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Abst Dewtel oping air quality management systems to contro
current initiatives do not provide datasets with Iliarge
Brazil . Her e, we i ntroduce TitBhReAIBNr,a ztihlei afni rAsttmocsoponmperr e hce nl sn
antdsidrivers in Brazil. BRAI' N encompasses hourly datase
data in two domains, covering the Brazilian territadry wi
with mx4ahke emissions dataset includes vehicular emissic
Software (BRAVES), i ndustri al emi ssions produced with
burning emiss-iFomse flmomnEloKN from the National Center f

emi ssions fobmEmhssModel of Gases and Aerosols from Nat u
derived from the Weather Research and Forecasting Model

of 216 air poll utanmset eoroaluacgegidc a&lr oann dc oaimpil $ migons dat as et
Quality Modeling System (CMAQ). This paper descri bes h
spatiotempor al features. To evaluate the quality of t h

moni tori mpg owti altiingndg,he model 6s performance for each meas

sample of the spatial variability of emissions, met eor (
emi ssions amdsaies. p8yl makomg BRAI N publicly avail abl e,
air quality policies on municipality asrmdarstatmunscalpas,
envision that BRAIN has the potenti al to create new ins
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1l ntroducti on

I't is consensus that air pollution threats public healt|
2023a). The negative outcomes associated with air pollut
for more susceptibl eMakrdi exmpds®tdi Dinaln &vloidubs3G0&) al vulr
emi ssions, devel oping countries urgently require relie

management systems (Santdémnnal edi alpol RORiLYnN

Brazil has continental dimensions, is thé?'aegent hGmosses
Product (I BGE, 2023). Combining poorly planned devel opm

i mpacnt sBAiarzi pol ¢luat ®esh probl ems are not only restricted

Vehicular fl eet and fuel consumption have also increased
to controlsvehscularpemserved and rural areas, | arge fi
soi |l emetnEgcobar, 2019; Raj«o et al., 2020)

Foll owing practices of developed countries, Brazilian a
air quality standards as key component s. However, t he
compl eBreadz iiln. Policies are far to be efficient since th
restricted thaekrdwlpeligmtrieaswea.l eEMoradaover2,02Brazilian envi
not provided enough data and guidance for permittimg pr
to understand and predict air quality for regulatory p
resolution emissions inventories, met eorol ogical, and a
An effective air quality management system must provide
achieve the air quality standards (USEPA, 2023b) . L't re
rel i atbd cer omeogi c al dat aset s, a rodtt haee t h @d o | oqouiad s ttyo madiap ts
Mor eover, it is crucial to undertake ongoing evaluati on
the programs for pollution control. Currently, avdil abl
priodi ng datasets with | arge spatial and tempor al resol ut

such as Copernicus Atmospheric Monitoring ServiceEr(@aCAMS
Retr oshrealty yies for Resear chk)andcMApD, | i2cOaltbiao nbs) (cMEONRRA ovi d
by combining chemical transport-bmsedl bc6E€ETMa)i whshandt

assimilating data to constrain the results. Howevehr, th
spatiladt iroensolup to 0.75A T 0.75A and 0.5A x 0.625A) and
Al i et al ., 2022) . Moreover, they provwiadeddpradarclty BSarc
5P TRMIPO( Veef ki nd et alResokROoOtt2dPnahmadlodgegr Spectroradi ome
Pl atnick et al ., 2015) are stildl chall enging due to t|
uncertainties (Shin et al., 2019) . Besi des, satellite r
surfacentoations (Shin et al., 2019).

I n this articraej | wanpArwemasphéikisc BBRAI N), the first c¢omg
guality management Ssystems i n Brazil. BRAI Nt bemhiisrags
internationally recommended models to provide hourly er

country.
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2. BRaltNabase

BRAIN contains three types of hourly datasets: emi ssi on
vehicul ar, i ndustr ibaur,nilnigo geemiiscs,i oaxrsd BMeonparsosvi de met eor
Research and Forecasting (WRF) model . Coupling emissior

System (CMAQ), weer spiroonvibde3.a2ir quality gridded data. Al
|l argest (iHiOglyr ecoS/Mr s the entire country, whi lied 0Ot2h e sSTrha
BRAIN datasets i nadbdlDéhtatpe : fIréeil yvoragv diQl.HOD7 méal/ksci etn c ad
https://doi.org/ 10(.Hori7n6a0s/ ksici emade dWh tOt9BH5: 2 Q0 Ada )..or @/nPO . 57 7
(Hoinaski and Will, 2023b). Thhet tBpRAI/N ddat. oget/ sl QiHB rdi@D k&
et al ., t0t2Bh:)/,/ doi . org/ 10. GHAIEWd skii encerdd . OM&EdT ,

https://doi.org/1QH®7TNHh@aB8kKkS$ ciaemrdc eWdib .09 828M23d) . The Feder
institutional repository httmdit/p/sbridihm.i eams ksfepaw.ebrt/bh s BR

database from 2019. We envision making available more

Sout heast where the anthropogerriudc uemi yeirenoesf evwdtld al e

model ing outputs t-angr espnexrelldy cciotvieers .medi um

BRAI'N intends to fildl the gaps in those cases where ade
i s not availabl e. BRAI'N would be useful to provide backry¢
of air pollution.

2.1 Emissions inventory

BRAI'N emissions inventory allows the spatiotemporal an

emi ssiondhienpBreazintt. verddesit odc owcdhihmstr diSombhsAmeri can cou

frédmomass burning and bi ogeniod hseoursc@ausmo eVee abmndve isli eoch dmi 9

Sout h Ameunicmintst uFegueesilopresents a sample of the inve
(CO) emissions by source. Table SM2 summari zes bDmRkeacshpec
emi ssions dataset can be found in sections 2.1.1 to 2.1

We observed the higher vehicular emissions rates ofyCO i

in the Soutlhéeagdre 1a) . Hi gh industri al emi ssion rates
stationary sources such as refining units, t hé Kmwak ¢ mnna
et al.,l 20@&ner al , the North concentrates higher biogen

are predominately in the extreme NeWetsh,, tNwoe thhot sapmadt sS oauft
as in the Reati bodipder (Figure 1lc


https://doi.org/10.57760/sciencedb.09858
https://doi.org/10.57760/sciencedb.09857
https://doi.org/10.57760/sciencedb.09859
https://doi.org/10.57760/sciencedb.09886
https://doi.org/10.57760/sciencedb.09885
https://doi.org/10.57760/sciencedb.09884
https://hoinaski.prof.ufsc.br/BRAIN/
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Figure 1.

2.1.1 Vehi

Spatial distribution of CO emissions from aRAIvN.hi cl

cul ar emi ssions

BRAI'N uses the mwlptaitd peareeimgod rugahid nhidgght abase vehicul ar er

Emi ssi on

I nveinB RAWEHSSoIf n avakie et al ., 2022, BRAYIESs dan G

di saggregates municipality aggregated emissions using

vehicul ar

(USERAXYX ps:

fl ow profilegfytdPEC) AfTrEo m 2DN2IOIVUSE PAt, aR2®R20ENnviro

[ [ wweme p aniogeed /i anigr/ ssppeecciisattees conventional pol I



https://www.epa.gov/air-emissions-modeling/speciate
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consider s (INocgaueisrtau deinedsad at a 2f0ldm Companhia Ambient al d
(https://cetesb. spepoblbyateeshplari at el atcetiadslehydes, for
since to account for biofuels particularities in Brazil
I n BRAVES, vehicular activity is defined by fuel consul
Nati onal Agency for oi I, Nhatttuprsa:|/ /| @avsvb ipimededhdd B @mfng d th @ /( dAaNC
aber t od/eveerniddapdeot sr-ebli eooc 0 mb)uAs tfirvaecitds on of fuel consumed by
data from National Ethepgy/ /Bwawwva necpee .-@ &8 diadoper r/ ¢ pot s// ppuubbl I i ccaaccoc
ener gneatciidgo@mhd MMA, (2014). BRAEHES scalodtlfliFatcaa dweaisgh tt diadd ¢

fl

eet composition iynearer nmasndo ff ucealt eugtoirlyi,z antoidoen .

Vasgamdoi nasktompaeoed) BRAVES with different vehicular emi

On
Re

co

a national scal e, vehicul ar emi ssion rates from BRA
search (EDGAR) and @t 4%»s| aMgetitthNagnneh iVgpH eart i fl®r O€@ani ¢ Cor
mpared with the national inventory from Minist®rio do

BRAVES addvwewkbped state ilwwveotds Weisn vaikgo RaowlddR % ndch fMi ma

addition, a relatively smal/l bias between BRAVES and Vel
Val e do( Waasrqauiebsa and . Hoi naski, 2021)

2.1.2 I ndustrial emissions

Weder itvhed i ndustri al emi ssions inventory by combining da:
Ger ai s, and Tha&nteani Ga&ati ami mates of point sources from Esfg
by l nstituto de Mei o Ambi ent e e Recur sosS) H2d

(https://iema.es.gov.br/)ygualniddadaddar kionvE&st adiuatlef det e

(ht t p:/ [/ www. f edeganr. /b & rdo e idfo icd)saddlset a fromS | EdMMAt ai ns emi ssi on

Metropolitan Region from 2015, compiling meas uWee nieindt sn of
convert the emissions inventory to the current moddling
that al l emi ssions from these multiple sources occurred
I n Sant a Catarina, industrial emi ssion dat a has be
(https://www. i ma) scTly@eyve baddt amdaemxe pdopl |l ected in the I icen:
base year of emission rates varies according to the ave
number of i ndustries, and the respective emissiandtrate
https://github.com/l eohoinaski/ |l MDilssv emitsarfyeé drsd ba/t mainm/r
(refining units, t hermoel ectric powekKawalsahntnsa, ehtamamn, (a
i nclwhleet encountered in the environmental agenciesod in
We c¢ hemipexltlayeed ndustri al emi ssion rates adopting the f
same categories as in Emi ssi on Databas¢€r ifpppa Gdtabmal . A
I ntergovernment al Panel on Climate Change (I PCC) indust
for ea¢kByghoap al i) 2020kxging the speciation factor for
factor for the targeted poll utant (PM, NOXx , VOCs) . T
https://github.com/|l eohoinaski/ |l NDThrv ampteer ya/tti ome /f maitro/r
pol |l utant ahrtet pasvdi/lgablheubatccom/ | eohoinaski /I ND Inventory/
We avesrot iatdlolcpte the industrial emi ssions according to
geometric height and superelevation of the pl umeBr iTghges,¢


https://cetesb.sp.gov.br/veicular/relatorios-e-publicacoes/
https://www.gov.br/anp/pt-br/centrais-de-conteudo/dados-abertos/vendas-de-derivados-de-petroleo-e-biocombustiveis
https://www.gov.br/anp/pt-br/centrais-de-conteudo/dados-abertos/vendas-de-derivados-de-petroleo-e-biocombustiveis
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/balanco-energetico-nacional-ben
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/balanco-energetico-nacional-ben
https://iema.es.gov.br/qualidadedoar/inventariodefontes
http://www.feam.br/qualidade-do-ar/emissao-de-fontes-fixas
https://www.ima.sc.gov.br/index.php
https://github.com/leohoinaski/IND_Inventory/blob/main/Inputs/BR_Ind.xlsx
https://github.com/leohoinaski/IND_Inventory/tree/main/IndustrialSpeciation
https://github.com/leohoinaski/IND_Inventory/blob/main/IndustrialSpeciation/IND_speciation.csv.
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1975,. 1PW®® )i nitial wvertical distribution of the plume he
approach, as proposed in the Sparse N@BtiriserOmer attaor, R®Tr]
2018; Guevara Pgtt haih. co2d@14) esti mate the plumebs eff ecH
industrial emi bsttpeas/igiahabl abmhél avthoinaski /I ND_I nvent

2.1.3 Bi omamiss diuoems ng

Fi meedntory from NCAR( WiFd dNiND) myeerrpstedornadle.s5 ®®tld )f r om bi omas
BRAL NFI NN coounttpauitns dai ly emissions of trace gas and par:
prescribed burnings and do not include biofuel useland t

ahttps:// www. acom.ucar.edu/ Datal/firel

Since CMAQ requires houhrtltyp se:mi/sgsiitohnush . cao Rglinpromarctb/dfeidif 5 2 g

emi ssions into hourly emissions. The same code vertica
represents the vertical distribution (Hem#derson, 2022),
Pereira esugdest (t20alt6)f i re emi ssions estimated by FI NN
regions. FI NN estimates have a high correlation both wi!f
Gl obal Fire Ag(sGFmNiSI)at(iOamB 43y stTdhm emi ssions estimated fro
burning emission inventories. An overestimation also oc
observations. HoweverirthaeauseyomoBkeNN asani cppt uire ahe t
by biomag&obhgronang. et al ., 2017)

We have i mplemented the FINNv1.5 in this first version
wi || be included in our emissions inventory in future w

on MODIVS sdrbd e I nfrared IVWalgR®ge Rkdi emienetrr Sméenes( We al
the same modeling grid upgrading to FINN v2.5.

2.1.4 Biogenic emissions

We detheebiogenichemiMpdiednofu£immgsti ons of Gases and Aer
(Guenther et al.,. 2MBEQRAN Siid viha®edd adn ,t & 210gaf Talhre amad chale
estimateofemiaseisomnd aerosols for different meteorol ogi
The -lleevadl temperature and photosynthetically ianptliewe nrt adi
MEGANTr ovnode physically realistdatmpapametei nzariacnhsoheser (
dat asets, emissi amdf actiosrsiprno ceesstsanhtit s : moétbali e eg-apdavac
codeData from WRFChaenndi sMertye olrnotleorgfyaa e Bls®@aelre § 8 0o MEGKWNAI B) mul

MEGAN is commonly adopted to estimate emissions from bic
in many regi(drogrwdrel céwi chd ., 2011; KitadghwhoeghaMEGCGAROER
nighttime biogenic fluxes, the modeled emissions are ¢
seasons. The model is capable to capture relatively wel
foréeSisdel arova et al ., 2014)

2.1.5 Sea spray aerosol emissions

Sea spray bammpolit a@8pAsbuctes in the atmospher e.p®drutei ¢loe
partitioning i 8( Geomtstt ad.t &HWAi ,haxOnlbSe)en | mphemé mteed oium c@MA


https://github.com/leohoinaski/IND_Inventory
https://www.acom.ucar.edu/Data/fire/
https://github.com/barronh/finn2cmaq
https://bai.ess.uci.edu/megan/data-and-code
https://bai.ess.uci.edu/megan/data-and-code
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t h

e input of an oteaindenatsikf yitlkre (OCEAN)ONnal cobhlogrearg ® ciera |

( OPEN) or surf zone (SURF). CMAQ usesemhs$si covielragées i hif

grid cells (USEPA, 2002 2ndechetsasial esd riaryf eaarematsiodn emi ssi ons
CMAQ can be found in (Gantt et al., 2015).

We provikPythoaedétt(ps://github.com/l eohoinaski/ CMAQrumnaer
reproduce t he -i "ODICEPANn d etnitme | nput / OQut put Applications

(https://www. cmasftcielne erceadyg/ioapsé in CMAQ. This code wus

I nstitute (ESRI) shapefil e from Nati onal Oceanic art
https://www.ngdc.noaa.gov/mgg/ shorelines/.

2.2 Meteorology

WRF model has been used in this work to produce inputs
provide hourly simulation in netCDF files. WRF has been
have beepdrdaedsgicabi | i zati on, which are-téxeleuded tfircarm tl lee
empl oyed, spaced at 50 hPa intervals. The parameteri zat
|l evels foll owed a hybrid modeling scheme, accounting fo
in the higher | evels. Details of WRF outputs can be fou
Gl obal Forecast System (GFS) from the National Center

resolution of 0.25A x 0.25A and a temporal r esolanmtdi auns eo
dataad|l assification parameters from the United States (
Spectroradi ometer ( MODI S) .

The Brazilian r-Egsto-wweNi{dNEBGH hMdodt Bout h) encompass thre
the equatorial, tropical, and subtropical zones. The cl
|l angefkget ataina@n t he Thea steanipearadaugs.e i n Brazil foll ows a |
North (Figure 2e). The highest average temperatures are
2016) . The South region exhibits the | owest average ten
2016) .

The highest values of atmospheric pressure occurred in

values were bEdwteand h®o btoluthegi ons (Figure 2a). The pl
hi gheetsl en-Easé Negilbn and t he I|-Bbbawetstc das tt h(eF iSgouurteh 2abn)d.
wind speed occurred in part of the North and South regi
speed (Figure 2f).

Humi dity and precipitation exhibit similar patterns in
that transport moi st Meamdiomeom OhéeviOrpmi ER2O4dAKt | Aot i-Eahset c o
region is characterized by |l ow humidity &rdtdrewgdltnsdlur
di stributed rainfall throughout the year, as wellutb in
region, which have an elevated | evel of precipitation a
The WRF model demonstrated the ability to reprodtEaestdiu
region (Souza et al., 2022a), although it underesti mate
wel |l e atsemmer ature and humidity at 4AC and 15%, respecti\
including an alternative | and use scheme, and found a WF
SouBEahst region. Macedo et al., 2016 also evaluated the n


https://github.com/leohoinaski/CMAQrunner/blob/master/hoinaskiSURFZONEv2.py
https://www.cmascenter.org/ioapi/
https://www.ngdc.noaa.gov/mgg/shorelines/

WRF reasonably predict the main meteorological aspects

underestimated. A wind mapping study (Souza et al ., 202
230 model i nre Bwianzoirl, awi th an average bias of 2m/s at 200m i
humi dity of approxi mately 10 %. Wi nds at |l ower l evel s

underestimated during the day.
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2.3 Air quality

We c oumpil sesdi oen s ,WRkaenftMAQi ¢ ®© produce the BRAI NCWAQ voeu asliiott
5. 3wvazx suesti nugp t he third version of tcdche6 rC3a_rabeo7n_aBjo)n d( Yéa r onvoe
Emery et al ., 2015) with AERO7 treatment off WgatoAgpeVy €
2021)0t hetres oomofdieglur ati on used in thitdg pworV K gdtamulbe cfoomud h @& oihi
The pollutant Idosnt ainniCivgA @nhloth esppiebcaineds i n S M6 .

The CMAQ standard profile of boundary conditions is used
for the smaFluretrhemei i@il0O®Yyements of the database ccdiwel d |
GEOShem nBelel et )ahl(.t,ps200geokrchemoghehulbfedtrd fetrh eal It arhgeeast ti

simulations have 24 hours |l ength and time step interval
the initial condition of the next one. We wused thO® star
2019). Thet liséqpcattriead wiitsh ri buti on and violations of crite
t he -sternmiees of <criteria pollutants in Brazilian cities.

Using BRAIN air quality dataset, weFicqubr)gb®irgwee t Bags dh iPgV
( Fi gufr)e i3nEa&Ssotutehnd Sout h Brazil. The cO®rngecaennitzraattiioomn (vWHQ )e
standards in multiple IlsgpcahibmnfdatPIMN@weru ritrled -Eoaosurt tlaryyd i frdool
Brazil

10


https://github.com/leohoinaski/CMAQrunner
https://geoschem.github.io/
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2.3. 1sMopetformance

We sampled pixels around the monitoring station using a
Mean Squared Error (RMSE), and Mean Absolute Error ( MAE;

of each pixel to demonstrate the model s performance in
metrics for al/l stations. SM1ll presents statisticahemet
hi ghest Spearman rank around each monitoring station. S
and observations of each monitoring station. We used th

We observed the highest Spear man scamkehgO0r @a2) omnn Bihas sa

underestimation in S«o Paulo metropolitan area, whil e ar
do Sul, and the inte+siasn @afmdS<& eR>»ulSw.etlod thlsg sNarst ltl ose
the model over and underestimated the observations. Reg

(maps in Figure 4).

Comparing the states with air qualitysthanasetri hgomt BRAD

in S«o Paul o, Mi nas Gerais, and Rio de Janeiro. However
negative and positive in S«o Paulo and Rio de Janeiro,

The heterogeneity in the stations'’ type and the ia@esuffi
mu st be considered while evaluating the model perf or man
i mpl emenon of air quality monitoring stations, t he fina
installation to calibration and maintenance) varymaygni |
compromise the credibility of the available air quality
BRAI N wel | repr oducread d rheet lcdoyi czeendt raarteiacsn's siunch as Li meir a

The database reached mod eirzaatdee apse rsfuocrhmaansc eC o pna cha bgahnl ay/ RuJr b
megacity of S«o Paulo (Figure inzsaSMLPM hBRegaadiomgl|t hladt

captured for both modeled pollutants, showing a suitabl
Complex (ClIPP) air quality monitoring stations (Figure
pol Itutcoom c sint ruartbheomi zed and industrialized areas.
Figures with statistical metrics for other pollutahts <c
monitoring stations can be found in SM14.

12
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from BRAIN present a higher number of hotspots. We emp
tropospheric column data in representing air quality.
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aligned to BRAIN resolution (b, d).
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and spati al patterns of air poll;itamt SeRThRE@ROMIp|l &nd BR,
be found in SM17
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measur ement-5P oTRGRONMIi ,nedspeci aBRAI N oags tCOnaatneds CGare consi ¢

background areas of3( C® (op~t0. ¢@WBEP PMP pH A2 dONDt. /nT T34 ( Fi
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