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RESUMEN

Los inventarios de emisiones son herramientas fundamentales para la gestion e investigacion de la contami-
nacion atmosférica, el cambio climatico y otras areas afines de conocimiento. Este trabajo muestra como se
transfirio el inventario nacional de emisiones de contaminantes criterio de México de un archivo Excel a un
archivo estructurado y estandarizado con base en las pautas del lenguaje de marcado Keyhole (KML, por su
acronimo en inglés) y el esquema de reportes de emisiones consolidadas de la Agencia de Proteccion Am-
biental de los Estados Unidos, utilizando para ello un script de lenguaje Python (proporcionado como material
suplementario), mediante lo cual se obtuvo el primer inventario de emisiones de fuentes puntuales en KML.
En este trabajo se desarrolldé un método que permite que el inventario de emisiones en el formato KML sea
compatible y se pueda visualizar en Google Earth, asi como en cualquier sistema de informacion geografica
(GIS). El formato KML también permite que los modelos de inventarios de emisiones interaccionen con los
modelos de transporte de contaminantes que puedan leer y escribir archivos en formato KML, facilitando
a investigadores, encargados de la toma de decisiones y cualquier usuario en general el uso de estas herra-
mientas de modelacion. Como ejemplo usamos Google Earth para conjuntar los datos de una fuente puntual
con una liberacion hipotética para dicha fuente, modelada con el modelo de trayectoria integrada lagrangiana
hibrida de particula desarrollada por la Administracion Nacional Oceanica y Atmosférica (HY SPLIT-NOAA),
cuyos resultados se despliegan en Google Earth. Finalmente, las salidas en archivos KML del inventario y
del modelo HYSPLIT-NOAA se pueden visualizar en cualquier plataforma informatica y en aplicaciones
mdviles que incorporen Google Earth.

ABSTRACT

Emissions inventories are fundamental tools in the management and research of air pollution, climate change,
and other relevant areas of knowledge. This work shows how the Mexico national emissions inventory for
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criteria pollutants was transferred from an Excel file to a structured and standardized one based on Extensible
Markup Language (XML), following the Keyhole Markup Language (KML) standard and the United States
Environmental Protection Agency consolidated emissions reporting schema using a Python script (provided
as supplementary material). We also show how once in the KML format, the results are compatible with
Google Earth and any Geographic Information System (GIS) platforms. The KML format may also allow
emissions inventory models to interoperate with Chemical Transport Models (CTM) that would be able to
read/write XML files for research and public environmental management policy. As an example, we used
Google Earth to engage the point source data and the dispersion of a hypothetical release for that point source
modeled using the Hybrid Single Particle Lagrangian Integrated Trajectory developed by the National Oce-
anic and Atmospheric Administration (HY SPLIT-NOAA), whose outputs also can be displayed on Google
Earth. Finally, the KML files outputs from the inventory and HY SPLIT-NOAA model can be visualized on
any computer platform and mobile applications that incorporate Google Earth.

Keywords: Emission Inventory Model, Keyhole Markup Language, Chemical Transport Model, Google

Earth, HYSPLIT-NOAA model, Virtual Globes.

1. Introduction

Emissions inventories have been fundamental tools
within air quality management regarding emissions
generated mainly by human activities and other
sources (Stella, 2002) and are relevant to under-
standing air pollution sources and designing effective
emission mitigation actions (Day et al., 2019). His-
torically, they have originated from different needs
within environmental management and science:
criteria pollutants (EEA, 2016; EPA, 1999; INE,
2005), greenhouse gases (GHG) (IPCC, 2006), toxic
compounds (RC, 2011), or short-lived climate pollut-
ants (SLCP) (Shoemaker et al., 2013; Klimont et al.,
2017). They have in common several processes that
co-emit these chemical species, which are accounted
for in these seemingly different emissions invento-
ries. In many cases, they are compiled using different
methodologies and resolution approaches, either
top-down or bottom-up (Thunis et al., 2016). This
is the case for national criteria pollutants (SINEA,
2015), SLCPs (UNEP-CCAC, 2016) and the GHG
national emissions inventories of Mexico (INECC,
2015). Most of the national and local capacities are
supported by the same teams involved in compiling
different emissions inventories, also following in
many cases different methodologies, software or
toolkits (UNEP, 2013).

Some of the emissions inventories are compiled
as part of international commitments and conventions
(UNFCC, 2012; UNEP, 2004). Another challenging
scientific task is to build, compile and maintain a
harmonized emissions inventory with high spatial
and temporal resolution and low uncertainty in the

process, which is needed for modeling the chemistry
of the atmosphere at local, regional and global scale
(Russell and Dennis, 2000; Vendrenne et al., 2012;
Borge et al., 2014). The emissions inventory is an
important source of information on air quality stud-
ies (EPA, 2002; Bang et al., 2019), environmental
management, and policies. It is significantly used
in chemistry transport models (CTM). The contri-
bution to air quality modeling is relevant in terms
of evaluating source emission impact, transport and
destination of pollutants (Pan et al., 2008) and air
quality scenarios (Vijayaraghavan et al., 2016). It is
also considered an important tool to generate sus-
tainable national and local policies that allow urban
development with the lowest impact on population
and ecosystems.

Currently, there is a lack of appropriate method-
ology, semantic and ontological structures (Ortega,
2009) to ensure and manage emissions inventory
information. These have three major sources of
uncertainty: activity data, emission factors and
geolocation data. A markup language can facilitate
and automate the consistency analysis to partially
resolve some of the most common sources of error
and uncertainty when the integration of the emis-
sions inventory is developed. Also, there are limited
emissions inventory models for direct application
on atmospheric models where the main target is to
convert source-level emissions into temporal and
spatial emissions on grid modeling cells.

For modeling community users (MCU), there
is the Sparse Matrix Operator Kernel Emissions
(SMOKE) model developed by US-EPA (UNC,



Google Earth emission inventory 145

2013). It is one of the most used emissions models
worldwide (Houyoux et al., 2000). Another modelling
emission model used by the CTM is the High-Elec-
tive Resolution Modelling Emission System version
3 (HERMESv3) that estimates atmospheric emis-
sions for use in multiple air quality models (e.g., the
Community Multiscale Air Quality Modeling System
[CMAQ], the Weather Research and Forecasting
model coupled with Chemistry [WRF-CHEM] and
the Multiscale Online Nonhydrostatic Atmosphere
Chemistry model [MONARCH]), which estimate
anthropogenic emissions at high spatial resolution
(Guevara et al., 2020). Nowadays, inventories are
facing a crucial scientific challenge (Frost et al.,
2013) on how to quantify and temporally and spa-
tially display emissions, which has been addressed
by the creation of emission models. However, these
methodologies and tools are shared only within the
MCU and are not easily accessible for other users in
charge of management and air quality policy.

This paper presents an emissions inventory
methodology based on the KML standard of Google
Earth, combined with HYSPLIT-NOAA (Draxler
et al., 2000, 2012). This approach allows the KML
emissions inventory model and the trajectory model
to be used and coupled on the same platform. The
methodology developed could be useful in the atmo-
spheric sciences research field and for other potential
users to be able to visualize information with any
kind of computer system and mobile devices such
as smartphones.

2. How emissions inventories work

National emissions inventories contain information
from several emissions source categories and include
emitted pollutants, emission factors or functions,
activities levels, the time period over which they
are estimated (Gkatzoflias et al., 2013), emission
location at different levels of geographical detail
(Garcia-Reynoso et al., 2019), and total emissions
(Parra et al., 2006). In order to construct an emissions
inventory with a high level of spatial and temporal
resolution to provide consistent data for modelling
and environmental policy issues (van Aardenne,
2002), data are collected from other information
sources, mostly provided by federal, state, and local
agencies (EEA, 2016). All these information items

need to be integrated in databases on computing
systems (Symeonidis et al., 2004). Most of the data
bases are from individual source sectors (e.g., trans-
port, energy, household) (EPA, 2016).

2.1 National emissions inventory

In Mexico, the legal framework for emissions inven-
tories is comprised in two general laws, the General
Law of Ecological Equilibrium and Protection of
the Environment (LGEEPA, Spanish acronym)
(SEMARNAT, 2016), which mandates the atmo-
spheric pollutants emissions inventory (INEM),
and the General Law on Climate Change (LGCC)
(SEMARNAT, 2012a), which mandates the GHGs
emissions inventory (INEGEI). The responsibility
for compiling the national emissions inventory falls
within the Ministry of Environment and Natural
Resources (SEMARNAT) and the National Institute
of Ecology and Climate Change (INECC), with
information provided by federal and state agencies.
In most cases, responsibility for the national compi-
lation of these emissions inventories lies within the
same working teams.

INEM was first released, mostly focused on crite-
ria pollutants, in 2002 for the base year 1999. | was
then was updated for base years 2005, 2008, 2013 and
2016. INEM generally follows the EPA calculations
and estimations model, as do other countries (e.g.,
Colombia [MINAMBIENTE, 2017], Chile [CONA-
MA, 2009], and Korea [Kim et al., 2008]). In all these
versions substantial changes in compilation methods
were applied, which makes them inconsistent for
comparisons or trend analysis; besides, the spatial
resolution of INEM is at municipal level.

For GHGs, the first release of INEGEI was in
1995 for the year 1990 (Gay, 1995), and updates in all
the six national communications following the IPCC
guidelines were a mixture of tier 1 and tier 2 levels,
which allowed yearly estimates, recalculations and
trend analysis. In the Fifth National Communication,
black carbon was reported as an annex to INEGEI
(SEMARNAT, 2012b). This emissions inventory was
later updated to include organic carbon (MCE2-IN-
ECC, 2018). The Sixth National Communication
(SEMARNAT-INECC, 2018) involved a policy deci-
sion to move stepwise to a tier 3 national GHGs and
SLCPs emissions inventory. This meant a decision
to compile a unified emissions inventory for criteria
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pollutant, GHG, SLCP and toxics, given that, in many
cases, these local or global pollutants are co-emitted
in the same processes.

2.2 Main challenges of emission inventories

The task to reduce processing time to compile the
large volume of datasets, estimate annual emissions,
and manage the high temporal and spatial resolution
of the emissions inventory for CTM has become ever
more challenging. Emission information requires
accuracy and consistency. Currently, some platforms
can provide a simple, flexible, and easy model to
standardize and visualize the emissions inventory.
For that purpose, the Earth sciences community has
integrated the above features and developed on-line
visualization and evaluation tools (GEIA, 2019) with
data exchange protocols, metadata and conventions
(Husar et al., 2008).

2.3 Improving emissions inventory visualization
Another scientific challenge is to have useful and
effective data visualization (Jeong et al., 2006). In
recent years, earth scientists (de Paor et al., 2008)
have found a universal platform in KML for manag-
ing, visualizing, and integrating geospatial informa-
tion (Zhu et al., 2014). KML (which is maintained
by the Open Geospatial Consortium) is the current
standardized format to display geographic informa-
tion (OGC, 2019). KML is an Extended Markup
Language (XML) used for visualizing geographic
information and complements other OGC standards
including Geography Markup Language (GML).
KML uses geometry elements derived from GML
such as point, line string, linear ring and polygon.
Another format compatible with KML is the Collab-
orative Design Activity, which is used to display 3D
applications such as buildings and texture (de Paor
and Whitmeyer, 2011).

The standardization of the emissions inventory
model based on international standards such as KML,
GML (Ron, 2005), and Newtork Common Data Form
(UCAR, 2019), under the OGC and other imple-
mentations of XML, such as the Chemical Markup
Language (CML) (Murray-Rust and Rzepa, 1999), is
the way forward to build a robust, unified and interop-
erable emissions inventory. One long-term goal has
been a hyphenated online emissions inventory model
in CTM (Jacobson et al., 1996). Biogenic emissions

are already been calculated online with CTM in a
straightforward mode (Pierce et al., 2002). However,
online integration of other emission sources has faced
stronger challenges.

3. Methodology

3.1 Emissions inventory model

Although an emission inventory model is an obvious
candidate application, until recently, there was no
conceptual model developed for managing national
emissions inventories based on XML and related
applications as GML and CML. The first of such
applications is the EPA emissions inventory model,
which is based primarily upon emissions estimates
and emissions model inputs provided by state, local
and tribal air agencies, and supplemented by data de-
veloped by EPA (EPA, 2008, 2009 ). The objective of
the Consolidated Emissions Reporting Schema (EPA,
2019) is to develop a common air emissions reporting
schema on XML that can be used for sharing and
reporting air pollution emissions data.

Currently, emissions from point sources under the
Mexican federal government jurisdiction are reported
to SEMARNAT using a web-based system. Before
that, the information was collected, archived, and
transferred on hard copy documents and records.
Ortega (2009) proposed an integrated metadata model
based on the Machine-Readable Cataloging Standard
(MARC21) mapped onto Federal Geographic Data
Committee (FGDC) and International Organization
for Standardization (ISO) standards, to be used as
the backbone for Mexican environmental agencies
in emissions inventories systems and other environ-
mental applications, in a way similar to Vardakosta
and Kapidakis (2013). The subset of metadata cat-
egories proposed by Ortega (2009) originated the
FGDC ISO1900 standards (https://www.fgdc.gov/
metadata/iso-standards), which provided the basic
framework to describe INEM. We proposed develop-
ing an emissions inventory model based on standards
and decided to develop the point source category
as the first building block of such proposed model,
following the Ortega (2009) subset.

Due to the strong economic integration between
the Mexican, Canadian and US economies, the gener-
al structure of INEM has followed the EPA National
Emissions Inventory (NEI) design. Specifically, the
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point sources definition is the same for both invento-
ries, but the thresholds are completely different. For
point sources, INEM consists of state and federal
point sources. The later are regulated by the federal
government and include the most important sectors
of the economy, intensity of emissions, or key toxic
compounds.

Federal point sources report emissions to the
National Pollutant Release and Transfer Register
(RETC, Spanish acronym) (SEMARNAT, 2018).
State point sources report in some sort of in-house
formats defined by each federal state. Although much
more structured than state emissions inventories,
even the federal emissions inventory is built and
calculated on commercial spreadsheets. Currently,
PRTR reports are based on standard electronic for-
mats (SEMARNAT, 2015). The report structure has
a lack of ontology, semantic content, and protocols to
systematize the process of data compilation, quality
control, and queries of inventory information (Boone
and McKenzie, 2003).

3.2 Developed point source inventory emissions
model

The developed point source model can be divided
into two main blocks of categories, one deals with
the identity of the source and the other deals with
emissions from that source. In terms of intended

Category

Type

interoperability, our model takes the tags used by
the Emissions Inventory System from the EPA
(2008). The identity metadata can be split into two
sub-categories: identification and geolocation. The
metadata category dealing with emissions can be
divided into process, properties, equipment, and
emissions (Fig. 1).

3.3 Keyhole Markup Language (KML) as the main
standard platform of emissions

The emissions inventory for air quality modeling
needs to be temporally and spatially disaggregated.
All the point sources in the emissions inventory
should include geospatial information and the release
coordinates. Therefore, KML is a useful standard for
the identity component of the emissions inventory
model (Fig. 2). The basic data representation level
in KML are placemarks (de Paor and Whitmeyer,
2011), which use virtual globes containing the co-
ordinates and the rest of the identity information.
There are different ways of adding the metadata to a
<Placemark> tag using applications directly on the
Google Earth platform or using a text editor that com-
plies with the KML format. To incorporate the point
source, a Python script was developed to migrate the
databases of the national emissions inventory to the
model developed and to map the point sources onto
the Google Earth platform.

Metadata Description

Identification

Indentity ———»p Geograghic

Eﬁ T~

Point source

Property

Equipment

Emission Report

Process

Point source name, Address,
Affiliation, Contact data
Industry Category

—

Geograpgical metadata to locate
the point source

— >

Information associated with the
production process, fuel types

Activity data, operation hours,
day, weeks, months of continue
operation

Combustion equipment, Energy
supply, Emission control system

Emission per day, week, year,
Pollutant types and emission
units

Fig. 1. Point source diagram of the National Emissions Inventory of Mexico.
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Fig. 2. KML geometry elements included in the atmospheric pollutants emissions inven-

tory (INEM) model.

3.4 Migration process of source emissions inventory
to KML

Currently, there is no process that complies with stan-
dards and methods to compile and integrate the na-
tional emissions inventory. Compilation of the point
sources emissions inventory is developed and stored
in an Excel sheet where each row is a record that
corresponds to a fixed source without any semantic
or ontological rule. The methodological proposal is
based on two main sources of geographic information
and emissions metadata: identification and release
location (Fig. 2); the rest of the “Types” are important
but not relevant for aspects of air quality modeling.
However, they are especially useful for applications
in evaluating the source and establishing air quality
and climate change mitigation actions, management,
and policies.

Emissions point source data is generated directly by
the industrial sector and feeds into the main inter-
face system, which includes information content on
the point source conceptual model. Once obtained,
the information is hosted on a federal database and
crossed over with the previous database informa-
tion of the source. Unfortunately, the geographic
information lacks a proper quality control process,
until the database is used by the MCU, where most
of the information is unsuitable to use. In that sense,
the proposed model (Fig. 3) allows us to evaluate

suitable geographic information on the Google Earth
platform in two points of the flow process, where the
industrial sector and governments would be able to
reduce geodata uncertainties and update the infor-
mation in less time.

3.5 Transformation of emissions inventory algo-
rithm to KML

Compilation of the point sources emissions inventory
is developed and stored in an Excel sheet, where each
row is a record that corresponds to a fixed source and
the columns include all the metadata information
of the point source. In the methodology proposed
for transformation, based on inventory information
in that format, which is completely migrated to
spreadsheets, each file or database should contain
the proposed information of each point source as a
standardized identification tag. This will be visible
within the metadata of the virtual globes in KML,
incorporating two important methodological contri-
butions, which are basically the standard tags from
EPA on a standardized file in KML.

The information obtained from the inventory of
point sources is structured through a base Python
script (Marks, 2008) that allows us to read the docu-
ments or databases structured in columns previously
sent to a comma separated value (CSV) format to
generate a KML file, which meets the fundamental
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Fig. 3. Flow chart of the proposed model to transform industrial sector information into KML files.

characteristics of being a well-formed and valid file
according to the KML metalanguage standard. The
annex header and part of the code body are developed
in Python to create the KML file (Fig. 4).

import geocoding_for kml

import csv

import xml.dom.minidom

import sys

placemarkElement = kmlDoc.createElement(’'Placemark’)
station = (row['Affiliation’'])

nameElement = kmlDoc.createElement( name’)
nameElement .appendChild (kmlDoc.createTextNode (station))
placemarkElement.appendChild(nameElement)

for key in order:
if rowlkey):

dataElement = kmlDoc.createElement('Data')
dataElement.setAttribute( name’, key)
valueElement = kmlDoc.createElement('value')
dataElement .appendChild(valueElement)
valueText = kmlDoc.createTextNode (rowlkeyl)
valueElement.appendChild (valueText)
extElement.appendChild(dataElement)

def createKML(csvReader, fileName, order):

knlDoc = xml.dom.minidom.Document ()

knlElement = kmlDoc.createElementNs(’
kmlElenent .setAttribute( xmlns’, "http://e
kmlElement = kmlDoc.appendChild (km1Elene:
documentElement = kmlDoc.createElenent ('Docunent’)

documentElement = kmlElement.appendChild (docurentElement)

def nain():

if len(sys.argy) >1: or

else: order = ;

csveeader = csv.DictReader (open(

Il = createRML(csvreader, 'C:/Users
if nae_='_ win_":

nain()

der = sys.argv[l].split(’,")

sv") , oruer)

—

| —

nteolMeasuce’, "

4. Visualization

Two contributions to the development of the national
emissions inventory are the ability to integrate with
the Google Earth platform to visualize locations

Creates an element for a row of
data

Loop through the columns and create a
element for every field that has a value

Constructs the KML document
from the CSV file

Opens goole-addresses.csv and
creates a KML file called
google.kml

[=——1

Fig. 4. Structure of the Python script to transform CSV documents into KML files.
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Fig. 5. Sample of the national point source emissions inventory visualization on virtual

globes.

(Fig. 5), where we show a small sample of the total
national point sources; and the potential capability to
interoperate with dispersion models. In this regard,
we selected HYSPLIT-NOAA model (Draxler et al.,
2000, 2012) since it currently is the only open model
that is able to generate KML output files and display
through Google Earth, and overlap using our model
outputs on KML (Ortinez et al., 2017).

The main metadata must comply with the general
model characteristics of the “Point Sources” and
be associated with universal identifiers that can be
used by other platforms or programs for managing
emissions inventories. There is a proposal developed
by the EPA for the systematic management of its
inventories and reports. The Consolidated Emissions
Reporting Schema (CERS-EPA, 2019) is meant to
develop a common air emissions reporting schema
for sharing and reporting emissions data that include
criteria air pollutants, toxic air emissions, and GHGs,
as well as SLCP. The CERS-EPA (2019) is fully cou-
pled with the integrated emissions inventory effort.
Our model consists of an adapted subset of the data
blocks defined by the EPA implementation of XML
schemas.

According to the CERS-EPA (2019) tags standard
and the conceptual emissions model developed in this
project, each point source includes several descrip-
tions in standardized tags to describe the emissions
source in detail. The objective of these tags is to
standardize emissions information and integrate sev-

eral items of description data from the source, such
as emissions, identification, geographic information,
process, properties, and equipment. The metadata
could be accessed through virtual globe information
displaying the metadata information.

5. Application

5.1 Virtual globe point source emissions tag on
Google Earth.

KML representing and visualizing geospatial in-
formation on Virtual Globes (Bailey and Chen,
2011) has been widely used by the Earth science
communities in most of the popular virtual globe
systems, such as Google Earth (Ballagh et al., 2011).
In the current state, we can visualize the geolocation
of each point source according to the emissions
inventory on KML, dispersion, and deposition of
emissions in Google Earth by a checklist proce-
dure. The user selects and displays the KML tag
from the main source in Google Earth (Fig. 6), then
through the HY SPLIT-NOAA server, the user feeds
the modeling parameters, and the KML balloon
information is transferred from the point source to
HYSPLIT-NOAA. The model is run, and the output
is selected in KML format to be read by Google
Earth and is overlapped on the emissions inventory
KML layer. These operations may be automated
in future developments for HY SPLIT-NOAA and
other models that can interact with XML formats.
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Fig. 6. Google Earth visualization application with virtual globes, the metadata emis-
sions source tags, and HYSPLIT-NOAA emission puff release.

5.2 Smart phone visualization

Several applications have been created for smart-
phones that allow us to analyze data in the field of
geosciences, i.e., geologists use different tools that
allow them to integrate multiple functions in their
smartphones such as keyboard/virtual keyboard,
camera, recorder, digital compass, GPS receiver, and
accelerometer. Just a single smartphone can provide
multiple functions in the field for geologists. Now-
adays, storage capacity, connectivity and portability
make it possible to replace personal computers in the
field (Weng et al., 2012).

In that sense, for the atmospheric sciences, this
work shows that Google Earth or any app for smart-
phone reading and displaying KML datafiles allows
to visualize the point source location and its emission
puffreleases or trajectories (Fig. 7). Also, it works for
air quality management, consulting and receiving in-
formation for the evaluation of any source and could
include data from atmospheric monitoring networks
and air quality research monitoring sites (e.g., there
is a site description of black carbon measurements
used by Peralta [2019]). Streamlining this process
requires software development that is beyond the
scope of this paper.

6. Conclusions
The spatial emissions inventory model was construct-
ed by combining Keyhole Markup Language with the

CERS-EPA (2019) emissions standard and adapting
it to INEM point sources categories. A Python script
was adapted to transfer the INEM current format in
Excel files to the KML standard. The development
achieved opens the possibility for extending the mod-
el to other types of emission sources such as mobile
and area sources. The application allows us to visu-
alize and consult emissions information on Google
Earth and other applications capable of reading KML
formats on any type of computing device.

The implementation of markup languages in stan-
dard schemes such as KML and CERS-EPA (2019)
(all of them referring to FGDC-ISO-1900) for the
development of emissions inventory models, allows
progress in the interoperability with air quality and
dispersion models of pollutants to evaluate public
policies and reinforce environmental or emergency
cases monitoring. In this last case, we show how an
output from the inventory model in KML format can
be fed into the HY SPLIT-NOAA model.

One great advantage of the KML standard is the
ability to visualize and deploy it on any Geographic
Information System (GIS), computing platform,
and smartphone, expanding general use regardless
of the type of computer system that is being worked
on. Likewise, the compatibility of KML with other
standards allows the exchange of metadata with
GISs under protocols and standards approved by the
Open Geospatial Consortium, such as GML, CML,
and NetCDF.
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Fig. 7. Ensemble HYSPLIT-NOAA-Inventory example with the virtual globe mon-
itoring metadata during a Toluca Valley field campaign research, visualized on a

smartphone in Google Earth.

Methodological development for other emissions
sources should be continued under the same geometries
established in the KML standard to geo-represent area
sources as polygons and mobile sources on the road as
lines. Standards and protocols should be established
for atmospheric monitoring data, either of a scientific
nature or to inform atmospheric monitoring networks.

Finally, even if our emissions inventory model in
the KML standard is a simplified version of the EPA
model, due to its structured construction following
ISO standards, there is no limitation on its future
harmonization with this and other ISO-compliant
international emissions inventories.
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Computer code availability

The supplementary computer code associated with
this article can be found in the github repository at:
https://github.com/abrahamoaa/Source_Code Py-
thon

Name code 1: “PointSource nationalemis-
sions_2020.py” this code transforms CSV files of
the point source emission inventory to EPA Tags on
KML.

Name code 2: “datgenkml national 2020.py”
this code transforms CSV files of the national point
source emission inventory to KML files.

Additionally, a kml file, which is a product of
Name code 1 and Name code 2, and a kmz file, which
is an output of the Hysplit-NOAA model, may be
found at the following links:
https://www.revistascca.unam.mx/atm/Supplementa-
ryMaterial/52834-Ortinez-Toluca_ AQN.kml
https://www.revistascca.unam.mx/atm/Supplementa-
ryMaterial/52834-Ortinez-Hysplit Dispersion.kmz
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The Python code used in this project is an open
source code that was adapted from the original code
developed by Manos Marks, of Geo APIs Team, au-
thored in December 2007 and updated in December
2013. To execute, the program requires input files in
CSV format from emission point sources.

Software required: Windows, Linux, Mac OS.
Programming language: Python v. 2.6.2

Adapted by Abraham Ortinez-Alvarez (abra-
ham@atmosfera.unam.mx).
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