NARROWING THE UNCERTAINTIES ON
AEROSOL AND CLIMATE CHANGES
IN SAO PAULO STATE

NUANCE-SPS

08/58104-8

Coordination: Maria de Fatima Andrade

Departamento de Ciéncias Atmosfeéricas

Instituto de Astronomia, Geofisica e Ciéncias Atmosféricas-USP

Project was only

a p p rove d I n FAPESP Research Program on Globhal Climate

Change Workshop

Dece 11 be r 2 O 'I O. 2011 May 11,12 - Espacn APAS - S40 Paulo




Pesquisadores

IAG Adalgiza Fornaro, Edmilson Freitas, Fabio Goncalves,
Marcia Yamasoe, Maria Assuncao Faus da Silva Dias,
Rita Ynoue

CETESB Jesuino Romano, Maria Lucia Guardani, Olimpio de
Melo Alvares Junior, Clarice Aico Muramoto, Dirce
Maria Pellegatti Franco.

IPEN Eduardo Landulfo

INPE Plinio Alvala, Neusa Paes Leme

FMUSP Paulo Saldiva, Samya Pinheiro

FSP Joao Assuncao, Adelaide Nardocci, Celia Pesquero

1B Marisa Domingues

1G Marly Babinski, Simone Gioia

IF Americo Kerr

CETEF — Parana Leila Martins, Jorge Martins

EACH Regina Miranda, Andrea Cavichiolli

UNESP Maria Lucia Antunes

UFV Taciana Albuquerque

UFABC Claudia Boian

Mackenzie Jairo Pedrotti

Colaboradores Internacionais
University of Berkeley Robert Harley
NCAR George Grell

Institute of Meteorology of Finland | Risto Hillano

University of Pittsburgh Cliff Davidson

University of North Caroline Jason West




Motivation
The urban areas emissions impact on

cllmatef-\ /

And the climate change impacts the cities:
other, the air quality is a important driver



GLOBAL: climate change

LOCAL:
air pollution

health effects




Mega-cities impacts

» Urban pollutants » Green House Gases
> CO, NOx, SO,, PAN, > CO,
Ozone > N,O
> Particles: sulfate and o Oy
Carbon o CFC

: : Changes in Energy




Emitted/ formed pollutants in urban
areas with global impact
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Black carbon climate danger “"underestimated™

Black carbon, is very important in a global scale,

Studies showed that Black Carbon can be the second
major responsible for the global warming, being
behind only for CO2.

Ramanathan &Carmichael
Nature Geoscience 1, 221 (2008)

CLIMATECHANGE

Aerosols heat up NATURE|Vol 4482 August 2007

Peter Pilewskie

Solid particles suspended in the atmosphere have long played second fiddle
to greenhouse gases as agents of climate change. A study of atmospheric
heating over the Indian Ocean could provoke a rethink.

i




Fig. 10. Difference plot of summer averaged daily maximum 28h averaged (DMBH) ozone
mixing ratios (ppby) (future case minus base case).

lobal changes upon regional ozone pollution in the United

hys. Discuss., 8, 15165-15205, 2008



Example |

Evaluation of a
superficial
ozone
concentration
InCrease

For 2000 to
2100

Prather et al., GRL
2003

150

20 28
O3 chanae (ppb)




- ._/_—‘ns_-'_'—'_ﬁ — _-.‘::-. _‘-“2‘- » .
Elzéf'“‘:w-»‘%‘;- EE‘P;;};‘KI,/-{ ) ég_m:h‘é?"ﬁ@“ = —.__.ﬁ'-_:: —
el o A iy * V o

Tz [}j:jy\{eg @ s ~ -
% ;)/J T % ,.
I =W NI P VN |
N
\ L7 AN
i{? =4 Eafm; >
P { P S —————
T z

Fig.1. Loedtions ofthe ‘megacities’ considered in this study, shown inred.

Scenario S1

Scenario S2

Example Il

Global impact from the increase of
pollutants emissions by the
megacities.

Mega-cities
Impact on ozone
concentration

Scenario 53
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The influence of megacities on
global atmospheric chemistry:

Parcantage change
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Fig.3. The pereentage change in the global surfaee July O mizing ratio due to megacity emissons under all scenar os.

e

a modelling study

Timothy M. ButlerA,B and Mark G.
LawrenceA

Environ. Chem. 2009, 6, 219-
225.



Climate change impact on ozone concentrations and
health effects

[100-20%
[ 20-4.0%
L ]40-6.0%
B > 60%

Estimated changes in O; and associated summertime mortality in the
2050s compared with those in the 1990s for M1, where climate change
alone drives changes in air quality. (4) Changes in mean 1-hr daily
maximum O; concentrations (ppb). (B) Percent changes in O;-related
mortality.

Assessing Ozone-Related Health Impacts under a
Changing Climate. Kim Knowlton,'! et al. 2004Environ
Health Perspect. 2004 November; 112(15): 1557-1563.



The project - approach 1

» The megacity of Sao Paulo will be an example of
Integrated approach regarding evaluating of the
Impact of the climate change on its air quality. In
this project, MASP will be an observatory of the
climate, with special attention to the variation of the
meteorological characteristics due to the climate

change.




The project - approach 2

» Modeling the impacts of the Sao Paulo megacity
emission. That involves the knowledge of the

sources of the aerosols and gases (both primary and
secondary) and their spatial distribution.

*The theme of the project can be summarized as
the Implementation of a modeling system
representing the chemical-physical process iIn
the troposphere and the health impacts at the

urban scale.




The main guestions that will be addressed in NUANCE

» Which are the effects of global climate and chemical composition on
regional air quality, evaluated through atmospheric models?

»What is the contribution of emissions of the megacity of Sao Paulo to
its surroundings

» What are the couplings and feedback mechanisms among climate
change, air pollution and their relationship to the human health?

»How is the physical-chemistry process of aerosol formation and how it g
influences the energetic balance (urban and sugar cane burning e
emissions, chemical composition)? r
»How is the interaction of the man-made aerosols to the cloud
microphysical process? —0
»What are the relevant chemical, microphysical, and radiative S
properties, of the aerosols and bio-aerosols emitted and formed in the 0
egion? |
' e aerosol radiative forcing in MASP? S
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| Emission Model - SMOKE |

|

Biogenic

StationE

Vehicular Biomass Burning

Sources
Characteristics

Evaporative
Emissions Land Use
Traffic Data Dinamometer Studies
Vehicular Activity Tunnel Measurements

Hydrocarbons and Particles Speciation

Vehicular Tracer Identification

| Air Quality Modelling Tools |

I

Models In-line

Models Off-line

SPM-BRAMS CIT
WRF/Chem CMAQ
Microphysics Processes | | Radiative Processes Ig

Urban Aerosol Impacts:
Rain Suppresion or Enhancement

| Photochemical Aerosol Impacts I

‘ Atmospheric Chemistry ‘

Photochemical Formation
of organic + inorganic

|

! Aerosol Characterization ‘

‘ Coarse Particles H Bio Aerosol ‘

Chemical Chamber Nano and Fine
Mechanism Experiments Particles Formation
‘ Radiative Processes

Microphisycs Process ’

Health Impacts

Nano epidemiology

Integrating the modules

Evaluation of different scenarios: Feedback process

Chemical
Mechanism

Emission Model

Atmospheric
Modeling + Dose

response system

Gas - aerosol
description



Integrating the modules

on of different scenarios:

A Feed b
yotu=® ack Proeese
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Emission Model

Atmospheric
Modeling + Dose
response System

Gas-aerosol
description

Chemical
Mechanism




Modeling approach

SPM-BRAMS, WRF-Chem, CMAg-Models 3




Experimental campaigns

» comprehensive field observations to catalyze
efforts in developing a consistent standard
for megacity emissions inventory
development, which bridges gaps between
the needs of local air quality and global
climate policymakers.

— Particles and Gaseous compounds
— Optical properties




Experimental campaigns

Aircraft observations to assess how variability in urban plume
transport

Experimental campaigns to develop emission data from mobile
and other sources

Experimental Measurements to determine the vertical profiles:
LIDAR, Soundings, etc.

Surface measurements
This study isolates the role of transportation as a key sector
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Supersites Sampling

Pico do Jaragua Station (new station that will be installed):

Continous monitoring of SO,, NOx, O3, PM,,, PM, 5, PAN, CO,
COVs, Green House Gases (CO,, CH, and N,0), NH;.

Ibirapuera Station - To complete the present station
(historical air quality station from CETESB) : PM, 5, PAN, CO,
COVs.




Examples



Emission Factor Evaluations

» Measurements inside traffic tunnels

- Experiments are being developed since May 2,
2011. , R—




Emission factors - light-duty fleet

(ug/km)
Species EF (ung km1)
S 405,3+ 1,11
Cu 786,6+ 0,05
Zn 695,8+ 0,14
Br 15,6+ 0,05
Pb 87,0+ 0,05
BC* 17,0 £0,05

*Black carbon (BC) in mg km-!

. Measurements performed in 2004 in-tunnel




Emission factors (and standard deviation) in-
tunnel JQ and MM (mg km!), EF ration
between heavy and light fleet for 2004.

BC I:)I\/Ilo I:)I\/|2.5-10 PMZ.S

(mgkm™) (mgkm™) (mgkm) (mgkm™)
Tunnel JQ 16 (5) 197 (118) 127 (67) 92 (20)
Light-duty
vehicles
Tunnel MM 462 (112) 754 (401) 715 (585) 588 (364)
Heavy-duty
vehicles
Ration 27 3 5 4.8

Heavy/Light




1400

12004

1000+
-
& 800"
g 600
400+
200
0
CO NOx HC exaust
@ CETESB light-duty 12093 61 142
O Tunnel light-duty 1256 138 120
@ CETESB heavy-duty 414 296 66
O Tunnel heavy-duty 921 564 35

Comparison of annual vehicular emission and of the contribution of light-duty
and heavy-duty fleet for CO, NOx and HC, obtained in this study and by CETESB

Martins, 2006




Spatial distribution of sources

» Traffic models
» Distribution of mobile sources

—
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SPM-BRAMS

Simulation 1

2 grids (16 and 4 km of horizontal resolution)

72 hours of simulation (02 - 05 Aug 99).

Initialization: CPTEC/COLA AGCM + observations.

Time step for chemical reactions 0,5 seconds.

Diferent emissions for the two urban types (100% for type 1 and 30% for
type 2)




Legend:

Inland water
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Ocean

Urban type 1

Urban type 2
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Results (from second grid — 4 Kin)
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Examples
vertical profiles



Experimental Data regarding Ozone Sounding in
MASP

sonda SP 16/05/06 14h
sonda SP 16/05/06 18h
sonda SP 17/05/06 01h
sonda SP 18/05/06 06h
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- Comparison between vertical profiles of ozone - November 31,
2006.

— Ozone sounding in colaboration with INPE

ozone soundings in Sao Paulo urban area)



Lidar system - CLA/IPEN = &)

Range corrected backscatter profile 'p en
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http://www.cetesb.sp.gov.br/
http://www.fapesp.br/index.php

