MAIN ONES THAT
MATTER.---

< ~

\ S

RESIDENTIAL

VEHICLES

OTHERS

(

\

THE POINT 1S THAT TO
ADDRESS THIS LAST 20

% TAKES 80 %% OF LANDFILLS

EFFORT

\

111

KO TADUSTRY

CONSTRUCTION

@

* THE PIE CHART IS AN EXAMPLE




100%

80%

~ R
AS AN ECONOMIST
WOouLD SAY... THE
MARGINAL COST OF

ADDRESSING AlR
POLLUTION REDUCTION
INCREASES AT AN
INCREASING RATE----

- / 20%  Effort S 100%

< Potential Reductions

HMMM... THIS SEEMS
WHAT WouLD RELATIVELY EASY
BE A CHEAP '

MAPPING

GOOGLE EARTH
ROCKS !!

* CHECK oUT A TUTORIAL ON CREATING GIS MAPS USING GOOGLE
EARTH ON URBANEMISSIONS -INFO




Exepcise 1z MA? YOUR

LETS TRY A SIMPLE EXERCISE--- HERE IS A 10 X 10 GRID-
PLOT YOUR CITY & MAIN ACTIVITIES

ClITY e e
P

=

=

e

=

[\~

e
LE | Longitude
ND LD i A

il
OADS INDUSTRY  REESIDENTIAL AGEI|




OKAY... SO WE HAVE MAPPED OUR AREA
AND HAVE IDENTIFIED THE MAIN SOURCES..-..
NOW WHAT?7?

— ™~

BEFORE WE START COLLECLTING
MORE INFORMATION, LETS FIRST LIST
THE INFORMATION WE ALREADY HAVE
AND WHAT IS EASILY AVAILABLE..--

N

WHAT DO WE HAVE 7277
* AREA OF CITY

* POPULATION

* METEOROLOGICAL DATA

* GEOGRAPHIC TERRAIN
* TYPE OF INDUSTRY

* APPROXIMATE LOCATION

* ENERGY CONSUMPTION / \

* NO OF VEHICLES

* PAST STUDIES




L N
OOOHH!!!
' DATAAA.- - R

.-‘ _—'

WHAT DO
WE
MONITOR??

U ONITORING 1S
IMPORTANT!!

—

WHEN DO WE START TALKING
ABOUT MONITORING?

HOW

MUCH IS THIS
GOING TO COST
ME?

™~
- ) IT IS COMMONLY USED TO
MONITORING 1S
ESSENTIALLY AN ¥ IDENTIFY CRITICAL POLLUTANTS
EXERCISE IN ¥ MAP POLLUTION
COLLECTING DATA ON ¥ IDENTIFY HOTSPOTS
AR QUALITY.- ¥ CHECK FOR COMPLIANCE
. 7

\— _/

WHAT ARE
THE TYPES OF

MONITORING
METHODS?

N
POPULAR METHODS USED ARE
OPTICAL SENSING, FILTER
BASED, AND CONTINUOUS
MONITORING - - -

A\

EACH HAVE THEIR OWN
ADVANTAGES AND
DISADVANTAGES




HOW MANY
MONITORING
STATIONS DO WE
NEED TO SET UP ?

I

r

IT DEPENDS ON YOUR
BUDGET, IDEALLY IT
WOouLD BE GREAT TO
HAVE A MONITOR IN

) HOPE

NONE OF
THEM ARE IN
MY
BACKYARD.-

EVERY GRID-
/ ,
i O
OF COURSE! WE
KNOW THAT THAT 1S
NOT ECONOMICALLY
FEASIBLE SO A
. REASONABLE
NUMBER WOULD
BE 10

OPTICAL SENSORS

HAND-HELD,
POETABLE, CAN BE
USED FOR MULTIPLE
LOCATIONS

IMMEDIATE READING

PARTICULATES ONLY!

$

o

FILTER BASED |

PORTABLE, CAN BE
USED FOR MULTIPLE
LOCATIONS

LABOEATORY ANALYSIS
REXQUIRED

ANALYSIS OF FILTERS
FOR A EANGE OF
POLLUTANTS

$+9

CONTINUOUS MONITORING I

STATIONARY

INFRASTRUCTURE
INTENSIVE

EEALTIME READING

EANGE OF POLLUTANTS

$$$S

*¥¥¥ THESE MONITORING METHODS ARE FOR ILLUSTRATION PURPOSES ONLY @



WHERE SHOULD
THESE BE PLACED?

~ N

YOU WANT A GOOD REPRESENTATION OF AlR
POLLUTION FOR YOUR CITY.-

TRY AND GET A MIX OF LANDUSE — TRAFFIC,

RESIDENTIAL, INDUSTRIAL, BACKGROUND. ..

IN OUR EXAMPLE, T WOULD PLACE THE MONITORS
HERE IN OUR MAP

NOW &0 BACK TO YOUR CITY MAPS.----

1) LOCATE EXISTING MONITORS (BY TYPE) -.. IF ANY

2) IF You HAD TO PLACE MONITORS, WHERE WouLD
You Do soz

@
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I'D LIKE TO INTRODUCE YOoU MR. EXPERT

TO A FRIEND OF MINE WHO
IS AN EXPERT IN MODELING
HE WILL
INTRODUCE THIS
SESSION

A MODEL IS A
REPRESENTATION OF
A SYSTEM &1 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 1S ONLY AS
GOOD AS THE DATA
THAT GOES N IT-

WHAT GOES IN.---
COMES ouT!

A GooOD MODEL IS ...

1) EASY TO USE

SO BEFORE WE 2) SCIENTIFICALLY BOBUST
GO ON TO
DISCUSS THE
SPECIFICS OF AR
POLLUTION
MODELING --- LETS
TAKE A MOMENT TO
UNDERSTAND WHAT
MAKES FOR A
GOOD MODEL ?

3) CONSISTENT
o) TRANSPARENT

5) COMPREHENSIVE

\%jﬂ%\

11




N o&LaDT

COULD MAKE
IT FOR THE
MOST FUN ¢

SESSION

I WILL BE DOING 2-D
DISPERSION MODELING FOR
MY PHD

T WAS INVOLVED
IN THE HEALTH
IMPACT ASSESSMENT
FOR "PIKACITY" LAST
YEAR

I HAVE NO
EXPERIENCE

OKAY.. LETS
PROCEED BY
DISCUSSING
EMISSIONS
INVENTORY,
DISPERSION AND
HEALTH IMPACT
MODELING

WE ARE
EXPECTED TO
SUBMIT EIA'S FOR

WE JUST

COMPLETED AN SHALL WE HAVE

EMISSIONS INVENTORY ING W SOME OF You
FOR THE MEGA XYPG EVEEYEZ% e DESCRIBE THE
STUDY RELEVANT

SECTIONS 7




EMISSIONS INVENTO

LETS BEGIN WITH
Y L EMISSIONS INVENTORY LED
MY MR GOVERNMENT

RY

WE THEN ZEROED
IN ON EACH OF THE
SOURCES TO GET A
SENSE OF EMISSION
LEVELS, FOR
INSTANCE. -.

THANK YOU...
LIKE THE FIRST
EXERCISE WE
COMPLETED TODAY, WE
STARTED BY MAPPING
OUR CITY AND
IDENTIFIED THE MAIN
POLLUTERS

WE COMPILED INDUSTRIAL
ENEREGY CONSUMPTION THROUGH
AUDITS & GROSS ENEREGY
STATISTICS

---- ANALYZED VEHICLE
STATISTICS FEROM
TRANSPORT CENSUS
DOCUMENTS TO GET OUR
VEHICLE MILES TEAVELED,
NO OF VEHICLES, ETC.---

---- SURVEYED THE
DOMESTIC SECTOR
TO GET A SENSE OF
ENERGY USE AT THE
HOUSEHOLD LEVEL---

_.. AND SO ON FOR OTHER SOURCES.
\,‘*.' WE THEN USED EXISTING

EMISSION FACTORS TO
CALCULATE EMISSIONS BY
SECTOR

** EMISSION FACTOR: UNIT OF POLLUTION RELEASED PER UNIT OF ENERGY CONSUMED
THUS--. EMISSIONS = EMISSION FACTOR * ENERGY




SO YOU USED EXISTING
EMISSION FACTORS INSTEAD
OF DEVELOPING YOUR OWN?

ADDITIONAL FUNDS TO
STRENGTHEN OUR ANALYSIS
AND COLLECT MORE CITY-

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---

o000
H-.. T MUST
GET HOLD OF HIM
AFTER THIS TO SEE IF
| CAN GET MY
HANDS ON
THA

WE LATER GOT

SPECIFIC DATA-

—~

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

19

9
\
/




+ CONSUMPTION (BY SECTOR £/ FUEL)

* TNDUSTRY 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



DISPERSION
IMPORTANT 7

WHY IS

MODELING

ELING
s

DISPERSION MODELING IS MOST
USEFUL FOR
¥ MAPPING POLLUTANT
CONCENTRATIONS

¥ IDENTIFYING HOTSPOTS

* ASSESSING SOURCE
CONTRIBUTION

¥ASSESSING HEALTH IMPACTS

\_ /

WHAT ARE THE
MAIN INPUTS FOR A
DISPERSION MODEL ?

THESE
INCLUDE:

SPATIALLY ALLOCATED
EMISSION INVENTORY

LOCAL PHYSICAL
CHARACHTERISTS E
GEOGRAPHICAL CO-
ORDINATES

LOCAL MET DATA

20°40'N —

28°30'N —]

28°235'N

28°20'N —{

AN ILLUSTEATION OF A
DISPERSION
MODELING oUTPUT --.--

min: 17.88
max: 126.91




THE POINT OF DISPERSION MODELING 1S
THUS TO GET A SPATIAL PICTURE OF POLLUTANT
"CONCENTRATIONS"

/ITI-S THERE
PERHAPS THE MOST ARE A RANGE OF

METHODS FROM THE
SIMPLE BOX MODEL TO
THE SUPER-
INTENS

COMPLICATED STEP IN

SIMPLE BOX MODELS

M 4= CA”_lAcross

PLUME MODEL OFE
GAUSSIAN OrR
woo LAGRANGIAN MODEL M
Gavssian DISTRITIONS B4 t_cj—»i
HORIZONTAL AND VERTICAL .'
EULERIAN MODEL — (oo

Box | Plume | Eulerian

Complexity * Kk | kKKK
Data requirement * *k | kkkk
Pollutant chemistry * *Kk | Kkkkk
Advection of pollutants *k | kkkk
Ease of operations *kkKk [ kK *

Computational requirements * Kk | kkkok
Results - level of detail * *k | kkkk




IMPACT ASSESSMENT

AR POLLUTION CAN
HAVE A RANGE OF
IMPACTS.-..

SUCH AS ON HUMAN HEALTH,
AGRICULTURAL PRODUCTMVITY ,
TOURISM, STRUCTURAL DAMAGE

WE WILL DISCUSS ONLY THE
IMPACT ON HUMAN HEALTH, WHICH IS
COMMONLY ASSESSED BY ESTIMATING
MORTALITY AND MORBIDITY*.

* MORTALITY IS THE NUMBER OF FATALITIES, VERSUS MORBIDITY, WHICH IS THE INCIDENCE OR
PREVALENCE OF A CERTAIN CONDITION .

HOW DOES AlR
POLLUTION AFFECT
HEALTH?
COMMON HEALTH IMPACTS OF
VARIOUS POLLUTANTS ARE---

00 -
REDUCES
OXYGEN

SUPPLY TO

BRAIN

PREMATURE
MORTALITY &
RESPIRATORY
ILLNESSE
S

NOX -

CHRONIC
LEAD - so2 -
BLOOD 03 - IRRITATION BRONCHITIS
PRESSURE & IRRITATION ALONG
NERVOUS TO EYES & RESPIRATORY
SYSTEM LUNGS TRACK &
BRONCHITIS

o



A DOSE RESPONSE FUNCTION RELATES THE QUANTITY OF A POLLUTANT (E-&- PM)
THAT AFFECTS A RECEPTOR (E-&.- POPULATION) TO THE PHYSICAL IMPACT ON THIS
BRECEPTOR (E-&. PREMATURE MORTALITY)

THE PARAMETERS USED FOR HEALTH IMPACT
ASSESSMENT ARE ---

1) POPULATION EXPOSED,
2) POLLUTANT CONCENTRATIONS,
3) DOSE RESPONSE FUNCTIONS,

4) INCIDENCE RATES

HOW DO Yol
DETERMINE DOSE-
RESPONSE FUNCTIONS
FOR AIR POLLUTION?

DO YOU CONDUCT EPI-
STUDIES FOR EVERY
POLLUTANT - | WOULD
IMAGINE THAT THAT wWouLD
BE VERY EXPENSIVE AND
TAKE A LOT OF TIME

INSTEAD, USE
NUMBERS FROM
EXISTING EPIDEMIOLOGY

STUDIES ON AR
POLLUTION.-

YES! BUT IF YOU /J\"M
DO NOT HAVE THE
TIME OR MONEY, THAT

THERE ARE WAYS
TO GET
ESTIMATES

WE FOUND THAT THE
RESPONSE FUNCTIONS FOR
MOST OF THE STUDIES FALL
WITHIN A SMALL RANGE AND
HENCE FEEL CONFIDENT
WITH USING THESE
ESTIMATES




WHAT, WHY, HOW...?7

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, 4 LOT OF SPECIFIC
DETAILS ARE REQUIRED.-
BUT
AT THE URBAN AND REGIONAL LEVELS,
AGGREGATE INPUTS SUFFICE.

g




WHY CANT WE USE THE
MORE SOPHISTICATED
MODEL THAT WE USED FOR
"eIry-x" 7

YES!

HOWEVER... A4S CITIES HAVE
DIFFERENT CHARACTERISTICS,
AND DATA AVAILABILITY — MODELS
NEED TO BE SELECTED
ACCORDINGLY

THEY ALSO NEED TO
BE LocAaLLY
CALIBRATED

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 1S IMPORTANT TO FOCUS ON THE
CRITICAL POLLUTANT.-.-.

SHOULD WE MODEL
ALL THE

POLLUTANTS? FOR EXAMPLE, FOR PUBLIC HEALTH

CONCERNS FINE PM IS CRITICAL, FOR ACID
RAIN CONCERNS — SOZ 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 -




WHAT IF WE
HAVE NO
MONITORING DATA
AT ALL 7 FOR
EXAMPLE |F THE
MONITORING
STATIONS FAIL!!

WHAT IS THE
CHEAPEST OPTION
FOR COLLECTING
MAXIMUM USABLE
DATA??

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

IF ALL THE
INFORMATION REQUIRED
FOR FULL SCALE
MODELING 1S 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-

(22




_—

"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

WE ARE
CONSIDERING A
PROJECT ON IMPROVING
STOVE QUALITY -..

HOW WILL THAT FIT INTO
THIS FRAMEWORK ?

INDOOR AlR POLLUTION DOES
HAVE A LIMITED IMPACT ON URBAN AlR
QUALITY,

SOME PART OF THESE EMISSIONS ARE
ACCOUNTED FOR IN THE RESIDENTIAL
SECTOR

BUT IN TERMS OF DIRECT HEALTH
IMPACTS, INDOOR AlR POLLUTION IS A
GREATER CONCERN IN RURAL AREAS AND 1S
NOT ESTIMATED IN THE URBAN AlR QUALITY
ANALYSIS

()




HOW DOES CLIMATE CHANGE
FIT INTO THIS WHOLE
FRAMEWORK 7

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
AlR POLLUTION
CIRCLES




™
FINALLY!!!
WE COME TO MAKING AN INFORMED
DECISION.--. BASED ON THE
ANALYSIS & INFORMATION THAT WE
HAVE DISCUSSED EARLIER

N _

~ ™~

WHAT DO YOU THINK ARE THE
MAIN CONSTRAINTS IN MAKING
POLICY RECOMMENDATIONS
FOR IMPROVING AR
POLLUTION?
S

INCLUDE

HOW CAN WE IMPROVE
STAKEHOLDERS

DECISION MAKING THAT
LEADS TO POLICY ACTION?

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.







THANK YOU FOR STAYING ON
FINALLY! WE CAN ALL MAKE A

REDUCE AIR POLLUTION

DIFFERENCE BY LEARNING FROM
EACH OTHER, SHARING KNOWLEDGE,
INFORMATION & DOING OUR BIT TO

—

WRITE TO ME FOR ANY OTHER
QUESTIONS, COMMENTS, OR JUST
SAY HI..

/\ SIMAIRRURBANEMISSIONS.INFO
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