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Introduction
Seven million deaths are linked to air pollution in 2016 with higher impacts in low and middleincome countries
such as Brazil. Brazil is one of the world’s fastest growing economies, has an accelerated urbanization process and
a series of environmental polities that can contribute to deteriorating of air quality with potentially serious consequences for public health. This study presents simulations of future changes of surface ozone (O3) concentrations
due to the combination of climate and emissions changes.

Methodology
The modeling system used to simulate the air quality consist in Weather Research and Forecast model with the on-line Chemistry module version 4.0.2 (Grell et al., 2005) and for future climate were considered the RCP4.5 scenario
(concomitant Representative Concentration Pathway) with taken into account low-to-moderate emissions of
Green gases. To initialize the model was used the data-set from version 1 of NCAR’s Community Earth System
Model (CESM), this data-set is an ensemble of simulations that have been bias-corrected using the European
Centre for Medium-Range Weather Forecasts (ECMWF) Interim Reanalysis (ERA-Interim).

Emissions from vegetation are calculated on-line (based on the predominant vegetation cover and meteorological variables) from the Gunther scheme (Guenther et al., 1993, Guenther et al., 1994). Forest or Biomass burn emissions are not taken into account in the simulations.

Results and discussion
Figure 2 shows the O3 changes for the 36km domain calculated using the time-average of O3 concentrations between the simulations for the CLE, DEC and DEP scenarios for 2030 and REF scenario for 2020. The changes on
ozone concentration for all scenarios present the same pattern: a decrease on the South region (19% for CLE,
18.7% for DEC and 18.2% for DEP) and some states of Southeast (17% for CLE, 4.3% for DEC and 4.3% for DEP) and
Center-west (20% for CLE, 5.3% for DEC and 7.64% for DEP) and an increase of concentrations on the North region
(3.25% for CLE, 3.4% for DEC and 3.75% for DEP).

The WRF-Chem model
The Weather Research Forecasting (WRF) is a multi-scale numerical prediction system with consist in a non hydrostastic model with several physical parameterizations that represents the unsolved processes by the model
(sub-grid processes) with annual updates that incorporating the state-of-the-art of weather models. Table 1
shows the WRF configurations used in the parameterizations for the present simulations.
Parameterization
Radiation

option
RRTMG scheme (longwave and shortwave) [Clough et al.,
2005]

Revised MM5 Monin-Obukhov scheme [Jiménez et al., 2012]
Surface layer
Uni�ied Noah land-surface model [Chen and Dudhia, 2001]
Land surface
YSU scheme [Hong et al., 2006]
Boundary layer
Grell 3D Ensemble scheme [Grell et al., 2002]
Cumulus clouds
Morrison 2-moments [Morrison et al., 2009]
Cloud microphysics
CBMZ [Zavari and Peters, 1999]
Gas-phase chemistry
Fast-J photolysis [Barnard et al. 2004; Wild et al., 2000]
Photolysis
MADE [Ackermann et al., 1998]
Aerosol chemistry
SORGAN [Schell et al., 2001]
Secondary organic
aerosol
Gunther scheme [Gunther et al., 1993, Gunther et al., 1994]
Biogenic emissions
Table 1 - WRF-Chem options.

The computational domain consist in 2 nested grids (showed on Figure 1), the first grid cover the entire Brazil territory and the second grid cover the Midwest region (a highly urbanized region with a large contribution to total national emissions) both with 35 vertical levels. The outer domain has 126 x 126 grid-points with 36 km of horizontal
spacing and the inner domain has 157 x 121 points with 9 km of horizontal spacing. The static data (e.g. topography, land mask, vegetation) used was provided by the United States Geological Survey (USGS).

Figure 2 - Ozone changes (%) for 36km domain for CLE, DEC and DEP scenarios between 2020 and 2030.
Figure 3 shows the O3 changes for the 9km domain calculated using the time-average of O3 concentrations between the simulations for the CLE, DEC and DEP scenarios for 2030 and REF scenario for 2020. The patter of change is
similar of the patterns that are showed on the 36km domain for the Southeast region however, it also presents a
small region that has ent a change on signal from almost neutral (~1% for CLE and DEC) to positive (up to 2.7% on
DEP) comparing the different scenarios.

Figure 3 - Ozone changes (%) for 9km domain for CLE, DEC and DEP scenarios between 2020 and 2030.
Table 2 shows the changes of ozone concentration (the avarage and the range) by state extracted from the 36km
or 9km for some states (marcked with *). The avarage concentration for all states showed a consistent behavior for
both domains with similar values. The mean difference of the changes on ozone concentrations from the CLE and
DEC is 0.5% and the difference of the CLE and DEP scenarios is 1%.

Figure 1 - Nested domains of simulation.

Anthropogenic emissions
The ECLIPSE (Evaluating the Climate and Air Quality Impacts of Short-Lived Pollutants) emission data set (Klimont
et al., 2017, Stohl et al., 2015) describes a realistic and effective short-lived climate pollutants mitigation scenarios
for the recent past and future. These emissions were created with the GAINS (Greenhouse gas–Air pollution Interactions and Synergies) model (Amann et al., 2011). The GAINS model holds essential information about key sources of emissions, environmental policies and mitigation opportunities for about 170 country-regions and takes
into account more than 2000 technologies to control air pollutant emissions (developed with the help of air quality models results for different areas. The current legislation emission (CLE) is a projection of the emissions where
the existing legislation (frozen by the year of 2015) is implemented but there are no assumptions made as to how
such legislation can develop further in the coming decades for various regional and global projects. Primary sources of activity data originate from international modelling studies, the parameterization of the technology and implementation rates take into account peer-reviewed data on emission performance for many technologies and
emission limit values and their implementation rates as defined in national laws. However, the CLE scenario still
might be optimistic as it does not assume any failure or further delays in enforcement of pre-2015 laws.
In this work, we propose the use of two different emission scenarios for 2030: Delayed Emission Control (DEC) and
Dirty Energy Policies (DEP). These emissions are based on CLE emission emissions but assuming that are problems
in the implementation of emission reduction policies increasing the emissions from some sectors. The processing
of the emissions was made using the R-package EmissV (Schuch et al., 2018).
The DEC scenario the emissions are determined as the CLE emissions with a delay of 10 years on the emission control. The industrial, transport, energy generation, agriculture, solvent usage, agriculture waste burn and waste treatment sectors are considered the equivalent of 10 years forward, the only exception is the domicile sector that
corresponds to residential and commercial emissions. This scenario also considers an expansion of 30% on the activity from the agriculture sector and an increase of 28.2 % of the emission factors due to progressive legal permissiveness. The relative increase (the difference from emissions of 2020 and 2030) on the agriculture waste burn and
waste treatment was increased by 50%.

STATE
Acre
Alagoas
Amapá
Bahia
Ceará
Distrito federal
Espirito Santo *
Goiais
Maranhão
Mato Grosso
Mato Grosso do Sul
Minas Gerais *
Pará
Paraíba
Pernambuco
Piauí
Rio de Janeiro *
Rio Grande do Norte
Rio Grande do Sul
Roraima
Santa Catarina
São Paulo *
Sergipe
Tocan�ns
Paraná
Rondônia
Amazonas

CLE (%)
-6.6
-2.8
-6.7
1.6
-2.2
-3.6
-8.3
-3.5
0.0
3.0
-13.0
-7.8
2.8
-2.2
-0.5
0.2
-12.0
-2.1
-16.0
1.9
-20.0
-17.0
-0.3
3.7
-22.0
0.5
3.7

CLE range (%)
[-17,8]
[-6.7,0.3]
[-20,11]
[-7.6,5.4]
[-6.9,-0.47]
[-4.5,-2.6]
[-14,-3.2]
[-16,6.5]
[-15,9.3]
[-9,18]
[-25,11]
[-24,1.2]
[-16,20]
[-5.5,0.6]
[-5.3,2.6]
[-8.5,8.3]
[-25,0.1]
[-6.5,-0.3]
[-27,1]
[-12,16]
[-31,5]
[-26,2.1]
[-3.2,4.1]
[-3.8,11]
[-29,0.02]
[-9.5,13]
[-18,24]

DEC (%)
-6.6
-2.5
-6.5
2.0
-1.4
-3.2
-8.0
-3.0
0.6
3.2
-12.8
-7.4
3.1
-1.5
-0.1
0.9
-10.6
-1.3
-15.8
2.0
-19.5
-15.5
0.0
4.1
-20.9
0.5
3.7

DEC range (%)
[-17.2,7.9]
[-6.6,0.8]
[-19.9,10.8]
[-7.5,5.8]
[-5.8,0.05]
[-4.2,-2.3]
[-13.4,-2.6]
[-14.9,6.9]
[-14.6,10]
[-8.6,18]
[-24.8,11.5]
[-23.2,1.9]
[-15.7,19.9]
[-5.3,1.04]
[-5.3,3.1]
[-7.5,9.1]
[-23.7,0.2]
[-6.4,0.7]
[-27.3,1.5]
[-11.6,15.9]
[-30.4,7.5]
[-25.2,6.6]
[-3.19,4.202]
[-3.2,11.4]
[-28.6,3.1]
[-9.4,12.9]
[-17.6,23.6]

DEP (%)
-6.6
-2.4
-6.1
2.3
-0.8
-3.0
-7.8
-2.6
1.3
3.5
-12.4
-6.9
3.6
-1.0
0.3
1.5
-10.3
-0.7
-15.1
2.1
-19.2
-15.1
0.2
4.6
-20.3
0.6
3.9

DEP range (%)
[-17.1,8.0]
[-6.5,1.1]
[-19.3,11.1]
[-7.3\,6.1]
[-4.861,0.7]
[-3.9,-2.1]
[-12.9,-2.1]
[-14.43,7.2]
[-14.06,10.9]
[-8.4,18.4]
[-24.2,11.8]
[-22.5,2.7]
[-15,20.4]
[-5.1,1.7]
[-5.3,3.4]
[-6.6,10.1]
[-23.8,0.45]
[-6.3,1.6]
[-26.8,2.1]
[-11.5,16.1]
[-29.7,7.9]
[-27.2,6.5]
[-3.1,4.3]
[-2.7,11.8]
[-28.0,3.2]
[-9.3,13.1]
[-17.6,23.8]

Table 2 - Ozoene changes (%) between 2020 and 2030 due to scenarios CLE, DEC and DEP.

Conclusion
The changes on ozone concentrations for the 2020-2030 period for the the Brazilian states were analyzed considering future emissions and climate scenario (RCP4.5). Three emission scenarios were considered, the comparisons
of the Current Legislation Emission (CLE) projections for 2020 and 2030 shows that average reduction of 1.88 %,
the comparison of the Delayed Emission Control (DEC) and the Dirty Energy Policies (DEP) with the same CLE
emissions for 2020 resulting in the average reduction of 1.53 % and 1.16 % respectively presenting low sencibility
to the differences between CLE and DEC/DEP. New detailed emission scenarios considering realistic iteraction between the different sectors and the impact on emissions and also longer simulations periods are necessary for a
comprehensive analysis of the future ozone concentrations.
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