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Inference of surface concentrations of nitrogen dioxide (NO2) in Colombia 
from tropospheric columns of the ozone measurement instrument (OMI)

JOHN FREDDY GRAJALES and ASTRID BAQUERO-BERNAL
Grupo de Simulación del Sistema Climático Terrestre, Departamento de Física, Universidad Nacional de Colombia, 

Cra. 30 45-03, Bogotá, Colombia
Corresponding author: A. Baquero-Bernal; e-mail: abaquerobe@unal.edu.co

Received March 23, 2013; accepted March 8, 2014

RESUMEN

2) para el te-
2 para 2007 a partir de dos fuentes de 

datos de densidad de columna troposférica: 1) una simulación que utiliza el modelo global tridimensional 

inglés) instalado a bordo del satélite Aura de la NASA. Los resultados muestran valores mensuales promedio 
2 inferidas con mediciones in situ 

2 es la 
quema de biomasa, la cual puede ser diagnosticada a partir de los datos de potencia radiativa de los fuegos 

en ingés). Se encontró una fuerte relación entre altas concentraciones de NO2 inferidas y quema de biomasa 

ABSTRACT

2) are presented for the Colombian 
territory. NO2 surface concentrations for the year 2007 are inferred based on two sources of tropospheric NO2 

averages between 0.1 and 6 ppbv. We compare these inferred values to corrected ground measurements of 
NO2

2 

relationship between high values of inferred NO2 surface concentrations and biomass burning for a large area 

Keywords:

1. Introduction
NO2 3) 
decomposition in the stratosphere and a major pre-
cursor in the chain of chemical reactions that produc-
es O3 in the troposphere. Both O3 and NO2

2

associated with decreased lung function and is a risk 

et al.
2002; Panella et al., 2000; Smith et al., 2000). The 
measurement of pollutants not only allows the track-
ing of anthropogenic activity, but also improves our 
understanding of the relationships between pollution 
and natural phenomena. In this study, we focus on 
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NO2 2 species are pro-
duced from lightning, biomass burning, fossil fuel 

et al., 2007). The 
high temperatures of combustion break down mo-

2) from the air, which subsequently 
enters an important chemical reaction that produces 
NO and NO2

combustion makes NO  a marker of industrial ac-

transportation, and concrete manufacture) as well as 
other human activities, such as agricultural biomass 
burning. Therefore, NO2 serves as an indicator of air 
quality and anthropogenic activity. Researchers have 

and overall air quality in Colombia, but none were 
2 -

Our primary interest in this study is the inference 
of surface NO2 concentrations in Colombia. To infer 
these concentrations, we use the GEOS-Chem tro-
pospheric chemistry model along with tropospheric 
column data from the ozone-measuring instrument 

step of the inference process was the acquisition of 
NO2 tropospheric column data from the OMI. We 

are other OMI products that report NO2 density of 
tropospheric columns, such as the different products 
of the Royal Netherlands Meteorological Institute 

et al., 2007, 2011). However, the 
analysis of these products and their intercomparison 
are beyond the scope of this study.

Aerial measurements reveal that the concentration 
of NO2 in the tropospheric column is determined pri-
marily by NO2

et al., 2004, 2006; Boersma 
et al., 2008; Bucsela et al., 2008). However, the pro-
portion of NO2 in these two layers varies in space and 
time. Lamsal et al.
the local NO2

model to capture this variation in space and time. The 
GEOS-Chem model is a global three-dimensional 
model of tropospheric chemistry driven by assimilated 
meteorological observations from the Goddard Earth 

-
et al., 2001; Gass, 2012; Rienecker 

et al., 2008). This model provides a comprehensive 
description of atmospheric composition and allows us 

in section 4.5) to infer quasi-observed concentrations 
of NO2 at the surface.

Celarier et al.
stratospheric and total NO2 columns from the OMI with 
respect to surface measurements from multiple sources. 

the most important of which is that each OMI column 

km2

In addition, surface measurement instruments are often 

do not measure background concentrations. Another 

validation is short, and the number of series is small, 
which makes statistical analysis difficult. Despite 

surface measurements yield correlations in the data 
that are generally above 0.6. Another way to validate 
the tropospheric columns is through air campaigns 

data. Boersma et al.

of NO2 are presented for the Colombian territory for 
a whole year, 2007. Additionally, in order to assess 
the contribution of the biomass burning to the NO2 
concentrations in the country, the inferred surface 
NO2 -
tive power data, which is used to monitor biomass 
burning. A brief summary of all the datasets used is 
given in section 2. Section 3 describes the methods 
used to infer the surface concentrations of NO2 and 
to calculate the correction factors to NO2 concentra-
tions measured at surface stations. The results and 
conclusions are presented in sections 4 and 5.

2. Data
2.1 NO2 tropospheric column from OMI
We used data from the OMNO2e product, which is a 

produced from one day’s worth of NO2 measurements 
made by the ozone monitoring instrument onboard 

0.25 ×
2 
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