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Abstract: Urban-scale air quality modeling over Brazil fegn advancing in recent years with several maglslindies of air quality in the
metropolitan areas of Rio de Janeiro and Sao Resglecially. Extending these photochemical modedjpyications to the continental scale
in order to study regional transport of pollutatiteoughout South America is the focus of this pnéston. This work presents the initial
results of a photochemical modeling system compasddM5-SMOKE-CMAQ that focuses on the Amazoniaicegof Brazil. These
results focus on biogenic and biomass burning éamissn Amazonia and the impact of these emissionsegional and local air quality. A
combination of global and local anthropogenic emiss data, satellite-derived biomass burning ineees, and biogenic emissions
calculated with the MEGAN model were used to esténamissions over the mother domain at grid reiwiudf 37-km. The mother domain
covers most of South America. We modeled Augusb2f¥rause it was the driest period in the regiar twe last 50 years. Due to a lack
of surface-based air quality monitoring data in Aovd@a, we are exploring model evaluation techniqusiag satellite-based air quality
products. This paper focuses on the developmetfiteahput data to the CMAQ air quality model, irdilyg initial and boundary conditions,
meteorology, and emissions. Preliminary CMAQ resale also presented along with qualitative corspas against satellite networks for
some air pollutants. Results are consistent witotyrof Q formation and were compared with MODIS TERRA dagetlata available.
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INTRODUCTION

Air Quality forecast over Brazilian Amazonia Areastill a theme of uncertainties. The lack of enussiinventories and air
quality monitoring networks for that area still r@im a problem for those interested in studying thesme. On the other
hand, Amazonia has been experiencing a strongergehprocess due to economical growth. The mainapelitan Areas
are Manaus and Belem and only these two urban caepleave a total population of 4,152,000 inhabétawhile in the
total legal Brazilian Amazonia area (composed ai®es) the population is about 20 million (IBGE, @0

Changes in the land use by deforestation (contralteabt) compose one of the main actors for thahado changing. The
called “Arc of deforesting” is a proof of those dgas and has stronger correlation with the agriceiland livestock
expansion for that region. The figure 1 shows theeli” that has been under control from the autiesriand is nowadays
called “Arch of sustainable development”.

Figure 1 — Arc of Deforesting (2002)

Over Amazonia there’s a Petroleum and Gas Natuaal [n the southwest of the Amazonas State araligery at Manaus
metropolitan area. These two petroleum facilitiess i@sponsible for feeding that area with fossdl§uand altogether with
land use changes due to biomass burning and ecorgnmivth confirm the need for air quality studiesNorth Brazil
Region.

The system composed of MM5-SMOKE-CMAQ is implemerf@dBrazil with coarse horizontal resolution of B (165 x
165 points), and 23 vertical sigma levels. The SNEOKodel was fed with Biomass burning data from GHREntory, part
of the GEIA fwww.geiacenter.ong The Biogenic Emissions were obtained from MEGAbdel (Guentheet al. 2006) with
resolution of 1 km. These two emission componerightrbe in charge of photochemistry in that aremtipularly if the
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simulations are focused at regional scale. Shipngssions, main point sources and National Roads weserted from
GIS global database as well and were treated assateces at SMOKE.

OBJECTIVES

The main objective of this work is focused on tmplementation of the system composed of MM5-SMOKEAT}Mmodels
of Brazil and its surroundings. The additional obijexs might be discussions of the initial results fir quality
photochemical forecast over the Brazil Amazoniam @ well as illustrating the emission inventofiasnework to perform
that modeling for South America. The lack of a pulblational emission inventory and air quality hgeound monitoring
network makes this work a challenge by adaptindp@ldo regional inventories and assimilation ofnthby the SMOKE
model. The results shown in this paper refer toanarse domain. The problem identification of tiaisk as a whole might
also be considered as an objective.

METHODOLOGY
The system is run in a 64 bits machine with 8 pseoes and our complier is intel XEON 3.0 GHZ. Tdistised to processors
and/or compilers and computational efficiency aseaur focus at this moment.

The dry season 2005 was the most intense in th&0agears over the Amazonia area and, this sdaa®been linked to the
anomalies of Sea Surface Temperature (SST) thabma®f the main causes of the intense hurricaasoseover the North
Atlantic and Caribbean area that year (CLIMANALISHE05). This SST anomaly implied in a very unstatt@osphere,

driven by upward vertical motion in the Northerrlahitic and, as a response to that upward motiadtwnward motion

was directed to Northern Brazil. This motion blockée convection mechanism, the dominant rainingmeg over that

area, causing significant problems to the peopteesvironment at that area.

The PSU/NCAR mesoscale model (hereinafter MM5) isl igdeed the SMOKE-CMAQ system with hourly meteogital
data. The MM5 outputs are processed throughoutMéiorology Chemistry Interface Processor, heregndftCIP, that
perform the changes needed in the original MM5 wistppo the use at SMOKE-CMAQ. This tool is availatigether with
SMOKE and CMAQ (www.cmascenter.org). The model is with GFS-NCEP global data (1° X 1°), with a mottiemain
horizontal resolution of 37 km and two nested gfiti.3 and 4.1 km) and the outer grid is centretth@atgeographic South
America centre, while the two other domains at Bi@ziAmazonian Area. The smaller is centred in Betroleum and
Natural Gas Facility, southwest state Amazonian (B® the biggest Petroleum and Natural Gas facditygrazil North
Region. This MM5 run is composed with 24 verticajeliss, in which 8 of them are at the boundary layidre MM5
parameterizations schemes are disposed at table 1.

Table 1 — MM5 Parameterizations.

Cumulus Grell (1993) domain 1 and'2
Clouds Microphysics Dudhia (1989)
Radiation Dudhia (1989)
Landuse Landuse model NOAH LSM (Chen and Dudhia, 2001)
PBL Mellor and Yamada (1974, 1982)

The SMOKE model (www.smoke-model.org) is used tovjte emission inventory data as input to CMAQ niode
Generally SMOKE processes the emissions from ty@nassion inventories formats into the one reqlig the CMAQ
model (www.smoke-model.org). At this work, SMOKE svased to process emissions from the GFED biomassnigy
global emission inventoryww.geiacenter.ofg with 1° X 1° horizontal resolution, year bas®2@nd a total monthly mean
extracted and processed to daily basis. These mtat@®ssing is done with support programs availalitiegether with
SMOKE and CMAQ at the web portaiwivw.cmascenter.ojg Also in SMOKE it is possible to set up the ageraday
emissions once informing that the input data ar@ emonthly basis by setting this information inteecof the SMOKE run
scripts, which was done for this work as describadier. In the case of National Mobile Roads eroissj these data were
extracted from GIS Brazil National Geographic Inggt(IBGE, 2000) and the emission factors are inéatraccording to the
available GIS global database. The mobile souneepmcessed into a week basis and the holidaysstgbset for this run.
The shipping traffic and emissions are extractethfiGIS information and also processed on a weeddysb In all SMOKE
steps, the meteorological information processeautin MCIP must be inserted on each type of sour@eegsing in the run
scripts and is inserted on the merge script, theetbat makes the processing for all types and esegtidded emissions in
moles/s as required by CMAQ model. The chosen ctemiechanism is CB05 and at this moment, chemicahareésm
isn't the focus of this work. The results of th@@nmost domain aren’t shown in this written worlkcdngse they are under
map projection errors that have still been a soafgaumerical work from both UFRJ and UNC - Chapdl,HiSA groups.
Shipping emissions and the main National Braziliarad®o(only federal roads) were also provided as acesces at
SMOKE model.

! Not applied for horizontal resolutions under 10 km
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The biogenic emissions were extracted from MEGANIei¢Guentheet al. 2006) and the outputs are inserted into SMOKE
with horizontal resolution of 1 km. When biogeninissions come from MEGAN model, SMOKE model do paicess its
information because the outputs are ready for CMAQui, but SMOKE helps on the grid distribution dfem.
Meteorological information for MEGAN is also reqgedt and is processed at the same manner as for SMi¢El with
MCIP converser.

The CMAQ model (Byungt al. 1998) is run with 37 km horizontal resolution gedtat South America centre exactly as for
MM5 and SMOKE. The task of running isn't complex iags for SMOKE and its support programs becauseeothe
emissions files from SMOKE are available, CMAQ tertdsrun properly with correct shell scripts mangtidn and
chemical mechanism choice through the modelieour study the focus with CMAQ is to inform thtats model might be
used for South America, having solved the numestalctural problems (map projections, compilets,.€ in the code.
The CMAQ initial conditions were run to use the déffgrofile Initial Conditions (IC’s), the Plume igrid option isn’t set,
the meteorology is set with 3D met fields as retpee$o nested grids and the mechanism conversisetisiccording to
CBO05. The Boundary Conditions (BC’s) were also run i default profile input, including Plume in Gdofiles from
IC’s dynamics and concentration generation, ancdéimee other settings as described for IC’s. The fysigorates are run at
JPROC program and set as the meteorological infoomdias been disposed from MM5-MCIP. The JPROC, which
performs the photolysis rate, is highly influend®dmeteorological conditions. No Global Chemical Mbi$ used to feed
the coarse domain borders in this work. This iss& that is still under development.

The main problems linked to this system became rappavhen converting the meteorological data intGIRI converser to
feed SMOKE with meteorological data. There is acdtrral problem with MCIP code that didn't suppdre tMercator
recommended projection for tropical areas, thewds necessary to configure the model by using LanBenformal
projection, besides this one isn’t the best for an¢a of interest. It should be noticed that thmesproblem was found when
assimilating the GIS information into the SMOKE fasthe surf zone coastal area. Nowadays, it leas fa joint effort with
the staff of CMASCENTER to develop a MCIP version idesrto support Mercator projection.

RESULTS

Briefly a discussion of the emission results for Sudian day 216 (August™ 2005). The maps on figure 1 show the top
emissions and concentrations obtained for thisahayare at the same scale as in “a” and “b”. Thesgenic emissions were
extracted from MEGAN model and the Area Anthropdgeemissions were processed with SMOKE model, lattb as
described earlier.

According to figure 2 is possible to see that the iogenic emissions occur late afternoon andattieropogenic is related
to the biomass burning activity, which is a regwation to renew the soil for the next crop. Thisntass burning might or
might not be controlled by the authorities. All esibn maps are presented in sl the required unity for CMAQ input.
The scales are set to be the same for all pollsifanaicessed.
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The CMAQ runs outputs are illustrated on figure 3. &AM was run as described earlier and the resultsvshe top
concentrations for each pollutant set in this ftiis possible to identify the high concentratimisserved at south-western
and centre Amazonian area. These highest condensadre linked to biomass burning and strongegéné emissions as
processed at SMOKE and MEGAN respectively. Besiteglecting important emissions sectors, the sysgm@ble to
forecast the main area in Amazonia for air quaitydies. The output units are all in ppmV.
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Figure 3 — CMAQ outputs top concentrations forN&); and Qin (b), (c) and (d). The results are shown in Ldéme (LT)

The Satellite images from MODIS imagery (TERRA ar@d) are shown in sequence (figure 3) for the sparéd as for
CMAQ outputs. According to MODIS data it is only gidde to observe some high concentrations overtSémberica
Centre with TERRA sensor, as the low resolution & iensor (1° X 1°) might be one of the reasonshisrpoor imagery
quality.
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Figure 4 — Satellite Ozone MODIS AQUA and TERRA iimexm concentrations for™4(a) and 8 (b) august 2005
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The comparison of modelled data with satellite \cktidata isn’t an easy task. The coarse resolofitine modelling system
is 37 km while at the satellite it is 1° (~ 111.th)k Additionally the measurement units in satellite not match the
modelling outputs. We've been working on the corgmar with MOPITT data, but we still do not have @eadata and for
MOPPIT CO data provided, highest concentrationssteggd for that area in August with magnitude dd 258300 ppbV are
shown.

Conclusions and next steps

The system MM5-SMOKE-CMAQ has been pioneered andemented in Brazil in a grid that covers almost Sdiuth

American Countries. The task of feeding SMOKE witbbgl inventories was one of the big challengeshisf work. The

lack of nationally based emission inventories doesallow another option while studying the ozooenfation, especially
for Amazonian Area. Besides neglecting important@sand inventories, the system has disposedutpeibdata according
to the expected theory and it might be confirmaewugh quick comparisons of MODIS and MOPITT dathisTsystem,

especially given its characteristics of multi-scabdece complete with data on global and regionsiligs, and having
overcome the structural problems, has great paidmdih in research and operationally in Brazil.

Session 5 — Meso-scale meteorology and air quality modelling 527



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

For the next steps we are working on feeding SMQWitE more GIS based emissions and inserting inftionaabout the
main metropolitan area inserted on Amazonia. Upaw, we have not had access to the petroleum phaisision data but it
is expected to extract some information from glaBES just to provide some signal of this activityaur emission scenario.
In the near future, tests for best chemical medmasii better meteorological setup and GCM input ¢oldihge domain will
be provided. Also this domain will work as an infort the grids in Rio de Janeiro and other urbartresrin south eastern
Brazil area.

The code structural problems found at this implelaion have been subject of a joint study with thiaff of
CMASCENTER and UFRJ. It is important to note that sk has contributed to perform a new MCIP version.
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