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Abstract: Environmental Agencies have been recommendedgsbeof AERMOD and CALPUFF air quality models foeus regulatory
purpose. Due to their differences in physical aggions they are indicated for applications in distidispersion characteristics, and the
scientific community is still evaluating the unegnties of these models. The present study airasgess the uncertainties on the use of both
models in near-field dispersion in Rio de Janeiretidpolitan Region that presents an increasindhépgetrochemical industry and an
atmospheric pollutant emission growth. The compépography, the presence of a bay and the proxitoititlantic Ocean provide an
inhomogeneous condition for atmospheric pollutaspersion making it a challenge to manage the lazauality. The statistical indexes
applied for the evaluation between simulation rssamhd observed concentrations indicates betteltseer CALPUFF simulations.
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INTRODUCTION

The AERMOD and CALPUFF air quality models have bestommended by environmental agencies for use inatgy
purpose (EPA, 2005). The AERMOD is a Gaussian mtusl deals with surface and upper air meteoroldglata from
only one station processed by AERMOD meteorologicaprocessor AERMET (EPA, 2004). CALPUFF is a Lagiamg
puff model that assimilates meteorological dateofog or more stations by CALMET diagnostic meteagalal model (Scire
et al, 2000). The AERMOD is recommended for near-fielgutatory applications (EPA, 2009) (less than 5@rkibters)
and CALPUFF is recommended for environmental ichpasessment in long range transport (LRT) (bej@kan), it been
considered as an alternative model on a case-leylizss for near field applications involving compivinds (EPA, 2005).
The CALPUFF application in near field situationsiiser discussion on scientific community as preseatd™ Conference
on Air Quality Modelling, USA in 2008.

The Rio de Janeiro Metropolitan Region (RIMR), RJ, Brazdsent the second largest vehicles and indastigentration

of Brazil with a high pollutant emissions densityccrding to atmospheric pollutant emissions souncesntory reported
by Rio de Janeiro Environmental State Institute (INE004) the mobile sources represent 77% of fwadltant emission,
while stationary sources contribute with 22%. Hoare\88% of S@ emission comes from stationary and just 12% from
mobile sources. Among the stationary sources, #teoghemical industry has a major contribution otMRJpollutant
emissions with 51% of SO38% of NQ and 90% volatile organic compounds (VOC). The npzst of the oil and gas
national production of Brazil occur on Rio de Janeioatinental shelf (80%) and the recent discovdrgilin the subsalt
layer represents the possibility to increase theroduction in a few years (MME, 2010). It will lsxpected that demand of
petrochemical industries activities will increaswldhe local air quality management will require tiest and most realistic
tools.

The RIMR is inserted on a complex topography aréaeinfed by the Atlantic Ocean and Guanabara Bayl [figroviding
an inhomogeneous condition for atmospheric dispar3ihe features of this region, involving differemhé and space scales
phenomena, cause changes in the local atmospliretitation, such as: South Atlantic Subtropical iptlone, Cold Front,
South Atlantic Convergence Zone, Convective Actiwigiley/mountain and land/sea breeze.

The main goal of this study concerns assessingiticertainty of air quality models, by using stétistindex, in order to
simulate the pollutant transport in inhomogenedspeatsion conditions into RIMR to near-field scerario
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Figure 1. Rio de Janeiro Metropolitan Region. Istdal lines the domain of AERMOD and CALPUFF simiata The red square indicates
the SQ receptor, the blue triangles the surface metegitdb stations and the blue circle the upper aitica.

METHODOLOGY

The SQ concentrations were simulated by AERMOD and CALPUWHHRJIMR from 20th August to 20th September 2008
for evaluation against observed data available mear-field condition. Emission data from both neltand stationary
sources were used as line and area source reggdtivVAERMOD and just as area sources in CALPUFFe fhenty two
mobile sources used (Loureiro, 2005) cover the miagdfic routes of the region. For stationary sms, the facilities and
industries emission from the region were distridute29 area sources the methodology proposed Piyes (2005).

The AERMOD model was set up with surface and ugdedata from International Airport of Rio de Jaoe{SBGL)
located around twenty kilometers from the air qyadtation and ten kilometers of the major statigreanission sources. The
CALPUFF model simulations were defined with two eiffnt configurations: The first one is the sameABRMOD
simulations and named in this work CALPUFF1. Theosel one named CALPUFF3 was configured by usingippger air
data from International Airport of Rio de Janeird(8.) and surface meteorological data provide fromt&&a Dummont
Airport (SBRJ), Afonsos Airport (SBAF) and InternatirAirport of Rio de Janeiro (SBGL), as shown in ¢l In all
configurations the pollutants removal mechanismeweglected.

Table 1. Descriptions of Simulations performances

SIMULATIONS SURFACE STATION| UPPER AIR METEOROLOGICAL | DISPERSION
STATION PROCESSOR MODEL
AERMOD SBGL SBGL AERMET AERMOD
CALPUFF 1 SBGL SBGL CALMET CALPUFF
CALPUFF 3 SBGL, SBRJ and SBGL CALMET CALPUFF
SBAF

The models results were statistically comparedregaibserved data from INEA air quality stationdmsdd at Nova Iguagu
(NI), twenty kilometers away from major stationamission sources. The scatter plot, fractionalavené (FS), correlation
coefficient (R), fractional bias (FB), factor of tyifAC2) and normalized mean squared error (NMSE) \&ppdied in order
to measure models uncertainties.

RESULTS

The wind rose representative of airport surfacéasta are presented in figure 2. It can be noted tbr SBAF south and
southwest directions predominantly occur, with maxin intensity of the 8.8 m/s and 11.5% of calm windt SBGL the
southeast pattern is more evident with maximurmmisitg similar to that observed at SBAF and calmmegslightly lower at
just 6.7% of calm winds. At SBRJ the calm regimerauad 4.3% with main direction from the south seetod maximum
intensity of the 11 m/s. The wind regime analybisves a slight variability of the atmospheric cimiidn pattern surrounding
the analyzed emissions area strengthening the iogeneous features of the region as discussed psiyio
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Figure 2. Wind rose for SBAF (a), SBGL (b) and SE&Jduring simulation period.

The statistical results analysis showed in tablprésents the evaluations of models uncertaintieghis analysis. The
AERMOD correlation index presented the worst valueamparison with that obtained by CALPUFF simulasiowith the
best result to CALPUFF 3, showed more realistic mlpvariability pattern of concentrations to thegion. It indicate a
potentiality to CALPUFF simulations, mainly by usingore meteorological data (CALPUFF 3), to represkatpollutant
transport on near-field in RIMR. It should be natidhat Gaussian models were not designed to atténgemporal
concentration variability due to its steady-statsuaption, as non steady-state Lagrangian puff fedlat allow to identify
the effects of time and space varying meteoroldgioaditions on pollutant transport. The measurenefin relative scatter
performed by AERMOD NMSE index presents poor valiremnvcompared with CALPUFF's values. The FS indexvsithe
comparative values between the two CALPUFF's cordigons, where an overestimative is observed ofrtfomitored
concentration dispersion field against the behawslutained with AERMOD. From FB index analysis cannioéed that the
AERMOD results underestimate observed concentrégioels while the CALPUFF's FB index indicates an egémation.
For regulatory purpose it is expected that simdlatesults should be conservative for concentratémel, then it was
highlighted that the AERMOD model simulation to RIMR®sId be done carefully.

Table 2. Statistical results of AERMOD and CALPU&FRluations against observed data

STATISTICAL INDEXES CALPUFF 1 CALPUFF 3 AERMOD
R 0.48 0.52 0.36
NMSE 0.71 0.68 1.67
FS -0.60 -0.59 0.72
FB -0.37 -0.44 0.90
FAC2 0.70 0.59 0.33

The Scatter Plots in figure 3 were designed to @mpesults in order to understand the best fialtserved data and the
poor results to air quality regulatory practice B&C2. It highlights that CALPUFF results were bettean AERMOD,
mostly overestimating observed data while the dattederestimated data. Also CALPUFF 1 performed ebethan
CALPUFF 3 presenting a higher FAC2. It can be attatiby the weight given for the three surface nrefegical data in
CALPUFF 3 that are set by the parameters R1 and RMRXQALMET, then this parameter must be best analymith
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sensibility studies to obtain the region apprdprigalue. In this work the R1 value was equal tdieiglometers and
RMAX1 equal forty kilometers.
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Figure 3. Observed vs. Predicted concentration BRMOD, CALPUFF 1 and CALPUFF 3.

CONCLUSIONS

The evaluation of modeling concentrations resul@irest observed data performed by statistical iadérdicated that the
CALPUFF simulations presented better performanca tABRRMOD in near-field scenarios at RIMR. The CALPUFF
pattern tends to overestimate the monitoring dg#eénat the behavior obtained with AERMOD. It shohattthe CALPUFF
model performed a conservative pattern, however litoped that the use of a removal process woufdtaue results. The
highest meteorological data assimilation from stefatations on CALMET played an important role omredation and
NMSE results while worsening the FAC2 and FB. Thus important to emphasize that extensive studiesind station
weight are required in order to play more realisBALPUFF simulations in RIMR with several wind daBesides
AERMOD is the recommended model for regulatory pegsoin near-field situations, CALPUFF indicated & rhore
promissory for studies in this region based on tthlevant features inhomogeneous local conditiorrs atmospheric
dispersion. Based on these results the use of alitgjmodels require more studies for this regipridnger periods and a
variety of atmospheric conditions.
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