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Abstract: Coupled meteorology and chemistry models have become an important tool to assess future scenarios that 

consider the feedbacks between these two components (e.g., aerosol-cloud interactions). In line with this, the main goal of 
this study is to evaluate the capability of the on-line coupled Weather Research and Forecasting model with Chemistry (WRF-
Chem) to simulate air quality and weather interactions over southeast Brazil, with especial focus over Sao Paulo Metropolitan 
Area (SPMA) under a changing climate. 
In this study, air quality simulations are being conducted for dry-season (June, July and August) during a 5-year period 
between 2006 and 2010. The simulations are carried out using WRF-Chem v.3.7.1 under the Representative Concentration 
Pathways 8.5 (RCP 8.5) climate scenario. The simulation domain is based on that for air quality forecast performed by IAG-
USP. The CB05 gas-phase chemical mechanism coupled with the MADE/VBS aerosol module is used to account for organic 
aerosol formation and evolution. Meteorological initial and boundary conditions are taken from NCEP Final Operational Global 
Analysis data. Chemical initial and boundary conditions are generated from the decadal simulation outputs of a modified 
version of the Community Earth System Model (CESM)/the Community Atmosphere Model version 5.3 (CAM 5.3) with advanced 
chemistry and aerosol representations. The meteorological and chemical predictions are compared against observations from 
the Sao Paulo State Environmental Protection Agency (CETESB) air quality network and satellite retrievals. Results are being 
analyzed and the major findings and the policy implications will be presented and discussed. 

 
Keywords: WRF-Chem, RCP 8.5, air quality, Southeast Brazil, Sao Paulo Metropolitan Area. 

 
INTRODUCTION  
 
Because air quality is also affected by weather 
condition and vice versa, in the context of climate 
change, the use of coupled meteorology and 
chemistry models has become an important tool to 
assess future scenarios in considering the 
feedbacks between these two components. 
Examples of these feedbacks are aerosol-cloud 
interactions, changes in dry and wet deposition, 
variation on chemical production, loss rates and 
natural emissions production (Jacob & Winner, 
2009). For that reason, theses models can be used 
to forecast impacts on future air quality because 
of change in emissions and climate scenarios 
(Coleman et al., 2013). 
 
The main goal of this study is to evaluate the 
capability of on-line model Weather Research and 
Forecasting model with Chemistry (WRF-Chem) to 
simulate air quality and weather interactions over 
southeast Brazil, with special focus over Sao Paulo 
Metropolitan Area (SPMA). WRF-Chem could 
became an important instrument to assess the 
impacts of climate/emission scenarios on future air 
quality in Southeast Brazil and more specifically. 

 
 
 

METHODS 
 
We used WRF-Chem v3.7.1 to perform the 
simulation. WRF-Chem is being run with one 
domain based on Andrade et al. (2015). Model 
configuration is presented on Table 1, differences 
from previous studies are the use of the same 
radiation scheme for short and longwave radiation, 
a modern cumulus cloud parametrization scheme 
and a wind correction by topography. 
 
Meteorological boundary conditions are taken from 
NCEP Final Operational Global Analysis data with 
and horizontal resolution of 1 ºand 26 vertical 
levels every 6 hours. Chemical Boundary conditions 
are generated from the decadal simulation outputs 
of a modified version of the CESM /CAM5 which 
also used CB05 gas-phase mechanism. 
 
Anthropogenic emission file is being created by 
using global emissions inventory from RCP 8.5 
scenario for years 2000 and 2010 (Riahi et al., 
2011). This information has a spatial resolution of 
0.5º x 0.5º and a monthly average time resolution. 
Despite the inventory is well detailed, it doesn’t 
have all the species of the gas-phase mechanism, 
the mapping for RCP to CB05 is based on Yahya et 
al. (2016), for the remaining species that RCP 
doesn’t include, the emissions are estimated by 



 
 
using local information from CETESB and field 
experiments performed over SPMA as showed in 
Vara-Vela et al. (2016). An example of the re-
gridded emission of Carbon Monoxide (CO) for May 
on the simulation domain is showed on Figure 1.  
 

 
Figure 1. May emission of CO from RCP 8.5 

emissions database adapted to the simulation 
domain. 

 

 
Table 1. WRF-Chem configuration 

Domain Attributes 

9 km x 9 km, 150 x 100 horizontal resolution, 
35 vertical levels 

Physics Configuration 

Longwave radiation RRTM 

Shortwave radiation  RRTM 

PBL Scheme YSU 

Surface Layer Noah 

Cumulus cloud Multi-scale Krain-
Fritsch 

Cloud Microphysics Morrison double-
moment 

Topographic surface 
wind correction 

Activated 

Chemistry Configuration 

Photolysis scheme Fast-J 

Gas-phase mechanism CB05 

Aerosol mechanism MADE/VBS 

 

 
 
FINDINGS AND ARGUMENT 

 
Simulation for the first two weeks of May of 2006 
were carried out to evaluate the physics 
configuration. Figure 2 shows simulations of 
temperature at 2m (T2), relative humidity at 2m 
(RH2) and wind speed at 10m (WS) for Ibirapuera 
station. Performance statistics show that, with this 
configuration, T2 is slightly underestimates with a 
mean bias (MB) less than 0.5 ºC for stations located 

inside MASP, and the correlation coefficient (R) 
reach values above 0.9. RH2 is also 
underestimated, R values are above 0.7 while MB is 
than 10%. For WS, the topographic wind correction 
is efficient in reduce the overestimation of this 
parameter with MB less than 1.7 m/s and R higher 
than 0.5. 
It is important to notice that RCP8.5 emissions can 
represent the emissions from the principal cities, 
for that reason, MASP and Metropolitan Area of Rio 
de Janeiro are well depicted, while Belo Horizonte 
and Curitiba present less spatial detail. 
 
 

 
 

Figure 2. Simulation of temperature, relative 
humidity and wind speed at Ibirapuera station. 

 

CONCLUSIONS 
 

Sensibility tests proves that WRF-Chem represents 
well surface meteorological variables. Next steps 
are to run WRF-Chem using the new emission that 
includes RCP 8.5 scenario and local emissions, 
evaluate the results and start the dry-season 
multiyear simulations.   
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