23rd International Conference on
Harmonisation within Atmospheric Dispersion Modelling
for Regulatory Purposes
15-19 September 2025, Hamburg, Germany

EXTENDED ABSTRACT

Source apportionment analysis for NO, concentrations in Buenos Aires from high resolution
CMAQ-ISAM simulations

Solange Luque', solange.luque@cima.fcen.uba.ar

Andrea L. Pineda Rojas’

Rafael Borge’

'Centro de Investigaciones del Mar y la Atmésfera (CIMA), UBA-CONICET-CNRS-IRD
IFAECI, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Buenos
Aires, Argentina

’Department of Chemical & Environmental Engineering, Universidad Politécnica de Madrid
(UPM), Madrid, Spain

Abstract: This study compares two Integrated Source Apportionment Method (ISAM)
options within CMAQ applied to the Metropolitan Area of Buenos Aires (MABA) for
NO, source apportionment. Option 2 attributes contributions solely to nitrogen species,
while Option 5 also considers VOCs under VOC-limited Os production conditions.
Simulations are run for four representative periods, tracking boundary (BCO), biogenic
(BIO), area (GR), and point (PT) emission sectors. Results show major differences in
BCO and BIO contributions: Option 2 assigns up to 12% and 1% of total average NO»
concentrations to these sources, respectively, while Option 5 assigns up to 54% and
17%. These differences arise from how each option handles the NO + O; — NO;
reaction. Option 5 attributes part of NO, to background Os;, emphasizing its role in
ambient concentrations. The choice between options should reflect the study’s
objective, whether to understand total chemical influences (Option 5) or to assess local
contributions (Option 2).
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INTRODUCTION

Identifying and understanding air pollutant sources is a key step in designing effective
mitigation strategies. Aided by air quality models, several source apportionment
approaches exist, ranging in complexity from simple brute-force, where simulations
with and without specific emissions are compared, to more sophisticated techniques
such as mass-transfer and tagging methods. In particular, the Integrated Source
Apportionment Method (ISAM), implemented in the Community Multiscale Air
Quality (CMAQ) model (Byun et al., 1999; Byun et al., 2006), enables the tagging and
tracking of emissions from a specific source types or region, and has been widely
applied at the urban scale (e.g., Kitawa et al., 2021; Xian et al., 2024; de la Paz et al.,
2024). However, differences between ISAM tagging configurations, which can
significantly influence apportionment results and their interpretation, are scarcely
studied.

The main objective of this work is to evaluate and understand the differences between
two relevant ISAM tagging options for nitrogen dioxide (NO-) concentrations, using the
Metropolitan Area of Buenos Aires (MABA), a densely populated urban area, as a case
study.



23rd International Conference on
Harmonisation within Atmospheric Dispersion Modelling
for Regulatory Purposes
15-19 September 2025, Hamburg, Germany

METHODOLOGY

The WRFv4.2.1-CMAQvS5.4 configuration, based on sensitivity studies performed by
Luque et al., (2024a) and (2024b), is described in Table I with the innermost domain
covering the whole MABA.

WRF scheme Option
Planetary boundary layer Boulac
Surface layer Revised MM5
Land surface Noah
Microphysics Thompson
Radiation RRTMG
Urban SLUCM
CMAQ
Chemistry cb6r3
Deposition m3dry
Domain configuration
# domains 4
Horizontal resolutions 1 km, 3 km, 15 km, 45 km

Table I: Model configuration

The EDGAR HTAPvV2 inventory (Janssens-Maenhout et al., 2015) is used for the
coarser domains (D1-D3), while a high-resolution local inventory (1 km, 1 h)
developed by Venegas et al. (2011), which includes emissions from aircraft, residential,
commercial, small industrial sources, and traffic, is applied for the MABA. In addition,
a point source emissions dataset representing power plants along the coast, based on the
JICA (2012) report, is incorporated. Biogenic emissions are calculated inline by CMAQ
using MEGANV3.2 (Guenther et al., 2012).

Since CMAQ version 5.4, ISAM provides five tagging options, which differ in how
reactant species are weighted in each chemical reaction. The default option is option 5,
which attributes ambient concentrations to nitrogen-containing reactants (NO, NO,,
NOs;, HONO, HNO;, N,Os and ANO; for the cb6r3 chemistry mechanism used in this
work) or VOCs and radicals (ALD,, ALDX, FORM, ACET, KET, XO,, XO,H, ISO,,
C,0s, CXO0;), depending on the ozone (O;) formation regime (NOx-limited or VOC-
limited, respectively). Option 2 which only considers nitrogen species in the weighting,
can also be used for tracking NO, source contributions. In both cases, when neither
nitrogen species or VOCs and radicals are involved, all available reactants are weighted
according to stoichiometry.

In this study, source apportionment for NO, concentrations according to these two
tagging options is compared at the available monitoring sites in the MABA: Parque
Centenario (CEN, urban background), La Boca (LB, residential/industrial), and Acumar
(ACU, residential/industrial). This is done during four representative days selected
based on two criteria: (1) good model performance at depicting total NO, concentration
and (2) variability in wind directions and pollutant concentrations both above and below
the observed mean, in order to capture different meteorological and pollution
conditions. Each simulation includes a two-day spin-up period. Two of the selected
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days correspond to winter (July 19 and 26), and two to spring (November 20 and 22) of
the year 2012. The sectors tracked are boundary (BCO), biogenic (BIO), area (GR), and
point (PT) emissions. It should be noted that area emissions are not disaggregated, but
correspond mostly to traffic-related sources, while point emissions correspond
exclusively to power plants.

RESULTS

Figure 1 shows the hourly relative contributions of BCO, BIO, GR and PT sectors to
total NO, concentrations at CEN during 7/19 and 11/20 along with wind vectors
displayed at the top of each figure. A marked difference in behaviour is observed at this
site between the two days: the contribution of point sources on 19/7 is negligible,
whereas on 11/20 they account for up to 74% (under ISAM option 2) and 40% (under
ISAM option 5) of the total NO, average hourly concentration. This contrast is most
likely driven by differences in wind patterns: on the 7/19 winds are from the NW, while
on 11/20 wind consistently blows from the E where power plants are located (Pineda
Rojas et al., 2020).

The largest differences between ISAM options are observed in the BCO contributions.
Across all sites and days, BCO contributions range from 0% to 12% with option 2 and
from 14% to 54% with option 5. In order to understand this, it is important to consider
the most important reaction for NO, formation: NO + O3 — NO, + O,. When assigning
BCO contributions, option 2 weights only the NO that is either advected from the
border or formed by species originating from the boundary. In contrast, option 5
weights both NO and Os;, resulting in a greater BCO contribution. This highlights the
significant role of background Os; in NO, formation.

Likely for similar reasons, another difference between ISAM options is observed in BIO
contributions. With option 2, which considers only soil NO emissions, BIO
contributions reach at most 1% of total NO, concentrations. In contrast, option 5 can
attribute up to 17% of total concentrations to the BIO sector, as it also accounts for the
O; formed through reactions involving biogenic VOCs emissions. Its largest relative
contribution is during hours of low traffic activity and higher temperatures.
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Figure 1:Sectors relative contributions to NO: concentrations at CEN under option 2 (left column) and
option 5 (right column) for (a, b) the 7/19 and (c, d) 11/20

CONCLUSIONS

Results highlight the substantial impact that the choice of ISAM configuration can have
on source apportionment analyses. While option 5, CMAQ default, captures a wider
range of chemical pathways, including those involving O; and VOC:s, it tends to allocate
a larger proportion of NO, to less actionable sources like boundary and biogenic
emissions. In contrast, option 2, which emphasizes nitrogen contributions, may lead to a
stronger attribution to locally emitted sources. While option 5 provides a more complete
view of the origin of pollutants, option 2 may be more informative of potential actions
within controllable sources. Therefore, selecting the appropriate configuration depends

on the intended application and requires transparency regarding the methodological
assumptions involved.

REFERENCES

Byun DW, Ching JKS. (1999). Science Algorithms of the EPA Models-3 Community
Multi-Scale Air Quality (CMAQ) Modeling System. EPA/600/R-99/030. US EPA
National Exposure Research Laboratory, Research Triangle Park, NC.

Byun DW, Schere KL. (2006). Review of the governing equations, computational
algorithms, and other components of the models-3 community multiscale air quality
(CMAQ) modelling system. Appl Mech Rev 59: 51-77.
https://doi.org/10.1115/1.2128636

de la Paz, D., Borge, R., de Andrés, J.M., Tovar, L., Sarwar, G., Napelenok, S. (2024).
Summertime tropospheric ozone source apportionment study in the Madrid region
(Spain), Atmos Chem Phys 24: 4949-4972. https://doi.org/10.5194/acp-24-4949-2024

Guenther AB, Jiang X , Heald CL, Sakulyanontvittaya T, Duhl T, Emmons LK Wang
X. (2012). The Model of Emissions of Gases and Aerosols from Nature version 2.1
(MEGAN2.1): an extended and updated framework for modeling biogenic emissions.
Geoscl. Model Dev., 5: 1471-1492, https://doi.org/10.5194/gmd-5-1471-2012



https://doi.org/10.1115/1.2128636

23rd International Conference on
Harmonisation within Atmospheric Dispersion Modelling
for Regulatory Purposes
15-19 September 2025, Hamburg, Germany
Janssens-Maenhout G, Crippa M, Guizzardi D, Dentener F, Muntean M, Pouliot G,

Keating T, Zhang Q, Kurokawa J, Wankmiiller R, Denier van der Gon H, Kuenen JJP,
Klimont Z, Frost G, Darras S, Koffi B, Li M. (2015). HTAP v2.2: a mosaic of
regional and global emission grid maps for 2008 and 2010 to study hemispheric
transport ~ of  air  pollution, Atmos Chem  Phys 15:11411-11432.
https://doi.org/10.5194/acp-15-11411-2015, 2015

JICA (2002). Estudio o linea de base de concentracion de gases contaminantes en
atmosfera en el area de Dock Sud en Argentina. Informe Final. Agencia de Cooperacion
Internacional del Japon en Argentina. Secretaria de Desarrollo Sustentable y Politica
Ambiental. 13 pp.

Kitagawa YKL, Pedruzzi R, Galvao ES, de Aratjo IB, de Almeida Alburquerque TT,
Kumar P, Erick GS, Moreira DM (2021). Source apportionment modelling of PM2.5
using CMAQ-ISAM over a tropical coastal-urban area. Atmospheric Pollution Research
12: 101250. https://doi.org/10.1016/j.apr.2021.101250.

Luque SE, Fita L, Pineda Rojas AL (2024a). Performance evaluation of the WRF model
under different physical schemes for air quality purposes in Buenos Aires, Argentina.
Atmosfera 38:235-262. https://doi.org/10.20937/ATM.53255

Luque SE, Pineda Rojas AL, Fita L, Borge R (2024b) Sensitivity analysis of NO, and
Os concentrations modeled with WRF-CMAQ to boundary and initial conditions and
first model layer height in the Metropolitan Area of Buenos Aires, Argentina. Air Qual
Atmos Health. https://doi.org/10.1007/s11869-025-01810-8

Pineda Rojas AL, Borge R, Mazzeo NA, Saurral RI, Matarazzo BN, Cordero JM,
Kropff E (2020). High PM10 concentrations in the city of Buenos Aires and their
relationship with meteorological conditions. Atmospheric Environment 241:117773.
https://doi.org/10.1016/j.atmosenv.2020.117773.

Venegas LE, Mazzeo NA, Pineda Rojas AL. (2011). Chapter 14: Evaluation of an
emission inventory and air pollution in the Metropolitan Area of Buenos Aires in
Editorial In-Tech, Air Quality-Models and applications, 261-288 pp.

Xian Yaohan, Zhang Yang, Liu Zhihong, Wang Haofan, Wang Junjie, Tang Chao.
(2024). Source apportionment and formation of warm season ozone pollution in
Chengdu based on CMAQ-ISAM. Urban Climate 56:102017.
https://doi.org/10.1016/j.uclim.2024.102017.


https://doi.org/10.1016/j.apr.2021.101250.

	INTRODUCTION
	METHODOLOGY
	RESULTS
	CONCLUSIONS
	REFERENCES

