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AbstrAct

Air quality models are tools capable to predict the physical and chemical processes that 
affect air pollutants as they disperse and reacts in the atmosphere. these models need 
input containing meteorological data, terrestrial data and emissions. Meteorological and 
terrestrial data comes from different sources such as meteorological stations and satel-
lite images which are important to represent the current state of the atmosphere and are 
available at least on a daily frequency. On the other hand, the emission data comes from 
pollution inventories generated mainly from governmental reports, this data needs to be 
processed by various reasons such as the correction of outdated emissions, for combin-
ing inventories or to speciate the emitted pollutants to different chemical mechanisms. 
EmissV is a code written into a high-level programming language to create emissions 
input for these atmospheric models. the emissions from EmissV are coherent with the 
total and the spatial distribution of emissions obtained from other preprocessors.
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1. introdution

EmissV is an abbreviation for vehicular emission, 
it was written in r-programming language [1] and 
available in the form of a package distributed on 

Github [2] and crAN [3] repositories. the goal of this code 
is to create the input for numerical air quality, including 
booth vehicular emissions and non-vehicular from other 
sources such as agriculture, agricultural waste burning, 
aircraft, fuel production and distribution, industry pro-
cesses, residential, ships, solvents and waste [4]. Once for 
real world application, the emission comes from different 

sources and purely vehicular emission has little practical 
utility for most cities around the world.

Emission inventories have been compiled for a broad 
range of applications by an increasing number of institu-
tions and scientists as they contains the basic information 
that is needed for studies on the environmental issues 
from air pollution to climate change [5]. In special some of 
these inventories are in form of a gridded database for use 
in global and regional modelling which covers different 
time periods, such as the Emission Database for Global 
Atmospheric research, EDGAr [6], and MAccItY [7].
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2. Methodology
Figure 1 shows a simple diagram of the workflow for us-
ing EmissV as a preprocessor, the rectangle represents ex-
ternal files for input and output and the circles represents 
functions available on the package. the process needs 
NetCDF grided inventory file(s) (EDGAR and MACCITY 
are supported) and an input file (for example, wrfinput_
d01 for domain 1) or an emission file (for example, wrf-
chem_d02_<date><time> for domain 2) contains infor-
mation about the model grid.

Figure 1. Diagram of the workflow.
the process of using a gridded inventory starts with 

a high-level function (read) that reads the emission in 
NetcDF format and return a raster object that represents 
a georeferenced pixel image from the pollutant. this 
function is capable to read several source files and merge 
the emissions assigning weights to different files and vari-
ables. this approach, along with a set of messages that 
can detail what the function is performing, gives to the 
user the power to easily control the input data that comes 
from inventories and use this information to make pro-
jections, create scenarios, or simply combine the desired 
variables to this own application. An additional feature is 
the ability to speciate the emission into several species for 
different chemical mechanisms with data from the pack-
age (nitrogen oxide (NOX) [8,9], particulate matter (PM) [10], 
volatile organic compounds (VOC) from total emissions [11] 
and from mobile sources [12] and for EDGAr-4.3.2 [13] for 
different chemical mechanisms) or data provided by the 
user.

A function (emission) has the role to convert the emis-
sions into data for the model. the processes converts the 
emission from the inventory units (kg s-1 m-2) to model 
units for gases (MOL h-1 km-2) and aerosol (µg s-1 m-2), 

and uses a bilinear spatial interpolation for the model grid. 
the model domain information accessed by a function 
(gridInfo) that reads the information needed to convert the 
emission for a specific domain. Additionally, the function 
shows a graph of the emissions, as is showed in Figure 2, 
since the output of this function is unitless and without 
spatial reference.

Figure 2. Output from the emission function.
the output from emission function can be written to 

model files at the time WRF-Chem [14], is the only model 
full implemented. several r-packages has the ability to 
interact with NetCDF files such as ncdf4 [15], rNetcDF [16] 
and ncdf.tools [17]. the package eixport [18] has high-level 
functions to create a WRF-Chem emission file for WRF-
Chem (version v3.6.1 or higher) and to write the emission 
function output.

3. results
As a test case, we choose two nested domains, one out-
er domain (d01) on the southeast region of Brazil with 
150x100 horizontal grid points and 9 km of spacing, and 
an inner domain (d02) the Metropolitan area of São Paulo 
with 64x52 horizontal grid points with 3 km of spacing, 
the boundaries are shown in Figure 3.

Figure 3. WRF nested domains.
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In this example the chosen ammonia (NH3) for visu-
alization purposes. Figure 4 shown the global emission 
of EDGAR for NH3 from the industry, energy, residen-
tial and agriculture sectors from for 2010 over the globe 
(combined with the read function). The transport sector 
will not be used for not double count the vehicular emis-
sions allowing the use of emission from another models or 
sources.

Figure 4. EDGAR global emission for NH3 (kg m-2 s-1).
Using the gridInfo function for both domains and the 

EDGAr the emission function generates the emission and 
saves on file ready to be used on a simulation. Figure 5 
and 6 shows the emission in domain d01 and d02 respec-
tively.

Figure 5. NH3 Emissions for domain d01 (MOL km-2 h-1).
In Figure 5 and 6 seven Brazilian states are (partially) 

inside the domain d01 in the same way of Figure 3. Fig-
ure 6 shows domain d02, which is a region inside the são 
Paulo state with a high urbanized area that concentrates a 
big amount of emissions.

4. Discussion
For the purpose of comparison, two set of emissions was 
calculated using the EmissV and the Antro emiss prepro-

cessor [19] using the same input from the EDGAr invento-
ry. Figure 7 shows the contour lines of EmissV emissions 
for domain d01 (b) and d02 (b) and for Anthro emiss d01 
(c) and domain d02 (d). Both emissions exhibit the same 
patterns with almost no difference regard the spatial distri-
bution of the emission species.

statistically, both emissions are very compatible. the 
average values of the EmissV emissions are 97.8% for do-
main d01 and 101.2 % for domain d02. the EmissV max-
imum values are 102.5 % and 100.3 % of the calculated 
by the Anthro emiss.

5. conclusions
the output emissions from EmissV are coherent with the 
emissions obtained from Anthro emiss using the same 
input and the spatial distribution of the emissions of both 
preprocessors are very coherent with the distribution of 
the sources on the Metropolitan Area of são Paulo which 
is a highly urbanized area.

the EmissV is a tool available for the creation of emis-
sion files for use in numerical air quality models, regard-
ing the use of the top-down vehicular estimation which 
can combine inventories into a high-level programming 
language. the support for another models and inventories 
is the next development steps in case of interest of the 
package users.

reference
[ 1 ] bates, D. chambers, J. Dalgaard, P. Gentleman, r. 

Hornik, R. Ihaka, R. Kalibera, T. Lawrence, M. Leisch, F. 
Ligges, U. Lumley, t. Maechler, M. Morgan, M. Murrell, P. 
Plummer, M. ripley, b. sarkar, D. Lang, D. t. tierney, L. 
Urbanek, S. (2018), "R: A language and environment for 
statistical computing", R Foundation for Statistical Com-
puting, Vienna, Austria. UrL https://www.r-project.org

Figure 6. NH3 Emissions for domain d02 (MOL km-2 h-1).



4

Journal of Atmospheric Science Research | Volume 01 | Issue 01 | 2018

     Distributed under creative commons license 4.0        DOI: https://doi.org/ 10.30564/jasr.v1i1.347

[ 2 ] Schuch, D. and Ibarra-Espinosa, S. (2018), "EmissV: 
Vehicular Emissions by Top-Down Methods", R pack-
age version 0.665.0.2. UrL https://atmoschem.github.io/
EmissV. (DOI:10.5281/zenodo.1451026)

[ 3 ] Schuch, D. Ibarra-Espinosa, S. and Freitas, E. D. (2018), 
"EmissV: An R package to create vehicular and other 
emissions by top-down methods to air quality mod-
els", The Journal of Open Source Software, 3(30), 1-6. 
(DOI:10.21105/joss.00662)

[ 4 ] Streets et al. (2010), "HTAP report, Part A: Chapter 3: 
Emission Inventories and Projections", Air Pollution 
studies, 17. UrL http://www.htap.org/publications/assess-
ment_reports.htm 

[ 5 ]  Joumard, R. (1999), "Methods of estimation of atmospher-
ic emissions from transport: European scientist network 
and scientific state-of-the-art". Action COST 319 final 
report, UrL https://hal.archives-ouvertes.fr/hal-01253787/
document (hal-01253787)

[ 6 ]  Janssens-Maenhout, G. Dentener, F. Van Aardenne, J. 
Monni, S. Pagliari, V. Orlandini, L. Klimont, Z. Kuroka-
wa, J. Akimoto, H. O'Hara, T. Wankmueller, R. Battye, B. 
Grano, D. Zuber, A. Keating, T. (2012), "EDGAR-HTAP: 
a harmonized gridded air pollution emission dataset based 
on national inventories", JRC Scientific and Technical 
report, Jrc58434, Publications Office of the European 
Union, Luxembourg. (DOI:10.2788/14102)

[ 7 ] Lamarque, J.-F. Bond, T. C. Eyring, V., Granier, C., Heil, 
A., Klimont, Z., Lee, D., Liousse, C., Mieville, A., Owen, 
b., schultz, M. G., shindell, D., smith, s. J., stehfest, E., 
Van Aardenne, J., Cooper, O. R., Kainuma, M., Mahow-
ald, N., McConnell, J. R., Naik, V., Riahi, K., and Van 
Vuuren, D. P. (2010), "Historical (1850-2000) gridded 
anthropogenic and biomass burning emissions of reac-
tive gases and aerosols: methodology and application", 
Atmospheric chemistry and Physics, 10, 7017-7039. 
(DOI:10.5194/acp-10-7017-2010)

Figure 7. Contour of the emissions: a) EmissV for domain d01, b) EmissV for domain d02, c) Anthro emiss for domain 
d01 and d) Anthro emiss for domain d02.



5

Journal of Atmospheric Science Research | Volume 01 | Issue 01 | 2018

     Distributed under creative commons license 4.0        DOI: https://doi.org/ 10.30564/jasr.v1i1.347

[ 8 ]  Ntziachristos, L. and Samaras, Z. (2016), "Passenger cars, 
light commercial trucks, heavy-duty vehicles including 
buses and motor cycles", EEA, EMEP. EEA air pollutant 
emission inventory guidebook-2009. European Environ-
ment Agency, copenhagen.

[ 9 ]  Andrade, M. D. F. Ynoue, r. Y. Freitas, E. D. todesco, E. 
Vara-Vela, A. Ibarra, s. Droprinchinski, L. Martins, J. car-
valho, V. S. B. (2015), "Air quality forecasting system for 
Southeastern Brazil", Frontiers in environmental Science, 
3(9). (DOI: 10.3389/fenvs.2015.00009)

[10]  Pérez-Martínez, P. J. Miranda, r. M. Nogueira, t. Guar-
dani, M. L. Fornaro, A. Ynoue, r. and Andrade, M. F. 
(2014), "Emission factors of air pollutants from vehicles 
measured inside road tunnels in são Paulo: case study 
comparison", International Journal of Environmental Sci-
ence and Technology, 11(8), 2155-2168.

[11]  Li, M. Zhang, Q. Streets, D. G. He, K. B. Cheng, Y. F. 
Emmons, L. K. Huo, H. Kang, S. C. Lu, Z. Su, H. Yu, H. 
Zhang, Y. (2014), "Mapping Asian anthropogenic emis-
sions of non-methane volatile organic compounds to mul-
tiple chemical mechanisms", Atmospheric Chemistry and 
Physics, 14(11), 5617-5638. (DOI: 10.1.1.455.4050)

[12] Rafee, S. Martins, L. D. Kawashima, A. B. Almeida, D. 
s. Morais, M. V. b. souza, r. V. A. Oliveira, M. b. L. 
souza, r. A. F. Medeiros, A. s. s. Urbina, V. Freitas, E. 
D. Martin, S. T. and Martins, J. A. (2017), "Contributions 
of mobile, stationary and biogenic sources to air pollu-
tion in the Amazon rainforest: a numerical study with the 
WRF-Chem model", Atmospheric Chemistry and Physics, 

17(12), 7977-7995. (DOI:10.5194/acp-17-7977-2017)
[13]  crippa, M. Guizzardi, D. Muntean, M. schaaf, E. Denten-

er, F. Van Aardenne, J. A. Monni, s. Doering, U. Olivier, J. 
G. J. Pagliari, V. Janssens-Maenhout, G. (2018), "Gridded 
emissions of air pollutants for the period 1970-2012 with-
in EDGAR v4.3.2", Earth System Science Data, 10. (DOI: 
10.5194/essd-10-1987-2018)

[14]  Grell, G. A. Peckham, S. E Schmitz, R. McKeen, S. 
A. Wilczak, J. and Eder, B. (2005) "Fully coupled "on-
line" chemistry within the WRF model", Atmospheric 
Environment, 39(37), 6957-6975. (DOI:10.1016/j.at-
mosenv.2005.04.027)

[15]  Pierce, D. (2017). "ncdf4: Interface to Unidata netCDF 
(Version 4 or Earlier) Format Data Files", R package 
version 1.16. UrL https://crAN.r-project.org/pack-
age=ncdf4

[16] Michna, P. and Woods, M. (2017), "RNetCDF: Interface 
to NetCDF Datasets", R package version 1.9-1. https://
crAN.r-project.org/package=rNetcDF

[17]  Buttlar J. (2015), "ncdf.tools: Easier 'NetCDF' File Han-
dling", R package version 0.7.1.295. https://CRAN.
r-project.org/package=ncdf.tools

[18]  Ibarra-Espinosa, s., schuch, D. and Dias de Freitas., E., 
(2018), "eixport: An R package to export emissions to 
atmospheric models", Journal of Open Source Software, 
3(24). (DOI:10.21105/joss.00607)

[19]  Walters, S. and Pfister, G. (2018), "Antho emiss", 
U r L h t t p s : / / w w w 2 . a c o m . u c a r. e d u / w r f - c h e m /
wrf-chem-tools-community


