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INTRODUCTIONINTRODUCTION

In context of the SAEMC project (South American emissions, megacIn context of the SAEMC project (South American emissions, megacities and climate), ities and climate), 

this work addresses the upgrade and validation of numerical modethis work addresses the upgrade and validation of numerical models and tools for ls and tools for 

studies associated with atmospheric chemical composition change studies associated with atmospheric chemical composition change over South over South 

America and its impact on regional climate changeAmerica and its impact on regional climate change. For . For thesethese wewe needneed ofof a a goodgood

representationrepresentation ofof emissionsemissions in in thisthis scalescale..

LargescaleLargescale emissionemission inventoriesinventories are are inaccurateinaccurate representationsrepresentations ofof currentcurrent emissionsemissions, , 

butbut thethe statestate ofof thethe artart onon thethe global global andand regional regional scalesscales..

For regional For regional scalescale::

HowHow interpolateinterpolate global global emissionsemissions ??

HowHow aggregateaggregate local local inventoriesinventories ??



The first step was the updating of current The first step was the updating of current 

global emissions inventories with a new global emissions inventories with a new 

dataset of local inventories, and the dataset of local inventories, and the 

implementation of emission scenarios in the implementation of emission scenarios in the 

model system.model system. RETRO CO EMISSIONSRETRO CO EMISSIONS
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SOME EXAMPLESSOME EXAMPLES

0.0E+00

2.0E-09

4.0E-09

6.0E-09

8.0E-09

1.0E-08

1.2E-08

1.4E-08

1.6E-08

Campinas Sorocaba Rio de

Janeiro

Buenos Aires São Paulo Bogotá

Cities

C
O

 (
k
g

/m
2
s
)

0

200

400

600

800

1000

1200

1400

C
O

 (
x
 G

g
/y

e
a
r)

CO updated (kg/m2s)

CO RETRO Original (kg/m2s)
CO updated (x 1000 kg/year)

CO RETRO original (x 1000 kg/year)

0.0E+00

5.0E-10

1.0E-09

1.5E-09

2.0E-09

2.5E-09

3.0E-09

3.5E-09

4.0E-09

4.5E-09

Campinas Sorocaba Rio de Janeiro São Paulo Santiago

Cities

N
O

x
 (

k
g

/m
2
s
)

0

50

100

150

200

250

300

350

N
O

x
 (

G
g

/y
e
a
r)

NOx updated (kg/m2s)

NOx RETRO Original (kg/m2s)

NOx updated (x 1000 kg/year)

NOx RETRO original (x 1000 kg/year)



METHODOLOGYMETHODOLOGY

SPATIAL DISTRIBUTION FOLLOW THE POINT IN POLYGON ALGORITHM CONCESPATIAL DISTRIBUTION FOLLOW THE POINT IN POLYGON ALGORITHM CONCEPTPT

Carbon Monoxide (CO) emissions (x 107 kg/a).

Upgraded CO emission (x 107 kg/ano)

This information is 
interpolated to the model 
grid using the geometrical 
algorithm Point in Polygon. 
The urban area is obtained 
using the AVHRR/NOAA land 
cover product [2].
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ValidationValidation: CCATT: CCATT--BRAMS MODELBRAMS MODEL

--CCATTCCATT--BRAMS is an BRAMS is an EulerianEulerian chemistry transport model that solves the mass conservation chemistry transport model that solves the mass conservation 

equation for tracer mixing ratios including: advection, turbulenequation for tracer mixing ratios including: advection, turbulence in the Planetary Boundary ce in the Planetary Boundary 

Layer (PBL), wet and dry deposition, a plume rise scheme, and shLayer (PBL), wet and dry deposition, a plume rise scheme, and shallow and deep allow and deep 

convection. The model also includes chemical reactions and interconvection. The model also includes chemical reactions and interaction between tracers action between tracers 

and radiation (short and long wave) [and radiation (short and long wave) [FreitasFreitas, 2007 and Longo, 2007]., 2007 and Longo, 2007].

SOME CHARACTERISTICS:SOME CHARACTERISTICS:

-- ChemicalChemical initialinitial andand boundaryboundary conditionsconditions;;

-- PhotolysisPhotolysis ratioratio fromfrom thethe FAST TUV FAST TUV modelmodel;;

-- ChemistryChemistry MechanismsMechanisms: RACM, RADM2: RACM, RADM2

andand CB07.CB07.

Freitas, 2005Freitas, 2005
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RESULTSRESULTS

ExampleExample: : SoutheasternSoutheastern BrazilBrazil

OriginalOriginal

UpgradedUpgraded

Carbon Monoxide (CO) emissions (x 107 kg/ano).



RESULTSRESULTS

PeriodPeriod: : SeptemberSeptember/2004/2004

GridGrid::

15 km 15 km resolutionresolution

AtmosphericAtmospheric IC IC andand BC BC fromfrom T126L42 Global T126L42 Global modelmodel CPTEC/INPECPTEC/INPE
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RESULTSRESULTS

Hour Average (September 2004)
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RESULTSRESULTS

FootprintFootprint [[PercentPercent ofof megacitiesmegacities influenceinfluence / / SeptemberSeptember 2007]2007]

OzoneOzone



CONCLUSIONSCONCLUSIONS

-- The global scale anthropogenic emission database (RETRO) has beeThe global scale anthropogenic emission database (RETRO) has been n 

updated with South American local inventories;updated with South American local inventories;

-- TheThe CO CO andand NOX NOX concentrationsconcentrations havehave beenbeen improvedimproved;;

-- TheThe updateupdate ofof thethe emissionsemissions andand thethe spatialspatial distributiondistribution is is importantimportant to to 

betterbetter representrepresent emissionsemissions ofof megacitiesmegacities onon a regional a regional scalescale..

PERSPECTIVESPERSPECTIVES

In the forthcoming phase of this project, simulations for recent years 

over South America will be performed. The last stage will address 
the inclusion of climate change scenarios for South American 
megacities with the objective of studying the regional climate change 
associated with urban expansion and atmospheric chemical 
composition change.

This work has been carried out with the aid of a grant from the Inter-
American Institute for Global Change Research (IAI) CRN II 2017 which is 
supported by the US National Science Foundation (Grant GEO-0452325).
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